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	9-118, 9-119, 13-170, 18-26
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	Klippel-Feil syndrome
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	15-6, 18-62, 19-33
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	13-34, 13-35, 13-36, 16-25, 16-27, 18-29, 18-36, 19-41, 18-35, 27-4
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	10-236
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	13-22
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	20-47
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	Acute respiratory distress syndrome
	27-48



	Asbestosis
	26-3, 26-4



	Aspergillosis
	24-14
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	22-4, 22-6, 23-19, 26-6, 27-3



	Azygous fissure
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	22-7, 22-8, 27-1
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	26-6, 26-7, 26-8, 26-9
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	24-2
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	27-24
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	23-7, 27-51
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	23-9, 23-17, 26-1, 27-49, 27-50
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	27-15
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	26-10, 26-11, 27-18, 27-21, 27-23



	Septic emboli
	27-28



	Silicosis
	26-5



	Substernal thyroid
	25-45
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	25-44, 27-39
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	25-46
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	22-5
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	12-3, 21-4, 24-18, 24-19, 24-21, 24-22, 24-23, 24-24, 24-25, 24-26, 24-27



	Wegener's granulomatosis
	27-29, 27-56
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	Abscess
	32-29



	Adrenal calcification
	32-17



	Adrenal carcinoma
	32-41



	Adrenal cyst
	32-15



	Aortic aneurysm
	17-12, 17-45, 17-46, 23-4, 23-5, 23-6, 31-1, 31-2, 31-3, 31-4, 31-5, 31-6, 31-7, 31-9, 31-10, 31-11, 32-9, 32-45
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	32-52
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	32-26
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	30-11
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	Diverticulitis
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	32-36
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	30-19, 30-20, 30-21, 30-22
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	32-55
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	31-12, 31-13, 31-14, 31-15
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	32-73



	Mesenteric cyst
	32-47
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	32-22
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	29-2
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	29-5, 29-7
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	29-10, 29-11
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	32-3, 32-19
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	30-23, 30-24
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	32-4, 32-63
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	32-27
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	32-26
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	32-48



	Prostatic calculi
	32-5
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	29-12, 29-13, 29-14, 29-15



	Small bowel obstruction
	32-30, 32-31
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	32-10, 32-13, 32-16, 32-62
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	32-37, 32-38, 32-39



	Staghorn calculus
	29-6, 32-6
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	30-27
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	32-7
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	29-16, 29-17, 29-18, 29-19, 29-20, 29-21, 32-20



	Vas deferens calcification
	32-12
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	32-32, 32-33
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	Abscess
	33-7, 33-8



	Cerebral aneurysm
	33-6



	Hematoma
	33-2, 33-3, 33-4



	Hemorrhage
	33-1



	Infarct
	33-5



	Meningiomas
	33-15, 33-16



	Metastasis
	33-23, 33-24, 33-25



	Multiple sclerosis
	33-10



	Pituitary adenoma
	33-20
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	33-27
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Preface

The goal of this book is to assist students and practitioners of the health sciences in developing a better understanding of diagnostic imaging. In particular, the content of this book emphasizes plain film radiology and, to a lesser extent, magnetic resonance imaging and other methods of specialized imaging. Currently, there are many excellent radiology books available, but the approach of this book is somewhat unique. The majority of currently available radiology books employ a traditional approach to the topic in the way that they are organized. That is, diseases are presented individually within chapters devoted to broad categories (e.g., congenital, arthritides, tumor, trauma). However, this traditional approach does not parallel the strategies of diagnostic image interpretation or learning, which usually begin from visual information on the images.

Rather than publishing another exhaustive library of images and detailed descriptions, our approach targets the needs of the clinician and learner. We designed a textbook that will augment the connection between the findings on the image and the interpreter's need for clinical information. Interpreting radiographs, or other diagnostic images, begins with scanning the studies for abnormalities. Once found, an abnormality is classified into broad patterns that suggest a list of differential diagnoses. Unfortunately, most traditional books do not facilitate the transition from imaging finding to differential diagnosis. This is a particularly serious deficit for non-radiologist interpreters, who are less familiar with the possible causes of a particular imaging presentation.

Our book is structured to help students and clinicians recognize patterns of abnormality and develop a list of related viable diagnostic possibilities. This is accomplished by allowing the reader to begin with the image presentation and progress to the responsible disease, rather than requiring the reader to begin with the disease and progress to the image presentation. Additionally, many currently available books that use a “pattern approach” leave out crucial detail about a particular disease. To avoid this limitation, we have combined the utility of a pattern approach with the detailed descriptions of disease entities found in more traditional designs. This provides an easy to use, comprehensive radiology resource for students and clinicians of the health sciences.

This book is divided into five parts: introduction, skeleton, chest, abdomen, and brain and spinal cord. The skeletal, chest, and abdomen parts are further subdivided into disease chapters and pattern chapters. Disease chapters follow a traditional design, presenting selected entities of a disease category (e.g., tumors, infections, trauma). Most disease entities are listed alphabetically and in a structured format of background, imaging findings, clinical comments, and key concepts, facilitating the reader's use of these chapters. The pattern chapters, found in the second portion of the skeletal, chest, and abdomen parts, consist of multiple tables of disease entries grouped by similarity of radiographic appearance and, for many of the chapters, they are subcategorized as common or less common. The pattern or gamut approach of these chapters functions in two ways. First, it facilitates correlation between diseases of similar radiographic appearance. For instance, if the book is used as a textbook, readers will begin with the disease chapters and, after becoming familiar with the individual disease topics, will consult the pattern chapters as a capstone to their learning, to integrate similar appearances of individual diseases. Second, the pattern chapters will assist clinicians in developing a workable list of diseases that may be responsible for radiographic presentations they encounter. The list of differentials can be narrowed by reading the short comments that accompany each table entry. In addition, a page number accompanying most table entries in the pattern chapters refers the reader to a page in the disease chapters where more detailed descriptive information can be found. In particular, clinicians will find the clinical comments section of the disease chapters useful for patient management decisions. A glossary of radiological terms and figure tables are also included in the book, as well as a list of mnemonics used, which are located at the very back of the book; these should prove to be helpful learning aids to both students and clinicians.

This third edition is not merely an update of the content of the previous editions, but rather a reflection of reviewer input, developments in the field, and a determination to provide a superior learning experience. And as with the previous editions, we have resisted the tendency to become repetitive in our writing. Every attempt was made to produce a concise, user-friendly resource for those in training, as well as those already in clinical practice.

There are no new chapters, but nearly every chapter has updated references and new images. In fact, there are more than 800 new or replacement images included, and we also completed an exhaustive revision of all the line art for this edition. These pieces are essential for illuminating concepts throughout the text, and revisions to the artwork have brought more depth and detail to better illustrate what to look for in radiographs.

Looking closer at particular chapters, users will find updated content in Chapter 2: Specialized Imaging, with focus on developments in technology. The positioning photographs for Chapter 3: Radiographic Positioning, are nearly all brand new. Chapter 6: Normal Anatomy, received a major renovation and features new and newly-labeled radiographs for an easier, more straightforward user experience. Chapter 20: Magnetic Resonance Imaging Patterns, has been thoroughly updated and includes many new pieces of art.

With purchase of a new copy of Clinical Imaging, users will also have access to exceptional online resources: For instructors we have new and improved test banks and a compendious image collection for classroom use. For students, there is a new sample test geared toward exams and boards based on material in the text, an updated version of the popular printable forms and checklists, electronic flashcards based on the glossary, and more.

Dennis M. Marchiori
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Chapter 1

Plain Radiographic Imaging

Robert Percuoco
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Concepts of Radiation

X-Ray Discovery


X-rays were discovered by Wilhelm Konrad Roentgen on November 8, 1895, in Würzburg, Germany. As he electrically activated a simple cathode ray tube, known as a Crookes' tube, he happened to observe visible light emanating from a nearby plate coated with a phosphorescent substance, barium platinocyanide. Light emission increased as he brought the plate closer to the tube. He found that the newly discovered ray passed through objects of various compositions. Roentgen named the strange phenomenon x-light, with x representing the unknown. The name x-ray was later adopted, although some called it a “Roentgen ray” in honor of Roentgen.



Properties of X-Rays

Within months of Roentgen's discovery, he had uncovered nearly every property of x-rays known today. X-rays have the following properties:


• They are a type of electromagnetic radiation (EM) with neither mass nor charge that travel in straight lines at the speed of light.

• They travel in packets, or bundles, called photons or quanta.

• They produce chemical and biologic effects in matter because of their ionizing capability.

• They cause certain materials to fluoresce.

• They sensitize radiographic and photographic film.

• They cannot be detected by human senses.

• They produce secondary and scatter radiation.

• They obey the inverse square law, which describes changes in intensity over distance.

• They are absorbed by heavy, dense materials, such as lead and cement.

• They have a wave and particle dual nature.

• Because of their extremely short wavelengths, they penetrate materials that normally absorb or reflect light.

• They cannot be focused by a lens.



X-ray is a form of EM that is produced when high-speed electrons in an electric circuit interact with a hard metal surface. The interaction takes place at the subatomic level and involves the electrical attributes of an atom.






Atomic Structure

In 1913, the German physicist Niels Bohr compared the atom to a miniature solar system. Current theories have evolved beyond the Bohr model; however, Bohr's theory works well for illustrating and understanding atomic forces. Basically, Bohr described the atom as having a dense core, or nucleus, made up of neutrons and positively charged protons. Negatively charged electrons, spinning on their axes, orbit the nucleus at fixed distances called quantum shells or energy levels. Quantum shells are assigned the letters K, L, M, N, and so on, with K being the innermost shell (Fig. 1-1). Electrons occupying shells farther away from the nucleus have greater potential energy than those found closer to the nucleus.


[image: image]

FIG 1-1 The closer an electron is to the nucleus, the stronger its attraction (binding energy) is to the nucleus.



In a neutral atom, the number of protons in the nucleus, or atomic number (Z), is equal to the number of orbiting electrons. The maximum number of electrons occupying a given shell is determined by the formula 2n2, where n is the quantum shell number. The quantum shell number is obtained by counting the shells outward from the nucleus. The K shell (n = 1) can hold 2(1)2, or two, electrons; the L shell (n = 2) can hold 2(2)2, or eight, electrons; and so on. The outermost shell, or valence shell, never exceeds eight electrons at one time in a stable atom.

Positively charged nuclear protons exert an electrostatic attractive force binding electrons to their orbit. Electron spin velocity counters the attractive force and keeps electrons at discrete distances from the nucleus. Electrons occupying shells closer to the nucleus are bound tighter. The amount of energy needed to remove an electron completely from its orbit is called electron binding energy. Electron binding energy is measured in electron volts (eV), the same unit used to describe x-ray energy. A free electron is assumed to have zero binding energy; therefore, a bound electron is in a negative energy state because it takes positive energy to unbind or raise the binding energy to zero. Electrons occupying shells closer to the nucleus have greater binding energy than those found farther from the nucleus. The binding energy for any given electron increases as atomic number increases (Fig. 1-2).


[image: image]

FIG 1-2 Atomic shell levels and estimated electron binding energies for carbon and tungsten. Inner shell electrons are more tightly bound than are the outer shell electrons.








Radiation

Energy is defined as the ability to do work. When energy is transmitted through space or matter, it is called radiation. Radiation takes many forms, such as heat, light, sound, and x-ray. Its energy often is described as the ability or inability to ionize matter. Ionizing radiation possesses sufficient energy to remove an orbital electron from a stable atom or molecule. X-rays and gamma rays and alpha and beta particles are examples of ionizing radiation. Nonionizing radiation falls short of causing ionization; however, it may excite stable atoms by raising an orbital electron to a higher energy state. This type of radiation includes visible light, infrared rays, microwaves, and radio waves. Ionizing radiation is categorized as either particle or EM.



Particle Radiation.

Particle radiation is made up of any subatomic particles, such as protons, neutrons, and high-speed electrons, capable of causing ionization. Alpha and beta particles are two of the more common types of particle radiation. They come from the nuclei of radioactive atoms through radioactive decay. Particle radiation has a mass component, may have a charge, and travels at varying speeds (slower than the speed of light).






Electromagnetic Radiation.

Electromagnetic radiation is an electric and magnetic disturbance traveling through space at the speed of light (2.998 × 108 m/s). It contains neither mass nor charge but travels in packets of radiant energy called photons, or quanta. Examples of EM radiation include radio waves and microwaves, as well as infrared, ultraviolet, gamma, and x-rays. Some sources of EM radiation include sources in the cosmos (e.g., the sun and stars), radioactive elements, and manufactured devices. EM exhibits a dual wave and particle nature.

Electromagnetic radiation travels in a waveform at a constant speed. The wave characteristics of EM radiation are found in the relationship of velocity to wavelength (the straight line distance of a single cycle) and frequency (cycles per second, or hertz, Hz), expressed in the formula

c=λv
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where c = velocity, λ = wavelength, and v = frequency.

Because the velocity is constant, any increase in frequency results in a subsequent decrease in wavelength. Therefore, wavelength and frequency are inversely proportional. All forms of EM radiation are grouped according to their wavelengths into an electromagnetic spectrum, seen in Figure 1-3.
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FIG 1-3 The energy, frequency, and wavelength of the electromagnetic spectrum and their associated imaging modalities.



The particle-like nature of EM radiation manifests in the interaction of ionizing photons with matter. The amount of energy (E) found in a photon is equal to its frequency (ν) times Planck's constant (h):

E=νh
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Photon energy is directly proportional to photon frequency. Photon energy is measured in eV or keV (kilo-electron volts). The energy range for diagnostic x-rays is 40 to 150 keV. Gamma rays, x-rays, and some ultraviolet rays possess sufficient energy (>10 keV) to cause ionization.

The energy of EM radiation determines its usefulness for diagnostic imaging. Because of their extremely short wavelengths, gamma rays and x-rays are capable of penetrating large body parts. Gamma rays are used in radionuclide imaging. X-rays are used for plain film and computed tomography (CT) imaging. Visible light is applied to observe and interpret images. Magnetic resonance imaging (MRI) uses radiofrequency EM radiation as a transmission medium (see Fig. 1-3).









Radiation Units of Measurement

Four units used to measure radiation are the roentgen (R), rad, rem, and curie. The roentgen is a measurement of radiation exposure, or intensity, which creates 2.08 × 109 ion pairs in a cubic centimeter (cm3) of air. The SI system (Système Internationale d'Unites) is a modernized metric system based on meters, kilograms, and seconds or centimeters, grams, and seconds. The SI units are used more broadly in science and most countries of the world than are the British, or Customary, units of feet, pounds, and seconds. The SI unit for radiation exposure is coulombs/kilogram (C/kg); 1 roentgen is equal to 2.58 × 10−4 C/kg. Radiation exposure emitted from x-ray machines is measured in roentgens or C/kg.

The rad is the unit that measures absorbed dose. It is a measure of energy (expressed in ergs) deposited into a mass of tissue (expressed in grams or kilograms) and is often related to the biologic effects of radiation. One rad is equal to 100 ergs in 1 g of irradiated tissue. The SI unit for absorbed dose is the gray (Gy). One gray is equal to 100 rads. One rad is equal to 0.01 gray or 1 centigray (cGy).

The unit that defines absorbed dose equivalent for humans is the rem (rad equivalent man). The rem is used exclusively for radiation protection reporting of occupational exposure. It is a measure of the biologic effectiveness of different types of radiation in humans. Compared with x-rays and gamma rays, particle radiation such as alpha and beta particles and fast neutrons produces different magnitudes of biologic effects even at the same absorbed dose.

The National Council on Radiation Protection and Measurements (NCRP) is the U.S. governing body responsible for reporting guidelines for radiation protection and measurements. The most recent report, NCRP No. 116: Limitations of Exposure to Ionizing Radiation, which succeeds NCRP Report No. 91, replaces the term dose equivalent (H) with the term equivalent dose (HTR). The change goes beyond word semantics. Dose equivalent (H) is a measurement of absorbed dose at some certain location in tissue. Equivalent dose (HTR) is a measurement of an average absorbed dose in tissues and organs. Equivalent dose is the product of the average absorbed dose (DTR) of radiation (R) in a tissue (T) and a radiation weighting factor (WR):

HTR=WRDTR
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The weighting factor replaces the previously used quality factor (QF) and accounts for the biologic effectiveness of specific types of radiation. The weighting factor for x-rays and gamma rays is 1; 1 rad of x-rays is equal to 1 rem in soft tissue. Alpha particles have a WR of 20; 1 rad of alpha particles is equal to 20 rems. The SI unit for the rem is the sievert (Sv). A sievert is the product of the absorbed dose in grays and the radiation weighting factor. One Sv is equal to 100 rems, and 1 rem is equal to 10 mSv.

The curie (Ci) is a quantitative measure of radioactive material. It is defined as the amount of radioactive material in which 3.7 × 1010 atoms disintegrate every second. The radiation emitted from a curie of radioactive material is measured in roentgens, rads, and rems. The SI unit is the becquerel (Bq), defined as 1 disintegration per second. Millicurie (mCi) and microcurie (µCi) amounts are common in nuclear medicine procedures. The reporting units used in the radiologic sciences are listed in Table 1-1.


TABLE 1-1

UNITS OF MEASURE IN THE RADIOLOGIC SCIENCES




	Quantity
	Customary Unit
	SI Unit





	Exposure
	Roentgen (R)
	Coulomb/kilogram (C/kg)



	Absorbed dose
	Rad (rad)
	Gray (Gy)



	Dose equivalent
	Rem (rem)
	Sievert (Sv)



	Activity
	Curie (Ci)
	Becquerel (Bq)















X-Ray Tube

Producing x-rays requires a source of electrons, a means to rapidly accelerate them, and a means to rapidly decelerate them. These factors are built into the x-ray apparatus. The three principal components of an x-ray machine are the x-ray tube, generator, and control console.



Tube Housing

The tube housing is a grounded, lead-lined metal shelter that protects and supports the glass x-ray tube insert (Fig. 1-4). X-rays are emitted multidirectionally from the tube, but only those rays passing through an opening, or port window, in the housing expose the patient. All other rays are trapped in the housing wall, thereby decreasing unnecessary exposure to patients or x-ray personnel. Radiation emitted from the tube housing is called primary radiation.
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FIG 1-4 A rotating anode x-ray tube within a housing assembly. From Guebert G: Essentials of Diagnostic Imaging, St. Louis, 1995, Mosby.



Several high-voltage electrical cables connect through the back of the housing to the tube. The housing is factory packed with industrial grade oil to provide thermal and electrical insulation. Many modern x-ray machines have tube protection circuitry hooked into an expansion bellows inside the housing. As the oil expands with heating, the bellows trips a switch, which prohibits further exposure until the tube cools sufficiently. Industrial x-ray tubes may have a large heat exchanger that circulates and cools the oil.






Glass Envelope

X-rays are produced when high-speed electrons are rapidly decelerated in an x-ray tube. The x-ray tube is a device composed of two electrodes, cathode and anode, sealed in an evacuated borosilicate glass envelope. Electrons in an electric circuit, generated at the cathode, are accelerated toward and strike an anode target, which results mostly in heat energy and some x-ray energy. Approximately 1% of the kinetic energy of high-speed electrons produces x-rays.



Cathode.

The cathode is the negative electrode and contains a filament embedded in a shallow depression called the focusing cup. Most diagnostic x-ray tubes are dual focus because they have two filaments: a large filament for exposures of high intensity and a small filament for exposures of low intensity.

The cathode filament supplies a controlled number of electrons to the anode. The filament is a thoriated tungsten wire drawn into a small, thin coil. Tungsten is used because its high atomic number (74) makes it electron rich. Current running through the filament heats it to white incandescence, which results in electrons being “boiled off” the tungsten by a process called thermionic emission. A cloud of electrons, or space charge, forms around the filament (Fig. 1-5). The space charge size is controlled by the amount of current running through the filament. Filament current is regulated by the mA (milliampere) selector on the control console. The space charge generates tube current (mA), current between the cathode and anode. The amount of tube current (mA) produced is directly proportional to radiation exposure or quantity of x-rays produced.
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FIG 1-5 Electrons that “boil off” the heated filament create a space charge surrounding the filament, which supplies the tube current.



Electrons travel in only one direction in the tube, from cathode to anode. As the space charge builds, electrons repulse each other. This causes them to diverge, covering an unacceptable area on the anode. A focusing cup surrounding the filament carries a negative potential that tends to condense or “focus” the electron stream onto the anode target.






Anode.

The anode is the positive electrode in the x-ray tube. The anode (1) produces x-rays, (2) conducts electricity, and (3) conducts heat away from the anode surface.

There are two types of anodes: stationary and rotating. Most diagnostic applications require the rotating type. The stationary anode is most applicable when a smaller electrical load is necessary for imaging (e.g., mammograph and dental radiograph).

A stationary anode consists of a copper shaft with a tungsten–rhenium target imbedded into a beveled surface (Fig. 1-6). Tungsten is used because of its high melting point (3410°C) and its high atomic number (74). The atomic number affects the ability of tungsten to produce x-rays in the diagnostic range. The beveled or angled surface affects the electron-loading capacity of the anode by providing more surface area for heat conduction. The angle on stationary anodes ranges from 30° to 45°. The most common angle used on rotating anodes is 12° with a useful range of 7° to 17°.
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FIG 1-6 Stationary anode x-ray tube.



A rotating anode allows significantly greater electron loading by providing a much larger surface area, or focal track, for heat conduction. The rotating anode consists of three component parts: (1) disc or target, (2) stem, and (3) rotor.

The disc is made of molybdenum and is covered with a tungsten–rhenium target material. An electromagnetic induction motor is used to rotate the anode disc an average of 3400 revolutions per minute (rpm) during the exposure, with high-speed anodes rotating up to 10,000 rpm. Tube electron loading is directly proportional to anode rotation.

The stem connects the disc to the rotor and is made of copper for electrical conduction. The rotor is a shaft-like part composed of bars of copper around a soft iron core. The rotor is held in place in the tube by bearings that facilitate high-speed rotation. Outside the evacuated glass tube and adjacent to the rotor is a series of pairs of electromagnets called a stator. Current running through the stator creates a magnetic field that crosses the rotor. The pairs of electromagnets are sequentially energized by multiphase current, creating a rotating magnetic field that turns the rotor (Fig. 1-7).
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FIG 1-7 Anode rotation by electromagnetic induction. Stator electromagnets are activated in sequential pairs by multiphase current. Rotor windings move perpendicular to the magnetic lines of flux, causing rotation.



Anode rotation is initiated by depressing the rotor or “prep” switch on the control console before activating the exposure. The filament circuit also is wired into the rotor switch so that filament current is boosted to preset levels at the time the rotor switch is depressed. Rotor speed and space charge are generated first in anticipation of the exposure. Depressing the exposure switch causes electrons to move instantaneously from cathode to anode.

With many x-ray machines, the exposure switch alone activates all electronic functions in the tube: rotation of the anode, creation of the space charge, and movement of electrons from cathode to anode. However, two-handed operation of the rotor and exposure switches allows the operator to control exactly when exposure occurs. Single-handed operation of the exposure switch alone is best when very fast exposure time (milliseconds) is used.









Line-Focus Principle

Electrons strike the surface of the anode at a target site called the actual focal spot (Fig. 1-8). An increase in either filament length or anode angle results in an increase in actual focal spot size. As the focal spot size is increased, the electrical loading capacity of the anode is increased, which safely allows exposures that require higher electrical loads. Although the entire target area emits x-rays, only the rays traveling in the direction of the patient are useful. The line-focus principle is used to reduce the effective area of the actual focal spot to that portion of the x-ray beam that is useful. The effective target area, or effective focal spot, is a measure of the width of the actual focal spot projected along the central ray and perpendicular to the plane of the x-ray port. As with the actual focal spot, the size of the effective focal spot is determined by the size of the filament and angle of the anode (see Fig. 1-8). Tube specifications typically include the effective focal spot size, a measurement related to overall image resolution (clarity). In general, the smaller the effective focal spot size, the better the resolution. Effective focal spot sizes commonly used in diagnostic radiology range from 0.6 to 1 mm for small focus and 1.5 to 2 mm for large focus.
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FIG 1-8 A and B, As the filament size decreases, both the actual and effective focal spots decrease in size. The line-focus principle results in an effective focal spot that is smaller than the actual focal spot. C and D, As the anode angle decreases, both the actual and effective focal spots decrease in size.



The anode angle on a rotating anode tube also determines maximum field coverage when the tube is placed at specified tube distances (Fig. 1-9). A standard angle of 12° is used for sectional imaging to cover 17 inches2 at a 40-inch focal-spot-to-film distance. A 14° angle is needed to cover 36 inches2 at a 72-inch focal-spot-to-film distance for scoliosis screening and other full-spine imaging needs.
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FIG 1-9 A and B, Exposure field coverage increases as anode angle increases.



Focal spot selection is linked to specific mA stations on the control console. For example, the small focal spot is coupled with mA stations below 200 mA on most diagnostic x-ray machines. This limits the load on the anode and is best used with small body parts, such as the cervical spine and extremities. The large focal spot is coupled with the 200 mA and higher station to allow for greater electron loading of the anode. It is best used with large body parts, such as the lumbar spine. The small focus produces images with better detail than the large focus.






Off-Focus Radiation

Off-focus radiation results from rebounding electrons from the focal spot striking other areas of the anode, thereby producing a large low-intensity x-ray source. This extra-focal radiation increases patient dose and image blurring from shadowing and decreases image contrast. Patient anatomy appearing outside of the exposure field (e.g., ears on a skull examination) is attributed to off-focus radiation. The upper fixed shutters of a collimator (beam-limiting device) help reduce the amount of off-focus radiation reaching the film.






Heel Effect

X-ray intensity emanating from the tube is not uniform across the span of the beam. Exposure intensity is greater on the cathode side of the x-ray beam than the anode side. This is called the anode heel effect. Electrons penetrate the target at various depths, causing x-rays to be emitted with equal intensity in all directions. X-rays traveling into the substance of the anode are immediately absorbed. The angle at which x-rays emerge from the target surface toward the patient varies and causes some x-rays to be absorbed in the heel of the anode. The heel attenuates a portion of the x-ray beam and leaves less exposure (intensity) on the anode side of the beam (Fig. 1-10).
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FIG 1-10 Because of the anode heel effect, the x-ray exposure is more intense on the cathode side of the beam.



When body parts of different thicknesses are imaged, the heel effect can be used to advantage if the cathode portion of the x-ray beam is placed over the thickest part of the patient. The heel effect is less noticeable with smaller film sizes (8 × 10 inch) and longer tube distances (72 inch) because more of the central, uniform portion of the beam is used.






Filtration

Very-low-energy x-rays, or soft rays, add no diagnostic information to the image because they are completely absorbed by the patient. To reduce patient dose from soft radiation, federal law requires a minimum of 2.5 mm equivalent of aluminum (equiv/Al) filtration for a beam greater than 70 kVp. Aluminum absorbs many of the low-energy photons while transmitting a large proportion of high-energy photons. The glass port window and oil within the tube housing provide inherent filtration of approximately 0.5 mm equiv/Al. The silver-coated mirror in the collimator is placed so that the x-ray beam must pass through it. It may supply another 1 mm equiv/Al of inherent filtration.

Another 2 mm of aluminum is added to most diagnostic x-ray machines to meet federal guidelines for total filtration. Inherent filtration plus added filtration equals total filtration. Compensating filters, used to offset variations in patient density, are not calculated into the total filtration needed to decrease the soft x-ray dose.









Generator (The Power to Generate X-Rays)

The electrical potential needed to accelerate electrons to high speed in the tube is provided by single-phase, three-phase, and constant potential (high-frequency) generators. The scope of this chapter does not permit a detailed discussion on how these generators work; however, one must understand that the output waveform affects average x-ray energy, exposure time, and patient dose from soft radiation.

Alternating current (AC) is dispensed to the x-ray machine from an external source, but it is changed to direct current (DC) before it reaches the tube. AC manifests in electrons oscillating back and forth in a circuit and is graphically represented in Figure 1-11 by a sine wave. Each cycle of single-phase AC comprises a positive and negative pulsation. Running AC through the tube creates two problems: (1) it destroys the cathode when electrons reverse polarity during the negative pulsation, and (2) a secondary site for x-ray production is generated and negates any advantage of increased image detail produced by the line-focus principle.
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FIG 1-11 Voltage waveforms from various types of x-ray generators. Whereas single-phase generators produce 100% ripple, high-frequency generators deliver a near-constant potential with less than 2% ripple.



Alternating current is changed to DC through a process called rectification. For the purpose of this chapter, how rectification occurs is less important than why it occurs. Suppressing the negative pulsation of AC protects the tube and results in a type of pulsating DC called half-wave rectification (see Fig. 1-11). X-ray energy is produced at the peak of these pulsations (Fig. 1-12). Reversing the negative pulsation to a positive direction provides full-wave rectification, resulting in twice the number of pulsations per unit of time. This reduces the exposure time by half compared with half-wave rectified circuits.
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FIG 1-12 After a slight lag, x-ray intensity increases rapidly as the voltage across the x-ray tube increases from zero to its peak value.



X-rays are produced when electrons strike the target at or near their peak potential, or kilovolt peak (kVp). In the case of full-wave rectified circuits, bursts of diagnostic hard x-rays are produced when the electrical potential reaches its peak with periods of lower energy (soft) or no x-rays produced between the peaks. The voltage drop from kVp is called ripple and represents the efficiency at which x-rays are produced. The greater the ripple, the less efficient the x-ray production. A kVp of zero accompanies 100% ripple. A voltage potential that drops below peak kilovoltage produces x-ray photons with a wide spectrum of energies.



Single-Phase Generators

Single-phase, full-wave rectified generators use a 220-volt, 100-amp, single-phase AC line source to produce two pulsations per cycle (120 pulsations per second) with 100% voltage ripple. With a constantly changing voltage potential, a spectrum of x-ray energies is produced with an average energy somewhere below peak kilovoltage. This pulsating beam results in an inefficient use of electricity, longer exposure time, and greater patient dose from lower energy soft x-rays compared with more efficient generators that deliver a nonpulsating, constant electrical potential.






Three-Phase Generators

A three-phase generator uses a three-phase AC line source for the purpose of creating more pulsations per unit time. This effectively reduces voltage ripple and increases the efficiency of x-ray production. Three-phase power is best understood by imagining three single-phase line sources electrically intertwined to create greater incoming power. A six-pulse generator delivers six pulsations per cycle, which reduces voltage ripple to 13% of kVp (see Fig. 1-11). Changing the wiring configuration produces 12 pulses per cycle (12-pulse generator), reducing voltage ripple to 3% of kVp. Using three-phase power results in greater photon output per unit of electrical input (mR/mAs) with higher average energy compared with single-phase units. Three-phase generators are expensive and rely on costly power line installations.






Constant Potential Generators

Medium- and high-frequency generators operate on either single- or three-phase power and eliminate voltage ripple through rectification and smoothing circuits. Medium-frequency generators produce an electrical frequency in the 6- to 30-kHz range, and high-frequency generators produce an electrical frequency of approximately 100 kHz. Medium- and high-frequency generators allow more accurate control of tube voltages. Tube voltage regulates penetration of the x-ray beam. High-frequency generators deliver the greatest mR/mAs output, the lowest soft radiation dosage to patients, the highest average (effective) x-ray energy, and the shortest exposure time.






Timer Control

Every x-ray exposure requires a certain predetermined tube current (mA) for a specific period of time. Both the timer and timer circuit are located on the control console and are electrically connected to the exposure switch.

An electronic timer is the most common timer in use today. It is accurate to less than 1 millisecond (msec) and to greater than 1 second. Electronic timers operate on sophisticated electronic circuitry by energizing a silicon-controlled rectifier (SCR), which activates the exposure. The combination of constant potential generators and very fast imaging systems (rare earth) require a timer accurate in milliseconds.

The product of mA and time, milliampere-seconds (mAs), determines the number of x-ray photons emitted and hence the relative darkness of the film. Patient part size and density govern how many mAs are needed to produce a diagnostic image. Calculating exposure by using units of mAs is common in a clinical setting. An mAs timer accurately provides the highest safe tube current with the shortest exposure time for a given mAs. Independent control of mA and time may not be possible with some mAs timers.






Automatic Exposure Control

Automatic exposure control (AEC), often called phototiming, terminates the exposure when a predetermined amount of film density (darkness) is reached by x-rays passing through the patient to the image receptor. The radiographer selects the appropriate beam penetration (kVp) and desired tube current (mA) for the part under examination. The phototiming device senses the exposure and, in response, creates an electronic signal that breaks the timer circuit.

Automatic exposure devices include the earlier photomultiplier tube and the more common ionization chamber. The photomultiplier tube converts a light signal from a fluorescent screen exposed to x-rays to an electronic signal that feeds back to terminate the exposure. The radiation-sensitive ionization chamber creates an electronic signal proportional to the number of ions produced by radiation exposure and feeds back to terminate the exposure.

The phototiming circuit usually has one, two, or three photocells of different shapes and positions in relation to the image receptor. From the control console, the operator may choose to use one or more photocells to determine exposure. When more than one photocell is used, the exposure is averaged between them. A manual backup timer is set to approximately 1.5 times the anticipated exposure to prevent tube overload and excessive patient dose. Setting the backup time too short may result in a risk of underexposure.

Automatic exposure control decreases the need for repeat radiographs by adjusting for patient density and reducing human error in exposure calculation. However, positioning the body part under examination precisely over the photocell(s) is paramount to produce adequate exposure. Malposition results in overexposure or underexposure. Exposure area also affects the photosensor readings, especially considering scatter radiation production; therefore, proper beam collimation is necessary to produce accurate exposure time. The calibration of the phototimer must be matched with the sensitivity of the image receptor (film/screen).






Tube Failure

X-ray tubes can fail in a number of different ways. Most tube failure occurs as the result of thermal wear on the internal component parts. The wear usually develops over a period of time; however, an instantaneous load significantly above the tube rating can cause a tube to fail immediately. Common types of tube failure include worn rotor bearings, a cracked or pitted anode, gassing of the tube, and an open cathode filament.

To better prepare the tube to receive a high heat load, it is best to perform a tube warm-up procedure. Executing a couple of low-load exposures puts some heat into the anode and reduces the stress of an instantaneous large load on a cold anode. An example of a warm-up technique is an initial exposure of 50 kVp, 100 mA, at 1/30 second followed by a second exposure in which the mA is raised to 200. Other ways to maximize x-ray tube life include:


• Minimize filament boost (preparation) time.

• Limit rotor/start/stop operations.

• Use lower tube current (mA).

• Do not make a high mA exposure on a cold tube.

• Adhere to rating charts and anode heating and cooling curves.

• Limit operations to 80% of maximum single exposure ratings.

• Do not exceed the anode thermal capacity or dissipation rate of the target.








Primary Factors Controlling X-Ray Exposure

Four primary exposure factors control the quantity and quality of x-ray films produced: peak kilovoltage, mA, time (seconds), and distance.


1. Kilovoltage (expressed in kVp) directly controls the speed of electrons traveling from cathode to anode. As electrons strike the target, their kinetic energy is transformed into x-ray and heat energy. X-ray quality, or penetration power, is directly proportional to kVp. Kilovoltage is the only controlling factor affecting x-ray beam energy (quality). Kilovoltage is responsible for providing the penetration necessary to produce adequate subject contrast.

2. Milliampere (measured in mA) is a measure of tube current generated from the filament by thermionic emission. The number of electrons available to produce x-rays is directly proportional to mA. Changes in mA affect the quantity of x-rays produced. Milliampere output is linear; as mA is doubled, exposure is doubled.

3. Exposure time is another factor controlling the number of x-rays (quantity) produced. Time is measured from milliseconds to seconds and is given the abbreviation “s”. Longer exposure time allows more electrons to be generated from the filament. Exposure time is also linear in that exposure is doubled as time is doubled.

    In clinical settings, exposure intensity (quantity) is commonly controlled by the product of milliamperes and time, or mAs. Ascribing mAs to a particular body part size is helpful in determining the total exposure needed to produce an acceptable image. After the measurement of mAs is determined, any combination of milliampere and time to produce that same measurement of mAs yields a similar exposure. The mAs controls the relative darkness of the film.

4. Distance, the fourth exposure parameter, is often expressed as FFD (focal-film distance), SID (source-to-image receptor distance), and TFD (tube-film distance). Distance affects the number of x-rays reaching the image receptor (film). As the x-ray tube is moved farther away from the film, the beam diverges and offers less x-ray photons per unit area. The number of x-ray photons striking the film is inversely proportional to the square of the distance. This is called the inverse square law and is expressed as

I=1/d2
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where I = x-ray intensity and d = tube distance. If the distance is doubled, approximately 1/4 of the number of x-rays reaches the film (Fig. 1-13).
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FIG 1-13 Inverse square law. The intensity of the x-ray beam decreases with increasing distance from its source. The magnitude of intensity is inversely proportional to the square of the distance.



    Whereas x-ray beam intensity is inversely proportional to the square of the distance, tube load (mAs) is directly proportional to the square of the distance. An increase in distance mandates an increase in tube load expressed by the formula

New mAs=Old mAs×(FFD2/FFD1)2
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where FFD1 is the original distance, FFD2 is the new distance, old mAs represents exposure (tube load) at the original distance, and new mAs represents exposure (tube load) at the new distance.











Control Console

Basic single-phase operating consoles (Fig. 1-14) provide selectors for power (on/off), line-voltage compensation, peak kilovoltage, milliampere, time, focal spot, Bucky (see Grids), AEC, rotor, and exposure.
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FIG 1-14 A, X-ray consoles are traditionally located outside of the positioning room, in this case separated from the room by leaded glass window. B, Some manufacturers are placing a smaller consol of controls directly on the tube housing assembly.



Control consoles have evolved with the use of computer technology. Manufacturers have reduced console size by replacing copper wiring, steel construction, and knob controls with microcircuitry. Menu-driven push-button controls, preprogrammed anatomic techniques, and AEC have dramatically reduced human error in the calculation and selection of exposure parameters.

Modern single-phase 300 mA/125 kVp x-ray machines may offer any or all of the following:


• Automatic line-voltage compensation (voltage fluctuation control)

• Kilovoltage selection by units of 1 kV, from 40 to 125 kVp

• Milliampere selection normally ranging from 25 to 300 mA and as high as 600 mA in 50- to 100-mA increments

• Automatic focal spot selection based on milliampere designation

• Electronic SCR timers with milliampere-seconds readout

• AEC with photocell selector and plus and minus density control

• Bucky selection

• Single- or double-switch operation of rotor control and exposure control

• Tube protection circuitry to safeguard against overload








X-Ray Production

X-rays are generated by two different yet simultaneous processes as high-speed electrons lose energy at the target. One reaction involves high-speed electrons interacting with the nucleus of tungsten target atoms to generate what is called bremsstrahlung radiation. The other involves collisions of high-speed electrons with inner shell electrons of target atoms to produce what is called characteristic radiation.



Bremsstrahlung Radiation

Bremsstrahlung is the German word for braking, or slowing down. When a high-speed projectile electron from the cathode passes the nucleus of a tungsten atom in the target, the positively charged nucleus exerts an attractive force on the electron. A strong nuclear electric field inhibits penetration of the electron into the nucleus but causes the electron to decelerate and change direction (Fig. 1-15). This deceleration results in a loss of kinetic energy, which is converted into EM (x-rays). The quality (or energy) of radiation released is contingent on the amount of deceleration and kinetic energy possessed by the incoming electron (measured in kVp). Deceleration is affected by the proximity in which electrons randomly approach the nucleus and size of the nucleus. Electrons directly striking the nucleus and giving up 100% of their kinetic energy generate the highest energy x-rays.
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FIG 1-15 Bremsstrahlung radiation is emitted when the speed and direction of a projectile electron is altered secondary to interaction with the target's nucleus.



Bremsstrahlung x-rays have a spectrum of energies with an average energy somewhere below, but proportional to, the peak kilovolts used. Primary control of x-ray beam quality, or overall penetrating power, is a result of the effect of peak kilovolts on bremsstrahlung interactions. The quantity of bremsstrahlung x-rays is related more to milliampere-seconds (tube current) than peak kilovolts. Higher values of milliampere-seconds release more electrons to the target. Most of the x-rays produced in a diagnostic beam are of bremsstrahlung origin.






Characteristic Radiation

When a high-speed electron from the cathode interacts with a lower orbit (inner shell) electron in the tungsten target and the kinetic energy of the projectile electron exceeds the binding energy of the electron it interacts with, the orbital electron is ejected, leaving a vacancy in the inner shell (Fig. 1-16). Immediately, an upper orbit electron fills the vacancy, resulting in a release of a discrete amount of EM (x-ray). The amount of energy released is equal to the difference in the binding energies of the orbital shells involved. For tungsten, atomic number 74, the following applies:
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FIG 1-16 Characteristic radiation is emitted when an upper orbit electron fills the K-shell vacancy created by a projectile electron.



EKshell−ELshell=69.5keV−12.1keV=57.4keV x−ray

[image: image]

A cascade effect causes all inner shell vacancies to be filled and lower energy photons to be released. The total amount of energy released equals the input energy necessary to remove the inner shell electron.

Binding energies are unique to each element. The radiation released is “characteristic” of the atom it is generated from, hence the name characteristic radiation. A K-characteristic x-ray of tungsten is 57.4 keV. A K-characteristic x-ray of molybdenum is 17.4 keV. It takes at least 70 keV (kVp) of input energy to release a K-shell electron in tungsten. Kilovoltage has no effect on the quality (energy) of characteristic radiation. However, the energy of characteristic x-rays increases as atomic number increases. Characteristic x-rays make up approximately 10% of the radiation emitted in the 80- to 100-kVp range. Figure 1-17 illustrates a filtered beam of bremsstrahlung and characteristic x-rays at 80 kVp.
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FIG 1-17 Photon energy spectrum typical for a machine operating at 80 kVp.











Diagnostic X-Ray Interactions with Matter

One of three things can happen to a diagnostic x-ray as it encounters matter. It can (1) be totally absorbed, (2) be partially absorbed and scattered, or (3) pass through unaffected. The quality of the image produced is greatly affected by all three events.



Photoelectric Effect

The photoelectric effect is a total absorption reaction in which x-ray photons interact with inner shell electrons of an absorbing medium to cause ionizations (Fig. 1-18). This is most likely to occur when the energy of the incident photon slightly exceeds the binding energy of an electron at the K- or L-shell level. The photon gives up all of its energy in overcoming the binding energy of an inner shell electron, and the photon ceases to exist. The photoelectron removed from the atom exits with kinetic energy equal to the energy of the incident photon minus the binding energy of the orbital electron. The empty shell is filled with an electron from an upper orbit, resulting in the release of characteristic radiation. The characteristic ray is called secondary radiation and is emitted randomly like scatter radiation. Most of these rays are reabsorbed in the body.
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FIG 1-18 Photoelectric effect describes total absorption of the incident x-ray as it ejects an inner shell electron, known as a photoelectron. The empty shell is filled with an electron from an upper orbit, resulting in the release of characteristic radiation.



A photoelectric interaction is dependent on the atomic number of the absorbing medium and the energy of the x-ray. The tighter an electron is bound, the more likely it is to be involved in a photoelectric interaction. Also, the closer the x-ray energy is to the binding energy of an inner shell electron, the greater chance there is for a photoelectric effect. Absorption probability is inversely proportional to the cube of the x-ray photon energy (photoelectric adsorption = 1/E3), and it is directly proportional to the cube of the atomic number (Z), or Z3.

The photoelectric effect is the x-ray interaction with matter responsible for subject contrast seen on a radiograph. The x-ray beam is attenuated, or weakened, through absorption as it encounters tissues of different densities and atomic numbers. The resulting differential absorption produces subject contrast. With higher energy x-rays (high peak kilovoltage), subject contrast is decreased as a result of an overall decrease in absorption.






Compton Scattering

Compton scattering is a partial absorption reaction that involves moderate-energy x-rays. As photon energy increases with a higher number of peak kilovolts, the x-ray gives up some of its energy as it strikes an outer shell electron in an absorbing medium (Fig. 1-19). The electron is ejected, and the x-ray deflects from its original path. The photon energy loss results in a longer wavelength x-ray that is scattered. The angle of deflection is proportional to the energy loss. Radiation that scatters 180° back in the direction of the tube is called backscatter. Scatter radiation delivers misinformation to the image receptor, which fogs the film and decreases image visibility. Scatter increases the overall darkness of the film but not in a way that provides useful information.
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FIG 1-19 The Compton effect describes the interaction between medium-energy x-rays and outer shell electrons. The interaction results in ionization of the target atom (with ejection of a Compton electron), deflection of the incident x-ray, and lower energy in the scattered x-ray.



The probability that an x-ray will undergo a Compton interaction depends on the density of the absorbing medium and the energy of the x-ray. Water density tissues (e.g., muscle, blood, and solid organs) create the greatest amount of scatter radiation in the body. Tissues of greater density (e.g., bone) tend toward higher absorption of x-rays. Low-density tissues that contain air (e.g., lung and large bowel) allow greater penetration of x-rays. Higher energy x-rays tend toward greater penetration, medium-energy x-rays tend toward partial absorption (scatter), and lower energy x-rays tend toward total absorption.






Classical (Rayleigh) Scattering

Classical scattering involves very-low-energy x-rays (10 keV) and matter. An incoming, or incident, x-ray photon interacts with an atom, causing its electrons to vibrate at the same frequency as the photon (Fig. 1-20). The excited atom releases the excess energy in the form of a new photon. The new photon is randomly emitted as scatter and has a wavelength and energy equal to that of the incident photon. Rayleigh scattering accounts for less than 5% of scatter in the diagnostic range and does not significantly affect image quality.
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FIG 1-20 Classical scattering describes an interaction between lower energy x-rays and atoms. The wavelengths of the scatter rays are equal to those of the incident x-rays.












Scatter Radiation Control for Contrast Improvement

Factors Contributing to Scatter Radiation Production


Beam energy, field size, patient size, and tissue type are the major contributors to scatter radiation production. As beam energy is increased (e.g., from 70 to 90 kVp), fewer x-rays are completely absorbed. This leaves more photons to be scattered. The percentage of Compton interactions increases as peak kilovolts increases. As field size is increased, scatter production increases by expanding the area of tissue that interacts with primary radiation. As patient size increases, augmented by an increase in soft-tissue water density, more scatter is produced.



Methods of Scatter Control

As mentioned, scatter radiation fogs a radiograph, thereby decreasing overall film contrast. Controlling scatter helps to increase contrast. Scatter may be regulated in the production phase or, after it is produced, by preventing it from reaching the film. Limiting peak kilovolts, minimizing beam size, and using patient recumbency, air-gap technique, and grids are all viable methods for controlling scatter.



Peak Kilovolts Limitation.

Although the kilovoltage range for diagnostic x-rays is 40 to 150 kVp, scatter is best controlled by limiting peak kilovolts to 70 to 90 for the axial skeleton. The presentation of an obese patient may tempt the radiographer to drive the peak kilovolts higher; however, it is better to limit the peak kilovolts and increase the milliampere-seconds for scatter control.






Beam Limitation.

Limiting the exposure area is important to minimize patient dose and scatter radiation production. Field size is regulated by beam restrictors.



Aperture Diaphragm

The simplest type of beam restrictor is an aperture diaphragm. An aperture diaphragm is a flat sheet of lead with an opening prescribed to cover a certain film size; it is attached to the tube housing at the port. The aperture diaphragm is used in situations in which film size and tube distance are constant, such as in dedicated head or chest radiography.






Cones and Cylinders

Cones and cylinders are extension tubes attached to the tube housing to control beam size. Flared cones (Fig. 1-21) are designed to resemble a divergent x-ray beam, but they are often flared wider than the beam. The effectiveness is reduced to that of an aperture diaphragm. A cylinder provides true beam restriction because the field size is controlled by the constricted outer opening, which is farther away from the focal spot. Some cylinders are adjustable, which enhances versatility and effectiveness.
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FIG 1-21 Cones and cylinders.








Collimators

A collimator is a variable-aperture beam-limiting device. It contains two sets of lead shutters, fixed upper shutters and adjustable lower shutters (Fig. 1-22). The upper shutters serve as an aperture diaphragm, controlling off-focus radiation. The lower shutters adjust in the vertical and horizontal directions to control the exposure area. A light field is projected through the lower shutter opening to help the radiographer estimate the exposure field. The light comes from a high-intensity lamp that reflects off a mirror strategically placed within the collimator. Collimators must be periodically checked to ensure that the light field and exposure field coincide.
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FIG 1-22 A collimator restricts the primary beam with fixed upper and adjustable lower shutters. An interposed mirror is used to reflect light through the opening created by the moveable shutters to yield a representation of the beam size during patient positioning.



To ensure patient protection, positive beam limitation (PBL) collimators are manufactured to make certain that the exposure field size never exceeds the film size. Distance and film size sensors regulate the function of the PBL collimator. If the distance sensor on the tube rail is not activated to indicate the tube distance, the collimator will not allow the exposure to initiate. Sensors in the Bucky tray convey film size to the collimator. If the film is improperly placed in the Bucky tray, the collimator reads an aberrant field size. If the Bucky tray is not pushed in such that the sensor in the end of the tray is connected back to the collimator, again, the collimator blocks the exposure. Semiautomatic PBL collimators must be manually adjusted to film size to ensure exposure. Fully automatic PBL collimators possess a motorized mechanism in the collimator that automatically adjusts the lower shutters to the film size when the sensors are activated.

Manual collimators are less expensive and do not operate with a sensor system; therefore, there is no check to ensure that the exposure field size does not exceed the film size.









Patient Recumbency.

When a patient is placed in a recumbent (lying down) position, soft tissue is more evenly distributed, and the overall thickness of the patient is decreased, thereby reducing scatter production. The decreased patient thickness requires less peak kilovoltage for penetration, which also reduces scatter production. Measurement of the patient in the recumbent position is necessary to determine accurate exposure factors.






Air-Gap Technique.

If the object-film distance (OFD) is increased to create an air space between the patient and film, some scatter traveling obliquely misses the film. Fig. 1-23 shows the effect of an air gap between the patient and film in reducing the scatter that reaches the film.
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FIG 1-23 Because scatter radiation travels in many directions, a 4- to 6-inch air-gap between the patient and the film reduces the amount of scatter that contacts the film.








Compression Devices.

Different types of compression devices help decrease the thickness of tissue the x-ray beam must pass through. With a wider and flatter distribution of tissue, primary beam–tissue interactions decrease, resulting in less scatter.






Grids.

A grid is a selective lead filter that increases film contrast by absorbing a large percentage of scatter radiation, tracking obliquely as it exits the patient. The grid is located behind the patient but in front of the film, so it absorbs scatter before it reaches the film.

Today's modern grid apparatus is derived from the combined inventions of medical radiologists Gustav Bucky and Hollis Potter in the early 1900s. Bucky designed a grid with lead lines spaced 2 cm apart arranged in a cross-hatched pattern. Although the grid increased contrast, unsightly grid lines appeared on the film. Potter improved on the concept by reconfiguring the lines in a vertical direction only and laterally moving the grid during the exposure. Moving the grid caused the lead lines to blur and disappear from the film. Potter's invention is known as the Potter-Bucky diaphragm, or Bucky.



Grid Design

Contemporary grids have thin lead strips configured in a linear or cross-hatched pattern with a radiolucent interspacing material between the strips (Fig. 1-24). Ideally, the interspacing is designed to allow maximum penetration of the primary beam. Interspacing materials include cardboard, plastic, carbon fiber, and aluminum. Carbon fiber and aluminum are commercially available. Aluminum has a higher atomic number than carbon fiber. At higher peak kilovoltage, aluminum improves contrast by absorbing more lower energy x-rays. However, at lower peak kilovoltage, aluminum absorbs more primary radiation than carbon fiber, which leads to higher patient doses. Carbon fiber grids are preferred in situations in which low peak kilovoltage techniques are used (e.g., mammography), and their use can contribute to lower patient dose.
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FIG 1-24 Radiographic grid plate showing focused (angled) opaque lead lines with radiolucent interspacing.



Linear grids are designed with either parallel or focused lead strips. In a parallel grid, the lead strips and interspacing run parallel to one another (Fig. 1-25). A significant amount of cutoff of the primary beam at the periphery of the grid results when using a short tube distance (40 inches); therefore, parallel grids are best used with a long distance (72 inches) in which more of the central, or perpendicular, part of the beam is used. Grid cutoff manifests as underexposure.
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FIG 1-25 A linear parallel grid is constructed with parallel grid lines. Primary beam cutoff occurs at the periphery of the image at a short source-to-image distance because of a divergent x-ray beam.



Focused grids are used more commonly than parallel grids for diagnostic imaging. In a focused grid, the lead strips and interspacing are angled toward the center of the grid to accommodate a divergent x-ray beam (Fig. 1-26). The intent is to reduce peripheral cutoff. The focus is determined by the angle of the divergent beam, which is governed by the distance between the grid and focal spot. If the lead lines were extended in space beyond the grid, they would converge at a focal point called the grid radius. When the x-ray tube is set at the grid radius distance, the grid is in optimum focus. The tube can be moved a short distance from the grid radius without significant peripheral cutoff. Focal range describes the distance plus or minus the grid radius in which the cutoff is not significant. Making exposures outside of the focal range results in noticeable cutoff. A focused grid must be accurately aligned to ensure that the center of the beam (central ray) is positioned in the middle of the grid. A misaligned grid results in peripheral cutoff to one side of the film and gives the appearance of underexposure (Figs. 1-27 and 1-28).
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FIG 1-26 A focused grid accommodates the divergence of the x-ray beam as long as the source-to-image distance (SID) is within the focal range. Primary beam cutoff occurs when the SID deviates from the focal range.
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FIG 1-27 An off-center grid produces grid cutoff, which manifests as a lighter density on one side of the film.
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FIG 1-28 Unequal density across the thorax secondary to misalignment of the grid and tube (grid cutoff).








Grid Ratio

Scatter cleanup is directly related to grid ratio (GR). GR is the height of the lead strips (h) divided by the distance (d) between each lead strip, or

GR=h/d
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The ratio measurement is taken from the edge of the grid in which the height of the lead strip is actually a measurement of the thickness of the grid plate (Fig. 1-29). GR can be increased by increasing the height of the lead or decreasing the space between the lines. Scatter radiation approaching at an angle that is not accommodated by the interspacing is trapped by the grid. Common GRs for diagnostic radiology include 6 : 1, 8 : 1, 10 : 1, and 12 : 1. Unfortunately, grids also absorb a significant amount of primary rays. To ensure sufficient primary ray transmission through the grid, exposure (milliampere-seconds) must be increased. The patient dose is three to five times higher when using a grid versus not using a grid.
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FIG 1-29 Grid ratio is defined as the height of the lead strip (h) divided by the distance (d) between the lead strips (interspace).








Grid Frequency

Grid frequency is a measure of the number of lead lines per inch (lines/inch) or per centimeter (lines/cm) (Fig. 1-30). Grids are manufactured with a frequency range between 60 and 200 lines/inch. For diagnostic imaging, frequencies between 85 and 103 lines/inch are most common. Fine line grids (103 lines/inch) are best used in a stationary mode in which the grid plate does not move during the exposure. The lines are thin and so close together that they become virtually invisible. At higher frequencies (>103 lines/inch), the lead strips become too thin to be effective when using high peak kilovoltage techniques. Grids with 200 lines/inch can be used in mammography because the peak kilovoltage range is 20 to 30 kVp. Lower frequency grids (85 lines/inch) show lead lines on a film and should be used in a Potter-Bucky diaphragm. The diaphragm moves a linear grid in a reciprocating (back-and-forth) motion during exposure and blurs the lead lines. A cross-hatch grid requires an oscillating motion to blur all lines.
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FIG 1-30 Grid frequency is calculated by the number of grid lines per inch or centimeter. Grids A and B have the same grid ratio, but because B has thicker grid lines, it has a lower grid frequency.








Application

Typically, a grid is indicated if the body thickness measures greater than 10 cm or if greater than 70 kVp is necessary to penetrate the body part. Using grids may increase the contrast 1.5 to 3.5 times.















X-Ray Film

Of all image receptors used in diagnostic imaging, plain radiographic film is still the most common, although digital imaging is gaining in popularity. Film is photosensitive, which causes it to respond to wavelengths of light in the electromagnetic spectrum, particularly visible light and x-rays.



Construction

Radiographic film comprises two primary layers: a support layer (base) and a radiosensitive layer (emulsion) (Fig. 1-31). The base layer is made of polyester and is tinted with blue dye to reduce eyestrain for the interpreter. The base layer is unreactive to processing chemistry. The emulsion layer consists of a gelatinous matrix embedded with silver halide crystals, predominantly silver bromide. Silver halide is the photoactive ingredient in the emulsion. The gelatin provides a means for even distribution of silver halide crystals. It is water soluble, which allows easy penetration of processing chemistry to reach and act on the silver. The emulsion layer is attached to the base with a thin adhesive and is covered with a protective supercoating. For most diagnostic applications, radiographic film is coated with emulsion on both sides to increase film sensitivity and reduce patient dose.
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FIG 1-31 Cross-section of x-ray film. The majority of the film is base. The emulsion contains the image.









Film Characteristics

Speed.


Film speed, or sensitivity, is a measure of the response time of film to a minimal x-ray exposure. Film is blackened proportionally to exposure. A faster film requires less exposure time to sensitize. Film speed is governed by the thickness of the emulsion layer, size of the silver grains, emulsion coated on one or both sides of the film, and processing conditions.



Contrast.

Contrast is the difference between adjacent exposure densities (darkness) on a film; it is described in grayscale from black to white. Radiographic contrast includes both subject contrast and detector contrast. Subject contrast is determined by attenuation of the beam by the patient, or subject, and is controlled by peak kilovoltage. Detector contrast refers to inherent film response characteristics in recording high and low contrast. Depending on clinical need, detector contrast varies. Compared with bone imaging, chest radiography often requires a film type with less contrast.






Latitude.

Latitude is the range of exposures over which the film responds with densities in the diagnostic range. Latitude and contrast are inversely related. Film with wide exposure latitude is low contrast. High-contrast film has narrow exposure latitude.






Spectral Response.

The spectral response of a film describes its sensitivity to different wavelengths (colors) of light. Screen film is manufactured to respond primarily to blue, green, and ultraviolet light. Calcium tungstate intensifying screens emit blue light; blue-sensitive film is matched with these screens. Rare earth intensifying screens emit light in the blue, green, and ultraviolet ranges.










Film Types

Direct-Exposure Film.


Film that is exposed to only x-ray is called direct-exposure, or nonscreen, film. Direct-exposure film is used for high-detail imaging. In general, all x-ray film is much more sensitive to visible light than to x-ray photons. It takes considerable exposure from x-ray alone to sensitize direct exposure film, limiting its use in general radiography. The emulsions are significantly thicker and contain more fine-grain silver than screen film. Limited medical applications include dental radiography (bite-wing), some mammography, imaging of occult (hidden) fractures of the small bones of the face and extremities, and localization of foreign objects. Its greatest application today is in industrial radiography, in which dose is not a concern.



Screen Film.

Screen film is the most common film type used in medical imaging. It is matched with intensifying screens that convert the energy of x-rays into visible light. Approximately 95% of exposure to screen film is by visible light. A double-emulsion film is routinely sandwiched between two intensifying screens. Screen film emulsions are considerably thinner than those on nonscreen film; however, when used in combination with intensifying screens, they are substantially faster. Resolution (detail) is diminished with screen film compared with nonscreen film, but the dose-reduction benefit of screen film is an acceptable tradeoff. Screen film is commercially available in a wide variety of speeds, contrasts, spectral responses, and detail.






Single-Emulsion Film.

Certain radiographic examinations, such as mammography and extremity imaging, may use a single-emulsion, fine-grain film in conjunction with a single intensifying screen. The single-emulsion–single-screen combination offers better detail than a dual system and at a lower dose than a nonscreen film. Care should be taken to ensure that the emulsion side of a single-emulsion film is placed against the screen. Failure to do so results in some loss of speed.






Duplicating Film.

Radiographs often are duplicated for teaching files or for medicolegal reasons. The process involves a film duplicator that uses ultraviolet light. Regular x-ray film is a negative. Duplicating film is a single-emulsion positive film. Because duplicating film is exposed mostly in areas that are clearer on the original film and least exposed where the original film is darker, duplicating film reacts to exposure in an opposite manner to that of regular x-ray film. The silver crystals respond to light in an opposite fashion. More exposure time is needed to lighten a dark original. Less exposure time is needed to darken a light original.










Storage and Handling

X-ray film is sensitive to light, x-rays, heat, moisture, pressure, fumes, and aging, all of which are capable of fogging the film or producing artifacts. Film should be stored in a cool, dry place (50° to 70° F, 30% to 50% relative humidity) safe from light and x-ray exposure. Film boxes should be stood on end to decrease pressure sensitization. Stock should be rotated for use before the expiration date.









Intensifying Screens

An intensifying screen converts the energy of x-ray into visible light for the purpose of decreasing patient dose.



Construction

An intensifying screen consists of a protective coating, a phosphor layer, an undercoating layer, and a base layer (Fig. 1-32). The outer protective coating helps minimize abrasions of the sensitive phosphor layer. The phosphor layer is the photoactive layer of the screen. A phosphor is a phosphorescent substance that emits light when energized by x-rays (Fig. 1-33). Tiny phosphor crystals are evenly distributed in a polymer matrix. When energized, light is emitted isotropically (in all directions). The undercoating layer can be reflective or absorptive. Light traveling away from the film is reflected back to the film by a reflective layer. Screen speed is increased when a reflective layer is used. An absorptive undercoat decreases light flare from the screen, resulting in increased detail. The base, made of plastic or paper, is a support layer that is coated with an anticurl backing.
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FIG 1-32 Cross-section of an intensifying screen.
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FIG 1-33 The energy of an x-ray photon is converted into multiple photons of visible light by a phosphor crystal in the phosphor layer of an intensifying screen.








Phosphors

Modern intensifying screens most frequently use blue-emitting calcium tungstate, or blue-green– or ultraviolet-emitting rare earth phosphors. Rare earth phosphors are named according to the family of elements from which they are formed. Lanthanum oxysulfide (green), lanthanum oxybromide (blue), and gadolinium oxysulfide (green) come from the lanthanide series of elements in the periodic table, otherwise known as the rare earth elements.

A suitable phosphor should have a high absorption capability. The peak kilovoltage used and the thickness and composition of the phosphor layer of the screen determine the quantum detection efficiency (QDE), or absorption capability of the screen. Phosphors also should have a high conversion efficiency, or the ability to convert the energy of x-rays into visible light. Overall screen efficiency is the product of detection efficiency and conversion efficiency. Also, light emissions should cease at the instant an exposure is terminated. Persistence of luminance is called screen lag, or afterglow, and should be minimal.






Screen Speed

The amount of light emitted from an intensifying screen per unit of x-ray exposure defines screen speed. A faster screen emits more light per unit of x-ray exposure, thereby requiring less exposure, which results in lower patient dose. Manufacturers arbitrarily assign the number 100 to Par speed screens; the performance (speed) of all other screens is determined relative to the 100 Par speed screen. The term relative speed (RS) is used. RS is determined by the type of phosphor used, the thickness of the phosphor layer, phosphor crystal size, the presence of a reflective layer, and the peak kilovoltage. Rare earth phosphors have a higher detection efficiency (QDE) and conversion efficiency than calcium tungstate phosphors, which makes rare earth phosphors faster. The increase in speed does not significantly diminish image detail. A 400-speed gadolinium oxysulfide screen produces an image with approximately the same resolution as a 200-speed calcium tungstate screen.

Screen speed varies across the useful peak kilovoltage range. With kilovoltage measurements below what is needed to ionize K-shell electrons in the phosphor, a noticeable decrease in light emission occurs because of a decrease in characteristic photon production. This is called the K-shell absorption edge phenomenon. The K-shell absorption edge varies for each phosphor. To compensate for the drop-off in light emissions, milliampere-seconds is increased. An increase in peak kilovoltage causes an increase in screen speed.

Speed is often referred to in respect to both film and screen, or film/screen speed. Matching film sensitivity to screen emission is the goal in maximizing speed, contrast, and resolution. Not all matches are perfect. Mixing and matching films with screens determines working speed. Working speed is one of the true indicators of how much exposure is needed; it is directly proportional to milliampere-seconds. Patient dose and image detail are inversely related to speed. Typical working speeds for calcium tungstate film/screens are 40 to 250; for rare earth, they are 40 to 1200. The slower speeds (40–80) are used in extremity radiography. Extremities are less radiosensitive than other organs of the body, so the increased dose is considered acceptable for the increase in detail. The most common working speed for rare earth imaging of the axial skeleton is 400.









Cassettes

Unexposed film must be housed in a light-tight holder to be handled in daylight conditions. The most common film holder is a cassette. Cassettes are designed specifically for screen film (Fig. 1-34). Two rigid surfaces are hinged together to support intensifying screens that are attached to the cassette with a compressive foam or felt. This ensures tight film-to-screen contact, which reduces blurring of the image. Some modern cassettes are made with biconcave surfaces to squeeze air out when closed. This helps maintain tight film-to-screen contact. The front cover is made of a radiolucent substance to minimize x-ray absorption by the cassette. Bakelite (e.g., lightweight) plastic and carbon fiber are the two substances most often used. Carbon fiber absorbs less radiation than the Bakelite, minimizing patient dose. The back cover is made of plastic or a lightweight metal, such as magnesium, with a thin foil of lead just inside the cover to absorb backscatter radiation.
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FIG 1-34 Cross-section of a cassette, two intensifying screens, and radiographic film. A thin sheet of lead foil is mounted behind the second intensifying screen to absorb backscatter.



Direct-exposure film is not used with intensifying screens; therefore, it does not need an expensive film holder such as a cassette. Nonscreen film is placed in a cardboard holder or is individually wrapped in light-tight, moisture-proof paper.






The Latent Image

A physical change takes place when light and x-rays expose a film. The change is invisible to the naked eye. A latent (hidden) image is formed.



Gurney-Mott Theory of Latent Image Formation

The most accepted theory on latent image formation was proposed by Gurney and Mott in 1938. Silver halide crystals are manufactured in a lattice of silver, bromine, and iodine atoms. Ionic bonds couple positively charged silver (Ag+) to negatively charged bromine and iodine (Br− or I−). The crystalline structure allows some migration of free silver ions and free electrons within the crystal. An impurity, called a sensitivity speck, is manufactured into the surface of many crystals and becomes an electrode for attracting free silver ions in the latent image process (Fig. 1-35).
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FIG 1-35 Steps in producing and converting the latent image into a manifest image. A, Unexposed silver halide crystal. B, After irradiation of silver halide crystals, a minute number of electrons migrate to the sensitivity speck. C, Several silver ions are attracted to the sensitivity speck and neutralized to form atomic silver. D, The process is repeated many times, decreasing the amount of negative surface electrification and increasing the amount of atomic silver. E and F, The presence of reducing agents in the developer assists in further reducing the remaining silver ions to atomic silver. G, The process ends with the crystal completely converted to black atomic silver.



When light or x-rays interact with the film, the input energy causes bromine or iodine to release an electron. The electron is free to wander and eventually may be trapped by the sensitivity speck. The more electrons that migrate to the sensitivity speck, the more electrically negative it becomes. The negatively charged speck attracts free silver ions, reducing them to atomic silver. A small mass of atomic silver begins to form at the sensitivity speck, invisible to the naked eye. Chemical development further reduces the silver in the latent image, causing the invisible image to become manifest.











Processing the Latent Image

Darkroom Environment


The darkroom should be located as close to the exposure room as possible. The environment should be conducive to safe operations for both film and radiographer. The darkroom must be light-tight and safe from x-ray exposure. Common areas of light leaks include single-door thresholds and jambs and around drop ceilings. Using a double door or a light-tight revolving door may help remedy light leaks around the darkroom entrance. Contrary to popular belief, a darkroom does not have to be painted black. Rooms that are painted black typically require more intense safelighting to provide ample visibility. Safelight fog is directly related to safelight intensity. A light pastel color (preferably yellow) reflects low levels of light and helps minimize postexposure fog.

The darkroom should be properly ventilated to reduce the build-up of chemical fumes. Eye protection (goggles), rubber gloves, and aprons are basic protection apparel for darkroom workers. Chemical contact with skin must be minimized. A water source is needed for film processing and processor and darkroom maintenance.



Lighting.

Two types of lighting are typically installed in a darkroom, safelight and white light. The white light is for general lighting when films are not being handled. White light is used when mixing chemicals, when cleaning the automatic film processor, and for normal room maintenance. It is wise to strategically place the white light switch higher on the wall than a standard switch so that a conscious effort must be made to turn on the white light.

The safelight switch should be installed at a standard height. Safelighting is “relatively safe” for the film. Film sensitivity corresponds to a certain wavelength (color) of light. Safelight emissions are found at the other end of the visible light spectrum. A blue- or green-sensitive film is least sensitive to red light. Kodak's GBX-2 red filter is commonly used with both green- and blue-sensitive film. Exposed film is many times more sensitive to light of any wavelength than unexposed film. Postexposure fog is directly proportional to safelight intensity. The type of filter, intensity of the bulb, number of safelights, distance between the safelight and film handling area, and handling time all affect the relative safeness of the light. Bulb wattage should not exceed 15 W; 7.5 W is preferred. The minimum distance between the light and work area (and film processor) is 4 feet. By the inverse square law, light intensity is inversely proportional to the square of the distance; therefore, as the distance between the safelight and film increases, postexposure fog decreases.






Chemical Processes

The latent image is made manifest by running the film through a series of chemical processes. The procedure may be done by hand or in an automatic film processor. The two main solutions are developer and fixer. Each solution is composed of several chemicals responsible for different functions in the chemical–film interaction. The sequential steps in auto processing are developing, fixing, washing, and drying.



Developing.

The critical phase in film processing is developing. Developer action is controlled by immersion time, solution temperature, and chemical concentration (activity). The developer contains reducing agents, an activator, a restrainer, a hardener, and a preservative, all mixed in water.

A reducing agent readily gives up electrons to silver ions attracted to the sensitivity speck in the latent image. The reducing agents amplify the latent image more than a million times by completely™ reducing (neutralizing) exposed silver to black atomic silver. Figure 1-35 shows the interaction of the reducing agents with silver halides. Rapid process (RP) chemistry used in automatic film processing contains two reducing agents, hydroquinone and phenindone. Hydroquinone is slow acting and is responsible for the heavy black densities. Phenindone is fast acting, building shades of gray in the areas of lighter exposure on the film. Metol is used in manual processing chemistry in lieu of phenindone.

If a film is left in solution too long or if the developer temperature is too high, unexposed silver ions are reduced, producing a chemical fog density, which leads to a darker film with decreased contrast. Oxidation (weakening) of the reducing agents through use or exposure to air, heat, light, or contaminants results in underdevelopment. A film developed in weakened developer appears light with low contrast. Increasing the milliampere-seconds to compensate for the lack of film density should be avoided because it results in a higher patient dose. To offset oxidation of reducing agents, a replenishment solution is periodically added to the developer. With automatic processing, replenishment is metered into the chemical tanks per inch of film travel at the time the film passes through the processor. Replenishment and changing chemicals monthly help control the symptoms of underprocessing resulting from weak developer, namely, low film density and contrast.

In addition to reducing agents, other agents affect the end result of development. A sodium carbonate activator, or accelerator, increases the permeability of the emulsion by causing the gelatin layer to swell. This allows the reducing agents to reach the silver halides within the emulsion. A potassium bromide (KBr) restrainer serves as an antifogging agent. It restrains the reducing agents from reducing unexposed silver. A glutaraldehyde hardener keeps the emulsion from overswelling, preventing scratches and abrasions in automatic processing. Glutaraldehyde helps maintain a uniform film thickness for easy travel through the roller transport system of an automatic processor. A sodium sulfite preservative minimizes developer oxidation caused by exposure to air.






Fixing.

The fixer stops the developing process, removes undeveloped silver halides, and shrinks and hardens the emulsion. It contains an acidifier, clearing agent, hardener, preservative, and water as a solvent. Acetic acid acts as a stop bath in neutralizing the alkaline developer. Ammonium thiosulfate is the agent that clears the film of unexposed silver. The film takes on a milky white appearance if the unexposed silver is not completely removed. Aluminum chloride and potassium alum are hardeners that shrink and harden the emulsion. The preservative, sodium sulfite, ionizes the silver from the clearing agent so that it may remove more silver from the film. The build-up of silver ions in the fixer makes it environmentally unsafe. The silver must first be removed from the solution before the fixer can be discarded.






Washing.

Water is used to wash developer and fixer from the film. Water should be of drinking quality. Relative hardness should be moderate, 40 to 150 ppm of calcium carbonate. Insufficient washing may result in brown, yellow, or green staining of the emulsion after several years. In an automatic processor, the environment may be conducive to algae growth in the wash water. Algae appear as black flecks on a radiograph. Adding 3 to 6 oz of liquid bleach to the wash tank at shutdown should eradicate the algae. If the problem persists, this procedure should be repeated two to three times per week. The tank should be thoroughly washed and the bleach eliminated before processing films. Draining the wash tank when the processor is shut down helps prevent algae growth.






Drying.

Hot air forced over both sides of the film dries the film as it exits the processor. Air temperature varies from 110° to 160° F, with 120° F being the average temperature. Films may emerge wet if the heater or blower is not functioning. Chemical-induced wetness may result from depleted hardener in the developer. Developer temperature also may affect film wetness. If the developer temperature exceeds 95° F, the emulsion may swell beyond the hardener's ability to control it.









Time–Temperature Method

Film processing is based on time and temperature. Optimum developer temperature is 68° F for manual processing. Processing at this temperature provides latitude for human error. The higher the temperature, the greater the activity of the developer, and a compensatory decrease in developing time is needed. Strict adherence to manufacturers' time–temperature charts is necessary to produce consistent quality. Manual processing times range from 15 to 35 minutes before drying.

Automatic processing dictates no such single developer temperature at which all films are processed. Optimum temperature is determined by the manufacturer and is contingent on processing time, film, and chemistry. The temperature range is between 92° and 96° F for a 90-second processor and lower for 2- and 3-minute processors. Automatic processing has distinct advantages over manual processing in reduced time and increased consistency of results. A film dropped into an auto processor emerges dry in 90 to 180 seconds and is ready for interpretation, analysis, or storage.






Manual Processing Apparatus and Procedure

Before the advent of automatic film processors in 1942, the time-consuming method of manually dipping films in chemical solutions predominated. Figure 1-36 shows a typical setup for manual processing. Equipment needs include the following:
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FIG 1-36 Typical setup for manual processing. The developer and fixer tanks are seated into a larger tank filled with flowing water. The flowing water serves to maintain the temperature of the smaller tanks and also doubles as a wash.




1. Master tank filled with free-flowing water

2. In-line mixing valve to mix hot and cold water in the master tank; the circulating water is used to control chemical temperatures and to wash films

3. Two insert tanks with lids, one for developer and one for fixer

4. Thermometer to read chemical temperatures

5. Darkroom clock to monitor processing times

6. Separate stir paddles for developer and fixer

7. Time–temperature chart

8. Drying bin or area

9. Film hangers



Before a film is processed, chemicals must be stirred, developer temperature checked, clock set for the appropriate time, and the film placed on a hanger. Processing times are set according to film type, chemistry type, temperature, and concentration. Agitation may be necessary after a film is placed in the developer, depending on the type of chemistry. The film should not be taken out of solution before the development time has expired. The lid should be kept on the developer tank when the film is not being agitated. As the film is removed from the developer, chemicals running off the film should not be “dripped back” into the tank. This oxidized developer weakens the main volume of chemistry. At the end of development, the film is immersed in a rinse bath of water for approximately 15 seconds. The clock is reset for fixing time and the film, placed in the fixer, is agitated. Once the fixing time has expired, the film is removed and the excess fixer is allowed to drip back into the fixer tank. This ensures that ionic silver dripping off the film is retained in the fixer tank. The film is then placed in the wash water to remove fixer from the emulsion. When the film is in the final wash, the white light may be turned on for wet viewing. Finally, the film is air dried from 15 minutes to more than an hour, depending on the temperature and humidity of the drying area.

Replenishment should be added at the end of each day of film processing. Chemical manufacturers set mixing concentrations for replenishment and determine replenishment rates based on film size.






Automatic Film Processor

The automatic processor is a collection of electrical and mechanical systems that control temperature, time, and chemical activity in a way that results in rapid processing of film (Fig. 1-37).
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FIG 1-37 Design and film path (blue arrow) of an automatic processor.




1. The auto processor has a roller transport system composed of rollers and deflector plates that transport film through the different tanks. A drive motor attached to a worm gear with a drive chain controls the feed rate.

2. Heaters regulated by thermostats make up the temperature control system for developer and dryer temperatures. Depending on the size of the developer tank, it takes between 15 and 30 minutes for developer temperatures to stabilize after the machine is turned on.

3. The replenishment system replenishes chemicals that are depleted through use, oxidation, or evaporation. Film sensors activate a pump to inject fresh chemicals from reservoirs outside the processor to regenerate volume and chemical activity.

4. The circulation and filtration system (composed of pumps, filters, and tubing) filters and circulates the water and chemicals to maintain uniform activity and stabilize temperatures.

5. Films are dried through a dryer system, which includes a blower, heater, and thermostat in addition to exhaust ducts.

6. The electrical system provides power to the other systems. Most processors are designed to partially shut down if a certain amount of time elapses between films being processed. When in “standby” mode, the drive motor and drying system (blower fan and heater) shut down to conserve energy. The developer heater coil remains active at all times when the machine is on. This ensures a ready developer temperature anytime a film is to be processed. Placing a film in the processor activates all systems and takes the machine off standby.











Silver Recovery

Silver is a heavy metal that renders the fixer a hazardous waste, which causes damage to biologic systems. For this reason, silver must be recovered from spent fixer before it is discarded. Approximately 10% of the silver from a fresh film is recoverable, which also may generate a monetary return.

The fixer collecting system in the processor can be directly attached to a silver recovery unit. The unit has an outflow tube connected to a drain. Residual silver is recovered from fixing solutions through metallic exchange, electrolysis or electroplating, and chemical precipitation. Metallic replacement and electroplating can be performed in house. Currently, only commercial silver dealers use chemical precipitation.

A metallic exchange unit is a plastic bucket filled with steel wool or a steel screen. It has an inflow that accepts silver-laden fixer and outflow that passes silverless fixer to the drain. It is usually used in low-volume circumstances. No electricity is used. The iron in the steel gives up electrons to the silver, which causes silver to attach to the steel. Efficiency decreases with age based on total gallons of fixer treated or total silver exchanged. The useful life of a metallic exchange unit is approximately 6 months to 1 year.

An electrolytic unit uses an electric current passing between an anode and a cathode. The cathode offers electrons to ionic silver, converting it to atomic silver. The silver attaches to the cathode. Electrolytic units are designed for higher volume circumstances. A properly sized electrolytic cell can recover 97% of the silver from the fixer.

Chemical precipitation requires the use of chemicals such as zinc chloride and sodium sulfite to precipitate metallic silver. The chemical reaction produces toxic chlorine gas and volatile hydrogen gas. The hazardous nature of the process requires a controlled environment not usually found in a radiology facility.

Silver also may be recovered from processed film through an industrial chemical process.






Image Quality

The goal of radiography is to maximize the amount of clearly defined anatomy on a film while maintaining a minimum dose to the patient. To realize this, the film must have adequate density (darkness and brightness), contrast (gray scale), and detail (clarity and resolution) with a minimum of distortion (aberrant size and shape). Film quality characteristics can be divided into photographic properties (image visibility), which include density, contrast, and noise and fog factors, and geometric properties (structural sharpness), which include recorded detail and size and shape distortion.




Photographic Properties

Film Density.


Film density is described as the overall blackness seen on a finished radiograph. It results from the development of exposed silver halide crystals in the film emulsion. The greater the concentration of developed silver on a film, the less light is transmitted through the film, giving the appearance of a very dark area or image. From a photographic perspective, film may appear too dark, or overexposed, which demonstrates too much density; too light, or underexposed, which demonstrates too little density; or adequate exposure, which represents proper density (Fig. 1-38).
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FIG 1-38 A, Underexposed lateral lumbar film. B, An adequately exposed lateral lumbar film. C, Overexposed lateral lumbar film.



Film density is inversely related to patient density. The greater the patient density is, the lesser, or lighter, the film density will be. The body comprises tissues of different densities (expressed in g/cm3), which allow disparate amounts of x-ray radiation to penetrate. Radiographic contrast results from shades of these different film densities. Five observable radiographic densities result from x-ray interaction with patient density. They range from radiolucent (black) to radiopaque (white)—air, fat, water, bone, and metal (Fig. 1-39).
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FIG 1-39 Graduated cylinder representing the five different densities seen on a radiograph, from most radiolucent to most radiopaque: A, air; B, oil (fat); C, water; D, bone; and E, metal.



Film density is controlled by milliampere-seconds because controlling milliampere-seconds regulates exposure. In a similar manner in which the brightness control knob on a black-and-white television controls overall darkness and lightness, milliampere-seconds controls the relative darkness of a radiograph. Individual film densities represented by tissues such as bone, muscle, and fat are affected more by peak kilovoltage than milliampere-seconds because peak kilovoltage controls x-ray beam penetration. X-ray absorption is determined by beam penetration. Controlling factors and affecting factors for film density can be seen in Box 1-1.


Box 1-1   Film Density


Controlling Factors

Milliampere-seconds




Primary Affecting Factors

Peak kilovoltage

Film processing

Film/intensifying screens

Source-to-image distance

Patient size, shape, and pathology




Secondary Affecting Factors

Filtration

Grid

Beam limitation

Fog

Contrast media

Anode heel effect





Under normal conditions, affecting factors are standardized so that milliampere-seconds can be used to predictably control density. Milliampere-seconds is adjusted according to patient size and density. If affecting factors such as processing or peak kilovoltage become variable, then milliampere-seconds, and therefore film density, becomes less predictable.

The minimum change in milliampere-seconds necessary to cause a visible change in film density is 30%; however, repeating a radiograph only for a 30% change in milliampere-seconds is rarely clinically justified. Most commonly, films repeated for density require a doubling or halving of the milliampere-seconds. Within the useful range for film density, density is doubled when milliampere-seconds is doubled and reduced to half when milliampere-seconds is halved. Peak kilovoltage also has a direct effect on film density. According to the 15% rule for peak kilovoltage, a 15% increase in peak kilovoltage doubles film density. Conversely, a 15% decrease in peak kilovoltage reduces the density by half. Changes in peak kilovoltage affect density by altering the absorption-to-penetration ratio. Hence, low-density tissues appear significantly darker than high-density tissues when peak kilovoltage is increased.



Film Contrast.

As discussed, radiographic contrast includes both subject and detector contrast. Subject contrast is determined by attenuation of the beam by the patient or subject and is controlled by peak kilovoltage. Detector contrast refers to inherent film response characteristics in recording high and low contrast. Subject contrast is variable.

Contrast is the difference between adjacent film densities and is described in gray scale from black to white (Fig. 1-40). A high-contrast radiograph demonstrates a short gray scale, or black and white, and is achieved with low peak kilovoltage. At lower peak kilovoltage, high-density tissues absorb more x-rays, which produce a very white appearance. Low-density tissues absorb little x-ray and appear very dark. A low-contrast radiograph portrays a long gray scale, or many shades of gray, and is achieved with high peak kilovoltage. High peak kilovoltage increases penetration to tissues of all densities, thereby decreasing the difference in blackening between tissues of various thicknesses and densities.
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FIG 1-40 Contrast describes the range of shades of gray in an image. A demonstrates higher contrast and a shorter scale of contrast than B because it progresses from white to dark with fewer shades of gray.



The primary controlling factor of contrast is peak kilovoltage. The kilovoltage selector works similarly to a contrast knob on a black-and-white television. An increase in peak kilovoltage with a subsequent decrease in milliampere-seconds decreases contrast. A decrease in peak kilovoltage with a compensatory increase in milliampere-seconds increases contrast. Milliampere-seconds alone plays no significant role in contrast because it has no effect on the absorption-to-penetration ratio. (Controlling factors and affecting factors for contrast can be found in Box 1-2.) Aberrant film processing and various fog factors can significantly compromise film contrast.


Box 1-2   Film Contrast


Controlling Factors

Peak kilovoltage




Primary Affecting Factors

Fog

Grid

Film processing

Beam limitations

Patient size, shape, and pathology

Pulsations in waveform

Contrast media

Filtration




Secondary Affecting Factors

Film/intensifying screens

Compression devices

Object-film distance










Visibility of Detail.

Visibility of detail is the visible perception of the structural details transferred to the film. Subject contrast, overall film density, fog, and noise factors all affect the visibility of detail. The term noise often is used to describe static found in audio systems. Video systems such as a television manifest noise as “snow.” Radiographic “noise” is undesirable background information that is detected but does not contribute to the quality of the image. Types of radiographic noise include scatter radiation, film graininess, structural mottle, and quantum mottle.

Image visibility relies greatly on film contrast. Low contrast caused by scatter radiation, safelight fog, and chemical fog decreases the visibility of detail.

Film graininess results from the size and distribution of silver halide crystals in the emulsion. Structural mottle is the intensifying screen version of film graininess produced from large and widely distributed phosphor crystals in the screen. Quantum mottle results from the random interaction of x-ray photons with the image receptor and is the leading contributor to radiographic noise. With very fast imaging systems, a small amount of x-ray is needed to expose the film. The photons interact randomly with the phosphors in the intensifying screen, which produces a light output similar in effect to that of a low-resolution computer printer. A low-resolution printer prints fewer dots per inch (dpi) than a high-resolution printer, leaving a more mottled appearance. With faster imaging systems (>600), fewer numbers of x-ray photons are needed to produce the image (low dpi), thereby increasing quantum mottle and decreasing the visible quality of the image. All film and screen imaging systems inherently produce quantum mottle, with higher levels found in the faster systems.










Geometric Properties

Recorded Detail.


An image that appears “in focus” with sharply defined structural borders and clarity of minute internal structures has good recorded detail. Various factors affecting geometric sharpness can be found in Box 1-3. X-rays do not emanate from a point source but rather from an area called a focal spot. Not all x-rays emitted from the focal spot hit a locus on an object at the same projectional angle (Fig. 1-41). The distinct core of the object is defined as the umbra, or area of geometric sharpness. The image may demonstrate an area of geometric unsharpness, or penumbra, adjacent to the umbral shadow. A large focal spot inherently produces a larger penumbra than a small focal spot.


Box 1-3   Film Detail


Factors Affecting Visibility of Detail

Density

Contrast

Noise

Fog




Factors Affecting Recorded Detail

Motion

Source-to-image distance

Object-film distance

Focal spot size

Intensifying screen

Object shape and density




Factors Affecting Distortion

Object-film distance

Source-to-image distance

Patient thickness

Central ray centering

Object plane

Film plane
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FIG 1-41 A large focal spot produces a larger penumbra, resulting in less detail than a small focal spot.



Penumbra can be minimized by using a small focal spot, a long FFD, and a short OFD. The penumbral effect contributing to geometric unsharpness may be calculated using the following formula:

Geometric unsharpness(penumbra)=(Focal spot size)×(OFD)/(FFD)

[image: image]

Other factors affecting image sharpness include motion unsharpness, intensifying screen unsharpness, and absorption unsharpness. Motion unsharpness most commonly results from patient movement during the exposure and compromises recorded detail (Fig. 1-42). A less common source of motion is vibration of the imaging equipment. Patients exhibit voluntary (gross movement) and involuntary motion (cardiac and respiratory motion). Radiographers have learned to control the effects of patient motion by using reliable immobilization techniques, short exposure time, and specific breathing instructions.
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FIG 1-42 A, Decreased detail caused by motion. B, No motion artifact, resulting in increased detail.



Intensifying screen unsharpness, also called inherent unsharpness, increases with larger phosphor crystals, thicker phosphor layers, use of a reflective layer, and poor contact between the film and screen.

Variation in the absorption of the beam by the structural edges of an object may lead to absorption unsharpness. The shape and density of an object, in addition to the angle of incidence of the x-ray beam, may cause the edges to appear well defined or fuzzy. Absorption unsharpness gives the appearance of increased penumbra.



Distortion.

Distortion is an exaggeration of the size or shape of an object because of unequal magnification of different parts of the object. Shape distortion occurs when any combination of film, object, and central ray do not lie in the same plane (Fig. 1-43). Angulation of the film, object, or central ray (Fig. 1-44) causes an unequal elongation of the object, changing its shape. Off-centering of the object to the central ray also causes shape distortion. Simple magnification, in which the object size is increased, results in size distortion. Maintaining a short OFD and a long FFD minimizes magnification. Recorded detail is increased as size and shape distortion is reduced.
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FIG 1-43 Distortion of the lumbar spine with noted “hourglassing” effect. In this case, the convexity of the lumbar curve was not adjacent to the Bucky. Convention places the convexity of an aberrant spinal curvature against the Bucky to accommodate a divergent x-ray beam, thereby reducing projectional distortion.
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FIG 1-44 Distortion caused by tube tilt: A, which was taken with a 15° caudal tube tilt, is sharper and less distorted than B, which was taken with a 35° tube tilt.











Troubleshooting Image Quality

Common image problems seen in radiography include inadequate density, poor contrast, and loss of detail. A myriad of causes exists; however, some occur with greater frequency than others. Algorithms have been created to help troubleshoot the more common causes of poor image quality (see Figure 1-46, pages 33 to 35).









Technique

Radiography is an art form realized through the radiographer's ability to select proper exposure factors for a given examination. Although many influences exist, results are most predictable when many of the variables are standardized while varying a single factor. The two more common exposure theories in use today are fixed peak kilovoltage/variable milliampere-seconds and variable peak kilovoltage/fixed milliampere-seconds techniques.



Fixed Peak Kilovoltage/Variable Milliampere-Seconds Technique

Peak kilovoltage affects many factors, such as contrast, density, patient dose, visibility of detail, penetration power, and scatter radiation production. These outcomes are more predictable when applying a fixed peak kilovoltage technique. In a fixed peak kilovoltage system, optimum kilovoltage is held constant for a given range of patient thickness, and milliampere-seconds is varied to attain the proper film density. Optimum peak kilovoltage is the maximum kilovoltage that consistently produces an image with contrast within acceptable limits (Fig. 1-45). Optimum peak kilovoltage provides greater penetration than what is minimally needed to penetrate the part. This ensures adequate penetration of a larger population of subjects without varying peak kilovoltage. With a fixed peak kilovoltage, milliampere-seconds changes with the patient measurement. The smallest increment of milliampere-seconds change on the technique chart is 30% because visible density changes cannot be detected below 30%. On average, milliampere-seconds doubles for every 5-cm increase in patient measurement.
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FIG 1-45 A through D, Optimum peak kilovoltage. Although a range of acceptable peak kilovoltage exists per body part, optimum kVp is the highest peak kilovoltage that will produce acceptable contrast. Peak kilovoltages are shown within acceptable and unacceptable limits. The optimum peak kilovoltage for this body part is clearly marked.



Advantages of a fixed kilovoltage technique include lower patient dose, a wider exposure latitude (margin for exposure error), and longer gray scale. Those who prefer high-contrast films may negatively perceive the lower contrast. A disadvantage of optimum kilovoltage is an increase in scatter radiation production. Some subjectivity is involved in selecting optimum peak kilovoltage because of contrast preference of the radiologist. Table 1-2 lists suggested optimum peak kilovoltage for different body parts using single-phase and high-frequency generators.


TABLE 1-2

SUGGESTED OPTIMUM* PEAK KILOVOLTAGE (KVP) FOR BODY PARTS





	 
	Optimum kVp



	Anatomy
	Single Phase
	High Frequency





	Small extremity†
	55–65
	55–65



	Large extremity‡
	65–70
	65–70



	Lateral cervical spine
	75
	70



	AP cervical spine
	70
	70



	AP open mouth
	75
	70



	Lateral thoracic spine
	80
	80



	AP thoracic spine
	75
	70



	Lateral lumbar spine
	90
	80



	AP lumbar spine
	80
	75



	AP pelvis
	80
	75



	Abdomen
	80
	80



	Ribs
	70
	70



	Skull
	80
	75



	Chest
	110
	110
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AP, Anteroposterior.

*Pragmatic technique charts may list a small range of kVp settings accounting for extremes of body size.

†Small extremity: hand, wrist, forearm, elbow, foot, ankle.

‡Large extremity: upper arm, shoulder, knee, femur, hip.








Variable Peak Kilovoltage/Fixed Milliampere-Seconds Technique

With variable peak kilovoltage technique, milliampere-seconds is fixed and peak kilovoltage varied, based on patient thickness. The size of the patient part determines the change in penetration of the beam. A range of kilovoltages from high to low can be used for any given body part. Milliampere-second values are based primarily on film/screen speed, GR, and body part size. The quantity of radiation (mAs) remains constant from the smallest to the largest part.

Historically, with variable peak kilovoltage technique, it is common practice to change peak kilovoltage by 2 for every 1 cm of patient tissue thickness. The following formula is applied:

Peak kilovoltage=2kVp×Part size+A base number
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The base number varies based on the minimum peak kilovoltage needed to penetrate the body part. For small extremities, the base number is 50; for the cervical and thoracic spine and large extremities, 40; and for the lumbar spine and pelvis, 30.

By design, lower peak kilovoltage is used in fixed peak kilovoltage techniques than in fixed peak kilovoltage systems. Advantages include high-contrast films and incremental changes in peak kilovoltage to compensate for variations in patient thickness. The disadvantages are a higher patient dose, low exposure latitude, and variable contrast for the same body part as thickness changes.






Technique Application

Multiple mechanisms exist to apply radiographic technique. AEC provides automated density control after peak kilovoltage is selected. Accuracy of exposure correlates to accuracy of positioning the anatomy over the photosensors and proper collimation. Technique charts, constructed based on fixed or variable peak kilovoltage, are customized to individual x-ray machines and imaging systems. Exposure accuracy is based on precise caliper measurements of the patient part. Charts are not easily transferable from one facility to another without some tinkering. The SuperTech technique calculator is a pocket-sized slide rule device with the versatility to provide accurate exposure information for many clinical situations. It can be applied easily to any x-ray setup. The newest innovation in technique application is the anatomic preprogrammed technique. The control console is outfitted with a software package that provides push-button selection of predetermined techniques based on anatomy and part thickness. All technique systems possess inherent error that must be monitored and eliminated. Fine tuning is essential to minimize repeat radiographs and patient dose.









Radiation Protection

Ionizing radiation exposures should be kept as low as reasonably achievable (ALARA). ALARA is the overriding principle in radiation protection of patients and personnel.



Protection of the Patient

The radiographer is responsible for understanding and applying safe radiologic procedures that minimize dose to patients. Unfortunately, many factors that contribute to producing a diagnostic image also increase patient dose. Such factors must be properly applied to minimize the dose while producing acceptable quality images. Recommendations to reduce patient dose are as follows:


1. Technique. Techniques that use high peak kilovoltage and low milliampere-seconds decrease patient dose. Proper attention ensures that the contrast is acceptable for the peak kilovoltage used.

2. Grids. Exposure must be increased when using a grid because both primary and scatter radiation are absorbed by the grid. Using the lowest acceptable GR to improve contrast helps minimize dose.

3. Beam restriction. The exposure field size should be limited to the area of interest whenever possible and should never exceed the film size.

4. Shielding. To protect against genetic effects on the progeny of irradiated individuals, especially during the childbearing years, use of gonad shields is recommended whenever their use does not compromise diagnostic information. Properly applied collimation may minimize gonadal dose. Other radiosensitive organs such as eyes, thyroid, and female breasts should be shielded when appropriate.

5. Filtration. Inherent filtration plus added filtration help reduce soft radiation exposure to the patient. Compensating filters, such as wedge filters, help even out exposure to the film and at the same time reduce patient dose over the areas filtered.

6. Posteroanterior (PA) radiography. Many radiosensitive organs (e.g., eyes, thyroid, breasts, and gonads) are located anteriorly in the patient. Projecting the beam through the patient helps reduce organ exposure as the beam is attenuated in the patient.

7. Image receptors. The film/intensifying screen combination plays a pivotal role in reducing patient dose. Faster systems linearly reduce dose. A 400-speed system requires approximately one half the exposure of a 200-speed system. However, factors such as quantum mottle and film graininess must be considered when trying to balance patient dose with acceptable recorded detail.

8. Repeat radiographs. Common reasons for repeating radiographs include poor positioning of the patient, film, or tube; improper technique selection; inadequate film processing; artifacts; and patient motion. Patient dose increases any time a film is repeated. Many repeats could be avoided by effectively communicating with the patient initially and by being cognizant of the common errors that result in repeat films.








Protection of Personnel

Laws entitle occupational radiation workers to a radiation-safe environment. A state inspector scrutinizes each facility for radiation safety annually or biannually. Basic principles of radiation protection for personnel include time, distance, and shielding. Time spent in the vicinity of x-ray exposure should be kept to a minimum. In accordance with the inverse square law, radiation exposure decreases significantly as distance is increased. Whenever possible, workers should maintain a safe distance from sources of ionizing radiation. Unfortunately, radiographers work very close to x-ray machines, especially fluoroscopes, and fluoroscopic exposures run intermittently for minutes to an hour or more. In these cases, shielding is best applied. Shielding includes anything from a lead apron and gloves to a protective barrier placed between the source of radiation and the exposed individual.

For personal radiation protection, radiographers should follow these guidelines:


• Apply the rules of time, distance, and shielding.

• Maintain the smallest collimation field appropriate for the examination.

• Always wear a radiation monitoring device (e.g., film badge, thermoluminescent dosimeter [TLD], pocket dosimeter) to detect exposure.

• Avoid holding a patient during a radiographic examination. If using a restraining device is not possible and a patient must be held, no person should routinely hold patients.

• Ensure that anyone holding a patient is properly protected with a full lead apron and lead gloves.





Dose Limits.

The federal government of the United States sets dose limits for radiation workers and the general public. The federal agency that enforces radiation safety laws and dose limits is the Nuclear Regulatory Commission (NRC). Dose limits are reported in the NCRP publications. NCRP Report No. 116, Limitation of Exposure to Ionizing Radiation (1993), provides the most up-to-date information on occupational and nonoccupational dose limits.1 A summary of Report No. 116 can be found in Table 1-3. These dose limits do not pertain to patients receiving medical exposures for diagnostic or therapeutic purposes. The annual effective dose limit for occupational exposures is 5 rem (50 mSv) per year. The cumulative effective dose limit for occupational exposures is


TABLE 1-3

ESTIMATED EXPOSURES*





	Exposure
	SI
	Customary





	Occupational Exposures
	 
	 



	Effective Dose Limit



	Annual
	50 mSv
	5 rem



	Cumulative
	10 mSv × age
	1 rem × age



	Annual Equivalent Dose Limits for Tissues and Organs



	Lens of eye
	150 mSv
	15 rem



	Skin, hands, and feet
	500 mSv
	50 rem



	Public Exposures (Annual)



	Effective Dose Limit



	Continuous or frequent exposure
	1 mSv
	0.1 rem



	Infrequent exposure
	5 mSv
	0.5 rem



	Equivalent Dose Limits for Tissues and Organs



	Lens of eye
	15 mSv
	1.5 rem



	Skin, hands, and feet
	50 mSv
	5 rem



	Education and Training Exposures (Annual)



	Effective Dose Limit
	1 mSv
	0.1 rem



	Equivalent dose limits for tissues and organs



	Lens of eye
	15 mSv
	1.5 rem



	Skin, hands, and feet
	50 mSv
	5 rem



	Embryo-Fetus Exposures (Monthly)



	Effective dose limit
	0.5 mSv
	0.05 rem








[image: image]



*Data from National Council on Radiation Protection and Measurements: Report No. 116, Limitations of exposure to ionizing radiation (supersedes NCRP report No. 91), Bethesda, MD, 1993, NCRP.



1rem×Age of worker

[image: image]

Dose limits are established primarily to minimize the risks of stochastic and nonstochastic radiation effects. A stochastic radiation effect is one in which the probability of occurrence, rather than severity, increases as the dose increases. No threshold dose exists below which risk is eliminated. Examples of stochastic effects are cancer and genetic effects.

A nonstochastic radiation effect is one that manifests with certainty after a certain dose and the severity increases as the dose increases. A threshold dose exists below which nonstochastic effects do not manifest. Examples include sterility changes, radiation burns, and cataract formation in the lens of the eye.









X-Ray and Pregnancy

Because of the radiosensitive nature of the embryo-fetus, especially in the first 14 weeks after conception, radiation exposure to pregnant or potentially pregnant patients and workers should be significantly limited.

According to NCRP Report No. 54, Medical Radiation Exposure of Pregnant and Potentially Pregnant Women, the decision to x-ray a pregnant patient is relegated to the judgment of the physician.2 When the protection of the patient's health requires a radiologic examination at a specific time and adequate radiologic equipment and technique are used, in most cases, the potential benefits of the procedure outweigh the risks of the exposure. One in 1000 of all radiologic examinations (excluding fluoroscopy), performed properly, exposes the embryo-fetus to 1 rad or more of radiation. The NCRP Report No. 54 states that human embryo-fetus exposures below 5 rad are considered to be an acceptable risk compared with the medical benefit of the radiologic examination to the patient.2 Diagnostic procedures rarely result in a dose to the uterus as high as 5 rad. The equivalent dose limit (excluding medical exposure) for an embryo should not exceed 0.05 rem (0.5 mSv) per month.



Pregnant Patients.

Performing radiography on pregnant patients requires precisely collimated x-ray beams and properly positioned protective shields.

In the past, elective (nonemergent) radiologic procedures to the abdominal area of patients of childbearing potential were recommended to be scheduled at a designated time to minimize exposure to an embryo in the early days of pregnancy. The 10-day rule was applied to the 10-day period after the onset of menses, when the probability of pregnancy is low. The 10-day rule is now obsolete for medical procedures.

The pregnancy status of women of childbearing potential should always be predetermined so that appropriate imaging decisions and radiation protection measures may be taken. When pregnancy is not known, it is common practice to solicit the date of the patient's last menses. If pregnancy is suspected, nonemergent examinations may be rescheduled.






Pregnant Workers.

As stated, radiation exposure to the fetus of a pregnant worker must be limited. Pregnant workers should minimize or avoid rotations in fluoroscopy, portable radiography, and special procedures. Radiation protection practices, such as time, distance, and shielding, should be reviewed and strictly enforced. Fetal dose may be monitored by having the worker wear a second personnel-monitoring device below a lead apron covering the abdomen. The annual effective dose limit for a pregnant worker is reduced to the equivalent dose limit for the fetus, 0.05 rem per month, while the worker is pregnant.












Problem Solving

The charts shown in Figure 1-46 are designed to assist radiographers in problem solving commonly encountered errors of image quality. Each radiograph warrants critical evaluation for density, contrast, and detail. If the radiograph is of diagnostic quality, close observation demonstrates areas that may be improved on for future studies. If the radiograph is not of diagnostic quality, the following charts assist the radiographer in determining which factors may be altered to improve the image.
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FIG 1-46 Problem-solving charts. A, Film that is too dark. B, Film that is too light. C, Film with a contrast that is too low. D, Film with a contrast that is too high. E, Film that lacks detail.F, Film that is fogged.








Pictorial Summary

Figures 1-47 through 1-74 illustrate selected artifacts that are often encountered in clinical practice.
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FIG 1-47 A–D, Various static electricity markings. D, Courtesy Gary Longmuir, Phoenix, AZ.
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FIG 1-48 Crescent artifacts that result from kinked film.
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FIG 1-49 Overexposed lower corner of the film secondary to light leak.
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FIG 1-50 Two films stuck together during processing.
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FIG 1-51 Blurred, overexposed appearance caused by double exposure.
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FIG 1-52 Protective contact paper covering the intensifying screen of a new cassette was not removed before cassette use.
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FIG 1-53 Diagnostic exposure made with duplication film inadvertently placed in the cassette.
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FIG 1-54 Exposed film was left in a paper film envelope in a lighted room while the radiographer went to lunch. After development, the light leaked through the paper envelope, creating this mottled appearance.
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FIG 1-55 Grossly underexposed film caused by single-emulsion extremity film that was mistaken for spinal film.
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FIG 1-56 Cassette not fully pushed into the Bucky.
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FIG 1-57 Darkroom light was turned on before the film had entirely entered the automatic processor.
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FIG 1-58 Film fog resulting from a light leak.
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FIG 1-59 Linear artifacts from processor's guide shoe.
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FIG 1-60 Chemical streaks.
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FIG 1-61 Dark streaks from debris on rollers.
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FIG 1-62 Hair braid artifact (arrow).
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FIG 1-63 Barrette artifact.
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FIG 1-64 Patient's necklace.
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FIG 1-65 Hair extensions artifact (arrowheads).
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FIG 1-66 Earring artifact (arrows).
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FIG 1-67 Gunshot to the face.
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FIG 1-68 Bra clasp and infant's skull artifacts (arrowheads).




[image: image]

FIG 1-69 Hand artifact (arrows).
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FIG 1-70 Bra clasp and underwire artifacts.
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FIG 1-71 Acupuncture needle artifacts.
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FIG 1-72 Clothing artifact.
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FIG 1-73 Motion artifact causing a blurred appearance of the cervical anatomy.
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FIG 1-74 Blotchy appearance of a film left in the fixer too long. Courtesy Gary Longmuir, Phoenix, AZ.
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Primer on Digital Imaging

The great majority of today's imaging modalities construct digital information from the examinations. Traditional analog modalities such as x-ray use an image receptor composed of film and screen combinations housed in a cassette requiring chemical processing to procure images. Digital systems have numerous advantages. Digital data are stored on computers, which can be accessed from any location through secure networks, thus allowing for off-site and long-term storage. The portability of digital data allows patient images to be forwarded directly or carried to other physicians on data discs. A significant advantage of digital data is that it allows postprocessing, such as changing grayscale, edge enhancement, and image reconstruction.

The fundamental unit of digital information is the binary digit, or “bit.” A bit refers to the ones and zeros that make up a binary number. A single one or zero makes one bit of information, which is a binary or base 2 system. Eight bits make up a “byte” of information. Two or more bytes make up a “word” of information. Commonly encountered word lengths are 16 bits (a 2-byte word), 32 bits (a 4-byte word), and 64 bits (a 4-byte word). The large numbers of bits, bytes and words of information that a computer manipulates results in prefixes such as kilobyte, megabyte, and terabyte. Using the base 2 system, a kilobyte of data is 2 raised to the 10th power (210 ) or 1024 bytes of information. Similarly, a megabyte of data is 2 raised to the 20th power (220). Most radiology departments use terabyte computer drives that store 240 bytes of data.

Digital graphical information is displayed as picture elements, or “pixels.” Each pixel is assigned a single numerical value denoting a shade of gray if a black and white image is stored or color if a color image is stored. The pixel values represent image attributes such as x-ray attenuation, echo intensity, and magnetization for imaging system such as x-ray, computed tomography (CT), ultrasonography, and magnetic resonance imaging (MRI), respectively. This data is located in an XY coordinate system which is ultimately displayed on a computer monitor. The number of bits in each pixel (referred to as bit depth) indicates the amount of information (or brightness levels) contained within each pixel. The more bits per pixel, the more possible gray shades. Whereas an image with 8-bit depth (28) will have 256 shades of gray, an image with 14-bit depth (214) will have 16384 shades of gray. The matrix of the image is the number of pixels in the x, y dimension of the image. Image resolution can be pictured as placing a mesh over an image with each square representing a pixel. As the number of pixels increases within a given field of view (image), image resolution improves. A CT image is typically composed of a matrix of 512 × 512 pixels with a bit depth of 10, or 1024 shades of gray. To store this image requires 0.5 megabytes of space. A typical digital x-ray image composed of 3000 × 4000 pixels with a bit depth of 12 requires 22.88 megabytes of space.







Magnetic Resonance Imaging

History


Magnetic resonance imaging was developed from nuclear magnetic resonance (NMR) technology that chemists originally used to evaluate the composition of laboratory chemical samples. Use of NMR began in 1946 when Felix Bloch proposed that nuclei could behave as small magnets in the presence of a strong magnetic field.1 Nearly three decades later, Raymond Damadien used similar technology as an imaging device when he produced a crude image of a rat tumor.2 Damadien later produced a successful body image on July 3, 1977, with his MRI equipment, Indomitable, now housed in the Smithsonian.

Further developments in MRI occurred when Lauterbur in 1973 proposed that using magnetic field gradients would be helpful in constructing data from NMR signals. The clinical application of MRI was rapid. General Electric introduced the first high-field (1.5 tesla [T]) in the early 1980s. By the mid 1990s, there were in excess of 10,000 MRI scanners worldwide. From statistics published by the Organization for Economic Cooperation and Development (OECD) 91.2 MRI scans are performed per 1000 population in the United States, leading to approximately 28,000 MRI scans each year.

Magnetic resonance imaging offers significant advantages over other diagnostic imaging modalities. In particular, MRI provides superior tissue contrast compared with CT and conventional radiography. Whereas the image contrast achieved in x-ray and CT is based on x-ray attenuation properties, MRI analyzes the magnetic spin properties of tissue nuclei, principally hydrogen. Analysis of this information results in improved sensitivity to subtle differences among tissue types than is possible with imaging systems based on x-ray attenuation. MRI is not only used to evaluate anatomy and pathology, but with appropriate hardware and software technology, it can also investigate organ function, biochemistry, and real-time brain function.

Notably, MRI does not use ionizing radiation and therefore is not associated with its related potential harmful effects. MRI instead uses high magnetic fields and suitable radiofrequencies to analyze magnetic spin properties of hydrogen nuclei. During the past century, the potential ill effects of magnetic and radiofrequency (RF) fields have been a great concern. The specific issues raised by investigators have focused on changes in enzyme kinetics, nerve conductivity, effect on macromolecules and subcellular components, cardiac function, magnetohydrodynamic effects, membrane transportation, blood sedimentation, genetic effects, and other bioeffects. Reviews of this literature are available for interested readers.3–5 In general, MRI examination is without significant health risks, although the research has not categorically shown that MRI is absolutely safe. Consequently, MRI examinations are only conducted on patients when there is an appropriate need.



Magnetic Resonance Imaging Principals and Equipment

Electromagnetism causes a wire carrying an electrical current to produce a magnetic field about it. Similarly, a magnetic field forms about atoms such as hydrogen because they are composed of electrons in motion about a nucleus. These small magnetic fields create a magnetic moment but have no established orientation. When nuclei are placed in a strong magnetic field, the magnetic moments associated with the hydrogen proton align with the large external magnetic field. This results in a small net magnetization of tissue in the direction of the main magnetic field.

Two broad categories of MRI magnets exist. An electromagnet is created when a current is conducted through coils of wire. Conversely, a permanent magnet is composed of ferromagnetic materials.

On casual observation, an MRI scanner appears similar to a CT unit. Each is composed of a gantry, a couch for the patient, and is controlled by a computer system. The gantry of an MRI unit is longer than that of a CT scanner and contains a large magnet that creates magnetization of the hydrogen nuclei within the patient. Other MRI components include RF coils and magnetic field gradients that collect and spatially organize data into slices.

The MRI suite is specially designed to house this equipment. The computers are usually placed in an air-conditioned room. The MRI room, doors, and patient viewing window are specially shielded with a copper mesh (Faraday cage) to prevent aberrant RF from degrading image quality. Magnetic field shielding may also be used.

Three principal types of magnets are used to generate the magnetic fields for MRI6:


1. Superconducting magnets. Superconducting magnets (Fig. 2-1) consist of magnetic coils supercooled by cryogens such as liquid helium or liquid nitrogen to temperatures as low as 4° Kelvin (Fig. 2-2). Supercooling the magnets dramatically decreases electrical resistance, which decreases operational temperatures. The primary advantage of using superconductive magnets is that they can attain high and stable magnetic field strengths. At such low temperatures, the primary magnet no longer requires a constant power supply, which means that the magnetic field can only be interrupted by ramping down the magnet by expelling (quenching) the cryogens. The cryogens must be periodically replenished, representing an ongoing cost. Superconducting magnet systems are the most popular because they achieve good signal-to-noise ratio (SNR). They also tend to have a large peripheral (fringe) field, which can be a safety issue. Superconducting magnets are generally used in MRI scanners of 0.5 T and greater.
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FIG 2-1 Magnetic resonance imaging system using a supercooled magnet.
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FIG 2-2 Cross-section of a superconducting magnet.



2. Permanent magnets. Permanent magnets (Fig. 2-3) are constructed from individual bricks of ferromagnetic material. These scanners can be constructed with an open design (open MRI), helping patients feel less claustrophobic. These systems are not able to attain the high magnetic fields of superconductive systems and have average field strengths of approximately 0.2 T or less. Besides lessened claustrophobia, other advantages of low-field MRI include a small peripheral (fringe) magnetic field, minimal power consumption, and no need for cryogens.


[image: image]

FIG 2-3 Open magnetic resonance imaging system using a permanent magnet.



3. Resistive electromagnets. This MRI system is an electromagnet in which large amounts of power are conducted through solenoidal loops of wire but is not supercooled. These systems tend to have magnetic field strengths of 0.3 T or less. Although these systems may be of lower initial cost than superconducting magnets and of lower weight than permanent magnets, the power consumption is high. These systems tend to be the least popular of the MRI designs.



Magnetic field strengths are measured in units of gauss (G) and T. One tesla is equal to 10,000 gauss. In comparison, the earth's magnetic field is approximately 0.5 gauss. Consequently, a 1.5-T MRI magnet is about 30,000 times the strength of the earth's magnetic field. The strength of electromagnets used to pick up cars in junkyards (1.5–2 T) generally is the same field strength of an MRI magnet.

Magnetic resonance imaging equipment is available with varying field strengths. Generally, low-field MRI is equipment that has a magnetic field strength under 0.2 T. Mid-field MRI is between 0.2 and 0.6 T. High-field MRI is 1 T and above. Considerable discussion can be found in the literature as to which magnet system (low-field versus high-field) is “better.” High-field MRI equipment does produce high-resolution images with improved SNR; however, advances in computer technology and imaging sequences have made mid- and low-field MRI competitive, especially for musculoskeletal imaging. Furthermore, high-field systems are prone to motion and chemical shift artifacts. “Open MRI” facilities are of the low-field variety because the architecture of these systems is most compatible with permanent magnet designs (see Fig. 2-3). Newer high-field MRI bore magnets are allowing “semi-open” designs, which also decreases claustrophobia. MRI systems have also been designed to allow upright examinations, which is helpful in evaluating such conditions as dynamic spinal canal stenosis and the effects of weight bearing on disc herniations.

Gradient magnetic coils are located within the gantry and allow “slicing” of the patient's anatomy along sagittal, coronal, or transverse planes (Fig. 2-4). By simultaneously activating two coils, oblique imaging can also be accomplished. This represents a significant advantage of MRI in cross-sectional imaging because any slice direction can be obtained directly from the patient. This is not usually accomplished with CT, which primarily provides transaxial sequences that require image reconstruction for other plane lines of image presentation. The gradient coils switch on and off very rapidly during the examination, producing the characteristic, sometimes quite loud, tapping noise associated with an MRI scan.
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FIG 2-4 The location of the three sets of gradient coils relative to the primary magnet. Gradient coils permit selection of slice thickness and pixel location within a slice.



Radiofrequency coils are placed on the patient's anatomy under investigation. The coils transmit and receive RF information, localizing the hydrogen nuclei. The RF coils come in various designs adapted to image specific regions of anatomy (Fig. 2-5). A body coil is integrated into the scanner and is not seen. Head and surface coils, being smaller in size and closer to the anatomy being imaged, provide improved SNR.
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FIG 2-5 Radiofrequency coils are used to excite and localize the hydrogen nuclei magnetic fields. Courtesy Picker International, Inc., Cleveland, OH.








Image Production

Magnetic resonance imaging depends on four principle steps: creating a transient state of magnetism within the body, pulsing the imaging region of interest with a defined RF, ceasing the RF pulses, and recording the RF transmissions from the region of interest and constructing cross-sectional imaging data.

Magnetic resonance image production requires spatial localization of hydrogen atoms within body tissues. Certain atomic nuclei, including hydrogen, contain an odd number of protons or neutrons, which in the presence of an external magnetic field exhibit magnetic properties (magnetic moment) and produce a phenomenon known as a gyromagnetic ratio. It is these properties that make hydrogen amenable to imaging. Hydrogen is particularly suitable because it is plentiful, representing 80% of all atoms found in the body.

Hydrogen protons have magnetic properties (nuclear spin) such that they behave like tiny rotating magnets. In the presence of a strong external magnetic field, the hydrogen magnetic field either aligns parallel to or opposite to the direction of the external magnetic field producing a net magnetization of tissue. Not only do the hydrogen magnetic fields align to the main magnet, but they also spin about the magnetic field like gyroscopes. This behavior is termed precession. The rate or frequency of precession is intimately dependent on the element (in this case hydrogen) and the strength of the external magnetic field. This is referred to as the gyromagnetic ratio and is measured in megahertz/Tesla (MHz/T). When hydrogen is placed in a magnet of 1 T, it assumes a characteristic precessional frequency of 42.6 MHz. The relationship between the gyromagnetic ratio and magnetic field strength is described by the Larmor equation and forms the basis for MRI. The following is the Larmor equation:

Frequency of precession=Gyromagnetic ratio×Strength ofthe external magnetic field
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To obtain images, an RF pulse identical to the Larmor frequency of precession is directed into the patient. For instance, if the hydrogen nuclei have precession frequency of 42.6 MHz, then these nuclei magnetic fields can only be “excited” (absorb energy) by a 42.6-MHz RF pulse. A similar but more easily understood phenomenon occurs if an appropriately keyed tuning fork (e.g., in the key of D) is placed next to a guitar. The vibration from the tuning fork propagates through air to cause selective vibration of just the D string of the six strings (Fig. 2-6). This is the concept of resonance.
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FIG 2-6 Hydrogen nuclear resonance is the core phenomena of magnetic resonance imaging. The central idea is that a radiofrequency of the same energy wavelength as the magnetized hydrogen atoms will cause the hydrogen atoms to resonate. This is analogous to a tuning fork selectively vibrating a similarly tuned guitar string.



When pulses are transmitted from the RF coils, the hydrogen proton magnetic fields deviate from the plane of the main magnetic field and begin to precess with the same frequency and in phase (see Figs. 2-7 and 2-8). When the RF pulse is turned off, the excited nuclei undergo relaxation back to equilibrium. During relaxation, the hydrogen nuclei lose energy by emitting the absorbed energy as RF, which is detected by the surface coils (antennae) and which transmits the data to the MRI computers. Essentially, tissue containing hydrogen becomes a RF source that can be detected. This information is measured and processed to obtain an MR image.7 The dynamics of MRI can be summarized in four steps: resting, magnetism, excitation, and relaxation (Fig. 2-9).
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FIG 2-7 When a patient is placed in the strong magnet field (Bo) of the magnetic resonance imaging unit, some of the patient's hydrogen atoms align themselves with the strong magnetic field as they precess or spin about a central axis. The individual spins of the hydrogen atoms are synchronized but are out of phase until a radiofrequency pulse occurs.
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FIG 2-8 After the application of a radiofrequency pulse identical to the Larmor frequency, the hydrogen atoms precess in phase.
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FIG 2-9 Magnetic resonance imaging (MRI) phases. Because hydrogen atoms have a positive charge and move, they produce a tiny electrical current, and axiomatically associate magnetic currents, behaving as tiny bar magnets. In the resting state (A), the patient's hydrogen atoms (tiny bar magnets) are randomly oriented, so there is no net magnetism to the body. However, when the patient is placed in the strong magnetic field of the MRI unit (B), some (only about 7 per million) of the patient's freely moving hydrogen atoms align with (or less commonly against) the strong external polarity of the MRI unit. At this time, the addition of a prescribed radiofrequency (RF) (C) causes excitation of the aligned hydrogen atoms. As the hydrogen atoms absorb the applied RF pulse, they deflect from their parallel orientation. When the applied RF pulse is turned off (D), the hydrogen atoms return to their equilibrium state, thereby emitting the radiofrequency energy they absorbed during excitation (C). The emitted signal (D) is collected and used to construct the MRI image.



Obtaining cross-sectional anatomy slices is accomplished by energizing the gradient magnets. The gradient magnets place a variable magnetic field (gradient) across the patient in an X, Y, or Z direction. Ultimately, images are constructed through use of highly complex mathematical formulae known as Fourier transformations.







Imaging Techniques

As presented in Chapter 1, the production of a radiographic image depends on two principal controls. These controls are kVp (peak kilovoltage) and mAs (milliampere-seconds), which the radiographer can use to alter the appearance of an image.

In MRI, image appearance is manipulated by controlling the timing of the RF pulses sent from the imaging coil (repetition time [TR]) and by detecting the echo of the signal emanating from the patient (echo time [TE]). This particular technique represents one of the most commonly used sequences and is known as spin echo. These pulse sequences occur over milliseconds of time. Typically, the RF pulses are designed to “flip” or reorient the hydrogen magnetic field vectors to 90 or 180 degrees from the resting position such that the associated emitted radiofrequencies can be detected by the antenna system within the RF coils. The emitted MRI signal received by the surface coil is used to construct an image of the tissues under study. The appearance of the image reflects the intensity of the emitted signal from the examined body tissues. High signal intensity appears bright on the image; low signal intensity appears dark.

Signal intensity depends on multiple factors, including the population of hydrogen atoms and the environment in which the hydrogen are found. How hydrogen is “bound” within tissue also influences the MRI signal. Hydrogen that is tightly bound (e.g., within ligament) emanates minimal signal. Hydrogen that is loosely bound (e.g., within fluid) has the potential to exhibit a very bright signal with the appropriate MRI technique. The capacity to evaluate hydrogen within varying chemical and structural environments is accomplished by manipulating T1 and T2 relaxation times and represents one of the most significant advantages of MRI.






T1, T2, and Proton Density Sequences

A significant advantage of MRI compared with other imaging techniques is that tissue contrast is a prominent component of the images. This occurs both as a result of the differences in hydrogen content within tissues and also relates to a phenomenon known as T1 and T2 relaxation. It is the significant differences in relaxation that creates pronounced differences in organ and tissue contrast. These relaxation times are created by varying the repetition of RF pulses (TR) and the recording time of the emitted signal (TE). Overall, the MRI image can be associated with the population of hydrogen (proton density) or emphasized to either the T1 or T2 relaxation properties of the tissue (Figs. 2-10 and 2-11; Table 2-1).


TABLE 2-1

MAGNETIC RESONANCE IMAGING SIGNAL INTENSITIES OF VARIOUS TISSUES





	Signal
	TI Weighting
	T2 Weighting





	Bright
	

Fat

Yellow bone marrow

Subacute hemorrhage

White matter of brain



	

Cerebrospinal fluid–water

Cysts

Edema

Normal nucleus pulposus

Tumor






	Medium
	

Fluid

Intravenous pyelogram

Muscle

Red bone marrow

Spinal cord

Tumor



	

Dehydrated nucleus pulposus

Fat

Gray matter of brain

Muscle

Spleen






	Dark
	

Air

Calcification

Cerebrospinal fluid

Cortical bone

Fast-moving blood

Fibrous tissue

Ligaments, tendons



	

Air

Calcification

Cortical bone

Fast-moving blood

Fibrous tissue

Ligaments, tendons
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FIG 2-10 Relationship of repetition time (TR) and echo time (TE) to image weighting (T1, T2, and spin density). Hydrogens in fat yield high signal intensity (appear white) on T1-weighted images. Hydrogens in water yield high signal intensity (appear white) on T2-weighted images. The population of hydrogen in both fat and water yields high signal intensity (appear white) on spin-density images.
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FIG 2-11 The plan scans of a magnetic resonance imaging examination are used to orient the interpretation of images done in other plans. For instance, A, the coronal image, has vertical lines marked 1 to 11 denoting the 11 sagittal slices done in the sagittal plane. The sagittal images are displayed in groups, B and C, where D, individual T1-weighted spin density, or E, T2-weighted images, can be viewed. Axial images can be accomplished with F, contiguous slices, or G, slices angled to the disc plane. As with the sagittal images, the axial images, H, are printed on 14 × 17 film in groups so, I, each image can be interpreted.



T1 and T2 sequences are most commonly derived from spin-echo techniques and constitute the most commonly used technique in MRI. These images can be recognized because T1 images typically demonstrate high signal from fat and low signal from fluid. Conversely, T2 images present high signal from fluid. Because the T1 sequences are constructed with relatively low TR and TE times, these images are less noisy than T2 sequences; subsequently, the anatomy presentation is high detail. The T2 sequences are ideal for localizing pathology with commonly associated collections of edema and resulting high signal.

For illustration purposes, a long TR is one that lasts 800 to 1000 msec, and a long TE exceeds 30 to 50 msec. Conversely, a short TR is often less than 800 msec, and a short TE is often less than 30 msec.

Proton density images, also known as balanced images, are an intermediate image between T1 and T2 with the tissue contrast being a function of the number of protons within each tissue. These images are constructed from long TR and short TE sequences.

Conventional spin-echo techniques (T1, T2, proton density) take moderate time to complete. Fast spin-echo sequences (FSE) allow for images to be obtained in less time.

Alternative pulse sequences also are available and are used in certain clinical circumstances to enhance the delineation of pathologic processes. Among these are:


1. Gradient echo. A pulse sequence in which protons are “flipped” less than 90 degrees. As the flip angle tends toward 0 degrees, the images create an increase in signal intensity from fluids, appearing with more T2-weighted emphasis. Because traditional spin-echo imaging requires a 90-degree pulse, these low flip angle sequences are considerably faster than conventional spin-echo sequences, especially when high fluid signal intense images are needed. Variations on the gradient echo sequences are also helpful in acquiring three-dimensional data sets from which multiplanar images can be formatted. Although the sequences are particularly useful in localizing collections of edema, they are less useful in delineating bone marrow pathology. With the advent of FSE techniques, gradient echo sequences are being used less frequently.

2. Fat suppression techniques. These are variously known as STIR (short tau inversion recovery), fat saturation, and fat suppression pulses. Pulse sequences used for fat suppression, are those in which a relatively short inversion time is used to null the signal from fat while maintaining water and soft-tissue signal. These imaging sequences are particularly helpful in evaluating bone marrow pathology, including subchondral cysts (Fig. 2-12). Subtle bone pathology can be masked by the relatively high intensity of fat both on TI and T2 sequences. When the fat signal is suppressed, small collections of bone marrow edema are more readily evident. Fat suppression sequences are almost routinely obtained when examining musculoskeletal joints for bone marrow pathology such as avascular necrosis or tumor.
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FIG 2-12 A and B, Magnetic resonance imaging coronal T2-weighted and STIR (short tau inversion recovery) sequences. The patient demonstrated joint effusion and a subchondral cyst in the tibia.










Patient Preparation

The length of the MRI examination can vary from 30 to 90 minutes. The length of the examination depends on the imaging sequences, which are gathered over 2- to 10-minute periods. Because of these prolonged examination times, it is critical that patients lie absolutely still for the duration of each imaging sequence. Referring physicians may find it beneficial to visit the MRI facility so they can adequately explain the procedure to their patients. A well-informed patient is less likely to be overly anxious about the examination.

Patients should be asked to dress in comfortable clothing (e.g., a sweat suit) and without metal artifacts (e.g., jewelry, watches, keys). These objects can result in suboptimal image quality because they disturb the quality of the magnetic field. Credit cards should not be brought into the MRI facility because the large magnetic field erases the magnetic codes. The patient may be asked to don a hospital gown, particularly with high-field scanners to reduce risk associated with metallic artifacts. Unlike CT examinations, which are commonly conducted with contrast media, there is usually no need for special preparations or diet restrictions.

The patient is placed on the MRI table at the beginning of the examination. Surface coils, which transmit and receive RF data, are placed on the patient in the region to be examined. After this is accomplished, the patient is glided into the MRI gantry. The technologist indicates to the patient when each of the examination sequences is to begin. The patient recognizes that the examination is ongoing by hearing a tapping noise coming from the MRI equipment. This comes from the gradient coils that are intermittently energized to create the cross-sectional images. Some MRI facilities also provide earphones for noise suppression, with a choice of music.

Claustrophobia is the most common concern of those undergoing MRI examination and may occur in up to 5% of patients. Although reassurance and positive interaction with the technologist works for most patients, a mild tranquilizer can be effective in alleviating high anxiety. Sometimes placing the patient within the scanner in a prone rather than supine position also reduces claustrophobia.

A typical lumbar spine MRI examination begins with a coronal preliminary image, termed a scout, localizer, or plan scan (see Fig. 2-11). On this image, localizer lines are superimposed, corresponding to the subsequent sagittal T1 and T2 sequences. The sagittal sequences usually extend from the left to the right neuroforamen depending on the MR equipment and the radiologist's preference. The direction of the sagittal slices always needs to be cross-checked before beginning interpretation. The middle sagittal sequence is used to “plan” the subsequent axial images. Axial images can be presented in two formats. One format is to have each slice parallel to each of the disc interspaces, most commonly at L3, L4, and L5, with the slices being angled to each disc plane line individually. The other format is to have a contiguous set of sequences extending from approximately the L3 through S1 levels. As depicted in the enclosed examples, whereas the T1 sequences are noncontiguous, the T2 sequences are contiguous. The number of slices obtained is time dependent; therefore, it is not common to evaluate the upper lumbar discs unless there is a probability of pathology specific to these regions. Similar protocols are used to evaluate other joint regions, including the shoulder and knee.






Safety

The MRI examination is one of the least invasive studies in diagnostic imaging because there is no radiation dose. Safety issues, however, can be related to the high magnetic fields, generation of noise, claustrophobia, and complications arising from administration of MRI contrast agents.8

Many medical and biostimulation implants can be contraindications or relative contraindication to an MRI examination. A thorough history must be obtained from the patient before the MRI examination commences, with particular attention to a history of surgical intervention or exposure to metals (Box 2-1). Generally, patients with pacemakers or other implanted electronic devices (including cochlear implants) cannot be examined. Many intracranial aneurysm clips can torque or twist in a magnetic field; therefore, MRI examinations are contraindicated in patients with vascular clips within the brain. Some types of heart valves are affected as well; however, this torque is usually less than the stress that normally occurs as a result of blood flow. As a result, the presence of heart valves is not necessarily an absolute contraindication for an MRI examination. Frequently published literature, texts, and websites are available as resources to MRI facilities as a means of identifying biomedical implants that may place patients at risk during examination.9


Box 2-1   Selected Implants and Metal Artifacts That May Preclude or Interfere with a Magnetic Resonance Imaging Examination


Absolute Contraindications




• Electronically, magnetically, and mechanically activated implants

• Ferromagnetic or electronically operated devices such as cardioverter defibrillators

• Cardiac pacemakers

• Intraocular ferromagnetic particles (commonly from industrial exposure)

• Ferromagnetic hemostatic vascular clips within the central nervous system

• Heart valves

• Tattoos






Relative Contraindications

Cochlear implant


• Insulin pump

• Nerve stimulators

• Leads

• Hemostatic vascular clips in the body







Orthopedic devices, although not usually contraindications to an MRI examination, can lead to considerable image degradation by causing alteration to magnetic field homogeneity. In all circumstances, the presence of surgical devices should be made known to the MRI staff and radiologist. Especially with musculoskeletal MRI, patients should be encouraged to supply radiographs of the region to be examined because correlation of the MRI examined with the x-rays can be extremely helpful to exclude metallic foreign bodies and aid in image interpretation.

Another potential hazard relating to MRI examinations relates to ferromagnetic objects being attracted with high velocity to the MRI unit, creating a projectile effect. This has received attention in circumstances in which ferromagnetic objects, including oxygen tanks, have been attracted to the MRI magnet.10 These objects may be able to reach lethal speeds by the time they intercept the magnet. Reports include cleaning crews inadvertently entering the MRI suite with floor polishers that were dramatically wrested from the operator and pulled into the magnet bore. This represents an expensive situation in a high-field scanner both from the damage and also from the need to quench the magnet. Magnet quenching requires draining the cryogens to decrease the magnetic field in an attempt to remove ferrous artifacts. A somewhat unusual issue for concern relates to tattoos. Tattoos with metallic or ferromagnetic pigments can distort MRI images. Skin heating can result from electromagnetic induction across the tattoos from the RF pulses.11

Substantial noise can be created through activation of the gradient magnets, especially with high-field MRI units. Noise can be alleviated through technology improvement on newer MRI units. Some facilities provide ear protection inclusive of especially designed magnetic and RF field shielded stereo music headsets.12

Cryogens, including liquid helium and nitrogen, are used to enable superconducting capabilities of the electromagnetic coils. A relatively rare event, known as quenching, occurs when the cryogen is rapidly vented from the MRI unit, external to the MRI building as a process of automatically shutting down the magnetic field. An even rarer event is for the cryogens to be vented into the MRI suite, which may result in asphyxiation of the occupants. MRI facilities are now designed with pressure relief mechanisms and oxygen monitors in addition to the quench piping.

Although a commonly discussed issue with MRI, claustrophobia is a relatively rare cause of failed examinations. Importantly, claustrophobia can be significantly controlled through patient education before the examination.13 Newer MRI high-field systems are available with substantially wider and shorter bores, which contributes to patient comfort and a reduction in claustrophobic events.14 On rare occasions, patients may require sedation. Overall patient satisfaction with the MRI examination can be enhanced by the referring physician and the imaging facility thoroughly explaining the clinical need for the examination and outlining the experience the patient is most likely to undergo.






Magnetic Resonance Imaging Contrast Agents

Magnetic resonance imaging can display human anatomy by relying on the inherent contrast of the body's tissues afforded by the Tl and T2 relaxation times. On occasion, however, and under certain clinical circumstances, an artificial contrast medium may be necessary.

Gadolinium-based pharmaceuticals are the most frequently used contrast agents in MRI examinations. Most commonly, the contrast agent is delivered by injection. Gadolinium functions by shortening the T1 relaxation of tissues, resulting in pathologic tissue presenting with relatively high signal intensity on these T1 sequences.15 Gadolinium is especially useful in detecting various central nervous system pathologies such as tumors, infection, and multiple sclerosis in which there is a breakdown of the blood–brain barrier. Patients with failed low back surgery commonly require gadolinium to differentiate recurrent disc herniation from scar formation. As a free ion, gadolinium is highly toxic but is considered generally safe when chelated. Chelated gadolinium, however, is associated with a relatively unusual but severe complication, nephrogenic systemic fibrosis (NSF).16 Patients with poor renal function are considered to be higher risk for NSF. Generally, MRI contrast media has proven safer than the iodinated contrast agents used with radiography and CT.






Magnetic Resonance Arthrography

Magnetic resonance imaging provides significant detail regarding joint anatomy. Limitations of the procedure include an inability to resolve small intraarticular abnormalities. On occasion, pathologic and normal anatomy present with similar signal intensity. Postoperative anatomy can also be confusing on conventional MRI sequences. Although effusion from the joint abnormality can improve ability to discern internal joint anatomy, intraarticular joint enhancement is often needed.

Magnetic resonance imaging arthrography is an examination of a joint after the injection of gadolinium contrast media and is referred to as direct MRI arthrography. Gadolinium improves delineation of the internal joint anatomy through the distension of the joint and by providing contrast of the synovial fluid. The intraarticular pressure associated with the distension also forces the contrast medium into pathologically abnormal recesses, sometimes not delineated with routine MRI examinations. Common indications for MRI direct arthrography include evaluation of shoulder and hip labral tears and of articular cartilage lesions. On occasion, MRI arthrography can help in differentiating rotator cuff partial from full-thickness tears when the contrast can be seen to enter the subacromial–subdeltoid bursa. Direct arthrography is also commonly used to evaluate the joint compartments of the wrist. Complications of direct arthrography are uncommon, with the most common being postprocedural decreased range of motion and pain.

Indirect joint arthrography involves delivering the contrast intravenously and then beginning the MRI examination at least 30 minutes later, sometimes after exercising the joint. This examination does not distend the joint, resulting in some limitation of joint evaluation. Additionally the degree of arthrographic effect depends on the volume of synovial fluid within the joint.






Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) is an alternative to conventional angiography for evaluating vascular disease. A variety of specialized MRI techniques are used, including two- and three-dimensional time-of-flight sequences. Other techniques such as phase contrast angiography can also be used to generate flow velocity maps. Importantly, these types of MRI angiographic examinations can be done without intravascular contrast media (Fig. 2-13).


[image: image]

FIG 2-13 A and B, Magnetic resonance angiography of the carotid and intracranial circulation.








Functional Magnetic Resonance Imaging

Functional MRI (fMRI) is a procedure that measures neurologic activity within the brain. This is accomplished by evaluating oxygen levels through signal intensity alteration associated with deoxygenated hemoglobin in a techniques known as blood oxygen level–dependent (BOLD) contrast. In a typical fMRI examination, the patient is subjected to a series of repetitive tasks intermingled with rest during which the MRI images are repeatedly acquired. Appropriate computer processing highlights image pixels representing regions of neuronal activity.






Magnetic Resonance Imaging Comparison with Computed Tomography

Computed tomography acquires data by virtue of the inherent atomic number (density) of the tissue being examined. Compared with conventional plain film imaging, CT images do provide exquisite cross-sectional anatomy. Because CT image contrast depends on tissue atomic numbers, differences between anatomy, particularly of soft tissue, may be limited. In such circumstances, iodinated contrast administration is needed to differentiate such tissues. In MRI, tissue contrast is related to variations in tissue hydrogen density and rates of T1 and T2 relaxation. As a result, most MRI examinations do not require artificial contrast. MRI examinations of the lumbar spine for evaluation of disc herniation are usually accomplished with routine T1 and T2 axial and sagittal sequences without additional contrast. The T1 sequences create high-resolution images with the high signal epidural fat outlining the contents of the spinal canal and the T2 sequences generate high signal from cerebrospinal fluid (CSF) forming a myelographic effect adjacent to a disc herniation. Before MRI, CT examinations for disc herniation particularly of the cervical spine were almost routinely accomplished with an intrathecal administration of iodinated contrast (CT myelography).










Computed Tomography

Background


Computed tomography is a diagnostic imaging procedure that constructs a cross-sectional image using a combination of x-ray systems and computer technology (Fig. 2-14). This overcomes a significant disadvantage of conventional x-ray in which three-dimensional anatomy is superimposed on a two-dimensional image receptor surface. Although early attempts to construct CT equipment occurred during the late 1950s, the first practical working model of a CT unit was developed by Godfrey Hounsfield in 1972. Hounsfield, a computer engineer, who worked at the Central Research Laboratory for Electric and Music Industry (EMI) in England, the company also notable for producing the works of the Beatles. Hounsfield won the Nobel Prize for Medicine and Physiology in 1979 for his work leading to the development of CT. Hounsfield's original CT scan took hours to acquire a single slice of image data and more than 24 hours of computer time to reconstruct these data into a single image. By contrast, today's CT systems acquire multiple slices images of a body part in seconds. Further advances in the technology resulted in the helical or spiral CT scanner, introduced in 1989, allowing the bed to move while the detector continually rotates about the patient. This technology also resulted in volume acquisition CT from which complex three-dimensional data could be readily constructed. In 1998, the next major advancement was multidetector CT (MDCT) with more than one row of detectors and up to 256 rows of detectors giving a corresponding number of slices for each rotation of the CT tube. Advancements in CT technology have also given rise to CT fluoroscopy, CT angiography, and virtual endoscopy.
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FIG 2-14 Operator's console and spiral computed tomography imaging system. From Bushong S: Radiologic science for technologists physics, biology, and protection, ed 7, St. Louis, 2001, Mosby.





Image Production

The CT scanner uses a high-capacity radiographic tube contained within a gantry emitting a cone x-ray beam as it rotates about the patient while the table moves at a designated speed (Fig. 2-15). An array of detectors on the opposite side of the tube intercept the x-rays transmitted through the patient. The primary function of the detector array is to convert the attenuated x-ray beam into electrical signals, which ultimately becomes digital information. The information from the attenuated x-ray beam is processed by a computer system that constructs cross-sectional data corresponding to the axial plane line of the acquisition. These image data are digitally constructed and are composed of pixels representing a volume of anatomical data (voxels). The degree to which the anatomy attenuates the x-ray beam provides the associated voxels with a unit of density called CT numbers or Hounsfield units (HU). The CT numbers are represented as levels of pixel grayscale information. The CT number for pure water is arbitrarily designated 0, air is approximately −1000, and dense bone is approximately +1000 (Box 2-2).


Box 2-2   Average Hounsfield Units for Various Tissues

+2000, metallic/surgical artifacts

+1000, bone

+40–70, soft tissue (liver)

+35–50, aorta, muscle

+35–45, white matter brain

+20–40, gray matter brain

0, water

−100, fat

−150–400, lungs

−1000, air
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FIG 2-15 Computed tomography relies on an array of detectors from which an image is constructed from the transmitted beam.



Similar to digital radiography (DR), the image appearance can also be altered on the CT workstation. Both the contrast (window width) and density (window level) can be manipulated to highlight anatomy of interest. When the desired grayscale is achieved, the images are directly interpreted at a radiology work station, although images can also be printed to specialized film (Fig. 2-16). CT examinations of the spine are usually composed of a soft tissue and a bone data set followed by sagittal and coronal reconstructions (Fig. 2-17). Typical abdominal window settings might be set at +40, which represents the central HU value with a range (width) of 400. This means that the CT image presents Hounsfield units between −160 and +240. All densities above +240 are white and below −160 are black. The radiologist is also able to dynamically measure Hounsfield units by placing the mouse cursor over the tissue of interest. This can assist in further understanding the tissue that might be contributing to the pixel density by measuring calcium within pulmonary nodules.
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FIG 2-16 Typical layout of computed tomography cervical spine images with the scout, or localizer, images in the upper left corner when printed to film.
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FIG 2-17 A, The scout, or localizer, image allows accurate localization of the axial slices. B, Typical skeletal computed tomography examinations comprise two arrays of images, those that emphasize soft tissues (soft-tissue window) (top row) and those that emphasize the bone anatomy (bone window) (bottom three rows).








Helical and Multidetector Computer Tomography

The x-ray tube within the gantry in a conventional CT unit is able to accomplish a 360-degree rotation about the patient; however, the tube must reverse for the second slice because of the attached high-voltage cables. Helical CT describes the path of the x-ray beam during the scanning process made possible through the development of the “slip-ring” gantry, which replaces the high-voltage cables with a series of rotating electrical contacts. During the helical CT examination, the couch on which the patient lies advances at a constant rate through the gantry while the x-ray tube forms a continuous helical rotating path around the patient (Fig. 2-18). The major advantage of helical CT is that it can obtain entire anatomic regions in seconds. Reduced imaging times also allows for a reduction in the amount of contrast media used in soft-tissue examinations particularly of the abdomen and chest. Contiguous volumetric axial data are obtained from which the computer can format images in two-dimensional planes (sagittal and coronal) along with three-dimensional reconstructions as needed. Multiplanar and three-dimensional imaging are particularly advantageous in assessing the spine with complex fractures and other pathologies.
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FIG 2-18 Typical scanning pathway for spiral computed tomography.



Most modern helical CT scanners have multiple detector arrays, referred to as multidetector computed tomography. This allows the beam rotating about the patient to produce multiple slices of data slices (16–256) for each rotation. MDCT equipment is extremely efficient, reducing patient exposure and increasing image resolution. Rapid MDCT examinations allow a CT examination of the chest to occur within a single breath-hold, with substantial reduction of respiratory motion. A significant attribute of MDCT is that the image slices produce isotopic (cuboid) voxels, meaning that the reconstructed images will have the same resolution as the original acquisition (axial) set referred to as multiplanar reconstructions (MPRs). Image reconstruction can also be acquired across a curved plane. This can be helpful in evaluating scoliosis, in which sagittal and coronal reconstructions can “straighten” the spinal curvature, simplifying image presentation. Although detailed three-dimensional images are commonly created, special three-dimensional techniques involve volume rendering, in which CT numbers can be assigned elements of opacity and color. From these data, surface anatomy data can be presented. Virtual endoscopic images can also be constructed that allows evaluation of anatomical cavities such as the colon and bronchial tree.






Imaging Techniques

A typical CT examination technique of the cervical, thoracic, or lumbar spine uses a volume spiral acquisition obtained perpendicular to the tabletop with each resulting axial slice being 1 to 3 mm thick. Because each voxel in the volume is a submillimeteric isometric square, reconstruction can be accommodated in any plane without resolution loss. (Fig. 2-19). Three-dimensional reformatted images are possible as well (Figs. 2-20 and 2-21).
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FIG 2-19 Reformatted planar images of the cervical spine demonstrating hypertrophic spinal changes effacing the intrathecal contrast (arrow).
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FIG 2-20 A, Fracture of the lateral tibial plateau that is not clearly demonstrated on plain film. B and C, Imaging with reformatted computed tomography clarifies the location and extent of the injury.
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FIG 2-21 Three-dimensional reconstructed computed tomography image of a left maxillary fracture (A) and the spine (B).



The axial CT examination is preceded by a digitized frontal or lateral scout view, which is annotated with sequentially numbered lines, allowing for accurate localization of the subsequent axial slices. The scout images appear as a miniature radiograph on which the slice levels have been superimposed (see Fig. 2-17). It should also be remembered that the images are reviewed in anatomical position, which means that the right side of the patient is on the left side of the image.






Patient Preparation and Experience

The CT examination begins by placing the patient on the CT couch. The couch then slides into the gantry with the region of relevant anatomy positioned by laser cross-hairs. The scout image, essentially a digital radiograph, is taken by the CT scanner before axial images are obtained. This digital image is used to spatially localize the subsequent cross-sectional slices. During the examination, the patient is often instructed to hold his or her breath and remain still for approximately 10 to 20 seconds. The technologist controls the examination from a workstation where the patient can be also observed. The patient may hear the tube rotating within the gantry and will feel the motion of the table as it moves through the gantry obtaining the volumetric data.

Intravenous or oral contrast may be administered before the examination. The most common side effects relating to the intravenous injection of an iodinated contrast media are a flushing sensation and a metallic taste. On occasion, a skin reaction to the contrast develops, but this responds readily to treatment. More serious reactions include difficulty in breathing or swelling of the soft tissues of the airway. The patient must not eat for several hours before the examination if oral contrast is used.






Contrast Agents

Similar to x-ray, CT image appearance is dependent on inherent anatomic density. To differentiate tissues of similar density, many CT examinations require the addition of iodinated contrast agents. These agents can be delivered by various means, most commonly through oral ingestion, intravenous injection, or rectally. Almost any potential space can use contrast, including injection directly into the subarachnoid space to produce a CT myelogram.

After injection, the contrast circulates throughout the body, particularly to highly vascularized organs such as the kidneys, and the CT x-ray beam will be attenuated, causing anatomy to appear denser. Cerebral pathologies such as tumor and infections that disrupt the blood–brain barrier are also opacified with intravenous contrast agents. Within a short period of time, the kidneys and liver will eliminate the contrast from the body.

Side effects from iodinated contrast media are relatively minor; however, the radiologist and technologist should be informed if there is a history of allergies and reactions to previous iodine injections. Because function of the kidneys is directly related to the patient's ability to excrete the contrast, patients older than 55 years are usually evaluated for basic renal function with blood urea nitrogen or creatinine tests before the application of contrast. Barium contrast in the bowel is also frequently used with abdominal and pelvic CT examinations.






Computed Tomography Examination Contraindications and Disadvantages

Contraindications to CT examinations are relatively few. Although CT produces high-quality images of viscera, they depend on inherent tissue densities to provide contrast. When pathologic tissue and adjacent anatomy are of similar density, contrast media may be needed for differentiation. Other imaging protocols might be preferred, principally MRI, which provides greater soft-tissue contrast. This is especially true if there is a history of contrast reaction. Intravenous contrast media should be avoided in patients with renal insufficiency.

Relative to other methods of imaging, CT imparts a high radiation dose. Radiation dose with CT is measured through the computed tomography dose index (CTDI) and the multiple scan average dose (MSAD). The CTDI measures the radiation dose within the primary beam, and the MSAD represents the average dose received during an examination. Importantly, these doses represent actual tissue exposure rather than the skin entrance doses commonly used with conventional radiography. An average MSAD for CT of the head is approximately 4 to 8 rad (4–8 cGy), with a lumbar spine examination ranging from 3 to 5 rad (3–5 cGy). As a reference, a standard lumbar spine series imparts approximately 100 mrad (1 mGy). Because of the high radiation dose, female pelvic imaging examinations are best accomplished with noninvasive technology such as ultrasonography. Pregnancy also represents a relative contraindication to CT examination. CT examinations of children have received particular attention, with recommendations to reduce the imaging dose commensurate with the patient's size and to use appropriate shielding.18,19

Because CT images are most commonly obtained in axial or transverse planes, this may occasionally result in less than optimal imaging of specific pathologies. As an example, an odontoid fracture is usually oriented in the same plane line as an axial slice, which can make the lesion difficult to evaluate. With helical CT, it is customary to have the axial images computer “reconstructed” in coronal or sagittal planes, which improves the presentation of such lesions.






Clinical Applications

Computed tomography creates high-resolution images that can be applied to most anatomic regions. Although MRI is often the procedure of choice for evaluating the brain, CT retains a prominent role in evaluating the cerebrum, especially after injury. A major advantage of CT in this circumstance is that examination times are significantly faster than MRI, meaning that bone injuries and associated soft-tissue pathology, including hemorrhage, can be rapidly diagnosed.



Spine and Appendicular Skeleton.

Although MRI is the preferred advanced musculoskeletal and spinal imaging procedure, CT, and especially helical CT, has prominent application for many conditions. Helical CT furnishes rapid high-resolution images with the additional advantage of providing high-quality two- and three-dimensional image reconstructions. As such, this examination is helpful in delineating complex spinal abnormalities. Generally, helical CT is the procedure of choice in the evaluation of spinal trauma. In particular, CT should be performed as a primary evaluation technique in patients in whom there is strong clinical suspicion of cervical spine fracture. However, CT examination should be preceded by anteroposterior and lateral radiographs as a guideline for interpreting the CT study. CT is also helpful in evaluating appendicular skeleton trauma. In most cases, CT mimics the findings of conventional radiography; however, precise localization of fracture fragments is obtained with reconstruction of the axial images into both coronal and sagittal planes. Although CT generally is able to depict fractures, false-negative errors can occur when only axial imaging is used. If a fracture predominates in the axial plane (the same plane line as the slice), it may be unnoticed on the CT examination. Reconstructions of the axial data avoid this problem and yield additional information such as the morphology of possible defects of the articular surface (e.g., depression fractures). CT is commonly used in conjunction with spine surgery, for the evaluation of bone tumors (particularly primary lesions), and to guide needle biopsies.









Computed Tomography Myelography

Computed tomography myelography (CTM) is a CT study made after the injection of iodinated contrast media into the subarachnoid space (Fig. 2-22). CTM is most commonly performed in patients when there are contraindications for MRI, including implanted ferromagnetic biomedical devices or claustrophobia. Multiplanar reformatted images and three-dimensional imaging techniques can be accomplished as well.
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FIG 2-22 Computed tomography myelography of the cervical (A) and lumbar spine (B). C, An axial image at the disc level demonstrates effacement of the contrast-filled dural sac secondary to disc herniation (arrow).



For a lumbar spine CTM, the contrast injection is commonly accomplished at the L4 to L5 level. CTM provides excellent detail of the thecal sac and has been shown to be superior in the assessment of spondylosis and arachnoiditis of the cervical and thoracic spine compared with MRI.20 However, with the software and scanner improvements to high-resolution CT and MRI, CTM is less commonly considered as a routine examination procedure for evaluating spinal canal lesions. CTM may be helpful when MRI and noncontrast CT do not provide the necessary information to resolve a clinical problem.






Computed Tomography Arthrography

Computed tomography arthrography (CTA) is an examination after injection of iodinated contrast into the joint compartment. CT arthrography is useful for demonstrating cartilaginous defects, intraarticular bodies, and synovial abnormalities. CTA yields good anatomic detail, but this examination has been mostly replaced by MRI. With MDCT, the high-resolution images allow for high-quality two- and three-dimensional reconstructions with minimal reduction in image resolution. Air can also be used in conjunction with injected contrast media; however, this additional injection has become less needed with MDCT. MDCT arthrography is also helpful in evaluating postoperative joints when MRI images can be degraded by ferromagnetic material. CTA is generally contraindicated in patients with a significant iodine sensitivity and pregnancy.



Abdomen.

Computed tomography continues to be the primary modality for evaluating the abdomen. Evaluation of the gastrointestinal tract requires opacification with iodinated oral contrast before CT examination outlining the mucosa of the stomach and the small and large bowel. The oral contrast not only opacifies the mucosa but also distends the lumen of the gastrointestinal tract, further improving characterization of pathology. Commonly, there will be coexistent intravenous injection of iodinated contrast media, allowing optimum visualization of abdominal vascularity and differentiation from lymph nodes. A common application for CT is in the evaluation of aortic aneurysm (Fig. 2-23), a lesion commonly discovered on conventional radiographs.
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FIG 2-23 Aneurysm of the abdominal aorta. Note the differences in density between the contrasted lumen of the vessel and the adjacent thrombus (arrow).



Because of the relative speed of CT, particularly compared with MRI, this examination is useful for evaluating emergency conditions of the abdomen when clinical evaluation is difficult. CT has use in evaluating patients with urolithiasis because this examination is able to resolve relatively minute calculi and the examination is accomplished without intravenous contrast. CT is also quite helpful in diagnosing acute appendicitis, with imaging features of appendiceal wall thickening and postcontrast enhancement.






Thorax.

Computed tomography is used for a wide spectrum of thoracic pathologies. It is performed in patients suspected of having masses of the mediastinum and lungs. As with other body regions, CT is able to resolve complicated anatomy with greater efficiency than conventional radiography, particularly after the administration of iodinated vascular contrast. Pulmonary nodules, a common finding on both thoracic and chest radiographs, often requires evaluation with CT, especially in patients clinically at risk for pulmonary malignancy. The advantages of CT over conventional radiography include improved resolution of the pulmonary nodule margin characteristics. Whereas benign lesions tend to have well-circumscribed smooth borders, malignant nodules have irregular borders. CT also allows more accurate detection and assessment of the calcification pattern within a pulmonary nodule than plain film. Calcification, which is more likely to be seen within a benign nodule, often allows differentiation from a malignant lesion, which can negate the need for a biopsy. However, if a biopsy is needed, the procedure can be assisted by CT to ensure that the needle is accurately guided to the nodule.

The breath-hold three-dimensional volume, submillimeteric data set associated with multidetector helical CT has increased the application of this technology in evaluating pulmonary vascular abnormalities, including pulmonary embolism. Although pulmonary embolism was commonly previously evaluated with scintigraphy and digital subtraction pulmonary angiography, helical CT is less invasive and more specific.









Body/Trauma

The helical full-body pan-scan of a trauma patient can generate more than 1000 images. A single bolus of intravenous iodinated contrast media can be injected into a patient with complex injuries, which is usually sufficient to detect bleeding in the head, chest, and abdomen. The ability to perform whole-body CT angiography is becoming routine practice, replacing the invasive catheter-based angiography.










Radionuclide Imaging

Background


Radionuclide imaging is a relatively noninvasive technology using radiopharmaceuticals to evaluate pathophysiologic abnormalities of various organ systems. A radionuclide is an unstable atom that undergoes radioactive decay. In imaging, the most common radionuclide used is technetium, which is a gamma emitter. The substance has an acceptable radiation dose with a biological half-life of approximately 6 hours.21 The radionuclides are chemically tagged, allowing for evaluation of specific organ systems. As an example, a phosphate compound is usually combined with the radionuclide to evaluate bone. The skeleton, lungs, liver, thyroid, and heart are common organ systems scanned with radionuclide imaging.



Image Production

Skeletal radionuclide imaging is performed with 99m technetium tagged to methylene diphosphonate (99mTc-MDP), a phosphate analog incorporated into the hydroxyapatite crystal of bone by osteoblasts. Increased uptake of the radiopharmaceutical is seen in conditions producing both an increased metabolic activity and blood supply, including tumors, infections, fractures, metabolic diseases, and joint diseases.22 Radionuclide bone imaging is sensitive to early pathologic processes but is not as specific in defining anatomy as most other imaging systems. A major advantage of radionuclide imaging is that the entire skeleton can be imaged in a single examination.

Technetium is the most widely used radiopharmaceutical for bone scanning because it is widely available, easily prepared, and has a relatively short half-life (6 hours) with an acceptable whole-body radiation dose. The radiopharmaceutical is injected into a vein, where it is disseminated throughout the body. Images are most commonly obtained 2 to 3 hours after injection, which allows clearance of the isotope from the blood supply and incorporation into bone.

The imaging device in radionuclide scintigraphy is the gamma camera (Fig. 2-24). After the injection, the gamma rays emitted from the patient's body are intercepted by a series of crystals or semiconductors within the gamma camera. The excited crystals emit the absorbed energy as a flash of light or scintillations (a process known as scintigraphy). The scintillations are captured by a photo-multiplier tube, which in turn delivers an electronic signal to the computer. The data are manipulated by a computer, and the information concerning location and level of activity is portrayed on a computer monitor. The degree of image darkening reflects the degree of radionuclide activity. Images of both the whole body and specific collimated regions of interest are obtained.
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FIG 2-24 Radionuclide scintigraphy gamma camera. Courtesy of Radiology Imaging Group, Davenport, Iowa.



Bone scans are often obtained in three phases (Fig. 2-25). The first, or flow, phase supplies a radionuclide angiogram, occurring within the first minute after the injection (Fig. 2-25, B). The second phase is noted as the blood pool scan, occurring 1 to 3 minutes after injection (Fig. 2-25, C). The third phase is the static bone scan, occurring 2 to 4 hours after injection (Fig. 2-25, D). With increased blood flow, the first and second phases demonstrate prominent collection. Collection of radionuclide in the third phase corresponds to osteogenic activity and blood flow to bone.
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FIG 2-25 Pubic fracture. A, The fracture is noted as a linear radiolucent defect noted on computed tomography. A three-phase bone scan is applied to demonstrate the region of the fracture. The first phase, known as the flow phase, occurs several seconds after injection of the radiotracer (B, at 4 seconds). After a few minutes, a blood pool image develops (C, at 52 seconds) as the radiotracer is further accumulated. The flow phase and blood flow phases of the bone scan demonstrate the perfusion of the examination area. Two to four hours after the radiotracer has been injected into the patient, the osteogenic component of the three-phase bone scan develops (D, at 3 hours). E, Additional information may be obtained in other planes of the body by single-photon emission computed tomography.



Nonpathologic increased uptake is noted in the most metabolically active regions of the body (e.g., epiphyses, costochondral junctions, sacroiliac joints, sternoclavicular joints). Increased uptake is also found in the kidneys secondary to the excretion of the radioisotope, affording the radiologist an opportunity to also evaluate kidney anatomy and function (Figs. 2-26 and 2-27).
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FIG 2-26 Normal whole-body bone scan, anterior and posterior. From Christian P, Waterstram-Rich, K. Nuclear Medicine and PET/CT Technology and Technique, ed 6, St. Louis, 2007, Mosby, p. 579.
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FIG 2-27 Normal radionuclide scintigraphy also demonstrating nonpathologic accumulation of the radioisotope within the bladder and kidney.



Single-photon emission computed tomography (SPECT) imaging is an extension of simple planar radionuclide imaging. In a manner similar to CT, the SPECT scan can obtain data from multiple angles around the body. The computer reconstructs these data to present a tomographic or slice image of the area of interest. The images can be presented in coronal, sagittal, and axial projections that can provide enhanced spatial localization, superior to conventional radionuclide imaging (Fig. 2-28). One common application of SPECT imaging is to examine for isolated defects of the pars interarticularis, as associated with spondylolisthesis. SPECT data can also be combined with CT information for fusion imaging.
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FIG 2-28 A, Original transaxial slices taken from an abnormal bone single-photon emission computed tomography study. This patient has hot metastases at numerous locations in the spine and rib cage. B, Consecutive sagittal slices of the same study. C, Coronal slices taken from the same study. D, Volume-rendered maximum intensity projection images displayed from different angles. Note that the whole skeleton can be seen, but the hotter metastases are also obvious, and their locations are more effectively visualized than with serial slices. From Christian, P., Waterstram-Rich, K. Nuclear Medicine and PET/CT Technology and Technique, ed 6, St. Louis, 2007, Mosby, p. 288.








Patient Experience

Minimal patient preparation or dietary changes are necessary for this examination. After the injection of the radionuclide compound, the patient is encouraged to ingest 500 to 1000 mL of fluid to promote renal excretion of the substance not taken up by bone. Radionuclide examinations hold negligible risk for the patient. Pregnancy and breastfeeding represent the only relative contraindications for radionuclide imaging.






Clinical Application

The principal benefit of radionuclide imaging is that it is able to detect physiologic abnormalities within a given tissue. In a bone scan, the uptake of the radionuclide within bone is dependent both on blood supply and bone metabolic activity. Any bone process that increases blood supply or osteoblastic activity will result in increased accumulation of the radiopharmaceutical with focal regions of increased uptake, termed “hot spots.” On occasion, certain bone pathologies, such as infarction, create a focal decrease in radionuclide activity, representing a cold spot.

The most characteristic feature of an abnormal bone scan is asymmetric distribution of the radionuclide tracer (Fig. 2-29). Although MRI is also sensitive to early physiologic osseous changes, a bone scan has two distinct advantages. It is less expensive, and it has the ability to include the entire skeleton within the field of view.
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FIG 2-29 Asymmetric radionuclide uptake in a patient with prostate metastasis to bone.



The major disadvantage of radionuclide scintigraphy is that the findings generally are nonspecific. For example, on the basis of a bone scan, conditions such as Paget disease cannot be readily differentiated from osseous metastasis. However, a reasonably accurate differential diagnosis can be determined based on the patient's clinical presentation and the pattern of the osseous radionuclide uptake. Generally, an abnormal radionuclide bone scan is followed by a more anatomy-specific imaging study, including x-ray, CT, or MRI, in difficult cases.



Stress Fractures.

Radionuclide imaging is a popular examination for evaluating stress fractures. Stress fractures occur in physically active people as a result of repetitive stress placed on normal bone. The repetitive stress eventually creates a collapse of the bony trabeculation and microfracture. On a bone scan, stress fractures are exhibited as focal regions of increased uptake of the radionuclide, often linear in presentation. Of particular clinical importance is the fact that bone scan changes often occur long before being evident on conventional radiographs, sometimes several weeks earlier. Therefore, if a patient presents with clinical features of stress fracture but radiographs are normal, a bone scan can be applied as a more sensitive evaluation tool for ruling out the existence of a stress fracture. As another example, radionuclide imaging can reveal early defects in the pars interarticularis before the fracture is obvious on conventional radiographic studies or before it becomes a completed lesion.






Reflex Sympathetic Dystrophy.

Radionuclide imaging can be useful in evaluating reflex sympathetic dystrophy (RSD). RSD is a poorly understood condition characterized by pain, swelling, vascular changes, and dystrophy of the distal extremities. The condition is often seen in conjunction with previous trauma and is possibly associated with an increased activity of the sympathetic nervous system. Radionuclide scintigraphy, principally the three-phase bone scan portion of the examination, can deliver characteristic, often diagnostic features of RSD. Acute RSD is characterized by increased blood pool activity along with delayed periarticular uptake about the involved extremity.23






Metastatic Bone Disease.

A common use of a bone scan is to detect metastatic bone disease. A common scenario warranting a radionuclide bone scan is a patient with low back pain and a history of primary malignancy, especially of the breast or prostate. In contrast to radionuclide imaging, conventional radiography is relatively insensitive in detecting metastatic bone disease. The sensitivity of radionuclide bone imaging for metastatic disease is approximately 62% to 89%.24 Approximately 30% of metastatic lesions evident on radionuclide scintigraphy are not seen on conventional radiographs. Approximately 50% trabecular bone destruction is necessary before it can be visualized on x-ray. By contrast, only 2% of metastatic lesions noted on x-ray might be missed on radionuclide imaging.

Metastatic lesions most commonly associated with false-negative bone scans include anaplastic thyroid carcinoma and neuroblastoma. Multiple myeloma is also notorious for presenting a negative bone scan with radiographically evident bone destruction. Unfortunately, radionuclide bone imaging cannot always differentiate benign from malignant lesions. Definitive diagnosis often requires correlation with the clinical presentation and other diagnostic imaging studies. Ultimately, biopsy might be needed.

In the spine, mild increased uptake also might be created by degenerative processes such as posterior facet arthrosis but usually is easily differentiated from more serious pathology such as metastatic bone disease by the typical distribution of the hot spot in the region of the facet joints. Usually, the degree of uptake is less intense with degeneration than with metastatic bone disease. Occult fractures, especially of the rib cage, are also well discriminated by radionuclide scintigraphy (Fig. 2-30).
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FIG 2-30 Radionuclide scintigraphy revealing the typical linear distribution of “hot spots” diagnostic of multiple rib fractures.









Paget Disease.

Paget disease is a relatively common radiographic finding. The condition is commonly polyostotic. Distribution of Paget disease is most efficiently evaluated with radionuclide scintigraphy. This should be accomplished especially when there are multiple regions of bone pain, bone deformity, or significantly elevated alkaline phosphatase level.






Infection.

Radionuclide imaging is sensitive in detecting occult infections. However, specificity is reduced in other conditions that might mimic infection, including fracture, avascular necrosis, neuropathic arthropathy, and joint diseases. Technetium also can be used to label white blood cells, which have a potential to accumulate in areas of infection. In a similar fashion, these examinations also can be helpful in evaluating diabetic neuropathy complicated by infection.






Pulmonary Ventilation-Perfusion (Lung) Scan.

A lung scan (also known as a ventilation/perfusion [V/Q] scan) is a radionuclide study most often performed to evaluate patients for pulmonary embolism. The examination is composed of ventilation and perfusion phases. To accomplish the ventilation (V) phase, the patient inhales a radioactive gas (xenon, technetium DTPA [diethylene triamine pentaacetic acid]) through a facemask that covers both the nose and mouth. The distribution of the radioactive gas can be recorded by measuring the emitted radiation with a gamma camera. The perfusion (Q) phase of the test involves the injection of a radiopharmaceutical tagged to macroaggregated albumin (Tc99m-MAA) particles. The particles become temporarily trapped within the pulmonary capillary bed, thereby localizing the radiation and allowing the gamma camera to demonstrate the degree of perfusion within the pulmonary tissues. A normal lung scan is one in which there is symmetric distribution of the radiopharmaceutical on both the ventilation and perfusion study. With pulmonary embolism, cold spots are evident on the perfusion study, creating a mismatch with the ventilation component of the examination.






Brain.

The use of radionuclide imaging has aided psychiatrists in evaluation of attention-deficit disorder and attention-deficit hyperactivity disorder, anxiety and depression, brain trauma, seizure disorders, and neurodegenerative disorders. The primary mode is SPECT imaging using 99mTc or 123I. The SPECT scan is frequently combined with an MRI for localization.






Heart.

Evaluation of heart function and perfusion in the rested state and during exercise is routinely performed in cardiology clinics and hospitals primarily with SPECT imaging. The examination principally evaluates cardiac muscle perfusion abnormalities. This test is helpful when contemplating an exercise and weight loss program for individuals at risk for cardiovascular or cerebrovascular compromise.













Dual-Energy X-Ray Absorptiometry

Background


Bone mineral density (BMD) measurement can be assessed by radiographs, quantitative computed tomography (QCT), single-photon absorptiometry (SPA), dual-photon absorptiometry (DPA), ultrasonography, and dual-energy x-ray absorptiometry (DEXA). Of these methods, QCT is the most accurate, but because of associated radiation exposure and cost, DEXA is the most widely used method. DEXA is particularly helpful in evaluating patients at risk for osteoporosis, ideally before associated complications of bone fragility and fracture occur. Additionally, DEXA accurately functions as an effective follow-up method for monitoring response to treatment.



Image Production

Single-photon absorptiometry uses a monoenergetic beam of radiation to measure the bone density of the peripheral skeleton, usually the calcaneus or distal radius. The bone density is a function of the beam's attenuation. With SPA, the bone density of clinically important areas, such as the lumbar spine or femoral neck, is extrapolated from the measured areas of the peripheral skeleton. However, the correlations between the bone density of the peripheral skeleton lumbar spine, for instance, are only moderate, leaving room for error in clinical evaluation and management. DPA uses radiation beams at two separate energy levels to measure the bone density of the hip and lumbar spine. DEXA is an advancement of the DPA technology, in which a radionuclide source of radiation is exchanged for an x-ray tube, an advantage leading to shorter examination times. Similarly to DPA, DEXA entails the use of two separate energy levels and depends on differential absorption of the tissue to measure bone density.







Patient Experience

For a DEXA examination, the patient lies on a couch, and the x-ray source is directed over the region to be tested, principally the lumbar spine and proximal femora (Fig. 2-31). The examination takes approximately 10 to 20 minutes and delivers approximately one-tenth the radiation dose of a chest radiograph.
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FIG 2-31 Couch, scanner, and computer workstation of a dual energy x-ray absorptiometry unit.








Clinical Application

Dual-energy x-ray absorptiometry, or other measures of BMD, assess whether a patient has osteoporosis or osteopenia. Osteoporosis is approximately four times more common in women, and postmenopausal women are especially at high risk. Genetics and aberrant health habits, including smoking and alcoholism, contribute significantly to decreased BMD. Additionally, clinical disorders such as hyperparathyroidism, hyperthyroidism, and malabsorption are related to decreased BMD.

Dual-energy x-ray absorptiometry T-scores are used for diagnosis of osteopenia and osteoporosis. T-scores are calculated by subtracting the patient's BMD from a reference range of peak BMD in young women (or men), which is approximately of 35 years of age. This value is then divided by the standard deviation of the reference sample to produce the T-score. According to the World Health Organization, T-scores between 1.0 and −1.0 are considered normal (Box 2-3). Osteopenia is defined as a T-score of between −1.0 and −2.5. Osteoporosis is defined as a T-score of −2.5 or lower. Severe osteoporosis is defined by a T-score lower than −2.5 with concurrent presence of one or more fractures. There is a strong correlation between low BMD and prediction of fractures. Specifically, for every increase in the T-score, the risk of fracture doubles. That is, at −1.0, the risk is two times; at −2.0, the risk is four times; and at −3.0, the risk is eight times that of the reference population (T-score of 0) (Box 2-4). Clinical attention to prevent further bone mineral loss typically begins when patients exhibit T-scores below −1 or −1.5, depending on other risk factors for fracture.


Box 2-3   Classification of Bone Mineral Density Assessed by Dual Energy X-Ray Absorptiometry T-Scores

In general terms, there is about 10% loss in bone density for every 1 standard deviation change in T-scores.


• T-score of −1 or higher = Normal bone density

• T-score of −2.5 to -1 = Osteopenia

• T-score below −2.5 = Osteoporosis

• T-score below −2.5 plus fragility fracture = Severe osteoporosis






Box 2-4   Dual Energy X-Ray Absorptiometry T-Score Predictions of Fracture Risk

The risk doubles for every standard deviation change.


• T-score of 0 has average risk for a normal 40-year-old individual.

• T-score of −1 has twice the risk.

• T-score of −2 has four times the risk.

• T-score of −3 has eight times the risk.





Z-scores are a bone density measure comparing a patient's BMD with the bone density of persons of matched age, gender, and ethnicity. A Z-score of 0 indicates that half of the population has a greater BMD and half has less. If the Z-score was −1, 84% of the reference population would have greater BMD. A Z-score of −2.0 would indicate that the patient is at the second percentile and that 98% of the reference population has a greater BMD. Z-scores are useful to assess if underlying pathology is contributing to the bone mineral loss. Z-scores of less than −1.5 raise suspicion that something other than age is accounting for the loss of BMD, including malnutrition, medications, and thyroid abnormalities.25










Myelography

Background


Myelography is the introduction of a contrast agent into the subarachnoid space to aid visualization of the spinal canal anatomy. The procedure was first pioneered in the early 1900s with the use of air.26 Iodized poppy seed oil (Lipiodol) was the first positive contrast medium used. However, Lipiodol was associated with high rates of meningeal irritation and arachnoiditis. By the 1940s, oil-based agents, namely, iophendylate (Myodil, Pantopaque), were developed and became the standard in the United States for more than 30 years. Because ionic, oil-based contrasts were also associated with late meningeal pathology, safer alternatives were developed. After several iterations, relatively safe nonionic water-based contrast agents such as metrizamide (Amipaque) were generally available by the 1970s. Further improvement led to the development of iohexol (Omnipaque) and iopamidol (Isovue) in the 1980s and more recently nonionic media.27

Patient selection is an important aspect of myelography. Patients should be in good general health. Systemic conditions such as alcoholism, diabetes, and cardiovascular disease may be contraindications to the examination. Additionally, patients should not exhibit evidence of intracranial pressure (e.g., papilledema) or have bleeding disorders. An allergy to contrast agents is an important consideration before the examination.

Most patients experience discomfort during the examination. Headache remains the most common side effect of myelography and may be related to leakage of cerebrospinal fluid. Serious but relatively rare complications include infections and arterial bleeding; the latter is usually associated with cervical puncture.



Image Production

Myelography is performed in a fluoroscopy suite in hospitals or imaging centers. Nothing should be consumed 4 hours before the examination. The patient is placed prone position on a table that tilts up and down. Under fluoroscopic observation, the radiologist inserts a needle (usually #22 or #25 gauge) into the spinal canal and injects the radiopaque contrast into the subarachnoid space. Frontal, lateral, and oblique radiographic projections are obtained. Abnormality is inferred from effacement of the column of contrast within the subarachnoid space. After examination, the patient rests with the torso slightly elevated for approximately 4 hours to minimize headaches. Fluids are encouraged.






Clinical Application

Magnetic resonance imaging is the primary spinal imaging modality. MRI is the examination of choice for spinal infection, primary and secondary malignant disease, and intervertebral disc disease. Because MRI is less invasive, myelography use has significantly decreased. CTM can be performed on patients who cannot undergo an MRI examination or for whom the resulting MRI images are of poor diagnostic accuracy or quality.

Myelography demonstrates the inner margins of the thecal sac, usually over a length of about three vertebrae and has several common applications, including the following.



Disc Herniations.

Disc herniations displace myelographic contrast media at the level of the disc interspace and displace the dural sleeve around the corresponding nerve root. Accuracy of 97% has been recorded in distinguishing disc bulge from disc herniation. The appearance of a disc herniation on a myelogram is marked by the following (Fig. 2-32).
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FIG 2-32 Myelography of the lumbar spine showing an extradural defect consistent with disc herniation at the L4 level (arrows).




• Sharp angular indentation on the lateral aspect of the thecal sac

• Narrowing of the disc space (a sign of disc degeneration)

• Enlargement of a nerve root secondary to edema

• Displacement of a nerve root secondary to nonfilling of a root sleeve









Arachnoiditis.

Arachnoiditis is inflammation of the pia mater and arachnoid of the brain or spinal cord. It is a potential complication of myelography. Its presence is suggested by a blunted appearance of the nerve root sleeves.






Intradural–Intramedullary Lesions.

An intradural–intramedullary lesion is a lesion within the spinal cord and includes astrocytomas, ependymomas, and syringomyelia. Syringohydromyelia, representing cavitation within the spinal cord, is difficult if not impossible to differentiate from spinal cord intramedullary tumor and is consequently best evaluated with MRI. Characteristically, intradural–intramedullary lesions expand the spinal cord somewhat symmetrically with consequent effacement of the myelographic column.






Intradural–Extramedullary Lesions.

Intradural–extramedullary pathologies are located within the subarachnoid space, external to the spinal cord. Common examples include meningiomas and neurofibromas. The characteristic findings with myelography are compression of the spinal cord with widening of the subarachnoid space at the site of the mass, and consequent widening of the overall thecal sac. The borders of the lesions may be sharply defined.






Extradural Lesions.

Extradural lesions are lateral to the thecal sac; common examples include disc herniations and degenerative spondylosis with osteophyte formation. The most common tumor type to create extradural myelographic effacement is spinal metastasis. The characteristic finding on myelography is displacement of the myelographic column away from the adjacent bone or disc interspace. Displacement typically is asymmetric.












Discography

The procedure of directly injecting contrast agent into the center of the disc dates back to 1948 (Fig. 2-33).28 The procedure can detail the structurally integrity of the anulus. In the healthy disc, contrast agent injected into the center of the nucleus does not transgress the outer nuclear envelope, appearing oval, round, or as stacked ovals (“hamburger bun”). In the diseased disc, the injected contrast migrates through the nuclear envelope and through the annular tears and possibly into the spinal canal (Fig. 2-34).
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FIG 2-33 Discography revealing normal disc structure with subtraction fluoroscopy.
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FIG 2-34 Discography. Notice the needles placed in the center of the second, third, and fourth lumbar discs. When contrast is injected, the second and fourth discs appear of normal configuration, indicating healthy discs. However, the injected contrast migrates posteriorly in the third disc, a consistent finding of posterior disc rupture. From Fenton DS, Czervionke LF: Image-guided spine intervention, Philadelphia, 2003, WB Saunders.



Magnetic resonance imaging is regarded as the primary imaging modality for investigating disc pathology. Discography is considered a follow-up examination used to aid further evaluation in complicated cases. Discography is primarily a provocative examination. Injection of contrast material into the center of the disc increases the intradiscal pressure and may replicate the patient's symptoms, confirming a discogenic etiology. The value of discography is that it may confirm whether the disc lesions are clinically important, or it may designate the symptomatic disc when multiple levels of herniation are present. Discography is frequently combined with a CT scan, affectionately known as a diskocat, to better define extent and location of any extravasation of contrast material.







Digital X-Ray Imaging

Background


A conventional radiographic image is an analog shadow produced as the x-ray beam traverses a patient's body, which is differentially attenuated depending on the densities of the structures within the collimated beam. This information is subsequently recorded on photographic film, and through chemical processing, an image is produced. DR represents a relatively recent technology in which the x-ray beam is intercepted by electronic detectors rather than radiographic film and converts the x-ray energy into digital data that can be stored on a computer, displayed, and manipulated (Fig. 2-35).
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FIG 2-35 Comparison of image appearance of digital radiography (A) and conventional film-screen image (B). Note the improvement in soft tissue and bone density.





Equipment

Digital radiographic systems are composed of three major components that contribute to the final digital image product. These systems are responsible for image acquisition, image processing and image display.






Acquisition Systems

Various forms of digital radiology technology are available, most commonly described as either computed radiography (CR) or DR. Traditionally, CR has been the acronym for computed radiography and DR the acronym for digital radiography. This terminology is confusing, and through common usage, CR now describes digital radiography that uses a cassette system whereas DR is a direct capture image acquisition technology that uses digital plates, not CR cassettes.29 (Fig. 2-36).
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FIG 2-36 Digital radiography systems commonly available.






Computed Radiography.

Computed radiography is an indirect form of digital imaging using a cassette system similar in appearance and function to that used in conventional film-screen radiography (Fig. 2-37). Within the cassette is a photostimulable storage phosphor (PSP) screen detector plate that stores a latent image upon x-ray exposure.30 As with film-screen radiography, the PSP plate absorbs energy from the x-ray exposure, producing a latent (hidden) image. The latent image is relatively fragile and will lose data over a few hours, so the imaging plates are processed quickly after exposure by inserting the cassette into a reader device. The reader accepts the entire cassette, mechanically opens it, and removes the PSP plate. The imaging plate is scanned by a laser beam, causing the phosphors to emit light, the intensity of which parallels the energy imparted by the initial x-ray exposure. The emitted light is “read” by a photosensitive photomultiplier device that converts the information into an electrical signal. An analog digital converter (ADC) translates this information into digital data. At the end of this process, the PSP plate is exposed to bright light, which erases the latent image and is returned to the cassette, ready for future examinations. Scanning time of the cassette is minimal, usually taking between 45 and 60 seconds.31 Although this represents an extra step not needed in direct acquisition imaging systems (DR), cassette-based technology has advantages. Using cassettes allows flexible imaging beyond many DR systems, particularly those based on charged couple device (CCD) technology. CCD DR systems are heavy and are not easily configured for upright and recumbent imaging. Conversely, both upright and recumbent imaging are readily achieved with CR systems, as are extremity examinations. Although CR technology is usually the least expensive of the digital imaging technologies, this does not necessarily mean a reduction in image quality. Because of the relatively low cost of CR, along with the flexibility of use, these systems are popular within small practices, although they are also commonly found in hospital facilities and orthopedic practices. The PSP plates can be reused many times, lasting years before image quality degrades. With installation of a CR system, there is no requirement for any substantial alteration to the basic x-ray systems other than replacing the standard 103 line per inch grid with a 170 line high frequency grid. This reduces Moiré artifacts, sometimes associated with CR imaging.
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FIG 2-37 Computed radiography acquisition station with a laser-based scanner that accepts cassettes.



A digital image is composed of a matrix of pixel elements arranged in rows and columns. Each pixel represents a brightness level, corresponding to the density of tissue imaged. Image spatial resolution is improved with larger matrix sizes. For instance, whereas a matrix size of 1024 × 1024 will be composed of 1,048,576 pixels, a matrix of 2048 × 2048 has 4,194,304 pixels. Resolution is also improved if the field of view (FOV) is decreased for the same matrix size. Each pixel has bit depth, which determines the pixel brightness. A larger bit depth will enable expanded shades of gray to be displayed. An 8-bit depth will display 256 shades of gray, and a 14-bit depth will display 16,384 shades of gray. Images with a higher bit depth are also larger and require more computer processing.






Digital Radiography.

Digital radiography, also known as direct digital radiography, uses x-ray–sensitive plates that directly capture data during the patient examination, immediately transferring it to a computer system without the use of an intermediate cassette as is the case with CR. Commonly referred to as plates, these flat panel detectors use a combination of amorphous silicon detectors with cesium or gadolinium scintillators that convert X-ray to light which is ultimately translated by thin film transistors into digital data (Fig. 2-38). This technology is significantly more expensive than CR technology, but the images are of the highest quality and are seamlessly sent to a computer display. These systems are popular in dedicated imaging facilities and hospitals with high workloads.
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FIG 2-38 A, Computed radiography (CR) uses reusable phosphor imaging cassettes. B, After being exposed, these cassettes are scanned into the acquisition station to produce the image. C, Direct digital radiography (DR) uses flat panel plates similar in appearance to the cassettes used in CR; however, the DR plates have a cord tether (see here extending from the right upper corner of the plate) that permits the digital information of the latent image to be directly captured, without scanning cassettes as is done with CR. Both CR and DR end with a digital format image that can be stored in a digital picture archiving and communication system (PACS) and manipulated on an imaging workstation.











Charged Couple Device Technology

Another form of direct capture DR is to use technology, popularized with digital photography. In this system, the x-ray beam is intercepted by a scintillation device, which emits light similar to an x-ray screen.32 An optical lens focuses the emitted light to a high-resolution CCD camera. The cameras have typical resolutions of 9 million pixels (3000 × 3000 pixels) to 16 million pixels (4000 × 4000 pixels). As with traditional digital photography, higher megapixel cameras generate better quality images.

Although the CCD detector is an acceptable method of collecting imaging data, the detectors are bulky, with most chiropractic systems only allowing for upright imaging. Extremity imaging is also limited. Recumbent imaging can be accomplished in systems with a single detector in a suitably designed gantry for the imaging plate; otherwise, two acquisition systems are needed.

Most CCD systems are single-lens and single-detector units. Also recently available are systems that use an array of small CCD devices with intricate software to stitch the image array together to form a single image. Generally, these systems do not yield as high a quality of an image as a higher end CR or CCD DR system.






Film Digitizer

A film digitizer is used to convert conventional film images so they can be used in a digital environment (Fig. 2-39). This is particularly useful when a facility is transitioning away from a conventional film-screen environment and allows easy comparison of recent digital images with previously obtained routine x-rays. It is also useful for converting images that come from other facilities with digital imaging equipment. Digitizing radiographic film does not create images with the same degree of pixel depth (grayscale) and latitude as those obtained from dedicated imaging systems.
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FIG 2-39 Film digitizer used to convert conventional film images to DICOM (Digital Imaging and Communications in Medicine)–based images so they can be used in a digital environment.








Image Processing

Image production in DR is complicated and requires intricate computer algorithms. Initially, a histogram of grayscale information is formulated from the initial scanning process. These data are correlated with the region of examination (e.g., lumbar spine vs. extremity), and the associated radiographic technique that the CR operator inputs into the reader before the scanning process. This information is compared with standardized contrast and density information, known as look-up tables (LUTs). If the imaging cassette is misidentified (e.g., incorrectly identifying the imaging plate as a lateral cervical spine rather than a lateral lumbar spine), the image will not process correctly. The digital image information can be reprocessed against the correct information so the patient does not need to be reexposed. Through this comparison of the exposed imaging plate data with the LUT, the imaging algorithms will attempt to produce an image of appropriate density within a wide range of exposures. This is different from conventional film-screen exposures in which under- or overexposure results in correspondingly light or dark radiographs.

A significant advantage of DR compared with film-screen systems relates to the wide dynamic range response of the digital imaging systems. In film-screen radiography, x-ray photon energy is recorded by the film emulsion. After processing, regions of exposure are represented by corresponding film blackening. However, the response of the film and screen to radiation exposure is nonlinear, meaning there is a narrow threshold of film-screen response to x-ray dose. In DR, the response of an imaging plate is linear, meaning that a wide range of radiation doses can be used by the processing software to construct an image (Fig. 2-40). This results in an improved dynamic range, which is the ratio of the largest and smallest input densities that can be recorded.33 Whereas the dynamic range for film-screen systems ranges between 10 and 100, the dynamic range of digital radiographic systems may have a ratio is high as 10,000 : 1.29
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FIG 2-40 The response of a digital imaging system is linear, meaning that a wide range of radiation doses can be used by the processing software to construct an image. From Körner M et al. Radiographics 2007;27:675-686.



In DR, photons provide data relative to tissue density. With underexposure, the LUT will attempt to produce an image of acceptable density. The image will be grainy, representing inadequate amounts of data (quantum mottle). Conversely, an overexposed image will, within reason, be of high quality. This latitude associated with wider ranges of exposure does reduce repeated examinations. Unfortunately, some operators of digital radiographic equipment recognize that slightly overexposing the patient increases the consistency of obtaining high-quality images. This can be particularly prevalent where technologists are attempting to satisfy a wide range of image quality preferences from radiologists. By slightly increasing the radiation dose over time, image quality issues are satisfied. This is referred to as dose creep and needs to be prevented through diligent review of digital dose amounts, known as an exposure index.34

Although there is effort to standardized exposure indices, for the most part, these are individual to the equipment manufacturers. For instance, AFGA exposure index is the LGM, and Fuji has the S value.

Each manufacturer proposes an optimum dose to the image receptor device. Understanding and appropriately using the exposure index data allows the operator to critically evaluate the technique and the image quality, particularly if the exposure falls outside of the expected range and to also prevent dose creep. As with analog imaging, there must be adherence to precise radiographic technique to obtain consistently high-quality images but also to ensure that the radiation dose is as low as reasonably achievable (ALARA).






DICOM

DICOM (Digital Imaging and Communications in Medicine) is a standard for handling, storing, printing, and transmitting information in imaging. DICOM files have uniformity and carry information and images to systems capable of receiving image and patient data in DICOM format. A DICOM file contains patient identification, site of origin, attributes of the image inclusive of pixel size, and the image itself. Importantly, within the confines of a DICOM file, patient data and picture data cannot be separated. Consequently, the DICOM image is always identifiable to the examined patient. DR DICOM images tend to be quite large, not uncommonly up to 30 MB. DICOM image data can be compressed (encapsulated) to reduce the image size using lossy and lossless protocols. Reviewing DICOM images requires DICOM compliant software, which is found on both the digital radiology acquisition stations and image review workstations.







Picture Archiving and Communication Systems

A significant advantage of digital imaging is that the data can be stored, retrieved, and manipulated with great efficiency. This process is the primary function of a centralized computer system referred to as the picture archiving and communication system (PACS). The PACS not only provides this function for DR but also for the entire gamut of imaging systems, including MRI, CT, and ultrasound examinations. Images can be retrieved from the PACS and distributed through a network infrastructure. Ultimately, the images are displayed on computer monitors and at radiology workstations. Because of this computerized storage system, misfiling of images is substantially less frequent, and vast numbers of images can be amassed in minimal space. Computers dedicated to this process have hard drives with multiple terabytes of storage. Furthermore, the PACS also disseminates the images to backup storage sites, both internal and external to the imaging facility. The PACS is required to meet all Health Insurance Portability and Accountability Act (HIPPA) requirements with high-levels of data encryption, particularly when images are transmitted.






Radiology Workstation

The workstation is linked to the PACS and includes DICOM-compliant viewing software. (Fig. 2-41) Images can be significantly manipulated and is referred to as postprocessing. Common postprocessing techniques include contrast enhancement, grayscale alteration, and image black–white reversal. The software can also magnify and pan images. Annotation sets are included, allowing measurement of linear distances and angles. Text, arrows, and circles can also be superimposed on images. A quality workstation also enables hanging protocols, which means images are automatically placed on the monitors, based on the imaging series and the interpreter's preference.35
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FIG 2-41 Radiology workstation with high-resolution grayscale monitors used to view and alter image appearance.








Monitors

A wide range of monitor technology is available for viewing DICOM images. Most monitors used for this purpose are of the flat panel variety. A typical radiology workstation will have at least two 3-megapixel (1500 × 2000) grayscale monitors in portrait orientation (see Fig. 2-41). Color displays have lower contrast ratios than monochrome displays and are generally not recommended for viewing musculoskeletal images.36 It is prudent to have at least two monitors for digital image evaluation so that opposing views may be evaluated simultaneously.37






Image Printing

If desired, images can be printed to a “hardcopy” format. This is a flexible system that allows multiple images to be printed to a single sheet, suitably postprocessed to enhanced image appearance. “Hard copy” printing is expensive, with few facilities providing this function because images can be easily “printed” to computer disks.






Benefits of Digital Radiography

Purchasing digital radiology equipment requires critical analysis of the imaging needs of the health care facility (Table 2-2). Although digital radiographic systems have improved dynamic range comparative to analog systems, there should not be an expectation that a digital system will automatically “clean-up” images from poor-quality radiographic techniques. X-ray systems with limited power have similar challenges producing high-quality digital images just as they do producing high-quality radiographs.


TABLE 2-2

COMPARISON OF DIGITAL RADIOLOGY SYSTEM





	 
	CR
	CCD DR
	Flat Panel DR





	Initial cost
	Low
	Moderate
	High



	Throughput
	Low
	Moderate
	Moderate



	Image quality
	Mostly high
	Variable
	High



	Imaging flexibility
	High
	Low
	High



	Ease of retrofit
	Easy
	Moderate
	Complex



	Ease of use
	Good
	Excellent
	Excellent



	Equivalent speed
	100–400
	50–200
	200–80041
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CCD, Charged-coupled device; CR, computed radiography; DR, digital radiography.



A particularly inviting aspect of digital radiology is that images are immediately available for viewing by the clinician, and patient throughput is substantially improved.38 Images are also automatically combined with previously obtained digital images, making comparison of studies effortless. Image storage is confined to hard drives rather than multiple square feet of floor space previously dedicated to radiographic film. Becoming increasingly popular in chiropractic practice is the ability to have the images interpreted by a chiropractic radiologist. With digital radiology, images can be referred immediately through the Internet.










Positron Emission Tomography

Background


Positron emission tomography (PET) is a relatively noninvasive tomographic diagnostic imaging procedure for evaluating cellular and tissue metabolic activity through the detection of short-lived positron-emitting radiopharmaceuticals.



Image Production

In a process somewhat similar to radionuclide imaging, PET imaging involves the use of radioactive compounds. However, in contrast to radionuclide imaging, the compounds used in PET emit positrons through nuclear decay. An advantage of PET is that the atoms that have been “labeled” to become positron emitters also reside naturally in the body and include such elements as oxygen. Also, the labeled compounds can be introduced in trace quantities so that they do not interfere with normally occurring metabolic activity. Radionuclides routinely produced for PET imaging studies include O-15 (2-min half-life), N-13 (10 min), C-11 (20 min), and F-18 (110 min). The most widely used radiotracer is 2-[fluorine 18]-fluoro-2-deoxy-D-glucose (FDG), which is commonly used to evaluate brain function and malignancy. This compound is similar to naturally occurring glucose with the addition of a radioactive fluorine atom (F-18).

A positron is an antimatter electron with identical mass but positive charge. In PET scanning, positrons are obtained from nuclear decay produced in a cyclotron by bombarding material with protons, which results in the ejection of a neutron from the nucleus. This new nucleus is unstable and eventually decays into a more stable form. The most prevalent PET scanning compound is formed when an isotope of oxygen (18-O) is bombarded, changing the atomic species to 18-F (fluorine). In this circumstance, one of the nuclear protons decays into a neutron and in the process emits both a neutrino and a positron. Ultimately, the positron interacts with an electron, creating an annihilation episode. The annihilation produces two 511-keV gamma rays (photons) that travel off in opposite (180-degree) directions that are ultimately detected by the scanner (Fig. 2-42).
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FIG 2-42 When a nucleus decays by positron emission, a proton in the nucleus converts into a positron and a neutrino. Both are ejected from the nucleus, and the neutrino leaves without incident while the positron quickly interacts with a nearby electron as an annihilation event. The positron–electron annihilation event creates two 511-keV gamma rays (photons) that are emitted in opposite directions from the patient placed in the center of the gantry. Within the gantry, photomultiplier–scintillator detectors record the locations of emitted gamma rays. This information is assessed by mathematical algorithms over many iterations (typically 107–108) and many different angles around the patient to map an image detailing where the radioactive substance has accumulated. The intensity detected at any point in the patient directly relates to the concentration of the radiotracer in the tissue.



A small amount of the labeled compound is intravenously injected into the patient. After an appropriate amount of time, the patient is scanned. This process measures and spatially localizes the radionuclide within the target tissue.

On casual review, the PET scanner appears similar to either a CT or MRI unit. Within the gantry, photomultiplier-scintillator detectors detect the gamma rays (Fig. 2-43). A typical whole-body unit may contain 4096 crystals oriented into eight rings of 512 detectors per ring. The eight rings are used to collect eight direct slices of data. An additional seven slices are obtained by collecting photon interactions between adjacent direct planes for a total of 15 planes.
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FIG 2-43 A positron emission tomography scanner. The gantry contains photomultiplier–scintillator sensors that detect gamma rays.



The scanner records the gamma rays being emitted, and the equipment computer uses the information and mathematical algorithms to map an image of the area where the radioactive substance has accumulated. The images can be displayed as cross-sectional, coronal, or sagittal sequences. Three-dimensional images also can be constructed.







Patient Experience

The patient is asked to fast for 6 hours and limit physical activity on the day before the examination to reduce muscular uptake. A blood glucose evaluation might be performed because high levels of glucose compete with the FDG, affecting the quality of the examination.

Other than the injection of the radiotracer, PET scanning is noninvasive. After the injection, it takes approximately 30 to 60 minutes for the compound to be absorbed by the tissue under study. During this time, the patient is asked to rest quietly in a partially darkened room and avoid significant movement or talking, which may alter the localization of the administered substance. Scanning begins after that time, which takes an additional 30 to 45 minutes. PET examinations can be performed in conjunction with stress testing in patients with potential cardiac disease.

After the examination the patient may be instructed to ingest fluids to flush the radioactive substance from the body, although the radiation dose is very low. Relative contraindications to PET examinations include pregnancy and breastfeeding.






Clinical Application

A high level of glucose utilization allows PET with FDG to differentiate benign from malignant tumors with a greater than 90% sensitivity and specificity. Positron emission tomography can also help differentiate benign from malignant compression fractures.39 PET scanning is more sensitive than radionuclide imaging scintigraphy in detecting osseous metastasis than standard radionuclide imaging scintigraphy. Moreover, PET has the advantage of localizing the primary tumor.40



Oncology.

Fluorodeoxyglucose (18FDG) is particularly helpful in evaluating increased metabolic activity associated with tumors. Uptake of 18FDG is high in malignancy because glucose use is higher than normal. As a result, PET imaging can discriminate between benign and malignant solitary pulmonary nodules with a greater than 90% sensitivity and specificity. Other malignancies that can be evaluated with PET scanning include colorectal cancer, lymphoma, melanoma, and breast tumors. As with any diagnostic imaging test, errors can occur. False-positive findings can be seen in tumors that are benign but for various reasons might accentuate the accumulation of the radiotracer. Conversely, false-negative results might be seen in those tumors that, although malignant, have a lower metabolic activity.






Cardiology.

In patients with coronary artery disease, PET can evaluate decreased myocardial blood flow, which is representative of stenosed vessels. The examination is also usually accomplished as a component of a stress test.






Neurology.

Positron emission tomography using 18FDG can be used to localize brain lesions associated with epilepsy that might be amenable to surgical resection. PET is being used to define Alzheimer disease, reducing diagnostic uncertainty.









Fusion Imaging

Information from CT, MRI, SPECT, and PET can be superimposed (by computer) such that physiologic data from PET can be combined with anatomic data to assist in pathology interpretation (Fig. 2-44). Common examples include combining PET with CT or MRI information. MRI and CT images also can be “fused” such that the MRI component can show the soft-tissue aspects of a bone lesion to good advantage, but the CT component delineates the osseous aspects to better advantage. With fusion, the radiologist has images that delineate the collective anatomic and physiologic components of a given pathology. Imaging equipment also is available in which CT is combined with PET into a single unit. Table 2-3 presents common applications of MRI, CT, and plain film radiography for selected clinical pathologies.


TABLE 2-3

APPROPRIATE IMAGING MODALITIES BASED ON PATHOLOGY





	Clinical Presentation
	MRI
	CT
	X-Ray





	Spine and Spinal Cord



	Disc herniation
	Procedure of choice
	Reasonably sensitive
	Insensitive



	Recurrent disc vs. postoperative scar
	Procedure of choice
	Insensitive
	Insensitive



	Degenerative disc disease
	Very sensitive
	Sensitive
	Moderately sensitive



	Radiculopathy
	Procedure of choice
	Reasonably sensitive
	Adjunctive



	Myelopathy
	Procedure of choice
	Insensitive
	Adjunctive



	Multiple sclerosis
	Procedure of choice
	Insensitive
	Insensitive



	Arnold Chiari malformation
	Procedure of choice
	Reasonably sensitive
	Insensitive



	Syringomyelia
	Procedure of choice
	Reasonably sensitive
	Insensitive



	Spinal metastasis, multiple myeloma
	Very sensitive
	Reasonably sensitive
	Insensitive in early disease



	Infections
	Very sensitive
	Reasonably sensitive
	Insensitive in early disease



	Cord tumors and “drop” metastases
	Procedure of choice
	Insensitive
	Insensitive



	Extremities (Knee, Shoulder, Wrist, and Ankle)



	Avascular necrosis
	Procedure of choice
	Insensitive
	Insensitive in early disease



	Cruciate ligament tears
	Procedure of choice
	Insensitive
	Insensitive



	Meniscal tears
	Procedure of choice
	Insensitive
	Insensitive



	Osteochondritis desiccans
	Procedure of choice
	Adjunctive
	Insensitive in early disease



	Posttrauma
	Very sensitive
	Sensitive
	Procedure of choice



	Chondromalacia patella
	Procedure of choice
	Insensitive
	Insensitive in early disease



	Rotator cuff tear
	Procedure of choice
	Insensitive
	Insensitive



	Glenoid labrum tear
	Sensitive
	Sensitive
	Insensitive



	Tendonitis
	Very sensitive
	Insensitive
	Insensitive



	Joint effusions
	Procedure of choice
	Adjunctive
	Insensitive



	Cartilage degeneration (DJD)
	Very sensitive
	Adjunctive
	Moderately sensitive



	Infection, osteomyelitis
	Very sensitive
	Adjunctive
	Insensitive in early disease



	Tumor, multiple myeloma, metastasis
	Very sensitive
	Adjunctive
	Insensitive in early disease



	Brain



	Malignancy primary or metastasis
	Procedure of choice
	Adjunctive
	Insensitive



	Infections
	Procedure of choice
	Adjunctive
	Insensitive



	Chronic headaches
	Procedure of choice
	Adjunctive
	Insensitive



	Infarction
	Procedure of choice
	insensitive early
	Insensitive



	Aneurysms
	Very sensitive angiography
	Procedure of choice
	Insensitive



	Hematoma, hemorrhage
	Very sensitive angiography
	Procedure of choice
	Insensitive



	Congenital anomalies
	Procedure of choice
	Sensitive
	Insensitive



	Pituitary lesions, tumor, empty sella
	Procedure of choice
	Adjunctive
	Insensitive
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CT, Computed tomography; DJD, degenerative joint disease; MRI, magnetic resonance imaging.
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FIG 2-44 FDG (2-[fluorine 18]-fluoro-2-deoxy-D-glucose) on a patient with squamous cell carcinoma of the cervix. The computed tomography examination (A) and the positron emission tomography examination (B) are “fused” to form an image (C), which allows sites of increased uptake to be accurately correlated with the anatomy. From Christian, P., Waterstram-Rich, K. Nuclear Medicine and PET/CT Technology and Technique, ed 6, St. Louis, 2007, Mosby.



Fusion imaging, which combines the sensitivity of functional imaging with the localization accuracy of anatomic imaging, has long been every radiologist's dream. Radiologists were the original fusion imaging devices with the fusion images occurring in their minds. The advent of faster and larger computers allowed for the construction of appropriate algorithms to be used in a software fusion models. Hardware image fusion allows the acquisition of two images simultaneously. A step in this direction was introduced in 1998 with the first PET–CT scanner. SPECT–CT followed quickly. PET–CT and SPECT–CT are the two most commonly used combined modalities. A combination of a dedicated PET or SPECT scanner with a spiral CT in the same gantry allows the acquisition of the two images separately with minimum patient movement, and software then fuses the images. Primary uses for fusion imaging technology are in oncology with tumor detection, staging, and treatment planning. Cardiac imaging is also performed. New possibilities in musculoskeletal imaging in the area of infection and inflammation have recently shown great promise and may help with treatment planning of rheumatoid arthritis and other generalized inflammatory arthritides. SPECT–CT also allows labeling of the imaging agent with a therapeutic isotope to specifically treat the disease processes, which is an advantage over PET–CT (Table 2-4).


TABLE 2-4

POSITRON-EMITTING RADIOPHARMACEUTICALS USED IN COMMON POSITRON EMISSION TOMOGRAPHY IMAGING PROCEDURES




	Radiopharmaceutical
	Application





	[15O]-O2
	Cerebral oxygen extraction and metabolism



	[15O]-CO
	Cerebral blood flow
Myocardial blood flow



	[15O]-H2O
	Cerebral blood flow
Myocardial blood flow



	[13N]-Ammonia (NH3)
	Myocardial blood flow



	[11C]-N-butanol
	Cerebral blood flow



	[11C]-Palmitate
	Myocardial metabolism



	[11C]-Acetate
	Myocardial metabolism



	[11C]-Glucose
	Cerebral glucose metabolism



	[11C]-N-methylspiperone
	Dopamine receptor binding



	[18F]-Fluorodeoxyglucose
	Cerebral glucose metabolism
Myocardial glucose metabolism
Tumor glucose metabolism



	[18F]-Spiperone
	Dopamine receptor binding



	[18F]-16α-fluoro-17β-estradiol
	Estrogen receptor binding



	[82Rb]-Rb+
	Myocardial blood flow



	[68Ga]-Citrate/transferrin
	Plasma volume



	[68Ga]-EDTA
	Blood–brain barrier integrity







Other fusion imaging combinations include PET–MRI, SPECT–MRI, fMRI–MRI–SPECT, magnetic resonance spectroscopy (MRS)–MRI, magnetic source imaging (MSI)–MRI, CT–discogram, CT–myelogram and CT–angiography. The latter is quickly becoming a preferred method over invasive catheter-based angiography.







Molecular Imaging

The Society of Nuclear Medicine defines molecular imaging as the visualization, characterization, and measurement of biologic processes at the molecular and cellular levels in humans and other living systems. Molecular imaging can involve two- or three-dimensional imaging and variation over time. Modalities include MRI, MRS, MSI (or magnetoencephalography), PET, SPECT, optical imaging, and ultrasonography.
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Chapter 3

Radiographic Positioning

Linda Carlson




RADIOGRAPHIC EQUIPMENT

RADIOGRAPHIC TECHNIQUE

PATIENT PREPARATION

USING THE CHARTS





This chapter is designed as a quick reference guide to radiographic positioning and technique. Technical tips and supplemental views are provided to aid in obtaining optimal film quality using the most appropriate views. The routine study is highlighted in blue; this is the minimal number of views that must be performed to accomplish a complete evaluation of the area in question. For further information on the views included in this chapter, a textbook dedicated to radiographic positioning should be consulted. A list of recommended further reading is included at the end of this section.



Radiographic Equipment

The basic components of a radiography unit are a source of radiation (x-ray tube) and a receiving medium (x-ray film in the case of conventional plain film radiography or an energized plate in the case of computed radiography). Figures 3-1 and 3-2 identify a stool, table, shields, side markers, and other accessories that are used for the radiographic setup.
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FIG 3-1 Typical radiographic system and related equipment, including: A, grid cabinet (Bucky); B, x-ray tube; C, collimator; D, movable table; E, positioning sponge; and F, stool.
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FIG 3-2 Tools and accessories used for radiographic examinations, including A, measuring calipers; B, lead apron; C, female gonad shield; D, male gonad shield; E, right and left side (Mitchell) markers; F, filters; G, cassettes; and H, positioning sponges.








Radiographic Technique

The radiographic techniques listed in this chart were derived using the following parameters:


• 300/125 kVp single phase generator*

• 400-speed rare earth screens with matched film or

• Extremity detail screens with matched films†

• 10 : 1 stationary grids

• Automatic processor



The suggested technique is within a fixed kilovolt (kV) range per body part. In smaller patients, the lower spectrum of the kV range is used; in larger patients, the upper range of kV is used. In this system, the milliampere-seconds (mAs) is variable, and corrections in exposure factors require changing the mAs only. To correct the exposure factors in a film that is underexposed, the mAs must be changed by a minimum of 30% to note a detectable change or by 100% for a significant change. The reverse is true for films that are overexposed. When a fixed kV system is used, only one exposure factor, the mAs, needs to be changed to correct for errors. The techniques contained in the chart provide a starting point of adequate exposures for a radiographic system similar to the one listed. Corrections for individual variations in machines are made by adjusting the mAs only because the chart was formulated using the fixed kV technique.

There may be instances when a change in penetration, or kVp, is necessary. When a film is critiqued, if the bony detail is too light so as to appear nonexistent, a 15% increase in kVp provides the necessary penetration. An increase in mAs is required if the bony detail is present but the overall appearance of the film is too light.






Patient Preparation

Good patient education is essential and must include a thorough explanation of the study being performed and the patient's role during the examination. Protection methods and breathing instructions should be reviewed. Patients should be properly gowned, and all artifacts should be removed before the radiographic examination begins (Fig. 3-3). Female patients in their childbearing years should be assessed for possible pregnancy. If there is a possibility of pregnancy, the examination should be delayed, if possible, until it can be determined the patient is not pregnant, either by a negative human chorionic gonadotropin test result or the start of menses. If possible, all radiographic examinations of the lumbar spine, abdomen, and pelvis should be scheduled during the first 10 days after the onset of menstruation because this is the least likely time for pregnancy to occur. Appropriate gonadal shielding should be used in both male and female patients whenever possible.
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FIG 3-3 The radiographic setup is done most proficiently by following a general sequence. The sequence begins with patient preparation, including A, gowning; followed by, B, measurement technique selection; C, cassette selection and placement; D, choice of focal-film distance; E, central ray placement; F, alignment of the center of the film and the central ray. G, collimation to film size; H, side marker placement; and sometimes, I, use of filter.









Using the Charts

The following tables present commonly performed radiographic projections. The routine study is highlighted in blue. A routine study is the minimum number of views that must be performed to obtain a complete study of the area. Additional views are included in most sections and can be added to the basic study. Additional views are added to better demonstrate an area in question or to assess motion or stability. As reference, radiographic views are named by the body part being examined and either the direction the x-ray beam is passing through the body (anteroposterior [AP]) or the portion of the body part touching the grid for oblique angles of the body (right posterior oblique [RPO]) (Fig. 3-4).
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FIG 3-4 Radiographic views. The term radiographic “projection” references the path of the central ray as it exits the x-ray tube and passes through the patient's body. For example, A denotes an anteroposterior (AP) projection and B a posteroanterior (PA) projection. In the extremities, lateral projections are similarly described by the direction of the central ray; hence, mediolateral and lateromedial projections are possible. However, when one deals with the head, neck, or body trunk, the lateral and oblique projections are further clarified by the specific “position” of the patient. Position denotes the placement of the patient's body, specifically the portion of the patient's anatomy that is in contact with the Bucky. For example, C indicates a lateral projection in a right lateral position, and D indicates a lateral projection in a left lateral position. In E, the patient is in a left anterior oblique (LAO) position, and in F, the patient is in a right anterior oblique (RAO) position, both corresponding to PA oblique projections.



Each table explains the position setup, central ray placement, tube angulation, optimal film size, and focal-film distance for each view. To conserve x-ray film and facilitate viewing, sometimes the film is divided so that multiple views of a body part are seen on a single film (Fig. 3-5). For each setup in the tables, there is a picture demonstrating the position and central ray placement and another to exhibit the anatomy demonstrated by the setup. The kV and mAs section lists the type of film screen combination used and whether the study is performed with the use of a grid or tabletop. If the use of a grid is listed, a fast film screen combination such as rare earth is suggested. If detailed or nongrid is listed, a slower speed film screen combination is suggested, such as those found in extremity cassettes or 100-speed cassettes. A suggested kV and mAs range is also provided for systems described in the previous section on technique. The “Additional Information” section describes other views that may be done to better demonstrate the desired anatomy. Technical tips are also included to aid in obtaining optimal studies.
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FIG 3-5 A to D, For some small body parts (e.g., foot and wrist), the x-ray film may be divided to accommodate several projections. From Ballinger PW, Frank ED: Merril's atlas of radiographic positions and radiologic procedures, ed 10, St. Louis, 2003, Mosby.






TABLE 3-1

SKULL





	Routine skull: PA Caldwell, AP Towne, Lateral Skull



	Position
	PA Caldwell



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances)



	Measurement
	Place caliper base at the back of the skull. Slide the caliper arm until it rests lightly at the nasion.



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertical in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient with nose and forehead against Bucky so the orbitomeatal line is perpendicular to the film.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	Using a 15-degree caudal tube tilt, central ray enters the back of the skull so as to exit the nasion.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Frontal bone, frontal and ethmoid sinuses, greater and lesser wing of the sphenoid, superior orbital fissure, foramen rotundum, orbital margins



	Additional information
	The caudal tube angle may be increased to 30 degrees to optimally define the inferior orbital rim area. Petrous pyramids appear in the lower third of the orbit as performed in the preceding view. These are projected below the inferior orbital rim on the 30-degree angle.
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	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place base bar of caliper on occiput. Slide moveable bar in toward the patient's head so as to touch the glabella.



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient in AP position so back of head touches Bucky. Tuck the chin so the orbitomeatal line is perpendicular to the film.



	Technique selection
	kVp 70 to 80; mAs 30 to 60



	SID
	40″



	Central ray placement
	Central ray is angled 30 degrees caudally and enters 2″ above the glabella (superciliary arch).



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Occipital bone, petrous pyramids, foramen magnum with dorsum sellae and posterior clinoids projected through it



	Additional information
	If the patient cannot tuck the chin sufficiently, adjust the head tilt so the infraorbitomeatal line is perpendicular to the film and increase the tube tilt to ≈37 degrees.
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	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place the base bar of the calipers on the temporal bone of one side of the head and move the slider bar toward the patient's head so as to touch the temporal bone on the other side of the head.



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient with side of head against Bucky. Oblique the patient's body for comfort. The interpupillary line is perpendicular to the film. The external occipital protuberance and the nasion should be equidistant from the film to prevent rotation.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray enters 1″ superior and anterior to the external auditory meatus.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting which side of the patient's head is touching the Bucky



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral cranium closest to film, sella turcica, anterior and posterior clinoids, and ethmoid sinuses
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AP, Anteroposterior; ID, identification; PA, posteroanterior; SID, source-to-image distance.

Right image from Frank DF, Long BW, Smith BJ: Merrill's atlas of radiographic positions and radiographic procedures, ed 12, St. Louis, 2012, Mosby.





TABLE 3-2

FACIAL BONES





	Routine Facial Bones: PA Caldwell, PA Waters, Lateral Facial Bones



	Position
	PA Waters



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place base bar of calipers on back of skull and move slider bar toward patient's face until it touches between bottom lip and tip of chin.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky so center of cassette is centered to the acanthion.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient in PA position with neck in slight extension so chin and nose rest against Bucky.
The orbitomeatal line should form a 55-degree angle to the film.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the Bucky and is centered to the center of the cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Floor of the orbits, maxillary sinuses



	Additional information
	Should be done in upright position to evaluate air fluid levels in the maxillary sinuses. Petrous ridges should be projected in the lower half of the maxillary sinuses below the inferior orbital rim. Good view for evaluation of possible “blowout” orbital fractures.
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	Position
	PA Caldwell



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place base bar of calipers against back of head. Move slider bar toward patient's face to rest on nasion.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky with center of cassette aligned to the nasion.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient in the PA position against the Bucky so the nose and forehead are against the Bucky and the orbitomeatal line is perpendicular to the cassette.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is angled 15 degrees caudally and is centered to cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Orbital rim, maxillae, nasal septum, and zygomatic bones



	Additional information
	For better definition of the inferior orbital rim area, increase the tube angle to 30 degrees.
Petrous pyramids should be projected in the lower third of the orbit with a 15-degree tube tilt and below the inferior orbital rim on the 30-degree tube tilt.
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	Position
	Lateral Facial Bones



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place the base bar of the calipers against the zygomatic arch. Move the slider bar of the calipers toward the patient's face so it rests on the opposite zygomatic arch.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place the patient in an anterior oblique position. Place the patient's head in a lateral position with the side of interest resting against the Bucky.



	Technique selection
	kVp 70 to 80; mAs 10 to 20



	SID
	40″



	Central ray placement
	The central ray enters 1.5” posterior to the outer canthus.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the side of the head that is closest to the Bucky



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Ethmoid, frontal, sphenoid, and maxillary sinuses in the lateral projection



	Additional information
	This view should be performed with the patient in the upright position to evaluate air fluid levels in the sinuses.
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ID, Identification; PA, posteroanterior; RAO, right anterior oblique; SID, source-to-image distance.





TABLE 3-3

CERVICAL SPINE: ROUTINE, TRAUMATIC, AND PALMER UPPER CERVICAL





	Routine: AP Open Mouth, AP Lower Cervical, Lateral Cervical



	Position
	AP Open Mouth



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place base bar of calipers on back of head. Instruct patient to open mouth. Move slider bar in toward patient's face to corner of mouth (without touching patient's mouth).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Place patient in the AP position with back of shoulders resting against Bucky. The plane of the upper occlusal plate and occiput with mouth open should be parallel to the floor.



	Technique selection
	kVp 70 to 80; mAs 10 to 15



	SID
	40″



	Central ray placement
	The central ray enters the midpoint of the open mouth.



	Collimation
	Collimate just under the eyes vertically and to the mastoids horizontally.



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral masses, anterior and posterior arches of C1, odontoid process, pedicles, lamina, and spinous process of C2



	Additional information
	Correct head placement is essential. If teeth superimpose odontoid, tip head back. If occiput superimposes odontoid, tip head forward. In extreme cases, the oblique odontoid or Fuchs view may be used.
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	Position
	AP Lower Cervical



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place the base bar of the calipers against the posterior aspect of the cervical spine at the level of C4.
Move the slider bar toward the patient until it touches the anterior aspect of the cervical spine at C4.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Place patient in the AP position with back of shoulders against the Bucky. The plane of the upper occlusal plate and base of occiput should be parallel to the floor so the mandible does not superimpose on C3.



	Technique selection:
	kVp 65 to 75; mAs 6 to 12



	SID
	40″



	Central ray placement
	The central ray should be angled 15 degrees cephalically so as to enter the area of C4 (thyroid cartilage).



	Collimation
	To film size vertically. To mastoids horizontally.



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Pedicles, lamina, transverse processes, vertebral bodies, and uncinate processes of C3 to C7. Lung apices are also visualized.



	Additional information
	If mandible obscures C3 and C4, elevate chin slightly or increase the angulation on the tube.
If a lesion is suspected in visualized lung apices, a PA and lateral chest radiograph should be performed.
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	Position
	Lateral Cervical (Neutral Position)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Place base bar of calipers on lateral side of patient's neck at C4 level. Move slider bar of calipers toward patient's neck so as to rest at the C4 level.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Place patient (standing or seated) next to the Bucky in the lateral position. The plane of the upper occlusal plate and the base of the occiput should be parallel to the floor. This ensures the mandible does not superimpose the anterior vertebral bodies.



	Technique selection
	kVp 70 to 80; mAs 15 to 30



	SID
	72″



	Central ray placement:
	The central ray is directed horizontally to the C4 vertebral level (approximately the level of the thyroid cartilage) and vertically through the mastoid process.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient that is closest to the film.



	Breathing instructions
	Full exhalation, to drop shoulders



	Anatomy visualized
	Vertebral bodies, intervertebral disc spaces, articular pillars, spinous processes, and anterior and posterior arch of atlas



	Additional Information
	This the most important view for the evaluation of cervical spine trauma. This film should be evaluated before continuing with the remainder of the cervical series in trauma cases. If C7 is poorly visualized, a swimmer's view may be used.
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	Position
	Lateral Cervical (Flexion and Extension: for Trauma)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Same as lateral cervical (neutral position)



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Same as lateral cervical (neutral position). For flexion view, ask patient to tuck chin into chest and roll head down so eyes rest on chest. For extension, ask patient to roll head backward, looking toward the ceiling.



	Technique selection
	kVp 70 to 80; mAs 15 to 30



	SID
	72″



	Central ray placement
	Same as lateral cervical (neutral position)



	Collimation
	To film size



	Marker placement
	Within the collimation field marking the side of the cervical spine that is closest to the film



	Breathing instructions
	Full exhalation



	Anatomy visualized
	These are additional views performed to demonstrate and evaluate excessive or diminished intersegmental mobility of the cervical spine.



	Additional information
	Flexion and extension views should be performed only after the lateral cervical (neutral position) view has been evaluated for a gross instability.
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	Position
	Cervical Oblique (for Trauma)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Same as lateral cervical



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The right and left oblique projections may be done in an anterior or posterior position. For anterior obliques (RAO and LAO), the anterior aspect of the patient's shoulder is placed against the Bucky and the body angled 45 degrees with the grid. For posterior obliques (RPO and LPO), the posterior aspect of the patient's shoulder is placed against the Bucky and the body angled 45 degrees with the grid. The anterior oblique position relates less radiation dose to the thyroid gland and better accommodates the diverging x-ray beam with the cervical lordosis. The plane of the upper occlusal plate and the base of the occiput should be parallel to the floor to ensure the mandible does not superimpose the vertebral bodies.



	Technique selection
	kVp 70 to 80; mAs 15 to 30



	SID
	72″



	Central ray placement
	Angle tube 15 degrees cephalically for posterior obliques or 15 degrees caudally for anterior obliques at the level of C4.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient that is closest to the Bucky



	Breathing instructions
	Full exhalation



	Anatomy visualized
	Borders of the intervertebral foramen, pedicles, facet joints, uncinates and posterior vertebral bodies.



	Additional information
	Optimal view for visualization of bony foraminal effacement resulting from cervical spine spondylosis. Optimal view for evaluation of pedicles for possible fracture and relationship of superior and inferior facet joints for possible dislocation in trauma cases. The posterior cervical oblique positions (RPO and LPO) demonstrate the opposite side intervertebral foramen (e.g., RPO shows left foramen), and the anterior cervical oblique positions (RAO and LAO) demonstrate the same side intervertebral foramen (e.g., RAO shows right foramen). The anterior oblique position relates less radiation dose to the thyroid, and the divergence of the x-ray beam better approximates the intervertebral disc angles; therefore, anterior obliques are typically preferred.
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	Position
	Oblique Odontoid (Kasabach Method)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Use recommended technique.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	AP with 45-degree rotation of the head



	Technique selection
	kVp 75 to 85; mAs 15 to 25



	SID
	40″



	Central ray placement
	Central ray is angled 15 degrees caudally to enter midway between the outer canthus and the external auditory meatus



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the head that is touching the Bucky



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Demonstrates oblique view of odontoid process



	Additional information
	This study is performed when the odontoid cannot be visualized on an AP open mouth view. In cases of trauma or in patients with decreased range of motion, the entire body can be rotated 45 degrees.
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	Position
	Fuchs (Nontrauma)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Using the calipers, place the base bar under the chin. Move the slider bar so that it touches the patient at the vertex of the skull.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID can be either up or down because of collimation.



	Patient placement
	Patient is in the AP position with the neck extended so the vertex of the skull touches the center of the Bucky.



	Technique selection
	kVp 70 to 80; mAs 10 to 15



	SID
	40″



	Central ray placement
	Central ray is angled 0 to 15 degrees (depending on the extent to which the patient can extend his or her neck) and enters 1″ below the chin.



	Collimation
	To part size, ≈5″ × 5″



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the odontoid process as it lies within the shadow of the foramen magnum



	Additional information
	This view should not be performed on a trauma patient or a patient with limited range of motion. Use of linear tomography may be required to better visualize the odontoid in cases of suspected fractures. This is a supplemental view used when the dens cannot be visualized on the AP open mouth view.
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	Position
	Pillar



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Same as AP lower cervical



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is in AP position with neck in full extension.



	Technique selection
	kVp 70 to 80; mAs 10 to 15



	SID
	40″



	Central ray placement
	Central ray is angled 35 degrees caudally and enters midline of the cervical spine, exiting at the C7 spinous process.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Shape and height of the pillar



	Additional information
	CT is the examination of choice to demonstrate pillar fractures, making this a view rarely performed.
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	Position
	Vertebral Arch (AP Caudal Tilt)



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Same as AP lower cervical



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is in AP position with neck in full extension, head obliqued. Both obliques are performed for comparison.



	Technique selection
	kVp 70 to 80; mAs 10 to 15



	SID
	40″



	Central ray placement
	Central ray is angled 25 degrees caudally and enters midthyroid cartilage ≈3″ below the external auditory meatus, exiting at the C7 spinous process.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the side of the patient's head closest to the film



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Shape and continuity of the posterior arch of the vertebrae



	Additional information
	CT is the examination of choice to demonstrate pillar fractures, making this a view that is rarely performed.


[image: image]






	Position
	Nasium*



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Using calipers, place base bar at the level of the occiput. Move the slider bar toward the patient's face until it rests on the glabella.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Patient is seated in the AP position. Bucky is tilted so as to touch the patient's head and shoulders.



	Technique selection
	kVp 70 to 80; mAs 15 to 30



	SID
	40″



	Central ray placement
	Central ray is angled caudally so as to enter the glabella and exit the inferior tip of the mastoid process. The amount of angulation is determined by measurement obtained from the lateral cervical radiograph.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Ocular orbits, lateral masses of C1, occipital condyles



	Additional information
	Filtration is used to cover the eyes. Head clamps are used to ensure head is held in a neutral position. This view demonstrates atlas laterality.
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	Position
	Base Posterior*



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Using the calipers, place the base bar at the vertex of the skull. Move the slider bar toward the patient resting the bar 1″ below the chin.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky. The Bucky is tilted 45 degrees with the top of the Bucky toward the tube.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Patient is seated in the AP position with head in neutral position. The stool should be raised to its highest level. The vertex of the skull is placed in the center of the Bucky.



	Technique selection
	kVp 75 to 85; mAs 20 to 30



	SID
	40″



	Central ray placement
	Central ray is angled cephalically entering 1″ below the chin, passing [image: image] anterior to the external auditory meatus, and exiting the vertex of the skull.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Atlas, axis, and nasal septum



	Additional information
	Filter out the eyes. Head clamps may be used to hold head in neutral position. This view is used to demonstrate atlas rotation. The vertex may be used as an alternate view.
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	Position
	Palmer Open Mouth*



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Using calipers, place the base bar against the occiput. Move the slider bar toward the patient's open mouth, stopping 1 cm short of touching the face.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky. Bucky should be tilted to touch the back of the patient's head and shoulders.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is seated in AP position with mouth open.



	Technique selection
	kVp 70 to 80; mAs 10 to 15



	SID
	40″



	Central ray placement
	The central ray is angled to simulate the direction of the line between the upper occlusal plate and the base of the occiput (0–5 degrees) and enters at the level of the corners of the mouth.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral masses, anterior and posterior arches of C1, odontoid process, pedicles, lamina and spinous process of C2, ocular orbits



	Additional information
	Use filter to cover the ocular orbits. Head clamps may be used to hold head in neutral position. This view demonstrates axis listing.
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	Position
	Palmer Lateral*



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Using calipers, place base bar against one side of patient's neck. Move slider bar to rest comfortably on opposite side of neck.



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is seated in a true lateral position with head in neutral position.



	Technique selection
	kVp 70 to 80; mAs 15 to 30



	SID
	72″



	Central ray placement
	Central ray is angled 90 degrees, perpendicular to film entering transverse process of C1 (the mastoid tip).



	Collimation
	To film size vertically. Horizontally, collimate to just behind the orbits.



	Marker placement
	Within the collimation field on the side of the body closest to the film



	Breathing instructions
	Suspend respiration on exhalation to lower shoulders.



	Anatomy visualized
	Vertebral bodies, intervertebral disc spaces, articular pillars, spinous processes, and anterior and posterior arch of the atlas



	Additional information
	This view demonstrates atlas superiority or inferiority. The measurements are also taken off of this view to determine the tube tilt for the nasium view.
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	Position
	Vertex*



	Patient preparation
	Remove any artifacts in the desired field (e.g., earrings, dentures, hair appliances).



	Measurement
	Same as base posterior*



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky. The Bucky is tilted 45 degrees so the bottom of the Bucky is closest to the tube.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is seated facing the Bucky. The stool should be lowered to its lowest level. With neck extended, the chin should rest in the center of the Bucky.



	Technique selection
	kVp 75 to 85; mAs 20 to 30



	SID
	40″



	Central ray placement
	The central ray enters the vertex of the skull, passes [image: image] in front of the external auditory meatus, and exits 1” below the chin.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient's head



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Atlas, axis, nasal septum



	Additional information
	Filtration is used over the ocular orbits. Head clamps may be used to hold the head in a neutral position. This view demonstrates atlas rotation. It is used as an alternate to the base posterior view.
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AP, Anteroposterior; CT, computed tomography; ID, identification; LAO, left anterior oblique; LPO, left posterior oblique; PA, posteroanterior; RAO, right anterior oblique; RPO, right posterior oblique; SID, source-to-image distance.

*Special view used for Palmer upper cervical technique analysis.





TABLE 3-4

THORACIC SPINE, CHEST, RIBS, AND STERNUM





	Routine Thoracic Spine: AP and Lateral



	Position
	AP Thoracic Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Using the calipers, place the base bar on the patient's spine. Rotate the caliper so that it is over the patient's shoulder. Then move the slider bar into the sternum of the patient.



	Shielding
	Secure lead apron around patient.



	Film selection
	7 × 17 or 14 × 17



	Film placement
	Place vertically in Bucky. The top of the cassette should be 1″ to [image: image] above the vertebral prominence.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against the Bucky.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	Center to the center of the cassette, ≈2″ to 4″ below the sternal notch



	Collimation
	To 7 × 17



	Marker placement
	Within the collimation field on either the right side or left side of patient's spine



	Breathing instructions
	Suspend on inspiration



	Anatomy visualized
	Vertebral bodies, intervertebral disc spaces, pedicles, spinous and transverse processes, posterior ribs, and costovertebral joints. Paraspinal lines (pleural interface) can also be seen.



	Additional information
	For best results, the tube should be positioned so the anode is toward the patient's head and the cathode is down, taking advantage of the “heel effect.”
Wedge filtration should be used to achieve a more uniform density. The filter should be placed down to the midsternum.
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	Position
	Lateral Thoracic Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Standing behind the patient, place base bar of calipers under left arm. Move slider bar so as to snugly rest under right arm.



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky. The top of the cassette should be [image: image] above the vertebral prominence.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is in lateral position (depending on direction of spinal curve) with arms raised and elbows flexed. Humeri should be parallel to floor.



	Technique selection
	kVp 75 to 85; mAs 40 to 60



	SID
	40″



	Central ray placement
	Central ray to center of previously placed cassette



	Collimation
	To film size vertically. To patient size horizontally.



	Marker placement
	Within the collimation field on the side of the patient that is closest to the Bucky



	Breathing instructions
	Suspend on deep inspiration. Or use the breathing technique whereby the patient takes in a deep breath and blows out slowly as if blowing through a straw (which constitutes a low mA and a long exposure time).



	Anatomy visualized
	Thoracic vertebral bodies, intervertebral disc spaces, intervertebral foramen. Upper three to four vertebrae may not be visualized because of shoulder thickness.



	Additional information
	Use filtration from the bottom of the collimation field to the cross hairs of the central ray to provide a more uniform density of the entire thoracic spine.
If using the breathing technique, use the longest exposure time with the smallest mA station that corresponds to the necessary mAs for each patient.
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	Position
	Swimmer's



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as lateral thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10 or 10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Patient can be seated or standing with arm closest to Bucky in full extension to pass alongside the ear.
Shoulder nearest x-ray tube should be relaxed to its lowest point.



	Technique selection
	kVp 80 to 90; mAs 80 to 120



	SID
	40″



	Central ray placement
	The central ray enters the T1–T2 level along the midaxillary plane.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient depending on which lateral is performed.



	Breathing instructions
	Suspend on exhalation.



	Anatomy visualized
	Lower cervical and upper thoracic vertebral bodies and intervertebral disc spaces projected between the shoulders.



	Additional information
	A 5-degree caudal tube tilt may help to separate the shoulders and reduce superimposition of surrounding anatomy. This view may be used when C6-C7 cannot be visualized on the lateral cervical view.
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	Routine Chest: PA and Lateral



	Position
	PA Chest



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place either vertically or horizontally in Bucky depending on width of patient. The top of the cassette should be [image: image] above the vertebral prominence.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is in PA position with chest against Bucky, head straight, chin slightly elevated, and arms rolled forward.



	Technique selection
	kVp 110 to 120; mAs 1 to 4



	SID
	72″



	Central ray placement
	The central ray is centered to the previously placed cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field above the shoulder on either the right or left side.



	Breathing instructions
	Deep inhalation



	Anatomy visualized
	Lungs, including apices, tracheal air shadow, heart, great vessels, and diaphragm. This view also demonstrates the costophrenic angles and bony thorax.



	Additional information
	The use of high kVp ensures an increased grayscale on the radiograph.
Poor inspiratory efforts alter cardiothoracic ratio. One should be able to visualize the first four thoracic vertebral bodies, seven anterior ribs, and 10 posterior ribs.
In suspected apical lesions or middle lobe infiltrates, a lordotic view may be performed to better define these areas.
If a pneumothorax is suspected, an additional view, a PA chest performed with full expiration, accentuates the visceral–parietal pleural interspace.
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	Position
	Lateral Chest



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as lateral thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky. Top of cassette should be [image: image] above vertebral prominence.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Standing with left side against Bucky with both arms in full extension raised above head.



	Technique selection
	kVp 110 to 120; mAs 4 to 16



	SID
	72″



	Central ray placement
	Central ray is centered to center of cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient closest to the film just below the ID blocker



	Breathing instructions
	Deep inspiration



	Anatomy visualized
	Lungs, trachea, heart, great vessels, diaphragm, posterior costophrenic angles, and bony thorax



	Additional information
	The left lateral position is performed to reduce magnification of the heart shadow by having the heart closest to the film.
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	Position
	Apical Lordotic



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as PA chest



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky. Center to central ray.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Patient is in AP position ≈1 foot from Bucky. Patient then leans back so back of shoulders comes in direct contact with Bucky. If the patient is unable to assume this position, she or he may stand upright, and the tube can be angled 10 degrees cephalic to achieve the same effect. If the patient is not able to assume this position safely, the patient may stand upright, and a 10- to 15-degree cephalic tube tilt can be used.



	Technique selection
	kVp 110 to 120; mAs 1 to 4



	SID
	72″



	Central ray placement
	Central ray enters midsternum.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Deep inspiration



	Anatomy visualized
	This view demonstrates the apices of the lung free of superimposition of the clavicles. This view also demonstrates interlobar effusions, if present.



	Additional information
	This view may help to localize and define any lesions suspected to be posterior to the clavicle. This view also may demonstrate infiltrate in the right middle lobe.
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	Position
	Lateral Decubitus



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as PA chest



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place horizontally in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is lying on affected side (e.g., right side down for right lateral decubitus, left side down for left lateral decubitus). Arms are raised above head. Patient is placed on cart or table so the shoulders are 2″ to 3″ below top of film.



	Technique selection
	kVp 110 to 120; mAs 2 to 5



	SID
	72″



	Central ray placement
	To center of previously centered cassette



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Deep inspiration



	Anatomy visualized
	This view is performed when the patient cannot stand and pleural effusion is suspected. Because the side down is the dependent portion of the chest, small pleural effusions may be demonstrated. This view helps delineate between small pleural effusions and scar tissue formation.



	Additional information
	Because pleural effusions less than 300 cc usually cannot be seen clearly on routine PA chest radiography, decubitus films should be performed if pleural effusions are suspected.
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	Ribs: AP or PA Unilateral or Bilateral Above or Below Diaphragm, Oblique, and PA Chest



	Position
	AP Bilateral Upper Ribs



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place transversely in Bucky. The top of the cassette should be 1.5″ above the vertebral prominence.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the AP position.



	Technique selection
	kVp 65 to 75; mAs 20 to 40



	SID
	40″



	Central ray placement
	Central ray is centered to center of cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Suspend breathing on full inspiration.



	Anatomy visualized
	Ribs above the diaphragm, especially the posterior aspect of the ribs



	Additional information
	The most common area of rib fracture is within the axillary margin of the rib, which is not clearly seen on this projection.
Oblique views are required to visualize the axillary margin of the rib.
A PA chest projection should be performed to rule out pneumothorax.
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	Position
	AP Bilateral Lower Ribs



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Measure AP through T12 area.



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place transversely in Bucky. The bottom of the cassette is 1″ below the top of the iliac crest.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position.



	Technique selection
	kVp 70 to 80; mAs 30 to 60



	SID
	40″



	Central ray placement
	The central ray is directed to the center of the cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Ribs below the diaphragm



	Additional information
	A CT scan of the abdomen may be warranted to rule out damage to the internal organs if a fracture of the lower ribs is suspected.
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	Position
	AP Ribs, Unilateral



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky. The top of the cassette should be 1.5″ above the vertebral prominence for ribs above the diaphragm. If the lower ribs are of interest, the cassette should be placed so the bottom of the cassette is 1″ below the top of the iliac crest.



	ID placement
	ID should be in the corner of the collimation field opposite the area of interest.



	Patient placement
	The patient is standing with the midclavicular plane of the affected side centered to the center of the cassette.



	Technique selection
	kVp 65 to 75; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is directed to the center of the cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field on side of the patient that is closest to the Bucky



	Breathing instructions
	For ribs above the diaphragm, suspend respiration on full inspiration. For ribs below the diaphragm, suspend respiration on full expiration.



	Anatomy visualized
	Ribs above or below the diaphragm. The view should include the area between the costovertebral joints to the axillary border of the ribs.



	Additional information
	This view is performed when patient presents with rib complaints on one side only.
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	Position
	Oblique Ribs



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky. For ribs above the diaphragm, the cassette is placed 1.5″ above the diaphragm. For ribs below the diaphragm, the bottom of the cassette is placed 1″ below the top of the iliac crest.



	ID placement
	ID should be in corner of collimation field opposite the area of interest.



	Patient placement
	The patient is standing in the AP position. Rotate the patient toward affected side 45 degrees. Right-sided rib injury requires an RPO; left-sided rib injury an LPO.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is directed to the center of the cassette just lateral to the midsternal area.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient that is closest to the Bucky



	Breathing instructions
	For ribs above the diaphragm, suspend respiration on full inhalation. For ribs below the diaphragm, suspend respiration on full exhalation.



	Anatomy visualized
	Axillary margin of ribs on the affected side



	Additional information
	If oblique views cannot be performed with the patient in the posterior oblique position, anterior obliques may be done. The affected side is placed away from the film. An LAO is performed in right-sided injuries; an RAO is performed in left-sided injuries.
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	Position
	Costal Joints



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP thoracic spine



	Shielding
	Secure lead apron around patient.



	Film selection
	11 × 14 (a 14 × 17 can be used with appropriate collimation)



	Film placement
	Place vertically in Bucky. Center to central ray.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	Patient is standing in the AP position, centered to the Bucky.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is angled 30 degrees cephalically so as to enter the lower aspect of the sternum, exiting at the level of T6.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right or left side of patient



	Breathing instructions
	Suspend respiration on full inspiration.



	Anatomy visualized
	Costovertebral and costotransverse joints of the upper to midthoracic spine



	Additional information
	This view demonstrates changes to these joint spaces from entities such as rheumatoid arthritis and degenerative joint disease.
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	Sternum: RAO and Lateral



	Position
	RAO Sternum



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	AP through midline of sternum



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky. Center to central ray.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the PA position, centered to the Bucky. Rotate the patient ≈20 degrees so as to effect the RAO position.



	Technique selection
	kVp 75 to 85; mAs 30 to 40



	SID
	40″



	Central ray placement
	The central ray enters just left of the spine at the level of T6.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the patient's right side



	Breathing instructions
	Use the breathing technique whereby the patient takes even, shallow breaths, using a long exposure time.



	Anatomy visualized
	A slightly oblique PA projection of the sternum superimposed over the heart shadow



	Additional information
	The RAO position is used so as to project the sternum over the heart shadow, which provides a homogenous background and increased visualization of the sternum.
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	Position
	Lateral Sternum



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Measure laterally under the axilla.



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in corner of collimation field. The top of the cassette is placed 1″ above the suprasternal notch.



	Patient placement
	The patient is standing in a lateral position with hands clasped behind the back, forcing a slight forward thrust of the sternum.



	Technique selection
	kVp 75 to 85; mAs 40 to 60



	SID
	40″



	Central ray placement
	The central ray is directed to the center of the cassette at the level of the midsternum.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting either a right lateral or a left lateral



	Breathing instructions
	Suspend respiration on full inspiration.



	Anatomy visualized
	The entire sternum is projected in the lateral position.



	Additional information
	If performing this view recumbent, raise the patient's arms above the head.
In women, the breast should be moved out of the collimation field, if possible, and secured with a wrap so breast shadows do not obscure the lower aspects of the sternum.
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AP, Anteroposterior; CT, computed tomography; ID, identification; LAO, left anterior oblique; LPO, left posterior oblique; PA, posteroanterior; RAO, right anterior oblique; RPO, right posterior oblique; SID, source-to-image distance.

Right image from Frank DF, Long BW, Smith BJ: Merrill's atlas of radiographic positions and radiographic procedures, ed 12, St. Louis, 2012, Mosby.





TABLE 3-5

LUMBAR SPINE





	Routine Lumbar Spine: AP and Lateral



	Position
	AP Lumbar Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Using the calipers, place the base bar on the patient's back. Move the slider bar toward the thickest part of the patient's abdomen.



	Shielding
	Use appropriate gonadal shielding.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with the midsagittal plane in the center of the Bucky.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray is directed to a point 1″ below the iliac crest in females; 2″ below the crest in males so as to exit the disc interspace of L3–L4. Optimal positioning should include the ischial tuberosities on the film.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right or left side of patient



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Lumbar vertebral bodies, intervertebral disc interspaces, lumbar spinous and transverse processes, lamina, pars interarticularis, SI joint, sacral ala, pelvis



	Additional information
	In larger patients, recumbent radiography provides better film quality. Compression also may be used to enhance film quality in upright radiography.
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	Position
	Lateral Lumbar Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Using the calipers, place the base bar on one side of the patient. Move the slider bar toward the opposite side of the patient 1″ above the iliac crest.



	Shielding
	Shielding is not necessary for this view.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the lateral position with the convexity of the lumbar curve next to the Bucky. The midaxillary plane is centered to the center of the cassette.



	Technique selection
	kVp 80 to 90; mAs 90 to 180



	SID
	40″



	Central ray placement
	The central ray is directed to a point 1″ above the iliac crest and halfway between the ASIS and PSIS.



	Collimation
	To film size vertically. To patient size horizontally.



	Marker placement
	Within the collimation field on the side of the patient closest to the cassette



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Lumbar vertebral bodies, intervertebral disc interspaces, lumbar spinous processes, intervertebral foramina, sacrum, and coccyx in the lateral projection



	Additional information
	This view may be performed with the patient in the lateral recumbent position for larger patients, providing improved radiographic quality.
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	Position
	L5–S1 Lateral Spot



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Using the calipers, place the base bar 3″ below the iliac crest on one side of patient. Move the slider bar in so to rest on the opposite side of the patient, 30 below the crest.



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the lateral position with the midaxillary plane centered to the center of the cassette. Arms are lifted and folded in front of the patient.



	Technique selection
	kVp 80 to 90; mAs 120 to 200



	SID
	40″



	Central ray placement
	The central ray enters 3″ below the iliac crest vertically and 1.5″ to 2″.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the side of the patient closest to the Bucky



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	L5–S1 disc interspace



	Additional information
	A 5-degree caudal tube tilt may be used to better demonstrate the lumbosacral joint space.
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	In larger patients, recumbent radiography improves film quality.



	Position
	L5–S1 AP



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP lumbopelvic



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the AP position with the midsagittal plane centered to the center of the cassette.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray is angled 30 degrees cephalically to enter at the level of the ASIS to exit the L5 disc space.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	This projection opens up the L5–S1 interspace. This view also visualizes the SI joints.



	Additional information
	In females, the tube tilt should be increased to 35 degrees.
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	This view demonstrates L5 transitional vertebra. This view better demonstrates the SI joints than the standard AP lumbopelvic view.



	Position
	Oblique Lumbar Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP lumbopelvic



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The right and left lumbar oblique views may be done in an anterior or posterior patient position. The choice of performing either anterior or posterior oblique projections is influenced by two factors. The anterior oblique position better accommodates the diverging x-ray beam with the lordotic curvature of the lumbar spine. The posterior oblique position decreases the OFD distance for an obese patient with a large abdomen. For anterior oblique positions (RAO and LAO), the anterior aspect of the patient's pelvis is placed against the grid, and the body is angled 45 degrees with the grid. For posterior oblique positions (RPO and LPO), the posterior aspect of the patient's pelvis is placed against the grid, and the body is angled 45 degrees with the grid.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray enters 1″ above the iliac crest and 1″ lateral to the spine on the side closest to the tube. For the LPO and RPO, the central ray is 1″ above the iliac crest with the vertical portion of the central ray positioned to the midpoint of the clavicle.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient that is closest to the Bucky



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Lumbar vertebral bodies and intervertebral disc interspaces, lumbar spinous and transverse processes, lamina, pars interarticularis, apophyseal joints. If properly positioned, the “Scotty dog” appearance formed by the pedicle, transverse process, superior and inferior articular facets, and pars interarticularis is visualized. The posterior oblique positions demonstrate the same side pars interarticularis (i.e., RPO shows right pars), and the anterior oblique positions demonstrate the opposite side pars interarticularis (i.e., RAO shows the left pars).



	Additional information
	Although posterior oblique positions can be performed, anterior oblique positions are preferred to minimize distortion. This view yields optimal visualization of the pars interarticularis when spondylolisthesis is suspected. For visualization of the apophyseal joints of the lower lumbar spine, a 30-degree rotation may be used.
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	Routine Sacrum: AP and Lateral



	Position
	AP Sacrum



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP lumbopelvic



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the AP position with the midsagittal plane centered to the center of the Bucky.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray is angled 15 degrees cephalically to enter 2″ above the pubic symphysis.



	Collimation
	To film size



	Marker placement
	Within the collimation field on either the right or left side of patient



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	True frontal projection of sacrum, SI joints, sacral ala, and sacral foramina



	Additional information
	This view may be performed on larger patients in the recumbent position to improve film quality.
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	Fecal material in rectosigmoid colon may obscure detail, so it may be helpful to radiograph patients immediately after evacuation.



	Position
	Lateral Sacrum



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as lateral L5–S1



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is standing in the lateral position with arms raised and folded in front of chest, or recumbent.



	Technique selection
	kVp 75 to 85; mAs 90 to 180



	SID
	40″



	Central ray placement
	The central ray enters 3″ below the iliac crest vertically and midway between the ASIS and PSIS horizontally.



	Collimation
	To film size



	Marker placement
	Within the collimation field to denote the side of the patient closest to the Bucky



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Lateral projection of sacrum and coccyx



	Additional information
	This view may be performed recumbent in larger patients.
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	Bowel gas in the rectal vault may be helpful in this view because displacement of the rectal shadow is useful in evaluating trauma to the sacrum.



	Position
	SI Joints



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP lumbopelvic



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the PA position with the unaffected side rotated 25 degrees away from the Bucky to perform an anterior oblique. In an RAO position, the right SI joint is visualized; in LAO, the left SI joint is visualized.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray enters the SI joint of the side closest to the Bucky at the level of the ASIS.



	Collimation
	To film size



	Marker placement
	Within the collimation field on the side of the patient closest to the Bucky



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Profile image of the SI joint nearest the film



	Additional information
	Both obliques should be performed for comparison. Posterior obliques may be performed—the posterior oblique will demonstrate the SI joint that is farthest from the film.
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	Routine Coccyx: AP and Lateral



	Position
	AP Coccyx



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Using calipers, place base bar at the top of the gluteal cleft. Move the slider bar to rest 2” above pubic symphysis.



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with the midsagittal plane centered to the center of the Bucky.



	Technique selection
	kVp 70 to 80; mAs 30 to 50



	SID
	40″



	Central ray placement
	The central ray is angled 10 degrees caudally so as to enter midline 2″ above the pubic symphysis.



	Collimation
	To part size



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	True AP projection of the coccyx free of superimposition of the symphysis pubis.



	Additional information
	Fecal material in rectosigmoid colon may obscure the coccyx. For this reason, it may improve the quality of the radiograph to perform this view immediately after evacuation of the bowels.
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	Position
	Lateral Coccyx



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Same as AP coccyx



	Shielding
	Shielding is unnecessary for this view.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is best radiographed for this view in the recumbent position with the knees flexed.



	Technique selection
	kVp 70 to 80; mAs 30 to 50



	SID
	40″



	Central ray placement
	The central ray enters 2” posterior to the greater trochanter.



	Collimation
	To part size



	Marker placement
	Within the collimation field to denote the side closest to the Bucky



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Lateral projection of the coccyx



	Additional information
	A lead strip placed on the table behind the patient helps to absorb scatter radiation, thereby improving film quality.
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	Position
	AP Full Spine



	Patient preparation
	Remove any artifacts in the desired field (e.g., underwear, clothing with hooks, snaps, zippers). Place patient in gown.



	Measurement
	Measure AP through the thickest portion of the patient.



	Shielding
	Place appropriate gonadal shielding.



	Film selection
	14 × 36



	Film placement
	Place vertically in Bucky. The cassette should be centered so as to include C1 through the ischial tuberosities.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with the midsagittal plane centered to the center of the Bucky. The arms are at the patient's side and slightly abducted to remove them from the collimation field. The patient opens the mouth, and the head is aligned to visualize C1 and C2.



	Technique selection
	kVp 80 to 90; mAs 50 to 100



	SID
	72″



	Central ray placement
	The central ray is centered to the cassette.



	Collimation
	To film size vertically and to patient size horizontally



	Marker placement
	Within the collimation field on either the right side or left side of patient



	Breathing instructions
	Suspend respiration on full expiration.



	Anatomy visualized
	AP projection of the entire vertebral column, including the pelvis



	Additional information
	Compensating filtration should be placed down to the midsternum to accommodate for different tissue densities.
Large patients should be radiographed as sectional series for better visualization of the spine.
This view is useful in scoliosis evaluation. It may be performed in the PA position to reduce breast and gonad dose.
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	Position
	Lateral Full Spine



	Because of technical limitations, which can result in suboptimal radiographic quality, this view is not recommended. Lateral sectional views should accompany the AP full spine for a complete study.



	Routine Abdomen: AP Supine and AP Upright



	Position
	AP Abdomen: Supine



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Shielding
	Do not use.



	Film selection
	14 × 17



	Film placement
	Place vertically in the table Bucky.



	ID placement
	ID blocker should be in the lower corner of the collimation field.



	Patient placement
	The patient is lying in the AP recumbent position centered to the midline of the table. The arms are placed by the patient's side.



	Technique selection
	kVp 70 to 80; mAs 40 to 60



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the cassette at the level of the iliac crest, to include pubic symphysis.



	Collimation
	To film size



	Marker placement
	Within the collimation field, in a lower corner, denoting the patient's right or left side



	Breathing instructions
	Suspend respiration on expiration.



	Anatomy visualized
	AP projection of the abdomen demonstrating size and shape of liver, spleen, and kidneys. Also demonstrates intraabdominal calcifications, bowel gas patterns, and evidence of tumor masses.



	Additional information
	Use of higher kVp results in a long scale of contrast necessary to delineate the various densities of the internal organs.
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	Position
	AP Abdomen: Upright



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Shielding
	None used



	Film selection
	14 × 17



	Film placement
	Place vertically in the Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky and centered to midline of Bucky.



	Technique selection
	kVp 70 to 80; mAs 60 to 80



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the film at a level of 2″ to 3″ above the crest to include the diaphragm.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the patient's right or left side



	Breathing instructions
	Suspend respiration on full expiration.



	Anatomy visualized
	AP projection of the abdomen demonstrating size and shape of liver, spleen, and kidneys. Also demonstrates intraabdominal calcifications, bowel gas patterns, and evidence of tumor masses.
The upright also demonstrates intraperitoneal free air under the diaphragm, as well as air fluid levels within the bowel.



	Additional information
	The diaphragm must be included in upright abdomen for evaluation of free air. If intraperitoneal free air is suspected, lay the patient on the left side for 10 to 20 minutes to allow free air to rise into the area under the right hemidiaphragm, where it is not superimposed by the gastric air bubble.
This view is performed in addition to the supine abdomen as its opposing perspective.
A PA chest should be included to complete an abdominal series.
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	Position
	Oblique Abdomen



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers). Place patient in gown.



	Shielding
	None used



	Film selection
	14 × 17



	Film placement
	Place vertically to the long axis of the patient in the Bucky.



	ID placement
	The ID should be in the corner of the collimation opposite the affected side.



	Patient placement
	The patient is lying recumbent on the table, obliquely rotated (≈30 degrees) so the affected side is touching the tabletop. The patient's hands can be placed over the chest to remove them from the desired area. Alternatively, the patient may be radiographed in the upright position.



	Technique selection
	kVp 70 to 80; mAs 40 to 60



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette at the level of the iliac crest.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected side



	Breathing instructions
	Suspend respiration on full expiration.



	Anatomy visualized
	Oblique projection of the abdomen, demonstrating a perpendicular renal shadow of the side closest to the film; the renal shadow on the elevated side is projected in profile.



	Additional information
	The view is helpful in localizing intraabdominal radiopacities. By placing the affected side down, anteriorly located radiopacities, such as gallstones, are projected farther away from the spine. The right posterior oblique position is the best position for this type of demonstration.
Posterior radiopacities, such as kidney stones, are projected closer to the spine in the posterior oblique position.
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AP, Anteroposterior; ASIS, anterior superior iliac spine; ID, identification; LAO, left anterior oblique; OFD, object-film distance; PA, posteroanterior; PSIS, posterior superior iliac spine; RAO, right anterior oblique; SI, sacroiliac; SID, source-to-image distance.





TABLE 3-6

UPPER EXTREMITIES





	Routine Shoulder: Internal and External Rotation



	Position
	AP Shoulder Internal Rotation



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky. The top of the cassette is 1.5″ above the head of the humerus.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky. The arm of the affected shoulder is internally rotated so the epicondyles of the elbow are perpendicular to the plane of the film.



	Technique selection
	kVp 70 to 80; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray enters the coracoid process.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected shoulder



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Proximal humerus, scapula, humeral head in relation to the glenoid fossa. Internal rotation demonstrates the humerus in the true lateral position.



	Additional information
	This view demonstrates the subdeltoid bursa area.
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	If the shoulder is too painful to be internally rotated, the affected side can be turned away from the film to obtain a similar view.



	Position
	AP Shoulder External Rotation



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky. The top of the cassette should be placed 1.5″ above the head of the humerus.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky The arm is rotated externally so the epicondyles of the elbow are parallel to the plane of the film.



	Technique selection
	kVp 70 to 80; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray enters the coracoid process.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected shoulder



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Proximal humerus, scapula, humeral head in relation to glenoid fossa. External rotation demonstrates the proximal humerus in the true AP position.



	Additional information
	This view demonstrates calcified deposits in tendon insertions and the greater tuberosity of the proximal humerus in profile, which is the site of insertion of the supraspinatus tendon.
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	Position
	AP Glenoid Fossa



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky with the top of the cassette 1.5″ the head of the humerus.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky. Rotate the patient 35 to 40 degrees toward affected side so the scapula is parallel to the film. The arm is in the neutral position with hand slightly supinated.



	Technique selection
	kVp 70 to 80; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray enters the glenohumeral joint space.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the shoulder of interest



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Glenoid fossa in profile. The joint space between the humeral head and glenoid fossa is also demonstrated.



	Additional information
	The degree of patient rotation depends on how round shouldered the patient is, and the angle increases as the degree of rounding increases.



	 
	This view may be used in place of the standard AP placement for internal and external rotation.
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	Position
	AP Neutral Position



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky. The top of the cassette should be 1.5″ above the head of the humerus.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky. The arm is in the neutral position with no rotation.



	Technique selection
	kVp 70 to 80; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray enters the coracoid process.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected shoulder



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Proximal humerus, scapula, humeral head in relation to glenoid fossa, greater tubercle



	Additional information
	This view is used to detect fracture or dislocation within the shoulder girdle. In cases of suspected fracture or dislocation, DO NOT attempt to rotate the patient's arm.
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	Routine AC Joints: Weighted and Unweighted



	Position
	AC Joints: Unweighted and Weighted



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of field.



	Patient placement
	The patient is standing in the AP position with back against Bucky. Adjust the height of the cassette so the AC joint is centered to the film.



	Technique selection
	kVp 60 to 70; mAs 6 to 12



	SID
	40″



	Central ray placement
	The central ray is angled 5 degrees cephalically so as to enter the AC joint.



	Collimation
	To part size



	Marker placement
	Within the collimation field



	Breathing instructions
	Suspend respiration on full exhalation.



	Anatomy visualized
	Relationship of distal clavicle to the acromion process. Integrity of AC joint.



	Additional information
	A tube tilt of 5 degrees cephalic may be used to elongate the AC joint in relation to the acromion. Patient handheld weights, such as sandbags with strap handles, may be used to distract the acromion from the clavicle, thereby testing the integrity of the joint by measuring the resultant joint gap on the radiograph.
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	Routine Clavicle: PA and AP Axial



	Position
	PA Clavicle



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is standing in the PA position with the clavicle of interest centered to the center of the cassette. The patient's head is turned away from the affected side.



	Technique selection
	kVp 60 to 70; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray is directed midclavicle.



	Collimation
	To film size horizontally. Collimate to ≈4″ vertically.



	Marker placement
	Within the collimation field denoting the clavicle of interest



	Breathing instructions
	Suspend respiration.



	Anatomy visualized
	Frontal projection of the clavicle and AC joint



	Additional information
	Detail is increased when view is taken in the PA position because of decreased OFD.
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	Position
	AP Axial Clavicle



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place horizontally in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky and clavicle centered to center of cassette. Turn patient's head away from affected side.



	Technique selection
	kVp 60 to 70; mAs 8 to 16



	SID
	40″



	Central ray placement
	The central ray is angled 15 degrees cephalically so as to enter the subclavicular fossa at the midclavicle level.



	Collimation
	To film size horizontally. To ≈4″ vertically.



	Marker placement
	Within the collimation field denoting the affected clavicle



	Breathing instructions
	Suspend on exhalation.



	Anatomy visualized
	Axial projection of the clavicle free of superimposition of underlying structures



	Additional information
	Placing the patient in the lordotic position, one foot away from the Bucky, leaning backward so the affected side is touching the Bucky further exaggerates the axial view, moving it even farther away from underlying structures.
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	Routine Scapula: AP and Lateral



	Position
	AP Scapula



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with back against Bucky. The affected scapula is centered to the center of the Bucky with the arm abducted 90 degrees to draw the scapula laterally.



	Technique selection
	kVp 70 to 80; mAs 15 to 25



	SID
	40″



	Central ray placement
	The central ray is directed to enter 2″ below the coracoid, exiting midscapula.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected scapula



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the scapula with its lateral aspect free of superimposition of overlying structures



	Additional information
	Do not rotate the patient toward the affected side because this superimposes the lateral border of the scapula over the bony thorax.



	 
	The full scapula series (AP and lateral) is performed in conjunction with the shoulder series when scapular fracture is suspected.
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	Position
	Lateral Scapula



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky with top of cassette ≈2” above the head of the humerus.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the anterior oblique position with the affected side against the Bucky. Instruct the patient to grasp the opposite shoulder with arm of affected side so the scapula is in a true lateral position to the central ray.



	Technique selection
	kVp 70 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray enters the midvertebral border of the scapula.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected scapula.



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral view of the scapula free of superimposition of the rib cage.



	Additional information
	The patient is positioned at an ≈60-degree oblique angle.



	 
	This is the best view for demonstrating fractures within the body of the scapula.



	 
	If possible, extend the patient's arm upward to rest on top of the head—this provides optimal view of the acromion and coracoid process.



	 
	To better demonstrate the humeral head in relation to the glenoid fossa, align the patient's arm along the body so the wing of the scapula superimposes it. This view can be used as an alternative to the transthoracic view in a traumatic shoulder series.
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	Routine Humerus: AP and Lateral



	Position
	AP Humerus



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	7 × 17 or collimated on a 14 × 17



	Film placement
	Place vertically in Bucky with the top of the cassette ≈2″ above the humeral head or the bottom of the cassette 1” below the elbow joint, depending on which joint is closest to the injury.



	ID placement
	ID should be in the upper corner of the collimation field if including the elbow joint as joint of interest or in the lower corner if the shoulder joint is the joint of interest.



	Patient placement
	The patient is standing in the AP position with back against the Bucky. Rotate the patient toward the affected side so the humerus is in contact with the Bucky. Supinate the hand and slightly abduct arm.



	Technique selection
	kVp 60 to 70; mAs 5 to 10



	SID
	40″



	Central ray placement
	The central ray is directed to the midshaft of the humerus.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the humerus of interest



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Frontal projection of the humerus



	Additional information
	If the patient is in severe pain or fracture is suspected, do not supinate the hand. Perform the radiograph with the arm in the neutral position.
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	Position
	Lateral Humerus



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	7 × 17 or collimated on 14 × 17



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in corner of collimation field opposite the joint of interest.



	Patient placement
	The patient is standing in the AP position with back against the Bucky. The elbow is flexed and the forearm is adducted across the abdomen. The humerus is moved slightly lateral to avoid superimposition of the thorax. The hand is supinated so the palm points upward.



	Technique selection
	kVp 60 to 70; mAs 5 to 10



	SID
	40″



	Central ray placement
	The central ray is directed to the midshaft of the humerus.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the humerus of interest



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the humerus



	Additional information
	The view can be obtained with the patient in the PA position to bring humerus closer to Bucky.



	 
	If patient is experiencing severe pain, do not supinate hand, which rotates humerus into lateral position.
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	Position
	Transthoracic Lateral



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky with top of cassette placed 30 above the top of the shoulder.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is standing with the affected side placed against the Bucky and the opposite arm raised above head. The affected humerus is centered to the cassette.



	Technique selection
	kVp 75 to 85; mAs 40 to 60



	SID
	40″



	Central ray placement
	The central ray is angled 10 to 15 degrees cephalically and enters the opposite axilla so as to exit the surgical neck of the affected humerus.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected humerus



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Upper half of the humerus in relation to the glenoid fossa projected through the thorax



	Additional information
	The patient must be in a true lateral position to avoid superimposition of the thoracic spine.



	 
	This view demonstrates anterior or posterior displacement of surgical neck fractures.
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	Routine Elbow: AP, Lateral, Internal, and External Oblique



	Position
	AP Elbow



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 placed horizontally and divided in half with AP elbow centered to half of cassette.



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with affected elbow fully extended and hand supinated. The adjacent anatomy is lowered to the same plane as the tabletop.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid).



	SID
	40″



	Central ray placement
	The central ray is perpendicular to elbow joint and enters antecubital fossa.



	Collimation
	To one half of film size



	Marker placement
	Within the collimation field on one of the two elbow views



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the elbow joint, proximal radius and ulna, distal humerus



	Additional information
	Hand must be completely supinated to avoid superimposition of radius and ulna.



	 
	If the patient can only partially extend elbow, two views must be taken: one with the forearm resting on the film and the second with the humerus resting on the film.
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	Routine Elbow: AP, Lateral, Internal and External Oblique



	Position
	Lateral Elbow



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	Use second half of 10 × 12 used for AP projection.



	Film placement
	Place film on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with the elbow flexed 90 degrees with the forearm in true lateral position with thumb up. Drop shoulder to place adjacent anatomy in same plane as elbow joint.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray enters elbow joint perpendicular to cassette.



	Collimation
	To second half of film size used for AP



	Marker placement
	Within the collimation field. If the marker was placed on the AP projection, none is needed for this view.



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of elbow joint, proximal radius and ulna, distal humerus. Demonstrates olecranon process.



	Additional information
	This view demonstrates the elevation of the distal humeral fat pads. Elevation of distal humeral fat pads is indicative of intraarticular effusion, such as hemarthrosis from fracture, especially fracture of the radial head.
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	Position
	External Oblique Elbow



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided horizontally into two sections



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with elbow in full extension and hand supinated. The humerus is lowered to the same plane as the elbow. Laterally rotate the entire arm so the elbow joint is 45 degrees to the cassette.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray enters perpendicular to the antecubital fossa.



	Collimation
	To one half of film size



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Oblique projection of the elbow joint, proximal radius and ulna, distal humerus. Best demonstrates the radial head, free of superimposition.



	Additional information
	This view demonstrates the coronoid process.



	 
	If the patient is unable to laterally rotate the arm, leave in a true AP position and angle the tube 45 degrees to enter the medial aspect of the elbow and exit the elbow joint on the ulnar side.
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	Position
	Internal Oblique Elbow



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided in half—remaining side from external oblique elbow



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with elbow in full extension with the hand supinated. Lower the shoulder to the same plane as the elbow. Pronate the hand into a natural palm down position.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray enters perpendicular to the antecubital fossa.



	Collimation
	To one half film size



	Marker placement
	Within the collimation field. If marked on external oblique view, marker is not needed.



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Oblique projection of the elbow joint, proximal radius and ulna, distal humerus. Demonstrates coronoid process free of superimposition of the radial head.



	Additional information
	This view demonstrates coronoid process.
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	Position
	Axial Projection: Olecranon View



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with the elbow completely flexed (Jones position).



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering ≈2” above tip of elbow.



	Collimation
	To part size



	Marker placement
	Within the collimation field denoting affected elbow



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Olecranon process superimposed distal humerus and proximal radius and ulna



	Additional information
	If the distal humerus is the area of concern, center the central ray perpendicular to the film with no angle. If the distal forearm is the area of concern, angle the central ray to be perpendicular with the radius and ulna.
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	Routine Forearm: AP and Lateral



	Position
	AP Forearm



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided vertically.



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in corner of collimation field opposite the joint closest to the injury.



	Patient placement
	The patient is seated with the elbow fully extended and hand supinated. The humerus is lowered to the same plane as the elbow and forearm. The forearm is placed so as to include both joints, if possible. The joint closest to injury must be included.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the long axis of the forearm.



	Collimation
	To one half of the film size vertically.



	Marker placement
	Within the collimation field on one of the two routine projections.



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the radius, ulna, and elbow joint.



	Additional information
	If the patient cannot the hold hand in full supination, a sandbag may be placed in the hand to stabilize. The hand must be fully supinated to avoid the radius crossing over the ulna.
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	Position
	Lateral Forearm



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided in half vertically.



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be in corner of collimation field opposite the joint closest to injury.



	Patient placement
	The patient is seated with the elbow flexed 90 degrees. The humerus must be lowered to the same plane as the elbow and forearm. The forearm and hand are in a true lateral position with the thumb pointing upward. The forearm is placed in the collimation field to include the joint closest to injury.



	Technique selection
	kVp 55 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the long axis of the forearm.



	Collimation
	To one half of the film size vertically



	Marker placement
	Within the collimation field on one of the two routine forearm projections



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	This view demonstrates a lateral projection of the superimposed radius and ulna and elbow joint.
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	Routine Wrist: PA, Oblique, and Lateral



	Position
	PA Wrist



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided into thirds horizontally.



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in corner of collimation field in which the lateral wrist appears.



	Patient placement
	The patient is seated with the hand and forearm parallel to the long axis of the cassette. Partially flex fingers so the wrist makes contact with the cassette. Place wrist in one third of the cassette.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the wrist joint.



	Collimation
	To one third of the cassette



	Marker placement
	Within the collimation field in which the lateral wrist view appears



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	PA projection of the carpals, distal radius and ulna, and the proximal metacarpals



	Additional information
	If swelling makes midcarpal area difficult to locate, instruct the patient to slightly flex the wrist and place central ray perpendicular to the point of flexion.
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	Position
	Oblique Wrist



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided horizontally into thirds.



	Film placement
	Place oblique wrist in center third of cassette.



	ID placement
	ID should be in corner of collimation field in which the lateral wrist view appears.



	Patient placement
	The patient is seated with hand and forearm parallel to the long axis of the cassette. From the PA position, rotate the wrist laterally 45 degrees. The fingers may be slightly flexed for stability.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the wrist joint.



	Collimation
	To the center third of the cassette



	Marker placement
	Within the collimation field in which the lateral wrist view appears



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	This view provides better visualization of the carpals on the lateral aspect of the wrist. The scaphoid is projected free of superimposition.
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	Position
	Lateral Wrist



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided into thirds horizontally



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in corner of collimation field in which this view appears.



	Patient placement
	The patient is seated with the forearm in the true lateral position with the fingers slightly flexed for stability.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the wrist joint.



	Collimation
	To one third of 10 × 12 placed horizontally



	Marker placement
	Within the collimation field in which this view appears



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the carpals, distal radius, ulna, and proximal metacarpals



	Additional information
	The wrist must be placed in a true lateral position.
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	Position
	Carpal Canal



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be in collimation field.



	Patient placement
	The patient is seated with the wrist in the PA position in the center of the cassette. The wrist is hyperextended, and this position is held stable by instructing the patient to pull back on a strap that has been placed around the fingers.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled 30 degrees cephalically to enter 1″ above the base of the fourth metacarpal.



	Collimation
	To part size, ≈5″ × 5″.



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Projection of the carpal canal, the palmar aspect of the greater and lesser multangulars, the tuberosity of the scaphoid, the capitate, the hook of the hamate, and the entire pisiform.



	Additional information
	This view demonstrates fractures of the pisiform and the hook of the hamate.



	 
	If the patient is experiencing difficulty hyperextending the wrist, the central ray angulation can be increased to compensate.


[image: image]






	Position
	Ulnar Flexion



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place horizontally on the tabletop.



	ID placement
	ID should be placed so as not to superimpose required anatomy.



	Patient placement
	The patient is seated with the hand and forearm parallel to the long axis of the cassette. With the hand in the PA position, without moving the forearm, deviate (ulnar flex) the fingers as far as possible toward the radius without lifting the forearm.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid, detail)



	SID
	40″



	Central ray placement
	The central ray is angled 20 degrees to enter the web of the hand traveling parallel to the long axis of the forearm.



	Collimation
	To part size, ≈4″ × 4″



	Marker placement
	Within the collimation field denoting either the patient's right or left



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	This view demonstrates the scaphoid without the foreshortening that is present on the PA wrist position.
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	Routine Hand: PA, Oblique, and Lateral



	Position
	PA Hand



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 placed horizontally and divided in half



	Film placement
	Place horizontally on the tabletop.



	ID placement
	ID should be in corner of collimation field in which the oblique view of the hand appears.



	Patient placement
	The patient is seated with the hand and forearm in the same plane parallel to the long axis of the cassette. The hand is in pronation so the palmar surface is in contact with the cassette.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the third MCP joint.



	Collimation
	To one half of the cassette



	Marker placement
	Within the collimation field in which the oblique view of the hand appears



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	PA projection of the carpals, metacarpals, and second to fifth phalanges; oblique projection of the first finger; demonstrates DIP, PIP, and MP joints



	Additional information
	All fingers must be included in this view.
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	Position
	Oblique Hand



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 divided in half



	Film placement
	Place on tabletop.



	ID placement
	ID should be in corner of collimation field.



	Patient placement
	The patient is seated with the hand and forearm parallel to the long axis of the cassette. Place the hand in a lateral position and then guide the fingers toward the cassette so that each finger is in a 45-degree oblique position with the fingertips in contact with the cassette.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the third MCP joint.



	Collimation
	To one half of cassette



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Oblique projection of the carpals, metacarpals, second to fifth phalanges; lateral projection of the first finger; DIP, PIP, and MP joints



	Additional information
	A 45-degree wedge sponge can be used to further separate fingers on this view.
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	Position
	Lateral Finger



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10 or use a corner of the 10 × 12 used in the hand series



	Film placement
	Place on tabletop.



	ID placement
	If performing a radiograph of the finger on an 8 × 10, the ID blocker can appear in either corner. If performing finger as part of the hand series on a 10 × 12, the ID should appear in the section in which the oblique hand appears.



	Patient placement
	Depending on area of injury, extend the affected finger and fold the remaining fingers inward. If the injury involves the second or third finger, place hand in lateral position with the radial side in contact with the cassette. If the injury involves the fourth to fifth finger, place the hand in the lateral position with the ulnar side in contact with the cassette.



	Technique selection
	kVp 50 to 55; mAs 6 to 12 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the finger of interest.



	Collimation
	To part size



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of affected phalanges



	Additional information
	This view is done in conjunction with the hand series. Using a tongue depressor or tape to isolate the affected finger may provide a clearer view of the affected finger.



	 
	Small avulsion fractures of phalanges can lead to permanent deformity and are best seen on lateral projections.
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	Position
	AP Thumb



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10 or corner of cassette on hand series



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be in corner of cassette away from lateral thumb.



	Patient placement
	Internally rotate the hand until the posterior aspect of the thumb is in contact with the cassette. Instruct patient to hold fingers back with opposite hand.



	Technique selection
	kVp 50 to 55; mAs 6 to 12 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to first MP joint.



	Collimation
	To part size



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of phalanges of first finger and MP and PIP joints



	Additional information
	This view is performed in conjunction with hand series.



	 
	On standard PA and oblique hand views, the thumb appears in an oblique and lateral position, respectively.


[image: image]






	Position
	Lateral Hand



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	8 × 10



	Film placement
	Place cassette on tabletop.



	ID placement
	ID should be placed away from anatomy.



	Patient placement
	The patient is seated with hand in true lateral position with fingers in full extension resting on ulnar aspect of hand.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to MCP joints.



	Collimation
	To film size



	Marker placement
	Within the collimation field



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the hand in full extension



	Additional information
	This view is performed for localization of foreign bodies within the soft tissue of the hand.
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	Position
	Norgaard Method



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Secure lead apron around patient.



	Film selection
	10 × 12 placed horizontally



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is seated with both hands slightly supinated and placed in the center of the cassette.



	Technique selection
	kVp 55 to 60; mAs 12 to 24 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the center of the cassette.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting either left hand or right hand



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	This view demonstrates the hands in a 45-degree oblique position.



	Additional information
	This view is useful in detecting early radiologic changes associated with rheumatoid arthritis. It demonstrates the medial aspect of the metatarsal heads, one of the first areas affected. This view also demonstrates the pisiform, another sign of early erosions in rheumatoid arthritis.
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AC, Acromioclavicular; AP, anteroposterior; DIP, distal interphalangeal joint; ID, identification; MCP, metacarpophalangeal; MP, metacarpophalangeal; OFD, object-film distance; PA, posteroanterior; PIP, proximal interphalangeal joint; SID, source-to-image distance.

Right image from Frank DF, Long BW, Smith BJ: Merrill's atlas of radiographic positions and radiographic procedures, ed 12, St. Louis, 2012, Mosby.





TABLE 3-7

LOWER EXTREMITIES





	Position
	AP Pelvis



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Do not shield for this view.



	Film selection
	14 × 17



	Film placement
	Place in Bucky in the horizontal position. The top of the cassette is placed 1” above the iliac crest.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is either standing or lying recumbent centered to the table or Bucky. Internally rotate the patient's legs 15 degrees or to patient's tolerance to visualize the surgical neck of the femur and place the greater trochanter in profile.



	Technique selection
	kVp 75 to 85; mAs 30 to 80



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the center of the cassette.



	Collimation
	To film size in the horizontal direction



	Marker placement
	Within the collimation field denoting the patient's left or right side



	Breathing instructions
	Suspend respiration.



	Anatomy visualized
	AP projection of the pelvis and femoral head, neck, trochanter, and proximal third of the femoral shaft.



	Additional information
	A gonadal shield should be used, if possible.
If fracture of the femoral neck is suspected, internal rotation of the legs should be avoided.
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	Routine Hip: AP and Frogleg Lateral



	Position
	AP Hip



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is either standing in the AP position or lying recumbent on the table. Center the femoral head of the affected hip to the center of the cassette. Rotate the leg of the affected hip 15 degrees internally or to patient's tolerance.



	Technique selection
	kVp 75 to 80; mAs 20 to 50



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the joint space.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the patient's right or left hip



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Femoral head, neck, greater trochanter, and acetabulum



	Additional information
	Do not attempt internal rotation of affected hip if fracture is suspected.
The AP pelvis is included in the initial examination of a patient with suspected hip pathology.
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	Position
	Frogleg Lateral Hip



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	10 × 12



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	Patient is either standing in the AP position or lying recumbent with back against Bucky. Instruct the patient to flex knee and draw up thigh so as to rest bottom of foot against inside of opposite thigh. Abduct the femur to patient tolerance. If the patient cannot abduct the femur to lie flat on the table, slightly roll the patient toward the affected hip so as to place the femur parallel to the table.



	Technique selection
	kVp 75 to 80; mAs 20 to 50



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the hip joint.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting patient's right or left hip



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral view of femoral head, neck and greater trochanter, and acetabulum



	Additional information
	This view is best accomplished with the patient in the recumbent position. If attempted in the upright position, provide a chair for the patient to grasp for stability.
This view should not be attempted when fracture is suspected.
The use of a 20-degree cephalic tube tilt better demonstrates the femoral neck.
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	Routine Femur: AP and Lateral



	Position
	AP Femur



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	7 × 17 or 14 × 17 collimated.



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in corner of collimation field nearest the hip.



	Patient placement
	The patient is in the supine position on the radiographic table with leg in full extension, foot at 90-degree angle to lower leg. Internally rotate the femur so that femoral epicondyles are parallel to the table.



	Technique selection
	kVp 75 to 85; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the center of the cassette.



	Collimation
	To 7 × 17 collimation field



	Marker placement
	Within the collimation field denoting patient's right or left femur



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the femur, including the knee or hip joint



	Additional information
	If the injury is located in the upper third of the femur, a hip series (AP and frogleg lateral) should be included.
Internal rotation of the femur goes to patient's tolerance.
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	Position
	Lateral Femur



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	7 × 17 or 14 × 17 collimated.



	Film placement
	Place vertically in Bucky so as to include the knee joint.



	ID placement
	ID should be in corner of collimation field closest to the hip.



	Patient placement
	The patient is lying recumbent on the table on the affected side. The opposite leg is drawn up and is crossed over the affected leg. The shaft of the affected femur is placed parallel to the center of the table. Flex the knee 20 to 30 degrees so that epicondyles are perpendicular to the table.



	Technique selection
	kVp 75 to 80; mAs 20 to 40



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the center of the cassette.



	Collimation
	To 7 × 17 collimation field



	Marker placement
	Within the collimation field denoting the patient's affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral view of the femur to include the knee joint
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	Routine Knee: AP, Lateral, and Open Joint



	Position
	AP Knee



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is seated on radiographic table with knee in full extension, foot forming 90-degree angle with lower leg, leg internally rotated 5 degrees.



	Technique selection
	kVp 60 to 65; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled 5 degrees cephalic entering 1.5″ below the apex of the patella.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the knee



	Additional information
	If the knee measures greater than 14 cm, the view should be performed using the Bucky.
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	Position
	Lateral Knee



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is in the lateral recumbent position on the radiographic table with the affected knee in contact with the table. The femur of the affected side is centered to the center of the table. Flex the knee 20 to 30 degrees so that femoral epicondyles are perpendicular to the table.



	Technique selection
	kVp 60 to 65; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed 5 degrees cephalic entering 10 distal to the medial epicondyle.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the knee joint, including the distal end of the femur, proximal end of the tibia and fibula, patella, and patellofemoral joint.



	Additional information
	Flexion of the knee should not exceed 30 degrees because further flexion tightens muscles and tendons, causing the patella to be drawn into the intercondylar sulcus. This may obscure diagnostic information, such as fat pad displacement resulting from effusion.
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	Position
	Open Joint (Holmblad Method)



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on the tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is on the radiographic table on hands and knees, with affected leg slightly extended. The joint space is centered to the center of the cassette. The femur forms a 20-degree angle with the central ray.



	Technique selection
	kVp 65 to 70; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the popliteal fossa.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Intercondylar fossa, medial and lateral intercondylar tubercles of the intercondylar eminence in profile



	Additional information
	A variation to the mentioned positioning method is to have the patient standing with the affected knee flexed and placed on a stool using a chair for support.
This view is helpful in the evaluation for radiopaque loose bodies with the knee joint. It is also useful in evaluation of femoral condyles in entities such as osteochondritis dissecans.
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	Position
	Open Joint (Camp-Coventry Method)



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on the tabletop. If the knee measures greater than 14 cm, place cassette in table Bucky.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is in the prone position on the radiographic table with the knee flexed to a 40- to 45-degree angle resting the foot on support. The knee joint is centered to the middle of the cassette.



	Technique selection
	kVp 65 to 70; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled caudally 40 to 45 degrees entering the popliteal fossa.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Intercondylar fossa, medial and lateral intercondylar tubercles of the intercondylar eminence in profile



	Additional information
	This view is an alternate to the Homblad method. It is used when the patient cannot bear weight on the affected knee.
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	Position
	Bilateral AP Weight Bearing



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	14 × 17



	Film placement
	Place vertically in Bucky.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is standing in the AP position with knees centered to the Bucky. The toes point straight ahead, knees fully extended with weight equally distributed.



	Technique selection
	kVp 60 to 70; mAs 10 to 20



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to center of cassette midway between the knees at the level of the apices of the patellae.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the patient's right or left side



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Evaluates joint spaces of both knees. Also useful in evaluation of varus and valgus deformities of the knee joint.



	Additional information
	This view is useful in evaluation of the arthritic knee. Weight-bearing studies reveal joint space narrowing that is not apparent on non–weight-bearing studies.
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	Routine Pattella: PA, Lateral, and Axial



	Position
	Axial Patella (Settegast Method)



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is in the prone position on the radiographic table. The knee is flexed to the patient's tolerance. The patella is centered to the middle of the cassette.



	Technique selection
	kVp 65 to 70; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled 10 to 20 degrees cephalic to enter the patellofemoral joint.



	Collimation
	To part size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Axial view of the patella and patellofemoral joint, including the intercondylar sulcus in profile. Demonstrates vertical patella fractures.



	Additional information
	Extreme flexion of the knee should not be attempted until fractures of the patella have been ruled out.
The degree of tube tilt is dependent on the degree of flexion present. Increase the tube tilt as the degree of knee flexion decreases.
Quadriceps femoris is contracted in this view, pulling the patella into the intercondylar sulcus, making evaluation of patellar subluxation difficult. Suspected patellar subluxation warrants use of Merchant view.
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	Position
	Merchant View



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	14 × 17



	Film placement
	Place cassette in Merchant holder.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is supine on the radiographic table with knees flexed 45 degrees over the edge of the table and resting on the Merchant board support. The knees are placed together and the legs are secured below the knee.



	Technique selection
	kVp 60 to 65; mAs 5 to 10 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled 30 degrees caudal and enters midway between the patellae.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting either the left or right knee



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Bilateral axial projection of the patellae. Patellofemoral joint space without distortion of quadriceps femoris contraction.



	Additional information
	The quadriceps femoris muscles must be relaxed to aid in accurate diagnosis of patellar subluxation.
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	Position
	PA Patella



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Use gonadal shielding, if possible.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is in the prone position on the radiographic table. Center the patella to the middle of the cassette.



	Technique selection
	kVp 64 to 68; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the popliteal fossa, passing through the patella.



	Collimation
	To part size.



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	PA projection of the knee with improved demonstration of the patella than in the AP knee view



	Additional information
	If suspected fraction of the patella is present, do not place the patella directly on cassette. Place support under the femur to elevate patella slightly, decreasing pressure on the patella.
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	Position
	Lateral Patella



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place lead apron over patient's pelvic area.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in lower corner of collimation field.



	Patient placement
	The patient is in the lateral recumbent position with affected patella in contact with the cassette. Center the patella to the midline of the cassette with knee flexed 20 to 30 degrees so the femoral epicondyles are perpendicular to the cassette.



	Technique selection
	kVp 56 to 62; mAs 20 to 40 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the film entering the patellofemoral joint space.



	Collimation
	To part size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the patella and patellofemoral joint space



	Additional information
	If there is a suspected fracture of the patella, decrease knee flexion to 5 to 10 degrees to avoid fracture fragment displacement.
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	Routine Lower Leg: AP and Lateral



	Position
	AP Leg



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	7 × 17 or one half of 14 × 17



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in corner away from the joint of interest.



	Patient placement
	The patient is in the supine position on the table with leg in full extension, foot forming 90-degree angle with lower leg, leg rotated internally 5 degrees. The joint closest to injury must be included. The long axis of the lower leg is centered to the cassette.



	Technique selection
	kVp 60 to 65; mAs 3 to 5 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the midshaft of the tibia.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the tibia and fibula



	Additional information
	If possible, both joints should be included. If not, the joint closest to the injury must be included.
A sandbag may be placed against the foot to stabilize the leg.
If a fracture of the distal leg is discovered, it is important to include the proximal tibiofibular joint because it is common to have an accompanying fracture at this site as well.
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	Position
	Lateral Lower Leg



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	7 × 17 or one half of 14 × 17



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in corner of cassette that is away from the joint of interest.



	Patient placement
	Patient is placed with affected lower leg on the table in full extension. The foot should form a 90-degree angle with the lower leg.



	Technique selection
	kVp 60 to 65; mAs 3 to 5 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the midshaft of the tibia.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the tibia and fibula.
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	Routine Ankle: AP, Oblique, and Lateral



	Position
	AP Ankle



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	10 × 12



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in lower corner of cassette.



	Patient placement
	The patient is supine on table with leg in full extension, foot forming 90-degree angle with lower leg, leg rotated internally 5 degrees. Center the ankle joint to the center of one half of the 10 × 12 cassette.



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering the ankle joint.



	Collimation
	To one half film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the ankle joint, including the distal tibia and fibula and proximal talus



	Additional information
	The lateral portion of the ankle mortise does not appear open on a true AP ankle because the malleoli are not equidistant from the film in this position. If the lateral portion of the mortise joint appears open on this view, it is indicative of a spread of the ankle mortise resultant of ruptured ligaments.
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	Position
	Oblique Ankle (Mortise View)



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	10 × 12



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in upper corner of cassette.



	Patient placement
	The patient is supine on the table with leg fully extended. Internally rotate the leg 15 to 20 degrees so that intermalleolar plane is parallel to the cassette. Dorsiflex the foot. Center the ankle joint to the second half of the 10 × 12 used for the AP ankle.



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering the ankle joint.



	Collimation
	To one half of the film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Ankle mortise without superimposition of the lateral malleolus on the talus



	Additional information
	In cases of suspected ligament ruptures or instability, a stress view may be accomplished.
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	Position
	Lateral Ankle



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	8 × 10



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in upper corner of collimation field.



	Patient placement
	The patient is in the lateral recumbent position on the table with the affected ankle closest to the cassette. Center the affected ankle to the midline of the cassette in a true lateral position with foot in dorsiflexion.



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering the medial side of the ankle joint.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the ankle joint to include the distal tibia and fibula, proximal talus, calcaneus, and base of the fifth metatarsal



	Additional information
	The base of the fifth metatarsal should be included on this view because this is a common area of fracture in ankle inversion injuries.
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	Position
	AP Ankle Inversion Stress



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	10 × 12



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in upper corner of cassette.



	Patient placement
	The patient is supine of the table with leg in full extension. Center the ankle joint to the center of the cassette. With the doctor wearing lead gloves, the lower leg is stabilized, and with the opposite hand, inversion stress is applied to the ankle for the evaluation of instability indicated by excessive joint spac (arrow).



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering the ankle joint.



	Collimation
	To film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Ankle joint for evaluation of joint separation as a result of ligament rupture or tear



	Additional information
	Stress should only be applied carefully because further damage to ligaments may occur if too great a stress is applied.
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	Routine Foot: AP, Oblique, and Lateral



	Position
	AP Foot



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	10 × 12



	Film placement
	Place vertically on tabletop with ID blocker at the calcaneus.



	ID placement
	ID should be in corner of cassette closest to calcaneus.



	Patient placement
	The patient is supine on the table with the knee flexed and the plantar surface of the affected foot flat on half of the cassette. The foot should be placed to include the toes.



	Technique selection
	kVp 60 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicular to the long axis of the metatarsals (5 to 20 degrees so as to be perpendicular to the long axis of the metatarsals) entering the base of the third metatarsal.



	Collimation
	To half of the film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	AP projection of the tarsals anterior to the talus, metatarsals, and phalanges



	Additional information
	The pes planus or pes cavus of the foot determines the degree of tube tilt. A filter may be used to increase the radiographic quality of the phalanges. It is placed so that it covers the phalanges from the tips to the first MCP joint.
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	Position
	Medial Oblique Foot



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	10 × 12



	Film placement
	Place vertically on tabletop.



	ID placement
	ID should be in corner of cassette nearest the calcaneus.



	Patient placement
	The patient is supine on the table with the knee flexed and the plantar surface of the affected foot flat on the cassette. Internally rotate the foot until the plantar surface forms a 30-degree angle to the cassette. The foot is centered to the center of the second half of the cassette used with the AP ankle view. The toes must be included in this view.



	Technique selection
	kVp 60 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the long axis of the metatarsals (5 to 20 degrees) entering the base of the third metatarsal.



	Collimation
	To one half of the film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Joint spaces of the cuboid articulations, joint space between the navicular and the talus, and oblique projection of the metatarsals and phalanges to include the tuberosity of the base of the fifth metatarsal. The sinus tarsus is well demonstrated on this view.



	Additional information
	Increasing the obliquity of the foot to 45 degrees may better demonstrate separation at the bases of the second to fifth metatarsals and in individual tarsals.
A filter may be used to increase the radiographic quality of the phalanges. It is placed so that it covers the phalanges from the tips to the first joint.
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	Position
	Lateral Foot



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	8 × 10



	Film placement
	Place on tabletop.



	ID placement
	ID should be in corner of cassette opposite toes and calcaneus.



	Patient placement
	The patient is in the lateral recumbent position on table with affected side closest to cassette. Center the foot to the midline of the film in the true lateral position with the foot in dorsiflexion. The lower leg should be in the same plane as the foot.



	Technique selection
	kVp 60 to 65; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is perpendicular to the cassette entering the first cuneiform.



	Collimation
	To part size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Lateral projection of the foot, ankle joint, and distal tibia and fibula



	Additional information
	The cassette may be angled to accommodate the size of the foot, or a 10 × 12 cassette may be substituted.
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	Routine Calcaneus: Axial and Lateral



	Position
	Axial Calcaneus



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	8 × 10



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should be in the corner of the cassette containing this view.



	Patient placement
	The patient is supine on the table with the leg in full extension. The foot is dorsiflexed as far as the patient is able to flex. The patient may loop a strap around the toes to assist in dorsiflexion. Center the calcaneus to the center of one half of the cassette.



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is angled 35 to 45 degrees cephalic, entering the level of the talocalcaneal joint.



	Collimation
	To one half of the film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	Axial projection of the calcaneus from the tuberosity to the talocalcaneal joint. The sustentaculum tali appear in profile.



	Additional information
	It is important to avoid rotation of the ankle. The base of the first or the fifth metatarsals should not be visible on either side.


[image: image]






	Position
	Lateral Calcaneus



	Patient preparation
	Remove any artifacts in the desired field (e.g., clothing with hooks, snaps, zippers).



	Shielding
	Place apron over pelvic area.



	Film selection
	8 × 10



	Film placement
	Place horizontally on tabletop.



	ID placement
	ID should appear on one half of film containing axial calcaneus.



	Patient placement
	The patient is in the lateral recumbent position with the affected calcaneus centered to half of the cassette. The leg is in full extension with the foot forming a 90-degree angle with the lower leg.



	Technique selection
	kVp 65 to 70; mAs 15 to 30 (nongrid)



	SID
	40″



	Central ray placement
	The central ray is directed perpendicularly, entering 10 below the medial malleolus.



	Collimation
	To one half of the film size



	Marker placement
	Within the collimation field denoting the affected extremity



	Breathing instructions
	Do not breathe. Do not move.



	Anatomy visualized
	This view demonstrates the lateral projection of the calcaneus to include the calcaneocuboid and talonavicular joint spaces.



	Additional information
	The axial calcaneus is placed on the other side of the film.
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AP, Anteroposterior; ID, identification; MCP, metatarsophalangeal; PA, posteroanterior; SID, source-to-image distance.

Right image from Frank DF, Long BW, Smith BJ: Merrill's atlas of radiographic positions and radiographic procedures, ed 12, St. Louis, 2012, Mosby.










*For high-frequency systems, lower the listed kV by 5 and decrease the mAs by half.

†100-Speed cassettes can be substituted for extremity detail screens. The same film used in 400-speed cassettes can be used in 100-speed cassettes as long as spectral matching remains the same.






Chapter 4

Roentgenometrics

Dennis M. Marchiori and Tunde A. Olatunji



Roentgenometrics play an important role in film interpretation by allowing quantification of observed structural and biomechanical alterations. The importance of roentgenometrics in cases of scoliosis, spinal instability, and other conditions cannot be overstated. Because many sources of measurement error and anatomic variation exist, results should be interpreted in light of clinical data. The reliability, validity, and clinical usefulness of each measure should be considered. However, when carefully used, roentgenometrics provide a useful tool for image interpretation.

The measures listed in Tables 4-1 through 4-4 are stratified by anatomic location.


TABLE 4-1

SKULL MEASURES





	Description
	Significance





	Basilar Angle
	Abnormally high angle measurements indicate an elevation of the skull base in relation to the anterior portion of the skull. This occurs with basilar invagination or impression secondary to congenital bone deformity or acquired bone-softening disease (e.g., Paget disease, fibrous dysplasia).



	On the lateral skull or cervical projection, two lines are drawn. The first connects the frontal–nasal junction (nasion) to the center of the sella turcica. The second connects the anterior margin of the foramen magnum (basion) with the center of the sella turcica. The angle of intersection (x°) should not exceed 152 degrees, with a minimum value of 137 degrees (Fig. 4-1).



	Chamberlain Line
	Elevation of the tip of the odontoid suggests basilar invagination or impression or upward deformity of the skull base. This may occur secondary to congenital or acquired bone-softening disorders (e.g., Paget disease, fibrous dysplasia).



	On the lateral skull or cervical projection, a line is drawn from the posterior aspect of the hard palate to the posterior aspect of the foramen magnum (opisthion). The tip of the odontoid should not extend more than 7 mm above the line (x)1 (Fig. 4-2).



	Digastric Line
	Elevation of the tip of the odontoid suggests basilar impression or upward deformity of the skull base. This may occur secondary to congenital or acquired bone-softening disorders (e.g., Paget disease, fibrous dysplasia).



	On the frontal skull or cervical projection, a line is drawn connecting the right and left digastric grooves (just medial to the mastoid processes). The tip of the odontoid should not project above this line (Fig. 4-3).



	McGregor Line
	Elevation of the odontoid tip suggests basilar impression or upward deformity of the skull base. This may occur secondary to congenital or acquired bone-softening disorders (e.g., Paget disease, fibrous dysplasia). The McGregor method is considered the best method to assess for basilar impression.



	On the lateral skull or cervical projection, a line is drawn from the posterior aspect of the hard palate to the inferior surface of the occiput. The tip of the odontoid should be below the line (x) and is always abnormal if it extends more than 8 mm above the line in men and 10 mm in women (Fig. 4-4). This can be assessed on plain film or CT.1



	McRae Line
	If the posterior occiput is convex upward or extends above the foramen magnum line, an upward deformity of the skull surrounding the foramen magnum is present. This occurs with basilar impression secondary to congenital or acquired bone-softening disorders (e.g., Paget disease, fibrous dysplasia). If the tip of the odontoid is found posterior to the anterior fourth of the foramen magnum line, fracture or dislocation is suspected.



	On the lateral skull or cervical projection, a foramen magnum line is drawn between the anterior (basion) and posterior (opisthion) margin of the foramen magnum. The posterior portion of the occiput should be below this line. In addition, a vertical line extended from the tip of the odontoid process should intersect in the anterior fourth of the foramen magnum line (Fig. 4-5).1



	Occipitoatlantal Alignment
	Divergence of the FML and APL anteriorly suggests anterior–superior malposition of the occiput. Divergence of the lines posteriorly suggests posterior–superior malposition of the occiput.



	On the lateral skull or cervical projection, two lines are constructed: an FML is drawn along the inferior margin of the occiput, and an APL is drawn through the center of the anterior tubercle and the narrowest portion of the posterior arch of atlas. The FML and APL should be parallel (Fig. 4-6).



	On the frontal open-mouth cervical projection, two lines are constructed: a TCL is drawn connecting the grooves on the medial aspect of the mastoid processes bilaterally, and a TAL is drawn connecting the lower junctions of the transverse processes and the lateral masses. The TCL and TAL should be parallel (Fig. 4-7).
	Divergence of the TCL and TAL to the right suggests right occiput laterality. Divergence of the TCL and TAL to the left suggests left occiput laterality.



	On the frontal open-mouth cervical projection, atlas rotational malposition is suggested by asymmetry in the width of the lateral masses. Occiput rotation is assumed to occur opposite atlas rotation.
	The lateral mass with the wider measure is the side with anterior rotation of the atlas and posterior rotation of the occiput. Often, the medial margin of the anteriorly rotated lateral mass appears more radiopaque.



	Sella Turcica Size
	An enlarged sella turcica may represent a normal variant or suggest the presence of a space-occupying lesion or condition (e.g., pituitary tumor, carotid aneurysm, and empty sella syndrome).



	In the lateral skull projection (40 inches FFD), the greatest horizontal dimension of the sella turcica should not exceed 16 mm, and the depth should not exceed 12 mm (Fig. 4-8).
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APL, Atlas plane line; CT, computed tomography; FFD, focal-film distance; FML, foramen magnum line; TAL, transverse atlas line; TCL, transverse condylar line.




TABLE 4-2

SPINE MEASURES





	Description
	Significance





	Atlantoaxial “Overhang” Sign
	Lateral displacement suggests fracture (atlas or odontoid process) or dislocation. A mild degree of “overhanging” of the atlas may be a normal variant in children.



	On the APOM projection, the lateral margin of the lateral masses of atlas should not appear more lateral than the superior articular processes of the axis (Fig. 4-9).



	ADI
	An enlarged atlantodental interval may result from congenital absence or weakness of the transverse atlantal ligament (e.g., Down syndrome, Morquio syndrome, Larsen syndrome), trauma, infection, or an inflammatory arthritide (e.g., rheumatoid arthritis, ankylosing spondylitis). Recent work has helped establish measures in pediatric populations.2



	On the lateral cervical projection, the distance (x) between the posterior surface of the anterior tubercle of the atlas and the anterior surface of the odontoid process of the axis should not exceed 3 mm in adults and 5 mm in children. The flexion lateral projection places the most stress on the atlantoaxial joint and would be most likely to reveal an abnormality. The ADI may appear V-shaped. In such cases, the smallest portion of the joint space should be measured to limit false-positive results (Fig. 4-10).



	Atlas Alignment
	Anterior divergence of the lines suggests an anterior–superior malposition of the atlas in relation to the axis. Anterior convergence of the lines suggests an anterior–inferior malposition of the atlas.



	On the lateral cervical projection, two lines are constructed. An APL is drawn through the anterior tubercle and the narrowest portion of the posterior arch. Next an OL is drawn bisecting the odontoid process. A line drawn perpendicular to the odontoid line (OPL) should be parallel to the APL (Fig. 4-11).



	On the frontal open-mouth cervical projection, two lines are constructed: a TAL is drawn connecting the lower junction of the transverse processes and the lateral masses, and an AxPL is drawn between the lamina–pedicle junctions bilaterally. The TAL and AxPL should be parallel (Fig. 4-12).
	Right atlas lateral malposition is suggested if the TAL and AxPL diverge to the right. Left atlas lateral malposition is suggested if the TAL and AxPL diverge to the left.



	On the frontal APOM cervical projection, atlas rotational malposition is suggested by asymmetry in the width of the lateral masses (Fig. 4-13).
	The lateral mass with the wider measure is the side with anterior rotation. Often the medial margin of the anteriorly rotated lateral mass appears more radiopaque.



	Cervical Gravity Line
	An anterior weight-bearing posture is noted if the line is found anterior to C7 (as shown in Fig. 4-14), and a posterior weight-bearing posture is noted if the line is behind C7.



	In the lateral cervical projection, a vertical line drawn from the tip of the odontoid should intersect the seventh cervical vertebral body (Fig. 4-14).



	Cervical Jackson Stress Lines
	The intersection of the lines is believed to occur at the levels of greatest stress. Degeneration, muscle spasm, aberrant intersegmental mechanics, and other conditions may alter the levels of intersection.



	On the lateral cervical flexion and extension projections, lines are drawn along the posterior aspect of C2 and C7. The posterior body lines should intersect the C5–C6 intervertebral disc space on the flexion film and C4–C5 intervertebral disc space on the extension film (Figs. 4-15 and 4-16).



	Cervical Lordosis
	The average value of the cervical curvature from C2 to C7 using these methods is 34 degrees with a standard deviation of 9 degrees as reported by Harrison and others (1996). This method can be extended to the thoracic or lumbar regions.



	Harrison Posterior Tangent Methods



	On the lateral cervical projection, lines are drawn along the posterior body of C2, and a second line is drawn along the posterior body of C7. The superior or inferior angle of intersection (x°) is measured as the cervical lordosis. Another application of the posterior tangent lines uses a comparison of lines of adjacent segments, yielding a measure of relative rotational angles. Normative values for such are found in the related literature (Fig. 4-17).



	Visual Assessment
	Altered cervical lordosis may be caused by factors such as trauma, degeneration, muscle spasm, and aberrant intersegmental mechanics.



	On the lateral cervical projection, a subjective appraisal of the cervical curve is made. Well-maintained anterior convexity is lordosis, exaggerated anterior convexity is hyperlordosis, slight anterior convexity is hypolordosis, lack of curvature is alordotic, and posterior convexity is kyphosis.



	Depth Method
	Negative values indicate kyphosis, and large values indicate hyperlordosis. The depth method provides a more accurate assessment of cervical lordosis than the angle method. Lower measurements may result from factors such as trauma, degeneration, muscle spasm, and aberrant intersegmental mechanics.



	On the lateral cervical projection, a line is drawn from the tip of the odontoid process to the posterior surface of C7. A horizontal measure is taken from the vertical line to the posterior surface of the C4 body (x). The average depth is 12 mm (Fig. 4-18).



	Angle of Curve
	Negative values indicate kyphosis, and large values indicate hyperlordosis. This method of measuring cervical lordosis is more common but less accurate than the depth method. Because the measurements depend only on C1 and C7, a kyphotic curve with compensatory extension of C1 has the false measurement of a lordotic curve. Reduced cervical curvature may be caused by factors such as trauma, degeneration, muscle spasm, and aberrant intersegmental mechanics.



	On the lateral cervical projection, a line is drawn connecting the anterior and posterior tubercles of the atlas, and a second line is drawn along the inferior endplate of C7. Perpendicular lines are drawn from the atlas and C7 lines, and their angle of intersection is recorded as the cervical lordosis (x°). The average value is 40 degrees, although a range of average values has been reported in the literature (see Fig. 4-18).



	Harrison Modified Risser-Ferguson Method (Cervical Spine)
	The Harrison modified Risser-Ferguson method for measurement of the AP cervical regions is based on the location of the two-dimensional center of mass of each vertebra. The resultant CD angle provides information of spinal distortion in a sagittal plane. The benefit of this method is that it accounts for both axial rotation and lateral bending displacements of vertebra. It can be applied to the cervical, thoracic, or lumbar region. The RzT1–T4 angle is a measurement of lateral bending of the upper dorsal region.



	On the AP cervical radiograph, the narrow waists of the articular pillars are used to find the center of the vertebrae. Second, the spinous–lamina junctions are identified. The centrad for each vertebra is found by bisecting these two points on the segment. Next, best-fit lines are constructed from C2 to the lowest visible thoracic vertebra. The angle of intersection of the best-fit line of the upper cervical vertebrae and the best-fit line of the lower cervical and upper thoracic vertebrae is measured as the CD angle. In addition, the angle created by the best-fit line of the lower cervical and upper thoracic vertebrae and a true vertical line create a lateral flexion angle termed RzT1–T4. These lines and angles have been studied for reliability, yielding intraclass correlations in the good to excellent range with low mean absolute value of observer differences (see Harrison et al, 2002) (Fig. 4-19).



	Cervical Prevertebral Soft Tissues
	Posttraumatic hematoma, tumor, abscess, or other space-occupying lesion of the prevertebral space may distend these measures beyond their normal values.



	On the lateral cervical projection, the distance between the anterior aspect of C2 and the pharyngeal air shadow should not exceed 5 mm, and the distance between C6 and the tracheal air shadow should not exceed 20 mm (Fig. 4-20).



	Cervical Spinal Canal
	Sagittal canal widths less than these values indicate spinal canal stenosis. Spinal stenosis is more accurately assessed on the axial images provided by MRI or CT.



	On the lateral cervical projection, the horizontal width of the spinal canal between the posterior surface of the vertebral body (or odontoid) and the spinolaminar line should be at least 16 mm at C1, 14 mm at C2, 13 mm at C3, and 12 mm at C4–C7. (These measurements are for adults.) (Fig. 4-21)



	Cervical Spinolaminar Line
	Disruption is caused by segmental anterolisthesis or retrolisthesis. Disruptions at multiple consecutive levels may be caused by normal flexion and extension patterns. Care should be taken not to interpret this as abnormal.



	On the lateral cervical projection, a curvilinear line is drawn along the spinous process and lamina junctions. The curve should have a smooth contour without segmental disruption (Fig. 4-22).



	Cervical, Thoracic, and Lumbar Endplate Lines
	Lack of convergence suggests alterations in the normal lordotic cervical spine curve or intersegmental malpositions. Lines that cross closely to the spine suggest extension malposition of the superior segment. Lines that diverge sharply suggest flexion malposition of the superior segment.



	On the lateral cervical projection, lines are drawn along the inferior endplate of the C2–T1 vertebrae and extended posteriorly to the cervical spine. The cervical endplate lines should all intersect at a common point located posterior to the spine (Fig. 4-23).



	On the frontal cervical, thoracic, and lumbar projections, lines are drawn to approximate the inferior vertebral endplates. The lines at adjacent levels should be parallel (Fig. 4-24).
	Divergence of the endplate lines drawn on the frontal projection suggests lateral flexion malposition opposite the side of divergence.



	Cervical, Thoracic, and Lumbar Vertebral Rotation
	If the distances from the base of the spinous process to the lateral margins of the vertebra are not equal, vertebral rotation is suggested, with spinous process deviation to the side of the smaller distance. A better analysis of vertebral rotation would probably incorporate the rotation of the vertebra above and below the segment in question. For instance, if a vertebra demonstrates 5 mm rotation to the right and the segment below demonstrates 7 mm rotation to the right, the first segment demonstrates 2 mm of relative rotation to the left. Analysis of relative rotation attempts to limit spurious measurements of vertebral rotation caused by errors in patient positioning.



	Body Width Method



	On the frontal cervical, thoracic, and lumbar projections, the distance from the lateral margins of the vertebral bodies to the origin of the spinous process (a and b) should be equal bilaterally (Fig. 4-25).



	Pedicle Method
	If the width of a pedicle shadow appears narrower than the contralateral pedicle shadow, it suggests (1) segmental rotation with the spinous process deviated to the side of the narrower pedicle shadow and (2) posterior vertebral body rotation to the side of the wider pedicle shadow.



	On the frontal cervical, thoracic, and lumbar projections, the appearance of the pedicle shadows may suggest vertebral rotation. Typically, the pedicle shadows demonstrate bilateral symmetry (c and d).



	Cervical, Thoracic, and Lumbar Vertebral Sagittal Alignment
	Disruption is caused by segmental anterolisthesis or retrolisthesis. Disruptions at multiple consecutive levels may be caused by normal flexion and extension patterns. Care should be taken not to interpret this as abnormal. However, the adjacent posterior body lines should not demonstrate more than 3.5 mm of net relative translation in a comparison of the flexion and extension radiographs.



	George Line



	On the lateral cervical, thoracic, and lumbar projections, a curvilinear line is drawn along the posterior surfaces of the vertebral bodies. The curve should maintain a smooth contour throughout the spinal region without segmental disruption (Fig. 4-26).



	Barge “e” Space
	A larger Barge “e” space suggests retrolisthesis of the segment above. Negative values indicate anterolisthesis. A more complete assessment would include the “e” space measurements at adjacent levels to determine relative retrolisthesis or anterolisthesis, thereby reducing spurious measurements that are caused by patient posture.



	On the lateral lumbar projection, lines are drawn along the superior and inferior vertebral endplates of each segment. Lines perpendicular to each endplate line are then drawn and extended across the intervertebral disc space. The distance between the perpendicular lines at the inferior endplate of each lumbar segment is measured as the “e” space. The space should not exceed 3 mm (Fig. 4-27).



	Visual Method
	Retrolisthesis of L5 is often seen as a normal variant, accompanying short pedicles.



	Segmental retrolisthesis may be indicated by the presence of the following:


Intervertebral disc degeneration (osteophytes, eburnation, reduced disc space, Schmorl nodes, endplate irregularity)

The lowest segment of a “stack” of three or more vertebrae that do not contribute to a sagittal curvature may be posterior

The lowest involved segment of three or more consecutive segments that appear to be flexed or extended during neutral patient posture may be posterior

Segmental rotation in a coronal plane that produces an hourglass appearance

Narrowed sagittal diameter of the intervertebral foramen

Visual disparity of segmental alignment when comparing the margins of adjacent vertebrae






	Cervical Toggle Analysis
	If the APL is more than 4 degrees above the LL, a superior malposition of the atlas is suspected; if the measure is less than 4 degrees, an inferior malposition of atlas is suspected. (Note: The malposition of the atlas is described with four letters. The first letter is always “A,” the second indicates superior [S] or inferior [I] malposition, the third letter designates to right [R] or left [L] laterality, and the fourth letter designates whether the lateral malposition is anteriorly [A] or posteriorly [P] rotated.)



	Atlas Tilt



	On the lateral cervical projection, three lines are constructed: An OCL is drawn along the base of the occipital condyles, an APL is drawn through the center of the anterior tubercle and the narrowest portion of the posterior arch of the atlas, and an LL is drawn parallel to the occipital condyle line and through the narrowest portion of the posterior arch of the atlas. The APL should be 4 degrees above the LL (Fig. 4-28).



	Atlas Laterality
	The atlas is lateral toward the side of the greater measurement when the distances between the lateral inferior tip of each lateral mass and the VML are not equal. In addition, the SBL and IBL lines are thought to converge to the side of atlas laterality 70% of the time.



	On a frontal cervical projection taken horizontal to the atlas (nasium projection), four lines are constructed: A horizontal OOL is drawn through similar matched points of the orbits, a superior basic line (SBL) is drawn parallel to the OOL through the tip of the most superior occipital condyle, an IBL is drawn through the inferior tips of the lateral masses, and a VML is drawn perpendicular to the OOL and through the center of the foramen magnum. The distances between the inferior lateral tip of each lateral mass and the VML should be equal (Fig. 4-29).



	Atlas Rotation
	The atlas is rotated posteriorly on the side of the larger angle created by the intersection of the PSL and TAL. In addition, 70% of the time, the atlas is posteriorly rotated to the side of the diverging SBL and IBL on the APOM projection.



	On a cervical film whose projection is directed vertical to the atlas (base posterior), two lines are constructed: A TAL is drawn through the transverse foramen bilaterally, and a PSL is drawn through points representing the centers of the nasal septum and the basal process of the occiput. The angle of intersection of the two lines should be approximately 90 degrees (Fig. 4-30).



	Axis Malpositions
	If the VML does not bisect the odontoid, the axis is laterally malpositioned to the side opposite the VML. In addition, the center of the odontoid process base is compared with the center of the spinous process to assess for possible spinous deviation. The direction and magnitude of spinous process lateral malposition may be different from the lateral malposition of the axis body (e.g., the body of the axis may exhibit right laterality with left spinous deviation).



	On the APOM projection, four lines are constructed: An OOL is drawn through a set of similar points of the orbit (see Atlas Laterality), an SBL is drawn bilaterally through the jugular processes, the IBL is drawn through the lateral inferior tip of both lateral masses, and a VML is drawn perpendicular to the OOL through the center of the foramen magnum. The VML should approximate the center of the odontoid process base (Fig. 4-31).



	Cobb Method for Scoliosis
	This is the preferred method of quantifying the degree of scoliosis. Computer-aided Cobb assessment is showing promise as a diagnostic tool.3



	On the frontal cervical, thoracic, or lumbar projection, lines are drawn along the superior endplate of the upper and inferior endplate of the lower vertebrae involved in the curvature. The end vertebrae chosen for measurement are the ones that tilt the most severely toward the scoliosis concavity. Perpendicular lines are constructed from the endplate lines, and the superior angle at their intersection (x°) is measured (Fig. 4-32).



	Coupled Spinal Motion sign
	Alteration of the normal coupled motion occurs with aberrant intersegmental mechanics, muscle spasm, and vertebral fusion.



	Spinal motion is not pure and occurs in directions other than the primary direction of movement. For example, on frontal cervical, thoracic, or lumbar lateral bending projections, the lateral tilting of each vertebra is accompanied by concurrent vertebral rotation. In the cervical and upper thoracic region, the spinous processes rotate to the convexity of the curve. In the lumbar and lower thoracic region, the spinous processes rotate to the concavity of the curve. The amount of coupled motion may be small and therefore radiographically imperceptible (Fig. 4-33).



	Interpedicular Distance
	Narrowed interpedicular distance results from congenital maldevelopment (e.g., achondroplasia) and is an indicator of spinal stenosis. Enlargement of the interpedicular distance occurs secondary to expanding canal lesions (e.g., tumor).



	On the frontal cervical, thoracic, or lumbar projections, the width (x) between opposing paired pedicles is typically 30 mm in the cervical spine, 20 mm in the thoracic spine, and 25 mm (L1–L3) to 30 mm (L4–L5) in the lumbar spine (Fig. 4-34).



	Thoracic Cage Dimension
	Narrowed AP dimension of the thoracic cage may result in cardiac compression.



	On the lateral chest radiograph, the distance (x) between the posterior surface of the sternum and the anterior margin of T8 should be at least 9 cm in women and 11 cm in men (Fig. 4-35).



	Thoracic Spine Kyphosis
	Measures of thoracic kyphosis are largely age dependent. Younger patients demonstrate less kyphosis, and older individuals demonstrate greater kyphosis.



	On the lateral thoracic projection, lines are drawn along the superior endplate of T1 and the inferior endplate of T12. Vertical perpendicular lines are extended from these endplate lines, and the angle of intersection (x°) is measured, with values averaging near 30 degrees. The upper limit of normal is 56 degrees in women and 66 degrees in men (Fig. 4-36).



	Harrison Posterior Tangent Method (Thoracic Spine)
	The value of the thoracic kyphosis from T3 to T10 using the methods described averages 37.4 degrees with a standard deviation of 11.1 degrees as reported by Harrison and others (2003).



	On the lateral thoracic projection, lines are drawn along the posterior body of T3, and a second line is drawn along the posterior body of T10. The superior or inferior angle of intersection (x°) is measured as the thoracic kyphosis (Fig. 4-37).



	Lumbar Intervertebral Disc Angles
	Alterations of the lumbar disc angles occur with postural changes, aberrant intersegmental mechanics, muscular imbalances, and intervertebral disc pathology (e.g., herniations).



	On the lateral projection, lines are drawn along the superior and inferior vertebral endplates. The lines corresponding to each disc level intersect posterior to the lumbar spine. The disc angles (x°) increase with descending lumbar levels: L1—8 degrees, L2—10 degrees, L3—12 degrees, L4—14 degrees, and L5—14 degrees (Fig. 4-38).



	Lumbar Intervertebral Disc Height
	Narrowing of the intervertebral disc space usually indicates degeneration. If narrowing occurs at the L5 level without concurrent findings of degeneration, underdevelopment is most likely. More aggressive pathology (e.g., infection) or surgery may narrow the disc space.



	Visual Assessment



	On the lateral projection, a subjective appraisal is made of disc height compared with the adjacent levels and past experience.



	Ratio Method
	Narrowing of the intervertebral disc space usually indicates degeneration. If narrowing occurs at the L5 level without concurrent findings of degeneration, underdevelopment is most likely. More aggressive pathology (e.g., infection) or surgery may narrow the disc space.



	On the lateral projection the anterior (a) and posterior (b) heights of the intervertebral disc space are averaged and divided by the horizontal width (c) of the middle portion of the disc. Therefore, the disc height is expressed as a ratio of the disc width and height, which offers a method controlling for differing patient sizes. In the lumbar spine, normal disc ratios increase with descending lumbar levels: L1—0.17, L2—0.18, L3—0.20, L4—0.25, and L5—0.28 (Fig. 4-39).



	Lumbar Facet (Hadley S) Curve
	Alterations in the smooth progression of the curve suggest facet arthrosis or malposition.



	On the lateral or oblique lumbar projection, it should be possible to construct a smooth curve along the inferior margin of a transverse process that extends along the lateral margin of the inferior articular process, across the facet joint, and along the lateral margin of the superior articular process of the segment below (Fig. 4-40).



	Lumbar Gravity Line
	If the line falls more than 1 to 2 cm anterior to the sacrum, it suggests anterior weight-bearing with increased shear stress on the lower lumbar discs and facet joints (see Fig. 4-41). Posterior weight bearing may lead to more weight distribution on the facet joints.



	On the lateral lumbar projection, a vertical line is drawn from the center of the L3 vertebral body inferiorly. Normally, the vertical line will pass through the anterior third of the sacral base (Fig. 4-41).



	Lumbar Instability (Van Akkerveeken) Lines
	Ligamentous injury to the disc or other spinal ligaments may result in increased translation and abnormal measurements. Extension radiographs are more likely to demonstrate abnormality.



	On the neutral or extension lateral lumbar projection, lines are drawn along the superior and inferior vertebral endplates adjacent to the same disc space. The distance between the posterior margin of each vertebra and the intersection of the two lines is measured (a and b). The presence of an abnormality is suggested if the measurements differ by more than 3 mm (Fig. 4-42).



	Lumbar Spine Lordosis
	Wide variations in lordosis measurements have been noted. Alterations have been related to low back pain, disc herniations, altered posture, and other findings.



	On the lateral lumbar projection, lines are drawn along the superior endplate of L1 and the base of sacrum. Vertical perpendicular lines are drawn from the endplate and sacral lines, and the angle of intersection (x°) averages 50 to 60 degrees (Fig. 4-43).



	Harrison Posterior Tangent Method (Lumbar Spine)
	The value of the lumbar lordosis from L1 to L5 using the methods described averages 39.7 degrees with a standard deviation of 9.1 degrees, as reported by Janik and others (1998).



	On the lateral lumbar projection, lines are drawn along the posterior body of L1, and a second line is drawn along the posterior body of L5. The superior or inferior angle of intersection (x°) is measured as the lumbar lordosis (Fig. 4-44).



	Lumbar Spinal Canal
	Smaller measurements may indicate spinal stenosis. However, spinal stenosis is more accurately assessed on axial MRI and CT images, which provide additional information regarding canal shape.



	Eisenstein Method



	On the lateral lumbar projection, a line is drawn connecting the tips of the superior and inferior articular processes of the same segment. The canal width (x) is measured as the distance from the posterior body margin to the middle portion of the facet line. The canal dimension should not fall below 15 mm (although some use 14 mm or 12 mm as the cutoff) (Fig. 4-45).



	Ratio Method
	Smaller measurements may indicate spinal stenosis. However, spinal stenosis is much more accurately assessed on axial MRI and CT images, which provide additional information regarding canal shape.



	On the frontal lumbar projection, the interpedicular distance is multiplied by sagittal width obtained using the Eisenstein method as described on the lateral lumbar projection. Next, on the frontal lumbar projection, the coronal width of the vertebrae is multiplied by the sagittal width of the vertebrae obtained from the lateral lumbar projection. The product of the two canal measures is divided by the product of the two vertebral measures, expressing the canal size as a ratio of the vertebral body. In the lumbar spine, the canal ratio should not fall below 1 : 3.



	Meyerding Grading for Spondylolisthesis
	If L5 spondylolisthesis is present, the posterior body line intersects the sacral base. The sacral base quadrant that is intersected is used to qualify the amount of anterior displacement into grades I to IV. (Fig. 4-46 shows a grade I spondylolisthesis.) The method can be used at other spinal levels by dividing the segment below the spondylolisthesis into quadrants.



	On the lateral lumbar projection, the sacral base is divided into four quadrants. A line drawn along the posterior surface of the L5 vertebra should not intersect the sacral base (Fig. 4-46).



	Risser-Ferguson Method for Scoliosis
	This method is not used as often as the Cobb method to quantify scoliosis.



	On the frontal, cervical, thoracic, or lumbar projection, lines are drawn from the center of the upper vertebra to the center of the vertebra at the apex of the lateral curvature (apical vertebra) and from the center of the lower vertebra to the center of the apical vertebra. The inferior angle (x°) at the intersection of these lines is measured. The apical vertebra is the one that is the most laterally deviated. The end vertebrae are most severely tilted to the concavity of the curve (Fig. 4-47).



	Harrison Modified Risser-Ferguson Method for Measurement of AP Lumbar Views
	The Harrison modified Risser-Ferguson method for measurement of the AP lumbar regions is based on the location of the two-dimensional center of mass of each vertebra. The resultant LD angle provides information of spinal and sacral distortion in a sagittal plane. The benefit of this method is that it accounts for both axial rotation and lateral bending displacements of vertebrae. This method can be applied to the cervical, thoracic, or lumbar regions. The LS angle is a measure of lower lumbar lateral bending. The HB angle is a measure of lateral sacral tilt.



	On the frontal lumbar film, the narrow-waisted lateral margins of the vertebral bodies are used to find the middle of the vertebrae. Next, the spinous-lamina junction is identified, and the center of mass of the vertebra is established as the point halfway between the middle point of the vertebra and the spinous-lamina junction. Best-fit lines connect these two-dimensional centers of mass from T12 to L5. The upper best-fit line, connecting T11 to L2, is drawn to cross the lower lumbar (L3–L5) best-fit line. The angle measured is termed the LD angle. The lower lumbar best-fit line is extended to the top of the sacral base line. This lower lumbar to sacral line creates a second angle known as the (coronal) LS angle. A third line is the sacral base angle to horizontal termed the HB angle (Fig. 4-48).
These AP lumbar lines and angles have been studied for reliability and have intraclass correlations in the good to excellent range with low mean absolute value of observer differences (see Harrison et al, 2002).



	Sacral Angle
	Smaller Barge angles and larger Ferguson angles are associated with increased compressive forces at the facets or transverse shearing forces at the disc. Larger Barge angles and smaller Ferguson angles are associated with increased axial loading of the disc of increased axial shearing forces at the facets.



	Barge Angle (a°)



	On the lateral weight-bearing lumbar projection, a line is drawn along the sacral base. The inferior angle of intersection between the sacral base line and a vertical line drawn parallel to the vertical edge of the film average 53 degrees, with a standard deviation of 4 degrees (Fig. 4-49).



	Ferguson Angle (b°)
	 



	On the lateral lumbar projection, a line is drawn along the sacral base. The inferior angle of intersection between the sacral base line and a horizontal line drawn parallel to the horizontal edge of the film average 41 degrees, with a standard deviation of 2 degrees and average values ranging from 27 to 56 degrees.



	Ulmann Line
	If the L5 vertebra crosses the perpendicular line, spondylolisthesis may be present. The Ulmann line is less sensitive to spondylolisthesis than the George posterior body line.



	On the lateral lumbar projection, a line is drawn along the sacral base. A second line is drawn perpendicular to the sacral base line just anterior to the sacrum. Normally, the L5 vertebra is found posterior to the perpendicular line (Fig. 4-50).
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ADI, Atlantodental interval; AP, anteroposterior; APL, atlas plane line; APOM, anteroposterior open-mouth; AxPL, axis plane line; CD, cervical dorsal; CT, computed tomography; IBL, inferior basic line; HB, horizontal to base; LD, lumbodorsal; LL, listing line; LS, lumbosacral; MRI, magnetic resonance imaging; OCL, occipital condyle line; OL, odontoid line; OOL, ocular orbit line; OPL, odontoid perpendicular line; PSL, perpendicular skull line; SBL, superior basic line; TAL, transverse atlas line; VML, vertical median line.




TABLE 4-3

UPPER EXTREMITY MEASURES





	Description
	Significance





	Acromioclavicular Joint Space
	An enlarged space suggests fracture, traumatic ligament tears, or bone resorption (e.g., caused by hyperparathyroidism). A narrowed space is associated with degeneration.



	On the AP shoulder or acromioclavicular projection, the space (x) between the distal clavicle and proximal acromion process averages 3 mm (Fig. 4-51).



	Acromiohumeral Space
	A narrowed space is indicative of superior shoulder displacement, which is often secondary to shoulder impingement syndrome with rotator cuff tendinopathy. An enlarged space is associated with dislocation, joint effusion, and paralysis.



	On the AP shoulder projection, the distance (x) from the inferior surface of the acromion to the humeral head averages 10 mm (Fig. 4-52).



	Glenohumeral Joint Space
	An enlarged glenohumeral space is suggestive of joint effusion, acromegaly, and posterior humeral dislocation. A narrowed space is often secondary to degeneration and rheumatoid arthritis.



	On the AP shoulder projection, the distance (x) from the glenoid to the humeral head averages 5 mm (Fig. 4-53).



	Anterior Humeral Line
	If the line passes anterior or posterior to the middle third of the lateral condyle, a fracture may be present.



	On the lateral elbow projection, a line drawn along the anterior surface of the humerus should intersect the middle third of the lateral condylar ossific center (Fig. 4-54).



	Radiocapitellar Line
	Assessment assists in determining the presence of fracture or dislocation.



	On the lateral elbow projection, a line is drawn through the center of the radius to approximate its long axis. The line should pass through the elbow joint to intersect the center of the capitellum (Fig. 4-55).



	Capitolunate Sign
	Carpal instability is suggested if the angle exceeds 20 degrees.



	On the lateral wrist projection, lines are drawn to approximate the long axes of the lunate and capitate. Their angle of intersection (x°) should be less than 20 degrees (Fig. 4-56).



	Metacarpal Sign
	If the oblique line intersects the third metacarpal at a more proximal point than the distal articular surface, the fourth metacarpal may be abnormally short. This finding is often seen in gonadal dysgenesis (Turner syndrome) or metacarpal fracture.



	On the PA hand projection, an oblique line drawn along the distal articular surfaces of the fourth and fifth metacarpals should intersect the distal articular surface of the third metacarpal (Fig. 4-57).



	Radiolunate Angle (Lunate Tilt)
	If the lunate is flexed more than 15 degrees, VISI is suggested. If the angle is greater than 10 degrees in extension, DISI is suggested. Occasionally VISI and usually DISI occur with scapholunate dissociation; VISI is also related to triquetrolunate dissociation.



	On the lateral wrist projection, lines drawn to approximate the long axes of the radius and lunate should be parallel (Fig. 4-58).



	Radioulnar Variance
	A short ulna (e.g., negative ulnar variance) is associated with avascular necrosis of the lunate (Kienböck disease) and greater carpal stress distribution to the radius. A long ulna (e.g., positive ulnar variance) is associated with greater carpal stress distribution to the ulna. Ulnocarpal impaction syndrome or ulnar abutment syndrome has also been associated with positive ulnar variance.4 Differences of less than 5 mm are probably not significant.



	On the AP wrist projection, the distal ulnar articular surface should align with the inner portion of the distal radial articular surface (Fig. 4-59).



	Scapholunate Angle (Scaphoid Tilt)
	If the angle is greater than 80 degrees and the lunate is also extended (dorsiflexed), DISI is suggested.



	On the lateral wrist projection, lines are drawn to approximate the long axes of the scaphoid and lunate. Their angle of intersection (x°) averages 47 degrees with variance between 62 and 32 degrees (Fig. 4-60).
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AP, Anteroposterior; DISI, dorsal intercalated segment instability; PA, posteroanterior; VISI, volar intercalated segment instability.




TABLE 4-4

LOWER EXTREMITY MEASURES





Description
Significance




Acetabular (Wiberg) Center-Edge Angle
The angle serves as a width measure of the amount of coverage the acetabular roof provides. A shallow angle (e.g., less than 20 degrees) may be caused by acetabular dysplasia and is associated with hip dislocation and hip degeneration.


On the AP pelvic or hip projection, a vertical line is drawn from the center of the femoral head superiorly through the acetabulum. A second line is drawn from the lateral aspect of the acetabulum to the center of the femoral head. The angle (x°) formed by the two lines is normally between 20 and 35 degrees (Fig. 4-61).


Acetabular Index
An enlarged angle is associated with acetabular dysplasia and possible lateral congenital dislocation of the hip. A shallow angle is seen in patients with Down syndrome.


On the AP pelvic projection, a horizontal line (a) is drawn through the right and left triradiate cartilage (Y-Y or Hilgenreiner line). Another line is drawn along each of the acetabuli (b) to intersect the horizontal triradiate cartilage line. The angles of intersection (x°) should not exceed standards based on age: at birth—less than 36 degrees in girls, less than 30 degrees in boys; 6 months—less than 28 degrees in girls, less than 25 degrees in boys; 1 year—less than 25 degrees in girls, 24 degrees in boys; 7 years—less than 19 degrees in girls, less than 18 degrees in boys (Fig. 4-62).


Acetabular Protrusion (Köhler) Line
If the floor of the acetabulum extends medially to Köhler line, protrusio acetabuli is present. Protrusio acetabuli is secondary to rheumatoid or degenerative arthritis, Paget disease, osteogenesis imperfecta, and idiopathic or other bone-softening disorders.


On the AP pelvic projection, a nearly vertical line is drawn from the outer border of the obturator foramen superiorly to the lateral cortical margin of the pelvic inlet. The floor of the acetabulum should not extend medially to this line (Fig. 4-63).


Femoral Neck Angle
An angle of less than 110 degrees is termed coxa vara. A measure greater than 130 degrees is termed coxa valga.


On the AP pelvic or hip projection, a nearly vertical line is drawn approximating the femoral shaft (a). A second line is drawn through the center of the femoral neck (b). The angle of intersection (x°) is normally 124 degrees and should range from 110 degrees to 130 degrees (Fig. 4-64).


Hip Joint Space
A wider hip joint distance is associated with hip joint effusion. The superior joint space is usually narrowed by degeneration. The axial space is more commonly affected by an inflammatory arthritide (e.g., rheumatoid arthritis). The medial joint space is narrowed by degeneration and an inflammatory arthritide.


On the AP pelvic or hip projection, the hip joint between the cortex of the femoral head and the acetabulum should not exceed 6 mm superiorly (s), 7 mm axially (a), or 13 mm medially (m) (Fig. 4-65).


Iliofemoral Line
Disruption of the smooth line is associated with hip dislocation, femoral neck fracture, and slipped capital femoral epiphysis.


On the AP pelvic or hip projection, it should be possible to draw a smooth curve along the outer surface of the lower ilium that extends inferiorly along the femoral neck. The line should be bilaterally symmetric (Fig. 4-66).


Klein (Femoral Epiphysis) Line
Slipped capital femoral epiphysis may be present if the femoral capital epiphysis is found medial to the femoral neck line or if the line transects less of the epiphysis than is found on the contralateral side.


On the AP pelvic, AP hip, or frogleg hip projection, a line drawn along the outer border of the femoral neck should intersect the femoral capital epiphysis (Fig. 4-67).


Shenton Hip Line
Disruption of the smooth line is associated with hip dislocation, femoral neck fracture, and slipped capital femoral epiphysis.


On the AP pelvic or hip projection, it should be possible to draw a smooth curve along the medial and superior surface of the obturator foramen to the medial aspect of the femoral neck (Fig. 4-68).


Skinner (Femoral Angle) Line
If the fovea capitis is found below the perpendicular line, fracture or bone-softening conditions causing coxa vara are suspected.


On the AP pelvic or hip projection, a nearly vertical line is drawn approximating the femoral shaft. A second line is drawn perpendicular to the first line at the level of proximal tip of the greater trochanter. The fovea capitis should be found at the level of or above the perpendicular line (Fig. 4-69).


Teardrop Distance
A wider teardrop distance is associated with hip joint effusion.


On the AP pelvic projection, the distance between the most medial portion of the femoral head and the most lateral portion of the teardrop at the inner acetabulum should not exceed 11 mm or differ from the contralateral side by more than 2 mm (Waldenström sign) (Fig. 4-70).


Pelvis
A sum (iliac index) of less than 60 degrees is indicative of Down syndrome. A sum between 60 and 68 degrees suggests Down syndrome.


Iliac Angle


On the AP pelvic projection, a horizontal line is drawn through the right and left triradiate cartilage. Two additional lines are drawn, one along the lateral margin of each ilium. The sum of the right and left angles (x°) of intersection (the iliac index) should not be less than 60 degrees in a newborn (Fig. 4-71).


Pelvic Misalignment
If the perpendicular line intersects the pubic bone instead of the symphysis, the innominate is externally rotated on the side the line crosses through. The innominate on the opposite side is internally rotated. Rotation can be double checked by measuring the width of the ilium (a) and the obturator foramen (b) External rotation of the innominate, using the PSIS as a reference point, is accompanied by a narrower ilium width and a wider obturator foramen on the ipsilateral side. Internal rotation is associated with a wider ilium and narrower obturator width ipsilaterally.


Innominate Rotation


On the weight-bearing frontal pelvic projection, an FHL is drawn along the superior margins of the femoral heads bilaterally. A perpendicular line from the FHL is constructed to intersect the second sacral tubercle and should pass through the center of the pubic symphysis when extended inferiorly (Fig. 4-72).


Innominate Flexion-Extension
The vertical measurement of the innominate is larger on the flexed side (the PSIS has moved posterior and inferior) and smaller on the extended side (the PSIS has moved anterior and superior).


On the weight-bearing frontal pelvic projection, the distance from the top of the iliac crest to the inferior margin of the ischial tuberosity should be bilaterally similar.


Sacrum Rotation
The sacrum is rotated posteriorly on the wider side and anteriorly on the narrower side.


On the weight-bearing frontal pelvic projection, the distances from the lateral margins of the sacrum to the second sacral tubercle (c and d) are measured parallel to the FHL and should be similar.


Leg Length Inequality
If the line constructed parallel to the bottom of the film does not approximate the femoral heads bilaterally, the line is drawn to the higher femoral head, and the distance from the line to the lower femoral head estimates the measured leg length deficiency. The clinical interpretation of a measured deficiency is dependent on accompanying pelvic misalignment.It is believed that a flexed (PI) or externally rotated (EX) innominate decreases the leg length discrepancy when the innominate misalignment is corrected on the ipsilateral side of the short leg. In other words, correction of a flexed or externally rotated innominate raises the ipsilateral femoral head. Conversely, an extended (AS) or internally (IN) rotated innominate increases the leg length discrepancy when corrected on the ipsilateral side of the short leg. The opposite is noted if the short leg is on the contralateral side of the innominate misalignment. The magnitude of leg length change should be 40% of the measured misalignment of the innominate. Consideration of the pelvic misalignment allows an estimation of the actual leg length deficiency.


On the frontal weight-bearing pelvic projection, a line is drawn parallel to the lower margin of the film to the superior margin of the highest femoral head. The line should approximate both femoral heads if the legs are of equal length.


Presacral Space
An enlarged presacral space is associated with expansile lesion of the sacrum, soft-tissue masses associated with abnormality of the sacrum, sacral trauma, or abnormalities of the bowel.


On the lateral sacral projection, the space (x) between the anterior sacral cortex and the posterior margin of the rectal gas should not exceed 2 cm in adults and 5 mm in children (Fig. 4-73).


Symphysis Pubis
A widened space occurs with cleidocranial dysostosis, trauma, hyperparathyroidism, bladder exstrophy, and secondary to an inflammatory arthritide.


On the anteroposterior pelvic projection, the pubic symphysis (x) should not exceed 6 mm in women and 7 mm in men (Fig. 4-74).


Lateral Patellofemoral Angle
If the lines are parallel or their angle opens medially, recurrent patellar subluxation is likely.


On a tangential or Merchant knee projection, a line is drawn along the femoral condyles. A second line is drawn along the lateral margin of the patella. The angle of intersection (x°) of these two lines usually opens laterally (Fig. 4-75).


Patellar Displacement (Insall Ratio)
A high patella (1 : 1.2, patella alta) may be the result of trauma or chondromalacia patella. A low patella (1 : 0.8, patella baja) is seen in patients with achondroplasia, polio, or juvenile rheumatoid arthritis.


On the lateral knee projection, a ratio of the greatest height of the patella (a) to the distance from the inferior pole of the patella to the tibial tubercle (b) should be 1 : 1; a 20% variation is often seen (Fig. 4-76).


Patellar Sulcus
Larger sulcus angles are associated with subluxation or dislocation of the patella.


On a tangential or Merchant knee projection, a sulcus angle (x°) is formed by drawing a line from the highest portion of the medial femoral condyle to the lowest portion of the intercondylar notch; the line is also drawn for the lateral femoral condyle. The intersection of these lines forms the sulcus angle. The angle ranges from 126 to 150 degrees, with the average being 138 degrees (Fig. 4-77).


Boehler Angle
The angle is decreased or increased by calcaneal dysplasia or fracture.


On the lateral foot or calcaneus projection, an angle (x°) formed along the superior margin of the calcaneus normally ranges from 30 to 35 degrees; a measurement of less than 28 degrees is abnormal (Fig. 4-78). Recent literature questions the utility of this angle.5


First Metatarsal Angle
An increased angle indicates a hallux valgus deformity.


On the AP foot projection, lines drawn to approximate the long axes of the first metatarsal and proximal first phalanx should form an angle (x°) of less than 15 degrees (Fig. 4-79).


Heel Pad Measurement
Increased heel pad thickness is associated with acromegaly, obesity, and edema.


On the non–weight-bearing lateral foot or calcaneus projection, the soft tissue of the heel inferior to the calcaneus should not exceed 23 mm in females and 25 mm in males (Fig. 4-80).


Meary Angle
If the lines are not parallel and form an angle that is greater than 0 degrees, forefoot cavus deformity is indicated.


On the lateral foot projection, lines drawn
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Routine Shoulder: Internal and External Rotation

Posidon AP Shoulder Inermal Rotation
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Secure lead spron around ptient.
Filmselection | 10+ 12
Film Place horizantally in Bueky. The top of he cassete & 15" above the head of the humerts.
placement
D placement_| D should be n upper comer of ollimation field.
Patient “The patientis standing in the AP position with back against Bucky. The armof the afected shouider s intermally rofated o the epicondyles of the elbow are
placement | perpendicular o the plane of the flm.
Technique | KVp7010 80; mAs S 1o 16
selection
s 40
Centralray | The central ray enters the coracoid process.
placement
Collimaion | To fimsize
Marker Within the collimation field denoting the affected shovlder
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Proximal humerus, scapula, humeral head in relation to the glenoid fossa. Inermal rofation demorstzates the humens in the tre aeral position.
visulized
Additioral | This view demorstrates the subdkeltoid bursa area.
information
lithe shoulder i to0 puinul © be intemally rofated, the affected side can be tumed away from the film fo obtain asimiar view.
Position "AP Shoulder External Rotation
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Secure lead spron around putient.
Filmselection | 10+ 12
Film Place horizantally in Bueky. The top of he cassetie should be placed 15" above the head of the humerts.
placement
D placement.| ID should be in upper comer of collimation field.
Patient “The patient s standing in the AP position with back against Bucky The arm s rofated extemally so the epicondyles of he elbow are parllel o the plane of the
placement | flm.
Technique | KVp70 0 80; mAs 5 1o 16
selection
SD w0
Contralray | The central ray enters the coracoid process.
placement
Collimation | To fimsize
Marker Within the collimtion field denofing the afected sholder
placement
Breating | Do notbreathe. Do not move,
instnuetions,
Arctomy | Proximal humerts, scapuls, humeral head in relation fo glenoid fossa. Extemal ofation demorstrates the prosimal humerus in the tre AP posion.

visulized
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Routine Lumbar Spine: AP and Lateral

Posidon AP Lubar Spine.
Patient Remove any artfcts in the desired field (e.5., tnderwear,  lothing with hooks, snaps, Zippers). Place patient in gown.
preparation
Measurement | Using the calipers, place the base bar on the patients back. Move the slider b toward the thickest partof the putient's abdomen.
Shiclding, | Use appropriate gonackl shiclding,
Filmselection | 14+ 17
Film Place vertically in Bucky.
placement
D placement_| D should be n upper comer of ollimation field.
Patient “The patientis staning in the AP positon with the midsagital ple in the center of the Bueky.
placement
Technique | KVp75 o 85; mAs 30 0 80
selection
s 40
Centralray | The centralray s directed fo a point 1" below the liac crest n ferales; 2" below the crestin mules so a to exitthe disc iterspace of L3-L4. Optimal
placement | positioning shouid include the ischial tuberosities on the il
Collimaion | To fimsize
Marker Within the collimtion field o either the ightor left side of paient
placement
Breating | Suspend respiration on fll exhalation.
instnuetions|
Antomy | Lumbar vertebral bodies, ntervertebral disc interspoces, lumbar spinous and trnsverse processes, luming, pars interartcularis, S join, sacral ol pelvs
visulized
Additioral | In arger paients, recumbent radiography provides beter film quality. Compression also may be wsed to enhance flm quality in upright radiography
information
Position Lateral Lumbar Spine
Patient Remove any artifcts in the desired field (e.5., tnderwear,  lothing with hooks, snaps, zippers). Place putient in gown.
preparation
Measurement | Using the calipers, place the base bar on one side of the patient. Move the slider bar toward the apposite side of the patient 17 above the flia crest
Shiclding, | Shielding is not necessary for this view.
Filmselection | 14+ 17
Film Place vertically in Bucky.
placement
D placement.| ID should be in upper comer of collimation field.
Patient “The patient s standing in the lateral positio with the canve ity of the lumbur curve next o the Bueky. The micailry plane & centered o the center of the
placement | cassette
Technique | KVp80 o 90; mAs 90 o 180,
selection
)
Centralray | The central ray s directed fo a point 1" above the lic crest and halfway between the ASIS and PSIS.
placement
Collimation | To fimsize vertcally. To potientsize horizontlly.
Marker Within the collimtion field on the sce of the putent closest to the cassette
placement
Breathing | Suspend respiration on fll exhalaion.

instnuetions|
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Routine Thoracic Spine: AP and Lateral

Posidon AP Thoracic Spine
Patient Remove any artfcts n the desired field (e.5., clothing with haoks, snaps, 2ippers). Place patient in gown.
preparation
Meastrement | Using the calipers, place the base bar on the patients spine. Rotae the caliper so that it over the patients shoulder. Then move the slider bar nto the
semumof the patent.
Shiclding, | Secure lead spron around petient.
Filmselection | 7% 17 or 14 < 17
Film Place vertically i Bucky. The pof the cassete shouldbe 1710 1)/ above the vertebral poninence.
4
placement
D placement_| ID should be inlower comer of collimation field.
Patient “The patientis standing in the AP position with back agairst the Bucky.
placement
Technique | KVp70 10 80; mAs 20 0 40
selection
s a0
Centralray | Center to the center ofthe cassette, =2"to 4" below the sterral notch
placement
Collimaion | To7 17
Marker Within the collimation field on either the ightside or leftside of patients spinc
placement
Breating | Suspend on inspiration
instnuetions|
Antomy | Vertebral bodies, intervertebral disc spaces, pedicles, spino s and trnsverse processes, posterior ribs, and costovertebral joins. Paraspinal lines (pleural
visualized | interfice) can also be seen
Additioral | For bestresult,the tube should be positioned sa the anade i toward the putent’s head andl the cathode is dowwn, taking advantage of the “heel effect”
information [ Wedge fltation should be sed o achieve a more unifo rm density. The flter should be placed down to the midsternum.
Position Lateral Thoracic Spine
Patient Remove any artfcts in the desired field (e.5., clothing with haoks, snaps, 2ippers). Place patient in gown.
preparation
Measurement | Standing behind the patient, place base bar of alipers under left amm. Move slider bar so as 0 snugly rest under right arm.
Shiclding, | Secure lead spron around putient.
Filmselection | 14+ 17
Film Place verically in Bucky. The op of he cassete shouldbe 1 above the veribral prominence.
4
placement
D placement.| ID should be in upper comer of collimation field.
Patient Patient i in teral positon (depending on direction of spinal curve) with arms raised and elbows lexed. Humeri should be paralelt loor:
placement
Technique | KVp75 o 85; mAs 40 0 60
selection
) 0"
Contralray | Central ry to center of previously placed cassette

placement
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Description

Significance

‘Atirioaxial “Overhang” Sign

On the APOM projection, the ateral margin of the lateral masses of atlas sho uld not appear more
lateral than the superior aricular processes of the axis (Fig. 49)

Lateral displacement suggests acture (atlas or 0dortoid process) or
dislocation. A mild degree of “overhanging” of the als may be a
normal variant n children.

ADI

On the ateral cervical projection, the distance (x) between the posterior surface of the anterior
tubercle ofthe alas and the anterior surface of the odortoid process of the axis should not
exceed 3 mmin aduils and 5 men in children. The flexion lteral projection places the most stress
on the atlrtoaal joint and would be most likely fo reveal an sbrormulity . The ADI may appear]
V-shaped.Insuch cases, the smllest portion of the joint space should be measured to limit
falsepositive resulss (Fig. +10).

‘Anenlaged alorsoderta terval may result fom congenial dverce or
weakoess of the transverse aarial ligamet .8, Downsyrdromme,
Morguio syndrome, Larsen syndrome), raumy, nection, or an
inflamctory v (e, theumatoid i, ankylosing
spondylis). Recent work has helped esablish mesures in pediaric
populatiors.*

Atis Alignment

On the Lateral cervial projection, two lines are constructed. An APL is drawn through the anterior
tbercle and the namowest porton of the posterior arch. Next.an OL i drawn bisecting the
odarioid process. A line drawn perpendicular o the adontoid line (OPL) should be parallel
the APL (Fig. 1)

Anterior divergence of the lines suggests an anferor-superior
molposition of the aths in elaon to the axs. Arierior convergence of|
the lines suggests an anterior-inferior malposition of the ats.

On the fronial open-mouth cervical projection, two lines are constructed: a TAL is drawn
connecting the lower junction of the transverse processes and the lateral masses, and an APL
is drawn betwween the lamina-pedicle junctions bilsterally. The TAL and APL shouid be
pasalel (Fig. +12).

Right atls lateral malposition i suggested fthe TAL and AXPL diverge.
o the right.Leftatls bteral malpositon is suggested ifthe TAL and
ANPL diverge to the left.

On the frontal APOM cervical projection, atls rotational mulposition s suggested by asy manetry
inthe wickh of the lateral masses (Fig. 13).

“The ateral mass with the wider measure i the side with anterior rotation.
Often the medial margin of the anteriorly rotated laferal mass appears.
more rdopaque,

Cervieal Gravity Line

Inthe Lteral cervieal projection, a verticalline drawn from the ip ofthe odo ntoid should inersect
the severth cervical vertebral bady (Fig. 4-14),

‘Ananterior weightbearing posture is noted i the line s found anterior
C7 (as shownin Fig. 4-14), and a posterior weight bearing posture s
noted ifthe line i behind C7.

Cervical Jackson Stress Lines

On the ateral cervical flexion and extersion projections, lins are ciawn along the posterior aspect|
0C2 and C7. The posterior bady lines should infersect the C5-C6 infervertebral disc space on
the flexion flmand Ci-C5 interveriebral disc space on the extension flm (Figs. 4-15 and 4-16)

“The intersection of the lines i believed to occur at the levels of greatest
stress. Degeneration, muscle spasm, aberant intersegrmental
mechanics, and other condifions may alter the levels of nfersection.

Cervical Lordosis

Horrison Posterior Tangent Methods

On the ltral cervical projecton, lines are drawn slong the posterior body of C, anda second
lie i drawn along the posteror body of 7. The superor or inferior ang e of nfrsection (<)
is measured s the cervical lordosis. Another applcation of the posterior angent lines ses a
comparison oflines of adjacent segmens, yiekding a measure of relaive rofaional angles.
Nomutive values forsuch re found n he rlsed lieraure (Fig. 417)

“The average value of the cervieal curvature from C2 o C7 using these.
methods is 34 degrees with a standard deviation of 9 degrees as
reported by Harison and others (1996). This method can be extended
to the thoracic or lumbar regiors.

Visual Assessment

On the Lateral cervial projection, a subjective appraisal o the cervial curve is made. Well-
mointained anferior convenity is lordosis, exaggerated anterior convexiy is hyperlordosis,
slight anterior convexity is by polordsis, ek of curvature is alordotic, and posterior
convexity s kyphoss.

Altered cervical lrdosis may be caused by fctors such a traums,
degeneration, muscle spasm, and aberrant infersegmental mechanics.

Depth Method

On the Lateral cervieal projection, line is drawn fom the tip of the 0donioid process to the
posterior surfice of (7. A horizontal measure is aken from the verticalline to the posterior
surce of the Ci bady (). The average depth s 12 mm (Fig. 415).

Negative values indicate ky phosis, and large values indicate
hyperdordosis. The depth method provides a more accurate
assessment of cervicallordosis than the angle method. Lower
measuremens may resul from bctors such s traumy, degeneration,
muscle sposm and abertant infersegmental mechanics

‘Angle of Curve

On the Lateral cervial projection,  line is drawn connecting the anterior and posterior tbercles of|
the atlas, and a second ine s dravn along,the inferfor endplate of C7. Perpendicular lines are
drawn from the atas and C7 lines, and their angle of ntersectionis recorded s the cervical
lordosis (). The average value s 40 degrees, althougha range of average values has been
reported in the lterature (see Fig. 415).

Negative values indicate ky phosis, and large valoes indicate
hyperdordoss. This method of measuring cervicallordosis is more
common butless aceurate thanthe depth method. Because the
measuremens depend arly on C1 and 7, a ky photic curve with
compensatory extersion of C1 s the filse meastrement of a lordotic
curve. Reduxced cervical curvature may be cased by fctors such
trauma, degeneration, muscle spast, and aberrantinersegmental
mechanics.

Harrson Modified Risser-Ferguson Method (Cervical Spine)

On the AP cervical radiograph, the narrow waiss of the aricular pillars are used to find the center
ofthe vertebrae. Secon, the spinous-lamina junctions are identifed. The centrad for each
Vertebra s found by bisecting these two points on the segmert. Next bes it lines are
corstructed from C2 o the lowest visible thoracic vertebra, The angle of intersection of the
bestiitline ofthe upper cervical vertebrae and the best it line of the lower cervical and upper
thoracic vertebrae s measured as the CD angle. In addifon,the angle created by the best it line|
ofthe lower cervical and upper thoracic vertebrae and a true verticalline create a lteral fexion
angle termed R . These lines and angles have been studied or relabliy, yielding intrackass
corelations in the good to excellent range with low mean absalute value of observer
differences (see Harrison etal, 2002) (Fig. 19).

“The Harrson modified Risser Ferguson method for meastrement of the
AP cervical regions s based onthe location of the twoimersioral
center of mass of each vertebra. The resultant CD angle provides
information of spinal distorton in asagital plane. The benefitof this
method s tht it accounss for both axial rotation and ateral berling
displacemens of vertebra. It can be applied o the cervical, thoracic,
orlumbar region. The R angle is a measurement of teral bending
ofthe upper dorsal region.

Cervical Preveriebral Soft Tissues.

On the Lteral cervieal projection, the distance between the anterior aspectof C2 and the
pharyngeal air shadow should not exceed 5 mn, and the distance between C6 and the tracheal
air shadow should notexceed 20 mn (Fig. 420).

Posttraumatic hematoms, tumor, abscess, or other space-0cCupying,
lesion of the prevertebral spoce may distend these measures beyond
their normal values.

‘Cervical Spinal Canal

‘Sagittal canal widkhs less than these values indicate spinal carul stenosis,
‘Spinal stenosis is more accurately assessed on the aal imoges.
provided by MRLor CT.






OEBPS/images/B9780323084956000038_t0015a.png
‘Additional

For better definition of the inferior orbital rim area, increase the tube angle to 30 degrees.

information | Petrous py ramis should be projected in the lower third of the arbit with a 15-degree tube tlt and belorw the inferior orbitl im on the 30 degree tube it
~—
Position Lateral Facial Banes
Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Place the base bar of the calipers against the 2y gomatic arch. Move the slider barof the calipers toward the patient's fxce sa it rests on the opposite

2ygomaic arch.

Shielding__| Secure lead spron around patient.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be nlower comer of collimation field.
Patient Place the putient n an anterior obligue position. Place the patients head n a lteral positon with the sice of interest resting agairst the Bueky.
placement
Technique | KVp70 10 80; mAs 101020
selection
sD 40
Contralray | The central ray enters 15" posterior o the outer carthus,
placement
Collimation | To fimsize
Marker Within the collimtion field denoting the side of the head thats closest o the Bucky
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Arctomy | Ednoid, frontal, sphenoid, and mendllary sinuses in the laeral projection
visulized
‘Additioral | This view should be performed with the patient n the upright position to evaluste air fuid levels i the sinuses.

information






OEBPS/images/B9780323084956000038_f003-003gi-9780323084956.jpg





OEBPS/images/B978032308495600004X_t0010.png
Description

Significance

Basilar Angle

On the ateral skull o cervical projection, two lines are crawn. The st
conneets the fronial-nasal junction (asion) to the center of he sela urcica.
‘The second connccts the anterior margin of the foramen magrum (basion)
with the center of the sella turcica. The angle of nersection () should not
exceed 152 degrees, with a minimum value of 137 degrees (Fig. 4-1).

‘Abrormally high angle measuremenss indicate an elevation of the skl base in elation
the anterior portion of the skull. This aceurs with basilr invagination or impression
secondary to congenial bone deformity or acquired bone sofening disease (¢.g. Paget
disease, fbrous dysplasia),

Charmberhin Line

Onthe teral skl or cervical projecton,  line i draw from the posteror
aspectafthe had pale fo the posterior aspect o the foramen mogrum
(opisthion). The p of the odontoidshould ot extend more than 7 men
above the line (9" (Fig. 42).

Elevation of the ip of e odanioid suggests basilr invagination or impression or upward
deformity of the skull base. This may occur secondary to congerital or acquired bone-
Softening disorders (e.g., Paget disease, fbrous dysplsia).

Digastic Line

On the ronial skull or cervial projection, line is drawn connecting the right
and left digastic grooves (just medial to the mustoid processes). The tpof
the adontoid should not project above this line (Fig. 43),

Elevation of the tip o the odonioid suggests bsilr impression or upward deformiy of the
skl buse. This may oceur secondary to congenital or acquired bone-softening dsorders
(e:8. Paget disease, fbrous dysplasia)

McGregor Line

On the Lateral skull or cervical projection, aline s drawn fom the posterior
aspectof the hard polte to the inferior surface of the occiput. The tipof the
odonioid should be below the line () and is alway's abnoral i it extends
more than  mm above the ine in men and 10 mem in women (Fig. 4-9). This
canbe assessed on phin flmor CT.

Elevation of the adontoid tip suggests basilar impression or upward deformity of the skull
base. This may oceur secandbry fo congenitl or acquired bone soffering disorders
(e:5, Paget disease, fibrous dysplasia. The McGregor method s considered the best
method fo assess for busilar impression.

MeRae Line

On the ateral skull o cervical projection, aforamen magoum line is drawn
between the anterior (basior) and posterior (opisihion) margin of the
foramen magnum, The posterior porton of the oceiput should be below this
line. In adkditon, a verticalline extered fromthe tp of the odontoid process
should intersect n the anterior fourth of the foramen magrum line (Fig. 4-5).

lfthe posterior acciputis convex upward or extends above the foramen magrum line, an
upward deformiy of the skull surrounding the foramen magnums present, This occurs
with basilar mpression secondary to cangental or acquired bone soffening disorders.
(e:5. Paget disease, fbrous dysplasia). lthe tip of the odorioid s found posterior to the
anterior fourth of the foramen mognum line, fracture or dislocation s suspected.

Occipioatlantal Alignment

On the ateral skull or cervical projection, two lines are constructed: an FML is
drawn along the inferior margin of the occiput, and an APL is drawn through
the certer ofthe anteror tubercle and the narovwest portion of the posterior
arch of atas. The FML and APL should be prallel (Fig. 4.).

Divergence of the FML and APL anteriorly suggests anterior-superior mulposition of the
occiput. Divergence of the lives posteriorly suggests posterior-superior malposition of
the acciput

On the ronial openmouth cervical projection, two lines are constructed: a TCL |
s drawn connecting the grooves on the medial aspect of the mastoid
processes bilaerally, and a TAL is drawn connecting the lower junctions of
the transverse processes and the lateral masses. The TCL and TAL should be
paralel (Fig. 47).

Divergence of the TCL and TAL to the right suggests ight occiput bteralty. Divergence
ofthe TCL and TAL to the left suggestskeftoceiput teraliy.

On the fronial openmouth cervical projection, ats rotational mlpositon s
suggested by asymmetry in the width of the lateral masses. Occiput rofaion
is assumed to occur opposite aths rotation

“The lateral mass with the wider measure i the side with anterior rotation of the atis and
posterior rotaion of the occiput. Ofte, the medial margin of the anteriorly rotated laeral
s appears more radiopague.

Sella Turcica Size

I the ateral skull projection (40 inches FFD), the greatest horizontal dimersion
ofthe sella turcica should not exceed 16 e, and the deph should not
exceed 12 mm (Fig. 45).

‘An enlarged sella trcica may represent a normal varant or suggest the presence of aspace-
occupying lesion or condifio (e.g., ititary tumor, carotid aneurysm, and emmpty sella
syndrome)
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Rouine: AP Open Mouh, AP Lower Cervical, Laeral Cervical

Posidon AP Open Mouth
Patient Remove any articts in the desired feld (e.5., eartings, denfures, b appliances).
preparation
Measrement | Place base bar of calipers on back of head. Instruet patent t open mouh, Move slider bar n toward putent’s bce to comer of mouth (without touching
patients mouth)
Shiclding, | Secure lead spron around petient.
Filmselection | § % 10
Film Place vertically in Bucky.
placement
D placement_| ID should be inlower comer of collimation field.
Patient Place patientin the AP posiion with back of shoulders resting against Bucky. The plane of the upper acelusal plte and acciput with mouth open should be
placement | porallel o the foor.
Technique | KVp70t0 80 mAs 1010 15
selection
s
Centralray | The ceniral ray enters the midpoint of the apen mouth,
placement
Collimation | Collimte just under the eyes vertically and o the mestoids horizontlly.
Marker Within the collimtion field o either the ightside or left side of ptients head
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Lateral masses, anferior and posterior arches of C1, odortoid process, pedices, laming, and spinaus process of C2
visulized
Additional | Correct head placement s essential. If teeth superimpose odonioid, i head back.Ifocciput superimposes odontoid, ip head forward. In extreme cases, the
information [ oblique adontoid or Fuchs view may be sed.
Position AP Lower Cervical
Patient Remove any artibcts in the desired feld (e.5., eartings, denfures, b appliances).
preparation
Meastrement | Place the base bar of the calipers agairst the posterior aspec tof the cervical sine at the level of i
Move the slider bar toward the petient unt it ouches the anterior aspect of the cervical spine at C.
Shiclding, | Secure lead spron around putient.
Filmselection | 8 % 10
Film Place vertically in Bucky.
placement
D placement.| ID should be in upper comer of collimation field.
Patient Place patientin the AP position with bock of shotlders against he Bucky. The plane of the upper acelusal plte and buse of aceiput should be paralel to the
placement | floor so the mundible does not superirmpose on C3.
Technique | KVp6s 075 mAs 610 12
selection:
)
Centralray | The central ray should be angled 15 degrees cephalically so a5 fo enter the area of C (ty roid cartlage),
placement
Collimation | To fimsize vertically. To mestoids horizorially,
Marker Within the collimetion field on efther the right side or left side of paients head
placement
Breating | Do notbreathe. Do not move,

instnuetions|
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Routine Facial Bones: PA Caldwell, PA Waters, Lateral Facial Bones

Posidon PA Waters
Patient Remove any articts in the desired feld (e.5., eartings, denfures, b appliances).
preparation
Measurement | Place base bar of calipers on back of skull and move slider bar toward patients face untl it ouches betsween botiom lip and ip of chin.
Shiclding, | Secure lead spron around putient.
Filmselection | § % 10
Film Place vertically in Bucky so center of cassete s centered to the acarehion.
placement
D placement_| ID should be inlower comer of collimation field.
Patient Place patientin PA position with eck in slight extersion so chin and nose rest against Bueky.
placement | The orbitomeatl line should form a 55-degree angle o the film.
Technique | KVp70 10 80; mAs 20 0 40
selection
s 40
Centralray | The central ray s directed perpendicular fo the Bucky and s centered to the center of the cassette.
placement
Collimaion | To fimsize
Marker Within the collimtion field o either the ightside or left side of ptients head
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Andtomy | Floor of the arbits, maxilary sinuses.
visulized
Additioral | Should be dane in upright posiion to evaluste air fid levels in the maxillry sinuses. Petrous ridges should be projected i the lower halfof the maxilry.
information | sinuses below the inferior orbital rim Good view for evaluation of possible “blowout” orbial factures.
Position PA Caldwell
Patient Remove any artibcts in the desired feld (e.5., eartings, denfures, b appliances).
preparation
Measurement | Place base bar of calipes against back of head. Move slider bar toward ptient's fxce o reston nasion.
Shiclding, | Secure lead spron around putient.
Filmselection | 8 % 10
Film Place vertically in Bucky withcenter of cassete aligned t the esion.,
placement
D placement.| ID should be inlower comer of collimation field.
Patient Place patientin the PA position against the Bucky <o the nose and forehead are againstthe Bucky and the orbitomeatal lin i perpendicular to the cassete
placement
Technique | KVp70 o 80; mAs 20 0 40
selection
SD w0
Contralray | The central ray s angled 15 degrees candally and is centered fo cassette.
placement
Collimation | To fimsize
Marker Within the collimetion field on efther the right side or left side of paients head
placement
Breating | Do notbreathe. Do not move,
instnuetions,
Arctomy | Orbial r, maila, rasal septum, and zy gormatic bones

visulized
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Description

Significance

‘Acromioclavieular Joint Space

‘Anenlarged spoce suggests fracture, traumtic ligament tears, or bone resorption (e, caused by,

On the AP shoulder or acromioclavieular projection,
the space (4 between the disal clavicle and
proximal acromion process averages 3 men (Fig. 4-
51)

hyperparathy roidism). A narrowed spoce is assaciated with degeneration

Acromiohumeral Space

A narrowed space is indicative of superior shoulder displacement, which i often secondary (o shoulder impingement|

On the AP shoulder projection, the distance (3 from
the inferior surfce of the acromion to the humeral
head averages 10 mm (Fig. 452).

syndrome with rotator cuff endinopathy. An enlarged space is associated with dislocation, joint effsion, and
paraysis.

Glenohumeral Jint Spoce

‘An enlarged glenohumeral space is suggestive of oint effusion, acromegaly, and posterior humeral dislocation. A

On the AP shoulder projection, the distance (3 from
the glenoid to the humeral head averages 5 mm.
(Fig. 459)

narrowed space is ofien secondary to degeneration and thevmatoid arhrts.

Anterior Humeral Line

Ifthe line pusses anterior or posteror fo the middle third of the ateral condyle, a fracture may be present.

On the latral elbow projection, i drawn along, e
anteror surace of the humens should intersect the
micdetird of the lteral condy lr ossifc center
(Fig, 454

Radiocapitelar Line

Assessment asists in determining the presence of facture or dislocation.

On the ateral elborw projection,  ine s drawn
through the certer of the radius fo approximte i
long axis. The line should pass through the elbow
joint o intersect the center of the capiellum (Fi.
455)

Capitolurate Sign

Corpal instabiliy is suggested ifthe angle exceeds 20 degrees.

On the Lateral wist pojection, lines are drawn ©
approximate the long axes of the lunate and capitate,
Their angle of ntersection () should be less than
20 degrees (Fig. +56).

Metacarpal Sign

Ifthe oblique line intersects the third metacarpel at more proximal point than the distal articular surfce, the fourth

On the PA hand projection, an oblique line deawn
along the distl artcular surfces of the fourth and
fith metacarpols should inersect the distal artcular
surace of the third metacarpal (Fig. 457).

metacarpol may be abnormally short. This firding is offen seen in gonadhl dysgenesis (Tumer syndrome) o
metacarpal fracture.

Radiolunate Angle (Lunate Tily

Ifthe lune i fled more than 15 degrees, VISTis suggested. Ifthe angle s greater than 10 degrees in extersion,

On the ateral wist projection, lines drawn to
approximate the long axes of the radius and e
should be porallel (Fig. 4:58),

DISls suggested. Occasionally VISl and ususlly DISI aceur with scapholunate dissaciation; VISIis also related fo
triquetzolunite dissociation.

Radioulnar Variance

A shortulna (e.g, negative ulnar variance) is associated with avascular necrosis of the lunate (Kienbick disease) and

On the AP wrist projection, the distal ulnar artcular
surce should align with the inner porion of the
distl radial atiulr surface (Fig. 459,

greater carpalstress distibuton o the radius. A long ulna e.g., posiive ulnar variance) is associaed with greater
carpal strss distrbution o the ulna, Unocarpal impocton syndrorme or ulnar sbutment syndrome has also been
assaciated with positive ulnar variance. Differences ofless than 5 mm are probably not significant.

‘Scapholunate Angle (Scaphoid Tily

Ifthe angle i greate than 80 degrees and the lunate is o extended (dorsiflened), DISTis suggested.

On the ltral it projection, lnes are drawn t
approximae thelong, aes of the scaphoid and
lunste, Ther angle of nfrsection (<) averages 47
degrees with variance between 62 nd 32 degrees.
(Fig. 40,
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Routine skull: PA Caldwell, AP Towne, Lateral Skl

Position | PA Caldwell
Patent Remove any arfcts inthe desred fild (e 4, eareings, dentures, b appliances)

preparston
Measurement. | Place caliperbas atthe back of he skull Slide the calipr arm il it ests iy at the asion,
Shiclding__| Secure lead apron around potent
Fimselection | 10+ 12
Fim Place vertcalin Bucky.

plcement

D placement_| ID should be inlower comer of collimation field.

Patient Place patient with nose and forehead against Bucky o the o hitomeatal ine is perpendicular o the lm.
placement
Technique | KVp70 10 80; mAs 20 0 40
selection
s a0
Contralray | Using a 15 degree cauxdal tube tl central ray enters the bac k ofthe skull s0 as o exit the rasion.
placement
Collimaion | To fimsize
Marker Within the collimtion field o either the ightside or left side of ptients head
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Frontal bone, fontal and ethmoid sinuses, greater and lesser wing of the sphenoid, superior orbital fissure, foramen rotundum, orbial margins

visulized
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Collimation | To filmsize vertically. To patent size horizonally.
Marker Wilhin the collimation fikd o the sid of e patient i closest o he Bucky
plcement
Breathing | Suspendon deep inspirton. Or se the breahing techrique whereby the patert akes n  deep breath an bows ot slowly s fbowing ough a stz
instuctons | (hich constius alow mA and  long exposure ).
Anatomy | Thoracie verebral bodies, tervertebrl dis spoces, inier erebrl foramen. Upper e o four veribras oy not b visulized becarse of shoulder
viswlized | thickoess
‘Addiioral | Use lizaion fom e boriom of he collimsion el o the cross i ofhe cental oy o provide  more riform dersity of he e horaci spie.
informtion | using the breahing techrique, use the ongest exposure i with the smallest mA staion tht correspondsfo the necessary mAs or each ptent:
|
| k\
Postion__| Swimmers
Patert Remove any arcts in the desired ik (.5, clohing with hooks, sraps, zipper). Place patert i gown.
preparaion
Messurement | Same s bteral horcic spne
Shielding__| Secure lead apron aroun patert.
Fimselection | 8 x 100r10x 12
Fim Place vertcally in Bucky.
plcement
D placement_| 1D should be inlower comer of colintion fild.
Pasert Patentcan b seated orsarding with arm closest o Bucky in ful exension o puss longside the e
placement | Shoulder nearest xtay tube shouldbe relned 10 i lowest point:
Techrique | KVpS0 10 90; mAs 0 0 120
selection
) 0
Centralray | The centralry enters the T1-T2 level long the micaxlry plae
placement
Collimaion_| To flmsize
Marker Wil the ollimation fiekd o ether he right ide or et side of ert deperling on which leral s perormed.
placement
Breating | Swspendon exhaltion.
insinctons
‘Anatomy | Lower cervicalan upper horace vertebrl bodies and nf rveriebral i spaces projeced between the shoulders.

visulized
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Additional | The use of high kVp ensures an increased grayscale on the radiograph.
information | Poor inspiratory efrs aler cardiothoracic ratio. One should be able o visuslize the firstfour thoracic vertebral bodies, seven anterior rbs, and 10
posterior .
T suspected apical lesions or midde obe infizates, alo rdotic view may be performed fo better define these ares.
Ifa preumothorax s suspected, an adkiforal view, a PA chest performed with fll expiration, accentuates the visceral-parietl pleural nterspoce.
Position Lateral Chest,
Patient Remove any arifcts in the desired e (e.g., clothing with hooks, snaps, zippers). Place patient n gown.
preparation
Measurement | Same as lateral thoracic spine,
Shielding__| Secure lead pron around patient.

Filmselection

14x17

Film
placement

Place vertically in Bucky. Topof casset shouldbe ) above vertebral poninence.

ID placement

D should be in upper comer of collimtion field.

Patient ‘Stading with lefside against Bucky with both arms in full extersion raised sbove he
placement

Techriqe | KVp110t0 120 mAs 410 16
selection

sD 7

Contralray | Central may is centered o center of cassette,
placement

Collimation | To fimsize

Marker Within the collimation field o the sice of the ptient closest fo the flmjustbelow the ID blacker
placement

Breahing | Deepinspiration
instnuetions|

Arctomy | Lungs, rachea, heart,great vessels, disphragm posterior castophrenic angles, and bony thorax

visulized

‘Addtoral
information

The left lteral position s performed fo reduice magnificaion of the heart shadonw by having the heart closest o the flm.
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‘Additional

A 5degree caudal tube tiltmay help to separate the shoulde s and reduce superimposition of surrounding anatomy. This view may be used when C6.C7

information [ cannot be visualized on the el cervical view.
Routine Chest: PA and Lateral
Position PA Chest
Patient Remove any artifcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientn gorwn.
preparation
Measurement | Same as AP thoracic spine
Shielding. | Secure lead spron around patient.
Filmselection | 14+ 17
Film Place cither verically or horzorialy in Bucky depending on widh of paent. The 0p of he cassete shouldbe {77 above the vertebral prominence.
placement
D placement.| ID should be in upper comer of collimation field.
Patient Patient isin PA position with chest against Bucky, head sraight, chin slightly elevated, and arms rolled forward.
placement
Technique | KVp 11010 120;mAs 1104
selection
SD 7
Contralray | The central ray s centered fo the previously placed cassete.
placement
Collimation | To fimsize
Marker Within the collimation field above the shoulder on either the right o leftside.
placement
Breating | Deepinbalation
instnuetions,
Arctomy | Lungs, inclucing apices, tracheal air shadow, heart, great vessels, and diaphvagen. This view akso demorstrates the costophrenic angles and bony thorax

visulized
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D placement

D should be in upper comer of collimation field.

Patient Patient & lying on affected side (e, ight side dovwn for g b hteral decubits, left sice dorwn or left leral decubitus). Arms are raised sbave head. Patient
placement | is placed on cart or tble so the shoulders are 2" 10 3" below top of lm.
Technique | KWVp 11010 120;mAs 2105
selection
SD
Contmalray | To center of previously centered cassete
placement
Collimaion | To fimsize
Marker Within the collimation field an either the ightside or leftside of patient
placement
Breating | Deepinspiration
instnuetions|
Antomy | This view is performed when the patient cannot stand and pleural effsion s suspected. Because the side down s the dependent portion of the ches, sl
visulized | pleural effusions may be demorstrated This view helps delineate betsveen sl pleural efusions and sear tissue formation
Additioral | Because pleural effsions less thn 300 ce ustally cannotbe seen clearly on routine PA chest radiography, decubitus s shold be performed i pleural
information [ effusions are suspected.
Ribs: AP or PA Unilateral or Bilateral Above or Below Diaphragay Oblique, and PA Chest
Position AP Bilateral Upper Ribs
Patient Remove any artifcts in the desired field (e.8., clothing with haoks, snaps, zippers). Place patent n gown.
preparation
Measurement | Same as AP thoracic spine
Shielding. | Secure lead spron around patient.
Filmselection | 1417
Film Place trnsversely in Bucky. The topof the cassette should be 15" sbove the vertebral prominence.
placement
D placement_| ID should be nlower comer of collimation field.
Patient “The patients staning in the AP position.
placement
Technique | KVp65 0 75; mAs 20 1 40
selection
SD a0
Contralray | Central ry i centered to center of cassette,
placement
Collimation | To fimsize
Marker Within the collimetion field o either the ightside or leftside of paient
placement
Breahing | Suspend breathing on fullinspiration.
instnetions|
Anatomy | Ribs above the disphragm, especially the posterior aspecto fthe rbs

visulized
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Position Apical Lordotic
Patient Remove any artfcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientin gorwn.
preparation
Measurement | Same s PA chest
Shiclding, | Secure lead spron around ptient.
Filmselection | 14+ 17
Film Place vertically in Bucky. Center fo cental .
placement
D placement_| ID should be inlower comer of collimation field.
Patient Patient i in AP position =1 foot from Bucky. Patientthen leans back so back of shoulders comes indirect contact with Bucky. fthe petient s unable to
placement | assume this position, she or he may stand upright, and the tube can be angled 10 degrees cephalic © achieve the same efect.Ifthe patient is not ble to
assume this position safely, the patient may stand upright, and a 10-o 15-degree cephlic tube it can be used.
Technique | KVp110t0 120;mAs 110 4
selection
s 7
Centralray | Central ray enters micstermum.
placement
Collimaion | To fimsize
Marker Within the collimation field an either the ightside or leftside of patient
placement
Breating | Deepinspiration
instnuetions|
Anatomy | This view demorstrates the apices of the lung free of superimposition of the clavicles. This view also demorstrates interlobar efsiors, if present.
visulized
Additioral | This view may help o localize and define any lesiors suspected o be posterior to the clavicle. This view ako may demornsizae infltrae in the right middie
information [ lobe.
Position Lateral Decubitus.
Patient Remove any artfcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientin gorwn.
preparation
Measurement | Same s PA chest
Shiclding, | Secure lead spron around ptient.
Filmselection | 14+ 17
Film Place horizantlly in Bueky.

placement
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‘Additional
information

fobligue views cannot be performed with the patient in the posterior oblique position, anterior obliques may be done. The affected side is placed away from
the film. An LAO is performed in ightsided injuries; an RAO is performed in leftsiced injuries.

Position

Costal Joints

Patient
preparation

Remove any artifcts in the desired field (e.8., clothing with haoks, snaps, ippers). Place patent n gown.

Measurement

Same as AP thoracic spine.

Shielding__| Secure lead pron around putient.
Filmselection | 11+ 14 (a 14 » 17 can be wsed with appropriate collimation)
Film Place vertically in Bucky. Center fo cental .
placement
D placement_| ID should be nlower comer of collimation field.
Patient Patient is standing in the AP positon, certered o the Bucky
placement
Technique | KVp70 0 80; mAs 20 0 40
selection
sD a0
Centralray | The central ray s angled 30 degrees cephalically so o o enter the lower aspect of the sterum, exiting at the level of T6.
placement
Collimation | To fimsize
Marker Within the collimtion field on either the rightar left side of pient
placement
Breathing | Suspend respiration on fll inspiraion.
instnuetions|
Antomy | Costoveriebral and costotransverse joints of the upper to mickhoracic spine

visulized
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Film Place vertically inBucky. The top of the cassette should be 1.5 above the vertebral prominence for ribs above the diaphragm f the lower ribs are of interest,
placement | the cassetie should be placed so the botiom of the cassette is 1"belovw the top of the liac crest.

D placement.| ID shoukd be n the comer of the collimation field opposite the area of inferest.

Patient “The patient s standing ith the midclavicula plne of the afected side centered fo the center of the cassete
placement

Technique | KVp65 0 75; mAs 20 1 40
selection

SD 0"

Centralray | The central ray s directed fo the center of the cassete
placement

Collimaion | To fimsize

Marker Within the collimation field on side of the patien tha s closest o the Bueky
placement

Breating | For ribs above the diaphragen, suspend respiration on ullinspiration. For rbs below the diapheagm, suspend respiration on full expiration.
instnuetions|

Antomy | Ribs above or below the diaphragim. The view should include the area betwveen the costovertebral joints o the axilary barder of the ibs.
visulized

Additioral | This view is performed when putent presens with b complainis on ane sice only.
information

Position ‘Oblique Ribs.

Patient Remove any artifcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientn gorwn.
preparation

Measurement | Same as AP thoracic spine

Shielding, | Secure lead apron around petient.

Filmselection | 14+ 17

Film Place vertically in Bucky. For ibs above the diaphragm, the cassete i plced 15" sbove the diaphragem. For ibs belovw the diaphragn, the bottom o the
placement | cassette is placed 1" below the fopaf the il crest

D placement.| ID should be in comer of olimaton field apposite the area of nferest.

Patient “The patient s standing in the AP position. Rotate the petient tovard afected sice 45 degrees. Rightsided b injury requires an RPO); leftsided b irjury an
placement | LPO.

Technique | KVp70 0 80; mAs 20 0 40
selection

SD w0

Contralray | The centralray s directed to the center of the cassete justlateral to the midsterral area.
placement

Collimation | To fimsize

Marker Within the collimetion field on the side of the paient that s closest o the Bucky.
placement

Breahing | For s above the diaphragen, suspend respiration on ull inhalation. For rbs below the diaphragen, suspend respiation on full exhalation.
instnuetions,

Anctomy | Axilary marginof s on the afected side

visulized
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Position Lateral Stemum

Patient Remove any ariocts in the desired fiekd (e, clothing with hooks, snaps, zippers). Place patient in gov.
prepaation

Measurement | Measure lierally under the axilla

Shickding__| Secure lead apron around patent.

Filmselection

510

Film
placement

Place vertically in Bucky.

D placement

D should be in comer of collimation field. The top of the cassete i plced 1" above the suprasternal notch,

Patient The patient is starding i ateral position with hands clasped behind the back, forcing a slight forward thrust of the stemum.
placement

Techrique | KVp75 t0 85 mAs 40 to 60
selection

s a0

Centralray | The central ray s directed to the center of the cassete atthe level of the midstemum.
placement

Collimaion | To fimsize

Marker Within the collimtion field denoting either a ight ateral or a lef teral
placement

Breating | Suspend respiration on fll inspiration.
instnuetions|

Anatomy The enire stermumis projected in the lteral position.

visulized

Additoral
information

f performing this view recumbent, raise the patients arms above the bead.

Inwormen, the breastshould be moved ot of the collimaton ield,if possible, and secured with a wiap so breast shadows do not obscuure the loswer

aspects of the stemum.
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Addiforal [ This view demonstrates changes to these joint spaces from enities such as theumatoid anthriis and degenerative joint disease.
information
PR =
Stemuns RAO and Lateral
Postion | RAO Stemum
Patent Remove any arfcts inthe desired fild (e, clothing with hooks, soaps, zippers). Place patent i gov.
proparston
Measurement | AP hraugh midine of semum
Shiclding__| Secure lead apron around potent
Filmselection | 10+ 12
Fim Place vertcally n Bucky. Centerfo cental ray
plcement
D placement_| 1D should be inlower comer of callimion field.
Patent “The putiont s standing in the PA position, centered o the Bucky. Rotae the ptiont =20 degrees so a o effectthe RAO position.
plcement
Technique | KVp75 0 85 mAs 30 0 40
selection
sD
Contrlray | The certral ray enters st et ofhe spine atthe level of To
plcement
Collimation_| To lmsize
Marker Wthin the collimation fieldon the ptients right side
plcement
Breahing, | Use th breathing technique whereby the patent takes even, shallow breaths, usin along exposure e
instnctions
Arctomy | Aslightly oblique PA projection of the stemum supermposed over the beart shadovw
visuiized
‘Additorsl | The RAO posion i tsed s0 a fo project he stemum aver the heartshadow, hich provides  homo genots backg round and increased visualizaon of he
information|  stemum.

1
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Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, sraps, 2ippers)
preparation
Shiclding, | Secure lead spron around ptient.
Filmselection | 7% 17 or collmsied ona 14 x 17
Film Place vertically in Bucky with the top of the cassetie =2" above the humeral head or the botiom of he cassetie 1” below the elbovw join, depending on which
placement | joints closest o the irjury.
D placement. | ID should be in the upper comer of the collimtion field if including the elbow joint s joint of inerestor in the lower camer fhe shoulder joint s the jointof|
interest.
Patient “The patientis standing in the AP position with back against the Bucky. Rotate the patient toward the affected side so the humerus i in contact with the Bucky.
placement | Supinate the hund and slighty abduct am.
Technique | KVp60 o 70; mAs 5o 10
selection
s
Contralray | The central ray is directed to the midshaftof the humers,
placement
Collimaion | To fimsize
Marker Within the collimtion field denoing the humers of nterest
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Frontl projection of the humens.
visulized
Additional | Ifthe patients in severe pain or facture is suspected, do not supinate the hand. Perform the radiograph with the amm i the neutzal position.
information
Position Lateral Humerss.
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Secure lead spron around putient.
Filmselection | 7% 17 or collimted on 14 x 17
Film Place vertically in Bucky.
placement
D placement.| ID should be in comer of collimation field opposite the ointof nferest
Patient “The patient s standing in the AP position with back against the Bucky. The elbos s lexed and the forearm s accted across the abdomen. The humers i
placement | moved slightly lateral to avoid superimposition of the thorax. The hand is supinated so the i poinis upward.
Technique | KVpe 0 70; mAs 5 o 10
selection
) 0"
Cortralray | The central ray s directed to the midshattof the humeris,
placement

Collimation.

To flmsize.
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Additional | This view is best accomplished with the patient in the recumbent position. Ifatempted in the upright position, provide a chair for the patient to grasp for
information | stbiliy.
“This view should not be atempted when fracture s suspected.
The use ofa20-degree cephulic tube tt better demorstrates the fermoral neck.
Routine Femur: AP and Lateral
Position AP Femur
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Use gondl shielding, it possibl.
Filmselection | 7% 17 or 14 « 17 collimated.
Film Place vertically in Bucky.
placement
D placement.| ID should be in comer of collimaton field nearest the hip.
Patient “The patientis in the supine position on the radiographic ble with leg in fll exersion, fo0t at 90-degree angle to lower leg. Intemally rotate the fmur so that
placement | femoral epicondyles are paralel fo the tabl.
Technique | KVp75 0 85; mAs 20 1 40
selection
SD
Certralray | The central ray s directed perpendicular fo the center of the cassette.
placement
Collimation | To 7 17 collimetion field
Marker Within the collimtion field denoting patients dight or left o mur
placement
Breating | Do notbreathe. Do not move,

instnuetions|
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‘Additional

Do not attempt internal rotation of affected hip if fracture is suspected.

information [ The AP pelvs i included in the inital examminaton of a patient with suspected hip pothology.
Position Frogleg Lateral Hip
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding | Use gondal shielding, it possibl.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient Patient i either standing inthe AP position or lying recumbent with back against Bucky. Instruct the patint to flex knee and draw up thigh so s fo rest
placement | botiomf ot againstinside of opposite thigh. Abdhct the fermur to patirt tolerance. If the patient cannot abduxct the femur to lie flaton the tbie, slightly
ol the potient toward the afected hip so as to place the fomur parallel o the tabe
Technique | KVp75 o 80; mAs 20 10 50
selection
sD 40
Centralray | The central ray is directed perpendicular to the hipjoint.
placement
Collimation | To fimsize
Marker Within the collimtion field denotng patiere's fight or efthip
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anatomy | Lateral view of femoral head, neck and greater rocharier, and acetabulum

visulized
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Anaomy [ Lateral view of the femur to include the knee joint

visuiized
Routine Knee: AP, Lateral, and Open Joist

Positon | AP Kce

Patent Remove any arcts inthe desired fld e.5, clothing with hooks, snops, zippers).
proparston

Shiclding__| Use gorudal shilding if possible

Filmselection | 5 % 10

Fim Place vertcally on Gbletop.
plcement

D placement_| 1D should be inlower comer of callimion field.

Patent The patent s seated on radograptic able wit knee n ll exiersion, oot orming 90-degree angle withlower kg, leg inerally rotated 5 degrecs
plcement

Technique | KVp0 to 65 mAs 20 0 40 (ongeid)
sclection

sD o

Contrlray | The central ray & angled 5 degrees cepkalic enering 15" below the apex.af e patela
plcement

Collimation_| To lmsize

Marker Wthin the collimation field denoting he afected exremity
plcement

Breating, | Do mtbreate. Do nat move.
instnctions

Arctomy | AP projection of the knee

visulized
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Anatomy
visulized

AP projection of the femu, including the knee or hipjoint

‘Addiioral | Hthe ijury s located in e upper fird o he emur,  hip series (AP and fogleg latera) should be incloded.
informaion | Itemal roaton ofthe e goes o ptients foerance.
—
Positon__| Lateral Femr
Patent Remove any aricts inthe desired field e, clothing with hooks, snops, zippers).
preparaion
Shielding_| Use gonadal shielding, if possible.

Filmselection

717 or 14 % 17 collimated.

Film
placement

Place vertically in Bucky so a to include the knee joint.

D placement

ID should be in comer of callimation field closest o the hip.

Patient The putient s lying recumbent on the able on the affected side. The opposite leg s drawn up and s crossed over the afiected leg. The shtof the affected
placement | fomuris placed porallel o the center of the able. Flex the knee 20 to 30 degrees so that epicondyles are perpendicular o the tabe
Technique | KVp75 t0 80; mAs 20 to 40
selection
sD W0
Centralray | The central ray s directed perpendicular fo the center of the cassette.
placement
Collimaion | T 7 17 collimotion field
Marker Within the collimetion field denoting the putient’s afiected extremity
placement
Breating | Do notbreathe. Do not move,

instnuetions|
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Patient. Remove any artifocts in the desired field (e.g., clothing with hooks, snaps, zippers).
preparation
Shiclding, | Use gondl shielding, if possibl.
Filmselection | § % 10
Film Place vertically on the tbletop. I the knee measures greater than 14cm, place cassette n ble Bucky.
placement
D placement. | ID should be inlower comer of collimation field.
Patient “The patients in he prone position on the radiographic tble with the knee flexed t0 2 40- 0 45 degree angle resting the footon support. The knce jointis
placement | centered to the middle of the cassete
Technique | KVp65 o 70; mAs 20 o 40 (nongrid)
selection
sD 40
Centralray | The centralray is angled cauchlly 40 to 45 degrees entering the poplical fossa
placement
Collimaion | To fimsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Intercondylarfossa, medtial and lateral intercondy lar tobercles of the infercondy lar eminence in profile

visulized
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‘Additional

Tfthe knee measures greater than 14 cm, the view should be performed using the Bucky.

information
Position Lateral Knee
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding | Use gondal shielding, it possibl.
Filmselection | 8 %10
Film Place vertically on tbletop.
placement
D placement_| ID should be n upper comer of callimation field.
Patient “The patientis in the bteral ecumbent posifion on the radiog raphic table with the afected knee in cantact withthe tble. The femur of the affected side i
placement | centered to the center of the able. Flex the knee 20 to 30 degrees so that emoral epicondyles are perpendicular o the table.
Technique | KVp60 o 65; mAs 20 0 40 (nongrid)
selection
SD a0
Centralray | The central ray s directed 5 degrees cephalic entering 10 distal to the medtal epicondyle.
placement
Collimation | To fimsize
Marker Within the collimtion field denotng the afected exremity
placement
Breating | Do notbreathe. Do not move,
instnetions|
Aratomy | Lateral projection of the kne joint, incluing the disal end of the femur, proximal end of the bia and fibula, putels, and patellofermoral joirt

visulized
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Breathing

Do not breathe. Do not move.

instnuetions,
Arctomy | Evaluates jointspaces of both knees. Also tsefl in evaluation of varus and valgus deformities of he knce joint.
visulized
Additioral | This view is tseful inevalustion of the arhriic knce. Weightbearing studies reveal joint space narrowing hat i not apparent on non-sweight bearing studics.
information
Routine Pattella: PA, Lateral, and Axial
Position Axial Patella (Settegast Method)
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding | Use gondal shielding, it possibl.
Filmselection | 8 %10
Film Place vertically on tbetop.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient “The patientis in the prone position on the radiogaphic tble. The knee is flexed fo the putent's folerance. The patelais centered o the middle ofthe cassette
placement
Technique | KVp65 o 70; mAs 20 0 40 (nongrid)
selection
sD 40
Centralray | The central ray s angled 10 o 20 degrees cephulic o erter the paellofemoral joint.
placement
Collimation | To partsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Arctomy | Axial view of the patella and patelloferoraljoint,inclucing the infercondy lar sulcus in profile. Demorstzaes vertial paella factures,

visulized
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Additional | This view is an alternate to the Homblad method. It s used when the patient cannot bear weight on the affected kee.
information

Position Bilateral AP Weight Bearing.
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation

Shiclding, | Use gondal shielding, it possibl.

Filmselection | 14+ 17

Film Place vertically in Bucky.

placement

D placement.| ID should be in upper comer of collimation field.

Patient “The patient s standing in the AP position with knees centered to the Bucky. The toes point stright shead, knees fully extended with weight equally
placement | distrbued.

Technique | KVp60 to 70; mAs 10 1020
selection

) 0"

Certralray | The centralray s directed perpendicular to certer of cassetie midway betwween the knees athe level of the apices of the puelle,
placement

Collimation | To fimsize

Marker Within the collimtion field denoting the patients right or ket sice
placement
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Position

AP Pelvis

Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Do notshield for this view.
Filmselection | 14+ 17
Film Place in Bueky in the horizontal posiion. The top of he cassette s placed 1” sbove the fliae crest
placement
D placement. | ID should be inlower comer of collimation field.
Patient “The patientis either staning or lying recumbent certered to the tbie or Bucky. Inemally rotate the putient's legs 15 degrees or fo patent’s folerance fo
placement | visualize the surgical neck of the fermur and place the greater trochanter in profile
Technique | KVp75 o 85; mAs 30 0 80
selection
s 40
Centralray | The centralray s directed perpendicular fo the center of the cassette.
placement
Collimaion | To fimsize in the horizontal direction
Marker Within the collimtion field denoting the patients letor right side
placement
Breating | Suspend respiraion.
instnuetions|
Antomy | AP projection of the pelvis and femoral head, neck, trochanter, and proxiral third o the femoral shaft.
visulized
Additioral | A goradal shield should be wsed, if possible
information [ Ifracture of the femoral neck is suspected; internal rotation of the legs should be avoided.
‘Routine Hipz AP and Frogleg Lateral
Position AP Hip
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Use gondl shielding, it possibl.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement.| ID should be in upper comer of collimation field.
Patient “The patient s ether standing in the AP posifion ar lying rec umbent on the tble. Center the femoral head of the affected hip o the center of the cassette,
placement | Rotae the leg of the afiected hip 15 degrees infemlly ot o potients olerance.
Technique | KVp75 o 80; mAs 20 10 50
selection
SD w0
Contralray | The centralray s directed perpendicular to the joint space.
placement
Collimation | To fimsize
Marker Witbin the collimtion field denotng the patients rightor ket hip
placement
Breating | Do notbreathe. Do not move,
instnuetions,
Antomy | Femoral head, neck greater rochanter, and acetabulum.

visulized
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‘Additional

“This the most important view for the evaluation of cervical spine trauma. This flm should be evaluated before confinuing with the remainder of the cervical

Information | series in traum cases. IFC7 is poorly visulized, aswimmer's view may be used.
| 1]
&
Position Lateral Cenvical (Flexion and Extersion: or Trauma)
Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Same as lteral cervieal (neutal position)
Shielding__| Secure lead spron around patient.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient ‘Same as ateral cervial (neutsal positon). For flexion view, ask putient o tuck chin into chest and roll head down so eyes reston chest. For extersion, ask
placement | patient o roll head backward, looking toward the ceiling.
Technique | KVp70 0 80; mAs 15030
selection
sD 7
Contralray | Same s lateral cervical (nevtzal position)
placement
Collimation | To fimsize
Marker Within the collimtion field marking the side of the cervical spine thats closest o the flm
placement
Breating | Full exblation
instnuetions|
Anctomy | These are addifioral views performed fo demonstrate and ev aluate excessive or diminished intersegmental mobilty of the cervical spinc.

visulized
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Anatomy [ Pedicles, laumina, transverse processes, vertebral bodies, and uncinte processes of C3 o C7. Lung apices are also visulized.
visulized
‘Additioral | Ffmandible obscures C3 and Ci, elevate chin slightly or ine rease the angulation on he fube.
information [ Ifalesion s suspected in visuslized lung apices, a PA and lteral chest radiograph should be performed.
Position Lateral Cenvical (Neutral Position)
Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Place base bar of calipers on lateral side of patients neck at C# level. Move slider ba of calipers toward patients neck so as o restat the Ci level.
Shielding__| Secure lead pron around putient.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient Place patient (standing or seated) next o the Bucky in the lateral positin. The plane of the upper ocelusal plte and the base of the occiput should be parallel
placement | 1o the foor. This ensures the mundible does not superimpose the anerior veriebral badies.
Technique | KVp70 0 80; mAs 15030
selection
sD 7
Centralray | The centralray s directed horizontaly to the Cé vertebrallevel (spproximately the level of the thy roid cartlage) and vertically through the mustoid process.
placement:
Collimation | To fimsize
Marker Within the collimation field on the sice of the ptient that s closest o the lm.
placement
Breathing | Full exholation, to drop shoulders
instnuetions|
Anatomy | Veriebral bodies, intervertebral disc spaces, artcular illrs, spinous processes, and anterior and posterior arch of alas

visulized
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‘Additional

‘Optimal view for visualization of bony foraminal effacement resulting from cervical spine spondylosis. Optimal view for evaluation of pedicles for possible

information | fracture and relaionship of superior and inferior fxcetjoins for possible dislocation in trauma cases. The posterior cervical obligue positions (RPO and
LPO) demonstate the opposite side infervertebeal foramen (e.g., RPO shows lftforamen), and the anterior cervical oblique posiions (RAO and LAO)
demonsizae the same side intervertebral foramen (¢.g., RAO shows right foramen). The anterior oblique position reltes less radiaton dose to the thy roid,
and the divergence of the xcay beam better approximates the intervertebral dise angles; therefore, anferor obliques are typically preferred.
Position ‘Oblique Odontoid (Kasabach Method)
Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Use recommended techrigue,
Shielding__| Secure lead pron around putient.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of callimation field.
Patient AP with 45 degree rotation of the head
placement
Technique | KVp75 0 85 mAs 15025
selection
sD W0
Contralray | Central ay i ngled 15 degrees cauclly fo enter michway betiween the outer canthus and the external auditory meatus.
placement
Collimation | To fimsize
Marker Within the collimtion field on the sice of the head that i touching the Bucky
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | Demorstrates ablique view of odontoid process.

visulized
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‘Additional

Flexion and extension views should be performed only after the laeral cervical (neutral position) view has been evaluated for a gross instabliy.
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Additional | CT is the examination of choice to demonstrate pillar fractures, making this a view that is rarely performed.
information

Position Nasiunr”

Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation

Measurement | Using calipers, place buse bar a the level of the aceiput. Mo ve the lider bar toward the patient's fce ur it ests on the glabella.

Shielding__| Secure lead pron around patient.

Filmselection | 8 %10

Film Place vertically in Bucky.
placement

D placement_| ID should be nlower comer of collimation field.

Patient Patient s seated n the AP position. Bucky i tited sa 3 o touch the putent’s head and shoulders.
placement

Technique | KVp70 0 80; mAs 15030
selection

sD a0

Contralray | Central ay i ngled cauchlly so a to enter the glabella and exitthe inferor tp of the mestoid process. The amountof angulation s determined by
placement | measurement obtained from the lateral cervieal adiograph.

Collimation | To fimsize

Marker Within the collimtion field on either the ight side or left side of ptients head
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Aratomy | Ocular rbiss, bieral masses of C1, accipial condy les
visulized

Additioral | Filiaion i sed to cover the eyes. Head clamps are tsed o ensure head s held i neutral position. This view demorstrates atlas bteralit
information

Position Base Posterior”

Patient Remove any articts in the desired feld (e.5., eartings, denfures, b appliances).
preparation
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‘Additional

“This study is performed when the odontoid cannot be visualized on an AP open mouth view: In cases of trauma or in patients with decreased range of

information [ motion, the entire body can be rotaed 45 degrees.
Position Fuchs (Nontrauma)
Patient Remove any artfcts in the desired feld (e.5., eartings, dentures, b appliances).
preparation
Measurement | Using the calipers, place the base bar under the chin. Move the slider bur so that it fouches the patientat the vertex of the skull
Shielding__| Secure lead spron around patient.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
ID placement_| 1D can b either up or down because of collimution.
Patient Patient s i the AP position with the neck extended so the vertex ofthe skull touches the center of the Bucky.
placement
Technique | KVp70t0 80 mAs 1010 15
selection
sD a0
Contralray | Central ray i angledt 0 to 15 degrees (depering on the extent to which the patient can extend his or her neck) and enters 1" below the chin,
placement
Collimation | To partsize, =5"x 5"
Marker Within the collimtion field o either the ightside or left side of ptients head
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | AP projection of the odontoid process s it lies within the shadow of the foramen mugoum
visulized
Additioral | This view should nat be performed an a trauma patient or  patient withlimited range of motion. Use of inear tomography may be required to betir visuslize
information | the odorioid in cases of suspected fractures. This is a supplemental view used when the dens cannot be vistalized on the AP open mouth view.
Position Pillar
Patient Remove any articts in the desired feld (e.5., eartings, denfures, b appliances).
preparation

Measurement

Same a5 AP lower cervical
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‘Additional

Use filer to cover the ocular orbits. Head clamps may be used o hold head in neutzal position. This view demonstates axis listing,

information
Position Palmer Lateral”
Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Using calipers, place buse bar againstone side of patient’s neck. Move slder bar o rest comfortably on opposite side of neck.
Shielding__| Secure lead pron around putient.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient Patient s seated i a tre lateral positon with head in nevtzal positon.
placement
Technique | KVp70 0 80; mAs 15030
selection
sD E
Centralray | Central ay i ngled 90 degrees, perpendicular o flmeniering transverse process of C1 (the mestoid tip)
placement
Collimaion | To fimsize vertically. Horizontally, collimate o just behind the orbis.
Marker Within the collimation field an the side of the body closestto the film.
placement
Breahing | Suspend respiraion on exhalaion 0 lower shoulders.
instnuetions|
Anatomy | Vertebral bodies, intervertebral disc spaces, artcular illrs, spinous processes, and anterior and posterior arch of the atls

visulized
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Measurement | Using the calipers, place the base bar at the vertex of the skull. Move the slider bar toward the patient resting the bar 1 below the chin.
Shiclding, | Secure lead spron around ptient.
Filmselection | § % 10
Film Place verticall in Bucky. The Bucky s iied 45 degrees with the top of the Bucky foward the ubx.
placement
D placement.| ID should be inlower comer of collimation field.
Patient Patient s sated in the AP posifon with head in neutal position. The stool should be raised fo i highest level. The vertex of the skull i placed in the certer
placement | ofthe Bucky.
Technique | KVp75 0 85 mAs 20 1030
selection
s a0
Centralray | Centralray is angled ceptalcaly erierig, 1" below the chin, pasing )/ anterior o the externl auciory meatus, and exing the vertex o he skl
placement
Collimaion | To fimsize
Marker Within the collimtion field o either the ightside or left side of ptients head
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | At s, anl rasal septum
visulized
Additioral | Filter out the eyes. Head clamps may be used o hold head in neutzal posiion. This view is tsed to demorsizae atls rofaion. The vertex may be wsed 2 an
information | altemate view.
Position Palmer Open Mouth®
Patient Remove any artifcts in the desired feld (e.5., eartings, dentures, b appliances).
preparation
Measurement | Using calipers, place the base bar against the occiput. Move the slider b toward the putent’s apen mouth, stopping 1 cmshortof ouching the fe.
Shiclding, | Secure lead spron around putient.
Filmselection | 8 % 10
Film Place verticall in Bucky. Bucky should be fled fo touch the back of the putent’s head and shoulders.
placement
D placement.| ID should be in upper comer of collimation field.
Patient Patient s seated in AP position with mouth open.
placement
Technique | KVp70 0 80; mAs 1010 15
selection
SD a0
Centralray | The central ray i angled to simulate the direction of the line betwween the upper ocelusal plte and the base of the occiput (0-5 degrees) and enters a the level
placement | of the comers of the mouth,
Collimation | To fimsize
Marker Within the collimtion field on either the right side or left side of paients head
placement
Breating | Do notbreathe. Do not move,
instnuetions,
Arctomy | Lateral messes, anferior and posterior arches of C1, odanioid process, pedlicles, lamina and spinots process of C2, acular orbits

visulized
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‘Additional

“This view demonstrates atlas superiority or inferiority. The measurements are akso taken off of this view to determine the tube tltfor the nasiumm view.
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‘Additional

“The diaphragm must be included in upright abdomen for evaluation of free air. If intraperitoneal free ar is suspected, lay the patient on the leftside for 10 to 20

information | minutes 1o allow free air o rise ito the area under the rig ht hemidiaphragm, where itis not superimposed by the gastric air bubble.
“This view is performed in ackltion o the supine abdomen as it opposing perspective.
APA chest should be included to complete an sbdominal series.
Position Oblique Abdomen
Patient Remove any artifcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientn gorwn.
preparation
Shiclding | Noe wsed
Filmselection | 1417
Film Place vertically to the long ais of the patientn the Bucky.
placement
D placement. | The ID should be in the comer of the collimution opposit the affected sic.
Patient “The patientis lying recummbent on the table, obliquely rotated (=30 degrees) so the afieced side is ouching the tabletop. The patients hands can be placed
placement | over the chest o remove them fromthe desired area. Altematively, the putent may be radiographed in the upright position.
Technique | KVp70 o 80; mAs 40 0 60
selection
SD
Contralray | The central ray s perpendicular o the cassette at he level of the liac crest.
placement
Collimaion | To fimsize
Marker Within the collimation fild denoting the afected sidk
placement
Breating | Suspend respiration on full expiration.
instnetions|
Anatomy | Oblique projection of the abdomen, demorstrating a perpendicular renal shadovw of the side closest o the il the reral shodow on the elevated side s
viswlized | projecied in profile.
‘Additioral | The view s helpful in localizing infraabdorminal radiopacitis. By placing the affected side down, anferiorly located radiopacities, such s galstones, are
information | projected farther away from the spine. The right posterior oblique position s the best position for ths type of demonstzation.

Posterior radiopuxities, such as kidhey stones, are projected closer fo the spine in the posterior obligue position.
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Additional | Flexion of the knee should not exceed 30 degrees because further flexion tightens muscles and tendons, causing the patella to be drawn into the intercondylar
information [ sules. This may obseure diagnostic informaton, such as fat pad displacerment resuling from effsion.
Position ‘Open Joint (Holmblad Method)
Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation
Shielding | Use gondal shielding, it possibl.
Filmselection | 8 %10
Film Place vertically on the abletop,
placement
ID placement_| 1D should be in upper comer of ollimation feld
Patient The patent is on the radiographic able on hands and knees, with affected g slightly extended. The jointspace is centered o the center of the cassette. The
placement | formur forms a 20-degree angle with the central ry.
Techrique | KVpG5 t0 70; mAs 20 to 40 (nongeid)
selection
sD a0
Centralray | The centralray s directed perpendicular fo the popliteal fossa.
placement
Collimation | To fimsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Andomy | Intercondy larfossa, medial and lateral intercondy lar tubercles of the intercondy lar eminence in profile
visulized
Additioral | A variation o the menfioned positioning methad s o have the putent staning with the affected knce flexed and placed on a stool sing a chaiefor support.
information | This view is helpfl in the evaluation o radiopague loase bodkes with the knee joirt. It aso useful in evaluston of fmoral condyles in enites such s
osteochondris dissecars.
Position ‘Open Joint (Camp-Coventzy Method)






OEBPS/images/B9780323084956000038_t003-006dd-9780323084956.jpg





OEBPS/images/B9780323084956000038_t003-007v-9780323084956.jpg





OEBPS/images/B9780323084956000038_f003-003af-9780323084956.jpg





OEBPS/images/B9780323084956000038_t0025ee.png
Additional | The most common area of rib fracture is within the axillary margin of the rib, which is not clearly seen on this projection.
information [ Oblique views are required fo visulize the alary margin of the b,
APA chest projection shouid be performed to rule out preumothorax.

&

-
-

Position AP Bilateral Lower Ribs
Patient Remove any arifcts in the desired e (e.g., clothing with hooks, snaps, zippers). Place patient in gown.
preparation

Measurement | Measure AP through T2 area

Shielding__| Secure lead spron around patient.

Filmselection | 1417

Film Place transversely in Bucky. The bottomof the cassette is 1" below the top of the lac crest.
placement

D placement_| ID should be n upper comer of olimation field.

Patient The putent s sanding i the AP position.
placement
Techrique | KVp70 t0 80; mAs 30 to 60
selection
sD a0
Centralray | The central ray s directed fo the center of the cassete
placement
Collimation | To fimsize
Marker Within the collimtion field o either the ightside or leftside of ptient
placement
Breahing | Suspend respiraion on full exhalation.
instnuetions|
Antomy | Ribs below the diaphragm
visulized
Addtioral | A CT sean of the abdomen may be waranted o rule out cdamage o the infernal orgars ifa facture of the lower ribs s suspected.
information

Position AP Ribs, Unilateral
Patient Remove any arifcts in the desired el (e.g., clothing with hooks, snaps, zippers). Place patient n gown.
preparation

Measurement | Same s AP thoracie spine

Shiclding, | Secure lead spron around ptient.

Filmselection | 14+ 17
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‘Additional
information

“This view may be performed recumbent i Lger patiens.

Bowel gas in the rectl vault may be helpful i this view because displacement of the rectal shadovw s useful in evaluating trouma o the sacrum,

Position Sl Joints
Patient Remove any arifcts in the desired field (e.8., underwear,  lothing with hooks, snaps, zippers). Place putent n gown.
preparation
Measurement | Same as AP lumbopelvic
Shiclding | Shielding is unnecessary for this view.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be nlower comer of collimation field.
Patient “The patientis standing in the PA position with the unafiected side rotated 25 degrees away from the Bucky to perform an anferior oblique. Inan RAO position,
placement | the right Sljointis visualized: in LAO), the leftSljoint is visuwlized.
Technique | KVp75 o 85; mAs 30 0 80
selection
sD a0
Contralray | The central ray enters the Sljointof the sice closest o the Bucky atthe level of the ASES.
placement
Collimation | To fimsize
Marker Within the collimtion field o the sick of the putent closest to the Bucky
placement
Breating | Suspend respiration on fll exhalaion.
instnuetions|
Antomy | Profl imuge of the Sljoint nearest the film.

visulized
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Arctomy | Lumbar vertebral bodies, interveriebral disc interspoces, lumbar spinots processes, interveriebral foraming, sacrum, and coccyx in the laeral projection
visulized
‘Additioral | This view may be performed with the patien in the leral recumbent position forlarger patiens, providing improved radiographic quality.
information
Position L5-51 Lateral Spot
Patient Remove any artifcts in the desired feld (e.5., underwear,  lothing with haoks, snaps, ippers). Place patent in gown.
preparation
Measurement | Using the calipers, place the base bar 3" below the fiac creston ane sice of patient. Move the slider bar in 5o to reston the opposite sice of the putent, 30
below the crest.
Shiclding | Shielding is unnecessary for this view.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of callimation field.
Patient “The patient s standing in the lateral positon with the iy plane centered to the center of the cassette. Arms are lifed and folded in front of the petient.
placement
Technique | KVp80 0 90; mAs 120 t0 200
selection
sD 40
Centralray | The central ray enters 3" below the liac crest vertically and 15”10 2"
placement
Collimation | To fimsize
Marker Within the collimetion field denoting the sid of the patient closest o the Bucky.
placement
Breahing | Suspend respiration on full exhalation.
instnuetions|
Antomy | L5-S1 disc nterspace

visulized
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‘Additional
information

I ferales, the tube tlt should be increased to 35 degrees.

“This view demonstates LS transitionl vertebra. This view better demorstrates the Sljoins thon the stancrd AP lumbopelvic view,

Position ‘Oblique Lumbar Spine.
Patient Remove any artifcts in the desired feld (e.5., underwear,  lothing with haoks, snaps, zippers). Place patent in gown.
preparation
Measurement | Same as AP lumbopelvic
Shiclding | Shielding is unnecessary for this view.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be nlower comer of collimation field.
Patient “The right and lef Lumbar oblique views may be done in an anterior or posterior patient pusition. The choice of performing either anterior or posterior oblique
placement | projections is inflenced by two ftors. The anterior oblique position better accommaches the diverging xzay beam with the lordotic curvature of the
lumbar spine. The posterior oblique position decreases the OFD distance for an obese ptient with a rge sbdomen. For anterior oblique positios (RAO
and LAO), the anterior aspect of the patients pelvisis placed against the geid, and the body is angled 45 degrees with the grid. For posterior oblique
positons (RPO and LPO), the posterior aspect of the patient’s pelvis is placed against the grid,and the bady is angled 45 degrees with the grid.
Technique | KVp75 o 85; mAs 30 0 80
selection
sD
Centralray | The central ray enters 1" above the liac crest and 1" latral o the spine on the side closestfo the tube. For the LPO and RPO, the central ray is 1" sbave the
placement | iliac crest withthe vertcal portion of the central ray positioned to the midpoint of the clavicle.
Collimation | To fimsize
Marker Within the collimetion field on the side of the ptient that s closest o the Bucky.
placement
Breahing | Suspend respiration on full exhalation.
instnuetions|
Arctomy | Lumbar vertebral bodies and intervertebral disc inferspaces, lumbar spinovs and fransverse processes, lamina, pors nferarticulais, apophyseal joinis. I
visudized | properly positioned, the “Scoty dog” appearance formed by the pedicle, transverse process, superior and inferor aricular fxcets, and pars inerartcularis

is visulized The posterior oblique positions demonstrate the same side pars inferarticularis (e., RPO shows right pars), and the anterior oblique positions
demonsizale the opposite side pars interaticulais (i, RAO shows the lef prs)
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Addiforal | A 5-degree caudal tube tit may be used o better demorstrate the lumbosacral joint space.
information
1
|
T arger pterss, recumbent radiography improves flm quliy.
Positon__| L5-51AP
Patent Remove any arfctsinthe desired field (e, undervear, clothing with hooks, snops, zippers). Place patient in gon.
preparaton
Measurement | Same s AP lumbopelvic
Shiclding__| Shickling is unnecessary for his view.
Filmselection | 5 % 10
Fim Place vertcally n Bucky.
plcement
D placement_| 1D should be inlower comer of collimtion field.
Patent “The potents stading i the AP positon with the midsagital plae centered f the center of the cosste,
plcement
Technique | KVp75 0 85 mAs 30 0 50
selection
s w0
Contrlray | The central ray & angled 30 degrees ceptalically to ener at the level of he ASIS o exithe L5 disc spoce.
plcement
Collimation_| To lmsize
Marker Wthin the collimaton field o either the right ide orleftside of patent
plcement
Breahing, | Suspend respiation o fll exbalaion.
instnctions
Arctomy | This projection apers up the L5-S1 nferspace. This view alo visulizes e S joins.

visulized
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Additional | This view may be performed on larger patients in the recumbent position to improve film qualiy.
information

Fecal mateial i rectosigmoid colon may obscure detai, so it may be helpfl 1 radiograph patients immediately after evacuation.

Postion | Lateral Sacrum

Patent Remove any arfctsinthe desired fild (e, underver, clothing with hooks, snops, zippers). Plce patient in go.
proparston

Measuremert. | Same s biera L5-51

Shiclding__| Shickling is unnecessary for his view

Fimselection | 10+ 12

Fim Place vertcally n Bucky.
plcement

D placement_| ID should be n upper comer of callimation field.

Patient Patient s standing in the lateral position with ams rased and folded in frontof chest, or recumbent.
placement

Technique | KVp75 o 85; mAs 90 o 180,
selection

sD 40

Contralray | The central ray enters 3" belovw the lac crest vertially and midway betwween the ASS and PSIS horizonally.
placement

Collimation | To fimsize

Marker Within the collimtion field to denote the side of he patiet closest o the Bueky
placement

Breating | Suspend respiration on fll exhalaion.
instnuetions|

Antomy | Lateral projection of sacrum and cocey

visulized
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‘Additional
information

‘Although posterior oblique positions can be performed, anterior oblique positions are preferted o mirimize distortion. This view yields optimal visualization
ofthe pars interaticulais when spondylolisthesis is suspected. For visulization of the apophyseal joinis of the lower lumbar spine, 2 30-degee rotation
may be used.

‘Routine Sacrume AP and Lateral

Position

AP Sacrum

Patient
preparation

Remove any arifcts in the desired field (e.8., underwear,  lothing with hooks, snaps, zippers). Place putent n gown.

Measurement

Same as AP lumbopelvic

Shiclding | Shielding is unnecessary for this view.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be nlower comer of collimation field.
Patient “The patientis standing in the AP position wit the mickagittal plane centered to the center of the Bueky.
placement
Technique | KVp75 o 85; mAs 30 0 80
selection
sD 40
Centralray | The central ray i angled 15 degrees cephalically o enter 2" sbove the pubic sy mphysi.
placement
Collimation | To fimsize
Marker Within the collimtion field on either the rightor left side of patient
placement
Breating | Suspend respiration on fll exhalation.
instnuetions|
Antomy | Troe ronial projection of sacrum, Sljoins, sacral ala, and sacral foramina

visulized
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Additoral [ Fecal material in rectosigmoid colon may obscure the coceyx. For this reason, it may improve the quality of the radiograph o perform this view immediately.
information | after evacuation of the borwels.
Position Lateral Coceyx
Patient Remove any artifcts in the desired feld (e.5., underwear,  lothing with haoks, snaps, zippers). Place patent in gown.
preparation
Measurement | Same as AP caceyx
Shiclding | Shielding is unnecessary for this view.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient “The patientis best radiographed for this view in the recumbent position with the knees flexed.
placement
Technique | KVp70 o 80; mAs 30 10 50
selection
sD
Contralray | The central ray enters 2" posterior o the greater trochanter.
placement
Collimation | To partsize
Marker Within the collimation field to denote the side closest o the Bucky
placement
Breahing | Suspend respiration on full exhalation.
instnuetions|
Aratomy | Lateral projection of the caceyx
visulized
‘Additioral | A lead strp placed on the table behind the patent helps to absarb scatier radation, thereby mproving flm quality.

information
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‘Additional
information

Both obliques should be performed for compurison. Posterior obliques may be performed—the posterior obligue will demonstrate the S1joint that s farthest
from the film.

Routine Coceys AP and Lateral

Position

AP Coceyx

Patient
preparation

Remove any artifcts in the desired feld (e.5., underwear,  lothing with haoks, snaps, zippers). Place patent in gown.

Measurement,

Using calipers, place base bar at the top of the gluteal cleft Move the slder bar o rest2” sbove pubic sy mphysis.

Shiclding | Shielding is unnecessary for this view.
Filmselection | 8 %10
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient “The patientis standing in the AP position wit the mickagittal plane centered to the center of the Bueky.
placement
Technique | KVp70 o 80; mAs 30 10 50
selection
sD a0
Centralray | The central ray i angled 10 degrees caudally so as o erter micline 2" sbove the pubic sy mphysi.
placement
Collimation | To partsize
Marker Within the collimation field an ether the ightside or leftside of patient
placement
Breahing | Suspend respiration on full exhalation.
instnuetions|
Antomy | Troe AP projection of the caceyx free of superimposition of the sy

visulized
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Film Place vertically in the table Bucky.
placement

D placement.| ID blocker should be in he lower comer of the collimtion field.

Patient “The patient s lying in the AP recumbent posifon centered to the midine of the able. The arms are placed by the patients sic.
placement

Technique | KVp70 o 80; mAs 40 0 60
selection

SD

Ceontralray | The centralray is directed perpendicular to the cassette atthe level of the fia crest,fo inelude pubic sy mphysis.
placement

Collimaion | To fimsize
Marker Within the collimation field,in.a lower comer, denoting the patient’s right o leftsde.
placement
Breating | Suspend respiraion on expiraion.
instnuetions|
Antomy | AP projection of the sbdomen demonstating size and shape of liver, spleen, and kicneys. Also demorstrates intrasbdominal calcifications, bowel gas
visulized | potiens, and evidence of tumor msses.
Additioral | Use of higher kVp results ina long seale of contrast necessary fo delineate the various dersities of the intermal orgars.
information
Position AP Abdomen: Upright
Patient Remove any artifcts in the desired feld (e.5., clothing with hooks, snaps, zippers). Place patientn gorwn.
preparation
Shiclding, | None wed
Filmselection | 14+ 17
Film Place vertically in the Bueky.
placement
D placement.| ID should be inlower comer of collimation field.
Patient “The patientis standing in the AP position with back against Bucky and centered o midine of Bucky,
placement
Technique | KVp70 o 80; mAs 60 1 80
selection
SD a0

Centralray | The central ray s directed perpendicularfo the flmata level 0f 2" fo 3" sbove the crest fo include the diaphragm.
placement

Collimation | To fimsize
Marker Within the collimtion field denotng the patients right or ket sice
placement
Breathing | Suspend respiration on full expiration.
instnuetions,
Anatomy | AP projection of the sbdomen demonstrating size and shape of iver, spleen, and Kicneys. Also dermorstrates inrasbdominl caleficaions, bowel gas
viswlized | potiens, and evidence of tumor masses.

“The uprightalso demonstrates inraperitoneal free air under the diaphragem a5 well s aie lid levels within the bowel.
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Position AP Full Spine
Patient Remove any artfcts in the desired feld (e.5., underwear,  lothing with haoks, snaps, 2ippers). Place patient in gown.
preparation
Measurement | Measure AP throughthe thickest portion of the patent.
Shiclding, | Place appropeiate gonadhl shiekding
Filmselection | 1436
Film Place vertically in Bucky. The cassetie shauld be centered so as to incluck C1 trough the ischial iberosities.
placement
D placement_| D should be n upper comer of ollimation field.
Patient “The patientis standing in the AP positon with the micsagital plne centered to the center of the Bucky. The arms are a the patients s and sightly abclcted|
placement | 1o remove them rom the collimation field. The patient o pers the mouth, and the head s aligned to visuslize C1and C2.
Technique | KVp80 o 90; mAs 50 0 100,
selection
s 7
Contralray | The central ray s centered to the cassette,
placement
Collimaion_| To flmsize vertically and to patientsize horizanially
Marker Within the collimation field an either the ightside or leftside of patient
placement
Breating | Suspend respiraion on fll expiation
instnuetions|
Antomy | AP projection of the entire vertebral colum, including the pelvs.
visulized
Additioral | Compersating fitration should be placed down o the midstemum fo accommade for diferent tissue dersities.
information [ Large patienss should be radiographed as sectionl series for beter visulization of the spire.
“This view is useful in scoliosis evalustion, It may be performed n the PA position o reduce breast and gonad dose.
Position Lateral Full Spine
Because of echnical imitaions, which can resultin suboptimal radiographic quality, this view s not recommended. Lateral sectional views should accompany the AP full
spine for a complet study.
‘Routine Abdomen: AP Supine and AP Upright
Position "AP Abdomers Supine

Patient Remove any artfcts n the desired field (e.5., clothing with haoks, snaps, 2ippers). Place patient in gown.
preparation

Shiclding, | Do notuse.

Filmselection | 14+ 17
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‘Additional

“The quadriceps femoris muscles must be relaxed to aid in ac curate diagnosis of patellar subluxation.

information
Position PA Patells
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding | Use gondal shielding, it possibl.
Filmselection | 8 %10
Film Place vertically on tbletop.
placement
D placement_| ID should be n upper comer of callimation field.
Patient “The patientis in the prone position on the radioraphic tble. Certer the patella o the midele ofthe cassette,
placement
Technique | KVp6t o 65; mAs 20 0 40 (nongrid)
selection
SD w0
Centralray | The centralray s directed perpendicular to the popliteal fossa, passing through the petella.
placement
Collimation | To partsize.
Marker Within the collimtion field denotng the afected exremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | PA projection of the knee with improved demorstzaion of the patella than in the AP knee view

visulized
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‘Additional

Extreme flexion of the knee should not be attempted until factures of the putela have been ruled out.

information | The degree of b it is dependent on the degree of flexion present Increase the tube tltasthe degree of knce flexion decreases,
Quadsiceps femoris is contracted i this view, pulling the patella nto the intercondylar sucus, moking evaluaion of patellarsubluation diffcult. Suspected
patelar subluation warranis use of Merchant view.
Position Merchant View
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding | Use gondal shielding, it possibl.
Filmselection | 1417
Film Place cassette in Merchant holder.
placement
D placement_| ID should be n upper comer of ollimation field.
Patient “The patientis supine on the radiographic tble with knees flexed 45 degrees over the edge of the able and resting on the Merchant board support. The knees.
placement | are placed together and the legs are secured belorw the knee.
Technique | KVp60 o 65; mAs 5 o 10 (nongric)
selection
sD a0
Contralray | The central ray s angled 30 degrees cadbl and enters midway betiween the pella,
placement
Collimation | To fimsize
Marker Within the collimation field denoting either the left or ight knce.
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anatomy | Bilsteral axial pojecton of the petelle. Patellofermoraljoint spoce without dstortion of quadiceps femori contraction.

visulized
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Patient. Remove any artifocts in the desired field (e.g., clothing with hooks, snaps, zippers).
preparation
Shiclding, | Place apron over pelvic ara.
Filmselection | 7% 17 ot one halfof 14 % 17
Film Place vertcally on tbletop.
placement
D placement. | ID should be in comer away fom the joint of interest.
Patient “The patientis in the supine position on the table with leg in full extesion, foot forming 90-degree angle with lower leg, leg rotaed intemally 5 degrees. The
placement | joint closest o injury mustbe included. The long axis of the lower leg is certered to the cassette
Technique | KVp60 o 65; mAs 3 to 5 (nongeid)
selection
sD a0
Centralray | The ceniralray s directed perpendicular to the midshaftof the tibia,
placement
Collimaion | To fimsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | AP projection of the tbia and fbula
visulized
Additional | Ifpossible, both joints should be included. fnot the joint closest o the injury mustbe included.
information [ A sandbag may be placed against the ot to siabilize the leg,
T fracture of the distal leg is discovered, its important to include the proximal biofibula joint because it common o have an accompanying fracture
athissit s well
Position Lateral Lover Leg.
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‘Additional

I suspected fraction of the patella s present, do not place the patella directly on casete. Place support under the femur to elevate patella slighty, decreasing

information [ pressure on the petell
Position Lateral Patella
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding | Place lead apron aver ptients pelvic arca
Filmselection | 8 %10
Film Place vertically on tbletop.
placement
D placement_| ID should be nlower comer of collimation field.
Patient “The patientis in the lteral ecumbent posifion with affected putella in contact with the cassette. Center the potella o the midline of the cassete with knee
placement | flexed 20 t0 30 degrees so the femoral epicondyles are perpendicur o the cassete
Technique | KVp56 o 62; mAs 20 0 40 (nongrid)
selection
sD a0
Centralray | The centralray s directed perpendicular to the flmentering the putellofemoral joint spoce.
placement
Collimation | To partsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | Lateral projection of the pella and putellofermoral joint space
visulized
Additional | Ifthere is a suspected fracture of the patell, decrease ke flexion o 5 to 10 degrees o avoid facture fragment displacement.
information
Routine Lower Leg; AP and Lateral
Position AP Leg
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Anatomy | Lateral projection of the fibia and fibula
visulized
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Patient. Remove any artifocts in the desired field (e.g., clothing with hooks, snaps, zippers).
preparation

Shielding, | Place apron over pelvic arca

Filmselection | 7% 17 ot one halfof 14 % 17

Film Place vertcally on tbletop.
placement

D placement | ID should be in comer of cassetie tha s away from the jointof nferest

Patient Patient s placed with affected lower leg on the able n full extersion. The footshould form a 90degree angle with the lawer leg
placement

Technique | KVp60 o 65; mAs 3 to 5 (nongeid)
selection

sD

Centralray | The centralray s perpendicular o the midshaft ofthe tibia
placement

Collimaion | To fimsize

Marker Within the collimtion field denoting the afected extremity
placement

Breating | Do notbreathe. Do notmove,

instnuetions|
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Marker Within the collimation field denoting the affected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions,
Aratomy | Ankle mortise without superimposifon of the bteral malleo s on the blus.
visulized
Additioral | In cases of suspected igament ruptures o instbilty, a stress view may be accomplished
information
Position Lateral Ankle
Patient Remove any arifcts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation
Shielding___| Place apron over pelvic arca
Filmselection | 8 %10
Film Place vertically on tbletop.
placement
D placement_| 1D should be in upper comer of collimation feld
Patient The pient s in the lateral recumbent position on the table with the afiected ankle closest o the cassette. Certer the afieted ankle to the midline of the
placement | cassette ina tne laeral position with foot n dorsifiexion,
Technique | KVpG5 t0 70; mAs 15 to 30 (nongid)
selection
SD W0
Centralray | The centralray s perpendiculr o the casseti entering the medial side of the ankle joint.
placement
Collimation | To fimsize
Marker Within the collimtion field denotng the afected exremity
placement
Breating | Do notbreathe. Do not move,
instnetions|
Andtomy | Lateral projection of the ankle oint 0 include the distal ibia and fbula, proximal talus, calcaneus, and base of the it metaarsal

visulized
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‘Routine A rikle: AP, Oblique, and Lateral

Position AP Ankle
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shielding, | Place apron over pelvic arca
Filmselection | 10+ 12
Film Place horizontally on bletop,
placement
D placement_| ID should be in lower comer of cassette.
Patient “The patientis supine on table with leg n fll extension, o0t forming 90-degree angle with lower leg, leg rotated internally 5 degrees. Center the ankle joint to
placement | the center of one halfofthe 10 * 12 cassete
Technique | KVp65 0 70; mAs 15 0 30 (nongrid)
selection
s a0
Ceontralray | The centralray s perpendicular o the cassette entering the ankle joint
placement
Collimation | To one hal flmsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | AP projection of the ankle join, inclucling the distal bia and fboula and proxiral lus.
visulized
Additioral | The lateral portion of the ankle mortise daes not appear apen on a trux AP ankle becarse the malleoli are not equidisant from the film n this position. Ifthe
information | laeral portion of the mortise joint appears open on this view, it indicative of a spread of the ankle mortise resultant of uptured ligamens.
Position ‘Oblique Ankle (Mortise View
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, sraps, Zippers)
preparation
Shielding, | Place apron over pelvic arca
Filmselection | 10+ 12
Film Place horizantally on bletop,
placement
D placement.| ID should be in upper comer of cassete
Patient “The patient s supine on the tble with leg fully extended. Internally rofate the leg 15 to 20 degrees so that intermalleolar plane is porallel 0 the cassette.
placement | Dorsiflex the foot. Center the ankle joint to the second half of the 10 « 12 used for the AP ankle.
Technique | KVp65 0 70; mAs 15 0 30 (nongrid)
selection
) 0"
Cortralray | The centralray s perpendicular o the cassete entering the anke joint
placement

Collimation.

“To one halfof the flmsize
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‘Routine Foot: AP, Oblique, and Lateral

Position AP Foot
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Place apron over pelvic ara.
Filmselection | 10+ 12
Film Place vertically on tbletop with ID blocker at the calcaneis.
placement
ID placement_| ID should be in comer of cassete closestfo calcanets.
Patient “The patientis supine on the tble with the knee flexed and the plantar surfce of the afected ot at on hlf of the cassette. The foot shauld be placed to
placement | incluce the toes.
Technique | KVp60 o 65; mAs 15 0 30 (nongrid)
selection
s a0
Centralray | The centralray s directed perpendicular fo the long axis of the metatarsal (5 to 20 degrees so s fo be perpendicular fo the lang axs of the mettarsals)
placement | entering the base of the third metatarsal
Collimation | To halfof the fmsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | AP projection of the tarsals anterior o the talus, metatarsals, and phalanges
visulized
Additioral | The pes planus or pes cavus of the foot determines the degree of e tt. A fiter may be tsed o increase the radiographic qualiy of the phalanges. Itis
information [ placed so that it covers the phalanges from the tps fo the st MCP joirt
Position Medial Oblique Foot
Patient Remove any artfcts in the desired feld (e.5., clothing with haoks, snaps, 2ippers)
preparation
Shiclding, | Place apron over pelvic area.
Filmselection | 10+ 12
Film Place vertcally on tbltop.
placement
D placement. | ID should be in comer of cassetie nearest the calcanets.
Patient “The patient s supine on the e with the knee flexed and the plantar surfce of the afected oot laton the cassete. Intemaly rotate the oot unl the plantar
placement | surfice forms a30-degree angle to the cassette. The foot s centered o the center of the second halfof the cassette used with the AP arkle view. The toes.
mustbe included in this view.
Technique | KVp60 t 65; ms 15 0 30 (nongrid)
selection
) 0"
Centralray | The centralray s perpendicular o the long axi of the metatarsals (5 0 20 degrees) entering the base of he third metatarsal.
placement

Collimation.

“To one halfof the flmsize
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‘Additional

“The base of the fifth metatarsal should be included on this view because this is a common area of fracture in ankle inversion injuries.

information
Position | AP Ankle Inversion Stress
Patent Remove any aricts inthe desired field e, clothing with hooks, snops, zippers).
proparston
Shiclding_| Place apron aver pelvic aea
Filmselection | 10+ 12
Fim Place vertcally on Gbletop.
plcement
D placement_| 1D should b in upper comer of casete.
Patent “The patents supine of he table with g in fll extersion. Cerser the ankle joint o the center of the cassete. With the doctor wearing lead gloves, the lower
Placement | leg i sabilized, and with he opposite han, inversion sressis applied o the anle for e evaluation of nstabily indicaed by excessive joint spoc
fam)
Technique | KVp5 t0 70; mAs 15 0 30 (mangeid)
sclection
sD
Contrlray | The centalray i perperdicular o the cassete enterng the ankle joirt
plcement
Collimation_| To lmsize
Marker Wthin the collimaton field denoting he afected exremity
plcement
Breating, | Do mtbreate. Do nat move.
instnctions
Arctomy | Anke joint for evalution ofjointseparation s esult of I ament ruptre o ear
visuiized
‘Additorsl | Stress should only be applied carflly because further comage to igamerts may occur f 100 greatasiess s applied

information






OEBPS/images/B9780323084956000038_t0040t.png
‘Additional

“The cassette may be angled to accommodte the size of the foot, ora 10 x 12 cassette may be substituted.

information
Position Axial Cakcaneus
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding___| Place apron over pelvic arca
Filmselection | 8 %10
Film Place horizontally on bletop,
placement
D placement_| D should be in the comer of the cassette canaining this view.
Patient “The patientis supine on the tble with the leg in full extersian. The foot s dorsiflexed s far s the patient s able o fle. The putient may loop a strap around
placement | the toes to assist n dorsflexion. Cener the calcaneus fo the center of one hlfof the cassete
Technique | KVp65 o 70; mAs 15 0 30 (nongrid)
selection
sD a0
Centralray | The central ray i angled 35 o 45 degrees cephalic, entering the level of the localcaneal oint.
placement
Collimaion | To one halfof the flmsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Aratomy | Axial projection of the calcancus from the tuberosity fo the talacalcancaljoint. The sustentaculum lf appear in profile.

visulized
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Marker

Within the collimation field denoting the affected extremity

placement
Breating | Do notbreathe. Do not move,
instnuetions,
Aratomy | Jointspoces of the cuboid ariulaions, joint spoce between the navicular and the tls, and oblique projection of he metaarsals and phelanges to inluck the
visulized | tuberosity ofthe buse of the ith metatarsal. The sinus tarsus is well demorstrated on this view.
‘Additioral | Increasing the obliquity of the foot t 45 degrees may beter demorstnate separation a the bases of the second to ith metatarsals and in ndividual arsals,
information | A filler may be used fo increase the radiographic quality of the phalanges. It s placed so that it covers the phalanges from the fps o the frstjoint
Position Lateral Foot
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding, | Place apron over pelvic area.
Filmselection | 8 % 10
Film Place on bletop,
placement
D placement.| ID should be in comer of cassetie apposite toes and calcanes.
Patient “The patients in he bteral recumbent posifion on ble with afected side closest o cassete. Center the faot o the midline of the flm n the true lateral.
placement | position with the footin dorsiflexion. The lower leg shorld be n the same plane as the foot.
Technique | KVp60 t 65; ms 15 0 30 (nongrid)
selection
SD w0
Centralray | The centralray s perpendiculr o the casseti entering the frstcuneform.
placement
Collimation | To partsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do not breathe. Do not move,
instnuetions,
Arctomy | Lateral projection of the faot, ankle joint, and disal bia and fbula

visulized
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‘Additional

s important to avoid rotation of the ankle. The base of the first or the fifth metatarsals should not be visible on either side.

information
Position___| Lateral Cakcanerss
Patent Remove any arcts inthe desired fld e.5, clothing with hooks, snops, zippers).
proparston
Shiclding_| Place apron aver pelvic aea
Filmselection | 5 % 10
Fim Place horizoriall on Gbletop.
plcement
D placement_| 1D should appear on one hlfofflm contining axialcaleancts.
Patent “The potcnts in the laferal ectmbent posion withthe afected caleaneus centered o half of the cassete. The ko s infull extersion with the foat orming

placement | 90-degree angle with the lower leg.
Technique | KVp65 o 70; mAs 15 0 30 (nongrid)
selection
sD a0
Centralray | The centralray s irected perpendiculaly, entering 10 below the medial mallealus.
placement
Collimaion | To one halfof the flmsize
Marker Within the collimtion field denoting the afected extremity
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anctomy | This view demorstrates the laeral projection of the calcancus fo inelude the calcancocuboid and blonaviculr joint spoces.
visulized
Additioral | The axial caleaneus i plced on the other sid of the il

information
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Anatomy | This view provides better visualization of the carpals on the lateral aspect of the wrist. The scaphoid is projected free of superimposition.
visulized

Position | Lateral West
Patient Remove any artiocts in the desired field (e &, clothing with hooks, snaps, zippers)
prepaation
Shiclding___| Secure lead apron around patent.
Film selection | 10 < 12 divided nto thirds horizontlly
Fim Place horizontally on tbletop.
placement

ID placement_| D should be in comer of ollimaton ield in which this view appears.

Patient “The patientis seated with the forearmin the true lateral position with the fingers slighty flexed for sabiliy.
placement

Technique | KVp55 o 60; mAs 12 0 24 (nongrid)
selection

sD 40

Centralray | The ceniral ray s directed perpendicular fo the wistjoint.
placement

Collimation | To one third of 10 x 12 placed horizarally

Marker Within the collimtion field n which this view appears
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Anatomy | Lateral projection of the carpals, distal radius, i, and proxianal mefacarpels

visulized
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‘Additional

I swelling makes midcarpal area diffcult o locate, instruct the patient to slightly flex the wrist and place cental ray perpendicular o the point of flexion.

information
Position Oblique Wist
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding. | Secure lead spron around patient.
Filmselection | 10 » 12 divided horizontaly inf thir.
Film Place ablique wrist n center third o cassette,
placement
D placement_| D should be in comer of collimaton ield i which the lateral wrist view appears.
Patient “The patientis seated with hand and forearm paralel to the long axs of the cassete. From the PA position, rotate the wristlaterally 45 degrees. The fingers.
placement | may be slightly flexed for sabiliy.
Technique | KVp55 o 60; mhs 12 0 24 (nongrid)
selection
SD
Certralray | The central ray s directed perpendicular fo the wiisjoint.
placement
Collimation | To the center hird of the cassette
Marker Within the collimation fild in which the lteral wiistview appears
placement
Breating | Do not breathe. Do not move,

instnuetions|
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Position | Ulnar Flexion
Patent Remove any arcts inthe desired feld (e, clothing with hooks, soops, Zippers).
preparston
Shielding__| Secure lead apron around potent
Fimselection | 5% 10
Fim Place horizontall on the Gbktop.
plcement
D placement_| 1D should be placed s0 2 ot o superimpose required ansomy.
Patent “The potent s seted with he hand snd forearm prallel t the long s ofhe cassete, With the hand n the PA posion, wihot moving the forearm deviske
placement | (lnarfle)the fingers s fa s possible oward he adius without ifing the forearn.
Technique | KVp35 to 60; mAs 12 0 24 (nongeid,deta)
selection
sD a0
Contrlray | The cental ray i angled 20 degrees fo e he web ofhe har raveling pralel o the long axis of e forearm.
plcement
Collimation_| To partsize, =4"x 4"
Marker Wthin the collimation field denotin ither the patints ight or et
plcement
Breahing, | Do matbreathe. Do nat move.
instnctions
Arctomy | This view demorstates the scaphoid without the foreshortering that s presenton the PA wrist posion,
visuiized
Routine Hand: PA, Oblique, and Lateral.
Positon | PA Hand
Patent Remove any arcts inthe desired feld e, clothing with hooks, snops, Zippers).
preparston
Shiclding__| Secure lead apron around potent
Filmselection | 10+ 12 placed horizorsally and divided n hlf
Fim Place horizontall onthe Gbktop.
plcement
D placement_| 1D should be in comer ofcollimaton feld n hich he ablique view of he hand sppears.
Patent “The potents seated with he hand s forearm n the same plane purale] o the long, s of the cassete The b s in proration sa the polmar surfce & in
placement | contact with the casette
Technique | KVp35 t0 60; mAs 12 0 24 (mongeid)
selection
s o
Contrlray | The certral ay & drected perperdicular o the third MCP joint
plcement
Collimation_| To one halfof the cassete
Marker Wtin the collimation field i which the oblique view of he hand appears
plcement
Breating, | Do matbreate. Do mat move.
instnctions
Arctomy | PA projection of the carpls, metacarpal, and second o ith phalanges; obliqu projection of e frstfinger; demorstrates DIF, P, and MP Joinis

visulized
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Additional | The wrist must be placed in a true lateral position.
information
Position Carpal Canal
Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation
Shielding__| Secure lead pron around putient.
Filmselection | 8 %10
Film Place cassette on abletop.
placement
ID placement_| ID should be in collimation feld
Patient The ptient is seated with the wrist in the PA position in the center of the cassette. The wristis hy perextended, and this position is held sable by instructing
placement | the patient to pull back on astrapthat has been placed arouund the fingers.
Technique | KVp55 to 60; mAs 12 to 24 (nongeid)
selection
sD W0
Centralray | The central ray s angled 30 degrees cephalically o enter 1" sbave the base of the fourth metacarpel.
placement
Collimaion | To prtsize, =5« 5"
Marker Within the collimtion field
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anatomy | Projection of the carpal caral, the palmar aspect of the greater and lesser multngulars, the tuberosity of the scaphoid, the capiae, the haok of the harmate, and
viswlized | the entire pisiform
‘Additioral | This view demorstrates fractures of the pisiform and the hook of the hamte
information

lfthe patient is experiencing dificult hy perextending the wrist, the cental ay angulaion can be increased to compensate
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Additional | A 45-degree wedge sponge can be used to further separate fingers on this view.
information

Position Lateral Finger

Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation

Shielding__| Secure lead pron around putient.

Filmselection

5 10 or e a comer of the 10 « 12 used inthe hand series

Film
placement

Place on abletop,

D placement

f performing  adiograph of the finger on an s » 10, the ID blacker can appear i either comer. I performing finger as part of the hand serles ona 10 « 12, the
D should appear in the section in which the obligue hund appears.

Patient Depending on area of ijury, exten the affected finger and fold the remining fingers inwardl fthe injury involves the second or third inger, place hand in
placement | laeral position with the radialsic i contact with the cassete. fthe inury involves the fourth o Gih finger, place the hand in the lateral positon with the
ulnar side in contact with the cassete
Techrique | KVp30 t0 5 mAs 6 0 12 (nongrid)
selection
sD W0
Centralray | The central ray s directed perpendiclr to the finger of nterest.
placement
Collimation | To partsize
Marker Within the collimtion field
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | Lateral projection of afected phulanges

visulized

‘Addtoral
information

This view i done in carjunction with the hand series. Using a tongue depressar or tape to solate the affected finger may provide aclearer view of the
affected inger.
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‘Additional

Al fingers must be included in this view.

information
Position Oblique Hand
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding__| Secure lead pron around patient.
Filmselection | 10 « 12 divided in bl
Film Place on abletop,
placement
D placement_| D should be in comer of collimaton ield
Patient “The patientis seated with the hand and forearm parallel 0 the long axis of the cassette. Place the hand in a teral position and then guide the fingers toward the
placement | cassette so thateach inger i in.a 45-degree obligue position with the ingertips in contact with the cassete
Technique | KVp55 o 60; mAs 12 0 24 (nongrid)
selection
sD 40
Centralray | The centralray s directed perpendicular fo the third MCP joint.
placement
Collimation | To one halfof cassette
Marker Within the collimtion field
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anctomy | Oblique projection of the carpas, metacarpels, second to ifth phalanges; bteral projection of the firs finger; DIF, PIF, and MP joints

visulized
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‘On standard PA and oblique hand views, the thumb appears in an oblique and lateral position, respectively.

Position | Lateral Hand
Patient Remove any artiocts in the desired field (e &, clothing with hooks, snaps, zippers)
prepaation
Shiclding__| Secure lead apron around patent.
Fim selection | 8 10
Fim Place cassete on tabletop.
placement

D placement_| ID should be placed away from anstomy.

Patient “The patientis seated with hand in true Lateral posiion with fingers in full extersion resting on ulnar aspectof hand.
placement

Technique | KVp55 o 60; mAs 12 0 24 (nongrid)
selection

sD a0

Centralray | The centralray s directed perpendiculr to MCP joirs.
placement

Collimation | To fimsize

Marker Within the collimtion field
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Anatomy | Lateral projection of the hand in full extersion

visulized
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‘Small avulsion fractures of phalanges can lead to permanent deformity and are best seen on ieral projections.

Position AP Thumb

Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation

Shielding__| Secure lead pron around putient.

Filmselection | § % 10 or comer of cassette on hand series.

Film Place cassette on abletop.
placement

ID placement_| 1D should be in comer of cassetie away from teral b,

Patient Intermally rotae the hand uni the posterior aspect of the b s n contact with the cassette. Instruet putent  hold fingers back with opposite hand.
placement

Technique | KVp30 to 5 mAs 6 0 12 (nongrid)
selection

sD W0

Centralray | The central ray s directed perpendicular fo irst MP joint.
placement

Collimation | To partsize

Marker Within the collimtion field
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Anatomy | AP projection of phalanges of st nger and MP and PIP oinis
visulized

Additioral | This view is performed in corjunction with hand series.

information
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Additional | This view is useful in detecting early radiologic changes associated with heumatoid arthrits. It demonstrates the medial aspect of the metatarsal heads, one of
information | the first areas affected. This view also demonstzaes the pisiform, another sign of early erosions i heuratoid arhrits.
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‘Additional
information

“This view is performed for localization of foreign bodies within the soft tissue of the hand.

Position

Norgaard Method

Patient
preparation

Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)

Shielding

Secure lead apron around patent.

Filmselection | 10 « 12 placed horizonially
Film Place horizontally on bletop,
placement
D placement_| ID should be n upper comer of ollimation field.
Patient “The patientis seated with both hands slightly supinated and placed in the center of the cassete
placement
Technique | KVp55 o 60; mAs 12 0 24 (nongrid)
selection
sD 40
Centralray | The central ray s directed perpendicular fo the center of the cassette.
placement
Collimation | To fimsize
Marker Within the collimtion field denoting either lefthand or right hand
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Arctomy | This view demorstrates the hands in 45 degree oblique position.

visulized
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Film Place horizantally in Bueky. The top of the cassetie should be 15" above the head of the humerts.
placement
D placement.| ID should be in upper comer of collimation field.
Patient “The patient s standing in the AP position with back against Bucky. The arm s in the neutal position with o rotaion.
placement
Technique | KVp70 0 80; mAs 5 10 16
selection
s
Centralray | The central ray enters the coracoid process.
placement
Collimaion | To fimsize
Marker Within the collimation field denoting the affected shovlder
placement
Breating | Do notbreathe. Do notmove,
instnuetions|
Antomy | Proximal humers, scapula, humeral bead n relaion fo glenoid fossa, greater tibercle
visulized
Additioral | This view is tsed o detect fracture or dislocation within the shoulder girdle. In cases of suspected fracture or dislocation, DO NOT afempt o rotte the
information [ putent’s arm.
Routine AC Joints: Weighted and Uneighted
Position AC Joints: Unweighted and Weighted
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shiclding, | Secure lead spron around putient.
Filmselection | 8 % 10
Film Place vertically in Bucky.
placement
D placement| 1D should be in upper comer of eld.
Patient “The patientis standing in the AP position with back against Bucky. Adjust the height of the cassette so the AC joint s centered fo the flm.
placement
Technique | KVp60 o 70; mAs 6 o 12
selection
SD w0
Centralray | The central ray is angled 5 degrees cephalically so as to enter the AC joint
placement
Collimation | To partsize
Marker Within the collimtion field
placement
Breahing | Suspend respiration on full exhalation.
instnuetions,
Anatomy | Relaiorship of distl clavicle fo the acrormion process. g ity of AC joint.

visulized
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‘Additional

“This view demonstrates calcified deposits in tendon insertions and the greater tuberosity of the proximal humerus in profile, which s the site of insertion of

information|  the supraspinais terdon,
Position___| AP Glenoid Fossa
Patent Remove any arcts inthe desired field e, clothing with hooks, snops, Zippers).
proparston
Shiclding__| Secure lead apron around potent
Filmselection | 10+ 12
Fim Place horizorially in Bucky with the topof the cassete 15" the head of the humers.
plcement
D placement_| 1D should be in upper comer of collimation fiekd
Patent “The potents stading i he AP positon with bock against Bucky. Rotae the patent 35 t 40 degrees toward afected sice sa the scapula s prall o the
placement | lm The armis inthe eutral positon with had slightly supinated.
Technique | KVp7010 80, mAsS 0 16
selection
sD
Contrlzay | The central ray enters the glenobumeral ointspoce.
plcement
Collimation_| To lmsize
Marker Wthin the collimeton field denotin he shoulder o nerest
plcement
Breating, | Do mtbreathe. Do not move.
instnctions
Arctomy | Glenoid ossa in profile. The joint spoce betveen the humeral head and glenoid fossa s ko demorsizaed
visuiized
‘Additorsl | The degree of paent rofaion depends on hov roun shouldered the patent s, and the angle increases a the degree of rounding increses,
information
“This view may be tsed i place of he stadbrd AP plcer t forintermal and exteral ofaton.
Position | AP Neural Position
Patent Remove any arcts inthe desired feld (e, clothing with hooks, soops, Zippers).
preparston
Shielding__| Secure lead apron around potent

Filmselection

0512
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D placement

D should be in upper comer of collimation field.

Patient “The patient s staning in the AP position with back against Bucky and clavicle centered to center of cassette. Tum patients head away from affected side.
placement
Technique | KVp60 0 70; mAs 5 1o 16
selection
SD
Centralray | The central ray & angled 15 degrees cephalically so o o enter the sbelavicular fossa at the midelavicle level.
placement
Collimaion | To fimsize horizontaly. To =4 verticaly.
Marker Within the collimtion field denoting the afected clavicle
placement
Breating | Suspend on extulation.
instnuetions|
Antomy | Axial projection of the clavicle free of superimposition of underlying structures
visulized
Additional | Placing the patient in the lordotic position, one ot away from the Bucky, leaning backward so the affected side s touching the Bucky further exaggerates.
information [ the axial view, moving iteven fther away rom underly ing struetures.
‘Routine Scapula: AP and Lateral
Position AP Scapula
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding__| Secure lead pron around putient.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be n upper comer of callimation field.
Patient “The patientis standing in the AP position with back against Bucky. The affected scapula s centered to the center of the Buky with the arm abclcted 90
placement | degrees to draw the scapula laerally.
Technique | KVp70 0 80; mAs 15025
selection
sD W0
Centralray | The centralray s directed fo enter 2" below the coracoid, exifing midscapula.
placement
Collimation | To fimsize
Marker Within the collimtion field denoting the afected scapula
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anatomy | AP projection of the scapula with i lieral spect free of superimposifion of overlying strctures.
visulized
‘Additioral | Do not rotae the patienttoward the affected side becatse this superimposes the bteral border of the scapula over the bony thorax.

information
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‘Additional

A tube tlt of 5 degrees cephalic may be sed to elongate the AC joint in relation to the acromion. Patient handheld weighis, such as sandbags with strap.

informaion | handles, may be used o isirat the crormion rom the  lavicle, thereby testing the inegeiy ofthe joint by measuring the esulant join gap on he
radograph.
Routine Clavicle: PA and AP Axial
Posion | PA Clavice
Patert Remove any arifcts in the desred ek (.5, cloting wih hooks, srops, Zippers).
preparaion
Shielding__| Secure lead apron around patert.
Fimselecton | 10 12
Fim Place borizontally in Bucky.
plcement
D placement_| 1D should be in come of collimwtion ield.
Patert “The paent s staing in the PA posion with he clavile of nierest cenered o the center of e cassete The paient’ head s amed away from the afecied
placement | side
Techrique | KVp60 10 70; mAsS 10 16
selection
)
Cenalray | The centralray s directed micklavicle.
placement
Collimaion_| To flmsize horizorsally. Collimae to =" verticaly.
Marker Wil the collimaion field denoting the clavile of nerest
plcement
Breating | Suspend espiaion.
insinctons
‘Anatomy | Frontal projection of e clavicle and ACjoint
visulized
‘Addiioral | Detal s increased when view i aken in he PA position becouse of decreased OFD.
informaion
Position | AT Avial Clvice
Patert Remove any arcs in the desired ek (.5, cloting wih hooks, srape, Zippers)
preparaion
Shilding__| Secure lead apron around ptert.
Fimselecton | 10x 12
Fim Tlace borizontally in Bucky.

placement
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Marker

Within the collimation field denofing the humerus of interest.

plcement
Breating, | Do matbreate. Do mat move.
instnctions
Arwtomy | Laeral projection of the humers
visuiized
“Addiiorsl | The view can be abtained with he patiertn he PA positon t bring humerus closer o Bucky.
information
ot s experiencing severe fein,do notsupinate hand, which otaes humers info bteral positon.
Postion | Tramsthoracic Lateral
Patent Remove any aricts inthe desired field e, clothing with hooks, snops, zippers).
proparston
Shiclding__| Secure lead apron around potent
Fimselection | 10+ 12
Fim Place vertically i Bucky with op af casetie placed 30 abo ve the fop of the shoulder.
plcement
D placement_| 1D should be inlower comer of callimion field.
Patent “The potent s stading with he affcted side placed agaist the Bucky and the opposie arm raised above head. The affeted humerts i centered o the
plcement | cassete
Technique | KVp75 0 85 mAs 40 0 60
sclection
sD w0
Contrlray | The cental ray & angled 10 t 15 degrees cephulically and erters the apposie axlaso a o ext e surgical eck of he afecied humerts,
plcement
Collimation_| To lmsize
Marker Wtin the collimaton field denating, the afecied humerts.
plcement
Breating, | Do mtbreate. Do nat move.
instnctions
Arctomy | Upper balfof the humerus in elation o the glenoid fossa projected fraugh the thorax
visuiized
‘Additorsl | The patert mustbe in e lfeal positon to avaid superimpositon of the thoracic spire.

information
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“The fll scapula series (AP and lateral) s performed in corjunction with the shoulder series when scapular fracture is suspected.

Position Lateral Scapula.
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, zippers)
preparation
Shielding__| Secure lead spron around patient.
Filmselection | 10+ 12
Film Place vertically in Bucky with top of cassette =2 above the head of the humens,
placement
D placement_| ID should be n upper comer of olimation field.
Patient “The patientis standing in the anterior ablique positon with the afected side against the Bucky. Insruet the ptient 0 grasp the opposite sholder with armof
placement | affected side so the scapula s in a e laeral positon to the ceniral ray.
Technique | KVp70 10 80; mAs 20 0 40
selection
sD 40
Centralray | The central ray enters the midvertebral border of the scapula,
placement
Collimation | To fimsize
Marker Within the collimtion field denoring the afected scapul
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | Lateral view of the sapula free of superimposiion of the ib cage.
visulized
Additioral | The patients positioned at an =60-degree oblique angle.
information

“This is the best view for demorstzating fractures within the body of the scapula,

1f possible, extend the patients arm upward t st on op of the head —his provides optimal view of the acrormion and coracoid process.

“To better demonstrate the humeral head in relaion to the glenoid fossa align the patients arm along the body so the wing of the scapula superimposes it This
View can be used s an aliemtive to the trnsthoracic view in a raumatic shoulder series.

Routine Humerss: AP and Lateral

Position

AP Humens
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Ifthe patient can only partially extend elbow, two views must be taken: one with the forearm resting on the flm and the second with the humers resting on.
the film.

Routine Elbow AT, Lateral, Intermal and External Obile

Position Lateral Elbow.
Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation
Shielding__| Secure lead pron around putient.
Filmselection | Use second halfof 10 x 12 used for AP projection.
Film Place ilmon bletop.
placement
ID placement_| ID should be in comer of collimaton ield
Patient “The patientis seated with the elbow flexed 90 degrees with the forearm in true lateral posiion with thurmb up. Drap shoulder to place adjacent aratormy in
placement | same plane as elbow joint
Technique | KVp55 o 65; mAs 15 0 30 (nongrid)
selection
sD 40
Centralray | The central ray enters elbow joint perpendicular o cassete.
placement
Collimation | To second halfof flmsize wsed for AP
Marker Within the collimtion field. 1 the marker was placed on the AP projection, none is needed for this view.
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anctomy | Lateral projection of elbow joint, proxiral radis and ulng, distal humerus. Demonsizates olecranon process.

visulized
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“This view demonstrates anterior or posterior displacement of surgical neck factures.

Routine Elbow: AP, Lateral,Intermal, and External Oblique

Position | AP Elbow
Patient Remove any artiocts n the desired field (e &, clothing with hooks, snaps, zippers)
prepaation
Shiclding___| Secure lead apron around patent.
Film selection | 10 % 12 placed horizontally and divided in half with AP elbo w centered to hlfof cassete
Fim Place cassete on tabletop.
placement.

ID placement_| D should be in comer of collimation ield

Patient “The patient s seated with affected elbos full extended and hand supinated. The adjacent anatormy is lowered o the same plane as the bbletop.
placement

Technique | KVp55 o 65; mAs 15 0 30 (nongid)
selection

sD

Contralray | The centralray s perpendicular o elbow joint and eners antecubital fossa
placement

Collimaion | To one halfof flmsize.

Marker Within the collimtion field on one of the two elbow views
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Antomy | AP projection of the elbow joint, proximal racius and ulne, disal humers.
visulized

Additioral | Hand mustbe completely supinated to avoid superimposition of radis and ulra
information
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Ifhe patient is unable to lateraly rotate the arm leave ina true AP position and angle the tube 45 degrees to ener the medial aspect of the elbow and exit the
elbo jointon the ulnar side.

[

Position Internal Oblique Elbow
Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation
Shielding__| Secure lead pron around patient.
Filmselection | 10 « 12 divided in half—remoining side from extermal obligue elbow
Film Place horizontally on bletop,
placement
ID placement_| ID should be in comer of ollimation feld
Patient The putient is seated with ebow in full extersion with the hand supinated. Lower the shoulder o the same plane as the elbow. Pronate the hand into a ratural
placement | il down position.
Techrique | KVp55 t0 65 mAs 15 to 30 (nongid)
selection
sD a0
Centralray | The central ray enters perpendicular to the antecubial fossa
placement
Collimation | To one halfflmsize
Marker Within the collimation field. I marked on extemal oblique view, marker s not nceded
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anctomy | Obligue projection of the elbow joint, proxial rais and ulh, distal umerus. Demonstrates coronoid process free of superimposition of the radial head.

visulized
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Additional | This view demonstrates the elevation of the distal humeral fat pods. Elevation of distal humeral fat pads is indicative of intraarticular effusion, such as
information [ hemarthrosis from fracture, especially fracture of the rdial bead.

Position Extemal Oblique Elbow

Patient Remove any artifcts in the desired el (e.5., clothing with haoks, snaps, ippers)
preparation

Shielding. | Secure lead spron around patient.

Filmselection | 10 « 12 divided horizonaly into two sectiors.

Film Place cassette on tbletop.
placement

D placement.| ID should be in comer of collimaton ield

Patient “The patient s seated with elborw i full extersion and hand supinated. The humerus i lowered to the same plane s the elbow. Laerally rofate the entire arm so
placement | the elbow joint is 45 degrees o the cassete.

Technique | KVp55 o 65; mAs 15 0 30 (nongrid)
selection

SD a0

Contralray | The central ray enters perpendicular to the antecubialfossa
placement

Collimation | To one halfof flmsize

Marker Within the collimtion field
placement

Breating | Do not breathe. Do not move,
instnetions|

Anctomy | Oblique projection of the elbos joint, proximel radius and ulne, disal humerts. Best demonsizates the radial head, free of superimmposition,
visulized

Additioral | This view demonstrates the coronoid process.

information
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Additioral | fthe distal humerus i the area of concem, center the central ray perpendicular to the flm with no angle. fthe distl forearmis the area of concem, angle the
information|  centeal ay o be perpendicular with the radius and i
Routine Forcarnx AP and Lateral
Position | AP Forearm
Patent Remove any aricts inthe desired field e, clothing with hooks, snops, zippers).
proparston
Shiclding__| Secure lead apron around potent

Filmselection

10 + 12 divided verticall.

Film
placement

Place vertically on tbletop.

D placement

D should be in comer of callimation field opposite the joint closest o the irjry.

Patient The putient s seated with the elbow flly extended and hand supinated. The humens i lowered o the same plane as the elbow and forearm. The forearmis
placement | placed so as o include bothjoins, if possible. The joint closest o injury mustbe included
Techrique | KVp55 to 65 mAs 15 to 30 (nongid)
selection
SD W0
Centralray | The centralray s directed perpendicular to the long axis of the forearm.
placement
Collimation | To one halfof the flmsize verticall.
Marker Within the collimtion field on one of the two routine proje ors.
placement
Breating | Do notbreathe. Do not move,
instnetions|
Antomy | AP projection of the radius, ulna, and elbow joint

visulized
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Additional | This view demonstraes coronoid process.
information

Position Aial Projection: Olecranon View

Patient Remove any arifcts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation

Shielding__| Secure lead pron around putient.

Filmselection | 8 %10

Film Place vertically on tbetop.
placement

ID placement_| D should be in comer of collimaton ield

Patient The pient s seated with the elbow completely flexed (Jones position)
placement

Techrique | KVp55 to 65 mAs 15 to 30 (nongid)
selection

sD W0

Centralray | The centralray s perperdicular o the caset entering 2" above fip of elbow.
placement

Collimation | To partsize

Marker Within the collimation fild denoting afiected elborw
placement

Breating | Do notbreathe. Do not move,
instnuetions|

Antomy | Olecranon process superimposed disal humerus and proximal rdius andl ulna
visulized
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Anatomy
visulized

This view demonstrates a bteral projection of the superimpo sed radius and ulna and elboww joint

Routine Wist: PA, Oblique, and Lateral

Position A Wrst

Patient Remove any arifcts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation

Shielding__| Secure lead pron around putient.

Filmselection

10 + 12 divided info thirs horzorially.

Film
placement

Place horizontally on bletop,

D placement

D should be in comer of collimation field in which the lateral wrst sppears.

Patient The putient s seated with the hand and forearm parallel to the long axis of the cassette. Partially flex fingers so the wrist makes contact with the cassette. Place.
placement | wistin one third of the cassette.
Techrique | KVp55 to 60; mAs 12 to 24 (nongid)
selection
sD W0
Certralray | The central ray s directed perpendicular fo the wiisjoint.
placement
Collimation | To one third of the cassete
Marker Within the collimation fild in which the lteral wiistview appears
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Andtomy | PA projection of the carpls, distal radius and i, and the proximal metacarpals

visulized
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Additoral | fthe patient cannot the hold hand in fullsupination, a sandbag may be placed in the hand to stabilize. The hand must be fully supinated o avoid the radius
information | crossing over the uina

Position Lateral Foream

Patient Remove any artifacts in the desired el (e 8., clothing with hooks, snaps, zippers)
preparation

Shielding__| Secure lead pron around putient.

Filmselection | 10 « 12 divided in half vertcally

Film Place cassette on abletop.
placement

D placement_| D should be in comer of ollimation field opposite the joint closest o irjry.

Patient The putient is seated with the elbow flexed 90 degrees. The humers must be lowered o the same plane as the elbow and forearm. The forearm and hand are
placement | ina e laeral position with the thmb pointing upward. The forearn s placed in the collimation field o include the joint losest o ifury.

Techrique | KVp55 t0 65 mAs 15 to 30 (nongid)
selection

sD W0

Contralray | The central ray is directed perpendiclr to the long axis of the forearm.
placement

Collimation | To one halfof the flmsize vertically

Marker Within the collimation field on one of the fwo routine forearm projections.
placement

Breating | Do notbreathe. Do not move,

instnuetions|
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Frequency of precession = Gyromagnetic ratio x Strength of
the external magnetic field
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Additional | The caudl tube angle may be increased to 30 degrees to optimally define the inferior orbital fim area. Petrous pyramids appear in the lower third of e orbit
information [ as performed in the preceding view. These are projected below the inerior orbit i on the 30-degree angle,

o - 2 ~
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Additional | Ifthe patient cannot tuck the chin suficiently, adjust the head tltso the infraorbitomeatal line s perpendicular to the film and increase the tube tilt o =37
information [ degrees.
Patient Remove any artfcts in the desired feld (e.5., eartings, dentures, b appliances).
preparation
Measurement | Place the base bar of the calipers on the temporal bone of one side of the head and move the slider br toward the ptient's head 50 2s o touch the temporal
bone on the othersice of the head.
Shielding__| Secure lead spron around patient.
Filmselection | 10+ 12
Film Place horizontly in Bucky.
placement
D placement_| D should be inlower comer of collimation field.
Patient Place patient withside of head against Bucky. Oblique the patient's bady for comfort. The interpupillary ine s perperdicular o the film. The extermal occipil
placement | protuberance and the rasion should be equidistant from the film o prevent rotaion.
Technique | KVp70 10 80; mAs 20 0 40
selection
sD
Contralray | The central ray enters 1" superior and anterior o the extermal audiory meais.
placement
Collimation | To fimsize
Marker Within the collimation field denoting which side of the patie s head i touching the Bucky
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Antomy | Lateral cranium closest fo lm, sell ureica, anferior and posterior clinoids, and ethmoid sinuses

visulized
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Patient Remove any artfcts in the desired feld (e.5., earings, dentures, b appliances).
preparation
Measurement | Place base bar of caliper on aciput. Slide moveable bar in toward the patients head so 3 o touch the glabella
Shielding__| Secure lead pron around putient.
Filmselection | 10+ 12
Film Place vertically in Bucky.
placement
D placement_| ID should be nlower comer of collimation field.
Patient Place patientin AP position so back of head touches Bucky . Tuck the chin o the orbitomeatal line s perperdicular o the flm.
placement
Technique | KVp70 o 80; mAs 30 1 60
selection
sD W0
Contralray | Central ray i angled 30 degrees caudlly and enters 2" above the glabell (superciliay arch)
placement
Collimation | To fimsize
Marker Within the collimtion field on either the rght s or left side of ptients head
placement
Breating | Do notbreathe. Do not move,
instnuetions|
Anatomy | Occipial bone, petros py ramics, foramen mognum with do rsum sellae and posterior clinoids projected trough it

visulized
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Shielding

Secure lead apron around patient.

Filmselection | § % 10

Film Place vertically in Bucky.
placement

D placement.| ID should be in upper comer of collimation field.

Patient Patient s in AP position with neck n full extersion.
placement

Technique | KVp70 0 80; mAs 100 15
selection

s a0

Contralray | Central ay is angled 35 degrees caudlly and enters midiine of the cervical spine, exifing a the C7 spinous process.
placement

Collimaion | To fimsize

Marker Within the collimtion field o either the ightside or left side of ptients head
placement

Breating | Do notbreathe. Do notmove,
instnuetions|

Antomy | Shope and heightof the pillar
visulized

Additioral | CT i the examination of choice to demorstrate pillr fractures, making this a view rarely performed.
information

Position Vertebral Arch (AP Caudal Til)

Patient Remove any artibcts in the desired feld (e.5., eartings, denfures, b appliances).
preparation

Measurement | Same s AP lower cervical

Shiclding, | Secure lead spron around putient.

Filmselection | 8 % 10

Film Place vertically in Bucky.
placement

D placement.| ID should be in upper comer of collimation field.

Patient Patientis in AP position with neck in full extension, head obliqued Both obliques are performed for comparison.
placement

Technique | KVp70 0 80; mAs 100 15
selection

SD a0

Centralray | Central ray & angled 25 degrees cauclly and enters midkhy roid cartlage =3” below the extemal aucltory meatus, exiting at he €7 spinots process.
placement

Collimation | To fimsize

Marker Within the collimtion ficld denotng the side of the patients head closestfo the flm
placement

Breating | Do notbreathe. Do not move,
instnuetions,

Aratomy | Shope and continuty of the posterior arch of the vertebrae

visulized
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Description

On the ateral lunbar projecton, lines are drawn along the superior endplate of L1 and the base of
sacrum Vertical perpendicuar lincs are cravn from the endplte and sacral lins, and the angle
ofintersection () averages 50 t 60 degrees (Fig. 443).

Forrson Posterior Tangent Method (Lumbar Spine)

The value of the lumbar lordoss from L1 to LS using the methods.

On the Lateral lunbar projection, lines are drawn along the posterior body of L1, anda second line
is drawn along the posterior body of LS. The superior or inferior angle o nfersection () is
measured as the lumbar lordosis (Fig. 4-44),

described averages 397 degrees with a stanrd deviation of .1
degrees, as reported by Janik and others (1998).

Lumbor Spinal Coral

‘Sonaller measurements may indicate spinal stenosis. However, spiral

Eiserstein Methad

stenosis is more accurately assessed on axal MRl and CT images,

On the ltral lmbor projection, e s drawn cornectin the s of the superior and ineror
aricula processes of he same segment The canalwidh (4 is measured s the disance from
the poserior body margin o the micle porton of the fxcetlie. The canal dimersion shovid
ot ll blow 15 e (alhough some use 14 mmor 12 mmas the cutof) (Fig, 445).

which provide addifonal information regarding canl shape.

Ratio Method

‘Semaller measurements may indicate spinal stenosis. However, spiral

On the ronial lumbar projection, the iterpediculardistance is mulipied by sagittal width obbined
using the Eisersiein methad s described on the bteral lumbar projection. Next, on the fronial
umbar projection, the coronal widh of the vertebrae is multplied by the sagittal widh of the
Vertebrae obiained rom the laeral ubar projection. The procctof the tivo canal meastires is
divided by the product of the two vertebral measures, expressing the canal size 2 a rato of the
vertebral bady. In the lumbar spine, the canal ato should not al below 1 : 3.

stenosis is much more aceurately assessed on axial MRl and CT
images, which provide additionalinformation regarcing canal shope.

Meyerding Grading for Spondy lolisthesis

L5 spondy lolisthesis is presen; the posterior body line infersects the

On the ateral lunbar projection, the sacral base i divided into four quadzants. A line drawn along,
the posterior surbxce of the L5 vertebra should not inersect the sacral base (Fig. 4-46).

sacral base. The sacral base quadrant tht i inersected is used
qualfy the amount of anterior displacement ino grades 110 IV. (Fig. 4
46 shows a grade I spondylolisthesis) The method can be sed at
other spinal levels by dividing the segment below the
spondylolisthesis into quadsans.

RisserFerguson Methad for Scoliosis

“This method is not used as ofien s the Cobb method to quantify

Onthe frontal, cervieal, thorace, or umbar projection, ines ar draw fom the center ofthe
upper vertebra to the cenier of the veriebra a the apexof the lateral curvature (apical vertebea)
and fromthe center of the lower veriebra fo the certer of the apical vertebra. The nferior angle
() athe intersection of thes lines is measured. The apical vertebrais the one that s the most
latrall deviated. The end vertebrae are most severely tled o the concavity of he curve
(Fig. 147,

scaliosis.

Harrison Modified Risser-Ferguson Method for Measurement of AP Lumbar Views

“The Hanson modified Risser-Ferguson method for meastrement of the

On the ronial lumbar ilm the narmow-waisted ieral margins of the vertebral bodies are wsed fo
find the midle of the vertebrae. Next, the spinous-amina juncton is dentified, and the center of
s of the vertebra s established as the point halfway betsveen the middle point of the vertebr)
anxd the spinous-damina junction. Besttines connect these two-dimensional centers of mass.
from 12 to L5. The upper bestitline, connecting T11 o L2, is drawn o cross the loswer
lumbar (L3-L5) best it ine. The angle measured is ermed the LD angle. The lower lurbar
bestiitline is extended fo the top of the sacral base line. This lower lumbar fo sacral line creates.
asecond angle known as the (coronul) LS angle. A third line is the sacral base angle
horizonial termed the HB angle (Fig. 4-45),

‘These AP lumbar lins and angles have been stlied for relabilty and have intraclass
corelations in the good to excellent range with low mean absalute value of observer
differences (see Harrison etal, 2002).

AP lunbr regions is based o the lacation of the tvo-dimersioral
certerof mass of each veriebra The resulant LD angle provices
information ofspial and sacral distorion in  sagtal plare. The
bereftofthis method s tht it accouris for both aial otaon and
lseralbencing lisplacermens of vertebrac. This method can be applied
10 the cerviea, thoraci, or b regions. The LS angle is a measure
oflower umbor lateral bencing, The HB angl is a meastre of aeral
saceal

Sacrl Angle

‘Semaller Barge angles and larger Ferguson angles are associated with

Bage Angle (1)

increased compressive forces at the fxcets or ransverse shearing

On the Lateral weight bearing luembar projection,  line is drawn along the sac ral base. The inferior
angle of intersection betsveen the sacral base ine and.a verticalline drawn parale to the
vettcal edge of the flm average 53 degrees, with a stanclrd deviation of 4 degees (Fig. 4-49)

forces atthe disc. Larger Barge angles and smalle Ferguson angles:
are associated with increased avial loading of the dis of ncreased
axial shearing forces at the fcets.

Ferguson Angle ()

On the ateral lunbar projection, a line is drawn along,the sacral base. The inferior angle of
intersection between the sacral base line andt a horizontl line dravn paralel o the horizontal
edge ofthe flmaverage 41 degrees, with  standard deviation of2 degrees and average values|
fanging from 27 to 56 degees.

Ular Line:

Ifthe L5 vertebra crosses the perpendicular e, spondylolisthesis may

On the ateral lunbar projection,  line is drawn along,the sacral base. A second line is drawn
perpendicular o the sacral buse line justanterior to the sacrum Normally, the L5 vertebra is
found posterior o the perpendicular line (Fig. 450).

be present. The Ularn line i less sensitve o spondylolisthesis than
the Gearge posterior bady lie,
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Description

Significance

“Avis Malpositors.

fthe VML does not biseet the odonioid, the axis s laerally

On the APOM projection, four lines are constructed: An OOL is drawn through a st of simiar
poins of the orbi (see Atlas Lateralty), an SBL i drawn bilaterally throug h the jugular
processes, the IBL is drawn through the ateral inferor tipof both lteral masses, and a VML is
drawn perpendicular o the OOL through the cener of the foramen magrum, The VML should
approximate the certer of the odontoid process base (Fig. 431)

melpositioned to the side opposite the VL. In ackition, the cerier of
the adontoid process base s compared with the center of the spinous.
process to assess for possible spinous deviation. The direction and
mogrituce of spinous process lteral malposition may be diferent from|
the lateral malposition of the xis body (g, the body of the axs may
exhibi right aeralty with left spinous deviation)

‘Cobb Method for Scoliosis

“This s the preferred method of quantifying the degree of scolosis

Onthe frortal cervical, horacic, or ambar projection, nes are daw slong the superior endplae
ofthe upper and inferor endplte of the lower vertebrae invalved in the curvatre, The end
vertobrac chosen for measurement re the ones that it he most severely toward the scoliosis
concavity. Perpendicuiarlnes are corstneted fromthe endplte lincs, and the superior angle 3
e inersecton (¢) s measured (Fig 432)

Computeraided Cobb assessment s showing promise a a diagnostc
ool

‘Coupled Spinal Motion sign

‘Alteration of the normal coupled motion oceurs with sbertant

‘Spinal motion s not pure and oceurs in directions other than the primary direction of movemert:
For example, on frontal cervical, thoracic, or umbar aeral bending proje ctions, the beral
tilling of each vertebra s accompanied by concurent vertebral otation. In the cervical and
upper thoracic region, the spinous processes roate o the convexity of he curve. In the lumbar]
andlower thoracic region, the spinous processes rotae fo the concavity of he curve. The
amountof coupled motion may be sl and therefore radiographically imperceptibe (Fig. 4-
33)

intersegmental mechanics, muscle spasm, and vertebral fsion.

Interpediculr Distance.

Narrosved interpediculr distnce resuls from cangenital

On the fronal cervieal, thoracic, or lumbar projectiors, the width () between opposing pired
pedicles istypically 30 mnin the cervical spine, 20 mmin the thoracic spine, and 25 mm (L1
13) © 30 m (L4-L5) in the lumbar spine (Fig. 434).

moldevelopment (e.g., achondroplsia) and s an indicaor of spiral
stenosis. Enlargement of the inferpedicular distance oceurs secondsry
o expanding caral lesiors (¢.5., tumor),

‘Thoracic Cage Dimension

Narroswed AP dimersion of the thoracic cage may resultin cardine

On the Lateral chest radiograph, the distance (¥) between the posterior surfice of the stermumand
the anterior murgin of T8 should be atleast9 cmin women and 11 cm in men (Fig. 4:35),

compression.

‘Thoracic Spine Kyphosis

Measures of thoracic ky phosis are largely age dependent. Younger

On the ltral thoracic projecton, lines are v slong the superior endplte of T and the ineror]
envdplae 0f T12. Vertcal perperdicula lines are extended from these endple lines, and the
angle ofntrsection () is measured, with vaues averaging ear 30 deg ees. The upper it
of normal i 56 degrees in woren and 66 degrees n men (Fig. 4.36).

patiens demorstrate less ky phosis, and older individials demonsizate
reater ky phoss.

Harison Posterior Tangent Method (Thoracic Spine)

“The value of the thoracic kyphosis from T3 to T10 using the methods

On the ltral thoracic projecton, lines are drawn slong the posterior body o T3, and  second
lie i drawn alang the posteror body of T10. The superor or inferior angle of nfrsection (<)
is measured asthe thoracic ky phosis (Fg, 437),

described averages 37.4 degrees with a standard deviation of 11.1
degrees as reported by Harrison and athers (2003),

Lumbar Inervertebral Disc Angles

‘Alterations of the lumbar disc angles oceur with postural changes,

On the ltral pojection, s are drawn along the superior and infeior vertebral endplaes. The
lines corresponding o eachdisc level infrsect posterior o the umbar spine. The dise angles
() ncrease with descerding lumbar levels: L1 -8 degrees, 1210 degrees, L3—12 degrees,
Li—14 degrees, and L5 —14 degrees (Fig. 435)

sbermant infersegmental mechanics, muscular imbalances, and
intervertebal disc pabology (e.g., hemiations).

Lumbar Inervertebral Disc Height

Narrowing of the intervertebral disc space ustally indicates degeneration.

Visul Assessment

lfnamovwing oceurs a the L5 level without concurrent findings of
degeneraton, underdevelopment s most likely. More aggressive

On the Lateral projection, a subjective appraisal s modke of i height compared with the adjacent
levels and past experience,

pathology (e.g., infection) or surgery may narrow the disc space.

Ratio Method

Narrowing of the intervertebral disc spoce stally indicaes degeneration.

On the ateral projection the anteror (2) and posterior (b) beighs of the infervertebral disc space
are averaged and divided by the horizonial widh (c) ofthe middle portion of the disc.
Therefore, the disc height s expressed as aratfo of the disc width and height, which offers a
method controlling for difiering patientsizes. In the lumbar spine, normal disc rafos increase
with descending lumbar levels: L1—0.17, L2—0.18, L3~0.20, L4—0.25, and L5—0.28 (Fig. +-
)

lfnamovwing oceurs a the L5 level without concurrent findings of
degeneraton, underdevelopment s most likely. More aggressive
pathology (e.g., infection) or surgery may narrow the disc space.

Lumbar Facet (Hadley ) Curve

‘Alteraions in the smooth progression of the curve suggest bcet arhrosis|

On the ateral or oblique lumbar projection, it should be possible to construc ta smooth curve
along the inferior margin of a trnsverse process thatextends along the lateral margin of the
inferior aricular process, across the facetjoint, and along the teral marg n ofthe superior
articular process of the segment below (Fig. 4-40)

or milposition.

Lumbar Gravity Line

Ifthe line 61l more than 1 to 2 cm anterior o the sacrum, it suggests

On the ateral lunbar projection, a verticaline is drawn fom the center of the L3 vertebral body
inferiorly. Normally, the verticalline will pss through the anterio third o  the sacral base (Fig,
+41),

anterior weightbearing with increased shear stress on the lower
lumbar dises and fxcetjoinis (see Fig. 4-41). Posterior weight bearing
may lead fo more weight distrbuton on the facet joints.

Lumbor Instabilty (Van Akkerveeken) Lincs.

Ligamentous injury to the dise or other spiral igaments may resultin

On the neutral or extension ateral lumbar projection, lines are deawn along the superior and
inferior vertebral endplates adjacent to the same dise space. The distance between the posterior
margin of each vertebra and the ntersection of the two lines is measured (a.and b). The
presence of an sbrormaliy i suggested f the mesurements difer by more than 3 men (Fig. 4
o)

increased translation and abnormal meastremens. Extersion
radiographs are more likely o demorstrae sbrormaliy.

Lumbar Spine Lordosis

Wide variaions in lordosis measuremens have been noted. Alteraiors.

have been related to low back pa disc hemiatiors, altered posture,
and other findings.
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Description

On the Lateral cervial projection, the horizontal wickh of the spiral canal between the posterior
surace of the vertebral bady (or odorioid) and the spinolamirar line shotld be a least 16
C1, 14 mmat €2, 13 mmat C3, and 12 mmat C4-C7. (These measurements are for aduls) (Fg,
421)

Cervical Spinolaminar Line

On the Lteral cervieal pojection, a curvilinear line is drawn along the spinous process and lamina
junctiors. The curve should have a smooth contour without segrmental disruption (Fig. 4.22),

Disruption s caused by segmental anterolisthests or retrolishesis.
Disnupions at multiple consecuive levels may be cased by normal
flexion and extersion patems. Care should be taken not o inferpret
this s abnormal

Cervical Thoraci, and Lusmbar Endplae Lines

On the ateral cervical projecton, lines are drawn alang the inferior endplte of the C2-T1
Vertebrae and extended posteriorly to the cervical spine. The cervical endpate lines should all
intersect ata common point lacated posterior o the spine (Fig. 4.23).

Lack of convergence suggests lierations in the norml lordotic cervical
spine curve or intersegmental malpositors. Lines tht cross closely
o the spine suggest extension malposition of the superior segment.
Lines that diverge sharply suggest exion malposition of the superior
segment.

On the frortal cervical, bhoracic, and lmbor pojection, s re drawn o approxinete
inferor vertebral endplates. The lines at adacert el should b pralel (P, 424),

Divergence of the endplate lines drawn on the frontal projection suggests|
lateral flexion malposition apposite the side of divergence.

Cervical, Thoracic, and Lumbar Vertebral Rotation

Body Wickh Method

Onthe frontal cervical, thoracic, and lumbar projections,the distance from the lateral margins of
the vertebral bodies o the origin of the spinous process (a and b) should be equal bilaerally
(Fig 425

lfthe distances from the base of the spinous process (o the lateral margins
ofthe vertebra are not equul, vertebral roation s suggested, with
Spinous process deviation o the side of the smaller disance. A betier
arwlysis of vertebral otation would probubly incorporate the rotaion
ofthe vertebra above and belorw the segment in queston. For
instance, ifa vertebra demorstrates 5 mm rotation o the right and the
segment below demorsizaes 7 mm rotaion to the right, the st
Segment demonstrates 2 mmof relative rotation o the left. Aralysis of
relaive rotation atemps o limit spurous measturements of veriebral
rotaton caused by errors in ptient positoning,

Pedicle Method

Onthe frontal cervical, horacic, and kbt pojections, the sppearance of he pedile shadovs.
imay suggest veriebral otaon. Typicaly, th pecicle shoows demorstrte bilateral symemetry
(candd)

6the widh of a pecicle shadow appears rarower than the contraateral
pedicl shadow, it suggests (1) segmenial rotation with he spipous
process devioted o the side of the rarrower pedicle shadorw and (2)
posterior vertebral body rotaion o the side ofhe wider pedicle
shadow.

Cervical Thoracc, and Lunbor Vertebral Sagital Aligrment

Gearge Line

On the ltral cervical, horace, and b projections, a curvilinea e s drawn sl the
posteriorsurfaces of the vertebral bodies. The curve shoukd mainin smooth corionr
throughout the spinal region withoutsegmentl distuption (P, 426),

Disruption s caused by segmental anterolisthesis or retrolisthess.
Disnupions at multiple consecuive levels may be cased by normal
lexion and extersion patems. Care should be taken not o inferpret
this s bnormal. However, the adjacent posterior bady lines should
ot demonstate more than 3.5 mmof net elaive translaion ina
comparison of the flexion and extension radiograpts.

Barge "e” Space

On the ateral lunbar projection,lines are drawn along the superior and inferior vertebral endpltes.
ofeach segment Lines perpendicular o each endplte ine are then drawn and extended across.
the intervertebral disc space. The distance betwween the perpendicular lines atthe nferior
endplae of ach lumbar segment s measured as the “e” space. The spoce should not exceed
3 mum (Fig. 427).

A larger Barge "e” space suggests retrolisthesis of the segment sbove,
Negative values indicate anferolisthesis. A more complete assessment
would incluck the “e” space measurements at adjacent levels fo
detormine relative retolisthesis or anterolisthesis, thereby redcing
Spurious measuremens that are cased by patient posture.

Visul Method

Retrolsthesis of L5 s offen seen as a normal varian, accompuny ing short

‘Segmental retrolisthesis may be indicated by the presence of the ollowing

Intervertebral dis degeneraion (osteophytes, ebumation, reduxed disc space, Schmorl nacks,
endplae imegularity)

The lowest segment of a “stack” of three or more veriebrac that do not contribute to a sagitial
curvature may be posterior

The lowest involved segment of three or more consective segmenis that appear o be floxed
or extended during neutral patient posture may be posterior

Segmental otaon in a coronal plane tha prodices an hourglas appearance

Narrosved sagital diameter of the infervertebeal foramen

Visual disprity of segmental alignment when comparing the margins of adjacent veriebrae

pedicles.

Cervical Toggle Analysis

fthe APL is more than 4 degrees above the LL, asuperior mlposition of

Ats Tilt

the alas s suspectedt ifthe measure s kss than 4 degrees, an neror
melpositon of s i suspected. (Note: The malpositon of the atas s

On the Lateral cervial projection, three lines are constructed: AnOCL is dravwn along the base of
the acipital condyles, an APL s drawn through the center of the anterior tubercle and the
narrowest portion of the posterior arch of the aks, and an LL s dravn parallel o the oceipital
candyle line and through the rarroswest portion of he posterior arch of the atis. The APL
should be 4 degrees above the LL (Fig. 425).

described with four leters. The firstletter i always “A,” the second
indicates superior [S] or infeior 1] malpositon, the thrd leter
desigrates to right [R] or left [L] lerality, and the fourh leter
desigrates whether the lateral malpositon i anteriorly [A] o
posteriorly [P] rotated.)

‘Atis Laerality

“The als s ateral toward the sick of the greater mesurement when the

‘Ona fronial cervical projection tken horizontal t the atlas (nasium projection), four lines are
corstructect A horizontal OOL is drawn through similar matched poinis of the otbis, a superior]
basic line (SBL) is drawn pasalel o the OOL through the tp of the most superior oceipital
candyle, an BL s drawn through the inferior tps of the lateral mases, and.a VML is drawn
perpendicuiar to the OOL and through the cener of the foramen magrum. The distances
between the inferor lateral p of each lateral mass and the VML should be equa (Fig. 429).

distances betsveen the lteral inferior tip of each bteral s and the
VML are not equal. In addition, the SBL and BL lines are thought
canverge to the side of atls aeralty 70% of the te,

‘Atis Rotation

“The als s rotaed posteriorly on the side of the larger angle created by

‘Onacerviealflm whose projection s directed vertical t the atls (base posterior), two lines are
canstructedt A TAL is deawn through the transverse foramen bilateraly, and a PSL s drawn
hrough poiris represerting the certers of the nasal septum and the basal process of the
occiput. The angle of ntersection of the tvo lines should be approximately 90 degrees (Fig. 4-
30

the intersection of the PSL and TAL. In acition, 70% of the tme, the
atlas is posteriorly rotated fo the sice of the diverging SBL and BL on
the APOM projection.






