

About the book

Being tall is great. Height is enormously important. Those who are tall appear more competent, earn more money, and occupy preferred positions in society. Those who can look down on others not only seem dominant to their peers, but, to top it off, are often convinced of their own grandeur. These and similar biases are not accidental – they have evolutionary biological roots. Height is a signal. Its regulation has been conserved throughout the vertebrate lineage for at least 400 million years – and because humans naturally and strategically make use of this signal, it largely escapes our conscious awareness. The book explores how height functions as a biological signal deeply rooted in evolution and still influencing our social behaviour today and combines scientific insights with everyday examples and anecdotes. It illustrates how deeply ingrained biases and social mechanisms shape our perceptions and interactions, and it becomes clear that height is not merely a physical trait, but a social signal that unconsciously influences our decisions and judgments.

Two internationally renowned scientists – a paediatrician and a human biologist, specialists in growth and child development and authors of numerous scientific publications – demonstrate for the first time in clear and accessible language, even for non-biologists, how these signals affect our everyday lives and social networks, and how they influence our economic and political systems. The result is a richly woven fabric of detailed knowledge gained from science, brought together into a highly relevant synthesis of biology, sociology, evolution, and network mathematics that encourages readers to reflect on social norms and the complex interplay between biology and society.
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Part 1


The individual threads

How it starts harmlessly and ends with madness

This is not a book that everyone will like. It begins as a biological book, and yet it is also a political book. It starts quite innocuously with the generally known, and all sorts of less known, things from research in human biology, or biological anthropology, and ends with one of the most miserable characteristics of human beings: megalomania and its consequences. This book is about size, about the sensual perception of size and about the diverse interplay of impressions and sensations that being taller or shorter has on us. We start with body size – or more precisely, with body height. From height we move on to computer games, to networks and finally to the political news we read in our daily newspapers. It is a book that disrupts our view of the world.


Body size

The term body size is ambivalent. Size can be understood both in terms of height and in terms of weight, or as height and weight. We use this term in the sense of height and weight, because both dimensions are important for the impression individuals make on their counterparts. Whoever has weight appears important – be it through height, corpulence or both.



We will pick up threads – threads of knowledge, which science has spun – thread by thread, and we will weave them together into a new piece of cloth. The cloth is a fabric of information. Some of this information is incomprehensible without special prior knowledge. Especially as most of these texts are very thin threads, strictly focused only on their actual and therefore mostly only biological questions. We present these texts, but not always literally so that they can also be understood by non-biologists. So as not to disrupt the flow of reading, these passages do not flow directly into the running text, but are indented. If you want to read the original full texts, you will find a detailed bibliography at the end of the book.

We begin by looking at the regulation of human growth and how this regulation is integrated into the fabric of our social networks. We recognise that a person’s height is a signal that we need to understand if we want to better understand our human interactions. Contrary to popular belief, body height is not simply the result of good food and good genes. Body height is a signal through which we communicate, through which we explain who we are, and through which we shape our social being-with-one-another, yet which we are usually not consciously aware of as a signal.

Body height plays a role in how we live together. It reflects our struggle for the best places in society. Attempts are being made to optimise body height with hormone treatments, in highly industrialised countries and in many countries in the Global South with billions of Euros and a multitude of almost ineffective nutritional programmes designed according to Western political points of view. All this is made credible to us with terms such as enlightenment, self-determination, sustainability and a multitude of other modern phrases.

That is what this book concerns itself with: We want to understand the biological background and the connection that exists between this background and our diverse social problems and the political issues we read about in the newspapers. We want everyone, not just a few scientists in their ivory towers, to understand what body height is all about. We would like to write for you.

This book creates a new image that will surprise you. It asks uncomfortable questions and shakes up cherished notions. It puts a series of circumstances that are taken for granted in our culture in an unexpected and almost primitive, animalistic light. Above all, this book casts doubt on whether we are as individual and enlightened as we would like to think we are. After all, our interactions are shaped by numerous rules that are anything but typically human. They come from the depths of our evolution. They are rules that we find in all vertebrates, including the carp in the pond.

While we pick up the individual threads of information and weave them into a cloth, we want to pay particular attention to a few threads: the red threads of doubt. Of course, we have very plausible explanations for many of the things we do day in, day out. But we will observe again and again how these red threads of doubt intersect the carefully pre-stretched threads of our cultural expectations.

Let’s start very carefully: It’s about growth ... of course it’s about growth. We have been dealing with the growth of children for several decades. That is our field of work. That’s why we start with the children. Comments such as, “I want to grow up, taller than my mom” from three-year-olds, and “My daughter is already 128 cm tall and she’s only 7 years old” from parents are not uncommon. Parents are happy when their children grow well. “You have to eat well to get tall and strong” is one of the standard sayings we all remember from our childhood.




1st thread: O how beautiful it is to be tall

Why taller people earn more money and why they are so convinced of themselves and their competence

Being tall and strong is beautiful and important. At least that’s what people believe. In the 1970s, the American sociologist Saul Feldman and his colleague1 looked at the perception of height in the American society and spoke of heightism and its significance for the choice of a partner, as well as in popular culture and in economic and political life2.

This seems to be particularly true for boys. More than twice as many boys as girls are presented to paediatricians for growth disorders, and more than twice as many boys as girls are treated with growth hormone. Adda Grimberg3 published a study on this in 2008 with over 10,000 children:

Throughout the past 20 yrs, the United States had an almost 2:1 male to female ratio overall. The gender ratio depended on the specific indication and age. There was no consistent relation to geographical region, pediatric population size, or density of pediatric endocrinologists. Male predominance was seen in Asia (mostly Japan), the United States, and Europe/Australia/New Zealand (65, 64, and 55%, respectively), but not the rest of the world (47%), where rhGH was prescribed less frequently.

She concludes that especially for indications without a clear organic cause, boys are treated more frequently than girls. She suspects that social and cultural pressure and the willingness of healthcare systems to cover the costs of growth hormone therapy contribute to these differences.

This has been known for a long time. The opposite sex ratio is found in the growth-limiting treatment of tall adolescents. There, the number of girls treated far exceeds the number of boys treated. Small is obviously quite cute for the girls, but not at all cute for the boys. That puts us right in the middle of the perception of body size, beliefs, and expectations that are derived from body size.

“Size matters!” write Francesco Cinnirella and Joachim Winter4 in a labour market study. Taller employees earn more: two and a half centimetres more in height goes hand-in-hand with a wage increase of around one to two percent. Those who are taller appear more competent and can earn more money, regardless of their actual qualities. The two authors examined 13 European countries and found this wage premium in all of them. They write:

We show that height has a significant effect for the occupational sorting of employed workers but not for the self-employed. We interpret this result as evidence of employer discrimination in favor of taller workers.

Those who are small have nothing to say and are left empty-handed. Anne Case and Christina Paxson5 write:

It has long been recognized that taller adults hold jobs of higher status and, on average, earn more than other workers. Empirical research on height and success in the U.S. labor market dates back at least a century. Gowin (1915), for example, presents survey evidence documenting the difference in the distributions of heights of executives and of “average men.” Gowin also compares the heights of persons of differing status in the same profession, finding that bishops are taller on average than preachers in small towns, and sales managers are taller than salesmen, with similar results for lawyers, teachers, and railroad employees.

A particularly bizarre study by Wei Huang and Judith and Gary Olson from Ann Arbor shows that this sorting by height is purely a matter of appearance, i.e., a problem of sensory perception6. The three authors deal with proxemics. Proxemics refers to a field of research that investigates how the spatial interaction of people affects their behaviour. For example, conversations are different when the participants are no longer sitting directly opposite each other. People spaced more distantly generally speak in more formal, longer sentences, as if they were addressing a group in a public speech. When people are closer together, they talk more casually and find common ground more quickly.

This can be easily observed in online video conferences. Monitors and camera angles make people appear closer or further away. When people talk on video, the size of their face on the screen changes depending on how much the camera zooms in on the face. The relative size of their face on the screen is therefore perceived accordingly. A large face on the screen is interpreted as physically closer than a smaller face. Furthermore, the position of monitors and camera angles as high or low, can cause people to appear taller or shorter, regardless of whether they really are tall or short. In a video conference, looking upwards for the entire duration of the conference while a person further away appears to be looking downwards creates a feeling of submissiveness in the person looking up, while the artificially taller participant tends to feel dominant, more powerful and more successful. Hollywood sends its regards.

People who are portrayed from a low camera angle, i.e., from below, appear superior, while those who have to look up at the camera look shrunken, small, weak and unimportant. Huang and the Olsons summarise that people who appear artificially tall have more influence on group decisions than people who appear artificially short.

The same applies to demeanour, self-presentation, putting oneself in the right light and the type of conversation. All of this is independent of a person’s actual physical characteristics or their intentions. Dominant is whoever appears dominant to the other person. Someone who is physically large is more likely to believe in his own competence than someone who perceives himself as physically small. Taller men in particular have higher self-esteem, more self-confidence, and they think they are better than the little ones. The whole story starts from childhood, as Gert Stulp and colleagues7 write:

Height may also affect how people perceive themselves, and so influence behaviour (which as noted, in part reflects how other people treat them). For instance, taller individuals, particularly taller men, have higher levels of selfesteem than shorter individuals and are more likely to see themselves as leader, which may result in taller individuals displaying more self-confidence in social interactions. Increased self-esteem may itself be a consequence of experiencing more favourable contest outcomes earlier in life. Children as young as ten months old recognize that size plays a role in dominance contests, and there is some evidence to suggest that taller individuals win more contests/confrontations during childhood and young adulthood than shorter individuals: taller children win more aggressive bouts on the playground and are less likely to be a victim of bullying.

Lotte Thomsen and her colleagues8 studied infants. They showed them animations with two virtual guys – let’s just call them game characters or agents – who meet on the screen and block each other’s path. Who is stronger? Of course, the bigger of the two. The experiment is extraordinarily clever, and we let these scientists from Harvard University describe their experiment in their own words. It sounds a bit stilted at first, but if you read in a little, it becomes clear what they did.

16 infants between 11 and 16 months of age were familiarized with a series of animations of two blocks (agents) of different sizes, each with an eye and a mouth. During these familiarization trials, each agent was alone on the platform, bouncing gently from one side to the other, one from right to left and the other in the opposite direction. This was to establish that each agent had the goal of moving to the opposite side of the platform from where it started. An intertrial consisted of both agents simultaneously starting from their habitual beginning positions so that they met in the middle, each blocking the other’s habitual path. Then, the agents bumped into each other, backed up, and approached again for a total of three times before they each withdrew.

The trial proceeds with an expected outcome where the smaller agent moves out of the way of the larger one, or with an unexpected outcome where the larger agent has to make way for the smaller one. The authors write:

In the Expected Outcome test trial, the small agent bowed forward until it was lying down, and then scooted sideways out of the way (away from the viewer), upon which the large agent continued on its path to the end of the stage before the animation froze for 60s. In the otherwise identical Unexpected Outcome test trial, the large agent prostrated itself and yielded the way so that the small agent could complete its path to the end of the stage. The time until the infant looked away from the test trials for more than 2s was measured. In order to be included in the sample, infants must watch the screen during the bowing motion as each agent prostrated itself.

Babies can also be surprised. They then look at an unexpected event for longer. From these and similar experiments, the authors conclude that infants as young as ten to thirteen months old recognise that size plays a role in dominance contests. Perhaps this conclusion is a little too speculative, but the observation remains that infants notice whether virtual game characters are helping each other or trying to hinder others.

The literature on this topic has become endless. Nevertheless, the basic message is the same everywhere: those who are taller are seen as important and competent, and those who are tall not only have more body weight, but are also convinced of their own competence. A particularly funny piece of work comes from China. The icing on the cake, so to speak, when looking at our social behaviour.

Yan Sun, Fei Wang, and Shu Li9 conducted some fairly trivial knowledge tests with participants who were randomly assigned to a meeting room on the eighth or second floor of a building. Both rooms were set up identically, except for the fact that the windows on the eighth floor were about 30 metres above the ground, while the windows on the second floor were only about 6 metres above the ground. And this is how the investigation went:

As soon as the participants arrived, they were instructed to stand by the window and look outside and down at the ground for three minutes. They were told that this had a calming effect. During the experiment, the sun was shining and the view outside was nice. After these supposedly calming three minutes, all participants were given a ten-part questionnaire to complete. It covered general knowledge in geography, history, philosophy, and sport with simple yes-no questions or alternatives such as:

Which country is larger? (Put a cross in the box):

(a) Congo

(b) Zambia

Once all the questions had been answered, the participants were asked to estimate how many questions they had answered correctly on the questionnaire. The difference between the expected and actual number of correct answers provided an index of the degree of overconfidence. For example, if a participant thought they had answered six of the questions correctly though in reality, they had only answered four correctly, they had overestimated their score by two points. Participants were then asked to assess the following question: “Imagine a random sample of students taking the same test. Do you think the students would do worse than you and give fewer correct answers?”. Finally, the participants were asked to rate their mood (‘’How do you feel right now?’’).

The test participants from the room on the eighth floor distinctly overestimated their performance. The authors conclude that:

judgments about ability are regulated by perceptions of spatial heights. We showed that people increased their self-confidence about a knowledge test after seeing the ground from a higher rather than lower floor.

We think this study is pretty flashy. All you have to do is climb up to the executive floor and you immediately feel a lot grander than if you had your lab in the basement, or on the first floor.

And that’s why the boss isn’t in the basement.

That is why the boys, who are perceived by their parents as too short, are treated with growth hormone – so that they can become bosses one day. Or at least so that they get something from the wage premium and don’t remain underpaid for life. But don’t ask the parents why! These are cultural patterns that we are hardly, or not at all, aware of. It’s about later success, it’s about choosing a partner. Perhaps there are even older motives from the times of our ancestors, the prehistoric humans (Homo habilis) from one-and-half or two million years ago.

Body height is a signal that we only perceive subconsciously. We instinctively notice who is the taller one and we accept her or him as our group leader. Just like that. People don’t need any justification for accepting a taller person. If we ourselves are the taller person, we are also convinced of our own grandeur. That too, without thinking about it in any way.

If you assume these findings are new, then you are mistaken. Let’s take a little trip back to old Prussia. Think of the long fellows (Die Langen Kerls) of the Prussian kings, the impressive soldiers of the Royal Prussian Second Infantry Regiment. Major von Mach says10:

In 1763 the regiment had a few men under 5 feet (156.9 cm), but most were 5 feet 2 inches (162.2 cm), up to 5 feet 7 inches (175.2 cm); in 1764, however, there were no more men under 5 feet. In 1772 the smallest measurement was 5 feet 5 inches (170.0 cm), but from 1778 onwards 5 feet 4 inches (167.4 cm). Several people measured 6 feet (188.3 cm) and over.

A Prussian foot was 31.4 cm11. These guys were imposing, and with their enormous headgear many of them reached a height of well over 2 metres – giants among ordinary men, who were on average barely taller than 165 cm at the time, i.e., more like the average height of a woman today. It was all about making an impression with these tall men, nothing more.

Woe betides the little ones. They get the short end of the stick. And nobody wants to admit it. That’s why we’re now giving a real-life example. It is anecdotal and shocking, but it is characteristic. In my years as a paediatrician (MH), I have heard of many very similar incidents.




2nd thread: The interview

How a gardener of short stature feels about being short

Mrs. N is a gardener and is short according to WHO1 reference values. She has two brothers who are also shorter than most other Germans, and her parents were not tall either. She is completely healthy; she has what in medicine is called familial short stature, and she has agreed to give a short interview. She stands here for the many who do not speak out in our staturized culture, as Gideon Lasco puts it2: the prevalence of taken-for-granted symbolic meanings of height, smallness and relative size differences throughout society and explains that height is more personal than a superficial view would suggest, because non-standard height touches some of the most private aspects of people’s lives.

MH: Thank you for your willingness to give an interview. It would be nice if you could tell us a bit about yourself. When did you first notice as a child that other children were taller than you, and when did your height become a problem for you?

Mrs. N: I really became aware of it in elementary school. I can’t remember noticing it in kindergarten, but in elementary school I had a classmate who was significantly taller than me. Because I’m significantly shorter than the others. It was so noticeable: in my day there were the Amigo satchels. I thought they were so great. I wanted one of them so much, but they were too big for me. I couldn’t have them. That’s when I realised that. Later they brought out some that were suitable for smaller children. I got one then too and was super proud of it. Apart from that, it didn’t affect me in any way at elementary school. I wasn’t disadvantaged at all. But it was really drastic when I started secondary school.

MH: How old were you then?

Mrs. N: About 11. And then it was like this: all the parents were sitting in the auditorium, in the 5th grade, because it was enrolment day. Then my name was called, I went to the front and my future class teacher said that no one could see me and took me in his arms and said, now everyone here can really see you, you’re so short. Of course, the whole assembly hall laughed and thought it was hilarious. Not me, not my mother either. And that’s when I really realised that I was apparently shorter and that for some people it was a deficit, for whatever reason. From then on, I kept getting comments from classmates, or even later when we went out to the disco. Others would say, “Mom will pick you up soon and it’s about time for you...” and things like that. And that’s actually still the case now. That there are still people who think they can make fun of me or say something stupid.

MH: When were you introduced to the doctor because of your size?

Mrs. N: I was already at secondary school. I can only remember that we were with you. I can’t say exactly when. I was in secondary school and no longer in elementary school.

MH: What was it like in your family?

Mrs. N: I grew up with two older brothers and they were always united against me. Unless someone came from outside. Then, of course, they were on my side. As it should be. But I always had to stand my ground. Between the two of them, and if someone was hostile to me, I naturally fought back.

MH: Being tall can also be a disadvantage. Did you have the feeling that being shorter than others can sometimes be a good thing?

Mrs. N: So maybe if you were somewhere ... I can’t say. Maybe if it was narrow somewhere and you could crawl in, like, “you can do that well, you’re so small”. But I can’t say that I had any advantages from it.

MH: And what was it like in everyday life? When you were together with others?

Mrs. N: When photos were due, it was always: “the little ones to the front”. Then you were pushed to the front. I couldn’t defend myself at all. You had to do it somewhere.

MH: Did the problem you had as a child change later as an adult?

Mrs. N: I would say that it has stayed that way. As before.

MH: How does it make you feel that you are shorter than most other people? Does it sometimes make you angry how people treat you?

Mrs. N: No. It doesn’t make me angry at all. For the most part, it doesn’t interest me. I no longer attach any importance to it. These people are immediately ticked off for me. I don’t want to have anything more to do with them. Of course, there are sometimes days when it hurts me to hear that you’ve just seen them once: “Oh, she’s very short” and “I’m going to make fun of her”. It’s bad that people are so quick to judge people. Without really knowing them. That’s hurtful.

MH: Have you been treated with hormones?

Mrs. N: Yes, but only briefly, I would have become diabetic. And then I said I didn’t want that and the treatment was discontinued. I don’t know exactly. Six months or a year later, the treatment was resumed. But the result was still the same. There was a risk that I would have become diabetic.

MH: Are you diabetic?

Mrs. N: No, not yet. (laughs)

MH: How tall are you actually?

Mrs. N: The last time I measured myself, I was 148 cm, but now maybe only 147 cm.

MH: Thank you very much for the interview.



1 WHO: World Health Organization




3rd thread: How big is normal size

Why giants and dwarves are normal among their peers

With a height of 148 cm, Mrs. N is around 20 cm below the average height for a German woman. Mrs. N is healthy, she works as a gardener, and she is exactly the same height as the average young Indonesian mother whom we examined in West Timor in spring 2023. So, what is normal? This is the most common – and at the same time the most difficult question – we are asked again and again. There is no answer. Among giants, the giant is normal, among dwarves it is the dwarf. Normal is what each of us feels is appropriate for our world view. To get a truly normal answer to this question, we asked ChatGPT Version 3.5 for a 50-word definition. ChatGPT knows what normal is: subjective, changeable, and it conforms to the prevailing norm. ChatGPT says:

Normal describes what is considered usual or expected in a specific society, culture or context. It corresponds to the prevailing social norms, values and expectations. The term is subjective, changeable and can vary between cultures and over time, representing a standard or healthy state in different contexts.

At the time of writing, Google tells:

The average height of men worldwide is 175 cm (5 feet 9 inches), that of women 162 cm (5 feet 4 inches).

To formally address this question, the Multicentre Growth Reference Study (MGRS) was carried out between 1997 and 2003 following a recommendation of the WHO12. The aim was to compile up-to-date data for assessing the growth and development of children all over the world. As part of this study, 8,440 healthy breastfed infants and young children from different cultures (Brazil, Ghana, India, Norway, Oman, and the USA) were examined. On this basis, the WHO developed growth standards. Growth standards provide the best description of the physiological growth of children under the age of five because they represent normal early childhood growth under optimal environmental conditions. They can be used to assess children everywhere, regardless of their ethnicity, socioeconomic status and type of diet12. So says the WHO. We have to believe that for the time being, but you can already tell that a first red thread of doubt is quietly stirring. When was the last time you were at an airport? Have you seen the long and the short, the fat and the thin? And their children? Did the children of travellers from Southeast Asia look malnourished? It’s still too early, we still have to graze a little in the steppes of normality, but don’t worry! It will come in detail later. What we are told by the authorities is not always the whole truth.

Height varies, even in the best families. Think about your children or your friends’ children, they are not all the same height. So, we need to look at some simple statistics – it’s not really difficult. Just look in the box.


The variation of body height and the problem of stunting

The term body size is ambivalent. Size can be understood both in terms of height and in terms of weight, or as height and weight. We use this term in the sense of height and weight, because both dimensions are important for the impression individuals make on their counterparts. Whoever has weight appears import ant – be it through height, corpulence or both.

Not all people are the same height. Body height is distributed around a common mean value on both sides. The distribution of body height corresponds to a so-called normal distribution. Normal distributions are symmetrical and have a bell shape. Figure 1 shows the body height distributions of West German conscripts born in 1938. The x-axis shows the body heights in centimetres and the y-axis shows the percentage of all conscripts in the respective centimetre classes. Most conscripts are about medium height, a few are very tall and a few are very short. This type of curve was described by Gauss more than 200 years ago. The width of such a Gaussian bell curve, i.e., the deviation of the individual values from the mean value, is defined by the so-called standard deviation. The range of plus-minus two standard deviations covers about 95% of the values in such a bell curve. This range is usually considered normal by doctors. In the case of adult height, the simple standard deviation is 6 to 7 cm, i.e., the height of the 95% of normal adults – that is plus-minus two standard deviations – varies between plus-minus 12 to 14 cm on either side of the mean.

The WHO claims that normal women are between 150.2 cm and 176.2 cm tall and normal men between 161.9 cm and 191.1 cm. Those who are shorter are stunted.

Stunting is a technical term used internationally. The WHO defines: Children are considered stunted if their height for age is more than two standard deviations below the median2 of the WHO growth standards for children13 which is another expression for three in one hundred. Stunting therefore refers to a body height below a global norm. Because Europeans are relatively tall, less than 3% of Europeans are stunted, while stunting is significantly more prevalent among the relatively short East Asians and even exceeds 50% in some parts of Indonesia. Worldwide, around 150 million children under the age of 5 are currently considered stunted. Those who accept these standards also accept that these children are considered underdeveloped and vulnerable to health risks. That’s what the newspapers say. And if you read further, the newspapers will try to make you believe that stunted children are malnourished.



This is fake news. Children who are shorter than the WHO12 are not necessarily malnourished. It is true that many children go hungry, but most of these 150 million officially short children live in the predominantly autocratically governed countries of Southeast Asia and Africa. They remain short not because they are under- or malnourished, but because their chances of living under Western conditions later in life are virtually zero. These children remain short for social reasons. And that is exactly what this book is about.

Remember: body height is a signal that we react to. We don’t just walk thoughtlessly past someone who is significantly taller or shorter than us, we receive his signals – whether we want to or not. A tall person leaves an impression, you can’t look past them. And on the other hand, we are always inclined to not notice the short people – we simply overlook them.

But now it’s time to say something about growth itself. What happens to the growing bone?



[image: ]

Figure 1: Body height distribution of German conscripts born in 1938. The distribution corresponds quite precisely to a so-called Gaussian bell curve. The mean height is 174.0 cm, the standard deviation is 6.4 cm. This means that around 95 out of 100 conscripts are between two standard deviations below and two standard deviations above the mean, i.e., between 161.8 cm and 186.8 cm.






2 The median, also known as the central value, is the measured value that lies exactly in the middle when values are sorted by size. Half of all values lie above it, the other half below the median.




4th thread: The growing bone

How a bone grows and what is meant by bottom-up and top-down

To begin with, we will limit ourselves to bony growth – it is decisive for our body height. Of course, all other tissues also grow, but most tissues adapt to the bony skeleton in some way. The lungs and most other organs do not grow larger than the bony frame allows without necessity. The blood vessels of the arms and legs naturally adapt to the length of the extremities. This is all quite trivial – except for the fatty tissue. This changes at lightning speed – we see it on ourselves at Christmas – completely independently of the growth in bone length. We see it at every bus stop. Muscles also develop independently of the growth in bone length. Muscle growth reacts to training and everyday physical stress. However, we will not discuss this now and will focus exclusively on the growth of the long tubular bones, i.e., the bones of the thigh, lower leg, arms, fingers and toes. These bones have growth zones that are necessary for directional longitudinal growth. We are interested in these growth zones.

What do growth zones look like? Who regulates them, is it genetics, is it hormones? Or both? Or something else? The subject is as complex as you like. Anyone interested in more details will have to look elsewhere. At this point, we only want to look at individual, small threads. We want you to be able to understand what is commonly believed and, on the other hand, why our considerations take a different course than
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