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VERTEBRAE SIZE AND SHAPE: INFLUENCE OF GENDER, 
ETHNICITY AND SOMATOTYPE

Abstract. The spine is the key supporting axis of the body, and its morphometric 
parameters determine not only the biomechanics of the segments but also the 
vulnerability to pathologies throughout life. The presence of sexual, age, ethnic and 
somatotype differences in various body parameters concerns the spine and therefore 
requires the study of such features in different population groups. The purpose of the 
study is to systematize the literature on the features of the structure, size and shape of 
human vertebrae depending on gender, ethnicity and somatometric indicators. 
Materials and methods. A search was conducted in Scopus, PubMed and Web of 
Science using the keywords "vertebrae", "spinal column", "age", "sex/gender", 
"somatotype", "race/ethnicity" with the inclusion of publications with clearly described 
samples and correct statistical approaches. Results. Sexual dimorphism of the spine 
parameters is traced from the neonatal period to adulthood and persists even after 
considering height and body weight. In children and adolescents, differences appear 
early, increase during puberty, and correlate with height and fat-free mass. Systematic 
reviews indicate that discriminant models confirm the high ability of linear and angular 
indicators of vertebral bodies and arches to distinguish between sex, and the addition
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of other anthropometric variables (height, somatotype) increases the accuracy of the 
models. In adults, sex differences in the proportions of the anterior-posterior and 
transverse dimensions, which affect the resistance to bending and are associated with 
bone density and body composition indicators, persist. CT of the cervical region 
demonstrates a gradual increase in dimorphism with age and relationships with 
regional anthropometric indicators (neck circumference), while sex remains an 
independent predictor in multivariate models. Signs of dimorphism are recorded 
already in newborns, which indicates the role of intrauterine biological determinants 
that already affect the parameters of the spine during this period. Ethnic differences in 
the studied vertebral dimensions were found smaller average cervical canal dimensions 
in East Asian samples compared with Caucasians, as well as differences in lumbar 
spine morphology between Chinese and Indian populations and parameters of the 
seventh cervical vertebra in South African groups, which are partially preserved after 
normalization for height. Ethnic differences were also found in the anteroposterior 
diameter of the cervical canal, lumbar vertebral dimensions in Polynesians/Maori 
compared with Europeans, with ethnicity remaining significant along with height and 
BMI. Somatotype modulates vertical and transverse lumbar vertebral dimensions in 
adolescents, intervertebral disc dimensions in young adults are related to height, mass 
and circumferences; adding waist/hip measurements improves the models, but the 
independent contribution of sex remains. Conclusions. Spinal morphometry is shaped 
by the combined influence of sex, age, ethnicity, and somatometry, with sex and 
ethnicity demonstrating an autonomous contribution that is not reducible to body size 
scaling. For correct diagnosis, stenosis screening, and implantation planning, it is advisable 
to use locally validated, sex-, age-, ethnicity-, and somatotype-specific referents.

Keywords: spine morphometry, vertebral size, vertebral shape, sexual dimorphism, 
age-related changes, somatotype.
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РОЗМІРИ Й ФОРМА ХРЕБЦІВ: ВПЛИВ СТАТІ, ЕТНОСУ ТА 
СОМАТОТИПУ

Анотація. Актуальність. Хребет є ключовою опорною віссю тіла, а його 
морфометричні параметри визначають не тільки біомеханіку сегментів але і 
вразливість до патологій протягом усього життя. Наявність статевих, вікових, 
етнічних і соматотипових відмінностей різних параметрів тіла, зокрема і 
стосується хребта і тому вимагає дослідження таких особливостей в різних 
популяційних групах. Мета дослідження - систематизувати літературні дані 
щодо особливостей будови, розмірів і форми хребців людини залежно від статі, 
етнічної належності та соматометричних показників. Матеріали та методи. 
Проведено пошук у Scopus, PubMed і Web of Science за ключовими словами 
«vertebrae», «spinal column», «age», «sex/gender», «somatotype», «гасе/ethnicity» із 
включенням публікацій із чітко описаними вибірками та коректними 
статистичними підходами. Результати. Сексуальний диморфізм параметрів 
хребта простежується від неонатального періоду до дорослого віку і зберігається 
навіть після урахування зросту та маси тіла. У дітей та підлітків відмінності 
з’являються рано, посилюються в пубертаті й корелюють із зростом та 
безжировою масою. Систематичні огляди вказують, що дискримінанті моделі 
підтверджують високу здатність лінійних і кутових показників тіл та дуг хребців 
розрізняти стать, причому додавання інших антропометричних змінних (зріст, 
соматотип) підвищує точність моделей. У дорослих зберігаються статеві 
відмінності передньо-заднього та поперечного розмірів, що впливають на опір 
згину і пов’язані з показниками кісткової щільності та складу тіла. КТ шийного 
відділу демонструє поступове наростання диморфізму з віком і зв’язки з 
регіональними антропометричними індикаторами (окружності шиї), при цьому 
стать залишається незалежним предиктором у багато факторних моделях. 
Фіксуються ознаки диморфізму вже у новонароджених, що вказує на роль 
внутрішньоутробних біологічних детермінант які вже впливають в цей період на 
параметри хребта. Виявлено етнічні відмінності у досліджуваних розмірах 
хребців: менші середні розміри шийного кісткового каналу у східноазійських 
вибірках порівняно з європеоїдними, а також розбіжності морфології 
поперекового відділу хребта між китайською та індійською популяціями та 
параметрами сьомого шийного хребця у групах жителів Південної Африки, які 
частково зберігаються після нормування на зріст. Також етнічні відмінності 
виявлено стосовно передньо-заднього діаметру шийного каналу, розмірів 
поперекових хребців у полінезійців/маорі порівняно з європейцями, причому 
етнічна належність зберігає значущість поряд із зростом та ІМТ. Соматотип
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модулює вертикальні й поперечні параметри поперекових хребців в підлітків, 
розміри міжхребцевих дисків у дорослих молодого віку пов’язані зі зростом, 
масою та окружностями тіла; додавання показників талії/стегон покращує 
моделі, але незалежний внесок статі зберігається. Висновки. Морфометрія 
хребта формується сукупним впливом статі, віку, етнічної належності та 
соматометрії, причому стать і етнічні чинники демонструють автономний вне­
сок, який не зводиться до масштабування розміром тіла. Для коректної діагнос­
тики, скринінгу стенозу та планування імплантації доцільно використовувати 
локально валідовані, статево-, віково-, етнічно- та соматотипово-специфічні 
референти.

Ключові слова: морфометрія хребта, розміри хребців, форма хребців, 
статевий диморфізм, вікові зміни, соматотип.

Statement of the problem. The spinal column is the central axis of the body, 
which consists of consecutively connected vertebrae, which are divided into cervical, 
thoracic, lumbar, sacral and coccygeal regions. Almost all vertebrae have a classic 
structure and consist of a body, an arch and processes that provide attachment points 
for ligaments and muscles, and form the spinal canal, the contents of which are the 
spinal cord. The physiological curves that form the vertebrae (lordoses and kyphosis) 
work as a spring to absorb loads and maintain balance in movement. Together, the 
vertebrae provide the supporting, protective and motor functions of the skeleton. At the 
same time, the vertebrae in each region have their own structural features that allow 
them to perform their specific functions [1].

Intervertebral discs are located between the vertebral bodies and consist of a 
gelatinous nucleus (nucleus pulposus), a fibrous ring (annulus fibrosus) and endplates 
that provide diffusion of nutrients. From the point of view of biomechanics, discs allow 
to ensure stability and mobility of the segment, but changes in the composition of the 
matrix with age and loads lead to degeneration and, as a result, further vulnerability of 
this structure [2].

Like every organ of the human body, the spinal column as a whole and the 
vertebrae individually can be affected by various pathologies. It is important to note 
that changes in human lifestyle have led to an increase in the prevalence of many such 
pathologies. Thus, idiopathic scoliosis of adolescents is one of the most common 
causes of spinal deformity in childhood and adolescence and has a prevalence of 0.47% 
to 5.2%. The ratio of girls to boys ranges from approximately 1.5:1 to 3:1 and increases 
with age and the size of the arch (according to Cobb). For large arches (over 40°), the 
prevalence of girls becomes even more pronounced (up to 7:1) [3]. Among the adult 
population of the United States, radiographic signs of scoliosis were detected in 8.3% 
of people aged 25-74 years. Women have about twice the prevalence compared to men 
(10.7% versus 5.6%), and in women there was a significant increase in the frequency 
with age [4].
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The prevalence of lumbar spinal stenosis ranges from 11% to 39%. Similar data 
were obtained for X-ray confirmed - from 11% to 38% [5]. The age prevalence of this 
pathology is heterogeneous: for the acquired form it was detected in 22.5% and 
absolute - in 7.3% of adults; at the age of 60-69 years, these figures reached 47.2% and 
19.4%, respectively. The association of stenosis with low back pain was also recorded: 
odds ratio 3.16 (95% CJ 1.05-9.53). The prevalence of congenital stenosis was lower 
(4.7% relative and 2.6% absolute) [6].

About 6% of the adult population in the world have signs of spondylolysis. At 
the same time, the connection of these findings with chronic low back pain remains 
debatable [7]. This pathology is often accompanied by various forms of instability and 
is associated with radiculopathy. Studies show the value of positional MRI in detecting 
such forms, especially in the presence of radicular symptoms [8].

Among the inflammatory pathologies affecting the spinal axis, it is worth noting 
such a pathology as ankylosing spondylitis. Its prevalence is heterogeneous in different 
parts of the world. The average prevalence of this pathology is 23.8 per 10,000 in 
Europe, 31.9 per 10,000 in North America, 16.7 per 10,000 in Asia, 12.2-18.6 per 
10,000 according to alternative estimates for some regions, with lower values for Latin 
America (10.2 per 10,000) and Africa (7.4 per 10,000) [9]. At the same time, in Sweden 
the prevalence of clinically diagnosed disease is about 0.18%. However, differences 
have been found by sex, region and socio-economic groups, which indicates a 
multifactorial cause of the disease [10]. In general, all epidemiological data indicate 
the possibility of using anthropometric indicators as factors influencing the 
characteristics of the spinal column.

The purpose of the article - to analyze literary sources concerning the 
peculiarities of the structure of the vertebrae in humans depending on anthropometric 
indicators.

Research objects and methods. A search for scientific publications was 
conducted using the scientometric databases Scopus, PubMed, and Web of Science. 
The search used combinations of keywords related to the topic of the review: vertebrae, 
spinal column, age, gender, somatotype, race, ethnicity. Only publications with clearly 
defined samples and sufficient methods of analyzing the obtained data were included 
in the review.

Presentation of the main material.
Researclr results and their discussion. Sexual dimorphism of the spine is 

observed throughout adulthood. In men, larger linear dimensions of the vertebral 
bodies and wider areas of the endplates prevail, while in women, age-related changes 
in trabecular architecture cause a different remodeling profile. Even after considering 
height and body weight, significant differences remain, indicating that sex is an 
independent determinant. Relationships between the features of the structure of the 
vertebrae and body parameters have also been described [11].

In child and adolescent cohorts, sex differences appear early and intensify in 
puberty, and concern both the height of the vertebral bodies and their transverse



dimensions. Correlations have been found between the parameters of the structure of 
the vertebrae and indicators of height and fat-free mass [12].

Systematic reviews of publications show that the characteristics of the linear and 
angular dimensions of the vertebral bodies and arches have sufficient discriminatory 
power for assessing sex. Most studies have reported the creation of reliable models, 
even after considering height [13].

Significant sex differences have also been found for the thoracic regi'on: the sizes 
of the bodies, arches and spinous processes provide reliable discrimination. The 
addition of anthropometric variables, in particular height or somatotype, improves the 
quality of the models [14].

In adult populations, sex differences in the sizes of the vertebral bodies are 
preserved even after correction for height and mass, which has its own logical 
explanation. Differences in the anterior-posterior and transverse proportions of the size 
of the vertebrae affect the resistance to bending and the distribution of loads in the 
segment. Relationships with bone density and body composition indicators have also 
been described. Together, this forms different profiles of the structure of the vertebrae 
in men and women [15].

CT data of the cervical vertebrae demonstrates the gradual emergence and 
strengthening of sexual dimorphism with age. In the early stages, the differences are 
small, but in adolescence they become clearer, persisting in young adults. Correlations 
with growth and regional anthropometric indicators (in particular, body circumferences) 
have been found, which in turn clearly reflects the relationship of the structure of the 
vertebrae with the muscle and ligamentous components. At the same time, sex remains 
an independent predictor even in multivariate models [16].

Signs of sexual dimorphism have been recorded even in newborns, which 
indicates the role of intrauterine hormonal factors in the formation of the spine.

• Developmental indicators at birth are associated with some transverse dimensions of 
the vertebral bodies. Thus, the initial dimensions of the segments are determined not 
only .by postnatal growth, but also by early biological determinants [17].

In a sample of individuals of Spanish ethnicity, significant sex differences in 
height, width, and transverse dimensions of the bodies have been confirmed. 
Normalization by height and other anthropometric parameters reduces these 
differences but does not eliminate them completely. The results also indicate 
associations with body weight and body mass index, which is consistent with the load­
bearing nature of the adaptations [18].

Studies of the cervical vertebrae also show distinct demographic differences: 
male gender and greater height are associated with larger body sizes, while the shape 
of the arches and processes is related to the circumference of the neck and the width of 
the shoulder girdle, which in general logically reflects the local muscle load on them. 
Age-related changes affect the anterior-posterior dimensions of the vertebrae [19].

Discriminant analysis of the structural features of the lumbar vertebrae provides 
high accuracy of sex classification based on a combination of linear and angular
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indicators. The addition of height and mass improves the stability of the models [20]. 
Research data show that even when selecting volunteers with similar overall body sizes, 
significant gender differences in the size of the cervical vertebrae are detected [21].

Meta-analyses of CT spine studies have shown systematic ethnic differences in 
cervical vertebral and bony canal dimensions. East Asian samples have been reported 
to have smaller mean values compared with Caucasians. Some of the variability is 
related to height, but ethnicity still contributes [22].

In another study, a comparison of adult Chinese and Indian ethnic groups 
revealed significant differences in the height and width of the lumbar bodies, as well 
as in the dimensions of the arches and processes. These differences were partially 
maintained after normalization for height, suggesting population-specific growth and 
formation patterns [23].

Retrospective data on the transverse angle of the lumbar processes show 
different mean values between ethnic groups. Part of the variability can be explained 
by ethnic differences in height and BMI, but analysis has shown that ethnicity remains 
an independent predictor in multivariate models [24].

Comparative CT analysis of vertebral indices in Maori and European New 
Zealanders shows differences in lumbar vertebral body height/width and process 
parameters. These differences persist after controlling for height and BMI, suggesting 
population-specific morphogenesis. Associations of the study indices with body 
circumferences have also been found, which may reflect regional conditions [25].

Recent studies on the anteroposterior diameter of the cervical canal indicate its 
lower mean values in Polynesian samples compared with European ones. As in 
previous studies, the contribution of height and body weight is partial; the ethnic 
variable remains significant in the models [26].

In South African samples from representatives of the Zulu, white, and coloured 
ethnic groups, significant interethnic differences in both linear and angular parameters 
were shown for the seventh cervical vertebra. Some of the effects persisted after 
normalization for height. Relationships with neck and chest circumferences were also 
found, which may to some extent indicate the peculiarities of local muscle loading [27].

In adolescents of Ukrainian ethnicity, the dimensions of the lumbar spine vary 
significantly depending on somatotype: mesomorphic and endo-mesomorphic 
individuals have larger vertical and transverse indicators. Correlations with height and 
mass were founds as well as an independent contribution of gender in multivariate 
models. Adding waist and hip circumferences improves the model, although to a lesser 
extent [28].

In another study by Ukrainian scientists, in a sample of young men, the linear 
dimensions of the intervertebral discs were found to be related to height, weight, and 
individual circumferences, reflecting the influence of both general and regional loads. 
Some of the relationships were maintained in multivariate models, indicating 
independent effects. Age variation within the young group resulted in small but 
consistent changes in parameters [29].
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A comparison of the parameters in mesomorph boys and endo-mesomorph girls 

revealed significant differences in CT parameters in mid-sagittal sections of the lumbar 
spine. Models that included height, weight, BMI, and somatotype had high 
discrimination power, with gender retaining an independent contribution [30].

Conclusions. The analysis of the literature confirms the existence of a persistent 
sexual dimorphism in vertebral morphometry, which can be traced from the neonatal 
period to adulthood, and the differences persist even after considering body height and 
weight. Anthropometric indicators (height, weight, circumferences, body composition) 
are significantly correlated with linear and angular parameters of the vertebrae, but sex 
remains an independent predictor of size and shape. The identified interethnic 
differences have an autonomous contribution, which justifies the need for research on 
normative indicators of vertebral sizes for different ethnic groups.
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