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Abstract
Background: In anthropology age of skeletal remains can be estimated without specific equipment by the degree of serrate suture 
obliteration; however, standard methods of obliteration measurement cannot be used to calculate age of a skull with a fragmented or 
damaged calvaria, which significantly complicates age estimation.
Objective: To assess validity of a new method for age estimation relying on data of lambdoid suture obliteration on skulls of both 
sexes from the craniological collection at the Department of Normal Anatomy of Kuban State Medical University (Krasnodar, Russian 
Federation) and compare with that of a conventional method.
Materials and methods: We determined sex and age of 41 skulls using craniometry. Based on the sex and calvaria condition, the 
skulls were divided into 2 groups and further subdivided by sex: male and female skulls with preserved calvariae (age was estimated 
by Zvyagin’s standard regression equations [N = 20]) and male and female skulls without calvariae (age was estimated by a new 
equation taking into account lambdoid suture obliteration [N = 21]). The skulls with calvariae were subjected to double independent 
craniometry to find absolute and relative errors. Quantitative indicators of suture obliteration and the estimated age were assessed 
for normal distribution using the Kolmogorov-Smirnov test. Data collection, correction, and systematization were conducted using 
Microsoft Access 2016 and Microsoft Excel 2016 (Microsoft Corp, USA). Statistical analysis was performed using Statistica 10.0 
(StatSoft Inc, USA).
Results and discussion: We determined age and sex of 36 skulls (87.80%) using craniometry. When comparing age values calculated 
using the standard regression equations and the new equation for the lambdoid suture, the absolute and relative errors for male skulls 
were 3.05% and 6.09%, respectively. For female skulls, the absolute and relative errors were 9.39% and 19.42%, respectively.
Conclusions: Equations that take into account lambdoid suture obliteration enable to estimate age of male and female skulls, including 
fragmented skulls, and can be used in anatomical and paleoanthropological studies, as well as in medical and forensic identification.
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Резюме
Актуальность: Используемое в антропологической практике определение возраста по степени облитерации зубчатых швов 
свода позволяет без специфического оборудования диагностировать возраст по скелетным останкам, однако стандартные 
методы измерения облитерации не позволяют вычислить возраст черепа с фрагментированным или разрушенным сводом, 
что значительно усложняет определение возрастной принадлежности.

*  Nina S. Bakhareva, Kuban State Medical University, ulitsa M. Sedina 4, Krasnodar, 350063, Russian Federation, 
bahareva_1955@mail.ru

*  Н.С. Бахарева, Кубанский государственный медицинский университет, 350063, Краснодар, ул. М. Седина, 4, 
bahareva_1955@mail.ru

https://crossmark.crossref.org/dialog/?doi=10.35401/2541-9897-2025-10-2-54-62&domain=pdf&date_stamp=2025-05-19


55

Оригинальные статьи / Original articles

Цель: Оценка валидности нового способа определения возрастной принадлежности по данным облитерации ламбдовидного 
шва по сравнению с традиционным методом, применяемым при метрической диагностике, у черепов обоих полов из крани-
ологической коллекции кафедры нормальной анатомии ФГБОУ ВО КубГМУ.
Материалы и методы: Было проведено краниометрическое определение половой и возрастной принадлежностей 41 черепа. 
На основании установленного пола и состояния костей свода объекты были разделены на 2 группы, разделенные на подгруп-
пы по половым характеристикам: черепа обоих полов с сохранившимся сводом и возрастом, определяемым по стандартным 
регрессионным уравнениям В.Н. Звягина (n=20); черепа обоих полов без костей свода и возрастом, определяемым новым 
уравнением с учетом облитерации ламбдовидного шва (n=21). 
Черепа со сводом подвергались двойной независимой краниометрии с целью выведения абсолютной и относительной погреш-
ностей. Количественные показатели облитерации и диагностированной возрастной принадлежности оценивались на предмет со-
ответствия нормальному распределению с помощью критерия Колмогорова-Смирнова. Накопление, корректировка, систематиза-
ция исходной информации осуществлялись в базах данных Microsoft Access 2016 и электронных таблицах Microsoft Excel 2016 
(Microsoft Corp., США). Статистический анализ проводился с использованием программы Statistica 10.0 (StatSoft Inc., CША).
Результаты и обсуждение: По результатам краниометрии был определен возраст и пол 36 черепов (87,80%). При сравнении 
значений возрастов, рассчитанных по стандартным регрессионным уравнениям и новому уравнению для ламбдовидного 
шва, величина абсолютной и относительной погрешностей для мужских черепов составляли 3,05 и 6,09% соответственно. 
Для женских черепов значения абсолютной и относительной погрешностей составляли 9,39 и 19,42% соответственно.
Заключение: Использование уравнений с учетом облитерации ламбдовидного шва позволяет установить возрастную при-
надлежность черепов обоих полов. Применение уравнений как альтернативного способа определения возраста фрагменти-
рованных черепов может использоваться в анатомических, палеоантропологических исследованиях, а также при медико-
криминалистической идентификации личности.
Ключевые слова: краниометрическая диагностика возраста, облитерация швов, ламбдовидный шов, возрастная принадлеж-
ность, регрессионные уравнения
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Introduction
Osteometry is one of the fundamental methods for de-

termining age, sex, and race. It also enables to assess indi-
vidual characteristics of the human body based on involu-
tional changes of bones. Resultant osteobiography plays 
an important role not only in theoretical anthropology and 
archaeological studies of burial grounds and settlements, 
but also in forensic examinations of skeletal remains.1-4

Age estimation is the most challenging aspect of osteo-
biography due to a large number of available methods and 
proprietary techniques, as well as inherent variability in es-
timated age ranges, depending on the accuracy of calcula-
tions.5 Lack of universal guidelines and variety of diagnos-
tic methods significantly complicate practical age estima-
tion. Certain methods require mathematical refinement and 
additional standardization to ensure reliable age ranges.6-8

One of the key elements in osteometric age estimation 
is the skull, particularly varying degrees of cranial suture 
obliteration as part of age-related involution, allowing for 
reliable osteobiography formulation.9 This craniometric 
method is relatively simple and does not require expen-
sive specialized equipment, making it preferable to histo-
chemical and radiological methods.3,10

Zvyagin’s scoring system for suture obliteration most 
accurately reflects the correlation between age and the 
degree of cranial suture closure. However, this regres-
sion-based approach relies on data from 3 cranial sutures, 
which can pose difficulties when estimating age of skulls 
with fragmented or damaged calvariae—whether due to 
postmortem changes or antemortem trauma.6,11,12

Anthropological studies indicate that among all the cra-
nial sutures, the lambdoid suture is the last to undergo syn-

ostosis. According to Pashkova’s monograph,13 the mean 
age of lambdoid suture closure in both sexes is approxi-
mately 60-70 years. Furthermore, Zaichenko et al’s review 
highlights a sexual dimorphism in aging: men exhibit pro-
nounced thinning of the cranial bones near the lambda, 
whereas women show bone thickening in this area.14 De-
layed lambdoid suture closure on both inner and outer sur-
faces of the skull is particularly valuable for age estimation, 
as it allows for identification of advanced age of the skull. 
Moreover, it can help adjust an estimated age range based 
on the principle of suture closure from within outward.6,13,14

Our study aims to investigate a craniometric method 
for age estimation relying on mathematical data of lamb-
doid suture obliteration in male and female skulls from 
the craniological collection at the Department of Normal 
Anatomy of Kuban State Medical University (Krasnodar, 
Russian Federation).

Methods
We estimated sex and age of 41 skulls from the cranio-

logical collection using craniometry. Sex was determined 
anthroposcopically by standard diagnostic features.6 Age 
was calculated using regression equations based on the 
cranial suture obliteration data (Zvyagin, 1998).15 For 
each skull with a preserved calvaria, we measured longi-
tudinal and transverse diameters using a spreading caliper 
and calculated the cranial index.6,13 Based on the sex and 
calvaria condition, the skulls were divided into 2 groups 
and further subdivided by sex:

• Male and female skulls with preserved calvariae and 
age determined by Zvyagin’s standard regression equa-
tions (N = 20);
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• Male and female skulls without calvariae (horizon-
tal cross sections), with age determined by a new equation 
taking into account lambdoid suture obliteration (N = 21).

Obliteration measurements were taken from the norma 
verticalis in the skulls with calvariae and from the norma 
occipitalis in the skulls without calvariae. Quantitative in-
dicators of obliteration and the estimated age were assessed 
for normal distribution using the Kolmogorov-Smirnov 
test. Data collection, correction, and systematization were 
conducted in Microsoft Access 2016 and Microsoft Excel 
2016 (Microsoft Corp, USA). Statistical analysis was per-
formed using Statistica 10.0 (StatSoft Inc, USA).

The new lambdoid suture equation was derived from 
the sum of standardized functions representing “regres-
sion series,” where the x-axis corresponded to obliteration 
values on the outer and inner surfaces of the calvaria, and 
the y-axis, to the skull’s age. The coefficients were de-
termined through regression analysis of the mathematical 

models and standardized for the sample to improve accu-
racy. The skulls with preserved calvariae were subjected 
to double independent craniometry using the standard and 
new methods to find absolute and relative errors in the 
calculated age.

Results
Age and sex were estimated for 36 skulls (87.80%) 

using craniometry. Among the skulls with preserved cal-
variae (N = 20), 10 were classified as male and 10 as fe-
male. In the group of the skulls with fragmented or absent 
calvariae (N = 21), 11 were classified as male and 5 as fe-
male. Five skulls from the craniological collection were 
categorized as indeterminate in terms of sex and age due 
to poorly expressed diagnostic features. For 20 skulls with 
preserved calvariae, age was calculated for both sexes as 
the mean derived from 4 regression equations incorporat-
ing the cranial index (Figure 1 and Figure 2).

Figure 1. Age estimated by 4 Zvyagin’s standard regression equations (male skulls)
Рисунок 1. Определенный возраст по 4-м стандартным регрессионным уравнениям В.Н. Звягина для мужских черепов

Figure 2. Age estimated by 4 Zvyagin’s standard regression equations (female skulls)
Рисунок 2. Определенный возраст по 4-м стандартным регрессионным уравнениям В.Н. Звягина для женских черепов
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For both sexes, the functions were derived based on 
the data of the lambdoid suture obliteration from the outer 
f(x1) and inner f(x2) surfaces of the calvaria, as well as 
the averaged age. When constructing graphs, we selected 
the functions with the highest coefficient of determination 
(R2 = 0.7016 and R2 = 0.8444 for f(x1) and f(x2), respec-
tively, for the male skulls; R2 = 0.7948 and R2 = 0.6585 for 
f(x1) and f(x2), respectively, for the female skulls) (Fi-
gure 3 and Figure 4).

Given that the same age value was obtained by 2 dif-
ferent functions, f(x1) and f(x2), corresponding to the out-
er and inner surfaces of the calvaria, we can equate these 
functions, forming a complete lambdoid suture at the junc-
tion of the squamous part of the occipital bone. Based on 
this principle, we proposed a general equation expressed as 
the sum of the lambdoid suture obliteration values from the 
outer f(x1) and inner f(x2) surfaces for both male and female 
skulls. During the regression analysis of the mathematical 

model, the following equations were formulated, with co-
efficients later standardized according to the age values of 
the sample (Figure 5 and Fi gure 6).

To determine the absolute and relative errors in the 
group of skulls with preserved calvariae, an additional in-
dependent measurement of the cranial suture obliteration 
was conducted on both surfaces. Age was calculated us-
ing 4 standard regression equations and the newly derived 
lambdoid suture equation as an alternative. The absolute 
and relative errors of the second measurement are given 
in the Table below.

Based on the values of absolute and relative errors, we 
can conclude that the findings of the control and experi-
mental craniometric studies by 2 different methods are 
quite similar. Using the newly formulated equation for 
the skulls with fragmented calvariae and intact lambdoid 
sutures, we calculated the age for the second study sample 
for each sex (Figure 7).

Figure 3. Function f(x1), demonstrating the dependence of age (years) on the obliteration of the lambdoid suture from the outer 
surface of the calvaria (L), and function f(x2), demonstrating the dependence of age (years) on the obliteration of the lambdoid 
suture from the inner surface (L’), male skulls
Рисунок 3. Функция f(x1), отражающая зависимость возраста (лет) от облитерации ламбдовидного шва с наружной 
поверхности свода (L), и f(x2), отражающая зависимость возраста (лет) от облитерации ламбдовидного шва со вну-
тренней поверхности свода (L’) для черепов мужского пола
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Figure 5. Equation for age estimation, which is based on the lambdoid suture obliteration data for male skulls, with coefficients 
standardized for the craniological collection, where Y is age of the skull (years); X1 is lambdoid suture obliteration on the outer 
surface; X2 is lambdoid suture obliteration on the inner surface
Рисунок 5. Составленное возрастное уравнение, основанное на данных облитерации ламбдовидного шва для мужского 
пола с коэффициентами, стандартизированными для краниологической коллекции, где Y – возраст черепа (лет), X1  – 
облитерация участков ламбдовидного шва с наружной поверхности свода, X2 – облитерация участков ламбдовидного 
шва с внутренней поверхности свода

Figure 4. Function f(x1), demonstrating the dependence of age (years) on the obliteration of the lambdoid suture from the outer 
surface of the calvaria (L), and function f(x2), demonstrating the dependence of age (years) on the obliteration of the lambdoid 
suture from the inner surface (L’), female skulls
Рисунок 4. Функция f(x1), отражающая зависимость возраста (лет) от облитерации ламбдовидного шва с наружной 
поверхности свода (L), и f(x2), отражающая зависимость возраста (лет) от облитерации ламбдовидного шва со вну-
тренней поверхности свода (L’) для черепов женского пола
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Figure 6. Equation for age estimation, which is based on the lambdoid suture obliteration data for female skulls, with coefficients 
standardized for the craniological collection, where Y is age of the skull (years); X1  is lambdoid suture obliteration on the outer 
surface; X2  is lambdoid suture obliteration on the inner surface
Рисунок 6. Составленное возрастное уравнение, основанное на данных облитерации ламбдовидного шва для женского 
пола с коэффициентами, стандартизированными на краниологической коллекции, где Y – возраст черепа (лет), X1  – 
облитерация участков ламбдовидного шва с наружной поверхности свода, X2 – облитерация участков ламбдовидного 
шва на внутренней поверхности свода

Table
Absolute and relative errors of the second measurement using standard and new methods (skulls with calvariae). 

Comparison of the second and first craniometric studies
Таблица

Абсолютная и относительная погрешность по результатам второго измерения, выполненного стандартным 
и новым способами у черепов со сводом. Сравнение второго краниометрического исследования с первым

No. Measurement 1, 
years

Measurement 2, 
years

Median age (mean values of 
measurements 1 and 2), years Age (L), years [A] error ∂ error, %

1♀ 51.40 51.40 51.40 25.35 26.05 50.68
2♀ 48.66 48.66 48.66 54.66 6.00 12.33
3♀ 57.18 57.18 57.18 55.75 1.43 2.50
4♀ 48.84 48.84 48.84 54.69 5.85 11.98
5♀ 53.36 53.36 53.36 56.06 2.70 5.06
6♀ 46.74 46.74 46.74 31.87 14.87 31.81
7♀ 48.66 48.66 48.66 42.61 6.05 12.43
8♀ 42.54 42.54 42.54 54.68 12.14 28.54
1♂️ 56.2 48.31 52.25 55.67 3.42 6.55
2♂️ 55.18 51.73 53.46 54.53 1.08 2.01
3♂️ 49.39 46.32 47.86 49.64 1.79 3.73
4♂️ 63.80 46.19 55.00 45.93 9.07 16.48
5♂️ 44.47 45.63 45.05 45.93 0.88 1.95
6♂️ 52.62 45.11 48.87 47.21 1.65 3.39
7♂️ 47.09 40.71 43.90 49.81 5.91 13.46
8♂️ 55.00 53.41 54.21 54.82 0.62 1.13

Figure 7. Age determined by the new equation for the lambdoid suture in male and female skulls with fragmented calvariae
Рисунок 7. Определенный по новому уравнению возраст для ламбдовидного шва у мужских и женских черепов с фраг-
ментами свода
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Discussion
It is well known that men and women have different 

obliterations of sagittal and coronal sutures. Our study 
also confirmed this. However, sexual dimorphism of the 
lambdoid suture (different obliteration values and differ-
ent thickening of areas adjacent to calvarial bones) can be 
found only in the lambda region. The obliteration values 
of the suture parts located dorsolaterally in the asterion 
region were similar in both sexes. Figure 3 and Figure 
4 show that male and female skulls have reciprocal coef-
ficients of 0.99 and 0.01 before the functions f(x1) and 
f(x2) in the new equations. An explanation has been pro-
posed that men exhibit more suture obliteration between 
ages 25 and 60 years than women. However, by age 60, 
the rate of obliteration becomes equivalent in both sexes, 
and after age 60, obliteration is more intense in women. 
In men, bone thickening and more intensive sagittal and 
lambdoid suture obliteration start at age of 40-49 years. 
With age, there is a gradual thinning of the calvarial bones 
in the lambda region (lambdoid suture), whereas in the re-
gion of the vertex (sagittal suture) bones thicken (starting 
at age 70). Obliteration in women occurs in 2 stages (30-
49 years; 70-86 years) with gradual thickening of the cal-
varial bones in the lambda and bregma (coronal suture).14

In men the thinning of the calvarial bones in the lamb-
da region along the lambdoid suture with age can be at-
tributed to slowing down of lambdoid suture obliteration 
from the inner surface. In women, on the contrary, the 
thickness of the bones in the lambda region increases due 
to more intensive obliteration from the inner surface after 
age of 60 years. A more pronounced correlation between 
age values and scores of obliteration from the inner sur-
face of the calvaria than that from the outer surface was 
also reported.6,13

Thus, the coefficient near the function f(x2) of the con-
ditionally internal obliteration of the lambdoid suture is de-
terminant (weighting) and shows that with age the score 
of internal calvarial obliteration decreases in male skulls 
and increases in female skulls, which is expressed in thin-
ning/thickening of the calvarial bones in the lambda region.

The coefficients near the function expressing the ex-
ternal obliteration of the lambdoid suture (L), selected by 
regression analysis and standardized for the craniological 
collection, are adjusting and should fit the condition in 
which the coefficients are reciprocal (Figure 8).

The research has shown that osteometric aspects of an-
thropology require further mathematical refinement and 
systematization of the acquired knowledge of new meth-
ods under development for successful practical formula-
tion of human osteobiography.

Conclusions
The proposed method of age estimation has all the 

characteristics of classical methods and additionally al-
lows for studying fragmented skulls. The evaluation 
of the results demonstrated the advantage of using the new 
method in the age estimation, ie, less sexual dimorphism 
of the lambdoid suture and the minimum number of vari-
ables required for the construction of sex-age equations. 
This method can be used for age estimation in cranio-
metric studies in developmental anatomy and can also be 
an additional clarifying method in paleoanthropological 
and archaeological excavations or in medical and forensic 
identification of skulls with damaged calvariae or facial 
skeleton. The study has shown the importance of creating 
mathematical models to modernize existing craniometric 
methods in order to reconstruct the most complete human 
osteobiography.
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