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Modern science has a significant number of diagnostic methods: craniological,
anatomical, ultrasound, radiological. The development of new research methods, such
as ultrasound and X-ray methods (magnetic resonance imaging), forms the concept of
ultrasound and X-ray norms at different stages of human development. Now it is important
to study the anatomical variability of  people, morphometric characteristics, relationships
of organs, anatomical structures, their parts at all stages of human development. The
purpose of the work is to establish normative morphometric parameters of the skull and
face in fetuses and newborns, followed by construction of mathematical models. The
study was performed on 57 preparations of human fetuses 4-10 months and 7 newborns
using adequate anatomical methods: macropreparation, topographic anatomical
sections, computed tomography, craniometry. The main parameters of the facial and
cerebral skull were measured with the help of a centimeter tape, a thick, sliding compass
and a caliper. Statistical analysis of the obtained data was performed using a licensed
program RStudio. It is established that according to the graphs of the average values of
the parameters of the skull and face, there are two periods of accelerated and two
periods of slow development. For transverse skull length, face width and skull height,
two periods of accelerated development from the 6th to the 8th month of fetal development
and from the 9th month of fetal development to the neonatal period and two periods of
delayed development from the 5th to the 6th months and from the 8th to the 9th month of
fetal development were revealed. For the total height of the face - periods of accelerated
development - from the 4th to the 6th month of fetal development and from the 7th to the
9th month of fetal development, periods of delayed development - from the 6th to the 7th
month of fetal development and from the 9th month of fetal development to the neonatal
period. On the basis of arithmetic mean data of transverse skull length, face width,
skull height, total face height, models for predicting normative morphometric parameters
in fetuses and newborns are constructed. The constructed models will serve as a norm
for the subsequent determination of certain morphometric deviations to establish
variants of the structure and malformations of the skull and face. Thus, our systematized
data on the features of spatio-temporal transformations of morphometric parameters of
transverse skull length, face width, skull height, total face height with subsequent
construction of mathematical models will contribute to the individualization of the
norm, improvement of early diagnosis methods and development of new methods for
surgical correction of congenital defects of the skull and face.
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Introduction
Congenital malformations of the maxillofacial area rank

third among other congenital anomalies. 70% of them are
congenital nonunion of the upper lip and palate, and 30%
- craniofacial dysostosis [15, 18]. The most diverse are
congenital malformations of the upper and lower jaws,
which are expressed in deviations from the norm of their

size, shape, position of the jaws and changes in syntopia
(agnathia, micro- and macrognathia, prognathia, nonunion
of the upper jaw and palate) [4, 10, 13, 20].

The severity of malformations of the face is manifested
not only by external ugliness and the severity of functional
disorders, but also negatively affects the mental



development of the child [6, 12, 16].
Modern science has a significant number of diagnostic

methods: craniological, anatomical, ultrasound, radiological.
The development of new research methods, such as
ultrasound and X-ray methods (magnetic resonance
imaging), forms the concept of ultrasound and X-ray norms
at different stages of human development [2, 7]. Nowadays
it is important to study the anatomical variability of man,
morphometric characteristics, relationships of organs,
anatomical structures, their parts at all stages of human
development, the study of bone formations of the skull:
foramens, fissures, channels [3, 9, 5, 17]. It is also important
to predict the state of the structures located in these
formations, their possible causes and consequences, for
example, compression lesions [9, 11].

The purpose of  the  work  is  to  establish  normative
morphometric parameters of the skull and face in fetuses
and newborns, followed by construction of mathematical
models.

Materials and methods
The study was performed on 57 preparations of human

fetuses 4-10 months and 7 newborns (including 5 isolated
organ complexes) of both sexes, without external signs of
anatomical abnormalities or anomalies and without obvious
macroscopic deviations from the normal structure of the skull
using adequate anatomical methods: macropreparation,
topography sections, computed tomography, craniometry. The
craniometric study was performed in the horizontal ear-eye
plane, in the so-called "Frankfurt horizontal". Prior to that, each
object was fixed in a craniostat. Using a centimeter tape, a
thick, sliding compass and a caliper, the main parameters of
the facial and cerebral skull were measured: skull height,
transverse skull length, total face height, face width.

The work was performed in compliance with the main
provisions of the Helsinki Declaration of the World Medical
Association on ethical principles of scientific medical research
with human participation (1964-2000) and the order of the
Ministry of Health of Ukraine №690 from 23.09.2009 and is a
fragment of comprehensive planned initiative research work
of departments human anatomy named after M.G. Turkevich,
anatomy, clinical anatomy and operative surgery of Bukovynian
State Medical University of the Ministry of Health of Ukraine:
"Regularities of sex-age structure and topographic-anatomical
transformations of organs and structures of the organism at
pre- and postnatal stages of ontogenesis. Peculiarities of
perinatal anatomy and embryotopography", state registration
number 0120U101571.

Statistical analysis of the obtained data was performed
using a licensed program RStudio. We tested the null
hypothesis that the samples were taken from one
distribution, or from distributions with the same medians:

H0: {each group has the same distribution}
H1: {each group does not have the same distribution}
We used the Student's test, the non-parametric Kruskal-

Wallis test (answers the question of whether there is a

difference between group distributions, but does not specify
which groups differ), the Conover-Iman test to compare
stochastic dominance and obtain results between different
pairwise comparisons after the Kruskal-Wallis test for
stochastic dominance among   groups. The values at p<0.05
were considered statistically significant.

Evaluated the nature of the distributions for each of the
obtained variation series, averages for each trait studied,
the standard deviation, the percentile range of indicators.

Results
Analyzing the morphometric parameters of the transverse

length of the skull in fetuses and newborns by constructing
a box diagram (Fig. 1), we can state that the difference
between the medians of the samples (horizontal line in the
box) is significantly statistically significant. The Kruskal-Wallis
test gave the following results: since p<0.05, the difference
between the medians of the groups is statistically significant.
Using the Conover-Iman test, comparing the morphometric
parameters of the transverse length of the skull by age groups
found that for all possible pairs the median difference is
statistically significant, except for pairs "5 months - 6 months",
"8 months - 9 months", "9 months - 10 months" and "10
months - Newborns".

The described statistical parameters of the transverse
length of the skull in fetuses and newborns (Table 1), prove
that there is a significant (statistically significant) difference
between the averages for all groups, except for pairs "5
months - 6 months", "7 months - 8 months", "8 months - 9
months", "9 months - 10 months" and "10 months -
Newborns".

The graph of the average values of the transverse length
of the skull in fetuses and newborns (Fig. 2) indicates the
intensity of transformations of these parameters.

After analyzing the morphometric parameters of facial
width in fetuses and newborns, a box diagram was
constructed (Fig. 3), on which we observe the difference
between the medians of the samples (horizontal line in the
box), which is statistically significant.

The Kruskal-Wallis test gave the following results: since

Fig. 1. Box diagram of the transverse length of the skull in fetuses
and newborns (mm).
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p<0.05, the difference between the medians of the groups
is statistically significant. Using the Conover-Iman test,
comparing the morphometric parameters of facial width by
age groups, he found that for all possible pairs the median
difference is statistically significant, except for the pairs "5
months - 6 months", "7 months - 9 months", "8 months - 9
months" and "10 months - Newborns".

The described statistical parameters of facial width in
fetuses and newborns (Table 2) prove that there is a
significant (statistically significant) difference between the
averages for all groups, except for pairs "5 months - 6
months", "6 months - 7 months", "6 months - 9 months", "7
months - 8 months", "7 months - 9 months", "9 months - 10

months" and "10 months - Newborns".
The graph of the average values of facial width in fetuses

and newborns (Fig. 4) indicates the intensity of
transformations of these parameters.

Analyzing the morphometric parameters of skull height
in fetuses and newborns by constructing a box diagram
(Fig. 5), we can observe the difference between the medians
of the samples (horizontal line in the box), which is
significantly statistically significant. The Kruskal-Wallis test
gave the following results: since p<0.05, the difference
between the medians of the groups is statistically significant.
Using the Conover-Iman test, comparing the morphometric
parameters of skull height by age groups found that for all

Age group Average Standard error for
average

Confidence interval for
the average

4 months 45.13 1.17 (42.28; 47.98)

5 months 49.86 0.17 (49.47; 50.25)

6 months 50.98 1.01 (48.75; 53.21)

7 months 62.01 2.78 (55.82; 68.20)

8 months 72.10 1.60 (67.98; 76.22)

9 months 74.78 0.83 (72.48; 77.08)

10 months 86.42 2.10 (80.58; 92.26)

Newborns 96.69 0.64 (95.12; 98.26)

Table 1. Statistical indicators of transverse skull length in fetuses
and newborns (mm).

Fig. 2. Graph of mean values of transverse skull length in fetuses
and newborns (mm).

Fig. 3. Box diagram of the width of the face in fetuses and newborns
(mm).

Age group Average Standard error for
average

Confidence interval for
the average

4 months 35.23 0.37 (34.34; 36.12)

5 months 40.80 0.62 (39.43; 42.17)

6 months 41.04 1.28 (38.23; 43.85)

7 months 45.46 0.99 (43.25; 47.67)

8 months 52.12 2.75 (45.04; 59.20)

9 months 50.32 2.54 (43.27; 57.37)

10 months 60.02 2.03 (54.37; 65.67)

Newborns 64.09 0.29 (63.37; 64.81)

Table 2. Statistical indicators of facial width in fetuses and
newborns (mm).

Fig. 4. Graph of average values of facial width in fetuses and
newborns (mm).

Fig. 5. Box diagram of skull height in fetuses and newborns (mm).
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possible pairs the median difference is statistically
significant, except for pairs "5 months - 6 months", "8 months
- 9 months", "9 months - 10 months", "8 months - 10 months"
and "10 months - Newborns".

The determined statistical parameters of skull height in
fetuses and newborns (Table 3) prove that there is a
significant (statistically significant) difference between the
averages for all groups, except for pairs "5 months - 6
months", "6 months - 7 months", "7 months - 8 months", "8
months - 9 months", "8 months - 10 months" and "10 months
- Newborns".

The graph of average values of skull height in fetuses
and newborns (Fig. 6) indicates the intensity of

transformations of these parameters.
The analysis of morphometric parameters of the total

face height in fetuses and newborns by constructing a box
diagram (Fig. 7) shows that the difference between the
medians of the samples (horizontal line in the box) is
statistically significant. The Kruskal-Wallis test gave the
following results: since p<0.05, the difference between the
medians of the groups is statistically significant. Using the
Conover-Iman test, comparing the morphometric
parameters of the total height of the face by age groups
found that for all possible pairs the median difference is
statistically significant, except for pairs "5 months - 6 months",
"9 months - 10 months", "9 months - Newborns" and "10
months - Newborns".

The described statistical parameters of the total face
height in fetuses and newborns (Table 4), prove that there is
a significant (statistically significant) difference between the
averages for all groups, except for pairs "5 months - 6
months", "5 months - 7 months", "6 months - 7 months", "6
months - 8 months", "7 months - 8 months", and "10 months
- Newborns".

The graph of the average values of the total height of the
face in fetuses and newborns (Fig. 8) indicates the intensity
of transformations of these parameters.

After correlating all morphometric parameters of the skull
and face of fetuses and newborns using Pearson's
correlation coefficient, it was found that between the values

Age group Average Standard error for
average

Confidence interval for
the average

4 months 46.79 0.74 (44.98; 48.60)

5 months 53.66 0.85 (51.77; 55.55)

6 months 53.15 1.55 (49.74; 56.56)

7 months 58.95 1.35 (55.94; 61.96)

8 months 67.02 3.24 (58.69; 75.35)

9 months 63.52 0.56 (61.97; 65.07)

10 months 71.42 0.98 (68.69; 74.15)

Newborns 73.04 0.38 (72.11; 73.97)

Table 3. Statistical indicators of skull height in fetuses and
newborns (mm).

Fig. 6. Graph of mean values of skull height in fetuses and
newborns (mm).

Fig. 7. Box diagram of the total height of the face in fetuses and
newborns (mm).

Age group Average Standard error for
average

Confidence interval for
the average

4 months 25.23 0.52 (23.96; 26.50)

5 months 28.03 0.38 (27.17; 28.89)

6 months 30.39 0.81 (28.60; 32.18)

7 months 30.03 0.55 (28.80; 31.26)

8 months 32.90 1.11 (30.04; 35.76)

9 months 39.30 0.28 (38.51; 40.09)

10 months 41.20 0.39 (40.12; 42.28)

Newborns 41.53 0.39 (40.58; 42.48)

Table 4. Statistical indicators of the total height of the face in
fetuses and newborns (mm).

Fig. 8. Graph of average values of total face height in fetuses and
newborns (mm).
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of all paired correlation coefficients are positive and quite
close to 1 (>0.90), which indicates a close strong positive
correlation relationship between all morphometric
parameters.

Comparing the mean values of all morphometric
parameters of transverse skull length, face width, skull height,
total face height in all age groups using the Wilcoxon test, it
can be stated that all p-values are greater than the
significance level α=0.05, which means no significant
difference. Thus, based on the arithmetic mean of transverse
skull length, face width, skull height, total face height, models
for predicting normative morphometric parameters in fetuses
and newborns were constructed using fetal age and crown-
heel length.

The model of the transverse length of the skull in fetuses
and newborns has the form:

Transverse  length  of  the  skull  =  β0+0.224 x crown-heel
length of the fetus,

where β0: 3.412, if age period = 4 months; 1.399 = 5
months; 11.11 = 6 months; 10.92 = 7 months; 13.49 = 8
months; 21.44 = 9 months; 19.87 = 10 months; 15.20 =
Newborns.

The coefficient of determination of the model is 96.34%.
The model of the width of the face in fetuses and

newborns has the form:
Face width = β0+0.071 x crown-heel length of the fetus,
where β0: 22.00, if age period = 4 months; 24.54 = 5

months; 21.35 = 6 months; 22.34 = 7 months; 24.98 = 8
months; 19.81 = 9 months; 26.32 = 10 months; 28.61 =
Newborns.

The coefficient of determination of the model is 86.84%.
The model of skull height in fetuses and newborns has

the form:
Skull height = β0+0.030 x crown-heel length of the fetus,
where β0: 41.27, if age period = 4 months; 46.88 = 5

months; 44.94 = 6 months; 49.30 = 7 months; 55.69 = 8
months; 50.79 = 9 months; 57.36 = 10 months; 58.24 =
Newborns.

The coefficient of determination of the model is 82.19%.
The model of the total height of the face in fetuses and

newborns has the form:
Total face height = β0+0.021 x crown-heel length of the

fetus,
where β0: 21.28, if age period = 4 months; 23.18 = 5

months; 24.52 = 6 months; 23.13 = 7 months; 24.80 = 8
months; 30.19 = 9 months; 31.14 = 10 months; 30.94 =
Newborns.

The coefficient of determination of the model is 90,85%.

Discussion
Comparing the graphs of the average values of

transverse skull length, facial width, skull height, facial height
in fetuses and newborns, it should be noted that these
parameters are characterized by non-synchronicity of their
changes, they are characterized by periods of accelerated
and slow increase. According to the graphs of the average

values of these parameters, we can say that there are two
periods of accelerated and slow development. For transverse
skull length, face width and skull height, two periods of
accelerated development from the 6th to the 8th month of
fetal development and from the 9th month of development to
the neonatal period and two periods of delayed development
from the 5th to the 6th months and from the 8th to the 9th
month of fetal development were revealed. Regarding the
total height of the face, periods of accelerated development
- from the 4th to the 6th month of development and from the
7th to the 9th month of fetal development, periods of delayed
development - from the 6th to the 7th month of development
and from the 9th of fetal development to the neonatal period.
Analyzing the data of the Conover-Iman test on statistically
significant medians of the studied parameters of the skull
and face, we can conclude that the pair "10 months -
Newborns" is unlikely for transverse skull length, face width,
skull height, total face height. In our opinion, this is justified
by the fact that each person has an individual anatomical
variability [16].

The constructed models will serve as a norm for the
subsequent determination of certain morphometric deviations
for the establishment of variants of the structure and defects
of the development of the skull and face [1, 8, 14].

Conclusions
1. During the fetal period of ontogenesis and in the

neonatal period, the transverse length of the skull increases
from 45.13±1.17 mm in fetuses of the 4th month to
96.69±0.64 mm in newborns, the width of the face - from
35.23±0.37 mm to 64.09±0.29 mm, skull height - from
46.79±0.74 mm to 73.04±0.38 mm, total face height - from
25.23±0.52 mm to 41.53±0.39 mm, respectively.

2. According to the graphs of the average values of the
parameters of the skull and face, there are two periods of
accelerated and two periods of slow development. For the
transverse length of the skull, the width of the face and the
height of the skull, two periods of accelerated development
were revealed: from the 6th to the 8th month of fetal
development and from the 9th month of fetal development to
the neonatal period and two periods of delayed development:
from the 5th to the 6th month and from the 8th to the 9th
month of fetal development. Regarding the total height of
the face, periods of accelerated development - from the 4th
to the 6th month of development and from the 7th to the 9th
month of fetal development, periods of delayed development
- from the 6th to the 7th month of development and from the
9th to the of fetal development to the neonatal period.

3. On the basis of arithmetic mean data of transverse
skull length, face width, skull height, total face height, models
for predicting normative morphometric parameters in fetuses
and newborns are constructed. Systematized data on the
features of spatio-temporal transformations of
morphometric parameters of transverse skull length, facial
width, skull height, total facial height with their subsequent
construction of mathematical models will contribute to the
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individualization of the norm, improvement of early diagnosis
methods and development of new methods of surgical
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МОРФОМЕТРИЧНА ХАРАКТЕРИСТИКА ПАРАМЕТРІВ ЧЕРЕПА ТА ЛИЦЯ ПЛОДІВ І НОВОНАРОДЖЕНИХ
Слободян О.М., Костюк В.О., Дундюк-Березина С.І.
Сучасна наука володіє значною кількістю діагностичних методів : краніологічних, анатомічних, ультразвукових ,
рентгенологічних. Розвиток нових методів дослідження, таких як ультразвукові та рентгенологічні методи (магнітно-
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резонансної томографії), формує поняття ультразвукової та рентгенологічної норми на різних етапах розвитку людини.
Нині є актуальним вивчення анатомічної мінливості людини, морфометричних характеристик, взаємовідношень органів,
анатомічних структур, їх частин на всіх етапах розвитку людини. Мета роботи - встановити нормативні морфометричні
параметри черепа і лиця в плодів та новонароджених з наступною побудовою математичних моделей. Дослідження виконано
на 57 препаратах плодів людини 4-10 місяців та 7 новонароджених за допомогою адекватних анатомічних методів:
макропрепарування, виготовлення топографоанатомічних зрізів, комп'ютерної томографії, краніометрії. За допомогою
сантиметрової стрічки, товстотного, ковзаючого циркулів та штангель-циркуля вимірювали основні параметри лицевого
та мозкового черепа. Статистичний аналіз отриманих даних проводили за допомогою ліцензованої програми RStudio. За
даними графіків середніх значень параметрів черепа та лиця встановлено два періода прискореного та два періода
уповільненого розвитку. Для поперечної довжини черепа, ширини лиця та висоти черепа виявлено два періоди прискореного
розвитку з 6-го по 8-й місяці внутрішньоутробного розвитку та з 9-го місяця розвитку до періоду новонародженості і два
періода сповільненого розвитку - з 5-го до 6-го місяця та з 8-го до 9-го місяці внутрішньоутробного розвитку. Для загальної
висоти лиця - періоди прискореного розвитку - з 4-го по 6-й місяці розвитку та з 7-го до 9-й місяця внутрішньоутробного
розвитку, періоди сповільненого розвитку - з 6-го до 7-го місяця розвитку та з 9-го місяця внутрішньоутробного розвитку
до періоду новонародженості. На основі середніх арифметичних даних поперечної довжини черепа, ширини лиця, висоти
черепа, загальної висоти лиця, побудовані моделі прогнозування нормативних морфометричних їх параметрів у плодів та
новонароджених. Побудовані моделі слугуватимуть нормою для наступного визначення певних морфометричних відхилень
для встановлення варіантів будови та вад розвитку черепа і лиця. Таким чином, систематизовані нами дані про особливості
просторово-часових перетворень морфометричних параметрів поперечної довжини черепа , ширини лиця, висоти черепа,
загальної висоти лиця з наступною їх побудовою математичних моделей сприятимуть індивідуалізації норми, удосконаленню
методів ранньої діагностики та розробці нових способів хірургічної корекції природжених вад черепа і лиця.
Ключові слова: череп, морфометрія, плід, новонароджений, людина.
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