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postnatal ontogenesis [4, 9, 21]. Change in bone mass 
can be transient or persistent that is determined by the 
state of metabolic processes in the corresponding period 
of ontogenesis, regionally – by ecological differences, 
alimentary supply of nutritional homeostasis, regimen of 
movement activity, state of somatic health and human so-
matotype [13, 14, 19-23].

Asynchronous processes in body mass and build for-
mation occur in the ontogenetic period of late childhood; 
it is in this period when the bony skeleton is formed with 
progressive dynamics of bone mass accumulation [9, 13, 
14, 19, 20]. 

The research was aimed at comparative study of 
indices of human body build and composition in the onto-
genetic period of late childhood. 

Materials and Methods. The research has been 
carried out according to the comprehensive program 
of obtaining, accumulation and analysis of the results, 
using the common conventional and novel approaches. 
Findings of the direct anthropometry, data of dynamom-
etry and ultrasound bone densitometry of representative 
number of individuals, stratified according to character-
istic of the ontogenetic period, age and gender (Table1) 
served as the study material. Anthropometry has been 
studied according to the V.V. Bunak’s chart [1] and pro-
vided for measurement of total, partial body sizes and 
skinfold thickness. Aggregated results comprised the ref-
erence database [8], and processed information formed 
the basis for statistical analysis (its fragment is presented 
in the paper, as well as other publications [8-14, 21-23]) 
and were the ground for development of number of ap-
proaches to assessment of the results of anthropometry 
[10-12]. On the basis of age periodization of ontogenetic 
periods, boys, aged 7-12 years and girls, aged 7-11 years 
have been assigned to ontogenetic period of late child-
hood [4, 6, 7, 18]. 

The procedure of BMFC estimation [10] included 
measurement of skinfold thickness, using caliper, taken 
at the posterior surface of arm (d1, mm), beneath the 
scapula (d2), on the side (d3), on the anterior surface 
of arm (d4, mm). Thereafter the mean value of thick-
ness index was calculated by the equation: F1= 1,14 
- 0,06  lîg2(d1 + d2 + d3 + d4) and total thickness by 

The findings, presented in the paper, have been ob-
tained during the field anthropometric studies, provided 
for the interstate research scientific work, entitled “ Study 
of structural and functional state of osseous tissue in chil-
dren and adolescents, living in ecologically unfavorable 
regions” (2006-2008 ð.) [13, 14, 20], during the regional 
population observations in compliance with the Universi-
ty’s research scientific work program: “Validation and im-
plementation of system of regional monitoring of children 
and adolescents’ health in conditions of the reformation 
of Primary Health Care for Ukrainian population” [8, 19] 
(State registration No 0107U001392) and are followed 
up within the initiative prospecting research scientific 
work, performed by the Departments of Operative Sur-
gery and Topographic Anatomy (Prof. V.G. Dudenko) and 
Human Anatomy (Prof. A.O. Tereschenko) at Kharkiv Na-
tional Medical University (Prof. V.M. Lisoviy, Rector, Cor-
responding Member of the National Academy of Medical 
Sciences of Ukraine). 

Introduction. Bunak V.V. stated that the level of 
physical development of human individual is determined 
by the overall body size and absolute value of its mass 
[1]. Determination of regularities in the process of body 
growth and formation is one of the important tasks in 
the study of ontogenetic development [1, 4. 6, 7, 18]. It 
is also known that body somatotype is one of the inte-
gral indices of its build, which is used for assessment of 
relative human body mass composition of particular in-
dividual [2, 4, 9]. The human body mass fat component 
(BMFC) is one of the indices of human body build and the 
indicator of its nutritional (alimentary) status that can be 
changed dynamically under the impact of various factors 
[4, 6, 9, 23]. The human body mass muscle component 
(BMMC) is one of the indices of body build and indica-
tor of its structural and functional state at the stages of 
ontogenesis [15-17]. Changes of BMMC can be transient 
or persistent that is determined by the state of metabolic 
processes in the corresponding period of ontogenesis, 
alimentary supply of nutritional homeostasis, regimen of 
movement activity and state of human somatic health [5, 
15, 16, 22]. Generally, osteogenesis, initiating in the ante-
natal period, lasts for 25-30 yrs, and age changes of bone 
component are the most apparent at the initial stage of 
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the equation: F2=d1+d2+d3; finally the absolute amount 
of body fat component (ÌFA) was defined by the equa-
tion: ÌFA=100× (G0/F1-G1) and fat component was as-
sessed by the endomorphic index (ÌFT), calculated by 
the equation: ÌFA= G2+G3×F2 - G4×F22 +G5×F23, ac-
counting for the age and gender coefficients (G0-G5) and 
variability (SD) of endomorphic index (ÌFB± SDFB) and 
absolute amount of fatty tissue (ÌFA± SDFA). At the same 
time G0-G5 coefficients and variability (SD), as well as en-
domorphic index (ÌFT± SDFT) for the age-and-gender 
group, assigned for particular individual, were taken from 
the regional reference database [8]. 

Estimation of BMMC [11] encompassed width of dis-
tal epiphyses of arm (F1, cm) and hip (F2, cm), measured 
by the caliper to the nearest 0,01 cm; shoulder circum-
ference (F3, cm) in its stressed state was measured by 
measuring tape to the nearest 0,5 cm, followed up with 
determining the arm muscular tissue area (F4, cm2); shin 
circumferential parameters (F5, cm) were measured by 
measuring tape to the nearest 0,5 cm and human stature 
(F6, cm) was measured by versatile anthropometer to the 
nearest 0,5 cm; finally absolute body muscle mass (ÌÌÀ) 
was calculated by the equation ÌÌÀ= F6×(Õ0+Õ1×F4), 
and muscle component was estimated by the mesomor-
phic index (ÌÌT), calculated by the equation: ÌÌT= 
(Õ2×F1+ Õ3×F2 + Õ4×F3 +Õ5×F5)-Õ6×F6+Õ7). At the 
same time (Õ0-Õ7) gender coefficients, appropriate for 
corresponding ontogenetic period, and variability (SD) of 
mesomorphic index (ÌÌT± SDMT), as well as absolute 
amount of muscular tissue (ÌÌÀ±SDÌÀ) in the particular 
group were taken from the reference database [8].

Estimation of body mass bone component (BMBC) 
[12] encompassed body height (Í, ñm), measured by 
versatile anthropometer to the nearest 0,1 cm, and body 

mass (BM, kg) was measured using balance scale to the 

nearest 0,1 kg. Width of distal epiphyses of arm (s1, cm), 

forearm, forearm width (s2, cm), hip width (s3, cm) and 

shin width (s4, cm) was measured by sliding caliper to 

the nearest 0,01 ñm. Ones anthropometry was finished 

the height-and-weight index was calculated for par-

ticular individual by the equation: (²MT=Í/ÌB-3); mean 

value of circumferential parameters was calculated by 

the equation: =(s1+s2+s3+s4) /4; absolute bone tissue 

mass (ÌBÀ, kg) was calculated by the equation: ÌBA = 

2Í1,2 / 1000, and ectomorphic index (ÌBT) was cal-

culated by the equation: ÌBT= ²MT×Õ1-Õ2. At the same 

time Õ1 and Õ2 coefficients and variability (SD) of ecto-

morphic index (ÌBÒ± SDBÒ), as well as absolute amount 

of bone tissue (ÌBÀ± SDBÀ) for age -and -gender group, 

assigned to particular individual were taken from the ref-

erence database [8]. 

Results and Discussion. Gender differences relat-

ed to the rate of ontogenetically disharmonic BMMC are 

not found, though the rate of male individuals was some-

what higher the relevant index among female individuals 

14,6±2,3% and 9,2±2,3%, respectively; ð>0,05). The rate 

of ontogenetically disharmonic BMFC in gender groups 

varied within 8,4±1,8% to 14,4±2,7% (Table 2), consti-

tuting on the average of 11,0±1,6% of all examined peo-

ple, indicating about reliably higher rate of disharmony by 

this body mass component among girls (ð<0,05). 

Table 1

Quantitative characteristic of reference anthropometric database aggregation 

(anthropometry, dynamometry, bone densitometry)

Subjects’ gender 
Age periodization of sub-

jects 

Anthropometry Dynamometry 

Ultraviolet densi-
tometry (calcaneus) 

[8, 19, 20]
direct

Body mass compo-
nents 

hand
stat-
ure

fat 
mus-

cle
bone

Male individuals 

7 yrs 28 28 28 28 - - -

8 yrs 32 32 32 32 - - -

9 yrs 45 45 45 45 35 35 32

10 yrs 44 44 44 44 37 37 34
11 yrs 36 36 36 36 33 33 31

12 yrs 31 31 31 31 30 30 28

Female individuals 

7 yrs 31 31 31 31 - - -

8 yrs 35 35 35 35 - - -

9 yrs 34 34 34 34 32 32 30

10 yrs 36 36 36 36 34 34 34

11 yrs 38 38 38 38 33 33 33

Total 

male 226 162 125

female 174 99 97

total 400 261 222
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Table 2

Rate of ontogenetically disharmonic body mass composi-
tion in gender groups of late childhood period 

Subjects’ age periodization 

Ð±m,% of individuals with dishar-
monic body mass composition 

muscle fat bone

late childhood period 

boys 7-12 yrs. 14,6±2,3 8,4±1,8 17,3±2,5à

girls 7-11 yrs. 9,2±2,3 14,4±2,7 á 8,0±2,1

total 12,3±1,6 11,0±1,6 13,2±1,7

Note: à – in one ontogenetic group – reliably more frequently among male individuals; á – 

in one ontogenetic group – reliably more frequently among female individuals. 

Table 3

Somatometric, morphofunctional and densitometric indices according to subjects’ age and gender 

Age, 
years 

Groups 

Somatometric indices and densitometric index Dynamometry 
(hand and stature)

Ultrasound densitometry 
(calcaneus )

weight height CC HC BTDI right left stature SOA SOS

(M±m) 
êã 

(L±m) ñì
(T±m) 

ñì
(C±m) 

ñì
²Ì±m (F

1
±m) êã (F

2
±m) êã (F

3
±m) êã (S±m) ì/ñ

(S
t
±m) 

äÁ/ÌÃö

9 yrs. girls
31,6±0,5 138,3±0,7 51,6±0,2 63,2±0,3 85,5±0,9 10,2±0,5 10,0±0,5 28,1±0,7 1552,5±1,9 45,8±2,0

boys
31,3±0,6 136,0±0,6 52,9±0,2 66,8±0,8 84,8±1,3 10,9±0,7 9,7±0,6 29,0±1,1 1552,8±1,5 48,4±2,5

10 
yrs.

girls
36,8±0,8 142,6±0,8 52,9±0,2 68,4±0,8 86,7±1,1 13,2±0,6 11,7±0,6 38,7±0,9 1546,5±2,1 51,3±2,4

boys
35,1±0,8 144,1±0,8 53,3±0,2 66,7±0,7 98,9±1,0 17,1±0,6 16,3±0,5 49,0±1,7 1565,3±2,3 53,5±2,6

11 
yrs.

girls
40,0±1,0 147,6±0,9 53,5±0,2 71,8±0,8 91,7±1,5 14,6±0,6 13,5±0,5 39,6±1,6 1549,5±2,7 54,9±2,3

boys
37,7±0,9 145,7±0,8 53,8±0,1 69,0±0,7 93,4±1,3 19,3±0,5 17,5±0,5 55,4±1,4 1563,4±3,7 56,9±2,6

12 
yrs. boys

43,3±1,1 154,0±1,1 54,2±0,2 73,3±0,8 99,7±1,4 21,7±0,8 19,9±0,7 64,5±2,2 1565,4±3,1 66,7±2,6

Note: BTDI – bone tissue density index , BM – body mass, HC – head circumference, CC – chest circumference, SOS – speed of sound in the heel; SOA – speed 

of ultrasonic attenuation. 

The rate of ontogenetically disharmonic BMBC is reli-
ably (ð<0,001) higher among male individuals. In the late 
childhood period the rate of ontogenetically disharmonic 
BMBC in female individuals accounted for 8,0±2,1%, 
whereas it was reliably and significantly higher (2 times) 
among male (17,3±2,5%). 

The regularities of rising of bone tissue density index 
(BTDI) in girls have been analyzed among children of dif-
ferent age groups; in the process of growth and develop-
ment the BTDI varies within 85,5±0,9 to 103,6±2,0. This 
tendency is reflected rather accurately (R2=0,980) by sta-
tistical dependence between the girls’ BTDI and age, pre-

sented in the form of Stage IV polynomial: BTDI = 0,015x4 
- 0,26x3 + 1,6x2 - 1,8x + 80,7, where õ – girls’ age in 
years. For comparison, it should be noted that the growth 
of girls’ body mass occurs with similar annual growth rate 
and is characterized by the following regularity (statistical 
model with the accuracy of R2 = 0,991): BM = 0,013x4 - 
0,39x3 + 3,57x2 - 9,2x + 43,3 (kg). 

Relationship between girls’ BTDI and height-and-
weight index is characterized by the periods of BTDI 
growth, demonstrating in favor of the uneven pace of 
bone mass accumulation. For a comprehensive assess-
ment and consideration of the influence of height and 
body mass on bone density we suggested and calculated 
a standardized index – somatometric gradient of bone 

tissue density of girls of different age, which 
determines the maximum bone mass indi-
ces in the period of late childhood. Study of 
the relationship between the indicators of 
girls’ physical development and indicators 
of the bone tissue state revealed that BTDI 
is characterized by a strong direct corre-
lation between the height indices (rXY = + 
0,985), body mass (KDl; rXY = + 0,984) and 
HC (rXY = + 0,978). 

The regularities of rising of BTDI in 
boys varies within 84,8±1,3 to 107,7±2,1. 
This tendency is reflected rather accurately 
(R2=0,88) by statistical dependence be-
tween the boys’ BTDI and age, presented 
in the form of polynomial BTDI = -0,062x4 
+ 1,29x3 - 9,42x2 + 29,5x + 64,5, where õ 

– boys’ age in years. For comparison, it should be noted 
that the growth of boys’ body mass occurs with higher 
annual growth rate and is characterized by the following 
statistical regularity (statistical model with the accuracy 
of R2 = 0,991): BM = -0,043x4 + 0,71x3 - 3,55x2 + 10,2x 
+ 23,9 (kg). Analysis of correlation between the indica-
tors of boys’ physical development and indicators of the 
bone tissue state concluded that BTDI is characterized 
by a strong direct correlation between the indices of stat-
ure dynamometry (SDM; rXY=+0,905), hand dynamom-
etry (KDl; rXY=+0,903) and boys’ height (rXY=+0,901) 
(Table  3).

The concept of ontogenetic transitivity of osteopenic 
impairments in the process of growth and development 
in childhood assumed the physiological nature of reduc-
tion of bone mass in girls with its minimum at 11 years old, 
and, simultaneously, reduction of the rate of disharmonic 
variants of body mass by its bone component (Table 2). 
Analysis of the factors of spatial-trabecular organization in 
girls, according to densitometry, showed that the BT den-
sity and bone mass is determined primarily by the mem-
branous component of the bone, and the accumulation of 
bone mass in girls is a derivative of the process of accu-
mulation of minerals mainly in membrane area of tubular 
bones. At the same time, reduction of the somatometric 
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gradient of density at the age of 11 indicates in favor of 
relative reduction of mineralization of proper bone tissue. 

Conclusions.
1. On the basis of direct anthropometry the regular-

ities of formation of body mass composition in the period 
of late childhood have been established, which become 
apparent by different rate of disharmonic types, especial-
ly in comparative aspect of gender groups’ ontogenesis. 

2. The findings of generalized development of ag-
gregated anthropometric data define the areas of de-
velopment of traditional methodology of anthropometry, 
valid advanced techniques, in particular; provides with 
estimation of ontogenetically disharmonic body build due 
to body mass components with specification of its bone 
component. 

3. The assessment of ontogenetic disharmony of 
body mass bone, muscle and fat components, related to 
some morphofunctional indices has revealed correlation 
relationships. 

4. The findings can explain the age differences re-
lated to the rate of initiation of functional disorders, preno-
sological, as well as nosologically defined pathological 
conditions as manifestation of general process of growth 
and development in postnatal ontogenesis, defining the 
research guidelines in the field of clinical and human top-
ographic anatomy. 

Perspectives of further research encompass de-
termination of structural ratios of linear and mass-volu-
metric indices of human body at the subsequent stages 
of postnatal ontogenesis. 
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ÄÐÓÃÎÃÎ ÄÈÒÈÍÑÒÂÀ 
Øêëÿð À.Ñ., Ñàçîíîâà Î.Ì., Á³ëîóñ Ò.Â.
Ðåçþìå. Íà îñíîâ³ ïðÿìî¿ àíòðîïîìåòð³¿ âèÿâëåí³ çàêîíîì³ðíîñò³ ôîðìóâàííÿ êîìïîíåíòíîãî ñêëàäó ìàñè 

ò³ëà â â ïåð³îä³ äðóãîãî äèòèíñòâà, ùî ïðîÿâëÿþòüñÿ ð³çíîþ ÷àñòîòîþ äèñãàðìîí³éíèõ òèï³â, íàñàìïåðåä ó ïî-
ð³âíÿëüíîìó àñïåêò³ îíòîãåíåçó ñòàòåâèõ ãðóï. Çà ðåçóëüòàòàìè óçàãàëüíåíî¿ ðîçðîáêè íàêîïè÷åíèõ àíòðîïî-
ìåòðè÷íèõ äàíèõ âèçíà÷åíî íàïðÿìêè ðîçâèòêó êëàñè÷íî¿ ìåòîäîëîã³¿ àíòðîïîìåòð³¿, çîêðåìà ³ ³ííîâàö³éíèõ 
ìåòîäèê, çàáåçïå÷åíî âèçíà÷åííÿ îíòîãåíòè÷íî äèñãàðìîí³éíî¿ ò³ëîáóäîâè çà ðàõóíîê êîìïîíåíò³â ìàñè ò³ëà 
ç äåòàë³çàö³ºþ ê³ñòêîâî¿ êîìïîíåòè.

Êëþ÷îâ³ ñëîâà: àíàòîì³ÿ, àíòðîïîìåòð³ÿ, îíòîãåíåç, êîìïîíåíòè ìàñè ò³ëà, ò³ëîáóäîâà.
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ÏÅÐÈÎÄÀ ÂÒÎÐÎÃÎ ÄÅÒÑÒÂÀ 
Øêëÿð À.Ñ., Ñàçîíîâà Î.Ì., Áåëîóñ Ò.Â.
Ðåçþìå. Íà îñíîâå ïðÿìîé àíòðîïîìåòðèè âûÿâëåíû çàêîíîìåðíîñòè ôîðìèðîâàíèÿ êîìïîíåíòíîãî 

ñîñòàâà ìàññû òåëà, êîòîðûå ïðîÿâëÿþòñÿ ðàçíîé ÷àñòîòîé äèñãàðìîíè÷íûõ òèïîâ â ðàçíûõ ïîëîâûõ ãðóï-
ïàõ. Îïðåäåëåíû íàïðàâëåíèÿ ðàçâèòèÿ êëàññè÷åñêîé ìåòîäîëîãèè àíòðîïîìåòðèè, â ÷àñòíîñòè çà ñ÷¸ò 
èííîâàöèîííûõ ðàçðàáîòîê, îáåñïå÷èâàþùèõ îïðåäåëåíèå îíòîãåíòè÷åñêè äèñãàðìîíè÷íîå ñòðîåíèå òåëà çà 
ñ÷¸ò êîìïîíåíòîâ åãî ìàññû, ñ îòäåëüíîé äåòàëèçàöèåé êîñòíîé êîìïîíåíòû.
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DISHARMONY of HUMAN BODY COMPOSITION IN GENDER GROUPS OF LATE CHILDHOOD PERIOD 
Shklyar À.S., Sazonova Î.M., Bilous T.V. 
Abstract. The research was aimed at comparative study of indices of human body build and composition in the 

ontogenetic period of late childhood. Materials and Methods. The research has been carried out according to the 
comprehensive program of obtaining, accumulation and analysis of the results, using the common conventional and 
novel approaches. Findings of the direct anthropometry, data of dynamometry and ultrasound bone densitometry of 
representative number of individuals, stratified according to characteristic of the ontogenetic period, age and gender  
served as the study material. 

Gender differences related to the rate of ontogenetically disharmonic BMMC are not found, though the rate of male 
individuals was somewhat higher the relevant index among female individuals 14,6±2,3% and 9,2±2,3%, respectively; 
ð>0,05). The rate of ontogenetically disharmonic BMFC in gender groups varied within 8,4±1,8% to 14,4±2,7%, 
constituting on the average of 11,0±1,6% of all examined people, indicating about reliably higher rate of disharmony by 
this body mass component among girls (ð<0,05).

The concept of ontogenetic transitivity of osteopenic impairments in the process of growth and development in 
childhood assumed the physiological nature of reduction of bone mass in girls with its minimum at 11 years old, and, 
simultaneously, reduction of the rate of disharmonic variants of body mass by its bone component. Analysis of the 
factors of spatial-trabecular organization in girls, according to densitometry, showed that the BT density and bone 
mass is determined primarily by the membranous component of the bone, and the accumulation of bone mass 
in girls is a derivative of the process of accumulation of minerals mainly in membrane area of tubular bones. At the 
same time, reduction of the somatometric gradient of density at the age of 11 indicates in favor of relative reduction 
of mineralization of proper bone tissue. The rate of ontogenetically disharmonic BMBC is reliably (ð<0,001) higher 
among male individuals. In the late childhood period the rate of ontogenetically disharmonic BMBC in female individuals 
accounted for 8,0±2,1%, whereas it was reliably and significantly higher (2 times) among male (17,3±2,5%). 

Conclusions. On the basis of direct anthropometry the regularities of formation of body mass composition in 
the period of late childhood have been established, which become apparent by different rate of disharmonic types, 
especially in comparative aspect of gender groups’ ontogenesis. The findings of generalized development of 
aggregated anthropometric data define the areas of development of traditional methodology of anthropometry, valid 
advanced techniques, in particular; provides with estimation of ontogenetically disharmonic body build due to body 
mass components with specification of its bone component. The assessment of ontogenetic disharmony of body mass 
bone, muscle and fat components, related to some morphofunctional indices has revealed correlation relationships. 

The findings can explain the age differences related to the rate of initiation of functional disorders, prenosological, 
as well as nosologically defined pathological conditions as manifestation of general process of growth and development 
in postnatal ontogenesis, defining the research guidelines in the field of clinical and human topographic anatomy. 

Keywords: anatomy, anthropometry, ontogenesis, body mass bone component, body build.
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