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The findings, presented in the paper, have been obtained during the field anthropometric studies, provided for the interstate research scientific work, entitled “ Study of  structural and functional state of osseous tissue in children and adolescents, living in ecologically unfavorable regions” (2004-2006) [13, 14], during the regional population examinations in compliance with the KNMU’s research scientific work program: “Validation and implementation of system of regional monitoring of children and adolescents’ health in conditions of the reformation of Primary Health Care for Ukrainian population” [6] with public financing (State registration No 0107U001392) and are followed up within the initiative research scientific work. 
Introduction. It has been proved that data of anthropology – a science of variability of human physical type in time and space – are the source of valuable information, enabling to reconstruct some aspects of ethnogenetic and ontogenetic processes [20]. Anthropometric data store their information properties even when it comes to very late historical periods, illustrated by the conservatism of intrinsic physical traits, which are little changed in time [18]. One of the first who elucidated the problem was a prominent Ukrainian ethnologist F. Vovk [17] who concluded the prevalence among the population of Ukrainian ethnic lands of quite homogeneous complex of features, called a "Ukrainian anthropological type." The scientist gave reasons for the opinion as for the belonging of this type to the Adriatic, or Dinaric race, prevailing mainly among the southern and western Slavs – Serbs, Croats, Czechs, Slovaks, etc. [17]. The recent findings suggested a comprehensive anthropological characteristic of the Ukrainians on the basis of the analysis of the variability of features of several morphological systems: somatological, odontological and dermatoglyphical; four anthropological zones of Ukraine: Northern, Western, Central and Southern, which were formed under the influence of socio-ecological factors on the basis of interaction of morphological components of various origin, were also defined [17]. In addition, the place of the Ukrainians in the anthropological classifications of peoples of Eastern Europe was defined, and the main lines of their anthropological connections were elucidated, accounting for the complex of morphological markers [19, 20]. 
Generally, osteogenesis, initiating in the antenatal period, continuing for 25-30 yrs, and age changes of bone component are the most apparent at the initial stage of postnatal ontogenesis [2, 7]. 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 somatotype [14, 25, 26]. Therefore, the regard for factors, contributing to formation of body mass bone component requires integral approach, as there are no such physiological and pathological processes, clinical course of which could have impact on the dynamic of metabolism and, subsequently, micto- and macro architectonics of bone and body build [24, 26]. Study of regularities of the physical development in different age groups is crucial in determining of sequence of stages of stature development, pubescence, and body size measurement. Bunak V.V. stated that the level of physical development of human individual should be determined by the overall body size and absolute value of its mass.  While analyzing the variability of the total body size, the famous morphologist defined three stages of the development: progressive, persistent and regressive. Determination of regularities in the process of growth and development of the human organism   is one of the major tasks of study about ontogenetic development [4, 22].
The purpose of the work was to enhance the accuracy of estimation of body mass bone component, taking into account absolute amount of bone tissue and ectomorphic component, considering the regional age-and-gender indices.  
Materials and Methods. Findings of the direct anthropometry, involving over 1300 individuals, stratified according to characteristic of the ontogenetic period (Table 1) served as the study material.   Anthropometric examination has been made according to the V.V. Bunak’s chart [1] and provided for measurement of total (length, weight and calculation of body surface area), partial body sizes (longitudinal, circumferential, transversal, anteroposterior) and skinfold thickness. 

Aggregated results comprised the reference database [6], and processed information formed the basis for statistical analysis and number of advanced developments [9, 11, 12] and branch innovations [5].
Table 1

Quantitative characteristic of reference anthropometric database aggregation 
	Stage of ontogenetic period 


	Age classification of the subjects 

	Anthropometry

	
	
	Values of total body sizes 
	Values of partial body sizes 
	Values of skin folds thickness 
	Total number of individuals  according to ontogenetic periods

	VI
	Late Childhood 
	boys 7-12 yrs.
	226
	226
	226
	400

	
	
	girls 7-11 yrs.
	174
	174
	174
	

	VII
	Adolescence  
	boys 12-16 yrs.
	202
	202
	202
	421

	
	
	girls 11-15 yrs.
	219
	219
	219
	

	VIII
	Youth 
	young boys  16-21 yrs.
	156
	156
	156
	322

	
	
	young girls 15-20 yrs.
	166
	166
	166
	

	IX
	Adulthood  (I period)
	men 21-35 yrs.
	114
	114
	114
	230

	
	
	women 20-35 yrs.
	116
	116
	116
	

	Total
	male
	698
	698
	698
	1372

	
	female
	674
	674
	674
	


Anthropometry has been performed directly in the living conditions utilizing calibrated devices, obtaining the following parameters:  body height (Н, сm), was measured by versatile anthropometer to the nearest 0,1 cm; body mass (BM, kg) was measured using balance scale  to the nearest 0,1 kg.  Sliding caliper was used to measure (to the nearest  0,01 cm)  width of distal epiphysis of arm (s1, cm; the biggest horizontal distance between the outer and inner epicondyles of humerus); forearm; forearm width (s2, cm; the biggest horizontal distance between the styloid process of radius and styloid process of ulna); hip width (s3, cm; the biggest horizontal distance between the inner and outer epicondyles of femur); shin width (s4, cm; the biggest horizontal distance between the outer and inner ossicles  of the shin). Ones anthropometry was finished the height-and-weight index was calculated for particular individual by the equation:  (ІBM=Н/BM-3), mean value of circumferential parameters was calculated by the equation:  δ=(s1+s2+s3+s4) /4, absolute bone tissue mass  (МBА, kg) was calculated by the  equation: МBА = δ2(Н(1,2 / 1000 and ectomorphic index (МBT) was calculated by the  equation: МBТ= ІBM(Х1-Х2. At the same time Х1 and Х2 coefficients and variability (SD) of ectomorphic index (МBТ± SDBТ), as well as absolute amount of bone tissue (МBА± SDBА) for age-and-gender group, assigned to particular individual were taken from the reference database [6]. In case when the МBT index was out of the range of МBT±SDBT, and МBА is out of the range of МBА± SDBА, bone component of the individual was assessed as ontogenetically disharmonic and vise versa [12].

The research has encompassed the common morphometric and medical statistical methods, namely, variation statistics, probabilistic distribution of features with certainty value of results; the licensed software has been used for database maintenance and its statistical processing [23]
Results and Discussion. Common clinical approaches for estimation of human bone mass (BM) are based on the evaluation of bone mineral density, particularly, bioenergetic x-ray absorptiometry, radiography, ultrasound bone densitometry, absorptiometry, quantitative computer tomography are applied for indirect assessment of BM [10]. In this case, photon and x-ray densitometers are divided into mono-and bichromatic. Monochromatic densitometers provide with the analysis of only the cortical bone tissue, while bichromatic ones  provide with  the analysis of  its cortical and trabecular components, enabling to determine mineral density of bones of   peripheral and axial skeleton, after which the index of bone mass for particular individual  is calculated by the specific  equation [8]. However, application of photon and x-ray densitometers promotes to get only a relative idea as for the absolute amount of bone component and is rather expensive and technically complicated, unabling to be used in screening examinations [3]. The listed methods were not widely applied due to the technical complexity and high cost of the procedure [15]. These methods are not effective in the work of a practitioner for a number of reasons: high cost, a significant dose of radiation, a significant range of data variability, as well as lack of standardization in ontogenetic and clinical groups of patients [16].
The common way of morphometric assessment of bone component is based on the direct anthropometry with further application of specific computational algorithm [29]. The essence of abovementioned technique of anthropometric estimation of absolute amount of bone component is in the measurement of body height and mass with further calculation of height-and-weight index, as well as measurement of values of distal epiphysis of arm, forearm, hip, shin, and having calculated its mean value, the absolute bone mass is determined by the specific equation. In this way the index of absolute amount of bone tissue, using the direct anthropometric measurements, is determined.  However, application of this technique implies the assessment of bone component, not accounting for body build that reduces the accuracy of the estimate and do not fully consider the peculiarities of children's age. Body build can also be estimated according to a specific chart [27, 28], when the body build is measured by the integral criterion, combining three constituents:  endomorphic, mesomorphic and ectomorphic. In this way bone component by ectomorphic index is estimated accouting for the relevant age-and-gender factors, obtained by the results of anthropometric studies.  Application of such technique provides with determination of ectomorphic component of body build, however, not accounting for its regional peculiarities [26].

The main objective of the technique [9, 11] for assessment of human body mass composition, including anthropometry by the linear and circumferential indices with subsequent calculation of relative content of body bone component, according to    a useful model, is achieved  by the measurements of  body height (Н, cm) and its weight (BM, kg) with further calculation of the height-and-weight index (ІBM=Н/BM-3); once the  measurements of  width of distal epiphyses of arm (s1, cm),  forearm  (s2, cm), hip (s3, cm), shin (s4, cm) were taken and its mean value was calculated by the equation δ=(s1+s2+s3+s4)/4, the absolute bone tissue mass (МBА, kg) is calculated by the equation:  МBА = δ2(Н(1,2 / 1000, followed up with the estimation of bone component by the ectomorphic index (МBТ), calculated by the equation: МBТ= ІBM(Х1-Х2, accounting for corresponding regional age-and-gender coefficients (Х1-Х2) and variability (SD) of ectomorphic index (МBТ±SDBТ) and absolute amount of bone tissue (МBА± SDBА); and when the МBТ index of particular subject is out of the range of  МBТ±SDBТ, and МBА index is out of the range of  МBА± SDBА, a child’s bone component is estimated as ontogenetically disharmonic and vise versa.
Enhancement of the accuracy of estimation of body mass bone components is achieved by the simultaneous consideration of the absolute amount of bone tissue and ectomorphic component of body build according to the regional index and age-and-gender group of individual. The latter is crucial for the enhancement of the accuracy of estimation of body bone components, since the influence of integrated informative factors is considered.   

While performing a comprehensive medical examination, directly in living environment,  of senior high school students of school No. 94 in Kharkiv city the anthropometric measurements were taken for Olena M., 15 years old; particularly, measurements of girl’s body height (Н=152,0 cm) were taken, using a versatile anthropometer; body weight (BM = 46,7 kg) was measured using balance scale;   Width of distal epiphysis of arm i.e.,  the biggest horizontal distance between the outer and inner epicondyles of humerus (s1= 6,2 см),  forearm width, i.e., the biggest horizontal distance between the styloid process of radius and styloid process of ulna (s2 = 4,7 см),  hip width, i.e., the biggest horizontal distance between the inner and outer epicondyles of femur (s3=7,6 см), and shin width, i.e., the biggest horizontal distance between the outer and inner ossicles  of the shin (s4=5,5 см).  (s4, cm) were measured by the caliper.  Once the anthropometry finished, the height-and-weight index was  calculated for Olena M. by the equation:  ІBM=Н/BM-3 = 152,0/46,7-3=152/3,6 = 42,2, the mean value of epiphyses width  was  calculated by the equation:  δ=(s1+s2+s3+s4)/4 = (6,2+4,7+7,6+5,5)/4 = 24/4 = 6,0; absolute bone tissue mass was  calculated by the equation: МBА=δ2(Н(1,2/1000=62(152 (1,2/1000 =6,56 and ectomorphic index by the equation:  МBТ=ІBT(Х1-Х2=42,2(0,732-28,6= 31,9-28,6 = 2,29. In this way the values of Х1 and Х2 coefficients account for 0,732 and 28,6, respectively, and the reference average group values of ectomorphic index (МBТ±SDBТ=3,90±0,37) and index of absolute amount of bone tissue (МBА±SDBА= 6,80±0,40) for 15 year old girls group, to which Olena M. is also assigned, have been taken from the reference database [6]. Since the МBТ index of Olena M. is out of the range of average-group values and the МBА index is within the range of МBА±SDBА, the bone component of Olena M. body mass has been estimated as ontogenetically disharmonic.
Similar to abovementioned example, using the aggregated database, the following indices have been calculated for each examined individual  in the   EXСEL software, on the basis of their direct anthropometry: index of absolute mass of bone tissue (МBА) and ectomorphic index (МBT), providing with conclusion as for ontogenetic harmony of body mass body component; relative and absolute indices of the rate of such phenomenon have been defined (Table 2).
Table 2

Rate of ontogenetically disharmonic human body mass bone component in the age and gender groups 

	Stage of ontogenetic period 
	Age classification of the subjects 
	Number of examined
	Have disharmonic bone component of body mass 

	
	
	
	individuals
	Р±m,%

	VI
	Late Childhood 


	boys 7-12 yrs.
	226
	39
	17,3±2,5 а

	
	
	girls 7-11 yrs.
	174
	14
	8,0±2,1

	
	
	total
	400
	53
	13,2±1,7

	VII
	Adolescence
	boys 12-16 yrs.
	202
	27
	13,4±2,4  а

	
	
	girls 11-15 yrs.
	219
	16
	7,3±1,8

	
	
	total
	421
	43
	10,2±1,5

	VIII
	Youth
	young boys  16-21 yrs.
	156
	19
	12,2±2,6

	
	
	young girls 15-20 yrs.
	166
	24
	14,5±2,7

	
	
	total
	322
	43
	13,4±1,9

	IX
	Adulthood  

(I period)

	men 21-35 р.
	114
	12
	10,5±2,9

	
	
	women 20-35 р.
	116
	29
	25,0±4,0  b

	
	
	total
	230
	41
	17,8±2,5 с

	Total 
	male
	698
	97
	13,9±1,3

	
	female
	674
	83
	12,3±1,3

	
	total 
	1372
	182
	12,4±0,1

	Note: а – in one ontogenetic group – reliably more frequently among male individuals; b – in one ontogenetic group – reliably more frequently among female individuals; с – reliably differs from the previous ontogenetic group. 


The data analysis has shown that gender differences were characterized by reliably (р<0,01) higher prevalence of ontogenetic disharmony of body mass component among male individuals in the VI and VII ontogenetic periods, whereas in youth period the rate of disharmonic variants among male and female individuals  was reliably the same.  Significantly high rate of disharmony of body mass bone component is noted among the female individuals in the first period of adulthood (25.0 ± 4.0% among females and 10.5 ± 2.9% among males, respectively; p < 0.001). Generally among  1372 individuals the rate of disharmonic  body mass bone component varied from  8,0±2,1% (females in the period of late childhood) to 25,0±4,0% (adult females). The rate of disharmonic types among male individuals varied from 10,5±2,9% to 17,3±2,5%.

Conclusions.

1. On the basis of direct anthropometry the regularities of formation of human body mass bone component at the stages of postnatal ontogenesis, which become apparent by different rate of body mass disharmony due to bone component, especially in female individuals.
2. As the example showed and according to the generalized development of aggregated anthropometric data,  the development of traditional methodology of anthropometry, valid advanced methodology, in particular, provides with estimation of ontogenetically disharmonic body build due to body mass bone, taking into account the ontogenetic and gender peculiarities.   

3. The assessment of ontogenetic disharmony of body mass bone component is assigned to anatomy, topographic anatomy, and other clinical disciplines and can be applied to consideration of ontogenetic peculiarities of body build while assessing the body composition [5].

4. The findings can explain the age and gender differences as for the rate of initiation of functional disorders, prenosological, as well as nosologically defined pathological conditions as manifestations of general process of growth and development in postnatal ontogenesis.  
The perspective researches encompass the study of other (fat, muscle) components of body mass at the stages of human postnatal ontogenesis, aiming at identification of general regularities that are significant for anatomical validation, development and enhancement of diagnostic techniques and prevention of human diseases.  
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МЕТОДЫ ОЦЕНКИ И ЧАСТОТА онтогенетично дисгармонИЧНОЙ  КОСТНОЙ компонентЫ масСЫ тЕла ЧЕЛОВЕКА В рАзнЫх ВОЗРАСТНО-ПОЛОВЫХ групПах

Шкляр А.С., Черкашина Л.В.
Харьковский национальный медицинский университет МОЗ Украины

Резюме. На основе прямой антропометрии выявлены закономерности формирования костной компоненты массы тела человека на этапах постнатального онтогенеза, которые проявляются разной частотой дисгармоничности массы тела за счёт костной компоненты. Развитие классической методологии антропометрии, в частности обоснованной инновационной методики, позволяет обеспечить определение онтогентически дисгармоничного телосложения за счёт костной компоненты массы тела, учитывая онтогенетические и половые различия. Полученными результатами можно объяснить половозрастные особенности в частоте формирования функциональных расстройств, донозологических и нозологически очерченных состояний, как проявлений общего процесса роста и развития в постнатальном онтогенезе.
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Abstract. On the basis of direct anthropometry the regularities of formation of human body mass bone component at the stages of postnatal ontogenesis, which become apparent by different rate of body mass disharmony due to bone component. The development of traditional methodology of anthropometry, valid advanced methodology, in particular, provides with estimation of ontogenetically disharmonic body build due to body mass bone, taking into account the ontogenetic and gender peculiarities. The findings can explain the age and gender differences as for the rate of initiation of functional disorders, prenosological, as well as nosologically defined pathological conditions as manifestations of general process of growth and development in postnatal ontogenesis. 
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