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ABSTRACT

The aim of the study was (a) to establish ethnicity-specific differences in such morphological parameters of the
proximal phalanges (PP) as the bone length and the width of diaphysis in male children and adolescents from
Tajikistan and Western India and (b) to develop regression equations for determining their age based on the size
of the PP.

Materials and methods. Three hundred and sixty-two X-ray images of the right hand of male subjects were
examined. All subjects originated from Tajikistan and Mumbai, India, and aged from 6 to 17 years. The relationship
between the subjects’ age and the length of the PP (LPP) and the width of the diaphysis of the PP (WPP) was
investigated using a simple linear regression and correlation analysis. The LPP and WPP dependence on age was
determined using one-way ANOVA and the Kruskal-Wallis test followed by post-hoc analysis by age groups.

Results. LPP and WPP of the subjects from Tajikistan and India correlated with age, with the correlation coeffi-
cient exceeding 0.5. In both ethnic groups, the correlation coefficients for LPP vs. age was greater than 0.8. The
correlation coefficient for WPP vs age ranged from 0.68 to 0.77 in Tajiks and from 0.58 to 0.69 in Indians. Simple
linear regression models were developed to predict the age from LPP (R? > 0.6), except for LPP 5 for Tajiks. The
LPP 5 values in Tajiks and the WPP values in both ethnic groups showed weak R?, which ranged from 0.35 to
0.53. Eleven significant differences were identified between the ethnic groups of the same age with respect to LPP
and WPP.

Conclusion. PP length was a better age predictor than the diaphysis width. The most reliable predictor for both
ethnic groups was LPP 2. The PP parameters did not change uniformly over time. The PP demonstrated especially
intensive growth between 12 and 15 years. The most significant differences in LPP and WPP between two ethnic
groups were found for the ages of 8 and 15-16 years, with LPP and WPP in Tajiks exceeding those in Indians.
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CpaBHUTE/IbHAA OLLEHKA HEKOTOPbIX /IMHEMHbIX NApamMeTpPOB NMPOKCUMA/IbHbIX
danaHr KUCTU y geTell U NOAPOCTKOB MYKCKOro no/sa TaAXXMKUCTaHA
1 3anagHoi UHANK B BO3pacTHOM acrekTe

MaTioweukuH C.B.

Ilepsuiii Canxm-Ilemepbypeckuii 2cocyoapcmeennvii meouyunckuil yuusepcumem (IICIHIOI'MY) um. axao. U.11. Ilasnosa
Poccus, 197022, 2. Canxm-Ilemepbype, yn. Jlvea Toncmoeo, 6/8

PE3IOME

Leab. YCTaHOBUTh 3THUYECKUE PA3NHYMs B JIMHEHHBIX TapaMeTpax JIHHBI MpoKcuManbHbIX (ananr ([1D) u
mpuHe! 1uadu3oB [1O y nereit 1 moapocTkoB Mysxckoro nona Tamkukucrana u 3anagHoit Maauu. Paspaboratsh
peTpecCHOHHBIC YpaBHEHHS IS OTIpeieNieHHs Bo3pacTa 1mo pa3mepam [1D.

MarepuaJjbl 1 MeTObl. VccnenoBano 366 peHTTeHOrpaMM IPaBOii KUCTH JIHI MYXKCKOTo nosia TakukucTtasa (.
Kannbanam) u 3anagnoii Uaauu (r. Mym6an) 6—17 ner. 3aBucumocts Bo3pacta oT ainuHsl [1O (Anl1d) u mupunst
nmuaduza [1D (IUI1D) u3ydanack ¢ HOMOIIBIO HAPHOTO JTUHEHHOTO PErPECCHOHHOTO aHAIN3a M KOPPEIALUOHHOTO
aHanu3a. Brimsgnue Bospacta ma [nlld, LIIIP onpemensnocs ¢ MOMOLIBI0 OJHOGAKTOPHOTO TUCIIEPCHOHHOTO
aHanm3a, kputepus Kpackena — Yoimnca u mocieayromiero post-hoc ananusa mo Bozpactam.

PesyabTatsl. J{nl1® u IITD npencraButencii Tamkukuctana i MHIHUM KOPPETUPYIOT C BO3PACTOM, KO3(HDHUIIHMEHT
koppessiunu 6ombuie 0,5. B 06enx sTHHYECKHX rpymiax Ko3(GHUIHEHTHl KOPPEeIiy Mexay Bo3pactoM u J[nl1d
npesbimany 0,8. Koadpunment koppemnsmu Bospacra u IO y tajxukoB konednercs B quanaszone 0,68-0,77,
y unauiiueB — 0,58-0,69. ITocTpoeHbl napHbie JIMHEHHBIE PErPeCCHOHHBIE MOJIENN JUIsl TIPOTHO3a BO3pacTa Io
Jll® ¢ koaddunnenTom nerepmunanuu R2, GonbiuM 0,6, 3a uckimouennem JlI®S s Tampkukos. JlldS
Ui TaJUKUKOB M 3HadeHust LIIID s o0enx STHUYECKHMX Tpymn nokasamu ciaabbie R? (0,35-0,53). Haiineno
11 3HaYMMBIX pa3nIuuuil MEXIy PaBHOBO3PACTHBIMHU 3THHYEeCKUMHU rpynnamu no Jnlld u HIIO.

3axaovenne. [Inl1d sBisercs TydmuM HpeJUKTOPOM BO3pacTa, deM mmprHa auadusa. CaMbIM HaJleKHBIM
HPETUKTOPOM JuIsi 00enx HaruoHambHOcTed sBisiercss [nlld2. Veennuenwe mapamerpoB I[1d mpomcxomur
HepaBHOMEPHO ¢ Bo3pacToM. MHTeHcuBHBII poct [1d HabmomaeTcst mpenMyIiecTBEHHO B HHTepBase 12—15 net.
Bbonbiie Beero 3Haunmbix oTinauil nlld u III® mexny 3STHUUECKUMU rpynaMy HailieHo B 8 u 1516 nert, npu
stoM Jnl1® u HIT1D TamKkukoB npeBblaId HHAUNHCKHUE.

KimioueBble cj10Ba: KUCThb, (ajaHrd, WICHTH(GUKALUS [0 KOCTSM, OIpPEIeNICHHE BO3pacTa, STHUYECKUE
0COOEHHOCTH.

KoHpaukT HHTEpecoB. ABTOp ICKIApHPYET OTCYTCTBUE SBHBIX M MOTEHIMAIBHBIX KOH(IIMKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIECH CTaThH.

HUcTouHuk (l)ﬂHaHCﬂpOBaHHﬂ. ABTOp 3asBJISIET 00 OTCYTCTBHUHU Q)I/IHaHCI/IpOBaHI/Iﬂ.

CooTBeTcTBHE MPUHIMIAM 3THKH. PouTenn HeCOBEPIICHHOJIETHHUX MOITHCHIBATA HHPOPMUAPOBAHHOE COTJIA-
CHE Ha UCIIOJIb30BaHUE MOTYYCHHBIX JaHHBIX B HCCIEIOBATENLCKON padote. MccienoBaHue 0q00peHO JTOKATb-
HEIM 3THYecKUM KomuTeToM [ICII6IMY.

Jost uurupoBanusi: Mariomeukun C.B. CpaBHuUTENIbHAS OLIEHKA HEKOTOPBIX JMHEHHBIX MAPaMEeTPOB MPOKCHU-
MaJbHBIX (hayaHr KUCTH y JIeTeil ¥ MOAPOCTKOB My»xcKoro nojia Tapkukucrana u 3anagHol Vuaum B Bo3pact-
HOM acnekTte. browiemens cubupcrkori meouyunsl. 2020; 19 (3): 52-59. https://doi.org: 10.20538/1682-0363-2020-
3-52-59.

INTRODUCTION

The study of the human skeleton with respect to
ethnicity and origin-specific features remains an im-
portant research area. We need to accumulate data on
bone growth patterns in people of different origins
because, due to the considerable increase in migra-

tion observed over the past decades, more and more
people arrive from countries with different climates.
The study of bone growth in people coming from oth-
er climate zones and areas with a different population
structure is of considerable interest to morphologists,
as well as pediatricians, traumatologists and forensic
experts [1-3]. The need to identify a victim, i.e. to
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establish their gender and age, sometimes using only
bones or even just bone fragments, arises after indus-
trial and natural disasters with mass casualties, as well
as in criminal cases. X-ray is commonly used for iden-
tifying badly damaged remains [4]. When analyzing
X-ray images, one should remember that the pattern
of bone formation and growth may vary in people
originating from different countries and even different
areas of the same country. Possible reasons respon-
sible for such discrepancies include climatic factors,
ethnic characteristics, environmental and geographi-
cal factors, which change over time [5]. In developing
countries, such as India, age estimation is an impor-
tant task because illiterate people may not keep proper
birth records [6]. In South Asia, up to 65% of chil-
dren under five years old do not have their birth re-
gistered [7]. Regression equations for the single-bone
age estimation yield much better results, i.e. closer to
real values, if the estimation takes population-specific
characteristics into account [8]. Errors are likely to oc-
cur if a person is being identified from bones without
population-specific morphologic parameters being
considered [9]. For instance, a study of the size of the
second metacarpal bone in Guamanians and white
Americans revealed a difference in the length of this
bone between the compared groups [10]. Data col-
lected by the Institute of Demography of the Nation-
al Research University Higher School of Economics
show that during the period from January to July 2018
Tajikistan contributed the most to the Russian Fed-
eration’s net migration gain [11]. People from Tajik-
istan come to the Russian Federation together with
their children of preschool and school age. This fact
provides the rationale for deepening our knowledge
on various body structures of Tajik children and their

ethnic-specific characteristics. S.S. Mirzoev points
towards the ethnic specificity of Tajiks, their specific
genotypic and phenotypic features [12]. Osteological
studies of people from Tajikistan were carried out as
far back as the 1960s [13], so it has been a long time
since those results were obtained. The literature search
among available sources showed works neither on the
growth patterns of the proximal phalanges (PP) of the
hand of men from Tajikistan, nor on the approaches
for estimating their age from the size of the PP.

The aim of this study was (@) to establish ethnici-
ty-specific differences in such morphological parame-
ters of the proximal phalanges as the bone length and
the width of the diaphysis in male children and ad-
olescents from Tajikistan and Western India and (b)
to develop regression equations for determining their
age based on the size of the PP.

MATERIALS AND METHODS

To identify ethnicity-specific characteristics in the
morphological parameters of the PP, a comparison was
performed among 115 Tajik boys and adolescents aged
6 to 17 years from Konibodom (Tajikistan), which is
an area with a continental subtropical climate and a
continental mild climate, and 251 boys and adolescents
from Mumbai (Western India), which is an area with a
tropical monsoon climate. In Tajikistan, the study was
conducted in Konibodom, inhabited by 96% of the in-
digenous Tajik people (Viloyati), which belong to the
ethnic group of Tajiks of the cities and oases [14]. In
India, the study was conducted in Mumbai, whose in-
habitants represent the Indo-Arabian ethnic group. All
the X-ray images were obtained in the presence of the
author during his trips to India and Tajikistan. Data on
the age distribution are presented in Table 1.

Table 1
Distribution of the examined male children and adolescents between the geographical regions and among the age groups
) Age, years
Region
6 7 8 9 10 11 12 13 14 15 16 17
Western India 14 14 10 10 17 20 27 36 25 37 22 19
Tajikistan 5 10 9 8 10 10 11 13 7 15 7 10

X-ray examinations were performed in patients
with suspected fractures and in apparently healthy
children who complained of pain in the joints of the
hand. The study included the images of the right hand
obtained from children and adolescents who did not
have any skeletal disorders. Parents of the underage
subjects signed letters of informed consent for the use
of the obtained data in the research work.

X-ray images were obtained at a 60-cm distance
from the anode area of the X-ray tube to the film. The
length of the PP and the width of the PP diaphysis
(at the middle) were measured in the X-ray images of
the hand using a sliding caliper with an accuracy of
0.05 mm. The length of each PP was measured from
the middle of the semilunar contour of their base to the
very distal contour of the head.
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The study data were processed statistically. Re-
gression analysis was performed to determine the re-
lationship between the age of the study subjects and
the morphological parameters of their PP. The quality
of the regression model was evaluated using the de-
termination coefficient R’ and the overall significance
assessed by the F-test. The residual normality was as-
sessed using the Kolmogorov-Smirnov normality test.
The residuals were tested for having expectation zero
using the one-sample t-test. For normally distributed
data, the relationship between the age of the examined
children and the length of the PP and the width of the
PP diaphysis was assessed using Pearson’s correlation
coefficient (r). The Spearman rank-order correlation
coefficient (rs) was used for non-normally distributed
data. The significance of the correlation coefficients
was assessed using Student’s t-test. The Shapiro—Wilk
normality test was used for small samples of the PP
length and diaphysis width values within each age
group.

The age-specific comparison of the PP length and
diaphysis width was carried out using either a para-
metric analysis (one-way analysis of variance, or
one-way ANOVA) or a non-parametric analysis (Kru-
skal — Wallis test, or H-test), depending on the data
distribution in a given age group. Further post-hoc
pairwise comparisons between the age groups were
carried out using the Student’s #-test after one-way
ANOVA or the Mann — Whitney U-test if the Krus-
kal — Wallis H-test had been previously used. In both
cases, multiple comparisons were processed using
the Benjamini — Hochberg procedure (false discov-
ery rate, or FDR). The morphological parameters of
the PP in children and adolescents of the same age
from Tajikistan versus Western India were also com-
pared using #-test for normal distribution and U-test
for non-normal distribution.

Descriptive statistics were given as M (SD) for
normally distributed PP length and diaphysis width
values and as Me(Q ~Q,) for non-normally distribu-
ted values, where M is the mean, SD is the standard
deviation, Me is the median, O, and Q, are the first
and third quartiles, respectively. The threshold for sta-
tistical significance was set at 0.05 for all hypothesis
testing criteria.

RESULTS AND DISCUSSION

An age-specific comparison of the length of the
PP and the width of the PP diaphysis was performed
in male subjects from Tajikistan and Mumbai. In this
paper, LPPX refers to the length of a proximal pha-

lanx and WPPX refers to the width of the diaphysis of
a proximal phalanx, with X being the finger number.
Study data are presented in Figures 1 and 2 for India
and Tajikistan, respectively. The interquartile ranges
show that the PP length values in the subjects from
both ethnic groups had a smaller dispersion compared
to the PP diaphysis width values.

The PP length values in the subjects from both eth-
nic groups have a smaller dispersion compared to the
PP diaphysis width values (Fig. 1, 2).

The PP length and diaphysis width did not grow uni-
formly over time (all significant results were obtained
using the Benjamini — Hochberg procedure [FDR cor-
rection]). The growth periods were as follows:
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Fig. 1. Changes in morphological parameters of the

proximal phalanges of the hand in boys and adolescents
from Western India: @ — length of a proximal phalanx (LPP);
b — width of the diaphysis of a proximal phalanx (WPP),
mm. The horizontal axis shows age (years); the vertical axis
shows morphological parameters of the bones (mm). The
curve represents median values; the whiskers show the first
and third quartiles. PP1 to 5 denote proximal phalanges of
the 1% to 5" finger.
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Fig. 2. Changes in morphological parameters of the proximal phalanges of the hand in boys and adolescents from Tajikistan:

a — length of a proximal phalanx (LPP); b — width of the diaphysis of a proximal phalanx (WPP), mm. The horizontal axis

shows age (years); the vertical axis shows morphological parameters of the bones (mm). The curve represents median values;
the whiskers show the first and third quartiles. PP1 to 5 denote proximal phalanges of the 1% to 5* finger.

— Indian subjects from Mumbai, PP length. LPP1,
LPP2, LPP3, LPP4: 6-7, 12-13 and 14-15 years;
LPP4 also 89 years; LPP5: 10-11, 12-13, 14-15
years;

— Indian subjects from Mumbai, PP diaphysis
width. WPP1 to 5: 12-13 years;

— Tajik subjects, PP length. LPP1: 14-15 years;
LPP2: 6-7, 7-8, 15-16 years; LPP3, LPP5: 9-10, 15—
16 years; LPP4: 9—-10, 14-15, 15-16 years;

— Tajik subjects, PP diaphysis width: no significant
differences between the adjacent age groups.

The Kruskal — Wallis H-test and ANOVA showed
a significant increase in the studied morphological
parameters of the PP with age. However, the post-
hoc analysis revealed that the statistically significant
difference in the morphological parameters assessed
between age pairs was greater for the PP length com-
pared to the diaphysis width both in Indians (by 20.6%
on the average) and Tajiks (by 32.9%) (Table 2).

The correlation analysis of individual osteometric
parameters of the PP of the hand was performed using
the Spearman rank-order correlation.

Table 2
Changes in LPP and WPP with respect to age and post-hoc analysis results
Mumbai (India) Tajikistan
Parameter Mult'1ple. Number of pairwise Multiple and pairwise .Number of pairwise
and pairwise p-value differences between . p-value differences between age
: comparison
comparison age groups groups
LPP1 H-test, U-test <0.001 54 one-way ANOVA, <0.001 37
Tukey’s test
LPP2 H-test, U-test <0.001 56 H-test, U-test <0.001 50
LPP3 H-test, U-test <0.001 55 H-test, U-test <0.001 50
LPP4 H-test, U-test <0.001 57 H-test, U-test <0.001 53
LPP5 H-test, U-test <0.001 55 H-test, U-test <0.001 44
WPP1 H-test, U-test <0.001 42 H-test, U-test <0.001 34
WPP2 H-test, U-test <0.001 43 H-test, U-test <0.001 37
WPP3 H-test, U-test <0.001 45 one-way ANOVA, | _ g g0 24
Tukey’s test
WPP4 H-test, U-test <0.001 42 H-test, U-test <0.001 35
WPP5 H-test, U-test <0.001 48 H-test, U-test <0.001 27

Note. LPP1-5: length of the first to fifth proximal phalanges of the hand; WPP1-5: width of the diaphysis of the proximal phalanges of the hand;
H-test: Kruskal — Wallis test; U-test: Mann — Whitney test; one-way ANOVA: one-way analysis of variance.
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Linear regression equations were developed to be
used as a method for determining the age of male sub-
jects in Tajikistan and Western India.

If all the bones of the hand are available, multiple
linear regression is the best method for age estima-
tion. If only separate bones are available for testing, a
single bone can be used to create the regression equa-
tion [8].

The regression models were developed during the
correlation and regression analysis that can be used to
estimate the age of 6 to 17-year-old boys and adoles-

cents from Mumbai and the indigenous Tajik people
(Viloyati) (Table 3).

The length of the PP in boys and adolescents from
Tajikistan and Western India showed a closer correla-
tion with age than the width of the PP diaphysis (Table
3). All rank correlation coefficients for age versus bone
length exceed 0.8. In contrast, the correlation coeffi-
cients for the PP diaphysis width ranged from 0.58 to
0.75 in both study groups. It was found that nine out of
ten correlation coefficients for Tajik boys and adoles-

cents exceeded those of Indians by an average of 8%.

Table 3

Regression models for the age estimation of 6 to 17-year-old children and adolescents in Mumbai (India) and Tajikistan developed
using data on the length of the PP and the width of the PP diaphysis of the hand

Parameter Regression model Ftest, Adjusted R’ Correlgtlon Applicability of the
p-value coefficient rs model*
Mumbai (India)
LPP1 Age=—3.049 +0.596 x LPP1 <0.001 0.682 0.820 yes
LPP2 Age =—15.538 +0.529 x LPP2 <0.001 0.718 0.827 yes
LPP3 Age=-15.327+0.466 x LPP3 <0001 0.712 0.822 yes
LPP4 Age=-5.518+0.507 x LPP4 <0.001 0.705 0.822 yes
LPP5 Age =—3.681 +0.583 x LPP5 <0.001 0.659 0.814 yes
Tajikistan
LPP1 Age=—4.576 +0.645 x LPP1 <0.001 0.706 0.848 yes
LPP2 Age=-5.401+0.516 x LPP2 <0.001 0.745 0.874 yes
LPP3 Age =-3.457 + 0.404 x LPP3 <0.001 0.664 0.879 yes
LPP4 Age=-4.213 +0.454 x LPP4 <0.001 0.6915 0.879 yes

Note. LPP1-5: length of PP 1 to 5; age is given in years.
*The practical applicability of the model.

All the correlation coefficients shown in Table 3 are statistically significant. All the residuals follow a normal distribution and have zero expectation.

M.A.Grigoryeva, E.S.Anushkina [15] point out
that the choice of the optimal regression model may
be complicated even if the object is not damaged.
Mathematical models yield the most accurate results
when the proportional composition of the studied
population resembles as much as possible the com-
position of the population used to develop the equa-
tions [5].

Although multivariate tests showed a significant
increase in the PP length and diaphysis width with
age, and the correlation analysis confirmed these re-
lationships for all the morphological parameters stu-
died, well-fitting regression models (R*> 0.6) could be
developed only for the length of PP1 to 4.

The models developed for the age estimation
from the length of the PP in boys and adolescents
from Western India were of approximately the same
quality: the determination coefficients ranged from
0.66 (PP5) to 0.72 (PP2). The best regression model
for the age estimation in Indian boys (Mumbai) was

developed using LPP2 as the independent variable
(p <0.001).

LPP2 was also the best predictor of age in boys and
adolescents from Tajikistan. The determination coeffi-
cient of the LPP2 model was 0.75 (p <0.001) and it sig-
nificantly exceeded the coefficients for other models.

When comparing the regression models developed
for the two ethnic groups studied, it was found that the
length of the PP between 6 and 17 years grew faster
in Tajik boys and adolescents, whose multipliers of
the independent variables exceeded those in the Indi-
an subjects of the same age in four of the five models
(PP2-4) (Table 3). The growth in width of PP1 to PP3
diaphysis in children and adolescents of Tajikistan
also exceeded that in the Indian subjects of the same
age. However, the diaphysis width of PP4 and PP5
grew faster in the Indian subjects from Mumbai.

A comparative analysis of the PP sizes in boys
from Western India and Tajikistan revealed several
differences (Table 4).
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Table 4
Age-specific differences in the morphological parameters of PP between two ethnic groups

No. Parameter Age, years P-value Mumbai (India) Tajikistan
1 LPP1 8 0.005 20.6 (19.0 21.0) 22.2(1.9)
2 LPP2 8 0.021 27.2(1.7) 29.4(2.0)
3 LPP3 8 0.029 30.1 (2.0) 32.6(2.4)
4 LPP4 8 0.022 28.0 (2.1) 30.5(2.2)
5 WPP1 12 0.020 7.1(0.9) 8.1(1.2)
6 WPP2 15 0.040 9.0(8.19.8) 9.5(8.810.0)
7 WPP4 15 0.027 8.9 (8.19.0) 9.2 (0.9)
8 LPP2 16 0.021 38.6 (2.3) 40.9 (1.9)
9 LPP3 16 0.002 433 (2.3) 46.6 (1.8)
10 LPP4 16 0.005 40.2 (2.2) 432 (2.0)
11 WPP4 16 0.023 8.7(0.9) 9.9 (1.1)

LPP1-4: length of the proximal phalanges of the first to fourth fingers; WPP1—4: diaphysis width of the proximal phalanges of the first to fourth

fingers.

Eight-year-old Tajik boys had longer PP of fingers
1,2, 3, 4 compared to the Indian boys of the same age.
In the age range between 9 and 14 years, no significant
differences in the studied morphological parameters of
the PP were found, except for WPP1, which was sig-
nificantly greater in the subjects from Tajikistan. The
analysis of X-ray images showed that the width of the
PP diaphysis in the first and second fingers was sig-
nificantly greater in 15-year-old boys from Tajikistan
compared to the Indian boys of the same age. Also,
the length of PP2, PP3, and PP4, as well as the diaph-
ysis width of PP4, were greater in 16-year-old subjects
from Tajikistan versus 16-year-old Indian boys.

CONCLUSION

The most accurate estimation of the age of children
and adolescents between 6 and 17 years is achieved
when a researcher uses data from the same ethnic
group. The bone length is the better predictor of the
age of Tajik and Indian (Mumbai) children and ad-
olescents than the diaphysis width if the age is esti-
mated based on the size of the proximal phalanges of
the hand. The length of the proximal phalanx of the
second finger is the most reliable predictor of age for
both ethnic groups. An osteometric study conducted
in boys and adolescents aged between 6 and 17 years
revealed that the proximal phalanges of the hand did
not grow uniformly over time. The PP demonstrated
intensive growth between 12 and 15 years. Most of
the significant between-group differences in the length
and diaphysis width were found for the ages of 8 and
15-16 years, with the greater length and width values
observed in Tajiks compared to the Indian (Mumbai)
subjects of the same age.
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