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SUMMARY: The present study was undertaken to generate sex-specific simple and multiple regression models for the estimation
of stature using hand and handprint measurements in a Sri Lankan population. The sample comprises 51 males and 66fageles in th
range of 20 to 26 years. The stature and eight measurements from each hand and its corresponding print of each sulgettdvere col
using standard anthropometric instruments and techniques. All hand and handprint measurements showed significantlyglasiive cor
(p value < 0.05) with the stature in both sexes. Stature prediction accuracy for simple linear regression equations rafagkd5reeh
cm andt4.0- 5.22 cm for the left and right hand measurements in males and females, respectively. The corresponding figurés for the lef
and right handprint measurements wede57-5.95cm and4.36-5.52 cm, respectively. The highest stature prediction accuracy was
shown by the multiple regression models derived from hand measurements. The stature estimating formulae reported ursthgs study
hand measurements have important application in the identification of unknown human remains, particularly when they, are partial
mutilated or dismembered. Similarly, it is envisaged that formulae derived from the handprint measurements will be useful in cr
scene investigations.
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INTRODUCTION

Anthropometry, which signifies the technique othe prediction of stature. His revelations emphasized the
expressing the shape of the human body in numbers liast that the application of regression formulae from one
been widely used in forensic identification. The mosgtopulation to another must be made with great caution.
important step during the identification of unknown Since then, numerous studies have been carried out in this
decomposed corpses and human skeletal remains is diveection, providing single and multiple regression
creation of a biological profile through the estimation ogquations using measurements of various skeletal and body
sex, age, ethnicity and stature. The estimation of statureriagments for the estimation of stature in different
an important aspect that provides useful informatiopopulation groups (Pearson; Trotter & Gleser; Bged;
towards narrowing the pool of potentially matchingleadows & Jantz; Celbis & Agritmis, 2006; Ryan &
identities. Bidmos; Nanayakkaret al, 2018).As skeletal development

is strongly influenced by genetic and environmental factors

It is widely agreed that stature shows positiv§Plavcan, 2012), an equation derived from a certain
correlations with the dimensions of various skeletglopulation will not be applicable to another; this explains
components (Trotter & Gleser, 1952; Byetsal 1989; the necessity for establishing population and sex-specific
Meadows & Jantz, 1992; Ryan & Bidmos, 2007). Thetature estimation formulae. Moreover, the highest
earliest formal tables for the estimation of stature weygredictive accuracy of such formulae can be achieved only
introduced by Rollet (1888) using all six long bones of th&hen they are applied to the same population from which
upper and lower limbs. Using Rollet’s data on long boniaey were derived. This justifies the collection of data from
lengths, Pearson (1898) developed regression equationsrifmre population groups to make a comprehensive database.
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The reliable and accurate methods available fovere recruited. Further, only the participants belonging
stature estimation require the preservation of long bonés.the major ethnic group in Sri Lanka, Sinhalese, were
It is widely accepted that regression formulae derivedcluded in the present analysis as the number available
using the dimensions of intact long bones of the upp#ar other ethnic groups was inadequate for statistical
and lower limbs, especially the femur, provide moranalysis . Atotal of 117 young and healthy undergraduate
accurate estimates of stature (Bidmos, 2008). With tlstudents, comprising of 51 males and 66 females, within
rising incidence of mass disasters there is an increashd age range of 20 to 28 years were included in the present
likelihood of dismembered peripheral parts of the bodstudy. The study protocol, including the consent procedure
such as the hand and foot being presented to forenaias reviewed and approved by the Ethics Review
experts for analysis. In these circumstances the stat@emmittee of Faculty of Dental Sciences, University of
estimating formulae established using a complete skelet®earadeniya, Sri Lanka (Research Project No. ERC/ FDS/
or the intact long bones are inapt for the analysis. UOP/1/2018/37).

Numerous studies have described anthropomettfiteasurement of stature.The living height or stature of
approaches to estimating stature from different bodsach subject was measured using a stadiometer (TTM
fragments (Krishan & Sharma, 2007; Ishatkal 2012; stadiometer; Tsutsumi Co. Ltd., Tokyo, Japan) adopting
Zulkifly et al, 2018). Further, these studies havéhe protocol described in a previous study (Iséial).
demonstrated that anthropometry of the hand shows con-
siderable potential and accuracy in the estimation éinthropometric measurements of handUsing a digital
stature; the accuracies closely reaching the standaxgsnier caliper (Mitutoyo, Japan) and a measuring tape
established for long bones (Ishekal; Zulkifly et al). when necessary, eight anthropometric measurements were
Partial or complete handprints discovered in crime scentaken on both right and left hands of each individual
have also been shown to provide valuable clues in thdopting the landmark definitions described in previous
identification of a criminal (Ishakt al; Zulkifly et al). studies (Krishan & Sharma; Ishakal, 2012; Ozaslaat
The forensic utility of anthropometric approaches of thal.; Laulathaphokt al; Zulkifly et al). A description of
hand and handprints for estimating stature has been widalymeasurements used in this study are presented in Table
studied (Krishan & Sharma; Isha&k al; Ozaslaret al, | and illustrated in Figure 1.

2012; Laulathaphatt al, 2013; Zulkiflyet al).
Handprint measurements.Right and left handprints of

Despite the need for such studies, derivation @il participants were obtained using an inkpad, with a non-
stature estimation formulae using hand and handprirgactive, and non-indelible ink. The hands of the
dimensions has scarcely been discussed for the Sri Lankeamticipant were gently pressed against the ink pad and
population. Therefore, the present study was undertakdren placed with a little pressure on A4 sized white paper
to ascertain the correlation between the stature and haadnake an outline of handprints. The paper was allowed
and handprint measurements, and to generate populatiordry after which a total of eight measurements were
specific regression models to estimate stature obtained as described in previous studies (Istal;
unidentified males and females in a Sri Lankan populatiodulkifly et al) (Table I; Fig. 1).

Statistical analyses.Tests for reproducibility of
MATERIAL AND METHOD measurements were conducted prior to data acquisition

of the study using Lin’s concordance correlation co-

efficient of reproducibility (CCC) (Lin, 1989). For this

The present study was conducted in the Departmegmnirpose stature and hand measurements were repeated in

of Basic Sciences, Faculty of Dental Sciences, University10 % of the sample with a minimum of 24-h interval
of Peradeniya, Sri Lanka. Participation in the study wdmetween re-measurement. The measurement technique was
entirely on a voluntary basis and participating subjectonsidered as reliable as the CCC values for
were provided with an information sheet elucidating thallmeasurements were found to be within the accepted
purpose of the study. The informed consent was obtainethge (0.900 and 1). A specific measurement was recorded
from the volunteering subjects prior to acquisition oby a single investigator (one specific investigator each
measurements. In addition, basic demographic data (fer measuring stature, hands and handprints); this
sex, age and ethnicity) were also collected bgliminated the inter-observer error. Statistical analyses
administering a questionnaire. The individuals who wergere performed using the Statistical Package for the So-
apparently healthy and having no physical deformitiagal Sciences (SPSS), version 21.
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A B

Fig. 1. A.Hand measurements: hand length (HL); hand breadth (HB); palm length (PL); 1st digit length (1D); 2nd
digit length (2D); 3rd digit length (3D); 4th digit length (4D) and 5th digit length (5D). B. Handprint measurements:
handprint length (HPL); handprint breadth (HPB); palm print length (PPL); handprint 1st digit length (HP1D);
handprint 2nd digit length (HP2D); handprint 3rd digit length (HP 3D); handprint 4th digit length (HP4D) and
handprint 5th digit length (HP5D).

Table I. Description of hand and handprint measurements used in the present study.

Measurement and abbreviation Description

Hand length (HL) the distance between the mid-point ofthe distal transverse crease of the wrist
tothe mog anterior projection of the tip of the midde finger

Hand breadth (HB) the distance between the mog lateral point on the head of the 2 metacarpal to
the mogt medial point on the head of the 5" metacarpal bone

Palm length (PL) the distance from the mid-point of the distal transverse creaseof the wrig to

the proximal flexion crease of the middle finger
Digit lengths: Thumb (1D); Index (2D); the distance between the proximal flexion crease of the finger to thetip of the
Middle (3D); Ring (4D); Little (5D) finger respective finger

length

Handprint breadth (HPB) the distance from the most laterally projected part of the palm print at the 2
metacarpa to the mos medialy projected part of the palm print atthe distal
transverse crease

Handprint length (HPL) the distance from the baseline of the print (transverse line from the mog
inferior point of the medial border of the palm) to the tip of the middle finger

Palm print length (PPL) the distance from the baseline of the print to the proximal flexion crease of the
mi ddle finger

Handprint digit lengths Thumb (HPLD); the distance between the proxima flexion creases of the finger to the tips
Index (HP2D); Midde (HP3D); Ring (dactylion) of the regpective fingers
(HP4D); Little (HPSD) finger length

RESULTS

Descriptive statistics of stature, hand and handprint maximum values for each of the hand and handprint for
measurements.Kolmogorov-Smirnov test and g-gq plotsmeasurements of both left and right sides of both sexes are
carried out showed normality of data. Descriptive statisticBustrated in Table 1l. All the measurements were found to
including the mean, standard deviation, minimum anle significantly larger in males than in females (p < 0.001).
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NANAYAKKARA, D.; NAWARATHNA, L. S. ; NANDASENA, T.; ALAHAKOON, S.; ARIYASINGHE, S. & ARAMBAWATTA, K.
In the present study, the mean measured stature of mdk®wales a mean stature of 157:3B.82 cm (range 145.0—

was 170.33 6.11 cm (range 158.4-189.0) whereas ii71.4) was observed.
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L stature (p-value < 0.05). In males the hand measurements
T 88888888 88888888 which exhibited the strongest correlation with stature was
& locccodococodoc ocoodooood| theHL(r=0.703, 0.678) while the lowest was shown by
© 5D (r = 0.317, 0.300). Similarly, in females the strongest
= TIORVNLC? NI IIS correlation coefficient was shown by 2D length (r = 0.714,
I SYYugRegg Jdonnoorg 0.725) followed by the HL (r = 0.703, 0.718) while the PL
showed the lowest (r = 0.455, 0.546) correlation with stature.

g With reference to handprint measurements, in both males

TEU mro eS8 omanr oo~ ooo andfemales, the strongest correlation was exhibited by the

S . |d2RIBTIS GRIINBES| HPL (males —r = 0.649-0.676, females — r = .661-.669);

CEU & CeOeoOoo ©O0O0O0o oo Ol this correlation was seen in both left and right handprints.

g T~ NT AT OM O o < o| Simple linear regression.The simple linear regression

E L N NN NS O wom@gﬂgw . . .

: I S UFFFT IS ST SFFIFT S < equations computed to estimate stature using each

.-E n +oH +Ho+H o+ H .

g measurement of the hand and handprints separately for sex

B and side are presented in Tables Ill and IV. The standard

% error of estimate (SEE) predicts the deviation of estimated

S o 20QgQ0Q © 7 2009394 stature from the actual stature. A low SEE value indicates

o 998 & greater reliability in the estimated stature. In the presen

& gm,\ggggg gmmggggg ter reliability in the estimated stature. In the p t

8 Y Irs e SH9cow el  study the SEE of simple linear regression equations ranged

8 HErrREEE HEXLLELE fromz4.41t0+5.88 cm and4.04 to+5.22 cm for left and

5 g adgrgd Yogadgus| right hand measurements in males and females,

0 — — — - . . . .

2 o U TR TR R respectively. The corresponding figures for left and right

21,5 |558g££c£g S22£L LS8 handprint measurements weré.57 cm tox5.95cm and

TR mEEEmEEmEE WEWBEEEE 4436 t0+5.52 cm, respectively.

3,%,_% OO OB OO OHOD P Y

@©

2 The range of SEE observed for measurements of

e ® the left and right hands of females was lower (left hand:

2 3 § é‘ é‘ é‘ é‘ é‘ é‘ § § é‘ é‘ é‘ é‘ é‘ é‘ g +4.11 tox5.22 cm; right handt4.04 to+4.91 cm) than the

g & |lcooocooooc ooooo ooo| range observed for males (left hatd:41 to+5.88; right

c ® hand: +4.56 t0+5.92) (Table Ill). Further, the females

E = LS BINB T oRNIRNE S8 w demonstrated lower ranges of SEE for measurements of

% I ; Nooddd g LGN aN® left and right handprints (leftt4.36 to+5.24 cm; right:

7] +4.40 tot5.45 cm) than those of males (left4.72 tot.95

© cm ; right:+.57 to+5.90 cm) (Table V).

&

é N E § § g § § § § g § % % § E § § Multiple regression. Sex-specific bilateral multiple

Z * ccoccoococo0o ©0000 003 |(ayession equations for the estimation of stature based on

P various combinations of variables separately for hand and

= L 29822883982 S9N Agy handprint measurements are presented in Tables 5 and 6,

*UQ’ Wy foww vy o gwwonwwn respectively. Only the most accurate models using stepwise

5 analysis are presented. Besides, in addition to R-squared

‘§ values, adjusted R-squared values were calculated to com-

2 .

g pare the explanatory power of regression models that

5 Mo 0OpAaAAa @ contain different numbers of predictors. Multiple regression

a IIggs ese T Ip8Q 8283 equations resulted in lower SEE values and higher R-

S % g § S SaR3 S5 RB8BI5 NY5| squared values than do linear regression equations. With

o TP+ €LY TLCLPCLLCT regard to the multiple regression models generated using

o 38 ,i g e2g2g 25982249422 hand measurements, the least SEE observed in males is

= SRg-39 Y g 3 339499 €| 3.95 cm whereas in females itis8.82 cm (Table V); for

= 5§ povooowoove oowowowoo thehandprint measurements the least SEE observed in

2 < g% fTRRRRRER® E,,g SRERR&® Malesist 4.62 cm and in females it $54.32 cm (Table

gzm_.mososososososascrmmmosomosos VI).
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DISCUSSION HL (r = 0.703, 0.718) showed the strongest correlations
for both left and right sides. Previous studies in North Indian
(Krishan & Sharma), South Indian (Rastegal.), Western
The estimation of stature of unknown humarfustralian (Ishaket al) and Thai (Laulathaphdadt al)
remains becomes a challenging task when the remains pogulations have revealed the hand length as the
partial, mutilated or dismembered as in mass disasters nieasurement showing the strongest correlation with stature.
such situations important parameters such as long bomegsccordance with the findings reported in previous studies
which are commonly used for stature estimation may n@ishaket al), with reference to the handprint measurements,
be available. A practical alternative is to develop newm both males and females, the strongest correlation was
formulae of stature estimation using body appendages tisabwn by the HPL (males —r = 0.649-0.676, females —r =
are likely to survive and be recovered. 0.661-0.669) in both left and right handprints.

In concurrence with other similar studies (Krishan The presence of a positive linearity between the
& Sharma; Ishalkt al; Ozaslaret al; Laulathaphoét al;  stature and hand and handprint measurements facilitated
Zulkifly et al) the males in the present study exhibitethe formulation of regression equations which can be
significantly higher stature as well as hand and handpristiccessfully utilized for stature estimation in the Sri Lankan
measurements when compared with those of the femalpspulation. In assessing the accuracy and reliability of the
These differences between the sexes are attributable toshmaple linear regression equations, the standard error of
influence of genetic and environmental factors on thestimate (SEE) which predicts the deviation of estimated
growth and development of the skeletal system (Frayersature from the actual stature was employed. A low value
Wolpoff, 1985). Hormonal influence, which causes earlgf SEE indicates a greater reliability in the estimated stature.
maturity and cessation of bone growth in the females gives
the males an additional two or more years of bony growth In the present study, the SEE of the simple linear
than in the females (Krishan & Sharma). Theegression equations ranged frafh41 to+5.92 cm and
aforementioned findings highlight the importance o#4.04 to+5.22 cm for the left and right hand measurements
elaborating sex-specific standards to accurately estimatemales and females, respectively. The range of SEE
stature. Hence, the purpose of this study was to formulageorded in the present study is lower than those reported
new sex-specific stature estimating models using hand gmetviously for other population groups; Uhrogtal
handprint measurements applicable to the Sinhalese, {8815) for Slovak adult#6.01 ta= 6.11); Ozalaret al
major ethnic group in Sri Lanka. (2012) for Turks £5.46 ta6.77); Ishalet al for Western

Australians £4.74 t0+6.40); Rastoget al. for North

Furthermore, previous population studies havkndians ¢4.11 to+5.97). The higher SEE values calculated
reported the existence of bilateral asymmetry in haridr the regression models by these authors may possibly
dimensions (Krishan & Sharma; Ishakal; Ozaslaret be related to the wide diversity in these measurements in
al.; Laulathaphokt al; Zulkifly et al). Consistent with their study populations. On the other hand, studies
the findings reported in previous studies, the results of tkencerning the Thai populations (Laulathapkblal.)
present study indicated that several hand and handpr(8.29 cm tot 4.878 cm) and West Bengal (Rl al,
measurements showed statistically significant bilateraD16) ¢3.49 to+4.28 cm) demonstrated lower SEE values
asymmetry in both males and females. The observed bifar the regression models derived from hand
teral asymmetry in hand and handprint measurements nragasurements.
partially be attributed to the handedness of the subject as
postulated by previous researchers (Rastbgi., 2008). In evaluating the simple linear regression models
Conversely, a study by Nandt al. (2018) in an adult formulated for hand measurements, the values of SEE were
Nigerian population found no significant bilaterallowest for the HL of left and right hands4(41 to=+ 4.56)
asymmetry in hand and handprint measurements of bathmales whereas in females the lowest SEE values were
males and females. exhibited by the 2D lengths4.11 to+4.04). The SEE

values of the HL of left and right hands of female$.17

The present results showed that the stature of &m+ 4.08) were marginally higher than those of 2D length
individual was significantly and positively correlated withvalues. Previous research has demonstrated the HL as the
all hand and handprint measurements. Among the hamibst accurate hand measurements in predicting the stature.
measurements, the HL (r = 0.703, 0.678) exhibited thhe range of SEE has been reportetag4 to+5.17 cm,
strongest correlation with stature in males whereas #9.46 to+6.03 cm+4.36 to£7.50 cm+3.78 to£5.22 cm
females the 2D length (r = 0.714, 0.725) followed by thim Western Australian (Ishadt al), Turkish (Ozalaret al.
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2012), Malaysian (Zulkiflet al) and North Indian (Rastogi NANAYAKKARA, D.: NAWARATHNA, L. S. : NANDASENA,

et al) populations, respectively. According to previous.; ALAHAKOON, S.; ARIYASINGHE, S. &
research (Ishakt al; Zulkifly et al), the most accurate ARAMBAWATTA, K. Mediciones de manos y huellas de manos
handprint regression models for both males and femalesla estimacion de la estatura en una poblacion de Sri Liahka.
were shown by the HPL (SE#4.36,+4.72 cm). In a J- Morphol., 39(122-230, 2021.

Western Australian (Ishadt al) and Malaysian (Zulkifly ) ) i

et al) population the most accurate regression modeés RESUMEN: El estudio se llevo a cabo para generar mo-

. elos de regresion simple y multiple de acuerdo al sexo, para la
generated using the HPL recorded ranges of SBE.42 estimacion de la estatura utilizando medidas de manos y huellas

t0 £5.48 andt4.67 t0+7.55, respectively. de manos en una poblacion de Sri Lanka. La muestra comprendié
51 hombres y 66 mujeres entre 20 a 26 afios de edad. Se analizaron
Interestingly, the findings of this study furtherla estatura y ocho medidas de cada mano y su impresion corres-
revealed that the SEE values exhibited by females for thendiente de cada sujeto utilizando instrumentos y técnicas
measurements of hant#(04 to+5.22 cm) and handprints antropomeétricas estandar. Todas las mediciones de manos y las
(+4.36 to+5.52 cm) were lower than those of males (handtuellas de manos indicaron una correlacion significativamente po-

+4.41 ta5.92 cm; handprint:4.57 to+5.95 cm), implying sitiva (valor de p <0.05) con la estatura en ambos sexos. La preci-

. . . ion de la prediccion de la estatura para las ecuaciones de regre-
that stature can be estimated with greater precision jﬁn lineal simple vari6 de 4,41 a 5,92 cm ¥ 4,0 a 5,22 cm en

females than in males utilizing these regression mOdeISI‘as medidas de la mano izquierda y derecha en hombres y mujeres,
o . ) respectivamente. Las cifras correspondientes para las medidas de
Substantiating the views of previous researchefghyella de la mano izquierda y derecha fuerds7-5,95 cm y
(Krishan & Sharma; Ishadt al; Zulkifly et al) the multiple  4,36-5,52 cm, respectivamente. La precision de prediccion de la
regression equations derived for both males and femakestatura més alta se mostré6 mediante los modelos de regresion
resulted in superior prediction accuracy than the equatiomgltiple derivados de las mediciones manuales. Las féormulas de

obtained from single variables, presenting lower SEE valuggiimacion de la estatura reportadas en este estudio utilizando
and higher R-squared values. In view of han@edidas manuales tienen una aplicacion importante en la identifi-

measurements, the least SEE in maleSi®5 cm whereas cacién d(_e restos humanos descono_mdos, particularmente cuando
son parciales, o se encuentran mutilados o desmembrados. Ade-

In fem_ales 't_ '& 3.82 cm. In males, the multiple regressmrpné& se prevé que las formulas derivadas de las mediciones de
equation utilizing HL,PL, 1D, 4D and 5D presented th@e|las de manos seran dtiles en las investigaciones criminales.
greatest accuracy in estimating stature (SEB.95, R2 =

0.6275). On the other hand, in females, the multiple PALABRAS CLAVE: Antropologia forense; Medidas
regression equation using HB, HL and 2D length (SEE =de las manos; Huellas de las manos; Estatura.

3.82, R2 = 0.5890) was more accurate than the simple

regression equation using the 2D or the HL. Conversely,
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