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ARASTIRMA / RESEARCH ARTICLE

Estimation of Stature from Second- and Fourth-Digit Lengths in Young Adults

Geng Yetiskinlerde Ikinci ve Dérdiincii Parmak Uzunluklari Olgiimlerinden Boy

Uzunlugu Tahmini

Stikriye Deniz Mutluay*, Memduha Giilhal Bozkir

Abstract

Objective: Estimating stature from long extremity bones, such as femur, humerus, is commonly
used during forensic examinations. The aim of this study is to estimate stature by anthropometric mea-
surements of right and left-hands second (2D) and fourth digit (4D) lengths.

Materials and Methods: The sample group consisted of 140 young adults, 70 male and 70 females
(aged 21-19 years), whose (2D) and (4D) lengths were measured (using digital vernier caliper) of their
left and right hands. One measurement was taken directly from landmarks from the proximal metacarpo-
phalangeal crease to the finger tips.

The program SPSS (Version 17.0) was used to make a descriptive analysis, Student’s t-test was used
to analyze the difference in height (2D) and (4D) between males and females. One-way ANOVA was
used to determine the potential interactions between anthropometric measurements within each other and
stature. Pearson Correlation coefficient and related P values were also used. Statistical significance was
assigned to p values <0.05. Linear and multiple regressions were also developed.

Results: The differences between the right-and the left fingers length values were statistically sig-
nificant for both sexes (p<0.001). In all, the measurements of (2D) and (4D) in males were significantly
higher than females. The correlation coefficients between stature and the measurements of second and
fourth digit were found to be positive and statistically significant. The highest correlation coefficient
between stature and digit length for males regarded the right second digit (r=0.505), and for females, the
left second digit (r=0.596). Regression equations were checked for accuracy by comparing the estimated
stature and actual stature.

Conclusion: Both regression models can be used to estimate the stature from 2D and 4D finger
lengths in both sexes.

Keywords: Digit Length; Anthropometry; Stature Estimation.

Oz

Amag: Femur, humerus gibi uzun ekstremite kemiklerinden boy tahmini, adli incelemelerde yaygin
olarak kullanilmaktadir. Bu ¢alismanin amaci, sag ve sol el ikinci (2D) ve dordiincii parmak (4D) uzun-
luklarindan boy tahmini yapmaktir.

Gereg ve Yontem: Orneklem grubu 19-21 yas araliginda olan 70 erkek ve 70 kadin olmak iizere top-
lam 140 geng erigskinden olusmustur. Sol ve sag ellerinin (2D) ve (4D) uzunluklar dijital elektronik kum-
pas kullanilarak olciilmiistiir. Parmaklarm uzunluklularmi 6lgmek i¢in proksimal metakarpofalangeal
kivrimdan baslanarak, parmaklarin uglarina kadar olan uzunluk esas alinmistir. Antropometrik dlgtimler
ile boy arasindaki potansiyel etkilesimleri belirlemek amaciyla tek yonliit ANOVA ve Pearson Korelas-
yon katsayist, SPSS programi kullanilarak hesaplanmistir. Dogrusal ve ¢oklu regresyon denklemleri de
gelistirilmistir.

Bulgular: Sag ve sol parmak boyu degerleri arasindaki farklar her iki cinsiyet i¢in istatistiksel ola-
rak anlamliyd: (p<0.001). Toplamda, erkeklerin antropometrik 6l¢iimleri kadinlardan anlamli derecede
yiiksekti. Boy ile (2D) ve (4D) parmak uzunluklari 6l¢timleri arasindaki korelasyon katsayilari, istatistik-
sel olarak anlamli pozitif bulundu. Erkeklerde boy ve parmak uzunlugu arasindaki en yiiksek korelasyon
katsayisi, sag ikinci parmak i¢in (r=0.505) ve kadinlarda sol ikinci parmak i¢in (r = 0.596) olarak hesap-
land1. Regresyon denklemleri, tahmini boy ile gercek boy karsilastirilarak dogruluk acisindan kontrol
edildi.

Sonug: Dogrusal ve ¢oklu regresyon modelleri, her iki cinsiyette de (2D) ve (4D) parmak uzunluk-
lar1 6l¢timlerinden boy uzunlugunun tahmin edilmesinde kullanilabilir.

Anahtar Kelimeler: Parmak uzunlugu; Antropometri; Boy tahmini.
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1. Introduction

Anthropometric indices are traditionally used to study
body shape variations between human populations (1).
Evaluations of age, gender, height, race and unknown
bodies can be identified using these indices. Moreover,
the relationship between different parts of the body, such
as the head, upper and lower extremities, and height has
attracted the attention of anthropologists, forensic and
medical scientists for many years (2-5). In forensic sci-
ence, the determination of gender and the length of the
missing skeleton fragments and the disintegrating hu-
man remains are of particular importance because of the
increase in the number of catastrophic natural or man-
made events which have caused massive numbers of
death. These disasters, which include floods, tsunamis,
earthquakes, plane crashes, train accidents, and terrorist
attacks, often require victims to be identified from frag-
mented human remains (2-5). Many studies have used
body remains, especially long bones to estimate stature.
For example, some studies have successfully estimated
the stature from hand, finger and phalange length (5-11),
some from isolated long bone or other bones (12, 13),
and some from percutaneous body measurements (3, 14).
Some studies have also presented estimation of stature
using radiographic material (15, 16). Estimation of stat-
ure will be helpful to develop the anthropometrical data-
bases. Moreover, as these databases become population
specific, it becomes imperative to collect data from more
populations to create a comprehensive database. There
are many inherent population differences across differ-
ent populations. This creates a need to for different for-
mulae to be derived from different populations. There is
currently very little data that can be used for the estima-
tion of stature from various parts of the body available in
our country (1, 4). The aim of this study is to determine
whether or not anthropometric measurements of second-
and fourth-hand fingers can be used to estimate height.
The present study was undertaken to create a regression
equation for the determination of relationships between
stature and (2D) and (4D) lengths in Turkey. From this
direction, with the low error margin for size estimation,
it is necessary to formulate regression formulas suitable
for our population.

2. Materials and Methods

The study sample consisted of 140 young adults
(males: 70; females: 70) aged between 19 and 21 years
old that were students at Cukurova University, Faculty
of Health Science between March and July of 2018. Stu-
dents whose measurements were taken are all agreed to

participate in the study and were randomly selected. Ap-
proval was obtained from the study sites, Cukurova Uni-
versity, Faculty of Health Science and Ethics Committee
of Cukurova University, Faculty of Medical School. 2D
and 4D lengths were measured on the ventral surface of
the hand from the basal crease of the digit to the tip of the
second and fourth digits in both right and left hands using
a digital vernier caliper that measured to 0.01 mm (TTI
Vernier caliper, 0-200 mm), as described by Manning et
al. (1998) and Kosif and Diramali, (2012). (17, 18). (2D)
and (4D) length data were categorized based on subject
sex and subjected to statistical analysis.

2.1. Statistical Analyses

The data were statistically analyzed for correlation,
regression, paired t-test and one-way analysis of vari-
ance (ANOVA). The descriptive analysis was done to
obtain mean, standard deviation and measurement range.
ANOVA was used to analyze the differences in stature,
(2D) and (4D) between the male and the female sub-
jects. Paired t-test was used to assess the differences in
the length of the (2D) and the (4D). Pearson’s correla-
tion analyses were performed to determine the relation-
ship between stature, (2D) and (4D). Linear regression
models were derived to individually estimate stature from
(2D) and (4D), multiple regression models were derived
to estimate stature from a combination of (2D) and (4D)
as co-variables. Difference were deemed statistically sig-
nificant with p-values < 0.05. The statistical analysis was
done using SPSS (Statistical Package for Social Sciences,
version 21.0) computer software (SPSS, Inc., Chicago,
IL, USA).

3. Results

Descriptive characteristics of parameters studied in
males and females are shown in (Table 1). Mean (£SD)
age of the study sample were 19.80 (£ 2.13) for males and
19.42 (+ 1.94) for females respectively. The results from
this investigation reveal that stature is significantly higher
in males than in females and ranged from 164 cm to 183
cm in males and 151 cm to 178 cm in females (p<0.001).

The mean (2D) length on the right and left hands
were 71.60+4.44 mm and 72.41£5.07 mm, respectively,
in males. The mean (2D) length on right and left hands
were 67.9543.78 mm and 68.06+3.94 mm, respectively,
in females. The mean (4D) length on the right and left
hands were 72.15+4.86 mm and 71.65+4.65 mm, respec-
tively, in males. The mean (4D) length on the right and
left hands were 68.67+4.03 mm and 68.35+3.91 mm, re-
spectively, in females. Finger length measurements (2D,
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4D) were higher in males than females and these sex dif-
ferences are statistically significant (p<0,001).

Linear and multiple regression equations for estima-
tion of stature (cm) from measurements of right and left
second and fourth digit lengths in males and females are
presented in Table 2 and in Table 3. The highest correla-
tion coefficients between stature and digit length were on

the right second digit (R2D) (r= 0.505) in males and on
the left second digit (L2D) (1= 0.596) in females (Table 2).
Table 4 presents the estimated stature using linear and
multiple regression equations.
The linear and multiple regression equations showed
significant (P<0.001) ability to predict stature from the
right and left 2D and 4D.

Table 1. Descriptive characteristics of parameters studied in males and females. Values in parenthesis are minimum to

maximum.
Male (n=70) Female (n=70) ¢ p
Mean + SD Mean + SD
Age 19,80 +2,13 19,42 + 1,94 1,077 0,283
Height (cm) 176,0 6 = 5,88 163,31 + 6,19 12,51 <0,001
Weight (kg) 73,44 £ 11,70 58,44 +9,60 8,28 <0,001
Right 2D (mm) 71,60 + 4,44 67,95+3,78 5,24 <0,001
Right 4D (mm) 72,15+ 4,86 68,67 + 4,03 4,61 <0,001
Left 2D (mm) 72,41 +5,07 68,06 + 3,94 5,66 <0,001
Left 4D (mm) 71,65 + 4,65 68,35+3,91 4,54 <0,001

Table 2. Linear regression equations for estimation of stature (cm) from measurements of right and left second and

fourth digit lengths in males and females.

Equations SEE | t | r r? p
Males ( n=70)

St=127,961 + 0,668 * (R2D) 5,11 4,827 0,505 0,255 <0,001
St= 135,841 + 0,554 * (R4D) 5,26 4,257 0,458 0,198 <0,001
St=137,095 + 0,535* (L2D) 5,25 4,286 0,461 0,201 <0,001
St= 141,059 + 0,485* (L4D) 5,47 3,453 0,383 0,134 <0,001
Female (n=70)

St= 113,947+ 0,727* (R2D) 5,59 4,080 0,443 0,197 <0,001
St=112,900 + 0,734 * (R4D) 5,48 4,484 0,478 0,228 <0,001
St=99,657 + 0,935 * (L2D) 5,01 6,117 0,596 0,355 <0,001
St=105,356 + 0,848 * (L4D) 5,26 5,243 0,537 0,288 <0,001

*St= Stature, R2D= Right second digit, R4D= Right fourth digit, L2D= Left second digit, L4D= Left Fourth digit.

Table 3. Multiple regression equations for estimation of stature (cm) from measurements on 2D and 4D in males and

females.
Sex n Equations SEE t r r’ p
Males 70 St=127,608+0,581*(R2D)+0,091*(R4D) 5,14 12,69 0,506 0,257 <0,001
St =138,344+0,606*(L2D)+-0,089*(L4D) 5,29 2,388 0,462 0,214 <0,001
Females 70 St=95,699+0,459*(R2D)+0,530*(R4D) 5,29 7,33 0,538 0,289 <0,001
St=91,673+0,677*(L2D)+0,374*(L4D) 4,93 8,180 0,620 0,384 <0,001

*St= Stature, R2D= Right second digit, R4D= Right fourth digit, L2D= Left second digit, L4D= Left Fourth digit.

Table 4. Estimated stature using linear and multiple regression equations

n=70 L2D L4D R2D R4D L2D+L4D R2D+R4D Actual stature
Male 176,97 177,21 174,66 174,55 179,34 178,91 176,06+5,88
Female 163,53 163,29 165,88 162,65 160,04 161,42 163,31+6,19
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4. Discussion

This study was conducted to determine if there is a
relationship between (2D) and (4D) lengths with human
height and determine if these parameters can be used to
predict height, as different body parts have been used for
the prediction of height and the possible identification of
individuals in forensic investigations. In a study it was
found that estimation of stature from index and ring fin-
ger measurements can be a useful approach when part of
the hand with intact fingers is brought for examination in
cases where other body parts are not available for medi-
colegal examination (10).

Earlier studies conducted on finger length dimensions
in different populations report larger finger dimensions in
males rather than females. According to Danborno et al.
(2008), in Nigeria, Jee et al. (2015) in Korea and Kanchan
et al. (2008), in India and found that finger lengths are
longer in males rather than females (5, 11, 20). Our find-
ings are similar with other studies and support their ob-
servations. Most anthropometric studies show that almost
all of the measurements taken from men are higher than
the measurements taken from women. This is explained
by the fact that the closure of bone epiphysis is earlier in
women than in men, and it is thought that men have more
than two additional years of bone development due to this
later closure (21).

Extensive work has been carried out from hand meas-
urements to estimate stature (4, 5, 8-11, 17, 19-21). Many
researchers have used the ratio of the length of the sec-
ond digit to the fourth digit (2D:4D) (18). Digit ratio has
also been associated with higher levels of putatively an-
drogen related outcomes such as left-handedness (22),
enhanced and athletic ability (23). In a study carried out
by Manning and Taylor (2001), it was indicated that the
males who have low 2D:4D ratios are more successful
in many sports and have better balance and coordination
skills, which is a positive feature in sports (23). Accord-
ing to Kosif and Diramal1 (2012), they did not detect any
significant difference between males and females for the
2D:4D ratio (18). In contrarely with other studies, they
have calculated all of the digit ratios. The 2D:5D, 3D:5D,
and 4D: 5D ratios were found to be significantly smaller
in the left-handed females when compared to the right-
handed females. Kosif and Diramali also observed dif-
ferences only for the fifth digit length. According to their
results, they claim that there is an asymmetry between
left- and right-handed adults for digit length. They report
that left-handed women may have better sporting abili-
ties, due to the left hand in left-handed women, and they
might be more successful, particularly in sports that re-
quire grasping a ball (18).

In present study, all the measurements exhibit sta-
tistically significant correlation coefficients with stature
(p<0.05). The highest correlation coefficients between
stature and digit length were on the right second digit
R2D (= 0.505) in males and on the left second digit L2D
(r=0.596) in females (Table 2).

In our study, it was revealed that the correlation coef-
ficients between the length of the fingers and the stature
taken from women were higher than in men. Similar re-
sults were obtained by Christal et al. (2018), Bardale et al.
(2013), Sen et al. (2014) for (2D) and (4D) length (8,9,10).
However, Danborno et al. (2008), Raju et al. (2014) and
Krishan et al. (2012) and in their studies found that the
correlation coefficient was higher in males than in females
(5, 19, 21). This may be related to the anatomical and the
inter-communal physical structure of these societies.

Comparisons of actual stature and stature estimated
from regression equations were performed and are pre-
sented in Table 4. The mean estimated stature was close
to the actual stature. It was calculated that the stature es-
timation could be determined with an estimated standard
error of around 5 cm. We also note that the left second
digit in females exhibit a low Standard Estimated Error
(SEE) (£5.01 cm) and relatively higher correlation coef-
ficients between stature, which gives the best predictive
model using linear regression equations (Table 3). In
males with the lowest SEE (£5.11) the predictive model
was measured for the (R2D) (Table 3). It was determined
that the relationship between stature and measurements
taken from the females were higher than males.

The estimated stature (using linear regression equations)
was closer to the actual stature than the estimated stature
using multiple regression equations. In addition, a more ac-
curate stature could be estimated using regression equations
from the (2D) and (4D) lengths in females than males.

As a result, both regression models can be used to
estimate the height from the second and fourth finger
lengths in both genders. It should be noted, however, that
anthropometric measurements vary according to socie-
ties. These variations originate from genetic and environ-
mental factors. Therefore, these regression equations are
only useful for our own population. Although anthropo-
metric evaluations do not yield definitive results in iden-
tification, when used in conjunction with other methods,
these evaluations reduce the number of individuals that
are matched and saves human resources, time and money.
Estimation of stature from (2D) and (4D) finger measure-
ments can be a useful approach for forensic and medico-
legal examination. For example, when part of a hand with
intact fingers is brought for examination in cases when
other more reliable samples like long bones or other body
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parts are not available these measurements could be help-
ful for identifying unknown bodies.

In conclusion, we believe that this study will be useful

for forensic scientist, anthropologists as well as the anato-
mists in ascertaining medico-legal cases.
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