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Stature Estimation from Hand and Foot Dimensions Reveals a Similar
Allometric Relationship in Sudanese Arabs and Somalis

L’estimation de la stature a partir des dimensions du pied et de la main met en évidence
une méme relation allométrique chez les Soudanais arabes et les Somalis

F.V. Ramirez Rozzi - D. Gassimalla - N. Abdalazeem - F. Elamin

Abstract Population-specific anthropometric standards
serve as a guide to forensic practitioners for identification
purposes. However, few studies have observed on whether
the relationship between stature and body parts differs
among populations. Our aim is to first assess the validity
of using hand and foot dimensions to estimate stature in
two geographically similar but linguistically different popu-
lations, Sudanese Arabs and Somalis, and then secondly to
assess whether the relationship between hand and foot
dimensions and stature differ among these populations. Stan-
dard anthropometric measurements were used to assess sex-
ual dimorphism. Regressions were performed to establish
the relationship between body parts and stature and were
compared among the populations to describe the allometry.
Comparisons between regression coefficients reveal that 1)
stature has the same relationship with hand and foot lengths
in each population and 2) the relationship between stature/
hand length and foot length is the same (isometric) in both
populations. These results suggest a close affinity between
the two groups. Hand and foot length can be used to estimate
the stature of individuals but not to identify sex or differen-
tiate one population from the other.

F.V. Ramirez Rozzi (D<)

UMR 7206 Ecoanthropologie, CNRS-MNHN,
musée de ’'Homme, 17, place du Trocadéro,
F-75116 Paris, France

e-mail : fernando.ramirez-rozzi@mnhn.fr

D. Gassimalla - N. Abdalazeem - F. Elamin (D)
Khartoum Centre for Research and Medical Training,
Qasr Street, Khartoum, Sudan

e-mail : fadilelamin@yahoo.co.uk

F. Elamin

Queen Mary University of London, Institute of Dentistry,
Bart’s and The London School of Medicine and Dentistry,
London, E1 2AT, United Kingdom

El-Razi Dental School, Elazhari 2, Khartoum, Sudan

Keywords Stature estimation - Sudanese Arabs - Somalis
Allometry

Résumé Des référentiels anthropométriques servent aux
médecins légistes a établir le profil biologique des individus.
Cependant peu d’études ont observé si la relation entre la
stature et les dimensions des parties du corps sont différentes
entre les populations. Cette étude évalue en premier lieu la
validit¢ de l’utilisation des dimensions des mains et des
pieds pour estimer la stature de deux populations géographi-
quement similaires mais linguistiquement différentes, les
Arabes soudanais et les Somaliens. Elle évalue ensuite si le
méme rapport est présent dans les deux populations. Des
mesures anthropométriques standard ont été utilisées pour
évaluer le dimorphisme sexuel. Des régressions ont été
effectuées pour établir la relation entre les dimensions des
parties du corps avec la stature et ont été comparées entre
les populations pour décrire les processus allométriques. La
comparaison des coefficients de régression révele que : 1) la
stature entretient la méme relation avec les longueurs des
mains et des pieds dans les deux populations ; 2) la relation
entre le ratio stature/longueur des mains et la longueur des
pieds est la méme (isométrique) entre les populations. Ces
résultats suggeérent une affinité étroite entre ces groupes. La
longueur des mains et des pieds peut étre utilisée dans 1’es-
timation de la stature des individus, mais ne permet pas
I’identification du sexe et la distinction entre les populations.

Mots clés Estimation de la stature - Soudanaises arabes -
Somalies - Allométrie

Introduction

The relationship between stature and the size of body parts is
an important factor for identification purposes. Mutilated
bodies from catastrophes and terror attacks may have to be



identified from a single body part. Forensic practice requires
an accurate biological profile of victims to be established.
Ancestry, sex, age and stature are the “Big Four” of identifi-
cation in forensic anthropometry.

Adult stature results from complex interactions between
genetic, epigenetic and environmental factors. Average adult
stature differs between human populations [e.g. 1-5]. The
differences in stature and the size of body parts of popula-
tions living in distinct latitude and climatic conditions show
the influence of environmental factors [3,6]. This environ-
mental conditioning can also be observed in populations
with a similar phenotype, such as Pygmy populations from
East and West Africa where the phenotype is acquired by a
distinctive process and reveals convergent evolution [7]. On
the other hand, populations living in similar environments
exhibit different average adult statures. This is reported
among Pygmies and Bantu-speaking neighbours [e.g. 8,9]
and suggests a genetic difference [10].

As stature and body proportions vary between popula-
tions, the mathematical formulae predicting stature from
body part sizes need to be population-specific. Identifying
human remains using regression equations from different
populations can cause misidentification. In other words, esti-
mations made by extrapolating from the equation for a dif-
ferent population will affect forensic diagnosis and
identification.

Anthropometric data suggest highly correlated relation-
ships between stature and different anatomical parts in popu-
lations around the world. It is still unclear that whether this
relationship is similar among different populations. From the
perspective of forensic medicine, establishing the accuracy
of regression equations is important. In anthropology, differ-
ent relationships between stature and body parts could be
attributed to changes in scaling, suggesting allometric differ-
ences between populations. Changes in scaling can be asso-
ciated with particular environmental adaptations as sug-
gested by Bergmann’s and Allen’s rules for our broadly
distributed species [11].

Anthropometry has been established for Europeans and
other populations in the world, but is notably lacking for
populations in regions of armed conflict, and Sudan is no
exception. The only body of work from this region is by
Ahmed and his colleagues [12—-15] who have published
many regression equations to estimate stature from cranio-
cephalic, lower limb and upper limb measurements of Suda-
nese Arabs. The majority of cranio-cephalic dimensions and
all upper and lower limb measurements show correlations
with stature. The coefficient of determination is very low for
cranio-cephalic dimensions and the highest values corre-
spond to tibia and foot length (no other lengths have been
obtained for lower members). Based on correlation coeffi-
cients and coefficients of determination, Ahmed [12] sug-
gests that some dimensions are more reliable than others to

estimate stature. However, no tests have been performed to
validate this suggestion. Ahmed and his colleagues have
contributed to the knowledge on Sudanese morphology but
no regional studies exist for comparison.

The aim of this study was to assess the relationship
between stature and anthropometric measurements of
hands and feet in two East African groups—Sudanese
Arabs and Somalis. Correlations among traits were estab-
lished for each population and linear regression formulae
were constructed to assess the estimation of stature from
the measurements of hands and feet. The populations were
compared to establish any similarity between stature and
hand or foot lengths between populations. The allometry
was analyzed to compare scaling effects.

Material and Methods

The subjects recruited for the study were healthy adult Suda-
nese Arab and Somali volunteers (over 18 years of age) liv-
ing in Khartoum, Sudan. The study was conducted in a den-
tal referral clinic in Khartoum between September and
November 2017. Prior informed consent was obtained
from each individual participating in the study. Permission
for the research was obtained from the Ethical Committee
Board of the Khartoum Centre for Research and Medical
Training in accordance with the guidelines of the Federal
Ministry of Health of Sudan. We are aware that the sample
size, especially for Somali people, is low for forensic medi-
cine standards, but access to a Somali population is very
limited. Both countries suffer from political instability,
with a relatively small Somali student diaspora and migrants.
To avoid comparing two populations with a different sample
size, the number of Sudanese Arabs included in the study
was made close to that of Somalis. Stature, weight and
hand and foot lengths and widths were measured once by
the same observer (N.A.) in 99 Sudanese Arabs (Female =
49, Male = 50) and 69 Somalis (Female = 28, Male = 41).
We are aware that intra and inter-observer tests are needed
for the method to be valid and that without these tests, mea-
surements become observer-dependent. Our study therefore
presents this limitation, which is the same as in almost all
previous studies on Sudanese and other non-European popu-
lations [e.g. 12—15], since these avoid inter-observer varia-
tion (measurements taken only by one observer) and no
intra-observer test is carried out. Furthermore, studies
based on anthropometric measurements are extremely lim-
ited for these two populations, because of the historical rea-
sons and the current political and social situation, hence, few
data are available on Sudanese Arabs and even fewer on
Somalis. Weights were measured with an electronic scale
to the nearest 0.1 kg, height with a steel height gauge to
the nearest 0.1 cm and hand and foot length with digital



sliding callipers to the nearest 0.1 cm. All the measurements
were taken using standard anthropometric points as
described by Vallois [16].

The Shapiro—Wilk test was carried out to assess normal-
ity. As the proportion of normal distribution was low, sexual
dimorphic differences were analyzed using the Mann—Whit-
ney test (a = 0.05), which was also used to compare popula-
tions. Pearson’s correlation coefficients were used to assess
the correlations between stature and each hand and foot
measurement.

Stature is one of the three main biological profiling char-
acteristics that can be estimated from the anthropometry of
body parts. Since height correlates with hand and foot length
in both study populations (see below), regression analyses
were made in order to observe a) whether stature has a simi-
lar relationship with hand length in both sexes, and b)
whether the degree of relationship between stature and the
latter measurement is the same in both populations. In other
words, only comparison between regressions (and not
between correlations) can be used to assess whether one rela-
tionship is more significant than another. The left size was
used for regression analysis. The degree of significance of
the difference in slope and interception of the Y-axis between

two lines of regression can be obtained with covariance anal-
ysis (ANCOVA), called the “univariate general linear
model” in SPSS (version18). This software also allows com-
parisons of regressions from variance analysis (ANOVA), in
which a dummy variable is binary-coded (0 or 1) and another
variable results from the product of the dummy variable and
the independent variable accompanying covariates. The
dummy variable serves to separate the two groups to be com-
pared. To perform this analysis, a linear regression must be
the starting point. In the resulting table, the dummy variable
coefficient indicates the degree of significance of the differ-
ence intercepts with the Y-axis, while the coefficient of the
product of this variable and the independent variable gives
the comparison regression coefficients (slope) (Introduction
to SAS. UCLA: Statistical Consulting Group; from http:/
stats.idre.ucla.edu/sas/modules/; accessed November 22,
2018).

A paired t-test (o = 0.05) was carried out to assess differ-
ences between real values for stature and the results obtained
with the regression equations.

The relationship between stature (height) and body parts
can also be investigated through allometric (scaling) analy-
sis. Allometry is the study of the relationship of body size to

Table 1 Descriptive statistics by sex for Sudanese Arabs / Statistiques descriptives par sexe chez les Soudanais

Variable Sex Mean SD ES Range M-W

Age (years) Male 27.1 6.83 18.2-52.8
Female 24.6 5.85 18.6-52.3

Stature (cm) Male 178.88 6.85 0.98 162-197 *
Female 162.60 5.08 0.72 153-172

Weight (kg) Male 70.57 12.11 1.73 52-116 *
Female 57.58 11.47 1.62 37-89

Right hand length (cm) Male 17.54 1.69 0.24 15-21.5 *
Female 16.78 1.21 0.17 13-18.5

Right hand width (cm) Male 7.13 1.02 0.15 5.4-9
Female 7.03 0.47 0.07 5.5-8

Left hand length (cm) Male 17.52 1.66 0.24 14.7-21
Female 16.83 1.19 0.17 13-19

Left hand width (cm) Male 7.06 1.02 0.15 5-9
Female 6.90 0.49 0.07 5-7.9

Right foot length (cm) Male 24.47 2.07 0.3 20-28.7 *
Female 22.68 1.47 0.21 18-25

Right foot width (cm) Male 7.71 1.49 0.21 5.5-12
Female 7.45 0.03 0.15 4.5-9

Left foot length (cm) Male 24.42 2.04 0.29 20.5-29 *
Female 22.5 1.57 0.22 18-25.3

Left foot width (cm) Male 7.50 1.33 0.19 5-10.2
Female 7.34 1.05 0.15 5-8.8

M-W: Mann—Whitney test; *: significant at P < 0.05




shape, or in other words the relationship between changes in
body size and changes in a ratio between body parts [17]. If
changes in body size are not followed by modifications in
the ratio between body parts, the process is called isometric,
where the shape remains the same when size changes. On the
other hand, if changes in body size produce changes in the
ratio between body parts, this is referred to as allometric,
where changes in body size are accompanied by changes in
shape (body proportion). Thus, stature corresponds to the
main trait and any change in size in a body part has to be
related to it. In allometric analysis, stature is considered as
the independent variable.

Allometry is best assessed by comparing In-transformed
data [18]. In our study, hand length (HL) and foot length
(FL) were considered for the allometric analysis. We
regressed In-stature with the ratio In-HL or In-FL/In-stature.
Least-square regressions were obtained by sex for Sudanese
Arabs and Somalis. If the regression coefficient is significant,
scaling of the traits is allometric; if regression coefficients are
not significant, scaling is isometric. Changes in stature among
adult individuals are expected to produce an isometric varia-
tion in HL and FL, in other words the ratio between these
measurements and the stature should remain the same inde-
pendently of changes in height. All statistical analyses were
performed with SPSS (version 18).

Results

Sexual dimorphism is not expressed in the same way in the
two populations. In Somalis, significant differences are
observed in all measurements except weight, whereas in
Sudanese Arabs, significant sexual dimorphism is recorded
in height, weight, right hand length and foot length
(Tables 1, 2). Comparisons between the populations sug-
gest that there are no significant differences between
males, but in females, significant differences are observed
in weight, hand length as well as in foot length and width,
with Sudanese Arabs showing higher values than Somalis
except for weight.

Significant correlations were found between measure-
ments of hands and feet in both populations (P < 0.01). In
Sudanese Arabs, hand length and foot length were correlated
with height. In Somalis, hand length was correlated with
height in both males and females, whereas foot length was
correlated with height only in females (Tables 3, 4).

Regression Coefficient
The regression equations are presented in table 5. Although

the correlations between height and hand length and foot
length are significant, the coefficient of determination (R?)

Table 2 Descriptive statistics by sex for Somalis / Statistiques descriptives par sexe chez les Somalies

Variable Sex Mean SD SE Range M-W

Age (years) Male 22.6 2.42 18.4-29
Female 24 5.65 18.3-53.1

Stature (cm) Male 176.1 7.77 1.21 162-194 *
Female 162.93 5.00 0.95 155-173

Weight (kg) Male 66.1 13.43 2.1 48-107
Female 64.82 14.62 2.76 42-92

Right hand length (cm) Male 17.32 1.59 0.25 13-20 *
Female 15.78 1.53 0.29 13-18.3

Right hand width (cm) Male 7.36 0.66 0.1 5.2-8.6 *
Female 6.86 0.5 0.09 5.3-7.8

Left hand length (cm) Male 17.49 1.46 0.23 13.8-20.5 *
Female 15.76 1.49 0.28 13.5-18.2

Left hand width (cm) Male 7.36 0.65 0.1 5.4-8.6 *
Female 6.71 0.51 0.1 5.3-7.8

Right foot length (cm) Male 24.05 2.04 0.32 19.7-28.3 *
Female 21.59 1.68 0.32 18.5-25

Right foot width (cm) Male 8.10 1.09 0.17 5.6-10.4 *
Female 6.47 1.34 0.25 4.3-8.7

Left foot length (cm) Male 24.25 2.00 0.31 19.9-28.5 *
Female 21.53 1.61 0.3 18.5-24.8

Left foot width (cm) Male 8.00 1.07 0.17 5.7-10 *
Female 6.45 1.36 0.26 4.5-9

M-W: Mann—Whitney test; *: significant at P < 0.05




Table 3 Pearson correlations by sex for Sudanese Arabs / Corrélations (Pearson) par sexe chez les Soudanais
Variable Sex S W RHL RHW LHL LHW RFL RFW LFL LFW
Stature Male 0.31 0.48 -0.16  0.44 0.1 046  0.07 047  0.02
Female 0.18 0.46 0.26 0.44 0.15 0.59 041 0.60  0.38
Weight Male * 0.28 0.03 0.21 -0.02 0.02 -0.04 0.05 —0.01
Female ns 0.28 0.29 0.28 0.24 0.13 0.32 0.14  0.32
Right hand length Male ¥k OF 0.50 0.97 0.44 0.75 0.58 0.77  0.68
Female *EOK 0.61 0.97 0.45 0.78 0.79 0.8 0.75
Right hand width Male ns ns ok 0.50 0.94 0.48 0.58 0.47  0.66
Female ns ¥ *x 0.63 0.87 0.34  0.50 037 054
Left hand length Male **  ng ** ** 0.43 0.73 0.58 0.76  0.70
Female **  ns ** *x 0.45 0.77 0.79 0.79  0.76
Left hand width Male ns ns ok *x *x 044  0.51 0.44  0.56
Female ns ns ok wok ok 0.24 0.43 0.27 0.46
Right foot length Male ¥k ng ok ok ok ok 0.55 0.98  0.65
Female **  ng *x *x *E 0.74 098  0.68
Right foot width Male **  ns *E *E *E *E ok 0.56  0.83
Female REOK ** ** ** ** ** 0.79 094
Left foot length Male *¥*  ns ** ** ** ** *k *x 0.66
Female **  ns *E *x *x ns *E ok 0.75
Left foot width Male **  ng ** ** ** ** *ok ** **
Female k3k % 3k kK 3k 3k 3k kK k3k
S: stature; W: weight; RHL: right hand length; RHW: right hand width; LHL: left hand length; LHW: left hand width; RFL: right foot
length; RFW: right foot width; LFL: left foot length; LFW: left foot width. * P < 0.05 ; **: P <0.01; ns: non-significant / S : stature ;
W : poids ; RHL : longueur main droite ; RHW : largeur main droite ; LHL : longueur main gauche ; LHW : largeur main gauche ;
RFL : longueur pied droit ; REW : largeur pied droit ; LFL : longueur pied gauche ; LFW : largeur pied gauche. * : P < 0,05 ; ** :
p < 0,01 ; ns: non significatif.

is low. This means that only a small proportion of the
observed variation in stature can be estimated by hand or
foot length. Around 20% of the stature can be predicted
from hand length in all the Sudanese Arabs and male Soma-
lis and around 30% from hand length and foot length in
female Somalis.

Comparisons among the regressions show that they do
not differ between the sexes or between Sudanese Arabs
and Somalis (Table 5, Figs 1, 2). In other words, the relation-
ship between stature and hand length and foot length is sim-
ilar in both sexes and in both populations. The regression
equations were therefore obtained for the sexes pooled
together (Table 5). A paired ¢-test showed no significant dif-
ferences between the real values for stature and the results
obtained with the regression equations (Table 6).

Allometry

Almost all the regressions are non-significant, suggesting
that changes in height are not accompanied by any change
in proportion and that the relationship is therefore isometric
(Fig. 3). There are two significant regressions, one between

stature and the foot length/height ratio in female Sudanese
Arabs and the other between stature and the hand length/
height ratio in female Somalis, which suggests an allometric
relationship. However, detailed analysis of the data revealed
that these two significant regressions are the product of a few
extreme values in a small sample size (type I error); both
regressions have a low coefficient of determination (R <
0.2). Furthermore, the comparison of regressions for hand
and foot measurements between sexes and populations fail
to show any significant differences between them. There-
fore, changes in size and shape follow the same scaling, so
that the relationship is isometric.

Discussion and conclusions

The expansion of forensic studies in recent years has greatly
increased the production of studies on anthropometry linked
to the identification of the sex, age, stature and ancestry of
individuals. In particular, hand and foot dimensions have
been widely tested for use as proxies for stature in many
different populations (see Asadujjaman et al. [19] for a



Table 4 Pearson correlations by sex for Somalis / Corrélations (Pearson) par sexe chez les Somalies
Variable Sex S W RHL RHW LHL LHW RFL RFW LFL LFW
Stature Male 0.46 0.48 0.22 0.43 0.29 024 022 029 0.26
Female 0.36 0.43 0.15 0.52 0.28 0.59 0.37 0.57 049
Weight Male ok 0.34 0.39 0.36 0.45 0.55 0.59 0.52 0.55
Female ns 0.34 0.19 0.34 0.45 0.32 0.21 0.35 0.34
Right hand length Male ** * 0.44 0.90 0.44 0.53 0.51 0.67 0.54
Female ** * 0.38 0.93 0.34 0.57 0.46 0.57 049
Right hand width Male ns * *x 0.49 0.92 035 0.57 0.53 0.57
Female ns ns ** 0.34 0.84 0.31 0.56 0.34 0.55
Left hand length Male *k * ** ** 0.54 0.54 0.57 0.71  0.62
Female *k * *E ** 0.32 0.66 04 0.65 041
Left hand width Male ns *E *x ok *x 032 0.59 0.50 091
Female * * ** ** ** 034 0.5 036 047
Right foot length Male ns ok ok * ok * 0.69 0.84  0.61
Female ok *x *x * *x *x 0.49 0.94 0.39
Right foot width Male ns *x *x ok Hx ok Hx 0.74 095
Female ns * ** ** ** ** ** 046 0.85
Left foot length Male ns ** *x *ok *x ** *E *x 0.69
Female skk kk kk %k skk sk kk skk 041
Left foot width Male ns ok ok Hk ok Hk ok ok
Female * * kK * kK k3k kK kK k3
S: stature; W: weight; RHL: right hand length; RHW: right hand width; LHL: left hand length; LHW: left hand width; RFL: right foot
length; REFW: right foot width; LFL: left foot length; LFW: left foot width. *: P < 0.05; **: P < 0.01; ns: non-significant / S : stature,
W : poids, RHL : longueur main droite, RHW : largeur main droite, LHL : longueur main gauche, LHW : largeur main gauche, RFL :
longueur pied droit, RFW : largeur pied droit, LFL : longueur pied gauche, LFW : largeur pied gauche. * : p < 0,05 ; ** : p < 0,01 ;
ns : non significatif.

review on hand dimensions [e.g. 20-23]). Hand length and
foot length are described as presenting the highest coeffi-
cients of correlation and determination. Of these two mea-
surements, foot length has the highest coefficient of determi-
nation in linear regressions but it is never higher than 0.590
[24]. At present, it is not possible to draw any general infer-
ences from the body of works on forensic anthropology
about the relationship between stature and hand and foot
length, since the determination coefficients sometimes differ
widely between sexes for the same population or even
between right and left sizes in the same sample of indivi-
duals [e.g. 13,24]. Furthermore, the majority of forensic
studies are focused on a single population, and although
some authors compare their results with previous works,
raw data from different populations are rarely available.
Studies covering more than one population therefore have
limited possibilities for comparisons of average values and
for inferring a higher or lower coefficient of correlation (see
below). In other words, few studies have addressed compar-
isons of the pattern of relationships between stature and hand
or foot length among different populations.

In the first published data on Sudanese Arabs, Ahmed
[12-14] showed the potential of hand and foot measure-
ments from Sudan to estimate stature. No data exist from
Somalia. Our results, as indicated above, are based on the
measurements taken only once and by one observer, so that
intra and inter-observer variability have not been assessed
(see Methods). However, for stature and hand and foot
length, they are very close to those previously reported. We
confirm that length measurements produce higher correla-
tions with stature than width measurements and are therefore
more suited to estimations of adult height in both groups,
Sudanese Arabs and Somalis. However, the coefficient of
determination is low, implying limited potential usefulness
of regression equations to determine stature from hand or
foot length. Figures 1, 2 show the dispersion of hand and
foot length measurements for stature. Ahmed [12,13] reports
higher coefficients of determination but the paired #-tests do
not appear to be more accurate: in fact the paired #test in our
study shows an extremely small average difference when
real values are compared to calculated values. This suggests
that the equations presented in table 5, although limited in



Table 5 Comparisons between regression coefficients / Comparaison entre les coefficients de régression

Features Sex Regression equation R? SEE 1C95% P Sign
Sudanese Arabs S - LHL Male S =147.257 + 1.804 LHL 0.191 0.927 ns
Female S =130.977 + 1.879 LHL  0.194
F-M S =118.619 + 3.03 LHL 0.195 0.625 1.241
S - LFL Male S = 140.303 + 1.58 LFL 0.220 0.529 ns
Female S =118.525 + 1959 LFL  0.364
F-M S =95.025 + 3.225 LFL 0.423 0.382 0.758
Somalis S - LHL Male S =135.929 + 2.297 LHL 0.185 0.696 ns
Female S =133.133 + 1.891 LHL 0.315
F-M S =111.435 +3.534 LHL 0.406 0.522 1.042
S - LFL Male S =148.777 + 1.127 LFL  0.084 0.478 ns
Female S =124.566 + 1.782 LFL  0.329
F-M S =111.708 + 2.551 LFL  0.385 0.394 0.786
Sudanese Arabs S - LHL Male S =147.257 + 1.804 LHL 0.595 ns
Somalis S - LHL Male S =135.929 + 2.297 LHL
Sudanese S - LHL Female S =130.977 + 1.879 LHL 0.988 ns
Arabs
Somalis S - LHL Female S =133.133 + 1.891 LHL
Sudanese S - LFL Male S =140.303 + 1.58 LFL 0.532 ns
Arabs
Somalis S - LFL Male S =148.777 + 1.127 LFL
Sudanese S - LFL Female S =118.525 + 1.959 LFL 0.776 ns
Arabs
Somalis S - LFL Female S =124.566 + 1.782 LFL

S: stature; LHL: left hand length; LFL: left foot length; SEE: standard error of the estimate; P: p-value for comparison between regres-
sion equations (males vs females or Sudanese Arabs vs Somali); ns: non-significant / S : stature ; LHL : longueur main gauche ;
LFL : longueur pied gauche ; SEE : erreur type de l’estimation ; p : p-valeur de la comparaison entre les équations de régression
(hommes—femmes ou Soudanais—Somalies) ; ns : non significatif

Table 6 Paired t-test between real stature and stature estimated from regression equation / t-test apparié entre la stature et la stature
estimée avec les équations de régression

Features Dif. Average Correlation Sign Sig. r-test
Sudanese Arabs S - LFL 0.00369 0.651 P < 0.001 0.996
Somalis S - LFL 0.00291 0.62 P <0.001 0.997
Sudanese Arabs S - LHL 0.00498 0.441 P <0.001 0.996
Somali S - LHL 0.00136 0.637 P <0.001 0.999

S: stature; LFL: left foot length; LHL: left hand length / S : stature ; LFL : longueur pied gauche ; LHL : longueur main gauche

their power to produce a stature estimation for individuals,
can be used at the population level.

Our results also confirm that all measurements for Suda-
nese Arabs are highly correlated [14]. The strong correlation
between upper and lower limb dimensions has also been
observed in many other populations [e.g. 24-26]. Compar-
isons of regression coefficients show that those for hands
and feet are similar irrespective of sex. This probably sug-
gests that the dimensions of limb parts are highly integrated

genetically and that establishing a single regression equation
for each population would enable the size of different parts
to be estimated, as stature maintains similar relationships
with hands and feet independently of sex.

Sexual dimorphism was observed in almost all metric
dimensions in the Somalis but in the Sudanese Arabs it
was only present in height, weight and foot length. Sexual
dimorphism does not contradict the suggestion that stature
maintains the same relationship with other body parts in both
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sexes (isometry). Sexual differences along the same isomet-
ric scale have already been described for other traits in
humans [e.g. 27,28]. Similar coefficients of regression for
hand and foot length in both sexes in both populations sug-
gest that sexual differences in dimensions are expressed
along the same scale.

In some populations, stature, body part dimensions and/
or body proportions are highly distinctive [7,29], which
suggests that the relationships between stature and body
parts expressed through correlation/regression coefficients
is population-specific [30-32]. This is not the case between
Sudanese Arabs and Somalis: the analysis of regression
coefficients carried out in the present study suggests that
the relationship between stature and hand and foot length
is same in these two populations. It is worth emphasizing
the importance of this analysis because some authors have
advanced an interpretation of their results based only on the
different raw values of the correlation coefficients without
conducting any tests to assess the significance of the differ-
ences. Some studies even interpret differences between
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Fig. 2 Linear regressions between stature and left hand length by
sex. The regression between populations do not differ and the rela-
tionship between stature and hand length is similar in the two popu-
lations. Measurements in cm / Régression linéaire entre la stature
et la longueur de la main gauche par sexe. Les régressions ne sont
pas différentes entre les populations, la relation entre la stature
et la longueur de la main est similaire chez les deux populations.

Mesures en cm.

correlation coefficients as differences between populations
[e.g. 15,33], so that a higher correlation coefficient is incor-
rectly interpreted as an indication of a more important rela-
tionship [e.g. 23]. Whether differences exist cannot be
assessed from the raw values of coefficients: any compari-
son between coefficients has to be done following a statis-
tical method (ANCOVA or the one used in this study). In
other words, previous studies based only on correlation
coefficients cannot determine whether differences exist
among populations, so that the use of different correlations
to estimate stature from body parts is not warranted at
present.

Allometric analysis shows that both populations follow a
variation in hand and foot length that expresses changes in
height isometrically. This indicates that changes in stature
are accompanied by proportional changes in hand and foot
dimensions [e.g. 34,35].

Few studies have investigated genetic diversity in East
Africa. In Sudan, the four main African language families
are present, which suggests a complex history of migration
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mais cela est dii aux deux valeurs extrémes ; la comparaison entre les régressions ne révele aucune différence entre elles, ce qui suggere

que toutes les relations suivent un rapport isométrique.

and admixture. Babiker et al. [36] have analyzed 15 micro-
satellites in several ethnic groups from Sudan, and compared
them to published results from neighbouring populations
including Somalis. They reported the Somali people as the
most genetically distinct from other northeast African
groups. Dobon et al. [37] observed that Sudanese Arabs
and Ethiopians share the same polymorphisms and are
clearly distinct from other groups. This study was based on
an analysis of 200,000 single-nucleotide polymorphisms
from the region. A language link also exists, as Sudanese
Arabs and Ethiopians speak languages that are included in
the Afro-Asiatic family. A genetic study of the Y chromo-
some in the region has revealed a strong correlation between
genetic and linguistic structure [38]. Since Somalis also
speak a language that belongs to the Afro-Asiatic family,
the strong link between genetic and linguistic traits could
predict a close affinity between Somalis and Sudanese
Arabs. Like the genetic studies, our study on body measure-
ments also point to a close affinity between these two
populations.

To summarize, hand and foot lengths can be used in esti-

mations of the stature of individuals of Sudanese Arab and
Somali origin, but any prediction requires caution because of

the low values of the coefficient of determination. The
regressions expressing the relationship between stature and
hand and foot lengths are similar in both populations and
sexes, suggesting a close affinity among these groups. The
identification of sex and differentiation of one population
from the other is not possible using hand and foot anthro-
pometry alone.
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