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different combinations of upper limb part
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Abstract
Estimating stature based on body/limb parts can help define the characteristics of unidentified bodies. The most studied upper limb
part is the hand, although few studies have examined whether stature can be estimated using fingers plus other hand dimensions.
Moreover, there is paucity in anthropometric studies that determined whether bilateral whole limb parts (e.g., arms, forearms, and
hands) are related to stature among the living subjects.
This prospective cross-sectional study aimed to evaluate the relationship between different upper limb measurements and the

stature of Saudi men. Furthermore, I assessed whether upper limb asymmetry was present, and developed regression models to
estimate stature based on different available measurements. Stature and 13 upper limb parameters were measured for 100 right-
handed Saudi men who were 18 to 24years old.
All measurements were positively correlated with stature (P< .001), and the best single predictor was the bilateral ulnar length.

Asymmetry was more pronounced in the hand measurements. A multiparameter model provided reasonable predictive accuracy
(±3.77–5.68cm) and was more accurate than single-parameter models. Inclusion of the right-side fingers improved the model’s
accuracy.
This study developed potential models for estimating stature during the identification of bodies of Saudi men.

Abbreviations: R = coefficient of reliability, r = correlation coefficient, R2 = greatest coefficients of determination, SEE = standard
error of the estimate.
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1. Introduction

The fundamental goal of any investigation that involves an
unidentified human corpse is to establish identification, regard-
less of the condition of the remains. However, this task is
complicated when there are multiple remains (e.g., because of
natural disaster, war, mass accidents, or genocide) or when the
integrity of the remains has been compromised (e.g., because of
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mutilation or explosion). In these scenarios, multiple biological
parameters must be used to deduce a presumptive identity, which
can involve age, stature, and personal characteristics, such as
previous dental procedures, trauma, or chronic skeletal disease.
Stature allows forensic investigators to match the records of
possible victims based on 2 potential strategies. The first is based
on the degree of integrity and completeness of skeletal body parts,
which can be directly measured when all skeletal components are
recovered. A second strategy involves mathematically estimating
stature when the skeletal integrity and/or completeness is
jeopardised.[1] The mathematical estimation has become increas-
ingly popular, and can be based on different methods, such as
multiplication factors or regression models.[2]

Stature is mainly controlled by genetic factors, although it is
also influenced by environmental, nutritional, socioeconomic,
and climate factors,[3–6] which also influence the relationships
between stature and variable anatomical measurements.[7]

Relative to proximal body parts, distal limb bones or parts are
disproportionately influenced by various stressors, especially
nutritional and environmental factors, and these changes are
more pronounced in men.[8] Furthermore, secular changes are
observed in intralimb proportions and stature.[9] Unfortunately,
previous reports have indicated that population-specific genetic
and environmental factors can lead to large estimation errors
when estimation equations for one specific population are
applied to a different population.[10,11] Therefore, the best stature
estimation models are specific to a single population.
Many studies that have aimed to estimate stature used lower

limb bones or body parts, rather than upper limb bones/parts,
which was attributed to their direct contribution to stature and
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higher likelihood of being preserved (vs upper limb compo-
nents).[12–14] Nevertheless, forensic investigations may need to
consider other body parts/bones, such as craniofacial parame-
ters,[15] the vertebrae,[16] and/or the sternum.[17] Although there
is near-consensus in the literature that upper limb parts are less
accurate than lower limb parts for predicting stature, there is also
substantial population-specific variability in the relationships
between upper limb parts and stature. Furthermore, studies of
living subjects have generally evaluated hand-based parameters,
and only a few studies have incorporated long bone lengths and
breadths, or the use of multiple upper limb parts to estimate
stature. One study estimated stature among Turkish individuals
based on upper limb parameters, which included 4 lengths (total
arm, upper arm, forearm, and hand) and 2 breadths (wrist and
hand), and revealed that forearm length was most effective for
estimating the stature of male individuals.[18] A similar study
evaluated the lengths of the medial 4 fingers and hand breadth
among Iranian individuals, which revealed that hand length was
the best parameter for estimating stature of male individuals.[19]

Another study of male Iranians revealed that the total upper limb
length was better for predicting stature than the hand alone.[20] A
study of male Australians also revealed that stature was most
accurately estimated using forearm length, rather than hand
length, palm length, and hand breadth.[21] Another study of
Sudanese Arabs revealed that stature was most accurately
predicted using ulnar length, rather than the upper arm or hand
lengths with wrist and hand breadths.[22]

Limb asymmetry involves morphological differences between
paired limb parts, and different populations had varying types
and degrees of asymmetry.[23] Furthermore, the upper limb bones
exhibit greater asymmetry than the lower limb bones.[24]

Although it is tempting to assume that paired limb parts are
symmetrical, this assumption is risky and could confound the
mathematical estimation of stature in a forensic setting. Sexual
differences in asymmetry persist with men exhibiting more
pronounced differences in circumference and breadth measure-
ments. Most related studies have assessed adult upper limb
asymmetry using direct or radiological evaluation of bones, and
few studies have evaluated the hand parameters of living adults.
One study of asymmetry in Gujjar Indian adults used 7
measurements to indirectly calculate 6 dimensions (total upper
limb, upper arm, forearm, and hand lengths, as well as 2 lower
limb parameters), which revealed asymmetry in all variables and
recommended side-specific equations even when the asymmetry
was not considered significant.[25] However, a study of Sri
Lankans revealed no significant asymmetry in the ulnar
measurements,[26] and an Australian study revealed very small
nonsignificant differences in the mean values for forearm length,
hand breadth and length, and palm length.[21] Studies of
Sudanese and Iranian individuals have considered multiple body
parts but only considered the left side or did not assess
asymmetry.[19,20,22]

There is limited research regarding biological attributes in the
Arabian Peninsula and southwest Asia, and the existing research
has mainly focused on the hands. Moreover, few studies have
been able to evaluate and compare international results regarding
stature estimation based on multiple upper limb parts, such as the
radius, ulna, and hand, or related degrees of asymmetry.
Therefore, the present study aimed to evaluate whether stature
was mathematically related to various upper limb part measure-
ments among Saudi men, as well as whether asymmetry was
present in these measurements. This information may be useful
2

for guiding comparative studies of the Arabian population and
other international populations, as well as the development of
mathematical methods for estimating stature based on different
body parts.
2. Materials and methods

This study was conducted as prospective cross-sectional study
using convenient sampling technique. Data were collected from
100 Saudi men who were students at [name removed for the
purpose of the review process], Riyadh, Saudi Arabia. The mean
age of these subjects was 20.5years (range: 18–24years). In this
study this age range was selected because average adult stature is
reached by the age of approximately18years, with an incremental
increase until the age of 23.5years, and then begins decreasing
after the age of 25years with a pronounced decrease after the age
of 40years.[27–29] The study protocol was approved by the
institutional review board at King Abdullah International
Medical Research Centre, National Guard Health Affairs, Saudi
Arabia Saudi Arabia. All subjects provided informed consent
before participating in the study.
The subjects completed questionnaires to collect data regard-

ing date of birth, handedness, grandparents’ tribe(s), and medical
history. The completed questionnaires were anonymised to
ensure that the subjects’ identities were protected. Subjects were
considered eligible if they were right-handed, had parents of
Arabic ethnicity, and were born and registered as Saudi citizens.
Subjects were excluded if they had developmental or physical
abnormalities, or if they had pathologies, chronic illnesses, or a
surgical history that might have influenced their stature or upper
limb dimensions.
Stature and 13 bilateral anthropometric parameters were

measured for each participant using standard instruments in a
well-lit room (Table 1).[18,30–32] Each measurement was repeated
twice by the same observer, and the mean value was recorded to
the nearest millimeter. All measurements were conducted at the
same time of the day (10 AM–3 PM) to avoid confounding from
diurnal variations in stature.
Before data collection was started, intraobserver error was

evaluated by measuring a randomly selected subset of 15 subjects
once and then a second time 1week later. The present study
consideredmeasurements acceptable if the relative technical error
of measurement was <5% and if the coefficient of reliability (R)
was >0.95.[33–35]

The data analyses were performed using IBM SPSS software
(version 21.0; IBM Corp, Armonk, NY). The measurement data
were evaluated for normality based on skewness and kurtosis,
which revealed normal distributions for all variables. Thus, the
results were reported as mean, standard deviation, and range.
Asymmetry in the left-side and right-side parameters was
evaluated using the paired t test. Pearson’s correlation coefficients
were calculated to evaluate whether stature was related to the
various upper limb part measurements, and significant correla-
tions were considered present at P values of<0.05. Simple linear
regression analyses were applied to the 12 bilateral upper limb
measurements. Multiple regression equations were also used to
develop models for estimating stature based on the possibility of
being able to obtain complete or incomplete measurements (e.g.,
in forensic settings with only the arm, forearm alone, forearm and
hand, hand alone, or hand missing the distal part of the middle
finger). The accuracies of the various models were compared
using the standard error of the estimate (SEE), with lower SEE



Table 1

Definition and techniques of the measurements used in the present study.

Abbreviation Definition and instrument used

S Straight vertical distance from the vertex and the floor, while subjects are barefooted and erect maintaining the anatomical position and Frankfort plane for the
face

∗

AL Straight distance between the marked inferior border of the acromion and radiale.†

EB Straight distance between the 2 most projected points of the medial and lateral epicondyles of the humerus. Taken from the back with elbow flexed to 90°.‡

UL Straight distance between olecranon and stylion ulnare while the elbow was flexed to 90° and the fingers were extended in the direction of the long axis of
the forearm.†

RL Distance between radiale and stylion.†

WB Distance between the ulnar and radial styloid processes.‡

HL Straight distance between the midpoint of the interstyloid line to the dactylion of the middle finger.‡

HB Straight distance between metacarpal radiale and metacarpal ulnare.‡

PL Straight distance between midpoint of the most distal crease of the wrist and the midpoint of the most proximal flexion crease of the middle finger.‡

1DL-5DL Straight distance between the proximal flexion crease of the finger and dactylion of the same finger.‡

1DL-5DL= finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand length, PL=palm length, RL= radial length, S= stature, UL=ulnar length, WB=wrist breadth.
∗
Seca 217 portable stadiometer (Seca, China).

† Harpenden anthropometer (Holtain Ltd, Crosswell, UK).
‡ Digital sliding caliper (Mitutoyo, Japan).
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values indicating better model accuracy. The model fit and utility
of each parameter was evaluated using the R2 coefficient.
3. Results

The precision study showed excellent reproducibility for intra-
observer errors with R ≥0.997 and relative technical error of
measurement, <1.423%.
Table 2 shows the results for stature and the 13 bilateral upper

limb measurements for the 100 Saudi men. The mean stature was
Table 2

Descriptive statistics for stature and upper limb measurements in ce

Parameter Side Mean

Stature 172.98
AL Right 32.24

Left 32.21
EB Right 6.75

Left 6.79
RL Right 26.40

Left 26.39
UL Right 28.40

Left 28.36
WB Right 5.26

Left 5.25
HL Right 18.67

Left 18.72
HB Right 8.19

Left 8.14
PL Right 10.77

Left 10.76
1DL Right 6.55

Left 6.58
2DL Right 7.13

Left 7.15
3DL Right 7.97

Left 7.99
4DL Right 7.36

Left 7.36
5DL Right 6.13

Left 6.07

1DL-5DL= finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand length, P

3

172.98±6.16cm. The arm length measurements exhibited the
greatest standard deviation, which was followed by the forearm
bones, and the least standard deviation was observed for the
bilateral wrist breadth.
Results regarding asymmetry in the upper limb measurements

are shown in Table 3. Themean differences between the right and
left measurements were small (0.01–0.06cm), although signifi-
cant differences were observed in the measurements for elbow
breadth, hand length and breadth, and little finger length. The
mean values were larger for left-side elbow breadth, hand length,
ntimeters in both sides.

SD Minimum Maximum

6.16 160.60 191.30
1.72 28.60 36.00
1.74 28.60 36.00
0.43 5.70 8.00
0.42 5.75 7.90
1.36 23.30 30.60
1.40 22.30 30.20
1.37 24.60 31.70
1.40 24.40 31.70
0.34 4.40 6.10
0.34 4.55 6.05
0.93 16.40 20.70
0.93 16.50 20.80
0.48 7.00 9.45
0.47 6.90 9.32
0.56 9.35 12.10
0.54 9.45 12.20
0.38 5.60 7.40
0.40 5.80 7.50
0.40 6.25 8.15
0.39 6.10 8.02
0.46 6.90 9.07
0.46 6.95 8.99
0.46 6.30 8.45
0.45 6.45 8.30
0.43 4.90 7.16
0.44 4.90 7.16

L=palm length, RL= radial length, SD= standard deviation, UL=ulnar length, WB=wrist breadth.
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Table 3

Bilateral asymmetry in upper limbs measurements.

Variable Paired t test P (two-tailed)

AL 1.17 .244
EB �2.43 .017
RL 0.12 .908
UL 1.82 .072
WB 1.47 .145
HL �2.60 .011
HB 3.47 .001
PL 0.40 .688
1DL �1.65 .102
2DL �1.61 .111
3DL �0.90 .370
4DL 0.30 .764
5DL 2.75 .007

1DL-5DL= finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand
length, PL=palm length, RL= radial length, UL=ulnar length, WB=wrist breadth.

Table 5

Linear regression equations for stature estimation in centimeters
using single upper limb measurement.

Parameter Side Regression equation ±SEE R2 P value

AL Right S=94.25+2.44 � AL ±4.52 0.467 <.001
Left S=94.95+2.42 � AL ±4.51 0.469 <.001

EB Right S=128.19+6.63 � EB ±5.51 0.210 <.001
Left S=126.51+6.85 � EB ±5.46 0.222 <.001

RL Right S=92.61+3.05 � RL ±4.60 0.450 <.001
Left S=93.51+3.01 � RL ±4.51 0.469 <.001

UL Right S=80.02+3.27 � UL ±4.25 0.528 <.001
Left S=85.43+3.09 � UL ±4.41 0.492 <.001

WB Right S=129.23+8.31 � WB ±5.52 0.207 <.001
Left S=134.90+7.26 � WB ±5.68 0.160 <.001

HL Right S=95.11+4.17 � HL ±4.81 0.397 <.001
Left S=94.77+4.18 � HL ±4.80 0.399 <.001

HB Right S=118.74+6.63 � HB ±5.31 0.265 <.001
Left S=120.96+6.39 � HB ±5.40 0.239 <.001

PL Right S=103.59+6.44 � PL ±5.04 0.337 <.001
Left S=106.24+6.20 � PL ±5.18 0.300 <.001

1DL Right S=113.55+9.07 � 1DL ±5.11 0.320 <.001
Left S=121.19+7.87 � 1DL ±5.31 0.263 <.001

2DL Right S=106.68+9.30 � 2DL ±4.93 0.367 <.001
Left S=105.99+9.37 � 2DL ±5.01 0.347 <.001

3DL Right S=112.70+7.56 � 3DL ±5.09 0.326 <.001
Left S=112.29+7.60 � 3DL ±5.10 0.321 <.001

4DL Right S=116.03+7.73 � 4DL ±5.06 0.333 <.001
Left S=118.96+7.34 � 4DL ±5.21 0.293 <.001

5DL Right S=132.91+6.54 � 5DL ±5.51 0.209 <.001
Left S=135.79+6.12 � 5DL ±5.56 0.195 <.001

1DL-5DL=finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand
length, PL=palm length, R2= coefficients of determination, RL= radial length, S= stature, SEE=
standard error of estimate, UL=ulnar length, WB=wrist breadth.
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and the 3 lateral finger lengths. However, the mean values were
also larger for right-side arm length, forearm bone lengths, wrist
breadth, hand breadth, palm length, and the medial 2 finger
lengths. The maximum asymmetry was observed for hand
breadth followed by the little finger length, whereas the least
asymmetry was observed for radius length followed by the ring
finger length.
Table 4 shows that all 13 upper limb measurements were

significantly correlated with stature (P<001). Stature was
generally more strongly correlated with length measurements
than with breadth measurements, and the strongest correlations
were observed with ulnar length (right side: r=0.727, left side:
r=0.701) and with arm length (right side: r=0.684, left side: r=
0.685). Stature was more strongly correlated with hand breadth
(right side: r=0.515, left side: r=0.489) than with elbow breadth
or wrist breadth. Among the finger parameters, the greatest
correlation was observed with the bilateral index finger length,
although right finger measurements were more strongly correlat-
ed with stature than left fingermeasurements. In contrast, left arm
Table 4

Karl Person’s correlation between stature and upper limbs
measurements.

Value of r

Variable Right Left

AL 0.684
∗

0.685
∗

EB 0.458
∗

0.471
∗

RL 0.670
∗

0.685
∗

UL 0.727
∗

0.701
∗

WB 0.454
∗

0.400
∗

HL 0.630
∗

0.632
∗

HB 0.515
∗

0.489
∗

PL 0.581
∗

0.548
∗

1DL 0.566
∗

0.513
∗

2DL 0.606
∗

0.589
∗

3DL 0.571
∗

0.567
∗

4DL 0.577
∗

0.541
∗

5DL 0.458
∗

0.441
∗

1DL-5DL= finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand
length, PL=palm length, r=correlation coefficient, RL= radial length, UL=ulnar length, WB=wrist
breadth.
∗
Significant at 0.001 level (2 tailed).
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measurements were more strongly correlated with stature than
right arm measurements.
Table 5 shows the simple linear regression equations for

estimating stature based on right-side and left-side measure-
ments. The SEE values are inversely proportional to the accuracy
of the stature estimation model. The greatest coefficients of
determination were observed for ulnar length (right side: R2=
0.528, left side: R2=0.492), followed by right arm length (R2=
0.507) and left arm length (R2=0.491). The smallest SEE values
were observed for right ulnar length (±4.25cm) and left ulnar
length (±4.41cm), while the highest SEE values were observed for
right wrist breadth (±5.52) and left wrist breadth (±5.68).
Among the hand measurements, the lowest SEE value was
observed for hand length and the highest SEE value was observed
for the bilateral little finger measurements.
Various models were derived based on different assumptions

(all parts present, a limb without the hand, or a hand alone) to
identify the optimal factors for estimating stature among Saudi
men (Table 6). When all parts were present on the right side, the
optimal model consisted of right ulnar length, right thumb length,
and right arm length. When all parts were present on the left side,
the optimal model consisted of left hand length, left ulnar length,
and left arm length. When I considered a limb without the hand,
the optimal model considered the bilateral ulnar lengths. When I
considered a hand alone, the optimal model considered the right
hand length and right thumb length or the left hand length alone.
The lowest SEE values were observed in the scenario with all
parts present on the right side (±3.77cm) or on the left side



Table 6

Stepwise regression equations for estimation of stature in centimeters from bilateral upper limb measurements.

Side Regression equation ±SEE R2 P value

Right
Limb S=80.02+3.27 � UL ±4.25 0.528 <.001

S=66.53+2.67 � UL+4.70 � 1DL ±3.96 0.596 <.001
S=60.91+1.72 � UL+4.40 � 1DL+1.06 � AL ±3.77 0.637 <.001

Limb minus hand S=80.02+3.27 � UL ±4.25 0.528 <.001
S=72.91+2.20 � UL+1.17 � AL ±4.04 0.578 <.001

Hand only S=95.11+4.17 � HL ±4.81 0.397 <.001
S=89.34+3.01 � HL+4.19 � 1DL ±4.68 0.434 <.001

Left
Limb S=85.43+3.09 � UL ±4.41 0.492 <.001

S=76.98+1.90 � UL+1.31 � AL ±4.15 0.556 <.001
S=64.87+1.17 � UL+1.22 � AL+1.90 � HL ±3.93 0.605 <.001

Limb minus hand S=85.43+3.09 � UL ±4.41 0.492 <.001
S=76.98+1.90 � UL+1.31 � AL ±4.15 0.556 <.001

Hand only S=94.77+4.18 � HL ±4.80 0.399 <.001

1DL= first finger length, AL= arm length, HL=hand length, R2= coefficients of determination, S= stature, SEE= standard error of estimate, UL=ulnar length.
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(±3.93cm). Different combinations were used to develop
multiple regression equations (Table 7), and right-side measure-
ments consistently provided slightly better estimation than left-
side measurements.
4. Discussion

Anthropometry facilitates a quantitative evaluation of the human
body and skeleton, as well as comparisons of stature and
intralimb or inter-limb proportions.[7,36,37] This technique is
widely accepted for forensic applications, as it is cost-effective
and noninvasive.[38] Nevertheless, its application requires
standardized methods and well-defined landmarks to ensure
that the data are reliable and reproducible, especially for the
mathematical determination of body part parameters.[28] The
present study aimed to address these issues by using well-defined
anatomical landmarks, accurate instruments, standardized
measurement techniques, confirmation of precision and reliabili-
ty before the data collection, and an assessment of asymmetry.
The results revealed that bones in the right arm/forearm had

marginally longer lengths than bones in the left arm/forearm,
although larger values were observed for left elbow breadth (vs
right elbow breadth) and right wrist breadth (vs left wrist
breadth). Previous studies had also indicated that right upper
Table 7

Multiple (direct) regression equations for estimation of stature in cen

Parameters Side Regression equati

AL, EB Right S=78.86+2.13 � AL+3.75 � EB
Left S=83.32+2.09 � AL+3.28 � EB

UL, RL, WB Right S=78.40+0.48 � RL+2.73 � UL+0.86 � WB
Left S=82.88+1.27 � RL+1.81 � UL+0.99 � WB

HL, HB Right S=90.61+3.39 � HL+2.34 � HB
Left S=91.21+3.59 � HL+1.79 � HB

PL, HB Right S=91.02+4.76 � PL+3.75 � HB
Left S=93.31+4.58 � PL+3.74 � HB

Fingers Right S=98.88+4.09 � 1DL+6.92 � 2DL – 2.48 �
Left S=101.42+2.18 � 1DL+6.02 � 2DL+2.24 � 3

1DL-5DL= finger lengths, AL= arm length, EB= elbow breadth, HB=hand breadth, HL=hand length, PL
of estimate, UL=ulnar length, WB=wrist breadth.

5

limb parts are typically 1% to 3% longer than left upper limb
parts,[39] while hand breadth values are larger on the right side.
Left fingers were generally longer, although the right little finger
was longer than its left counterpart, and similar lengths were
observed for the ring fingers on both sides. These findings are in
agreement with previous reports which demonstrated that right-
handed subjects exhibit stronger right-directional linear growth
patterns in proximal bones and that hand breadth is largely
governed by hand preference.[23,40] Left fingers were generally
longer, although the right little finger was longer than its left
counterpart, and similar lengths were observed for the ring
fingers on both sides. This finding concurs with a previous report
which showed that men tend to have longer left fingers than right
fingers.[41] Differences in upper limb measurements were
compared between Saudi men and other populations via a
meta-analysis, using Cohen’s d method to quantify the effect sizes
between Saudi men and the other populations (Table 8). The
differences were classified based on the Cohen’s d value as very
small (0.01), small (0.2), medium (0.5), large (0.8), very large
(1.2), and huge (2.0).[42] Relatively small differences in stature
were observed between Saudi men and Egyptians (0.03) or a
mixed Turkish population (0.08),[43,44] although a huge differ-
ence was observed between Saudi men and northeastern Indians
(2.05).[45] A comparison of left arm lengths revealed a medium
timeters from bilateral upper limb measurements.

on ±SEE R2 P value

±4.28 0.527 <.001
±4.35 0.511 <.001
±4.28 0.532 <.001
±4.39 0.508 <.001
±4.76 0.415 <.001
±4.78 0.410 <.001
±4.83 0.399 <.001
±4.97 0.361 <.001

3DL+4.43 � 4DL – 2.41 � 5DL ±4.80 0.424 <.001
DL+1.00 � 4DL – 1.82 � 5DL ±5.01 0.372 <.001

=palm length, R2= coefficients of determination, RL= radial length, S= stature, SEE= standard error

http://www.md-journal.com


T
a
b
le

8

C
o
m
p
ar
is
o
n
o
f
S
au

d
im

al
es

w
it
h
p
re
vi
o
us

ly
p
ub

lis
he

d
st
ud

ie
s
us

in
g
C
o
he

n’
s
D
.

Eg
yp
tia

n
Eg
yp
tia

n
Su

da
ne
se

Ira
ni
an

In
di
an

(N
or
th
er
n)

In
di
an

(S
ou
th
er
n)

In
di
an

Ra
jp
ut

In
di
an

M
au
rit
ia
n

(In
do
)

M
al
ay
si
an
s

(ib
an
)

Ch
in
es
e

Ha
n

Ko
re
an

Tu
rk
s

Tu
rk
s

Sl
ov
ak
s

Au
st
ra
lia
ns

W
es
te
rn

Au
st
ra
lia
n

Ab
de
l-

M
al
ek

[4
3]

(1
99
0)

Ha
bi
b

[5
4]

(2
01
0)

Ah
m
ed

[2
2]

(2
01
3)

Ak
hl
ag
hi

[1
9]

(2
01
2)

Ra
st
og
i[

31
]

(2
00
8)

Ra
st
og
i[

31
]

(2
01
8)

Kr
is
ha
n

[5
5]

(2
00
7)

Se
n

[4
5]

(2
01
4)

Ag
ni
ho
tr
i[

53
]

(2
00
9)

Zu
lk
ifl
y

[4
7]

(2
01
8)

Zh
an
g

[4
9]

(2
01
7)

Ki
m

[5
0]

(2
01
9)

Oz
as
la
n

[1
8]

(2
00
6)

Oz
as
la
n

[4
4]

(2
01
2)

Uh
ro
va

[4
6]

(2
01
5)

Is
ha
k

[4
8]

(2
01
2)

Ho
w
le
y

[2
1]

(2
01
8)

St
at
ur
e

0.
03

0.
24

0.
34

0.
50

0.
22

0.
16

0.
75

2.
05

0.
16

1.
85

0.
45

0.
58

0.
17

0.
08

1.
03

0.
83

AL
Ri
gh
t

Le
ft

0.
32

2.
07

0.
93

EB
Ri
gh
t

Le
ft

UL
Ri
gh
t

Le
ft

0.
61

RL
Ri
gh
t

0.
34

Le
ft

3.
08

1.
30

0.
30

W
B Ri
gh
t

2.
71

1.
30

Le
ft

1.
03

1.
31

HL
Ri
gh
t

1.
34

0.
70

1.
36

1.
30

0.
24

0.
17

0.
33

0.
42

0.
60

0.
03

0.
94

0.
99

Le
ft

1.
39

0.
71

0.
43

0.
18

1.
26

1.
18

0.
57

0.
20

0.
19

0.
40

0.
57

0.
01

0.
91

0.
97

HB
Ri
gh
t

0.
23

0.
33

0.
18

0.
59

0.
69

0.
20

0.
87

0.
23

0.
64

1.
90

1.
72

Le
ft

0.
02

0.
45

0.
95

0.
42

0.
25

0.
09

0.
64

0.
88

0.
26

0.
29

0.
80

1.
87

1.
60

PL
Ri
gh
t

0.
55

0.
82

1.
01

Le
ft

0.
88

0.
94

1D
L Ri
gh
t

1.
13

1.
09

0.
47

Le
ft

0.
88

0.
37

2D
L Ri
gh
t

0.
72

0.
53

0.
24

0.
95

Le
ft

2.
48

0.
73

0.
46

0.
94

3D
L Ri
gh
t

0.
78

0.
30

0.
76

Le
ft

1.
24

0.
75

0.
75

4D
L Ri
gh
t

0.
69

0.
58

0.
11

0.
86

Le
ft

1.
37

0.
49

0.
46

0.
96

5D
L Ri
gh
t

0.
97

0.
55

Le
ft

1.
44

2.
21

1D
L-
5D

L=
fi
ng
er

le
ng
th
s,
AL

=
ar
m

le
ng
th
,
EB

=
el
bo
w
br
ea
dt
h,

HB
=
ha
nd

Br
ea
dt
h,

HL
=
ha
nd

le
ng
th
,
PL

=
pa
lm

le
ng
th
,
RL

=
ra
di
al
le
ng
th
,
UL

=
ul
na
r
le
ng
th
,
W
B
=
w
ris
t
br
ea
dt
h.

Ahmed Medicine (2021) 100:19 Medicine

6



Ahmed Medicine (2021) 100:19 www.md-journal.com
difference between Saudi men and Sudanese individuals
(0.32),[22] but a huge difference between Saudi men and Iranians
(2.07).[19] Elbow breadth could not be compared because no
previous studies have aimed to estimate stature based on elbow
breadth. A medium difference in left ulnar length was observed
between Saudi men and Sudanese individuals.[22] A huge
difference was observed in the left radius length between Saudi
men and Iranians (3.08),[19] while only a medium difference in
bilateral radius length was observed between Saudi men and
Australians.[21] A small difference in hand length was observed
between Saudi men and Slovak individuals (right side: 0.03, left
side: 0.011)[46] or Malaysians individuals (right side: 0.17, left
side: 2.05),[47] although substantial bilateral difference was
observed between Saudi men and northern Indians (right side:
1.36, left side: 1.25)[31] or a group of Egyptians (right side: 1.34,
left side: 1.39).[43] The largest difference in hand breadth was
observed between Saudi men and Australians (right side: 1.90,
left side: 1.87),[48] and the smallest difference was observed for
the left side between Saudi men and Egyptians (0.02),[43] and for
the right side between Saudi men and Chinese Han individuals
(0.02).[49] Large differences in palm length were observed
between Saudi men and Australians[21,48] or Koreans.[50] Most
of the finger measurements exhibited medium to very large
differences between Saudi men and the other populations.
However, a small difference was observed in the right ring fingers
between Saudi men and Koreans (0.11).[50] The greatest overall
difference in the left finger measurements was generally between
Saudi men and Iranians, although an exception was the little
finger for Malaysians.[19,47] These population-specific differences
in stature and upper limb dimensions are related to genetic and
ethnic factors, as well as differences in environmental factors,
nutritional factors, and levels of physical activity.[51]

In the present study, the greatest asymmetry was observed in
hand breadth (t=3.47, P= .001), followed by the little finger
length (t=2.75, P=0.007), hand length (t=2.6, P=0.011), and
elbow breadth (t=2.60, P= .017). Symmetry was generally
observed for the other part measurements. It is interesting that
only elbow breadth exhibited asymmetry, while the other arm/
forearm parts were symmetrical, which suggests that these
parameters are not directly related.[52] Furthermore, previous
studies of ulnar length revealed symmetry in Indo-Mauritian and
Sri Lankan populations.[26,53] Among Saudi men, right elbow
breadth was larger, which agrees with the right-handedness of the
participants, although a previous study revealed a significantly
higher value for left elbow breadth, which suggests that elbow
breadth may not be strongly related to handedness.[52] Previous
studies regarding asymmetry in hand dimensions have revealed
inconclusive results. For example, the asymmetry in hand length
among Saudi men agrees with the asymmetrical results among
northern Indians (P=0.01) and southern Indians (P=0.002),[31]

as well as among Egyptian men (t=2.41, P=0.018), but
contradict the lack of significant asymmetry among northern
Egyptians.[43,54] The asymmetry I observed among Saudi men
also conflicts with the lack of asymmetry that has been observed
among Slovaks,[46] Australians,[48] Malaysians,[47] and Rajput
Indians.[55] My findings regarding bilateral hand breadth
differences agree with other findings among Australians,[48]

northern and southern Indians,[31] and Rajput Indians, who had
significantly broader right hands.[55] Nevertheless, no significant
differences in hand length and breadthwere observed in studies of
Iban Malaysians,[47] Chinese individuals,[49] and Slovaks.[46]

Saudi men had generally symmetrical finger lengths, with the
7

exception of the little finger, which conflicts with reported
asymmetry in the thumb and ring fingers of Iban Malaysians and
in the ring fingers of northeastern Indians.[45,47] Genetic factors
are the main determinants of linear growth and the presence of
perfect symmetry indicates ideal development.[40] The current
study only included right-handed individuals as established
literature indicates that 90% of humans express right-hand
dominance in writing and 72% to 96% for various motor
skills.[56,57] Therefore, the asymmetry in length and breadth
measurements that I observed may be related to differences in
physical activity, differential mechanical loading and directional
growth related to right-handedness, nutritional factors, environ-
mental factors, latitude, hormones, or stresses during develop-
ment.[23,40,51]

The present study revealed that all upper limb dimensions were
positively correlated with stature (P< .001), which agrees with
previous reports that upper limb dimensions are highly correlated
with stature and can be used to estimate stature.[18,21,22]

However, I observed different correlations for each side (right
side: r=0.458–0.727, left side: r=0.400–0.701), with the
strongest correlations observed for the bilateral ulnar measure-
ments (right side: r=0.727, left side: r=0.701) and arm length
(right side: r=0.684, left side: r=0.685). Among the hand-based
parameters, the strongest correlations with stature were observed
for hand length (right side: r=0.630, left side: r=0.632) and
index finger length (right side: r=0.606, left side: r=0.589).
Interestingly, the correlations between left arm length and stature
among Saudi men were stronger than those among Turkish
individuals[18] and Iranians,[19] but lower than that among
Sudanese individuals.[22] The left ulnar and wrist values were also
lower among Saudi men than among Sudanese individuals,[22]

although the radius and wrist values were more strongly
correlated with stature among Saudi men than among Turkish
or Iranian individuals.[18,19] The correlation between hand length
and stature was similar among Saudi men and upper Egyp-
tians[43] or Slovaks,[46] but greater than among Turkish and
Sudanese individuals,[18,22] and lower than among Iranians,[19]

non-Rajput Indians,[31,55] Egyptians,[54] Malaysians,[47] and
Australians.[21,48] In contrast, hand breadth was more strongly
correlated with stature among Saudi men than among Turkish
individuals,[18] Iranians,[19] upper Egyptians,[43] and Slovaks[46]

but were similar to those among Malaysians,[47] north
Indians,[31] Australians,[48] and Sudanese individuals.[22] The
correlation between hand breadth and stature was weaker among
Saudi men than among south Indians,[31] and the correlation
between palm values and stature was also weaker among Saudi
men than among Australians.[48] Among Saudi men, right finger
values were generally more strongly correlated with stature than
left finger values, and were generally more strongly correlated
than amongMalaysians individuals, with the exception of the left
little finger.[47] In contrast, Saudi men had weaker correlations
between stature and the values for left index, middle, and little
figures, relative to among Iranians, although Saudi ring fingers
were more strongly correlated with stature than Iranian ring
findings.[19] These results suggest that ulnar measurements are a
better predictor of stature than other upper limb measurements,
although hand length is the preferred measurement if only the
hand is available. Although most of the reported studies used
right-handed subjects as their inclusion criteria, the remaining
studies that included all subjects irrespective of hand dominance
reported that more than 90% of their sample were right
handed.[21] Stature, body proportions, and hand preference are
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mainly governed by genetics, hormones, and environmental
factors. Previous reports showed that right-handed subjects are
taller than left-handed.[58] Moreover, the right-hand dominance
can cause increased right directional linear growth and muscle
mass reflecting in final expression of size and shape which in turn
affects stature correlation with upper limb parts.[25,59] Moreover,
the differential human responses to stresses during development
can result in small random deviations from this general
pattern.[60] There are clear population-specific variations in the
relationships between limb/part measurements and stature,
which are related to diverse factors, including nutrition, physical
activity, environment, and genetic factors. Therefore, population-
specific models should be used when attempting to determine
stature based on body part measurements.
In the present study, the SEE values for predicting stature based

on different upper limb dimensions were±4.25 to 5.68cm
among Saudi men. Among these dimensions, the dimensions that
were best suited for developing a predictive model (i.e., r>0.69)
were bilateral ulnar length (right side SEE: ±4.25cm, left side
SEE: ±4.41cm) and left arm length (SEE: ±4.51cm).[47] Some
previous studies have indicated that proximal upper limb parts
provide better accuracy than distal parts,[19,61] although my
finding was that distal parts provide better prediction, and this
agrees with previous findings among Turkish and Sudanese Arab
populations.[18,22] These differences might be explained by
ethnicity-related differences, as the relationship between ulnar
length and stature is influenced by ethnicity.[61] Moderate
correlations were observed between stature and the right arm
and index finger lengths, as well as the bilateral radial and hand
lengths (r=0.60–0.68). Thus, among Saudi men, ulnar length is
superior to the radius length for estimating stature. Osteological
and radiological studies have revealed inconsistent findings, as
results among German individuals agree with my findings, while
the radius was preferred over the ulna in studies of Turkish,
northern Thai, and Japanese individuals.[62–65] Methodological
and/or genetic differences may explain the inconsistency in those
findings. In the same upper limb part, breadth values had less
accuracy (SEE: ±5.31cm or more) than length values among
Saudi men, which agree with the findings from studies that
evaluated individuals from Egypt,[43,54] Sudan,[22] Malaysia,[47]

India,[31,55] Korea,[50] Turkey,[18] Australia,[21,48] and Slova-
kia.[46] Interestingly, I am not aware of any studies regarding
using elbow breadth to estimate stature. Table 9 compares the
various SEE values from among Saudi men and other
populations, which revealed that the SEE value for a model
that incorporated ulnar length, arm length, and wrist breadth in
Saudi men was higher than the SEE value for the same model
among Sudanese individuals,[22] but lower than the SEE value for
a model that incorporated arm length and wrist breadth among
Turkish individuals.[18] The SEE value for radius length was
lower among Saudi men than among Australians,[21] but higher
than the value among Turkish individuals.[18] Among the various
hand parameters, hand length consistently provided the best SEE
values, which were lower among Saudi men than among
individuals from Egypt,[43,54] Sudan,[22] Malaysia,[47]

India,[31,55] Korea,[50] Turkey,[18] and Slovakia.[46] However,
the SEE value among Saudi men was greater than the value
among Australians.[21] Moreover, Saudi men tended to have
lower values for hand breadth and palm breadth, relatively to
western Australians, albeit with comparable hand length
values.[48] Among Saudi men, the accuracy of stature prediction
based on hand breadth exceeded that of wrist or elbow breadth.
9

A stepwise method was used to develop a multifactor model
that provided lower SEE values than single-factor models,
although I observed side-specific differences in the relevant
measurements. For example, the model based on right limb
parameters incorporated ulnar length, thumb length, and arm
length, while the model based on left limb parameters
incorporated ulnar length, arm length, and hand length.
Furthermore, the model based on right-limb parameters provided
better accuracy than the model based on left-limb parameters in
terms of the SEE values (±3.77cm vs ±3.93cm) and the R2

values (0.637 vs 0.605). When I considered the left arm/forearm
parameters, the left ulnar lengthwas considered the preferred left-
side predictor of stature, while the preferred right-side predictors
were arm length and ulnar length. Among the hand parameters,
the preferred right-side predictors were hand length and thumb
length, while the preferred left-side predictor was hand length. A
previous study of Australians used 4 upper limb dimensions and
identified 2 right-side predictors but only 1 left-side predictor.[21]

Few studies have evaluated bilateral hand measurements,
including fingers, for estimating stature in different populations,
which makes comparisons difficult. Nevertheless, my findings
agree with the use of 1 finger length to improve estimations based
on right-side measurements among Malaysian and western
Australian individuals.[47,48] These findings are important in
forensic practise, as most studies of living subjects have evaluated
left-side upper limb long bones based on the assumption of
symmetrical relationships, although this is not true in all
populations, and population-specific models are needed to
consider which limb(s) and parameter(s) are preferable. The
hand has received the greatest amount of attention for estimating
stature, and measurements are generally performed bilaterally,
although very few studies have incorporated the fingers.
Therefore, my findings, and those among Malaysian and
Australian individuals, indicate that it may be important to
incorporate finger measurements when using hand parameters to
estimate stature. My results also suggest that using various body
parts from different scenarios can be combined into models that
provide lower SEE values than single-parameter models, and
similar results have been reported in other populations. Thus,
when forensic investigators are confronted with the upper limb(s)
of an unidentified Saudi man, a customized model for predicting
stature might be selected based on the available parameters from
the limb(s).
The present study has limitations that should be considered.

First, I only considered male subjects, as there are local
regulations that restrict male examiners from performing the
measurements for female subjects for research purposes. Thus,
studies are needed to develop similar estimation models for Saudi
women. Second, althoughmost subjects lived in the Saudi capital,
they were originally from many different locations within Saudi
Arabia. Additional studies in the Arabian Peninsula and of Asian
Arabs are recommended to evaluate regional differences in
intralimb and interlimb proportions, the abilities of various body
part measurements to predict stature and levels of asymmetry.
5. Conclusions

The present study developed various models that can be used to
estimate stature among Saudi men using various upper limb
dimensions. The most reliable predictors were the bilateral ulnar
lengths and the left arm length. Significant asymmetry was
observed in the upper limb parameters, especially in the hand

http://www.md-journal.com
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parameters, and estimates based on right-side parts were
improved by the inclusion of finger dimensions. These results
may be useful for application in forensic investigations that aim
to predict the statures of Saudi menwhen dealing with intentional
or accidental dismemberment, and a similar study is recom-
mended to develop models for Saudi women. These results may
also provide baseline data for further forensic and anthropologi-
cal studies of Arabic individuals or individuals with mixed Arabic
heritage and/or from nearby populations.
Acknowledgments

This work was conducted at College of Medicine, King Saud bin
Abdulaziz University for Health Sciences, Riyadh, Kingdom of
Saudi Arabia. Moreover, the author thanks Dr Emad Masuadi
for reviewing the statistical analysis of this manuscript.
Author contributions

Conceptualization: Altayeb Abdalla Ahmed.
Data curation: Altayeb Abdalla Ahmed.
Formal analysis: Altayeb Abdalla Ahmed.
Funding acquisition: Altayeb Abdalla Ahmed.
Investigation: Altayeb Abdalla Ahmed.
Methodology: Altayeb Abdalla Ahmed.
Project administration: Altayeb Abdalla Ahmed.
Validation: Altayeb Abdalla Ahmed.
Writing – original draft: Altayeb Abdalla Ahmed.
Writing – review & editing: Altayeb Abdalla Ahmed.
References

[1] Lundy JK. The mathematical versus anatomical methods of stature
estimate from long bones. Am J Forensic Med Pathol 1985;6:73–6.

[2] Krishan K, Kanchan T, Sharma A. Multiplication factor versus
regression analysis in stature estimation from hand and foot dimensions.
J Forensic Leg Med 2012;19:211–4.

[3] Telkka A. On the prediction of human stature from the long bones. Acta
Anat (Basel) 1950;9:103–17.

[4] Holliday TW, Ruff CB. Ecogeographical patterning and stature
prediction in fossil hominids: component on M.R. Feldesman and R.
L. Fountain, American Journal of Physical Anthropology (1996)
100:207-224. Am J Phys Anthropol 1997;103:137–40.

[5] Katzmarzyk PT, Leonard WR. Climatic influences on human body size
and proportions: ecological adaptations and secular trends. Am J Phys
Anthropol 1998;106:483–503.

[6] Silva LM, van Rossem L, Jansen PW, et al. Children of low
socioeconomic status show accelerated linear growth in early childhood;
results from the Generation R Study. PLoS One 2012;7:e37356.

[7] Ahmed AA. Anthropometric correlations between parts of the upper and
lower limb: models for personal identification in a Sudanese population.
Forensic Sci Med Pathol 2016;12:257–66.

[8] Larsen C. Stress and deprivation during the years of growth and
development and adulthood. In: Bioarchaeology: Interpreting Behavior
from the Human Skeleton. New York: Cambridge University Press;
1997. 6–63.

[9] Jantz LM, Jantz RL. Secular change in long bone length and proportion
in the United States, 1800-1970. Am J Phys Anthropol 1999;110:57–67.

[10] Konigsberg LW, Hens SM, Jantz LM, et al. Stature estimation and
calibration: Bayesian and maximum likelihood perspectives in physical
anthropology. Am J Phys Anthropol 1998;107:65–92.

[11] Pelin IC, Duyar I. Estimating stature from tibia length: a comparison of
methods. J Forensic Sci 2003;48:708–12.

[12] Ahmed AA. Estimation of stature using lower limb measurements in
Sudanese Arabs. J Forensic Leg Med 2013;20:483–8.

[13] Nor FM, Abdullah N, Mustapa AM, et al. Estimation of stature by using
lower limb dimensions in the Malaysian population. J Forensic Leg Med
2013;20:947–52.
10
[14] Ahmed AA. Estimation of stature from lower limb anthropometry: new
formulae derived from contemporary Arabian males. Australian J
Forensic Sci 2020;1–15. doi: 10.1080/00450618.2020.1846785.

[15] Ahmed AA, Taha S. Cephalo-facial analysis to estimate stature in a
Sudanese population. Leg Med (Tokyo) 2016;20:80–6.

[16] Oura P, Korpinen N, Niinimaki J, et al. Estimation of stature from
dimensions of the fourth lumbar vertebra in contemporary middle-aged
Finns. Forensic Sci Int 2018;292:71–7.

[17] Saraf A, Kanchan T, Krishan K, et al. Estimation of stature from sternum
—exploring the quadratic models. J Forensic Leg Med 2018;58:9–13.

[18] Ozaslan A, Koc S, Ozaslan I, et al. Estimation of stature from upper
extremity. Mil Med 2006;171:288–91.

[19] Akhlaghi M, Hajibeygi M, Zamani N, et al. Estimation of stature from
upper limb anthropometry in Iranian population. J Forensic Leg Med
2012;19:280–4.

[20] Mahakizadeh S, Moghani-Ghoroghi F, Moshkdanian G, et al. The
determination of correlation between stature and upper limb and
hand measurements in Iranian adults. Forensic Sci Int 2016;260:
27–30.

[21] Howley D, Howley P, OxenhamMF. Estimation of sex and stature using
anthropometry of the upper extremity in an Australian population.
Forensic Sci Int 2018;287:220.e221–10.

[22] Ahmed AA. Estimation of stature from the upper limb measurements of
Sudanese adults. Forensic Sci Int 2013;228:178e171–7.

[23] Auerbach BM, Ruff CB. Limb bone bilateral asymmetry: variability and
commonality among modern humans. J Hum Evol 2006;50:203–18.

[24] Ruff CB, Jones HH. Bilateral asymmetry in cortical bone of the humerus
and tibia-sex and age factors. Hum Biol 1981;53:69–86.

[25] Krishan K, Kanchan T, DiMaggio JA. A study of limb asymmetry and its
effect on estimation of stature in forensic case work. Forensic Sci Int
2010;200:181e181–5.

[26] Ilayperuma I, Nanayakkara BG, Palahepitiya K. A model for estimation
of personal stature from the length of forearm. Int J Morphol
2010;28:1080–6.

[27] Roche AF, Davila GH. Late adolescent growth in stature. Pediatrics
1972;50:874–80.

[28] Krishan K, Kanchan T, Menezes RG, et al. Forensic anthropology
casework-essential methodological considerations in stature estimation.
J Forensic Nurs 2012;8:45–50.

[29] Trotter M, Gleser G. The effect of ageing on stature. Am J Phys
Anthropol 1951;9:311–24.

[30] Vallois HV. Anthropometric techniques. Curr Anthropol 1965;6:
127–44.

[31] Rastogi P, Nagesh KR, Yoganarasimha K. Estimation of stature from
hand dimensions of north and south Indians. Leg Med (Tokyo)
2008;10:185–9.

[32] Singh IP, Bhasin MK. A Manual of Biological Anthropology. Delhi:
Kamala-Raj Enterprises; 2004.

[33] Ulijaszek SJ, Kerr DA. Anthropometric measurement error and the
assessment of nutritional status. Br J Nutr 1999;82:165–77.

[34] Ward RE, Jamison PL. Measurement precision and reliability in
craniofacial anthropometry: implications and suggestions for clinical
applications. J Craniofac Genet Dev Biol 1991;11:156–64.

[35] Jamison PL, Ward RE. Brief communication: measurement size,
precision, and reliability in craniofacial anthropometry: bigger is better.
Am J Phys Anthropol 1993;90:495–500.

[36] Krogman WM, Iscan MY. The Human Skeleton in Forensic Medicine.
Springfield: Charles C. Thomas; 1986.

[37] Ahmed AA. A study of correlations within the dimensions of lower limb
parts for personal identification in a Sudanese population. Scientific-
WorldJournal 2014;2014:541408.

[38] Sen J, Ghosh S. Estimation of stature from foot length and foot breadth
among the Rajbanshi: an indigenous population of North Bengal.
Forensic Sci Int 2008;181:55e51–6.

[39] Čuk T, Leben-Seljak P, �Stefanc ̌ic ̌M. Lateral Asymmetry of Human Long
Bones. Pozna�n, Poland: Adam Mickiewicz University; 2001.

[40] Barut C, Sevinc O, Sumbuloglu V. Evaluation of hand asymmetry in
relation to hand preference. Coll Antropol 2011;35:1119–24.

[41] Voracek M, Offenmüller D, Dressler SG. Sex differences in directional
asymmetry of digit length and its effects on sex differences in digit ratio
(2D:4D). Percept Mot Skills 2008;107:576–86.

[42] Sawilowsky SS. New effect size rules of thumb. JMod Appl StatMethods
2009;8:26.

[43] Abdel-Malek AK, Ahmed AM, el-Sharkawi SA, et al. Prediction of
stature from hand measurements. Forensic Sci Int 1990;46:181–7.



Ahmed Medicine (2021) 100:19 www.md-journal.com
[44] Ozaslan A, Karadayi B, Kolusayin MO, et al. Predictive role of hand and
foot dimensions in stature estimation. Rom J Leg Med 2012;20:41–6.

[45] Sen J, Kanchan T, Ghosh A, et al. Estimation of stature from lengths of
index and ring fingers in a North-eastern Indian population. J Forensic
Leg Med 2014;22:10–5.

[46] Uhrova P, Benus R, Masnicova S, et al. Estimation of stature using hand
and foot dimensions in Slovak adults. Leg Med (Tokyo) 2015;17:92–7.

[47] Zulkifly NR, Wahab RA, Layang E, et al. Estimation of stature from
hand and handprint measurements in Iban population in Sarawak,
Malaysia and its applications in forensic investigation. J Forensic Leg
Med 2018;53:35–45.

[48] Ishak NI, Hemy N, Franklin D. Estimation of stature from hand and
handprint dimensions in a Western Australian population. Forensic Sci
Int 2012;216:199e191–7.

[49] Zhang X, Wei Y, Zheng L, et al. Estimation of stature by using the
dimensions of the right hand and right foot in Han Chinese adults. Sci
China Life Sci 2017;60:81–90.

[50] Kim W. A comparative study on the statistical modelling for the
estimation of stature in Korean adults using hand measurements.
Anthropol Anz 2019;76:57–67.

[51] Auerbach BM, Sylvester AD. Allometry and apparent paradoxes in
human limb proportions: implications for scaling factors. Am J Phys
Anthropol 2011;144:382–91.

[52] LeGarde CB. Asymmetry of the humerus: The influence of handedness on
the deltoid tuberosity and possible implications for osteometric sorting.
2012. Graduate Student Theses, Dissertations, & Professional Papers.
80. https://scholarworks.umt.edu/etd/80.

[53] Agnihotri AK, Kachhwaha S, Jowaheer V, et al. Estimating stature from
percutaneous length of tibia and ulna in Indo-Mauritian population.
Forensic Sci Int 2009;187:109e101–3.

[54] Habib SR, Kamal NN. Stature estimation from hand and phalanges
lengths of Egyptians. J Forensic Leg Med 2010;17:156–60.
11
[55] Krishan K, Sharma A. Estimation of stature from dimensions of hands
and feet in a North Indian population. J Forensic Leg Med 2007;14:
327–32.

[56] Perelle IB, Ehrman L. An international study of human handedness: the
data. Behavior Genetics 1994;24:217–27.

[57] Raymond M, Pontier D. Is there geographical variation in human
handedness? Laterality 2004;9:35–51.

[58] Pollard R. A difference in heights and weights between right-handed and
left-handed bowlers at cricket. Percept Mot Skills 1995;81:601–2.

[59] Kumar S, VoracekM, SinghM. The effects of hand preference and sex on
right-left asymmetry in dorsal digit lengths among adults and children.
Early Hum Dev 2021;153:105293.

[60] Krishan K. Marked limb bilateral asymmetry in an agricultural
endogamous population of North India. Am J Hum Biol 2011;23:
674–85.

[61] Vercellotti G, AgnewAM, JustusHM, et al. Stature estimation in an early
medieval (XI-XII c.) Polish population: testing the accuracy of regression
equations in a bioarcheological sample. Am J Phys Anthropol
2009;140:135–42.

[62] Torimitsu S, Makino Y, Saitoh H, et al. Stature estimation based on
radial and ulnar lengths using three-dimensional images from multi-
detector computed tomography in a Japanese population. Leg Med
(Tokyo) 2014;16:181–6.

[63] Celbis O, Agritmis H. Estimation of stature and determination of sex
from radial and ulnar bone lengths in a Turkish corpse sample. Forensic
Sci Int 2006;158:135–9.

[64] Mahakkanukrauh P, Khanpetch P, Prasitwattanseree S, et al. Stature
estimation from long bone lengths in a Thai population. Forensic Sci Int
2011;210:279e271–7.

[65] Mall G, Hubig M, Buttner A, et al. Sex determination and estimation
of stature from the long bones of the arm. Forensic Sci Int
2001;117:23–30.

https://scholarworks.umt.edu/etd/80
http://www.md-journal.com

	Stature estimation for Saudi men based on different combinations of upper limb part dimensions
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgments
	Author contributions
	References


