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ABSTRACT
Background: Many studies related the total body height to lengths of different body segments. To our 
knowledge, no correlation between lengths of foot and forearm, and the total body height is available. 
The aim of the present study is to correlate these three parameters and to derive regression formulae to 
estimate the living total body height from the percutaneous foot and forearm lengths.
Material and Methods: 1000 Egyptian medical students shared in the study (500 males and 500 females) 
with age range (17-23 years). Total body height in the standing position, foot length, and forearm length 
were measured. All measurements were analyzed statistically, and a regression formula was created to 
calculate total body height by using foot and forearm lengths among the studied subjects according to 
their sex. Also, the intraclass correlation (ICC) was built up to correlate between the foot and forearm 
lengths among the studied subjects and by their sex.
Results: It was found that there was a positive correlation between total body height and lengths of foot 
and forearm. The correlation was higher with foot length (r = +0.69) than forearm length (r = +0.67). The 
correlation was higher in females. Linear regression analysis and regression formulae were created for the 
association between total body height and foot and forearm lengths in both sexes. There was a significant 
agreement between the foot and forearm lengths with a higher intraclass correlation coefficient (ICC) in 
females (0.70) than males (0.32).
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INTRODUCTION                                                                 

Body height is one of the most important 
elements of identification of individuals.[1] As 
body height is often difficult to be quantified, 
alternative anthropometric measurements as arm-
span[2], hand dimensions[3], knee height[4] and 
ulnar length[5] were used to estimate it.

Total Body Height (TBH) is an essential 
clinical measurement that helps to calculate body 
mass index, body surface area, and pulmonary 
function. These measurements help to adjust 
drug dosages and nutritional requirements.[6,7]

Estimation of the standing TBH by using other 
body measurements is helpful in some clinical 
cases where the standing TBH cannot be measured 
accurately in disabled patients, elderly people and 
emergency and critically ill patients.[8] TBH of an 

individual is affected by various factors such as 
race, gender, and nutrition.[9] 

Medico-legally, TBH is helpful in establishing 
the physical identity of an individual from 
mutilated, decomposed and amputated body 
fragments as in disasters, terror attacks and                      
wars.[10] Anatomists, anthropologists, medico-
legists, and artists have been for a long time 
interested in assessing dimensional relationships 
between the body segments and the whole body. 
Ancient Egyptians were the earliest to use such 
rules. An established relationship between stature 
and various body parts like head, trunk, upper and 
lower extremities were found.[10-13] 

Different anthropometric measurements 
were correlated with height such as ulnar                                    
length[14, 15], knee height[16-18], hand dimensions[10,19], 
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metacarpal bones[20] dem-ispan and arm                                                                                       
span[1, 21-28], vertebral column[29], sternum[30], hand 
and foot[31] and cephalo-facial dimensions.[32] This 
correlation was found to be ethnic-specific, sex 
and age-dependent.[1, 22, 33] 

TBH could be more accurately estimated from 
foot measurement.[12, 13, 33-36] This is particularly 
useful in adolescents, as compared to that from 
long bones as ossification and maturation in the 
foot occurs earlier than the long bones.[37] Forearm 
length[38, 39] particularly ulnar length[27, 40-42] was 
found to be a reliable and a precise means in 
predicting TBH of an individual. Many researchers 
developed regression formulae to estimate stature 
from long bones to predict stature. The equations 
produced for one population do not always give 
accurate results for another due to differences in 
race, environment, and lifestyle.[43] 

Although foot and forearm lengths are good 
predictors of TBH, yet, the correlation between 
the percutaneous foot and forearm lengths with 
TBH is deficient in literature. The hypothesis 
that ventral forearm and foot lengths are almost 
the same together with the lack of anthropometric 
data concerning the local population in Egyptian 
locality encouraged us to present this study 
aiming to find out the correlation between foot 
length, forearm length and the TBH in an attempt 
to form regression formulae to estimate the height 
using these measurements.

MATERIAL AND METHODS                                       

This study was conducted on 1000 adult 
Egyptian medical students from Ain-Shams 
University (500 males and 500 females). The 
procedure, aims & objectives of the study were 
informed & explained to the study groups. 
Selected subjects were apparently healthy and 
without any apparent skeletal or pathological 
abnormalities of limb and spine. They were all 
native Egyptians from different districts of Cairo 
belonging to different socio-economic status. The 
age of the subjects ranged from 17-23 years. The 
study procedure was under permission from the 
institution as well as from the subjects who were 
to participate.

All the measurements were taken at a fixed 
time between 2:00 - 4:00 p.m. to eliminate 
discrepancies due to diurnal variation. 
Furthermore, the measurements were recorded 

by the same person to minimize the errors in 
methodology. Each measurement was taken 
thrice, and the mean was considered for further 
analysis. 

The Height of the individual (TBH) was 
measured in the standing erect anatomical 
position with bare feet vertically in midline from 
heel to vertex (the topmost position of the head) 
using height measure stadimeter (Detecto, WEBB 
CITY, MO, U.S.A) in centimeters. The subject's 
head was positioned in the Frankfort horizontal 
plane[5].

Foot length (Fo. L) was measured as a direct 
distance from the most prominent point of the 
back of the heel to the tip of the big toe or to the tip 
of the second toe if the second toe was longer.[44] 
Foot length was measured by a spreading caliber 
in centimeters while the left foot is on the ground. 

The forearm length (Fr. L) was defined as the 
direct distance between the middle of the flexion 
crease on the elbow to the middle of the distal 
flexion crease of the wrist. The left forearm was 
measured in the sitting position with the elbow is 
semi-flexed using a standard measuring tape.[45] A 
single person took all the measurements to avoid 
interpersonal errors.

Statistical Analysis

All the study analyses were done by using 
Statistical Analysis System Software package 
(SAS, version 9.0). Descriptive analysis was 
done to calculate the mean ± SD and the range of 
studied measurements among all subjects and by 
their sex. Also, correlation analysis was done to 
correlate the body height with the studied forearm 
and foot lengths in the studied subjects and 
according to their sex. Finally, univariate linear 
regression analysis was performed to build up 
the regression formula predicting the body height 
according to the studied forearm and foot lengths 
among the studied subjects and by their sex.

The intraclass correlation (ICC) was also used 
to test the agreement between forearm and foot 
lengths in all studied subjects according to sex as 
well as among male and female subjects.
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RESULTS                                                                 

A cohort of 1000 subjects; 500 males and 500 
females were studied to determine the correlation 
between body height with the forearm and foot 
lengths among them and to build up a regression 
formula predicting the association between body 
height and forearm and foot lengths in the studied 
subjects and according to their sex. 

The mean distribution of the studied 
measurements of all studied subjects is represented 
in (Table 1). The mean TBH was 165.8 ± 8.04 with 
a statistically significant difference between males 
and females being higher in males. Similarly, the 
forearm and foot lengths were higher in males 
than females with as well a statistically significant 
difference (P<.001) (Table 1).

Table (2) presented the correlation between 
TBH and the foot length (Fo. L) among the 
studied subjects. There was a significant positive 
correlation which was marked among female 
subjects. The correlation coefficient (r) was + 0.69 
among all studied subjects, + 0.40 among male 
subjects and + 0.76 among the studied females 
(Figs. 1 & 2).

Table (3) represented the correlation between 
the total body height and the forearm length among 
the studied subjects and by their sex. There was 
a significant positive correlation among female 
subjects. The correlation coefficient (r) was+ 0.66 
among all studied subjects, + 0.76 among the 
studied female subjects while it was + 0.43 among 
the studied male subjects (Figs. 3 & 4).

Linear regression analysis for the association 
of body height and the foot length among the 
studied subjects is represented in (Table 4). There 
was a significant positive association between 
the total body height and foot length. Increasing 
foot length by 1 cm is expected to increase total 
body height by 3.1 cm among all subjects, 1.6 cm 
among male and 3.1 cm among female subjects. 
The foot length was also found to explain 47% 
of the variation observed in the body height of all 
studied subjects, 16% in male subjects and 58% 
in female subjects. According to the obtained 
regression formula, when the foot length would 
be 20 cm, the body height is expected to be 160.5 
cm among male subjects (body height = 128.5 + 
1.6 X 20), and 147.1 cm among female subjects 
(body height = 85.1 + 3.1 X 20).  

Regression Formulae:

Total subjects: body height = 87.6 + 3.1 X foot 
length.

Male subjects: body height= 128.5 + 1.6 X 
foot length.

Female subjects= 85.1 + 3.1 X foot length.

Linear regression analysis for the association 
of the TBH and the Fr. L among the studied 
subjects is represented in (Table 5). There has 
been a significant positive association between 
the total body height and the forearm length 
where increasing forearm length by 1 cm will lead 
to an increase in body height by 3.2 cm among 
all subjects, 1.9 cm among males and 2.6 cm 
among female subjects. The forearm length also 
explained 45% of the variation observed in the 
body height of all studied subjects, 20% in male 
subjects and 43% in female subjects. According to 
the obtained regression formula, when the forearm 
length would be 20 cm, the predicted body height 
will be 122.2 + 1.9 X 20= 160.2 cm among male 
subjects, and it will be 97.1 + 2.6 X 20= 149.1 cm 
among female subjects.

Regression Formulae:

Total subjects: body height = 85.8 + 3.2 X 
forearm length.

Male subjects: body height = 122.2 + 1.9 X 
forearm length.

Female subjects: body height = 97.1 + 2.6 X 
forearm length.

Table (6) showed the agreement between 
forearm and foot length in the studied subjects. 
In all subjects, the intraclass correlation (ICC) 
coefficient denotes a moderate significant 
agreement between forearm and foot length. This 
finding was more marked and indicated a good 
agreement among female subjects with ICC 
was 0.70 (95% CI = 0.55-0.85), whilst the ICC 
was 0.32 among male subjects indicating a fair 
agreement.
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Table 1: The mean total body height (TBH), foot length (Fo. L) and forearm length (Fr. L) of the studied subjects. 

Measurements in cm Total subjects
(n= 1000)

Male subjects
(n= 500)

Female subjects
(n= 500)

P value

TBH Mean ± SD (range) 165.8 ± 8.04
(146-185.3)

170.3 ± 6.5
(158-185.3)

159.6 ± 5.5
(146-168)

<0.001*

Fo. L Mean ± SD (range) 25.1 ± 1.8
(21-32.2)

25.9 ± 1.6
(22.7-32.2)

23.9 ± 1.3
(21-26)

<0.001*

Fr. L Mean ± SD (range) 24.7 ± 1.7
(21-28)

25.4 ± 1.5
(22.5-28)

23.7 ± 1.4
(21-26.5)

<0.001*

*Significant

Table 2: Correlation coefficient between total body height (TBH) and foot length (Fo. L) among all studied subjects. 

r coefficient P value
Total subjects (n= 1000) + 0.69 <0.001
Male subjects (n= 500) + 0.40 0.02
Female subjects (n= 500) + 0.76 <0.001

Table 3: Correlation coefficient between the total body height (TBH) and forearm length (Fr. L) among all studied 
subjects 

r coefficient P value
Total subjects (n= 1000) + 0.66 <0.001
Male subjects (n= 500) + 0.43 0.01
Female subjects (n= 500) + 0.74 0.001

Table 4: Linear regression analysis for the association of the total body height (TBH) and foot length (Fo. L) among the 
studied subjects.

β coefficient* R2 P value
Total subjects (n= 1000) 3.1 0.47 <0.001
Male subjects (n= 500) 1.6 0.16 0.02
Female subjects (n= 500) 3.1 0.58 <0.001

Table 5: Linear regression analysis for the association of the total body height (TBH) and forearm length (Fr. L) among 
all studied subjects. 

β coefficient* R2 P value
Total subjects (n= 1000) 3.2 0.45 <0.001
Male subjects (n= 500) 1.9 0.20 0.01
Female subjects (n= 500) 2.6 0.43 0.001

Table 6: The intraclass correlation (ICC) coefficient (agreement between forearm and foot lengths) between forearm 
length (Fr. L) and foot length (Fo. L) in the studied subjects.

P valueICC Coefficient (95% CI)
<0.001*0.55 (0.23-0.87)Total subjects (n= 1000)

0.280.32 (0.15-0.49)Male subjects (n= 500)
0.001*0.70 (0.55-0.85)Female subjects (n= 500)

*Significant
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Fig. 1: Scatter plot for the correlation between body height and foot length in male subjects (n500 =‏).

Fig. 2: Scatter plot for the correlation between body height and foot length in female subjects (n500 =‏).

Fig. 3: Scatter plot for the correlation between body height and forearm length in male subjects (n500 =‏).
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Fig. 4: Scatter plot for the correlation between body height and forearm length in female subjects (n500 =‏).

DISCUSSION                                                              

Prediction of stature from other body parts 
is of importance in‏ forensic and anthropological 
studies for the identification of unknown 
individuals or amputated limbs.[46, 47] Apart from 
studying bone length, percutaneous body parts 
lengths in clinical practice are of benefit in cases 
of patients who cannot stand or suffering from 
deformities of the vertebral column.[48] 

There are a lot of variations in estimating 
stature from limb measurements among people 
of different regions & races. Hence a calling 
demand to conduct more studies among people 
of different regions & ethnicity so that stature 
estimation becomes more reliable & identity of 
an individual is easily established.[43] Even though 
the foot length and forearm length have been 
separately studied in relation to the total body 
height, the correlation between both of them has 
not been studied. Our study was implicated to a 
determined age group (17-23 years) to eliminate 
the differences caused by the age factor.

The present study accomplished a correlation 
between TBH and the two measurements 
separately. Totally, our results showed that 
the correlation is higher as regard foot length                     
(r = +0.69) than forearm length (r = +0.66). In 
general, males presented a lower correlation 
coefficient than females (+0.40 and +0.43 in 

males & +0.76 and +0.74 in females respectively). 
The advantage of foot length over forearm length 
prediction of the TBH is explained by the fact that 
its ossification and maturation occur earlier than 
other long bones of the body.[49] 

Our analysis revealed a pattern of sexual 
dimorphism in the correlation between TBH and 
lengths of the forearm and foot with a higher 
correlation in females than males as males 
presented a lower correlation coefficient than 
females. This finding was also proved by Geetha 
et al. (2015)[50]. 

Linear regression is a reliable method for 
estimating the relationship between stature 
and body fragments.[51] Although many studies 
presented regression formulae to estimate TBH 
from foot,[11,13] yet the need to establish new 
ones is still evident due to the local variations 
in different communities. The differences 
are off course due to ethnic, gender and age                                                   
differences.[52] 

Foot length gained more attention as most 
studies proved that it provides the highest 
reliability and accuracy in estimating stature of an 
unknown individual.[37] Our study showed that the 
TBH increases by 3.1 cm for each 1 cm increase 
in the foot length (1.6 cm in males and 3.1 cm in 
females). This formula is more or less similar to 
that of Mansur et al., (2012a)[37].
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Sexual dimorphism in the formulae was 
reported similarly by Qamra et al., (1980)[53] 
in North West Indian population and Ashizawa                      
et al., (1997)[54] in Javanese, Filipinas and 
Japanese who attributed this dimorphism to the 
fact that women have shorter stature and smaller 
feet.

As regard forearm, again an obvious sexual 
dimorphism was detected. Our regression formula 
showed that increasing forearm length by 1 cm 
increased the body height by 3.2 cm among all 
subjects (1.9 cm in males and 2.6 cm in females). 
The main difference between our formula and 
the other ones is explained by the fact that most 
studies estimated the length of the forearm from its 
dorsal aspect mostly from the olecranon process 
to the styloid process of the ulna[5, 9] or from length 
of the ulna.[27,38,41,42,55] In our study, we delivered 
a new measuring method (from elbow crease to 
wrist crease ventrally). This measurement was 
considered of value as it showed a considerable 
degree of agreement between forearm length and 
that of the foot.

Based on the results, the hypothesis that the 
percutaneous length of the foot is about equal to 
the length of the forearm has not been yet proved 
or neglected. Our study showed that there is a 
considerable degree of agreement between the 
percutaneous forearm and foot lengths using the 
intraclass correlation coefficient. This agreement 
was more evident in female subjects than males.

CONCLUSIONS                                                               

Total body height was positively correlated 
with lengths of foot and forearm. The correlation 
was higher with foot length (r = +0.69) than 
forearm length (r = +0.66). The correlation was 
higher in females. Regression formulae could be 
derived for the association between total body 
height and foot and forearm lengths in both sexes. 
Noticeably a significant agreement was marked 
between the percutaneous foot and forearm lengths 
with a higher intraclass correlation coefficient 
(ICC) in females (0.70) than males (0.32).
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العلاقة المترابطة بين طول الجسم وأطوال القدمين والساعدين عن طريق 
الجلد لدى المصريين البالغين

سيد مصطفي السيد‏1‏، وائل محمد السعيد‏2‏، حازم عبد الحميد محمد‏3
‏1قسم التشريح والأجنة كلية الطب جامعة عين شمس 
‏2قسم التشريح والأجنة كلية الطب جامعة المنصورة

‏3قسم التشريح والأجنة كلية الطب جامعة اسيوط

 ملخص البحث
المقدمة: قامت دراسات عديدة بالربط بين إجمالي ارتفاع الجسم وأطوال مختلف أجزاء الجسم، لا يوجد دراسات للارتباط بين أطوال القدم 

والساعد وإجمالي ارتفاع الجسم. 

الهدف من البحث: هو ربط هذه القياسات الثلاث واستخراج معادلات الانحسار لتقدير الارتفاع الكلي للجسم الحي من أطوال القدم والساعد 
عبر الجلد.

المادة وطرق البحث: شارك في الدراسة 1000 طالب وطالبة مصريين )500 من الذكور و500 من الإناث( من الفئة العمرية )23-20 
سنة(، تم قياس الطول الكلي للجسم في وضع الوقوف وطول القدم وطول الساعد، تم تحليل جميع القياسات إحصائياً، وتم إنشاء معادلة انحسار 
لحساب إجمالي ارتفاع الجسم باستخدام أطوال القدم والساعد من خلال الحالات المدروسة مع اعتبار الجنس، كذلك تم عمل معامل الارتباط 

للربط بين أطوال القدم والساعد في المجموعات المختبرة مع اعتبار الجنس.

النتائج: وجد أن هناك علاقة إيجابية بين إجمالي ارتفاع الجسم وأطوال القدم والساعد، كان الارتباط أعلى مع طول القدم )r = +0.69( من 
طول الساعد )r = +0.67( وكان الارتباط أعلى في الإناث، تم إنشاء تحليل الانحسار الخطي ومعادلات الانحسار للربط بين إجمالي ارتفاع 
الجسم وأطوال القدم والساعد في كلا الجنسين، كان هناك توافق هام بين أطوال القدم والساعد مع وجود معامل ارتباط أعلى في الإناث )0.70( 

من الذكور )0.32(.

القدم من طول الساعد كما كان  القدم والساعد وكان الارتباط أعلى مع طول  الخلاصة: ارتبط إجمالي ارتفاع الجسم بشكل إيجابي بأطوال 
الارتباط أعلى في الإناث وأمكن اشتقاق معادلات الانحسار للربط بين إجمالي ارتفاع الجسم وأطوال القدم والساعد في كلا الجنسين، وبشكل 

ملحوظ كان هناك توافق هام بين أطوال القدم والساعد مع وجود معامل ارتباط أعلى في الإناث عن الذكور.


