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Abstract

Background:�Stature�estimation�provides�relevant�data�for�personal�identi�cation,�in�the�events�
of�murders,�accidents�or�natural�disasters,�which�results�in�highly�decomposed,�fragmentary�and�
mutilated�human�remains.�

Aim� and�Objective:� To� determine�body� stature� of� both� sexes� using� arm� span� and� find� the�
relationship�between�stature�and�arm�span.�

Place�of�Study:�The�present�study�was�carried�out�in�the�department�of�Forensic�Medicine�and�
Toxicology�at�Kamineni�Institute�of�Medical�Sciences�and�Research�Center,�Nalgonda�District�of�
State�Telangana.�

Type�of�Study:�Descriptive�cross�sectional�study�with�analytical�and�comparative�components

Material�and�Method:�Arm� span� length�was�measured�using� a�calibrated�steel� tape� to� the�
nearest�millimeter�in�bare�feet�on�a�level�flat�surface�with�peer�backs�and�buttocks,�heel�against�
the�wall�giving�the�support.

Observation�and�Discussion:�observation�among�study�subjects�n�=�150,�where�85�(56.7%)�were�
males�and�65�(43.3%)�were�girls.�Height�and�arm�span�in�boys�(164.7�±�10.92�cm�and�162.38�±�
8.02�cm�respectively)�was�significantly�(p�<�0.000)�more� than�girls� (157.1�±�9.1�cm�and�156.8�
±� 6.5�cm� respectively).�Height� to�Arm�span� ration�HAR�of� boys� and�girls� according� to�age�
of�the�subjects�are�shown�and�overall�mean�Height� to�Arm�span�ration�was�0.9961�±�0.0183.�
In�the�present�study�the�correlation�between�stature�and�arm�span�showed�a�strong�positive�
correlation� (r�=�0.8651,�p�<� 0.000).� This� result� is�an�support� to� the�widely� accepted� positive�
correlation�between�height�and�arm�span�in�adults.

Conclusion:�Using�regression�equation�for�estimation�of�stature�is�more�acceptable,�and�result�
of� this�study�and�regression�equations�may�be�considered�in�clinical�practice�and�in�medico�
legal�cases�for�estimation�of�stature�from�arm�span�in� south� Indian�population�of�Nalgonda�
District�of�Telangana.

Keywords:�Stature;�Arm�Span;�Regression�equations.

Introduction

In� scienti�c� literature� the� well� known� factor� is�
measurement� of� body� height� is� important� in�
many� settings,� it� has� an� important� measure� of�
body� size� as� well� gives� an� assessment� regarding�
nutritional�status.�The�main�aim�of�anthropometry�
is� to� establishment� of� Identity� of� unknown� and�
to� supplement� the� law� enforcement� agencies.�
Limitations� are� with� routine� methods� especially�
in� highly� mutilated� bodies� where� identi�cation�
is� dif�cult.� Stature� estimation� becomes� equally�
important�in�such�forensic�investigation�along�with�
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other� identi�cation� parameters� like� age,� race� sex�
etc.1–3

Stature� estimation� provides� relevant� data� for�
personal� identi�cation,� in� the� events� of�murders,�
accidents� or� natural� disasters,� which� results� in�
highly� decomposed,� fragmentary� and� mutilated�
human� remains.4� One� of� the� most� important�
elements�of�Identi�cation�in�individual�is�its�stature,�
it�is�very�essential�in�cases�when�only�fragmentary�
remains� of� human� body� found� at� the� scene� of�
crime.5�The�maximum�distance�measured�from�the�
point�where�heel� touches� the��oor� to� the� highest�
point�of� the�head�in�an�erect�position�of�person� is�
termed�as�stature.6

Stature� estimation� question� may� arise� in�
scenarios�like�from�mass�disasters�i.e.�bomb�blasts,�
airplane� crash,� stampede,� tsunami,� earthquake,�
�ood,�cyclones,�Terrorist�attack,�close�compartment�
�re,�wars,�public�vehicle�(train,�bus,�ship,�plane�etc)�
accidents�etc.�Possibility�of�Mutilation�of�the�body�
could�be�by�humans,�animals�or�by�a�natural�process�
of�decomposition.�It�is�possible�that�hand�print�and�
foot�print�left�at�the�crime�scene,�identi�cation�and�
exclusion�of� a� person� involved� in� a� crime� can�be�
made.7

Human� body� represents� a� certain� relationship�
with� length� of� certain� bones� and� appendages� in�
the� form� of� proportion� to� height.8� After� having�
completed� the� skeletal� maturity� the� proportion�
does�not�alter�with�age,�quantitative�or�qualitative�
measurement� of� personality� is�Height.9� However�
in�some�scenario�it� is�not�possible� to�measure� the�
person� stature� because� of�deformities� in� limbs� or�
the�person�who�have�undergone�amputations�or�in�
an�unknown�cadavers�where�limbs,�trunk�is�either�
absent�or�mutilated.�In�such�scenarios�stature�need�
to� be� estimated� using� other� body� parameters10�
lime� foot� length,�hand� length,� sitting�height,�knee�
height,�length�of�vertebral�column,�sternum,�length�
of�scapula�cranial�sutures�as�well�arm�span.11

Correlation� between� stature� and� arm� span� in�
comparison�to�other�all�body�parameters�was�found�
to�be�very�reliable12�maximum�distance�between�the�
tip�of�longest��ngers�of�both�hands�is�termed�as�Arm�
span�while�the�person�extends�both�arms�at�the�level�
of� shoulders.13� Different� ethnic� and� racial� groups�
vary�arm�span�and�body�weight.14�It�was�Torres�et�al.�
who�applied�Bland�Altman�analysis�and�observed�
a� poor� agreement� between� height� and� arm� span�
although� these� correlate� good.� It� shows� that� arm�
span�measurements�are�an�inappropriate�proxy�for�
stature� estimation� in�certain�group�of�population.�
In� forensic� anthropology�measurements� of� height�
and� arm� span� relationship� between� them� had�

applied� a� clear�signi�cance� as�well� in�plastic� and�
cosmetic�surgery�and�other�allied�clinical�sciences.15

The�present�study�aim�and�objective�is�to�determine�
body�stature�of�both�sexes�using�arm�span�and��nd�
the�relationship�between�stature�and�arm�span.

Materials�and�Methods

The�present�study�was�carried�out�in�the�department�
of�Forensic�Medicine�and�Toxicology�at�Kamineni�
Institute�of�Medical�Sciences�and�Research�Center,�
Nalgonda�District�of�State�Telangana.�In�the�present�
research,� stature� and� arm� span� measurements� of�
150�volunteers�(85�male�&�65�female)�of�ages�18–25�
years�were�done.�All�of�them�belonged�to�Nalgonda�
district� of� Telangana� state.�As� such� subjects�were�
selected�irrespective�of�their�caste,�religion,�dietary�
habits� and� socio-economic� status.� The� study�was�
a�predominantly�descriptive�cross� sectional� study�
with� analytical� and� comparative� components.�
Suf�cient�permissions�and�consents�were�procured�
before�the�measurements�of�the�students�taken�and�
clearance�from�the� Institutional�Ethical�committee�
was�obtained�in�advance.�

Stature�Measurements�

Using� the� stadio-meter,� the� subject� was� made� to�
stand� barefoot� in� the� standard� standing� position�
on�its�baseboard.�Both�feet�are�in�close�contact�with�
each�other�and�head�oriented�in�Frankfurt’s�plane.�
The�height�was� then� recorded� in� centimeter� from�
the� standing� surface� to� the� vertex� in� the� weight�
bearing�position�of�foot.

Arm�Span�Measurements

Arm�span�length�was�measured�using�a�calibrated�
steel�tape�to�the�nearest�millimeter�in�bare�feet�on�a�
level��at�surface�with�peer�backs�and�buttocks,�heel�
against� the�wall� giving� the� support.� The� subjects�
head� was� in� the� Frankfort� horizontal� plane� and�
the� arms� outstretched� at� right� angles� to� the� body�
with� palms� facing� forwards.�Measurements�were�
taken�from�one�middle��ngertip�to�the�other�middle�
�nger�tip�with�the�help�of�measuring�tape�passing.�
To� avoid� diurnal� variations� measurements� were�
taken�twice�and�an�average�of�the�both�reading�was�
calculated.

Exclusion�Criterion

Volunteers� morphologically� showing� the�
congenital�malformations,�Dwar�sm/Achondropl-
asia,�features�of�nutritional�de�ciencies�and�injuries�
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to� extremities,� using� medication� thought� to� alter�
growth,� neuromuscular� weakness� or� abnormal�
tone�or�with� any�other�major�medical� illnesses� or�
growth�disturbance�were�excluded�from�the�study.

Statistical�Part

Data� divided� into� 2� group�male� and� female.� The�
basic�statistics�like�mean,�mean�±�SD�etc.�of�stature�
(In�cm)�and�arm�span�length�(In�cm)�of�body�of�male,�
female�and�combined�was�done.�We�observed�the�
relationship�between�stature�(In�cm)�and�arm�span�
length�(In�cm)�by�scatter�diagram.�All�associations�
are�positively�exist.�The�arm�span� lengths� (In�cm)�
of�male,� female�&�combined� group�are�positively�
correlated� with� stature.� Therefore,� the� simple�
regression�of�stature�on�arm�span�length�(In�cm)�was�
calculated� by� mathematically,� also� we� calculated�
the� stature�value�on�the�arm�span� length� (In�cm).�
Compared�the�actual�value�and�predicted�value�of�
stature�by�using�t-test�and�observed�the�signi�cance�
at�5%� level�of�signi�cance.�The�complete�statistics�
was�doing�in�MS-Excel.

Results

The�simple�regression�equation�of�stature�on� arm�
spam�length�(In�cm)�of�male,�female�and�combined�

group�are�as�given�bellow.

Male�Stature�(In�cm)�=�24.92�+�0.841*�Arm�span�
length�(In�cm)

Female� Stature� (In� cm)� =� 26.99� +� 0.827*� Arm�
spam�length�(In�cm)

Combined� Stature� (In� cm)� =�25.2� +� 0.839*�Arm�
span�length

In� our� study� the� observation� among� study�
subjects�n�=�150,�where�85�(56.7%)�were�males�and�
65�(43.3%)�were�girls.�Height�and�arm�span�in�boys�
(164.7�±�10.92�cm�and�162.38�±�8.02�cm�respectively)�
was�signi�cantly�(p�<�0.000)�more�than�girls�(157.1�
±�9.1�cm�and�156.8�±�6.5�cm�respectively).�Height�to�
Arm�span�ration�HAR�of�boys�and�girls�according�
to�age�of�the�subjects�are�shown�and�overall�mean�
Height�to�Arm�span�ration�was�0.9961�±�0.0183.�This�
ratio�was� used� to� calculate� expected� height� from�
the�arm�span�data�for�residual�analysis.�

Group� wise� data� was� tested� by� Pearson�
correlation�(r),�the��ndings�in�all�the�groups�showed�
statistically�signi�cant�positive�correlation�between�
height� (cm)�and�arm�span� (cm).� In� study� the�Age�
group�wise�correlation�coef�cients�between�height�
and� arm� span.� Fig.� 1� shows� the� linear� regression�
scatter� plot� of� height� and� arm� span� in� boys.� The�
correlation� coef�cient� showed� a� strong� positive�

Table�1:�Descriptive�Statistics�of�stature�and�arm�span

Variables
Stature Arm�Span

Mean Mean�±�SD Mean Mean�±�SD

Male 164.7 164.7�±�10.92 163.5 163.5�±�9.53

Female 157.1 157.1�±�9.1 156.9 156.�±�7.9

Combined 161.4 161.4�±�10.8 160.6 160.6�±�9.4

Association�between�stature�&�arm�span�(Male)

190.0

180.0

170.0

160.0

150.0

140.0

130.0

130� 140� 150� 160� 170� 180� 190

Stature�(in�cm)

Fig.�1:�Scatter�diagram�showing�relation�between�Stature�and�Arm�span�in�Males.

Arm�Span�to�Estimate�Stature�among�the�South�Indian�Population�State�of�Telangana
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correlation� (r� =� 0.8640,�p� <� 0.000).� The� regression�

equation�was�Y�=�24.92�+�0.841*�Arm�span�length�

(In�cm).�Which�may�be�interpreted�as�Height�(cm)�=�

0.841*�arm�span�(cm)�+�24.92.�

Fig.�2�shows�the�linear�regression�plot�of�height�

and�arm�span�in�girls.�The�correlation�coef�cient�also�

showed�a�strong�positive�correlation,�(r�=�0.8534,�p�

<�0.000).�The�regression�equation�was�Y�=�26.99�+

Table�2:�Correlation�between�stature�and�arm�span

Variables Correlation�(r) t-test P-Value Significance

Male 0.8640 15.6 0.0000
All�are�highly�
significant

Female 0.8534 13.0 0.0000

Combined 0.8651 21.0 0.0000

0.827*�Arm�spam�length�(In�cm).�When�the�height�
and� arm� span� data� of� boys� and� girls�were� taken�
combined,�and�correlation�and�regression�analysis�
were� carried�out,� it� showed� a�positive�correlation�
coef�cient� (r� =� 0.8651,� p� <� 0.000).� The� regression�
equation�was�Y�=�25.2�+�0.839*�Arm�span�length�(In�
cm).� This� equation� was� used� to� obtain� estimated�
height�from�the�arm�span�data�for�residual�analysis.�
When� residual� analysis� was� carried� out� between�

Association�between�stature�&�arm�span�(Female)

Stature�(in�cm)

180.0

175.0

170.0

165.0

160.0

155.0

150.0

145.0

140.0

135.0

130.0

130� 140� 150� 160� 170� 180�

Fig.�2:�Scatter�diagram�showing�relation�between�Stature�and�Arm�span�in�Females.

Association�between�stature�&�arm�span�(Combined)

Stature�(in�cm)

190.0

180.0

170.0

160.0

150.0

140.0

130.0

130� 140� 150� 160� 170� 180� 190

Fig.�3:�Scatter�diagram�showing�relation�between�Stature�and�Arm�span�(Combined).
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arm�span�and�residuals�calculated�from�regression�
equation�(i.e.,�difference�between�actual�height�and�
estimated� height� from� the� regression� equation),�
it� showed�practically� a� zero� slope,� it� indicates�no�
interdependence�between�variables.�

Discussion

Even� in� mutilated� and� dismembered� bodies� it� is�
possible�to�estimate�stature�as�well�in�fragmentary�
remains,�arm�span�length�can�be�used�for�estimation�
of�stature�in�living�subjects�and�also�in�those�it�is�not�
possible�to�measure�the�stature�due�to�deformities.

In�our�study�the�result�showed� that� in�majority�
of�study�subject�arm�span�was�relatively�more�than�
the� stature.� Our� study� is� supports� �ndings�made�
by� Dorjee� B� et� al.� in�west� bengal� state� India16� as�
well�with�the�study�made�by�Esomonu�UG�et�al.�in�
Nigeria20�also�in�other�studies�like17,18–21�all�showed�
from�India�that�arm�span�is�more�than�the�height.

In� the� present� study,� a� total� of� 150� (85� males�
and� 65� females)� subjects� between� the� age� of� 18
and�25�years�were�enrolled.�Since�maximum�height�
of� an� individual� is� attained� between� 18� and� 25�
years,�these�individuals�were�selected�for�the�study.�
In�other�studies�like�Agnihotri�AK�et�al.,�Rajkumar�
CM�and�Krishna�K23–25�they�too�enrolled�subjects�of�
same�age�group.�A�study�from�Thailand26�has�made�
the� �ndings� that� the� decrease� in� the� correlation�
between�arm�span�and�stature�with�increasing�age,�
as�stature�decreases�with�age�and�Arm�span�does�
not,�even�though�earlier�study22�found�contribution�
of� age� is� insigni�cant� in� estimation� of� stature,�
we� considered� age� and� regression� equations� are�
derived�for�different�age�groups.

In� the� present� study� the� correlation� between�
stature� and� arm� span� showed� a� strong� positive�
correlation�(r�=�0.8651,�p�<�0.000).�This�result�is�an�
support�to�the�widely�accepted�positive�correlation�
between�height�and�arm�span�in�adults.�Dorjee�B�et�
al.� found�more� strong�correlation�(male� r�=�0.978,�
female� r� =� 0.972)� than� the� result� of� this� study.16

However,�they�took�a�larger�sample�(n�=�240)�while�
this�study�was�conducted�out�on�a�smaller�sample�
size�(n�=�150).�There�is�a�possibility�that�difference�
between�sample�size�and�sample�age�range�may�be�
the�contributing�factors�behind�the�difference�in�the�
results.

Regression�equations�were�established� for�male�
and�female�separately.�Overall�regression�equation�
was�Y�=�25.2�+�0.839*�Arm�span�length�in�cm.�This�
equation� was� used� to� estimate� height� from� arm�
span�data�and�compared�with�the�actual�height.

Regression� equations� for� stature� estimation�
from�other�anthropometric�parameters�are�widely�
available�for�adult�population.�Tandon�R�et�al.,�used�
foot� length�to�estimate�height� in�adult�population�
from� the� established� regression� equation� in� their�
study.27�Similarly�Mondal�MK�et�al.,�came�up�with�
regression�equation�for� estimation�of� height� from�
ulnar�length�in�adult�population.28

These� all� above� stated� studies� were� carried�
out� on� adult� population.� In� an� study� made� by�
Chowdavarapu� RR� et� al.,� observed� that� head�
length�can�be�used�to�estimate�height�in�8–12�years�
children.29�It�was�Bardale�RV�et�al.,�and�Sen�J�et�al.,�
observed� that�height�can�be�estimated�from�index�
and�ring��ngers�in�adult�population.30,31

On� the� contrary� it� is� true� that� appropriate�
measurement�of�smaller�segments�of�the�body�like�
�nger� length,� foot� length,� and�head� length�needs�
calipers� and� intra-observer� and� inter-observer�
variation�may�give�a�proportionate�error�in�height�
estimation.32-41�Whereas�arm�span�can�be�measured�
with� simple�measuring� tape.�Arm� span� is� almost�
similar�to�stature�in�length;�hence,�chances�of�error�
in� estimation� would� be� comparatively� less� for�
estimated�height�from�arm�span.

Conclusion

Stature� can� be� estimated� from� measured� arm�
span�using�regression�equations.�Using�regression�
equation� for� estimation� of� stature� is� more�

Table�3:�Comparison�between�actual�and�calculated�values

Variables Actual�Stature Calculated�Stature P-Value Significance

Male Mean 164.66 162.38
0.1233

All�are�not�
significant

Mean�±�SD 164.7�±�10.92 162.38�±�8.02

Female Mean 157.10 156.80
0.8332

Mean�±�SD 157.1�±�9.1 156.8�±�6.5

Combined Mean 161.40 159.96
0.2000

Mean�±�SD 161.4�±�10.8 159.96�±�7.88

Arm�Span�to�Estimate�Stature�among�the�South�Indian�Population�State�of�Telangana
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acceptable,�and�result�of�this�study�and�regression�
equations�may�be�considered�in�clinical�practice�and�
in�medico�legal�cases�for�estimation�of�stature�from�
arm�span�in�south�Indian�population�of�Nalgonda�
District�of�Telangana.
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