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Abstract 
Background: Anthropology is the study o f human 
biology and culture. This study aims to develop an 
image-process ing a l g o r i t h m fo r c o m p u t i n g 
an th ropomet r i c measurements in fo rens ic 
investigations in order to produce car biomctr ic 
databases ol Hausas and Yorubas o f Nigeria. 
Materials and methods: Hausas o f Kcbbi State (150 
males and 150 females, aged 18 to 36 years) and 
Yorubas o f Osun State (150 males and 1 50 females, 
aged 15 to 33 years) were selected as subjects after 
their informed consents were obtained and when 
established as Hausas or Yorubas by parents and 
g randparen ts . H e i g h t , B o d y w c i g h t and 
c c p h a l o m c t r i c pa rame te rs (eva lua ted on car 
photographs) were measured on al l subjects. The 
Akinlo lu-Raj i image-processing algor i thm used in 
this study was developed using modified computer 
programming principle o f row method. Ear Length, 
Length o f Ear Insertion, Ear Breadth, Ear Index, 
lannarclli System ( 1 - 1 2 ) o f Ear Biometrics and 
Naso-aural proport ion computed from readings ol 
the Akinlolu-Raj i image-processing algorithm were 
analyzed using z-test (/-><0.05) ol 2010 Microsoft 
Excel statistical software. 
Results: Statistical analyses showed non-significant 
higher values (/>>0.05) in Hausa and Yoruba males 
compared to females in most car parameters. Non-
significant higher values (/*>().05) ot car parameters 
were observed in Yorubas compared to Hausas in 
both gender. Naso-aura l p ropor t ions were non-
significantly higher in Hausa males compared to 
females, lower in Yoruba males compared to females, 
higher in Hausa males compared to Yoruba males and 
lower in Hausa females compared to Yoruba females. 
Conclusions: The developed Akin lo lu-Raj i image-
processing algorithm can be employed for computing 
anthropometric, forensic, diagnostic or any other 
measurements on 2 - D and 3 -D images, and data 
computed from its readings can be converted to 
actual or l i lc sizes. Males have higher car sizes 
compared, to females in Hausas and Yorubas. In 
addition, Yorubas o f Osun State have higher ear sizes 
compared to Hausas o f Kcbbi State in both gender. 
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Resume 
Contexte : L'anthropologic est 1'etude dc la biologic 
el de la cu l tu re humainc. Cct tc etude vise a 
dcvcloppcr un a Igor i thine dc traitcmcnt d'imagc pour 
le calcul de mcsures anthropomctriqucs lors des 
enquctcs criminologiqucs a fin dc crccr des bases dc 
donnccs biomctriqucs auriculaircs sur les Hausas ct 
les Yorubas du Nigeria. 
Materiels et methodes : Les Hausas 
dc f Etat dc Kcbbi (150 hommcs ct 150 femmes ages 
de 1X a 36 ans) et les Yorubas dc PEtat d'Osun (150 
hommcs ct 150 femmes dc 15 a 33 ans) ont etc 
sclcct ionnes commc sujets aprcs que Icur 
consentcmcnt a etc obtcnu et quand ctablis cn tant 
que I lausas ou Yorubas par les parents ct les grands-
parents. Les paramctrcs dc tailie, dc poids corporcl 
et ccphalomctriqucs (cvalucs sur des photographies 
de P o r c i l l c ) ont etc mesurcs sur tous les 
sujets. L ' a l g o r i t h m c dc t ra i t cmcn t 
d* images Akinlolu-Raji utilise dans ccttc etude a etc 
dcvcloppc cn utilisant le principc dc programmation 
i n fo rma t iquc modi f ie dc la mcthodc des 
ligncs. Longueur de Porcillc, longueur dc P insertion 
de P o r c i l l c , largcur dc P o r c i l l c , ind icc dc 
Porcillc, systcmc lannarclli (1 - 12) dc la biomctric 
de Porcillc ct proportion auriculo-nasale calculcc a 
partir dc la lccturc dc Palgorithmc de traitcmcnt 
damages Akinlolu-Raji ont etc analyses a P aide du 
lest z ( P d" 0,05) du logicicl statistiquc Microsoft 
Exccl 2010. 
Resultats: Les analyses statistiqucs ont montrc des 
valcurs supcricurcs non significativcs (P> 0,05) chcz 
les hommcs hausa ct yoruba par rapport aux femmes 
pour la p lupar t des paramctrcs aur i cu la i rcs . 
Des va lcurs non s ign i f i ca t i vcmcn t p lus 
elcvccs (P> 0,05) des paramctrcs dc Porci l lc ont 
etc obscrvccs chcz les Yorubas par rapport aux 
Hausas parmi les deux sexes. Les proport ions 
auriculo-nasalcs etaicnt non significativcmcnt plus 
elcvccs chcz les hommcs que les 
femmes hausa, plus bas chcz les hommcs que 
les femmes Yoruba , eleve chcz les hommcs 
hausa par rapport aux hommcs yoruba ct moins 
chcz les femmes hausa que les femmes yoruba. 
Conclusions: L ' a l g o r i t h m c dc t ra i t cmcn t 
damages dcvcloppc par Ak in lo lu -Ra j i pcut ctrc 
utilise pour calculcr des mcsures anthropomctriqucs, 
criminologiqucs, diagnostiques ou toutc autre mcsurc 
sur des images 2D ct 3D, ct les donnccs calculccs a 
partir dcscs lectures pcuvcnt ctrc convcrties cn tallies 
actuellcs ou rcclles. Les orcillcs des hommcs sont 
plus grandes que ccllcs des femmes chcz les Hausas 
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cl Ics Yorubas. I:n outre, les Yorubas tic PHtat 
d'Osun out line laillc d'orcille superieurc a colic des 
I lausas dc Flitat dc Kcbhi cntrc Ics deux sexes. 

Mots cles: Oreille, Biometrie. proportion auriculo-
nasale, Yoruba, llattsa, algoritlune de traitement 
(I 'image, enquetes criminologiques 
Yoruba, Hausa, Image-processing algorithm. 
Forensic investigations 

Introduction 
Anthropology is the study o f human biology and 
culture while forensic anthropology deals with the 
establishment o f human identity. [ 11 The ear is 
directly related to the face and is of relevance in 
b iometr ie studies and c ran io fac ia l surg ica l 
reconstructions [2.3 ]. The ear is the organ of hearing, 
and is involved in the maintenance of equilibrium 
and balance [2.3]. I l is divisible into three parts, the 
external, middle and internal ear 12.3]. The shape 
or appearance of the outer car had long been noted 
as a useful physical feature for forensic identification 
by law enforcement officers [4-6). The car becomes 
a very useful biometrie feature when the face may 
become not comple te ly recognizcd due to 
illumination changes, facial expression changes, eye 
glasses and facial make-up [4-6). The car could 
easi ly be captured f rom a distance either in 
cooperative or non-cooperative subjects, hence car 
biometrics is an interesting feature of surveillance 
invest igat ions [4-6] . Furthermore, the use o f 
earmarks or ear prints left in crime scenes in criminal 
trials is expanding [7], which further emphasizes the 
role o f car biometrics in forensic identifications o f 
individuals. 

Nigeria is comprised of over two hundred 
and fifty ethnic groups [8), with the Uausas, Igbos 
and Yorubas as the three major ethnic groups 
constituting more than 60 percent of its population 
[8). Therefore, to provide further information on ear 
cepha lomcl ry and to pioneer the use o f face 
recognition technology in Nigeria, this study aims 
to develop an image-processing algorithm which can 
be used to compute cephalomctric measurements for 
facc recognition o f individuals o f any ethnic group. 
In addition, this study aims to provide a preliminary 
forensic ear database of I lausas and Yorubas. 

Materials and methods 
Pilot-study 
A pi lo t -s tudy was conducted to determine the 
reliabil i ty o f the developed Akinlolu-Raj i image-
processing algorithm using 40 Yoruba subjects (20 
males and 20 females), aged 15 to 23 years, who 
were undergraduate students of Osun State School 
o f Heal th Technology, l lcsa and Osun State 
University. Okuku Campus. Informed consents of 
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subjects were obtained in accordance with ethical 
guidelines o f the Helsinki Declaration of 1975, as 
revised in 2000. Facial parameters evaluated from 
readings o f the algorithm on three-dimensional (3-
D) facial photographs were converted to life sizes 
and the results were statistically compared using t-
tcst of the Statistical Package for the Social Scicncc 
software Statistics 23, with measurements of same 
facial parameters computed from readings of the 
Vernier Ca l i pe r (onc-d imcns iona l or 1-D 
anthropomet ry). 

Pair wise comparative statistical analyses of 
computed mean values o f cephalomctric parameters 
(Mean ± SI)) in millimeters between Vernier Caliper 
(1-1) anthropometry) and the developed Akinlolu-
Raj i imagc-p roccss ing A lgo r i t hm (3-D 
anthropometry) measurements in male and female 
control subjects showed lower or higher, but no 
s igni f icant d i f ferences ( / ^ > 0 . 0 5 ) in 100% of 
measured parameters: Total Facc Height (trichion 
to gnathion), Forehead Height (trichion to nasion). 
Upper Facc Height ( t r i c h i o n to subnasalc), 
Morphological Facc Height (nasion to gnathion). 
Nose Height (nasion to subnasalc) and Lower Facc 
Height (subnasalc to gnathion). (Figure 1). The 
Bonfcrroni correction (P/f) method was employed to 
reduce the chanccs o f obtaining false-positive results 
(type I errors) declaring wrong significant diffcrcncc 
when no significant diffcrcncc exists. [9,10]. 

Selection of subjects and determination of sample 
size 
Letters of approval for conduct of the study were 
received f r om managements o f Kcbbi State 
Universi ty o f Scicncc and Technology, Alicro; 
Adamu Augic Col lege o f Education, Argungu; 
School ol Health Technology, Jcga and Kcbbi State 
School of Nursing and Midwifery, Birnin Kcbbi, 
Irom where Hausa subjects (150 males and 150 
Icmalcs, aged 18 to 36 years) were locally selected; 
and Osun State University, Okuku Campus from 
where Yoruba subjects (150 males and 150 females, 
aged 15 to 33 years) were locally selected for the 
study using the purposive technique or judgment 
sampling method, [ 11-15) only when established via 
distributed questionnaires as I lausas of Kcbbi State 
or Yorubas o f Osun Slate by parents and 

. grandparents. Informed consents were obtained from 
selected subjects in accordance wi th ethical 
guidelines o f the Helsinki Declaration of 1975, as 
revised in 2000. 

Data collection and evaluated ear parameters 
Data on height and body weight , parents and 
grandparents ethnic origin, local government area, 
state, of origin and ear photographs were obtained 
from each subject Photographs of subjects were 
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I i^. I . Biomctric Measurements o f ihc Face. 
Ir = tricliion. n - nasion. sn = subnasalc and gn gnathion. I I ' l l = Total Facc Height, FH = Forehead l lc ight&UFH = Upper Face 
Height. N'lI = Nose Height, M M I Morphological I ace Height and LFH Lower Facc Height. 

- ( ephalomctric features of the Mar. 
sa = supcrauralc, sl>a = subaurale. obs = otobasion superius and 

I <>bi = otobasion informs. 
j c ,x la. ("rus l lc l ic is 2. Lobule 
• Maphoici l-'ossa •) Anii l ic l ix 4a ami 4h Crura' Amil icl icis 
• ' f i a n g i i l a r Fossa 6. Anliliaiius 7. Concha 

• n c s u r c I m c n r a g i c a -J. „ a g u s HI . O p c n n T g „ f E x . c n . a l a e o n s , , c m e a t u s 



obi sa - sba 

Fig. 3. Biomciric Measurements o f the Ear. 
Height (Length) of the Ear. (sa - sba) 
Length of Ear Inseition: (obs - obi) 
Ear Breadth: (cb - cb) 
Ear Index: Ear Breadth/Ear Length X 100. 
lannarelli 1 - 12 = lannarclli System o f Ear Biometries, sa = supcraurale, 
sba = subauralc. eb = car breadth: obs - otobasion superius and 
obi = otobasion mferius. 

12 
obi-

i 

,1.1 Akiulolu. R .hiji-Suliiiinnn ami .t() Itufi 

~ - - - •» mt-

Fig. 4. Naso-aural Proportion. 
Naso-aural Pioponion: Nose Length (n - sn)/l:ar Length (sa - sba). 
n = nasion, sn subnasalc, sa = supcraurale and sba subauralc. 
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Liken with 3-D SONY Cyber-shoi DSC- I IX7V 
camera (Sony Electronics Incorporated, San Dicuo, 
USA) using modi lied procedures lor standardized 
photography. 115| Ear parameters (in millimeters) 
were computed from readings ol" the developed 
Akinlolu-Raji image-processing algorithm on car 
photographs o f each subject. Measured height 
(meters) in Hausas ranged from 1.6 - 1.9 in males 
and 1.3 - 1.8 in females wh i le the range o f 
Bodywcight in kilograms was 45 - 85 in males and 
43 - 70 in lemalcs. Measured height (meters) in 
Yorubas ranged from 1.5-1.8 in males and 1.2 - 1.7 
in females whi le the range o f bodywcight in 
kilograms was 46 - 80 in males and 45 - 72 in females. 

Height (Length) o f the Ear (supcrauralc -
subauralc), Length o f Ear Insertion (otobasion 
supcrius - otobasion infcr ius) . Max imum Ear 
Breadth, Ear Index, lannarclli System ( 1 - 1 2 ) of 
Eai Biomcti ics and Naso-aural proportion were 
evaluated in this study, (figures 2 - 4). 

Development of Akinlolu-Raji Image-processing 
algorithm for face recognition 
Akin lo lu -Ra j i imagc-proccssing a lgor i thm for 
forensic facc recognition was developed using the 
modified computer programming principle of row 
method. [16-18] In the row method, each picturc 
element (pixel) given by a number or three-set o f 
numbers called grey scale depending on the color 
and texture o f the image portion being represented, 
was considered column by column along a row 
until all the rows were covcrcd. The grey scale o f 
each ccll was confirmed to represent the color o f 
the marked points previously set as the threshold 
grey scale. The coordinates o f any detected point 
was noted and recorded [16-18). Sincc some ol 
the detected points were not at same horizontal or 
vertical levels, the Pythagoras theorem was used 
to calculate the pixel distance before converting 
to actual distance using the pixels of the rcfcrcncc 
points and their computed distances as read by the 
Akinlolu-Raj i imagc-proccssing algor i thm [16-
18]. 

Statistical analyses 
Data collected from measurements o f car parameters 
and calculations o f indices and proportions were 
statistically analyzed using the 2010 Microsoft Excel 
Statistical software. The two sample z-tcst method 
(used when the sample size is > 30) was employed 
for statistical significance pairwisc comparisons ol 
computed means of car parameters by sex and tribe. 
The alpha value for test o f significance was set at 
^<0.05. 
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Results 
liar biometrics by gender 
Statistical analyses of ear measurements (Mean ± 
S.D. in millimeters) in Hausas showed significantly 

mean value (/><0.05) in 6.7% of measured highci 

paiamcters: lannarclli 5, but non-significantly higher 
mean values (P>0.05) in 46.7% of measured 
parameters: Ear Length, Length of Insertion, Ear 
Breadth, lannarclli 3, 6, 9 and 10 in males compared 
to females, (table I). In contrast, there were non-
significantly higher mean values (P>0.05) in 46.7% 
ol measured parameters: lannarclli 1, 2, 4, 7, 8, 11 
and 12 in females compared to males (Table 3). The 
car index was lower in Hausa males than in females, 
(table 1). 

Analyses o f car measurements (Mean ± S.D. 
in millimeters) in Yorubas showed significantly 
higher mean values (P<0.05) in 26.7% of measured 
parameters: Ear Length, Length o f Insertion, 
lannarclli 5 and 11, but non-significantly higher mean 
values (/^>0.05) in 60% of measured parameters: Ear 
Breadth, lannarclli 1,2,6, 7, 8,9, 10 and 12 in males 
compared to females. In contrast, there were non-
significantly higher mean values (7^0.05) in 13.3 
% of measured parameter lannareili 3 and4 infernales 
compared to males, (table 1). The ear index was Iowa* 
in Yoruba males than in females, (table 1). 

Ear biometrics by tribe 
Statistical analyses of car measurements (Mean ± 
S.D. in millimeters) showed non-significantly higher 
mean value ( ^>0 .05 ) in 6 .7% o f measured 
parameters: lannarclli 3 in Hausa males compared 
to Yoruba males. In addition, there were significantly 
lower mean values (P<0.05) in 26.1% o f measured 
parameters: Ear Breadth, lannarclli 6, 7 and 8 in 
Hausa males compared to Yoruba males. (Table 2). 
There were non-significantly lower mean values 
(/>>().05) in 66.7% of measured parameters: Ear 
Length, Length of Insertion, lannarclli 1, 2, 4, 5, 9, 
10, 11 and 12 in Hausa males compared to Yoruba 
males (table 2). The car index was lower in Hausa 
males than in Yoruba males, (table 2). 

Comparative statistical analyses of car 
measurements (Mean ± S.D. in millimeters) showed 
non-significantly higher mean values (P>0.05) in 
20% of measured parameters: lannarclli 10, 11 and 
12 in Hausa females compared to Yoruba females. 
In addition, there were significantly lower mean 
values (P<0.05) in 13.3% of measured parameters: 
lannarclli 7 and 9 in Hausa females compared to 
Yoruba females. (Table 2). There were non-
significantly lower mean values (P>0.05) in 66.1% 
o f measured parameters: Ear Length, Length o f 
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Tabic I. 
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liar Biometries (Mean ± S.D.) in millimeters by Sex in Hausasantl Yorubas. 

Ccphalometric 
Parameters 

Hausa 
Males Females 

Sig. Dif. 
/*<(). 05 

Yoruba 
Males Females 

Sig. Dif 
/'<(). 05 

Ear Length 64.7 ± 11 62.7 ± 9.2 0.80 77 ± 3.9 63.9 ± 8.3 0.01 
(sa - sba) 

45.8 ±4.7 41.1 ±7.0 Ear Breadth 35.1 ± 6.3 34.8 ± 6.7 0.95 45.8 ±4.7 41.1 ±7.0 0.24 
(cb - cb) 

64.3 Ear Index = 54.3 55.5 NIL 59.5 64.3 • NIL 
Ear Width/Ear 
Length X 100 

57.6 ±8.6 Length of 60.1 ±9.5 56.4 ± 9.6 0.60 69.4 ± 4.2 57.6 ±8.6 0.02 
Insertion 
(obs -obi) 
Iannarclli 1 5.2 ± 1.5 5.6 ±1.6 0.70 7.1 ±2.3 6.9 ± 1.3 0.83 
Iannarclli 2 4.2 ±0.6 4.9 ±0.9 0.20 5.9 ±3.0 5.7± 1.7 0.87 
Iannarclli 3 4.7 ± 1.0 4.6 ±0.5 0.96 4.6 ±2.0 4.9 ± 1.8 0.81 
Iannarclli 4 4.5 ±0.2 5.1 ± 1.1 0.30 5.0 ±2.1 6.3 ± 2.2 0.39 
Iannarclli 5 15.7 ± 3.7 M. I ±2.0 0.04 18.2 ± 4.8 11.7 ± 3.2 0.04 
Iannarclli 6 25.1 ±5.8 21.4 ± 5.4 0.30 34.7 ±2.9 29.5 ± 5.9 0.11 
Iannarclli 7 12.9 ± 3.7 14 ± 4.0 0.70 25.9± 1.9 23.8 ±5.6 0.50 
Iannarclli 8 7.9 ±2.6 8.1 ± 1.4 0.90 11.5 ± 1.8 9.0 ± 1.6 0.05 
Iannarelli 9 11.6 ±4.0 9.9 ±2.0 0.80 15 ± 3.0 13.9 ± 3.1 0.57 
Iannarclli 10 9.9 ±2.7 9.5 ± 1.6 0.80 10.7 ±0.7 9.1 ±2.1 0.13 
Iannarclli 11 20.1 ±3.3 21.5 ± 3.3 0.50 21.9 ± 2.0 18. ±2.4 0.02 
Iannarclli 12 13.8 ± 3.6 16.2 ±1.5 0.20 15.5 ±2.6 14.6 ±3.0 0.61 

S.D. = Standard Deviations of 150 determinations; Sig. DifT. = Significant Diffcrcncc; AT0.05 = z-tcst; sa = supcraurale; 
sba = subauralc; cb = car breadth; obs - otobasion superius; obi = otobasion inferius and Iannarclli 1 - 12 = Iannarelli 
System of Ear Biomcirics. 

Insertion, Ear Breadth, Iannarclli 1, 2, 3, 4, 5, 6 and 8 
in Hausa females compared to Yoruba females (tabic 
2). The car index was lower in Hausa females than 
in Yoruba females, (tabic 2). 

Naso-aural proportions by gender and tribe 
Naso-aural proportion was higher in Hausa males 
compared to females, but lower in Yoruba males 
compared to females. Naso-aural proport ion was 
higher in Hausa males compared to Yoruba males, 
bul lower in Hausa females compared to Yoruba 
females. (Tabic 3). 

Discussion 
The obtained results o f car measurements (tables 1 
and 2) implied sexual d imorphism between males 
and females of I lausa and Yoruba ethnic groups (w i th 
males having higher computed values than females), 
and that males differ from females in car sizes. H i is 
is in agreement with the findings o f earlier studies, 
which reported sexual d i m o r p h i s m w i t h males 
having higher computed values than females in 
comparisons of the mean vnlucs o f measurements 
of Ear Length and/or Ear Breadth, in male and female 

adults in Maiduguri, Borno State [19], Hausas in 
Kano, Kano State [20], Australians [21], Italians [22] 
and India [23]. The results of car measurements in 
this study arc in disagreement with reported sexual 
dimorphism, but with males having higher mean 
value o f Ear Width and lower mean value of Ear 
Length in Urhobos of Abraka, Delta State [24]. 
Sexual dimorphism between males and females 
could be due to genetic factors, which vary with 
gender and auriclc expansion which begins earlier 
in males than in females and which continues ti l l 
older age [20]. 

In addition, results of ear measurements 
(tables 1 and 2), implied that Hausas and Yorubas 
arc o f similar car si/.cs. I lowcvcr, higher mean values 
o f measured parameters were observed in Yorubas 
when compared to Hausas in both gender. 

The computed mean values in millimetres of 
Ear Length (64.7 in males and 62.7 in females). Ear 
Breadth (35.1 in males and 34.8 in females). Length 
o f Insertion (60.1 in males and 56.4 in females) and 
Ear Index (54.3 in males and 55.5 in females) in 
I lausas were similar, but higher than mean values of 
the Ear Length (60.82 in males and 59.46 in females). 
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Table 2. I• ar Biometries (Moan » S } 1,1 ni,llimeters by Sex and Tribe. 

C'cphalomolrie 
Parameters 

I lausa 
Males 

liar Length 
(sa - sba) 
Ear Breadth 
(eb - eb) 
Ear Index -
Ear Widlh/IZar 
Length X 100 
Length of 
Insertion 
(obs -obi) 
lannarclli I 
lannarclli 2 
lannarclli 3 
lannarclli 4 
lannarclli 5 
lannarclli 6 
lannarclli 7 
lannarclli 8 
lannarclli 9 
lannarclli 10 
lannarclli 11 
lannarclli 12 

Yoruba 
Males 

Sig. Dill 
7*<0.05 

I lausa 
Females 

Yoruba 
Females 

sig. Din: 
P< 0.05 

64.7 ± II 77 ± 3.9 0.05 62.7 ±9.2 63.9 ± 8.3 0.84 
35.1 ± 6.3 45.8 ± 4.7 0.02 34.8 ±6.7 41.1 ±7.0 0.19 
54.3 55.5 NIL 59.5 64.3 NIL 

60.1 ± 9.5 69.4 ± 4.2 0.08 56.4 ± 9.6 57.6 ±8.6 0.85 

5.2 ± 1.5 7.1 ±2.3 0.15 5,6 ± 1.6 6.9 ± 1.3 0.19 4.2 ±0.6 5.9 ± 3.0 0.25 4.9 ±0.9 5.7 ± 1.7 0.38 
4.7 ± 1.0 4.6 ±2.0 0.94 4.6 ±0.5 4.9 ± 1.8 0.78 
4.5 ± 0.2 5.0 ±2.1 0.62 5.1 ± 1.1 6.3 ± 2.2 0.33 
15.7 ± 3.7 18.2 ±4.8 0.40 II.1 ±2.0 11.7 ± 3.2 0.74 
25.1 ±5.8 34.7 ±2.9 0.01 21.4 ± 5.4 29.5 ±5.9 0.05 
12.9 ± 3.7 25.9± 1.9 0.00 14 ±4.0 23.8 ±5.6 0.01 
7.9 ±2.6 11.5 ± 1.8 0.03 8.1 ± 1.4 9.0 ± 1.6 0.36 
11.6 ±4.0 15 ±3.0 0.16 9.9 ±2.0 13.9 ± 3.1 0.04 
9.9 ±2.7 10.7 ±0.7 0.50 9.5 ± 1.6 9.1 ±2.1 0.74 
20.1 ±3.3 21.9 ± 2.0 0.30 21.5 ± 3.3 18. ±2.4 0.09 
13.8 ± 3.6 15.5 ±2.6 0.41 16.2 ± 1.5 14.6 ±3.0 0.29 

S.D. - Standard Deviations of 150 determinations; Sig. Diff. = Significant Difference; Pd"0.05 = z-test; sa = 
supcrauralc; sba = subauralc; eb - car breadth; obs = otobasion super ins; obi = otobasion inferius and lannarclli 
1-12 = lannarclli System of Ear Biometrics. 

Table 3. Naso-aural proportion by sex and tribe. 

Cephalometric Hausa Yoruba 
Parameters Males Females Males Females 

NoscLcnght 39 ±7.8 
(nasion - subnasalc) 
EarLcnghl 64.7 ± II 
(supcrauralc - subauralc) 
Naso-aural Proportion = 0.60 
Nose Lcnght/Ear Lenght 

34 ± 1.7 43 ± 15 39 ± 8.1 

62.7 ± 9.2 77 ± 3.9 63.9 ± 8.3 

0.54 0.56 0.61 

S.D. = Standard Deviations oj 150 de terminations 

Ear Breadth (30.85 in males and 29.82 in females) 
and Ear Index (50.81 in males and 50.24 in females) 
in Hausas o f Kano, Kano State, aged 18 to 25 years 
120J, Ear Length (56.73 in males and 56.86 in 
females) of Urhobos in Delta State, aged 6 to 60 
years (24J, Ear Length (60.4 in males and 57.4 in 
females) in Indians, aged 17-25 years 123]obtained 
from I -D anthropometry. Length o f Insertion (49.3 
in males and 44.3 in females) of Australians older 
than 18 years o f age (211 obtained f rom two-
dimensional anthropometry, lower in males, but higher 

in females than the mean values o f Ear Length (65.7 
in males and 59.6 in females) o f Australians older 
than 18 years o f age, obtained f rom 2 -D 
anthropometry |211, and higher than the Ear Length 
(61.93 in males and 56.11 in females) o f Italians, aged 
18 - 30 years obtained from 3-D anthropometry [22]. 

I he computed mean values in millimetres o f 
Ear Length (77 in males and 63.9 in females). Ear 
Breadth (35.1 in males and 34.8 in females), Length 
ol Insertion (69.4 in males and 57.6 in females) and 
Ear Index (59.5 in males and 64.3 in females) in 
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Yorubas of Osun Slate were similar, but higher than 
the mean values o f liar Length (60.82 in males and 
59.46 in females). Bar Breadth (30.85 in males and 
29.82 in females) and Ear Index (50.81 in males and 
50.24 in females) o f Hausas in Kano, Kano State, 
aged 18 to 25 years [20], l iar Length (56.73 in males 
and 56.86 in females) o f Urhobos in Delta State, aged 
6 to 60 years [241, Ear Length (60.4 in males and 
57.4 in females) in Indians, aged 1 7 - 2 5 years J23] 
obtained from 1-D anthropometry, Ear Length (65.7 
in males and 59.6 in females) and Length o f Insertion 
(49.3 in males and 44.3 in females) o f Australians 
obtained from 2-D anthropometry older than 18 years 
of age [21] and the Ear Length (61.93 in males and 
56.11 in females) of Italians, aged 1 8 - 3 0 years 
obtained from 3-D anthropometry [22]. 

The observed differences in mean values o f 
car measurements in this study (in Hausas, aged 18 
to 36 years and Yorubas, aged 15 to 33 years) 
compared to those of previous 1-D anthropometric 
studies could be due to differences in anthropometric 
methods, age differences of subjects selected in the 
different studies, ethnic and regional variations. 

The results o f Naso-aural proport ions 
implied greater Ear Length than Nose Length in both 
gender o f Hausas and Yorubas. (Table 3). This is in 
agreement with a previous study which reported 
greater Ear Length than Nose Length in Afr ican-
Amer ican females, aged 18 to 30 years. [25 ] . 
Similarly, Yorubas have greater mean values o f Ear 
Length and Nose Length than Hausas in both sexes. 

Conclusions 
The developed Ak in lo lu -Ra j i imagc-proccssing 
a lgo r i t hm can be employed for compu t i ng 
anthropometric, forensic, diagnostic or any other 
measurements on 2-D and 3-D images, and data 
computed from its readings can be converted to 
actual or life sizes. Males have higher car sizes 
compared to females in Hausas and Yorubas. In 
addition, Yorubas o f Osun State have higher ear sizes 
compared to Hausas of Kcbbi State in both gender. 

Recommendations for future studies 
Biological determination o f anccstral origins o f 
subjects should be carried out to provide definitive 
and representative anthropometric data as well as 
determine the true nature o f the heterogeneity and 
ethnic diversity o f the Nigerian population. 
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