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T h e col lodiaphyseal angle of the f e m u r in 
adult Nigerians 

P. U . N W O H A 
Department of Anatomy and Cell Biology, Obafemi Awotowo University, lle-lfe. Nigeria 

S u m m a r y 

A n inves t i ga t i on w a s c o n d u c t e d on 256 p e o p l e , 
cons i s t ing of 138 m e n a n d 118 w o m e n in I le - I fc , 
O y o S t a t e . N i g e r i a , t o d e t e r m i n e t h e var ia t ion 
of c o l l o d i a p h y s e a l ang l e ( C D A ) of t he f e m u r 
with t he t r a n s v e r s e a n d ver t ica l d i a m e t e r s o f t he 
h e a d of t h e f e m u r , wi th t he n e c k , u p p e r sha f t 
d i a m e t e r a n d l o w e r s h a f t d i a m e t e r of t he 
f e m u r . T h e e f f e c t s of sex a n d geograph ica l 
loca t ion o n C D A w e r e a l so c o n s i d e r e d . It was 
o b s e r v e d tha t t he m e a n C D A of t he m e n was 
g r e a t e r t han t ha t of t h e w o m e n . T h e m e a n 
C D A of t he right f e m u r is gene ra l ly g r e a t e r 
t han of t he left f e m u r in each sex. C D A 
signif icant ly c o r r e l a t e s nega t ive ly wi th the dia-
m e t e r s of t he h e a d of t he f e m u r a n d with the 
d i a m e t e r s of t h e s h a f t , but posi t ively wi th t he 
neck . C D A e x h i b i t e d reg iona l va r i a t ion in the 
f e m a l e N ige r i an p o p u l a t i o n . M e a n C D A of 
f e m a l e s in l l e - l f e , S o u t h - W e s t Niger ia s e e m e d 
g r e a t e r t h a n tha t of f e m a l e s in C a l a b a r . S o u t h -
Eas t Nige r i a . Bu t m e a n C D A in t he ma le s is 
not d i f f e r e n t . C D A in N i g e r i a n s s e e m e d g r e a t e r 
t han t h e C D A r e p o r t e d for the o t h e r c o u n t r i e s 
and r aces . T h i s might b e d u e t o d i f f e r e n t 
cu l tu ra l h a b i t s o r p h y s i q u e exh ib i t ed by the 
d i f f e r e n t r aces . 

R e s u m e 

O n a fait u n e e n q u c t e sur 256 a d u l t c s (138 
h o m i n e s ct 118 f e m m e s ) rds idant a l l e - l f e . e ta t 
d ' O y o a u N i g e r i a , p o u r d e t e r m i n e r la va r i a t ion 
e n t r e Tangle d u c o n d e f e m u r — ' co l lod iaphy-
seal a n g l e ' ( C D A ) — et les d i a m e t r e s ver t ica l e t 
t r ansve r se d e la t e t e d c f e m u r , le c o u , les 
d i a m e t r e s de h a m p e s u p c r i e u r e et i n f e r i e u r e du 
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fcmur. Les e f f e t s d e s cxe et l ieu g e o g r a p h i q u e 
sur C D A o n t e t c considdr<5. O n a o b s e r v e q u e 
C D A eta i t p lus g r a n d c h c z les h o m m e s q u e 
c h c z les f e m m e s . D a n s c h a q u e s c x e , C D A d c 
dro i t est p lus g r a n d q u e ce la d e g a u c h e . II n 'y a 
a u c u n e c o r r e s p o n d a n c e e n t r e C D A . les 
d i a m e t r e s d e la t e t e f e m o r a l e et la h a m p e M a i s 
il y a u n e c o r r e s p o n d a n c e e n t r e C D A et le c o u 
{!> < 0 .05) . C D A a montnS u n e v a r i a t i o n 
r eg iona le c h e z f e m m e s les n i g ^ r i e n n c s La 
m o y e n n c C D A d e s f e m m e s h I l e - I f c (Sud -
O u e s t de Nige r i a ) s e m b l e plus g r a n d q u e ce la 
d e s f e m m e s i\ C a l a b a r ( S u d - E s t d e N i g e r i a ) . 
Mai s C D A c h c z les h o m m e s n ' e s t pas d i f f c i e n t 
C D A r a p p o r t d p o u r les N i g e r i a r u sc-nbl* p iu s 
g r a n d q u e cela r a p p o r t e p o u r les g e n s d \ - •ices 
p a y s et races . O n c o n s t a t e q t e k s p h y s i q u e s et 
I ' hab i tude cu l tu re l le o n t e u un i n f l u e n c e sur 
ce la . 

I n t roduc t ion 

T h e u p p e r e n d of t he f e m u r cons i s t s of a 
r o u n d e d h e a d , a neck a n d t w o t r o c h a n t e r s . 
T h e neck runs d o w n w a r d s a n d la tera l ly t o j o in 
t he s h a f t . T h e ang le tha t t he long axis of t h e 
neck m a k e s wi th t he long axis of t he s h a f t is t h e 
co l lod iaphysea l ang l e ( C D A ) . A c c o r d i n g t o 
Ho l l i n shcad | 1 | , t he C D A is a dev i ce t o a l low 
for t he g r e a t e r mobi l i ty of t he h ip j o i n t . T h e 
s tudy of the C D A h a s f a s c i n a t e d s eve ra l re-
s e a r c h e r s . T h e m a g n i t u d e of C D A in s u c h 
s tud i e s h a s v a r i e d . S o m e r e p o r t e d C D A of 120° 
(2). s o m e 125° | 3 , 4 j . wh i l e o t h e r s h a v e r e p o r t e d 
126° [ 1) a n d o v e r 130 (5.6) . S u c h is t h e v a r i a t i o n 
exh ib i t ed in t he r e p o r t e d v a l u e s of C D A tha t 
m o r e s t u d i e s o n it a r e nece s sa ry in o r d e r t o 
p r o v i d e a w i d e r v iew of t he e x t e n t of va r i a t i on 
of this ang l e in m a n . A c c o r d i n g to p r e v i o u s 
r e p o r t s , this ang l e va r ies a m o n g s e x e s , b e i n g 
g r e a t e r in t he m a l e t h a n in t h e f e m a l e (7 -10 ) , 
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144 I*. U. Nwoha 

v a r i e s wi th a g e , d i m i n i s h i n g f r o m b i r th t o 
p u b e r t y [4 ,11] . wi th s t a t u r e of t he ind iv idua l 
112] a n d f r o m o n e reg ion of a c o u n t r y t o t he 
o t h e r (5,10]. 

S ingh et ul. 16] c o n d u c t e d s tud i e s of C D A of 
p e o p l e in C a l a b a r , S o u t h - E a s t N i g e r i a , b u t . 
wi th r e p o r t e d r eg iona l va r i a t i on in C D A , fu r -
t h e r s t u d i e s c o n d u c t e d in Niger ia a r e adv i sab le 
to c o m p a r e a n d c o m p l e m e n t this ea r l i e r s t udy . 
T h e o u t c o m e of t he s t u d y will a l so he lp in 
g u i d i n g t h e c o n s t r u c t i o n of f e m o r a l neck im-
p l a n t s f o r N i g e r i a n s , b e c a u s e t he va lues 
p r e s e n t l y in use in o r t h o p a e d i c d e p a r t m e n t s in 
N ige r i a a r e t h o s e mos t ly r e p o r t e d fo r t he o t h e r 
c o u n t r i e s a n d races , a n d t he se cou ld be signifi-
can t ly la rger o r sma l l e r t h a n ac tua l Nige r i an 
v a l u e s , t h u s c r e a t i n g p r o b l e m s for t he o r t h o -
p a e d i c m a n a g e m e n t . 

C o n s i d e r a b l e in te res t h a s b e e n s h o w n by 
p r e v i o u s a u t h o r s in t h e s tudy of C D A in 
C a u c a s i a n s (13-16] , a n d in t he M o n g o l o i d s 
(5 .10.17] bu t very little in te res t h a s b e e n s h o w n 
on the Black p o p u l a t i o n . T h e impac t of racial 
va r i a t i on on the va lue of C D A would be m u c h 
b e t t e r u n d e r s t o o d if m o r e s tud ies w e r e ca r r i ed 
o u t on t he Black p o p u l a t i o n . F u r t h e r m o r e , very 
l i t t le is k n o w n a b o u t the r e l a t ionsh ip of C D A 
wi th t he d i a m e t e r s of t he h e a d , n e c k , u p p e r and 
l o w e r s h a f t s of t he f e m u r . T h e k n o w l e d g e of t he 
r e l a t i o n s h i p of C D A wi th s o m e of these p a r a -
m e t e r s w o u l d inc rease o u r u n d e r s t a n d i n g of 
C D A a n d p e r h a p s be of i m p o r t a n c e in t he 
cl inical d i agnos i s of s o m e b o n e d i seases of t he 
h e a d , n e c k o r sha f t of the f e m u r . 

T h e p r e s e n t inves t iga t ion , which is a r e t ro -
spec t ive o n e , t h e r e f o r e se ts ou t to : 

( i ) c o m p l e m e n t t he w o r k of Singh et al. (6] in 
N i g e r i a n s ; 

(ii) p r o v i d e m o r e i n f o r m a t i o n o n C D A in the 
Black p o p u l a t i o n ; 

(iii) c o r r e l a t e C D A wi th d i a m e t e r s of t he h e a d , 
neck a n d sha f t of f e m u r . 

M a t e r i a l s a n d m e t h o d s 

X- ray f i lms be long ing to 138 m a l e p a t i e n t s , 
giving a to ta l of 138 left f e m o r a a n d 138 right 
f e m o r a , a n d 118 f e m a l e p a t i e n t s , giving a to ta l 
of 118 lef t f e m o r a a n d 118 right f e m o r a , we re 
ut i l ized for th is s t u d y . T h e pa t i en t s had re-
p o r t e d at t he C a s u a l t y Uni t of t he O b a f e m i 
A w o l o w o Univers i ty H o s p i t a l s C o m p l e x , Ile-

I f e , N i g e r i a , b e t w e e n 1983 a n d 1987. fo r 
s u s p e c t e d i n j u r y t o t he pe lv is , a n d the i r age s 
r a n g e d f r o m 25 t o 85 y e a r s . 

X - r a y f i lms of t h e pe lv is w i t h o u t pa tho log ica l 
i n ju ry w e r e s e l e c t e d fo r this s t u d y by a t r a ined 
r ad io log i s t . T h e X - r a y f i lms w e r e t a k e n f r o m an 
a n o d e - f i l m d i s t a n c e of 100 c m . t h e p a t i e n t ' s 
pos i t ion w a s a n t e r o p o s t e r i o r , w i th t h e feet 
para l le l t o e a c h o t h e r s u c h t ha t t h e m e d i a l s ides 
of t h e big t o e s t o u c h e d ; this a n t e r o - p o s t e r i o r 
m e t h o d w a s used fo r all t h e f i lms in this 
w o r k . T h e fo l l owing m e a s u r e m e n t s w e r e t a k e n 
d i rec t ly o n t h e f i lms (F ig . 1): 

(i) ver t ica l d i a m e t e r of t h e h e a d — V I ) (I I - B 
in Fig. 1): f r o m t h e t o p m o s t po in t ver t ica l ly 

H 

Fig. I. A schematic diagram of the collodiaphyseal 
angle (CDA) of the femur: H - B = vertical diameter; 
M-N = transverse diameter; O - J = neck diameter; 
K-E = upper shaft diameter; R - l = lower shaft 
diameter; C - F = axis of the neck; and L-l* — axis of 
the shaft. 
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Collodiaphyscal angle in Nigerians 145 

to the lowest point on the head of the 
f e m u r : 

(ii) t ransverse d i a m e t e r — T D ( M - N in Fig. 
1): f rom a point near the fovea central is 
t ransversely to the junct ion with the neck; 

(iii) neck d i a m e t e r — N D ( O - J in Fig. 1): 
d i ame te r of the neck measured at its 
nar rowes t pa r t : 

(iv) u p p e r shaf t d i a m e t e r — U S D ( K - E in Fig. 
1): measu red at a point 8 cm f rom the top 
of t h e g rea te r t rochan te r ; 

(v) lower shaf t d i a m e t e r — L S D ( R - T in Fig. 
1): m e a s u r e d at a point on the shaft 16 cm 
f rom the top of the grea te r t rochanter . 

T h e fol lowing m e a s u r e m e n t s were m a d e on 
t ransparent p a p e r supe r imposed directly on the 
X-ray film: 

(i) axis of the neck: fo rmed by joining the 
midpoint of the head (C) and the midpoint 
of the base of the neck (F) ; 

(ii) axis of the shaf t : f o rmed by joining the 
midpoint of U S D (L) and the midpoint of 
L S D (P) ; 

(iii) C D A : the angle f o r m e d by the axis of the 
neck with the axis of the shaf t . T h e angle 
was m e a s u r e d with a pro t rac tor . 

T h e values ob ta ined f r o m the measu remen t s 
were ana lysed statistically. S tuden t ' s /-test was 
used to c o m p a r e the values of C D A between 
the males a n d females in the present work . T h e 
re la t ionship of C D A with the d i ame te r s was 
analysed by Pea r son ' s product of momen t 
corre la t ion coeff ic ient . Ident i f icat ion points 

(IP) were calculated for likely usage in sex, and 
pe rhaps in racial d i f fe rent ia t ion . An identifica-
tion point is a point beyond which there is no 
over lap in the values recorded for the male and 
female bones . T h e P value for this work was 
fixed at P < 0.05. 

Results 

In each of the sexes (Table 1) the mean C D A of 
the right f emora is higher than that of the left 
f emora , a l though not significant. Similarly, 
C D A of the male is g rea te r than that of the 
female but not to a very significant deg ree (P < 
0.08). IP classified a small pe rcen tage of the 
bones . An uppe r IP of 141° ident i f ied 12% of 
male right bones while a lower IP of 117° 
classified 5 % of female right bone4* For the left 
f emora a lower IP of 118° classified 5 % of 
female bones and none of the male bones In 
the male . C D A exhibits negative cor re la t ion 
with V D and T D and with U S D and LSD and 
positive with N D . T h e correlat ion ts si£nif»cant 
for T D , and L S D ( P < 0.05) , as shown in Tnble 
2. In the female , C D A has neg-jtive corre la t ion 
with V D and T D , and with U S D and L S D . and 
positive correlat ion with N D . The cor re la t ion is 
also significant for V D , N D , U S D . and L S D ( P 
< 0.05; Tab le 2). T h e m e a n v D A r e p o r t e d in 
males in the present s tudy in l le- l fe does not 
seem different f rom the mean C D A repor t ed by 
Singh ei al. (61 for males in Ca l aba r , bu t in the 
female the mean C D A repor ted here s eems 

Table I. Student's Mest lor the significance of the difference between 
mean collodiaphyscal angle (CDA) in the right (R) and in the left (L) 

femora of each sex. and for the femora between the sexes 

Male Female T value P value 

No. of cases 138 118 
Range 117°-146° 114°-141° 
R mean CDA 133.7 131 1.74 0.08 

± s.d. 5.91 7.80 

No. of cases 138 118 
Range 118°-144" 114°-144° 
L mean CDA 132.9 130.2 1.70 0.08 

± s.d. 5.64 7.74 

T value 1.32 1.15 
P value ns ns 
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146 P. U. Nwoha 

Table 2. Pearson's product of moment correlation 
coefficient between collodiaphyseal angle (CDA) and 
diameters of the head, neck and shaft of the femur in 

the males and in the females in l le-lfe. Nigeria 

C D A 

Right Left 

Male 
Mead transverse ( I D ) -0 .351* - 0 . 4 5 9 ' 
Head vertical (VD) - 0 . 0 1 8 3 - 0 273 
Neck (ND) +0.025 +0.272 
Upper shaft (USD) -0 .08S -0 .101 
Lower shaft (LSD) -0 .395* -0 .490* 

Female 
Head transverse (TD) - 0 . 3 3 3 - 0 . 2 5 3 
Head vertical (VD) -0.403* - 0 . 3 9 3 
Neck (ND) +0.363* +0.414* 
Upper shaft (USD) -0 .527* -0.428* 
Lower shaft (LSD) -0 .539* -0.546* 

'Significant correlation at P < 0.05. 

t o b e g r e a t e r t h a n that r e p o r t e d in C a l a b a r 
( T a b l e 3) . 

Discussion 

T h e r e p o r t e d h ighe r va lue of C D A of t he right 
f e m u r c o m p a r e d with t he left f e m u r ind ica tes 
tha t C D A is not of the s a m e va lue for b o t h 
l imbs . In l l e - l f e . a s was a lso ea r l i e r no t ed by 

S ingh et at. in C a l a b a r | 6 | . t h e C D A of m e n is 
h i g h e r t h a n t ha t of w o m e n a n d th is might 
p e r h a p s b e a s a resu l t of t h e g e n e r a l l y la rger 
s t a t u r e of m e n c o m p a r e d wi th w o m e n in 
N ige r i a . T h e l a rge r C D A of m e n c o m p a r e d 
wi th w o m e n h a s a l so b e e n n o t e d by P ick , S tack 
a n d A g s o n |7 ) , T o w n s l e y | 8 j a n d S c h o f i e l d |9) . 

In d i g i t i g r a d a . B e g o a n d Z e g i r i | 1 8 | h a d 
i n d i c a t e d tha t C D A d e p e n d e d t o a l a rge e x t e n t 
on t h e we igh t b o r n e o n t h e b a c k . M e a n C D A of 
f e m a l e s in l l e - l f e w a s g e n e r a l l y l a r g e r t h a n 
that in C a l a b a r , but in t h e m a l e s t h e m e a n C D A 
v a l u e s a r e n e a r l y t h e s a m e . A l t h o u g h this 
o b s e r v a t i o n n e e d s t o be f u r t h e r s u b s t a n t i a t e d 
by w o r k d o n e by t h e s a m e p e r s o n in t h e t w o 
p l aces , it d o e s , n e v e r t h e l e s s sugges t s o m e 
r eg iona l v a r i a t i o n of C D A in f e m a l e N i g e r i a n s . 
In o t h e r w o r k s . .Singh a n d S i n g h (1()| h a d a l so 
n o t e d r e g i o n a l v a r i a t i o n of C D A in t h e I n d i a n s . 
T h e n e g a t i v e c o r r e l a t i o n of C D A w i t h t h e h e a d 
a n d s h a f t d i a m e t e r s a n d pos i t i ve wi th t h e n e c k 
d i a m e t e r s u g g e s t s t ha t l a r g e C D A is a s s o c i a t e d 
wi th l a rge f e m o r a l n e c k , n a r r o w h e a d a n d sha f t 
d i a m e t e r s . U n d u l y l a rge o r smal l C D A v a l u e s 
m a y be ind ica t ive of d i s e a s e c o n d i t i o n s of t he 
h e a d o r s h a f t o r n e c k of t h e f e m u r . M a n u e l a n d 
Yusof | 1 9 | c o m p a r e d the C D A of C h i n e s e , 
J a p a n e s e , A u s t r a l i a n A b o r i g i n e s . M a o r i s a n d 
w h i t e A m e r i c a n s a n d h a d n o t e d t ha t t h e re-
p o r t e d C D A in C h i n e s e w a s g r e a t e r t h a n in 
A u s t r a l i a n A b o r i g i n e s . F i n n s a n d w h i t e A m e r i -
cans . T h e w o r k of S ingh et al. [6]. s u p p o r t e d by 
the p r e s e n t w o r k , h a s s h o w n tha t t h e g r e a t e s t 
m e a n C D A r e p o r t e d f o r N i g e r i a n s (134°) is 

Tabic 3. Values of collodiaphyseal angle (CDA) reported in the present work 
and C D A values reported in the work of Singh et al. (1986) in Nigerians |6 | 

Male Female 

Right Left Right Left 

Present work 
No. of cases 138 138 118 118 
C D A range 117°-146° 118°-144° 114°-141° H4°-144° 
C D A mean 133.7° 132.9° 131.7° 130.2° 

± s.d. 5.91 5.64 6.81 6.74 
Singh et al. (1986) 

No. of cases 101 101 50 50 
C D A range 125°-142° 124°-144° 116°-131° 113°-130° 
C D A mean 132.6° 133° 126.2° 126.3° 

± s.d. 3.80 4.12 2.97 3.33 
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Collodiaphyscal angle in Nigerian\ 147 

g r e a t e r t h a n t h a t r e p o r t e d fo r I n d i a n s by S i n g h 
a n d S ingh 110) (125° ) . f o r W h i t e s by S inc la i r (21 
(120°) , H o l l i n s h c a d |1 ] (126°) a n d H a m i l t o n | 4 | 
(125°) , a n d f o r C h i n e s e by H a s h i m o t o [ 17J 
(130°). T h i s s u g g e s t s t h a t t h e Black r a c e , a n d 
N i g e r i a n s in p a r t i c u l a r , m a y h a v e h i g h e r C D A 
t h a n C a u c a s i a n s a n d M o n g o l o i d s , a n d th i s is 
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s o m e u n d e t e r m i n e d g e n e t i c f a c t o r s . T h i s o b s e r -
va t i on ca l l s f o r f u r t h e r w o r k u s i n g s imi l a r 
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w e r e c l a s s i f i e d by t h e i r a p p l i c a t i o n in th is w o r k . 
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