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Resume Abstract 
linckuwund: Exophtha lmonic t ry and pa lpebra l 
dimensions m e a s u r e m e n t s a r e i m p o r t a n t in 
ophthalmic, as well as facial reconstructive surgery 
practice and the range of normal values vary among 
different races and age groups. 
Objective: To establish a set of exophthalmometric 
values and palpebra l d i m e n s i o n s in a hea l thy 
Nigerian population of older children and young 
adults. 
Methods: A descriptive cross sectional school survey 
was conducted among secondary school students 
aged 10 to 18 years in a Local Government Area, 
South-Western Nigeria. Exophthalmonictry value 
and palpebral dimensions were measured using 
Hcrtcl cxophlhalmomctcr and a non-s t rc tchable 
transparent plastic millimeter ruler respectively. 
Results: The mean exophthalmometric value was 
15.95 ± 1.10 mm in both eyes, (right eye, 15.88 ± 
1.01; left eye, 1(>.02 ± 1.04, t = -9 .146, p <0.001) 
and it increased with age (r = 0.725, p < 0.001). In 
the right eye, the mean palpebral fissure height was 
10.60 ± 0.71 mm, palpebral fissure width was 31.10 
±1.18 mm, medial eanthal distance was 8.8 ± 0.78 
mm, lateral eanthal distance was 10.8 ± 0.75 mm, 
and margin reflex distance-1 was 3.5 ± 0.50 mm. In 
the left eye, the mean palpebral fissure height was 

( on text e: Les m e s u r c s d e d i mens i ons de 
Pcxophtalmometric et p a l p e b r a l sont importantcs 
dans Pophtalmie ainsi que lapratique de la chirurgic 
reconstruct ive facialc, et la gamme des valcurs 
norma les varie scion les races et les groupes d'agc. 
Object if Pour c tabl i r un ensemble de valcurs 
cxophtalmomctriqucs ct de dimensions pa lpebra l s 
dans une population nigcrianc sainc d'enfants ages 
et de jcuncs adultcs. 
Methodes: Une cnquetc transvcrsalcdcscriptivc sur 
les ccolcs a etc rcalisce chcz des clcvcs du cycle 
sceondairc ages de 10a 18 ans dans une commune, 
sud -oucs t du Nige r i a . La va l cu r de 
rexophtalmomctrie ct les dimensions pa lpebra l s ont 
etc mcsurccs a Paidc de Pcxophtalmctrc d'Hcrtcl ct 
d 'unc regie millinietriquc en plastiquc transparent 
non extensible respcctivcnicnt. 
Resnltats: La valcurmoycnnc cxophtalmomctriquc 
ctait de 15,95 ± 1 , 1 0 mm dans les deux ycux, (ocil 
droit 15,88 ± 1,01 ; ceil gauche 16,02 ± 1,04, t = -
9,146, p <0,001) ct cllc a augmcntcc avec Page (r 
= 0 ,725 p <0 ,001) . Dans Pccil droit, la faille 
moyenne de la fissure palpebrale ctait dc 10,60 ± 
0,71 mm, la largcur dc la fissurcpalpcbralc ctait 
dc 31,10 ± 1,18 mm, la distancccanthalc mcdialc 
ctait de 8,8 ± 0,78 mm, la distancccanthalc latcralc 

10.50 ±0.72 mm, palpebral fissure width was 31.20 ctait de 10,8 ± 0,75 mm et la distance rcflcxc 
*1.12 mm, medial eanthal distance was 8.7 ± 0.79 margina lc-1 ctait 3 ,5 ± 0 ,50mm. Dans l ' lc i l 

gauche, la faille moyenne de la fissure palpebrale 
ctait dc 10.50 ± 0,72 mm, la largcur dc la fissure 
palpebrale ctait dc 31,20 ± 1,12 mm, la distance 
cant hale media le ctait dc 8,7 ± 0 ,79 mm, la 
distance canthalc latcralc ctait dc 10,8 ± 0,77 mm 
ct la distance rcflcxc niarginalc-1 ctait dc 3,5 ± 
0,50mm. Uncdifference statistiqucmcnt significative 
(p =• 0.014) if a etc notcc que dans la largcur dc la 

our locality which can be compared with other parts fissure palpebrale cntrc les deux ycux. 
of the country Conclusion: C c sondagc a ctabli des valcurs 

' no rma l ives pour r e x o p h t a l m o m c t r i e ct les 
Keywords: Anthropometry. Exoph/holmome/rv. dimensions pa lpebra l s parmi les nigcnans dc 10 a 
l'uil>ehral dimensions. Nigerian 18 ans dans noire localitc cc qui pent ctre compares 

avee d'autrcs regions du pays. 

mm, lateral eanthal distance was 10.8 ± 0.77 mm 
and margin reflex distance-1 was 3.5 ± 0.50 mm. A 
statistically significant difference ( p ~ 0 . 0 I 4 ) was 
noted only in the palpebral fissure width between 
the two eyes. 
Conclusion: This survey has established normative 
values for e x o p h t h a l m o n i c t r y and p a l p c b i a l 
dimensions among 10- to 18-year-old Nigerians in 
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Introduction, . 
The orbit is a bony cavity with an average volume 
of 45ml and houses the eyeball along with various 
other s tructures such as the extraocular muscles, 
retro-orbital fat, the lacrimal gland and the associated 
n e u r a l a n d v a s c u l a r s t r u c t u r e s | I |. 
Exopluhatonometry is the quantitative assessment of 
the position of the globe in the orbit | 2 | and many 
d i s e a s e s o f the o rb i t m a n i f e s t wi th a b n o r m a l 
protrusion of the eye lor which ex ophthalmometry 
is a routine test to evaluate the patients. The Hcrtcl 
c x o p h t h a l m o m c t c r is the most c o m m o n l y used 
cxophlhalmomctcr in clinical practice bccausc it is 
a handy and inexpensive device which produces 
consistently reproducible results, though, it cannot 
be used in individuals with dcfccts in the lateral 
orbi ta l wall [3]. Anthropology revea l s that the 
skeletal build-up of humans is unique in different 
races, and that males and females have different bony 
f r a m e w o r k [4] . T h e no rma l m o r p h o l o g i c and 
functional values of eyelid positions also vary widely 
between race, sex, and age |4 | . Therefore, knowledge 
of the average dimensions of periocular structures, 
facial propor t ions and the relat ionships between 
individual segments of the face is protean. Opinions 
differ on the effect of age on cxophlhalmomctric 
value (EV) and palpebral dimensions (PD). 

However, many authors [5-7] reported that EV 
increases during the first two decades of life, and 
stabilizes thereafter, thus, suggesting that EV at the 
end of the second decade is a true representation ol 
EV in adulthood. Heterogeneity in EV and PD values 
and their correlates among different populations had 
been clearly demonstrated [5, 8-12]. Therefore , 
when evaluating the results of these measurements, 
the normal values specific to the population must be 
taken into consideration. I lowcvcr, only a few studies 
f 13-15] have reported normative ex ophthalmometry 
data in the Nigerian populat ion and these were 
conducted mainly among the older age groups, thus, 
values based on studies among Caucasians are used 
as reference in the country. This study thus aims to 
define normal EV and PD values in this select group 
of healthy Nigerian population. 

M e t h o d s 
A descriptive cross-sectionaI study was conducted 
among 1,018 secondary school students in Akinleyc 
Local Government Area (LCJA) of Oyo Stale, South 
Western Nigeria. Multistage sampling was used to 
recruit s tudents from live public co-educat ional 
secondary schools out of the 35 government owned 
schools in the LCiA. Sample s i /e was estimated using 
the formula for calculating single proportions 116|. 
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The senior a rm of each school and one of the two 
j u n i o r a r m s w e r e s e l e c t e d by s i m p l e random 
sampling and a class each was selected from junior 
class one to senior class six by balloting. All students 
in each selected c lass were included in the study. 
Excluded from the study were students with previous 
or present history of ocular and orbital trauma or 
surgeries, family history suggestive of thyroid eye 
disease, facial a symmet ry or abnormali t ies , high 
r e f r a c t i v e e r r o r s , a n d s q u i n t . I n t e r v i e w e r -
administered questionnaires were administered to all 
the s tuden t s p a r t i c i p a t i n g in the s tudy to elicit 
relevant past ocular, medical and family history. 

Visual acuity was assessed with a Snellen's 
chart positioned at 6 meters in a well illuminated 
environment for all the s tudents following which 
exophtha lmometry was done with an accura te ly 
c a l i b r a t e d Hcr tc l c x o p h t h a l m o m c t c r ( K e e l c r 
Instruments Inc., Broomall , PA, USA) using the 
standard method described by Kumari ct al\ The 
mean of three readings was taken as the final reading. 

Per iocular an th ropomet r i c measurements 
taken were palpebral fissure height (PIT I), the central 
vertical distance between the upper and lower lid 
margins at primary position of gaze; palpebral fissure 
width (PFW), the horizontal distance between the 
medial and lateral eanthi; medial canthal distance 
( M C D ) , the hor izonta l d i s tance between medial 
canthus and medial limbus while patient is at primary 
position of gaze; lateral canthal distance (LCD), the 
horizontal d i s tance be tween lateral can thus and 
lateral limbus while patient is at primary position of 
gaze and margin rcllcx distance-1 (MRD,), the vertical 
distance between the upper eyelid margin and cornea 
rcllcx while patient is at primary position of gaze. 
Pa lpeb ra l m e a s u r e m e n t s were taken in a well 
illuminated room with additional illumination from a 
rechargeable lamp. Measurements were taken with the 
use of non- strctchablc transparent plastic millimeter 
ruler using the method described by Ozliirk (17). The 
mean of two readings was taken as the final reading. 

Ethical a p p r o v a l was obtained from the 
University c5f Ibadan/Univcrs i ty College Hospital 
Ethical Committee, and permission was sought and 
got ten f rom S ta t e Min is t ry of Educat ion, LGA 
Educa t ion Board and the pr incipals of selected 
schools. Written informed consent was obtained from 
the parent/guardian of each student and verbal assent 
was obtained f rom each student . The study was 
conducted according to the guidelines by Helsinki 
declarations on human research. 

The collected data was entered into a data 
base, c leaned and ana lysed using the Statistical 
Package for Social Sciences version 20 software 
( S P S S Inc . C h i c a g o IL, U S A ) . Means and 



I able 1: Mean cxophthalmomctric values by age groups 
and gender 

l\\aphthalnunnclric values anil Periocular itnllira/tamctry among Nigerians 

Iraiucncics wore generated and comparison of the 
mean c x o p h t h a l m o m c t r i c va lues and p a l p e b r a l 
dimensions between categories was done using the 
Student T-test and Pearson ' s correlation analysis . 
Level of significance was 0.05. 
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R e s u l t s 
\ total of 1.018 students were studied, compris ing 

516 (50.7%) males and a mean age o f 14.8 + 1.9 
years. The mean KV for both eyes w a s 15.95 + 
I I Omni (95% CI 15.89 to 16.01; range, 14mm to 
19mm). The EV was significantly higher in the left 
eve (16.02 ± 1 . 0 4 . 9 5 % CI 15.96 to 16.09) compared 
to the right eye (15.88 + 1 . 0 1 . 9 5 % CI 15.82 to 15.95) 

= -9.146, p <0.001) , and increased with age (r = 
0.725, p < 0.001, Fig. 1). The range of di f ferences in 
cxophthalmomctric value between the right and left 
eyes of the pa r t i c ipan t s w a s 0 -2 mm. Fo l lowing 
participants' categorizat ion into two age g roups of 
10 to 14 years (younger age group) and 15 to 18 
years ( o l d e r a g e g r o u p ) , t h e m e a n E V w a s 
significantly higher a m o n g the 15-18 years age group 
(l = -25 .596; p < 0 . 0 0 1 ) . However , no s ignif icant 
difference was found between males and females (p 
= 0.73). ( table 1) 

Age group Number Both Eyes 
(years) Mean (SD) t-test (p-value) 

10-14 493 15.31+0.59 
25.5964(<0.001) 

15-18 525 16.56±0.92 
Gender 
Male 516 15.96+1.004 0 .3426(0 .7319) 
Female 502 15.94+0.994 

group (10 .86±0.67mm) w a s significantly higher than 
in younger age group (10.27 ±0.61 mm) (t = -14.609, 
p < 0 . 0 0 1 ) ( T a b l e 2). N o s i g n i f i c a n t d i f f e r e n c e 
(p=0.245) was noted between the right eyes (10.60 
± 0.71 mm) and left eyes (10 .50 ± 0 .72 mm) of the 
s tudents . 

T h e mean L C D increased wi th age (r = 
0 .204 . p <0 .001) and w a s signif icantly higher in the 
older (15-18 years) age g roup (t = -5 .180 , p <0 .001) , 
but there was no significant difference between males 
and females (p = 0.46), and right eyes (10 .8 ± 0 .75 
mm) and left eyes (10.8 ± 0 .77 m m ) of the s tudents 
(p=0.595) . T h e mean M C D however, increased with 

l it;. I: Correlation of FV with age 

T h e P F W increased s igni f icant ly with age 
(r =" 0.33, p < 0 . 0 0 1 ) , with the mean P F W in older 
age g r o u p (3 1 .47J- 1 , 0 3 m m ) b e i n g s i g n i f i c a n t l y 
higher than in younge r a g e g r o u p ( 3 0 . S 4 J - l . l 5 m m ) 
(* =- -9 .220, p < 0 . 0 0 1 ) . A s ta t i s t ica l ly s ign i f ican t 
difference ( p - 0 . 0 1 4 ) w a s noted in the mean P F W 
between the right eye ( 3 1 . 1 0 m m + 1.18 m m ) a n d 
left eye (31 2 0 m m + 1.12 m m ) of the s tudents . Also, 
^ e PI 11 increased s igni f icant ly with a g e (r - 0 .45 , p 
' 0 001), (Fig. 2). and the mean PFI I in older a g e 

a g e (r =• 0 .224, p <0 .001) (F igure 3), but showed no 
significant d i f ference between the age g roups (t = -
6 . 5 0 1 . p " 0 .054) and gender (p =~ 0 .82) . (Table 2). 
N o s ignif icant d i f f e rence w a s a l so noted be tween 
the right eyes (8 .8 + 0 .78 m m ) and left eyes (8 .7 ± 
0 .79 mm) of the s tudents (p=0 .275) . 

T h e mean margin rcl lcx d i s tance 1 ( M R D , ) 
in the right and left eyes w a s identical (3 .50 m m ± 
0 .50 mm) and this did not differ s ignif icantly between 
the age g roups in each eye, (right eye, t = -0 .5978 , p 
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- 0 .5501; lc(l eye, t= -0 .1870. p - 0 .8517) and gender D i s c u s s i o n 
( p > 0 . 0 5 ) . T h e mean e x o p h t h a l m o m e t r i c va lue (I :V) in this 

s tudy was similar to an earlier s tudy by Ibrahcem ct 
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Fig. 2: Correlation o f a g e with palpebral fissure width and height 

Tabic 2: Mean PFW, PFH, LCD, M C D values between age groups and by gender 

A g e groups 
(years) 

N PFW 
(mm) 

p-valuc PFH 
(mm) 

p-value LCD 
(mm) 

p-valuc M C D 
( m m ) 

p-valuc 

O
 « 4 9 3 30 .83 <0.001 10.27 <0.001 10.66 <0 .001 8 . 6 ! 0 . 0 5 4 

1 5 - 18 5 2 5 31 .48 10.86 10.91 8 .92 
Gender 
Male 5 1 6 31 .14 0.52 10.54 0 .16 10.81 0 . 4 6 8 .77 0 .82 
Female 5 0 2 31 .18 10.61 10.77 8 . 7 6 

PFIV=palpebi a/Jlssinv width, PFH =paIpebra! fissure height. LCD=lateral eanthal distance, MCD= medial eanthal 
distance, N=number 
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FiK. 3: Correlation of age and the lateral ami medial eanthal distance. 
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Table 3: Margin Rcllcx Distance (MRI) ( ) lor Right & I oil eye between age groups and gender 

Age groups N Right eye Left eye 
^ l-icsl (p-valuc) Mean l-lcsl (p-viiluc) 

10-14 49.1 3.533+0.507 -0.59K (0.550) 3.527+0.512 -0IX7m«<v>» 
15-IS 525 3.552+0.501 3.533+0.503 
[ iemlcr 
Vlalc 516 3.534 *0.503 -0.535 (0.593) 3.509+0.504 - | 32SmiK*i 
Female 502 3.551+0.506 

a! 1181 done in the same part of the country. They 
118) however, studied mostly adults thus, suggesting 
that liV stabilizes and approximates adult values in 
the second decade of life as earlier reported by some 
authors (1,5,6). Variations in EV with different racial 
groups had been documented by o ther au tho r s 
(5,9,12,19] and the mean EV in this study is higher 
than those reported among Chinese, |5] Turkish, [ 19] 
and Iranian [9] teenagers, but lower than reported 
among Americans. [12] Osuobeni [20] had reported 
that Black youngsters had the highest EV followed 
by Arabs, Caucasians and Chinese, and opined that 
this may due to anatomic variations in the different 
racial g r o u p s . A s i g n i f i c a n t s t r o n g p o s i t i v e 
correlation was noted between age and EV in this 
study, s imi la r to p r e v i o u s r e p o r t s [ 6 , 9 , 2 1 ] . 
Exophthalmomelric va lue has been repor ted to 
increase with age, reaching a peak in the second 
decade of life, and subsequently starts to decline 
(5,22). It is bel ieved that EV inc reases f rom 
childhood to t e e n a g e y e a r s d u e to the 
disproportionate growth of the facial skeleton and 
orbital contents, eventually reaching its maximal 
level at adolescence [5 ,6] . T h e left eye had a 
statistically significant higher mean EV compared 
with the right eye in this study. However, this is not 
clinically significant as the difference is less than a 
millimeter. Previous researchers a lso varied in their 
report of the effect of laterality on cxophthalmomclry 
as some studies | 9 , 13 , IS | found the left eye to have 
higher value, while other studies [1,10,19) reported 
higher value in the right eye. In agreement with previous 
studies, 19.12,231 males in this survey had higher EV 
than females, though, not statistically significant. Kayc 
c l « / |7 | attributed the higher value in males to the bigger 
Mature of males compared with females. 

Pa lpeb ra l f i s s u r e he ight a n d PIVV 
S|gnificantly increased with age in this study, similar 
, ( ) findings of previous au tho r s | 2 4 - 2 6 | , which 
probably reflects the continued growth in facial 
hones and modeling of the facial soft tissues in this 
sl:»ge of life. Ibraheem ct al 11S | however, reported 
a shght decrease in the mean PI N and PEW with 

3.551 +0.509 

increasing age, though not statistically significant. 
Il is noted however, that they studied mostly adults 
and elderly individuals. Erbagci ctal[25J postulated 
that the shortening of PEW seen in older individuals 
may be due to progressive laxity of the medial and 
lateral canthal structures. Females had a higher PFH 
in this study, though not statistically significant, in 
agreement with Ibraheem ct al [18]. Similarly, we 
found PEW to be higher in females in consonance 
with the report of Ezc ct al [27] but at variance with 
Ibraheem ct al [18) who reported that males had a 
significant higher PFW than females and attributed 
this to a p robab le d i f fe rence in the pat tern of 
craniofacial growth with gender. 

There is a*weak positive correlation between 
the medial and lateral canthal distances and age in 
this study (p <0.001). In the older age group, the 
mean MCD and LCD arc lower than reported by 
Ibraheem ct al [ 18] among the participants who were 
less than 30 years of age in their cohort. This also 
suggests a continuous growth of the facial bones and 
sof t t i s sues wi th age , a s the va lues of these 
parameters increased with age in our study. A weak 
positive correlation also exists between the palpebral 
fissure height and width and age in this study (p 
<0.001) also, suggesting continued growth in facial 
bones and soft tissues in this stage of life. Of the 
palpebral dimensions, only the PFW showed a 
statistically significant, but not clinically significant 
difference between the right and left eyes similar to 
a previous report [27]. 

The mean MRD, in this study is slightly 
higher than the earlier report 118) in the region but 
lower than what was reponed by Price ct m 
Thi s d i spa r i ty could be a t t r ibu ted to the age 
differences in the studied populations as Ibraheem 
ct al 1181 included elderly individuals in their cohort, 
as well as racial differences 124). 

A major limitation of this study is the school 
survey design which limits the age of the participants 
that were studied to the younger age group. However, 
there are existing studies among adults in the region 
and other parts of the country. 
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Conclusion 
In conclusion, a different exopluhalmomeirie value 
(range 14mm to 19mm. mean 15.95mm) than the 
present commonly used reference value for absolute 
cxophlhalmomclry (range 10mm to 21mm, mean 
16.20mm) was obtained in this study. The values for 
cxophthalmometry and palpebral dimensions derived 
from this study are thus recommended as references 
for 10- to 18-ycar old patients in our region. Further 
studies in other parts of the country arc suggested to 
determine variability of these values. 
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