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Abstract
Background: Ocular biometry is essential in many clinical and research applications; for example, axial length is essential in intraocular lens
power calculation prior to cataract and refractive surgeries, making diagnosis of staphyloma, etc. Various factors affect their values. We intend
to study the distribution of ocular biometrics among cataract patients in our environment. Materials and Methods: This is a cross-sectional
observational study. One hundred fifty-one patients with bilateral cataract scheduled for cataract surgery during the 1-year study period (July
2016–June 2017) were consecutively recruited for the study. Medical records including age and gender were collected. Ocular biometric data
including axial length (AL), anterior chamber depth (ACD), cataractous lens thickness (LT), and vitreous chamber depth (VCD) values were
measured for both eyes before cataract operation for either eye, using an optical biometer (ophthalmic A/B ultrasound system: CAS-2000BER,
England). All the metric data were observed by the same experienced ophthalmic technician to avoid interobserver error. Result: The mean
AL was 23.51 [95% confidence interval (CI), 23.33–23.64], mean ACD was 3.22 mm (95% CI, 3.12–3.30), mean LT was 4.23 mm (95% CI,
4.17–4.29), and the mean VCD was 16.06 mm (95% CI, 15.89–16.20). AL was longer among those ages less than 30 years, ACD was
decreasing with increasing age, and the mean LT was higher for ages 30 years and above. The median ACD was decreasing with increasing age
up to ≥50 years, whereas the median LT increased with increasing age. The male–female variation in mean AL and mean VCD were
statistically significant (P < 0.001 by Mann–Whitney U test); however, the mean ACD and mean LT were not statistically significant (P =
0.110 and 0.496, respectively, by Mann–Whitney U test). The median AL was higher in males than females (24.00 vs 23.00), with an
interquartile range (IQR) of 23.50 to 24.00 mm in males, and for females was 22.50 to 24.00 mm. The median ACD was a little higher in males
than females (3.30 vs 3.10 mm), with IQR was 2.90 to 3.50 mm in males, and for females was 2.80 to 3.40 mm. Conclusion: Age and sex
should always be considered in making inferences from biometric data in ophthalmic practice.
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INTRODUCTION
Axial ocular dimensions include axial ocular length, anterior
chamber depth (ACD), lens thickness (LT), and vitreous
chamber depth (VCD). The ability to obtain accurate
measurement of ocular biometric dimensions, such as axial
length (AL), ACD, and crystalline LT, is essential for many
clinical and research applications. AL is used clinically for
intraocular lens (IOL) power calculation prior to cataract and
refractive surgeries[1] and to diagnose ocular conditions such
as staphyloma,[2] to evaluate the risk of retinal detachment,[3]
as well as to measure the structural and dimensional
components in myopia.[4] The standard value of the AL of
the eyeball is taken to be 24 mm internationally, in an adult,
irrespective of the sex, race, and other body measurements.[5]
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Mean ACD is considered to be 3.11 mm.[6] The VCD varies
from 14.42 to 16 mm.[7]
With increase in life expectancy, there has been a progressive
increase in the volume of cataract and cataract surgeries
worldwide. Good postoperative visual outcome is
paramount in patients’ expectations. Accurate ocular
biometric measurements are therefore essential. Knowledge
of these measures is fundamental for obtaining precise IOL
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power calculation, which is primarily based on formulas
derived from normative ocular biometric parameters.
Various factors affect ocular biometry. These include age,
gender, ethnicity, and refractive error.[8-17] These factors have
been studied by various researchers with varying results.
Some studies have reported age-related decreases in
AL.[8,9] However, other studies have reported no agerelated decrease in AL.[10-12] Several studies suggest that
ACD decreases with increasing age.[11-15] LT has been known
to increase with age due to age-related nuclear sclerosis.[18]
The AL of the eyeball and the vitreous chamber of the globe
have been reported to be larger in males than females.[19,20]
The studied biometrics (AL, ACD, LT, and VCD) were all
higher in men compared to women in a study done in the
population of Shahroud in the north of Iran.[20]
Many published studies on ocular biometrics, to the best of our
knowledge, have been among Caucasians, Hispanics, and
Asians. A study by Jagun et al.[21] on normative ocular
biometric dimension and its variation in Nigerian population
showed that the mean AL, ACD, LT, VCD, and cornea power
were 23.31 ± 0.91, 3.13 ± 0.40, 4.15 ± 0.46, 16.01 ± 0.91 mm
and 43.77 ± 1.33 D, respectively. A similar study in southern
Nigeria by Adio et al.[22] showed that mean AL in males and
females were, respectively, 23.86 and 23.27 mm, whereas the
overall average was 23.57 mm.
Bearing in mind the vital role of ocular biometrics in
diagnostic and therapeutic eye care, we intend to study the
ocular biometric parameters and their associations in cataract
patients seen at a Nigerian eye care centre in Akwa Ibom
State, Nigeria.

MATERIALS

AND

METHODS

This is a cross-sectional observational study. One hundred fiftyone patients with bilateral cataract were scheduled for cataract
surgery during the 1-year study period (July 2016–June 2017),
in Mercy Hospital, Abak, Akwa Ibom State, Nigeria, were
consecutively recruited for the study. A total of 521 cataract
patients were seen at the hospital within the study period, 183
with bilateral cataract and 338 with unilateral cataract. Bilateral
cataract patients with history of ocular trauma or surgery,
complicated cataract in either eye, secondary causes of
cataract such as diabetes mellitus, uveitis were excluded
from the study. Permission from the Hospital Ethical

Committee was obtained. Medical records including age and
gender were collected. Ocular biometric data including AL,
ACD, LT, and VCD values were measured for both eyes before
cataract operation for either eye, using an optical biometer
Ophthalmic Ultrasound A/B Scan [ChongQing KangHua S & T
Co., Ltd, CAS-2000BER (MODEL A), China]. AL was
measured as the distance from the anterior corneal vertex to
the retinal pigment epithelium (RPE) along fixation,
automatically adjusted for the distance between the inner
limiting membrane and RPE.[23] ACD was measured as the
distance from the anterior corneal vertex to the anterior
cataractous lens surface by image analysis of an optical
section.[23] LT was measured as the distance from the
anterior cataractous lens surface to the posterior cataractous
lens surface by image analysis of an optical section. VCD was
measured as the distance from the posterior cataractous lens
surface to the RPE along fixation, automatically adjusted for the
distance between the inner limiting membrane and RPE.[23] All
the metric data were observed by the same ophthalmic
technician to avoid interobserver error.

RESULT
There were 151 participants. The age range was 12 to 88
years, with a mean age of 57.73 ± 14.87 years [95%
confidence interval (CI), 54.70–59.90]. The mean age of
males and females was 57.31 and 57.16 years,
respectively, and their difference was not statistically
significant (P = 0.910). Of the 151 participants, 77
(51.0%) were males and 74 (49.0%) were females. The
male-to-female ratio is approximately 1:1 [Table 1].
Spearman rho correlation coefficients were determined to
examine the correlation between two eyes in terms of AL and
its components. There exists a moderate positive correlation
between left and right eyes in case of the indices of AL (r =
0.370), ACD (r = 0.447), LT (r = 0.297), and VCD (r = 0.334),
and thus, only results from right eyes are presented here [Table 2].
Table 3 shows the distribution of AL, ACD, LT, and VCD as
mean, and 95% CIs of mean by age group. In the studied
sample, mean AL was 23.51 mm (95% CI, 23.33–23.64),
mean ACD was 3.22 mm (95% CI, 3.12–3.30), mean LT was
4.23 mm (95% CI, 4.17–4.29), and the mean VCD was
16.06 mm (95% CI, 15.89–16.20). AL was longer among
those ages less than 30 years, ACD was decreasing with
increasing age, and the mean LT was higher for age 30 to 69

Table 1: Age and sex distribution of study participants
Sex

Mean age ± SD (years)
Age group (years)

Total

57.73 ± 14.87
<30
30–49
50–69
70–89

Total

Male

Female

57.31 ± 15.84
4
14
41
18
77

58.16 ± 13.88
2
16
38
18
74
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P value
0.910

6
30
79
36
151
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years and less for <30 years and above 69 years. Statistically,
by Kruskal–Wallis test, there were no significant differences
across the age group in terms of mean biometric indices of AL
(P = 0.446), ACD (P = 0.076), LT (P = 0.119), and VCD
(P = 0.094).
Table 4 shows the distribution of AL, ACD, LT, and VCD as
mean, and 95% CIs of mean by sex. The male–female
variation in mean AL and mean VCD were statistically
significant (P < 0.001 by Mann–Whitney U test);
however, the mean ACD and mean LT were not
statistically significant (P = 0.110 and 0.496, respectively,
by Mann–Whitney U test).
There was a steep decrease in median AL from age less than
30 years to age 30 years and above; however, the median
AL remains essentially same from age 30 years and above.
The interquartile range (IQR) was similar across the age
groups [Figure 1].
The median ACD was decreasing with increasing age up to
≥50 years. The IQR was widening with increasing age
[Figure 2].
The median LT increased with increasing age. The IQR was
similar across the age groups. Those <30 years were below
the 75th percentile [Figure 3].

Table 2: Correlation between OD and OS
Variable
AL
ACD
LT
VCD
*

Correlation coefficient (r)

P value

0.370
0.447
0.297
0.334

<0.001*
<0.001*
<0.001*
<0.001*

Statistically significant.

The median VCD decreased with increasing age. The IQR
was similar across the age groups [Figure 4].
The median AL was higher in males than females (24.00 vs
23.00). The IQR was 23.50 to 24.00 mm in males, and for
females was 22.50 to 24.00 mm [Figure 5].
The median ACD was a little higher in males than females
(3.30 vs 3.10 mm). The IQR was 2.90 to 3.50 mm in males,
and for females was 2.80 to 3.40 mm [Figure 6].
The median LT was same in males than females (4.20 vs
4.20 mm). The IQR was 3.80 to 4.60 mm in males, and for
females was 4.00 to 4.50 mm [Figure 7].
The median VCD was higher in males than females (16.40 vs
15.60 mm). The IQR was 15.70 to 17.00 mm in males, and for
females was 15.20 to 16.20 mm [Figure 8].

DISCUSSION
The mean AL in this study of 23.51 mm is quite similar to
that (23.57 mm) obtained in another Nigerian study in the
same region[22] but slightly higher than that obtained in a
study in Western Nigeria (23.31 mm).[21] AL in our study
is longer than the one reported in the Iranian[20] and
Chinese populations,[24] with a difference in mean
values of about 0.4 and 0.5 mm, respectively. It is
shorter than that reported in a Portuguese population,[25]
with a difference in mean values of about 0.4 mm.
However, it is closer to that reported among Caucasians
in the USA[6,26,27] and other European Caucasians,[28,29-33]
with a difference in mean values of about 0.04 mm. The
mean differences observed are relevant, as it may suggest
an ethnic and racial variation in AL. As an 1-mm error in
AL results in a residual postoperative refractive error of
about 3.00 D in a 23.5-mm eye, about 2.00 D in a 30.00mm eye, and about 4.00 D in a 20.00-mm eye,[34] it is

Table 3: Distribution of axial length (AL), anterior chamber depth (ACD), lens thickness (LT), and vitreous chamber depth
(VCD) as mean, and 95% confidence intervals of mean (CI) by age
Age (years)

N

<30
30–49
50–69
70–89
P value
Total

6
30
79
36
151

AL (mm)Mean (95% CI)
24.41
23.47
23.44
23.54

(23.36–25.95)
(23.17–23.75)
(23.27–23.62)
(23.26–23.85)
0.446
23.51 (23.33–23.64)

ACD (mm)Mean (95% CI)
3.50
3.31
3.20
3.22

(3.12–3.91)
(3.12–3.54)
(3.05–3.28)
(3.12–3.42)
0.076
3.22 (3.12–3.30)

LT (mm)Mean (95% CI)
3.85
4.25
4.26
4.21

(3.52–4.29)
(4.10–4.39)
(4.20–4.35)
(4.10–4.33)
0.119
4.23 (4.17–4.29)

VCD (mm)Mean (95% CI)
17.06
15.90
16.02
16.11

(16.37–17.92)
(15.64–16.23)
(15.78–16.23)
(15.85–16.42)
0.094
16.06 (15.89–16.20)

Table 4: Distribution of axial length (AL), anterior chamber depth (ACD), lens thickness (LT), and vitreous chamber depth
(VCD) as mean and 95% confidence intervals of mean (CI) by sex
Male
Female
P value
Total
*

n

AL (mm)Mean (95% CI)

ACD (mm)Mean (95% CI)

LT (mm)Mean (95% CI)

VCD (mm)Mean (95% CI)

77
74

23.84 (23.64–24.03)
23.16 (23.02–23.39)
<0.001*
23.51 (23.37–23.66)

3.28 (3.18–3.39)
3.15 (3.07–3.31)
0.110
3.22 (3.16–3.31)

4.21 (4.12–4.30)
4.25 (4.17–4.32)
0.496
4.23 (4.17–4.29)

16.35 (16.18–16.55)
15.76 (15.58–16.00)
<0.001*
16.06 (15.94–16.21)

151

Statistically significant.
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Figure 1: Boxplot of Axial length by age (<30 years = 1; 30–49 years =
2; 50–69 years = 3; ≥70 years = 4)

Figure 2: Boxplot of Anterior chamber depth by age (<30 years = 1;
30–49 years = 2; 50–69 years = 3; ≥70 years = 4)

Figure 3: Boxplot of Lens thickness by age (<30 years = 1; 30–49
years = 2; 50–69 years = 3; ≥70 years = 4)

Figure 4: Boxplot of Vitreous chamber depth by age (<30 years = 1;
30–49 years = 2; 50–69 years = 3; ≥70 years = 4)

Figure 5: Boxplot of Axial length by sex (male = 1, female = 2)

Figure 6: Boxplot of Anterior Chamber Depth by sex (male = 1, female = 2)
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The mean ACD of 3.22 mm observed in this study is similar to
that (3.13 mm) reported by Jagun et al.[21] in a Southwestern
Nigerian population. ACD was noted to decrease with age.
The reduction in ACD is understandable because the
crystalline lens has been documented to continuously
increase in size throughout life due to lying down of lens
fibers, thus causing gradual progressive shallowing of the
anterior chamber.[20] LT has been shown to increase with
presence of cataract, thus shallowing the anterior chamber in
cataract patients.[21] The shallower ACD with age have also
been reported to be due to forward shift of the lens with the
lying down of lens fibers.[31]

Figure 7: Boxplot of Lens thickness by sex (male = 1, female = 2)

Figure 8: Boxplot of Vitreous chamber depth by sex (male = 1, female = 2)

therefore pertinent to consider the influence of ethnicity in
the determination of biometric parameters in cataract
patients. The effect of age on AL was not statistically
significant in this study; however, a steep decrease in both
the mean and median AL from age less than 30 years to age
30 years and above was observed. Grosvenor[35] proposed
that age-related reduction in AL occurs as an
emmetropization mechanism, compensating for the
increase in the refractive power caused by the change of
the crystalline lens. However, Wong et al.[8] stated that the
decrease in AL in older persons may be due to a cohort
effect such that older persons may have smaller eyes.
According to him, this may be due to poor nutrition and
health status in the aged. Hassan et al.[20] had postulated
that the decrease in AL with age may be due to some
unknown changes, especially ocular atrophy.
44

The increase in LT with age, which was noted in this study,
will largely explain the progressive reduction in ACD noted.
An increase in LT with age has been observed in other
studies.[28,36-38] Age related nuclear sclerosis, increase in
protein fiber layers forming under the capsule as well as
continuously lying down of lens fibers with increasing age,
have been reported as being the reasons for increase in LT in
cataractous lens with advancing age.[8,12,20,36]
All of the assessed biometrics in this study were greater in
males, except the LT. Consistent with this study, Hashemi
et al.[20] and He et al.[37] had reported that except for LT with
contradicting results, of being greater in women, other
biometrics were higher in men. These results are in
accordance with other studies in populations from
Nigeria,[21,22,36] Germany,[30] Australia,[28] USA,[6,26] and
Iceland.[29] Scientifically, larger ocular biometrics in male
can be well explained by the normal biological feminine and
masculine difference of facial and body features on the bases of
sexual
dimorphism
in
anthropometric
measurements.[28,36,39,40] Based on these findings, intergender
differences in ocular refractive state are expected. Giving
that the AL and ACD were the significantly higher metrics
found in this study between both genders, they may play a more
prominent role in the intergender difference in ocular refractive
state compared to other ocular biometrics. It is interesting to
note that a large difference of 0.68 mm in the mean values in AL
between genders was observed in our study. Other studies had
reported a mean value difference in AL of 0.5[27] and 0.31
mm[25] between genders. Gender is therefore an important
determinant of ocular biometric parameters that need to be
considered in the calculation of the IOL power for cataract
surgeries, as shown by the appearance of the fifth-generation
formula, the Hoffer-H-5, which uses the same basic structure as
the Holladay 2 formula but considers gender and ethnicity to
reduce the error associated with the use of generalized
population regression factors.[25]

CONCLUSION
Age and sex are important factors influencing ocular
biometrics. It may be important to consider them and
potential biometric refinements made, in the calculation of
IOL power for cataract surgeries as well as in corneal
refractive surgeries.

Nigerian Journal of Ophthalmology ¦ Volume 26 ¦ Issue 1 ¦ January-June 2018

[Downloaded free from http://www.nigerianjournalofophthalmology.com on Thursday, February 7, 2019, IP: 197.90.36.231]

Chinawa and Ezeh: Ocular biometrics among cataract patients

Financial support and sponsorship
Nil.

20.

Conflicts of interest
There are no conflicts of interest.

21.

REFERENCES

22.

1.

2.

3.

4.

5.
6.

7.

8.

9.

10.

11.

12.
13.
14.

15.

16.

17.
18.

19.

Rabsilber T, Jepsen C, Auffarth G, Holzer M. Intraocular lens power
calculation: Clinical comparison of two ocular biometry devices. J
Cataract Refract Surg 2010;36:230-4.
Saka N, Ohno-Matsui K, Shimada N, Sueyoshi S, Nagaoka N, Hayashi
W, et al. Long-term changes in axial length in adult eyes with
pathologic myopia. Am J Ophthalmol 2010;150:562-8.
Ruiz-Moreno J, Montero J, de la Vega C, Alio J, Zapater P. Retinal
detachment in myopic eyes after phakic intraocular lens implantation. J
Cataract Refract Surg 2006;22:247-52.
Saw S, Chua W, Gazzard G, Goh D, Tan DTH, Stone RA. Eye growth
changes in myopic children in Singapore. Br J Ophthalmol
2005;89:1489–94.
Sutton D. Text book of radiology and imaging, ultra sound of the eye &
orbit. 7th ed. Vol. 2. Edinburgh: Churchill Livingstone; 2003. p. 1551.
Lee K, Klein BEK, Klein R, Quandt Z, Wong T. Age stature and
education associations with ocular dimensions in an older white
population. Arch Ophthalmol 2009;127:88-93.
Nover A, Grote W. On the determination of the length of the axis of the
human eye with ultrasound in the living person. Albrecht Von Graefes
Arch Klin Exp Ophthalmol 1965;168:405-18.
Wong TY, Foster PJ, Ng TP, Tielsch JM, Johnson GJ, Seah SK.
Variations in ocular biometry in an adult Chinese population in
Singapore: The Tanjong Pagar Survey. Invest Ophthalmol Vis Sci
2001;42:73-80.
Leighton D, Tomlinson A. Changes in axial length and other
dimensions of the eyeball with increasing age. Acta Ophthalmol
(Copenh) 1972;50:815-26.
Wickremasinghe S, Foster PJ, Uranchimeg D, Lee PS, Devereux JG,
Alsbirk PH, et al. Ocular biometry and refraction in Mongolian adults.
Invest Ophthalmol Vis Sci 2004;45:776-83.
Shufelt C, Fraser-Bell S, Ying-Lai M, Torres M, Varma R. Refractive
error, ocular biometry, and lens opalescence in an adult population: The
Los Angeles Latino Eye Study. Invest Ophthalmol Vis Sci 2005;46:445060.
Ooi CS, Grosvenor T. Mechanisms of emmetropization in the aging
eye. Optom Vis Sci 1995;72:60-6.
Augusteyn RC. Human ocular biometry. Exp Eye Res 2012;102C:70-5.
Eysteinsson T, Jonasson F, Arnarsson A, Sasaki H, Sasaki K.
Relationships between ocular dimensions and adult stature among
participants in the Reykjavik Eye Study. Acta Ophthalmol Scand
2005;83:734-8.
Shufelt C, Fraser-Bell S, Ying-Lai M, Torres M, Varma R. Refractive
error, ocular biometry, and lens opalescence in an adult population: The
Los Angeles Latino Eye Study. Invest Ophthalmol Vis Sci
2005;46:4450-60.
Foster PJ, Broadway DC, Hayat S, Luben R, Dalzel LN, Bingham S,
et al. Refractive error, axial length and anterior chamber depth of the
eye in British adults: The EPIC-Norfolk Eye Study. Br J Ophthalmol
2010;94:827-30.
Atchison DA. Age related changes in optical and biometric
characteristics of emmetropic eyes. J Vis 2008;8:1-20.
Mashige KP, Oduntan OA. Axial length, anterior chamber depth and
lens thickness: Their intercorrelations in Black South Africans. Afr Vis
Eye Health 2017;76:1-7.
Ojaimi E, Rose KA, Morgan IG, Smith W, Martin FJ, Kifley A, et al.
Distribution of ocular biometric parameters and refraction in a

23.

24.
25.

26.

27.
28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.
40.

population-based study of Australian children. Invest Ophthalmol
Vis Sci 2005;46:2748-54.
Hassan H, Mehdi K, Mohammad M, Mohammad H, Mohammad S,
Tahereh A, et al. The distribution of axial length, anterior chamber
depth, lens thickness, and vitreous chamber depth in an adult
population of Shahroud, Iran. BMC Ophthalmol 2012;12:50-7.
Jagun OA, Onabolo OO, Ajibode HA. Normative ocular biometric
dimension and its variation in a Nigerian population. West Afr J Med
2015;34:162-6.
Adio AO, Onua DO, Arowowlo D. Ocular axial length and
keratometric readings of normal eye in Southern Nigeria. Niger J
Ophthalmol 2009;18:12-4.
Fotedar R, Mitchell P, Burlutsky G, Wang JJ. Relationship of 10-year
change in refraction to nuclear cataract and axial length findings from
an older population. Ophthalmology 2008;115:1273-8.
Cao X, Hou X, Bao Y. The ocular biometry of adult cataract patients on
lifeline express hospital eye train in rural China. J Ophthalmol 2015;5:1-7.
Ferreira TB, Hoffer KJ, Ribeiro F, Ribeiro P, O’Neill JG. Ocular
biometric measurements in cataract surgery candidates in Portugal.
PLoS ONE 2017;12:1-12.
Jivrajka R, Shammas M, Boenzi T, Swearingen M, Shammas HJ.
Variability of axial length, anterior chamber depth, and lens
thickness in the cataractous eye. J Cataract Refract Surg
2008;34:289-94.
Hoffer KJ. Biometry of 7,500 cataractous eyes. Am J Ophthalmol
1980;90:360-8.
Fotedar R, Wang J, Burlutsky G, Morgan I, Rose K, Wong T, et al.
Distribution of axial length and ocular biometry measured using partial
coherence laser interferometry (IOL Master) in an older white
population. Ophthalmology 2010;117:417-23.
Olsen T, Arnarsson A, Sasaki H, Sasaki K, Jonasson F. On the ocular
refractive components: The Reykjavik Eye Study. Acta Ophthalmol
Scand 2007;85:361-6.
Hoffmann PC, Hütz WW. Analysis of biometry and prevalence data for
corneal astigmatism in 23,239 eyes. J Cataract Refract Surg
2010;36:1479-85.
Knox Cartwright NE, Johnston RL, Jaycock PD, Tole DM, Sparrow
JM. The Cataract National Dataset electronic multicentre audit of 55,
567 operations: When should IOLMaster biometric measurements be
rechecked? Eye (Lond) 2010;24:894-900.
Siahmed K, Muraine M, Brasseur G. Optic biometry in intraocular lens
calculation for cataract surgery. Comparison with usual methods. J Fr
Ophtalmol 2001;24:922-6.
Olsen T. Improved accuracy of intraocular lens power calculation with
the Zeiss IOLMaster. Acta Ophthalmol Scand 2007;85:84-7.
Ribeiro F, Castanheira-Dinis A, Dias JM. Refractive error assessment:
Influence of different optical elements and current limits of biometric
techniques. J Refract Surg 2013;29:206-12.
Grosvenor T. Reduction in axial length with age: An emmetropizing
mechanism for the adult eye? Am J Optom Physiol Opt 1987;64:
657-63.
Badmus SA, Ajaiyeoba AI, Adegbehingbe BO, Onakpoya OH, Adeoye
AO. Associations between ocular biometry and anthropometric
measurements in a Nigerian population. Niger Postgrad Med J
2016;23:127-31.
He M, Huang W, Zheng Y, Alsbirk PH, Foster PJ. Anterior chamber
depth in elderly Chinese: The Liwan Eye Study. Ophthalmology
2008;115:1286-90.
Foster PJ, Alsbirk PH, Baasanhu J, Munkhbayar D, Uranchimeg D,
Johnson GJ. Anterior chamber depth in Mongolians: Variation with
age, sex, and method of measurement. Am J Ophthalmol 1997;124:
53-60.
Samal A, Subramani V, Marx D. An analysis of sexual dimorphism in
the human face. J Vis Commun Image Represent 2007;18:453-63.
Slice DE. Geometric morphometrics. Annu Rev Anthropol
2007;36:261-81.

Nigerian Journal of Ophthalmology ¦ Volume 26 ¦ Issue 1 ¦ January-June 2018

45

