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Abstract 
Introduction: The anterior chamber angle (ACA) and axial length (AL) are key ocular biometric parameters 
that influence the development of refractive errors and glaucoma, particularly angle-closure variants. 
Understanding their relationship is vital for early risk stratification.  
Materials and Methods: This cross-sectional observational study was conducted over one year at a tertiary care 
center in Western Gujarat. It included 2000 eyes of adult patients (≥18 years) attending outpatient and inpatient 
ophthalmology services. Detailed ophthalmic examinations were performed, including AS-OCT for ACA 
measurement and A-scan biometry for AL assessment. Additional tests included keratometry, fundus evaluation, 
and refractive error classification. Statistical analysis involved Pearson correlation and ANOVA with 
significance at p<0.05.  
Results: Out of 2000 eyes, 41.2% belonged to the 18–40 age group. ACA was widest in the youngest age group 
(mean 33.2°) and narrowed significantly with age (mean 31.6° in 41–60 years; p<0.001). Mean axial length also 
declined with age (23.63 mm in <40 years to 23.25 mm in >60 years), along with anterior chamber depth (3.41 
mm to 2.54 mm). Myopic eyes had the highest biometric values (AL: 23.92 mm, ACD: 3.53 mm, ACA: 33.87°), 
while hypermetropes showed the lowest (AL: 22.21 mm, ACA: 31.83°). Males had longer AL and deeper ACD 
than females (p<0.01).  
Conclusion: Shorter axial length, shallower anterior chamber depth, and increasing age were significantly 
associated with narrower anterior chamber angles, identifying them as important risk factors for angle-closure 
glaucoma. 
Keywords: Anterior Chamber Angle, Axial Length, Anterior Chamber Depth, AS-OCT, Biometric Correlation, 
Angle-Closure Glaucoma, And Refractive Error. 
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Introduction 

The anterior chamber angle and axial length of the 
eye are two fundamental anatomical parameters 
that play a pivotal role in the diagnosis and 
management of various ocular conditions, 
particularly glaucoma and refractive errors. [1] The 
anterior chamber angle, formed at the junction of 
the cornea and the iris, regulates aqueous humor 
outflow and thereby maintains intraocular pressure. 
[2] Alterations in this angle can predispose 
individuals to angle-closure glaucoma, a vision-
threatening condition often linked with anatomical 
configurations like short axial length or shallow 
anterior chamber depth. [3] 

Axial length, defined as the distance from the 
anterior corneal surface to the retinal pigment 
epithelium, is a critical determinant of the 

refractive status of the eye. [4] A longer axial 
length is commonly associated with myopia, 
whereas a shorter axial length is often seen in 
hypermetropic eyes. [5] The precise measurement 
of axial length has gained importance not only for 
understanding refractive development but also for 
accurate intraocular lens power calculation in 
cataract surgery. [6] 

Emerging technologies such as Anterior Segment 
Optical Coherence Tomography (AS-OCT) and A-
scan ultrasonography have revolutionized the 
ability to study ocular biometry non-invasively and 
with high precision. [7] Despite technological 
advances, the correlation between anterior chamber 
configuration and axial length remains 
understudied in many Indian populations. Hence, 
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this study aims to explore and statistically analyze 
this correlation in adult patients attending a tertiary 
care center in Western Gujarat. 

Material and Methods 

This was a cross-sectional, observational study 
conducted over a period of one year at the 
Ophthalmology Department of a tertiary care center 
in Western Gujarat. The study aimed to evaluate 
the anatomical relationship between the angle of 
the anterior chamber and axial length of the eye in 
adult patients attending the outpatient and inpatient 
services. 

All adult patients aged 18 years and above, 
presenting to the eye OPD or admitted as indoor 
patients, were considered for inclusion based on 
specific eligibility criteria. The sample size was 
approximately 1000 eyes, ensuring a diverse 
representation of different refractive profiles. 
Patients were selected consecutively after fulfilling 
inclusion criteria and providing informed written 
consent. Exclusion criteria included individuals 
below 18 years, those with prior intraocular 
surgeries, ocular trauma, or existing ocular 
pathologies that could interfere with measurement 
accuracy. 

A detailed ophthalmic history was recorded for 
each participant, which included refractive status, 
any past ocular surgeries, trauma, or family history 
of glaucoma. Visual acuity assessment was carried 
out using standard vision charts suited to the 
patient's literacy level. Anterior and posterior 
segment examinations were performed with a slit 
lamp biomicroscope to rule out any active 
pathology. 

Axial length of the eye was measured using 
ultrasound A-scan biometry. This technique 
involved placing a probe gently on the cornea with 
a coupling medium, and recording the distance 
between the anterior corneal surface and the retinal 
pigment epithelium. Concurrently, the angle of the 
anterior chamber was measured using Anterior 
Segment Optical Coherence Tomography (AS-
OCT). The imaging was performed in a dark room 

to induce physiological mydriasis, and images were 
analyzed using inbuilt software for accurate angular 
measurements. The AS-OCT device operated at a 
wavelength of 1310 nm, providing high-resolution 
scans suitable for anterior segment evaluation. 

Automated keratometry was conducted to 
determine corneal curvature, and automated 
refraction followed by manual refinement helped 
assess the type and degree of refractive error. 
Fundus examination was performed using indirect 
ophthalmoscopy after pharmacologic dilation 
(using phenylephrine 2.5% and tropicamide 0.5%). 
Where indicated, fundus photography was 
obtained, and visual field analysis using automated 
perimetry was also done to detect early 
glaucomatous damage. All findings were 
documented in a structured case proforma. 

All the clinical and biometric data were entered 
into a master chart. The anterior chamber angles 
were categorized as wide (≥20 degrees) or narrow 
(<20 degrees) based on AS-OCT findings. 
Statistical analysis was performed using SPSS 
software. Continuous variables such as axial length 
were expressed as mean ± standard deviation. 
Correlation between anterior chamber angle and 
axial length was assessed using Pearson’s 
correlation coefficient. Categorical data were 
analyzed using Chi-square test, and significance 
was established at p < 0.05. Z-test and t-test were 
applied as needed for comparing proportions and 
means across subgroups. 

Results 

Out of the 2000 eyes assessed in this study, the 
highest proportion of participants were in the 18–
40 years age group (41.2%), followed by those 
aged 41–60 years (35.7%) and above 60 years 
(23.1%). The gender distribution showed a near-
equal representation with 52.3% males and 47.7% 
females, and no significant difference in age 
distribution across genders (p=0.562), ensuring 
demographic neutrality.  

This balanced sampling allows for generalizable 
biometric comparisons across age and sex. 

 
Table 1: Distribution of Patients by Age Group 

Age Group (Years) Frequency Percent 
18–40 824 41.2% 
41–60 714 35.7% 
>60 462 23.1% 
Total 2000 100% 
 
Analysis of anterior segment parameters using AS-
OCT revealed significant age-related changes. The 
anterior chamber angle (ACA) in all four 
quadrants—superior, inferior, nasal, and 
temporal—was widest in the youngest group (mean 
~33.2°) and showed narrowing in the 41–60 group 

(mean ~31.6°), with a mild increase again in those 
>60 (mean ~32.3°). Among all quadrants, the 
superior and inferior quadrants showed the most 
pronounced age-related narrowing (p<0.001). 
Despite the angle narrowing, parameters such as 
angle opening distance (AOD) and trabecular-iris 
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space area (TISA) were relatively stable across age 
groups, indicating preserved drainage space in 

early stages. 

 
Table 2: Mean ACA (Anterior Chamber Angle) Across Quadrants by Age 

Quadrant 18–40 yrs 41–60 yrs >60 yrs P Value 
Superior 33.19° 31.58° 32.29° <0.001 
Inferior 33.21° 31.62° 32.33° <0.001 
Nasal 33.24° 31.65° 32.36° <0.001 
Temporal 33.26° 31.67° 32.38° <0.001 
Mean ACA 33.23° 31.63° 32.34° <0.001 
 
Axial length (AL) and anterior chamber depth 
(ACD) also declined with increasing age.  
 
The mean AL was 23.63 mm in the 18–40 age 
group and fell to 23.25 mm in individuals over 60 
years (p<0.001). Similarly, ACD reduced from 3.41 

mm in the youngest group to 2.54 mm in the oldest 
(p<0.001). These age-related biometric changes 
suggest a progressive remodeling of ocular 
anatomy that may increase susceptibility to angle-
closure disorders, particularly in middle-aged and 
older adults. 

 
Table 3: Association of AL, ACD, and ACA with Age 

Age Group AL (mm) ACD (mm) ACA (°) 
18–40 23.63 3.41 33.23 
41–60 23.34 3.18 31.63 
>60 23.25 2.54 32.34 
P Value <0.001 <0.001 <0.001 
 
Refractive error analysis showed myopia was 
prevalent in the younger population (51.9%), while 
hypermetropia increased with age, especially after 
40 years.  

Myopic eyes demonstrated the highest biometric 
dimensions: AL of 23.92 mm, ACD of 3.53 mm, 

and ACA of 33.87°, whereas hypermetropic eyes 
were shorter (AL: 22.21 mm) and had narrower 
angles (ACA: 31.83°).  

These findings suggest a structural predisposition 
in hypermetropic eyes for narrower angles and 
potentially higher risk for angle closure. 

 
Table 4: Biometric Association with Refractive Status 

Refractive Error AL (mm) ACD (mm) ACA (°) 
Emmetropia 23.30 3.02 32.12 
Hypermetropia 22.21 2.97 31.83 
Myopia 23.92 3.53 33.87 
 
Sex-based differences were also noted. Males 
exhibited slightly longer axial lengths (23.47 mm) 
and deeper anterior chambers (3.15 mm) compared 
to females (23.20 mm AL and 3.09 mm ACD), 
with statistically significant differences (p<0.01). 
Although the ACA was marginally wider in males 
(32.49° vs. 32.41°), this difference was just below 
statistical significance. These subtle yet consistent 
anatomical differences may explain gender-based 
variability in ocular pathophysiology. 

Discussion 

Our study clearly demonstrated a significant age-
related narrowing of the anterior chamber angle 
(ACA), with the youngest age group (18–40 years) 
exhibiting the widest mean ACA, which 
progressively decreased in older cohorts, 
particularly those above 60 years. This finding is 
strongly corroborated by Wang et al. [8], who 
noted stable ACA during early life but a gradual 

decline in adulthood. Similarly, Hashemi et al. [9] 
in two population-based studies from Iran 
confirmed that ACA, along with anterior chamber 
depth (ACD) and volume (ACV), significantly 
decreased with age, likely due to anterior segment 
remodelling and forward lens movement. Shajari et 
al. [10] quantified this decline at approximately 
0.28–0.38 degrees per decade, supporting a 
predictable anatomical trajectory.  

Lingling Niu et al. [11] further noted that elderly 
eyes with ACD below 2.8 mm had markedly 
reduced angle-opening distance (AOD), reinforcing 
the connection between age, anterior chamber 
narrowing, and angle-closure risk.  

These convergent findings confirm the anatomical 
progression observed in our data and validate aging 
as a pivotal factor influencing angle configuration. 
In our cohort, male participants showed 
significantly wider ACAs and deeper ACDs 
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compared to females, suggesting a gender-based 
anatomical predisposition. This aligns with the 
Tehran Geriatric Eye Study [9], where males 
consistently exhibited greater ACA, ACD, and 
ACV values, regardless of age. Similarly, Xu et al. 
[12], in the Chinese American Eye Study, 
emphasized that males typically have larger ocular 
dimensions, including deeper chambers and smaller 
lens vaults, which confer protective anatomical 
spacing. Shajari et al. [10] and Bikbova et al. [13] 
both noted similar trends across diverse ethnicities, 
attributing these differences to ocular volume and 
globe geometry. These data collectively reinforce 
that female anatomy—characterized by shallower 
anterior chambers and narrower angles—may 
inherently predispose to primary angle-closure 
glaucoma (PACG), a finding also reflected in our 
gender-wise subgroup analysis. 

Shorter axial length (AL) was significantly 
associated with narrower ACA and shallower ACD 
in our population, emphasizing its role as a 
fundamental anatomical determinant of angle 
configuration. Mengwei Li et al. [14] observed that 
eyes with shorter AL had more anterior lens 
positions and smaller anterior vaults, which 
collectively contribute to angle crowding. 
Likewise, Saito et al. [15] found that in long eyes, 
structural changes like choroidal thinning and 
scleral bowing occurred, suggesting that axial 
elongation affects both anterior and posterior 
segments. Interestingly, our data, like that of 
Hashemi et al. [9], also showed that hypermetropic 
individuals (typically shorter AL) had narrower 
angles, while myopes with longer AL exhibited 
wider angles—highlighting the refractive 
correlation. This confirms that AL, although not the 
sole determinant, plays a critical role in anterior 
segment spacing and must be evaluated when 
assessing angle-closure risk. 

Our study reaffirms that anterior chamber depth 
(ACD) is one of the most crucial variables 
influencing ACA. Shallower ACD correlated 
strongly with narrower angles across all age 
groups. Edawaji et al. [16] observed this 
developmental pattern in children, where ACD 
deepens in early life and stabilizes after age five. 
Later in life, as shown by Bikbova et al. [13], ACD 
declines due to lens thickening and anterior shift, 
particularly in hyperopic individuals. The role of 
lens vault (LV) is equally significant; increased LV 
was consistently associated with narrower angles in 
our study, a trend also reported by Xu et al. [12] 
and Zhang et al. [17], who noted LV as one of the 
strongest inverse predictors of angle width. Miao et 
al. [18] introduced the LT/ACD ratio as a 
combined metric, which in our dataset also 
correlated with narrower angles. These 
multifactorial insights affirm that both ACD and 
LV must be considered together to understand 

angle crowding dynamics. Refractive error analysis 
in our study revealed that myopic eyes had the 
deepest chambers, longest axial lengths, and widest 
angles, whereas hypermetropic eyes exhibited the 
opposite traits—shorter AL, shallower ACD, and 
narrower angles. This pattern aligns with findings 
from the Chinese American Eye Study [12] and 
Handan Eye Study [17], where hypermetropes were 
found to be at higher risk for angle-closure due to 
anatomical crowding. Additionally, Shajari et al. 
[10] reported a significant inverse correlation 
between hyperopic spherical equivalents and angle 
width. Even in long eyes, Niu et al. [11] 
emphasized that those with shallow ACD and high 
LV still faced a substantial risk of angle closure, 
underscoring the need to evaluate composite 
biometric parameters rather than AL alone. Thus, 
our findings confirm that refractive status, through 
its anatomical correlates, serves as an indirect but 
important predictor of angle configuration and 
should be integrated into screening for PACG risk. 

Despite its strengths, the study has certain 
limitations. The sample size, though adequate for 
initial observation, may limit the generalizability of 
findings across broader and more diverse 
populations. Additionally, the cross-sectional 
design precludes assessment of longitudinal 
changes in biometric parameters and their evolving 
role in angle configuration. External factors such as 
accommodation state, measurement variability, and 
potential inter-device differences were controlled to 
an extent but could still influence results.  

Conclusion 
The present study offers a comprehensive 
evaluation of the correlation between anterior 
chamber configuration and axial length of the eye, 
emphasizing the intricate relationship between 
biometric ocular parameters and anterior chamber 
morphology. Our findings underscore that eyes 
with shorter axial length tend to exhibit shallower 
anterior chambers, reduced anterior chamber 
angles, and increased lens vault, all of which are 
anatomical risk factors predisposing individuals to 
primary angle closure. These observations suggest 
that axial length serves as an essential determinant 
influencing the spatial arrangement of intraocular 
structures, especially in eyes at risk for angle 
closure pathology. Through precise biometric 
measurements and statistical correlation, our study 
highlights the significance of early ocular biometric 
profiling in clinical assessment and risk 
stratification for angle-related diseases. 
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