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ABSTRACT

Introduction: This study aimed to investigate
the distribution of corneal spherical aberration
(CSA) and the relationship between corneal
curvature with CSA and anterior chamber
parameters in age-related cataract patients with
normal axial lengths and shallow anterior
chambers.
Methods: Preoperative data of age-related cat-
aract patients were collected in this retrospec-
tive comparative study. According to the
average corneal curvature, the eyes were divided
into groups of Km\42 diopters (D),
42 D B Km\45 D, and Km C 45 D. The axial
length (AL) and corneal curvature were
obtained using IOLMaster. CSA, anterior
chamber depth (ACD), anterior chamber vol-
ume (ACV), anterior chamber angle (ACA), and

corneal diameter (CD) were acquired according
to Pentacam. The above parameters were com-
pared among the three groups. Correlation
analysis was applied to these parameters.
Results: The average CSA value of 753 eyes was
0.41 ± 0.27 lm, with no significant difference
among the three groups. Overall, CSA was sig-
nificantly correlated with corneal curvature and
ACD. The comparison of ACD among the three
groups showed significant differences between
the Km C 45 D group, Km\42 D group, and
42 D B Km\45 D group. Corneal curvature was
positively correlated with ACD, and further
analysis confirmed that the relationship was
significant only in the Km C 45 D group. There
were statistically significant differences in CD
between the three groups. A significant corre-
lation was found in corneal curvature and CD in
all eyes, which was also found in the
42 D B Km\45 D group and the Km C 45 D
group. Concerning ACV and ACA, no correla-
tion with corneal curvature was found. In
addition, the mean ACV and ACA of the three
groups did not show any significant difference.
Conclusions: CSA was higher in this popula-
tion and had individual variance. Compared
with ACD, ACV and ACA were more stable in
different corneal curvatures and more objective
in representing the anterior chamber space.
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Key Summary Points

Why carry out this study?

Age-related cataract patients with shallow
anterior chambers constitute the majority
of cataract patients in China. The specific
biological characteristics of this
population make it particular and
complicated in personalized selection of
intraocular lens (IOLs) and surgical
treatment.

What was learned from this study?

The corneal spherical aberration (CSA) of
age-related cataract patients with normal
axial length (AL) and shallow anterior
chamber was higher than the general
population and had individual variance.
Although CSA and anterior chamber
depth (ACD) increased and corneal
diameter (CD) reduced with increasing
corneal curvature, the anterior chamber
volume (ACV) and anterior chamber angle
(ACA) remained relatively stable among
the groups. The distribution features of
the CSA and the consistency of anterior
chamber space in this population were
conducive for surgeons to optimize IOL
choice and improve surgical outcomes.

INTRODUCTION

Cataract surgery is one of the most successful
and sophisticated treatments in all of
medicine. During the past few decades, catar-
acts have already evolved into a refractive sur-
gery era from visual rehabilitation, mainly
benefiting from great technological advance-
ments [1]. With the continuous update and
improvement of ophthalmic biometric mea-
surement equipment, it is possible to accurately
acquire ocular biological parameters, such as
axial length (AL), corneal curvature, anterior
chamber depth (ACD), and aberration [2–5]. A
previous population-based study showed that
the average ACD of Chinese individuals is

2.42 mm, which is significantly shallower than
that of Caucasians and is likely to decrease with
age [6, 7]. Based on the fact that a shallower
anterior chamber is more prone to develop
suspicious primary angle closure, using pha-
coemulsification to avoid the risk of angle clo-
sure has become a new trend in clinical
treatment for shallow anterior chamber popu-
lations over 50 years old [8]. However, such
individuals have a relatively good visual history,
which makes them pursue the highest quality of
visual acuity and contrast sensitivity after sur-
gery. To achieve these targets, a successful
operation with an ideal IOL choice is the pre-
mise and guarantee.

High-order aberrations of the human eyes
are the most important factors affecting visual
quality [9–11]. Corneal spherical aberration
(CSA) is considered as the major high-order
aberration that is highly prevalent worldwide
and has a crucial impact on visual performance
[12, 13]. In recent years, new intraocular lens
(IOLs) designs, such as aspheric IOLs, which
introduce a negative or zero spherical aberra-
tion to the ocular system and compensate for
the positive spherical aberration of the cornea
by replacing the crystalline lens, have promoted
remarkable advances in cataract surgery [14].
Therefore, fully understanding the characteris-
tics and distribution of CSA in different popu-
lations is of great importance.

Cataract patients with shallow anterior
chambers present special difficulties, such as
narrow operating space, high risk of complica-
tions, and inaccurate calculation of intraocular
lens diopters, which consequently influence
postoperative visual outcomes. This is largely
due to the particular morphology of the anterior
chamber space. Although some researchers have
focused on the relationship between the ocular
biomechanical parameters in recent years, most
studies involve patients with normal ACD
[15, 16]. The correlations between these param-
eters and spherical aberration in shallow ante-
rior chamber cases remain uncertain.
Considering the specificity and disparity of the
anterior segment in these patients, the safety of
cataract surgery or personalized selection of IOLs
requires thoughtful consideration. Thus, in the
present study, our goals were as follows: (1) to
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investigate the distribution of CSA and explore
correlations of CSA with corneal curvature and
other anterior chamber parameters in age-re-
lated cataract patients with normal ALs and
shallow anterior chambers and (2) to evaluate
the characteristics and relationships of anterior
chamber parameters in this population.

PATIENTS AND METHODS

Subjects

Preoperative data of age-related cataract
patients who underwent phacoemulsification
and IOLs implantation in the Department of
Ophthalmology at Peking University Interna-
tional Hospital from March 2019 to December
2021 were collected in this retrospective com-
parative study. The right eye of each subject was
chosen as the study object. The inclusion cri-
teria were age[ 50 years and diagnosis of age-
related cataract with AL between 22 and 24 mm
and ACD less than 2.20 mm. We defined
2.20 mm as the cutoff point for a shallow ACD
according to a large population-based study [6]
that revealed the mean ACD values for women
were 2.42 mm (25th–75th percentile,
2.21–2.63 mm). Exclusion criteria were previous
corneal refractive surgery, corneal degeneration
and dystrophy, ocular trauma, unsatisfactory
intraocular pressure control of glaucoma, uvei-
tis, macular or retinal disease, previous laser or
intraocular surgery, and poor image quality.
Seven hundred fifty-three eyes (283 male and
470 female) from patients with average age of
75 ± 10 years (range 50–90 years) were included
in this study. Based on the results of recent
studies about distribution of corneal curvature
[7, 17], all eyes were classified into three groups
according to the average value of keratometry,
i.e., Km\42 D (63 eyes, 8.37%),
42 D B Km\45 D (480 eyes, 63.74%), and
Km C 45 D (210 eyes, 27.89%). The study
adhered to the tenets of the Declaration of
Helsinki and was approved by the ethics com-
mittee of Peking University International
Hospital (2021-038 (BMR)). All participants
were informed of the purpose of the study and
signed informed consent forms.

Clinical Observations

Basic information, including the age and sex of
the patients, was recorded. All research subjects
underwent routine ocular examinations,
including visual acuity, intraocular pressure,
slit-lamp examination, fundus examination,
mydriatic optometry, corneal topography, and
corneal endothelium counting. CSA, AL, ACD,
corneal diameter (CD), anterior chamber vol-
ume (ACV), and anterior chamber angle (ACA)
were also measured and recorded.

All data were collected in automode, cen-
tered at the corneal apex, with a rotating
Scheimpflug camera (Pentacam; Oculus, Wet-
zlar, Germany) and partial coherence interfer-
ometry (IOLMaster500; Carl Zeiss Meditec, Jena,
Germany) by one of two skilled examiners to
eliminate any latent examiner bias as much as
possible. The examination was considered valid
only if the quality expressed by the software was
‘‘OK’’. Each patient’s last acceptable reading was
used for the subsequent analysis. AL and cor-
neal curvature were measured using an IOL
Master 500 optical biometer. Examinations
were performed in the same darkroom. The
examined eye was at natural pupil size. The
subject was seated with the mandible placed in
the mandibular bracket and the forehead close
to the forehead bracket. Two eyes were located
in the same horizontal position, staring at the
indicator. The eye was blinked once before
measurement. AL was measured five times and
averaged. Corneal curvature was measured three
times and averaged. Values with signal-to-noise
ratio over 100 were considered to be accurate
and reliable. CSA, ACD, ACV, CD, and ACA
were measured using the Pentacam. The patient
was instructed to maintain steady fixation on
the central target for the duration of the scan to
avoid acquisition artifacts (such as blinking or
motion) and spurious tilt or eye rotation. An
automatic acquisition function was applied on
the Pentacam, which meant that the operator
manually aligned the instrument to the pupil
center, but the images were automatically
acquired once alignment was achieved. ACD,
ACV, CD, and ACA were measured before
mydriasis. CSA was measured at pupil diameter
of 6 mm. Zernike polynomials are
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representations of the higher- and lower-order
aberrations of the cornea. CSA equal to the pri-
mary spherical aberration (Z4(0)) of the total
cornea. ACD is defined as the distance from the
corneal endothelium to the anterior surface of
the lens. ACV is the volume between the cor-
neal endothelium and the surface of the iris and
lens. ACA is the angle between the reverse
extension lines of the posterior surface of the
cornea and the anterior surface of the iris on the
180� horizontal scanning section. Both the
nasal and temporal chamber angles were mea-
sured, and the minor chamber angle was used
for analysis. CD refers to the distance between
the temporal limbus and the nasal limbus on
the 180� horizontal scanning section.

Statistical Analysis

All statistical analyses were performed by using
SPSS software (version 24.0; SPSS Inc., Chicago,
IL, USA). The Kolmogorov–Smirnov test was
used to assess the normality of the distribution
of continuous variables. Values are presented as
mean ± standard deviation for data that were
normally distributed or median and interquar-
tile range for data that were not. One-way
analysis of variance (ANOVA) with post hoc
Bonferroni tests and the Kruskal–Wallis test
were used to compare data among different
groups. Student’s t-test and the Mann–Whitney
U test were used to compare data as appropriate.
Correlations between corneal curvature, CSA,
and other parameters were assessed using Pear-
son’s correlation test. For all statistical tests,
P value less than 0.05 was considered statisti-
cally significant.

RESULTS

The study included 753 patients (753 eyes) with
mean AL of 22.85 ± 0.67 mm, mean corneal
curvature of 44.02 ± 1.53 D, mean CD of
11.30 ± 0.31 mm, mean ACD of
1.95 ± 0.21 mm, mean ACV of 78.45 ± 20.38
mm3, and mean ACA of 25.24� (21.22�, 29.18�).
The age and sex distribution were similar
among the three groups.

Distribution of CSA and Correlations
with Other Parameters

The average value of CSA of 753 eyes was
0.41 ± 0.27 lm with a range of -0.69 to
1.94 lm (Fig. 1; Table 1). The mean CSA in the
Km\42 D group was 0.38 ± 0.14 lm, while in
the 42 D B Km\ 45 D group and in the
Km C 45 D group, it was 0.40 ± 0.31 lm and
0.42 ± 0.25 lm, respectively. Although the dif-
ference among the three groups was not signif-
icant (P[ 0.05), the mean CSA increased with
increasing corneal curvature. Further analysis
revealed significant positive, yet weak, correla-
tions between CSA and the following parame-
ters: Km (r = 0.17, P = 0.002) and ACD (r = 0.14,
P = 0.001) (Fig. 2). No significant correlation
was indicated between CSA and other parame-
ters such as age, AL, CD, ACV, and ACA (all
P[ 0.05).

Correlations of Corneal Curvature with AL
and Age

There was a significant difference in AL among
the three groups (F = 76.25, P\ 0.001; Table 2).
Pearson’s analysis showed a statistically signifi-
cant and moderately negative correlation
between corneal curvature and AL in 753 eyes

Fig. 1 Frequency distribution of corneal spherical aberra-
tion in 753 eyes. CSA corneal spherical aberration
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(r = -0.60, P\0.001). After grouping, the ALs
of the three groups all presented a negative
correlation with corneal curvature (Table 3).
However, there was no significant relationship

between age and AL or corneal curvature
(r = 0.03, 0.15; P = 0.455, 0.131).

Table 1 Number of eyes and percentage of corneal spherical aberration

Corneal spherical aberration (lm) Eyes (N) (%)

CSA\ 0 30 3.98

0 B CSA\ 0.29 173 22.97

0.30 B CSA\ 0.59 414 54.98

0.6 B CSA\ 0.99 131 17.40

CSA C 1 5 0.67

CSA corneal spherical aberration

Fig. 2 Correlation analyses between CSA and other
parameters. a Correlation between CSA and mean corneal
curvature (r = 0.17, P\ 0.01). b No significant correla-
tion was found between CSA and age (P[ 0.05).

c Correlation between CSA and ACD (r = 0.14,
P\ 0.01). CSA corneal spherical aberration, ACD ante-
rior chamber depth

Table 2 Comparison of AL, ACD, CD, ACV, and ACA in three groups

Group Eyes (N) AL (mm) ACD (mm) CD (mm) ACV (mm3) ACA (�)

Km\ 42 D 63 23.76 ± 0.32 1.77 ± 0.21 11.75 ± 0.41 79.19 ± 18.41 26.62 (23.12, 29.73)

42 D B Km\ 45 D 480 23.04 ± 0.41 1.85 ± 0.19 11.22 ± 0.33 75.30 ± 21.19 24.78 (20.77, 28.62)

Km C 45 D 210 22.37 ± 0.29 2.02 ± 0.16 10.89 ± 0.34 73.32 ± 21.34 25.22 (21.61, 29.53)

H/F F = 76.25 F = 5.15 F = 85.98 F = 3.12 H = 2.89

P \ 0.001* 0.001* \ 0.001* 0.282 0.261

Km the mean value of keratometry, AL axial length, ACD anterior chamber depth, CD corneal diameter, ACV anterior
chamber volume, ACA anterior chamber angle. *P\ 0.05
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Correlation of Corneal Curvature
with ACD

There was a statistical significance in the ACD
among the three groups (F = 5.15, P = 0.001;
Table 2). Further pairwise comparison showed
no significant difference in ACD between the
Km\42 D group and the 42 D B Km\45 D
group (t = 2.04, P = 0.154), while the mean
value of the Km C 45 D group was significantly
larger than that of the Km\42 D group
(t = 7.89, P = 0.004) and the 42 D B Km\45 D
group (t = 4.59, P = 0.033). Pearson’s correla-
tion analysis revealed that corneal curvature
was positively correlated with ACD in 753 eyes
(r = 0.26, P = 0.006; Fig. 3). As the corneal cur-
vature increased, the ACD showed a positive
shift. Additionally, intragroup analysis showed
that a similar positive correlation existed only
in the Km C 45 D group (r = 0.23, P = 0.023;
Table 3), while no relationship was found in the
other two groups. Likewise, there was no sig-
nificant correlation between age and ACD
(r = -0.09, P = 0.078).

Correlation of Corneal Curvature with CD

There was a statistically significant difference in
CD among the three groups (F = 85.98,
P\ 0.001; Table 2). Further comparison of the
Km\42 D group versus the 42 D B Km\45 D
group, the 42 D B Km\45 D group versus the
Km C 45 D group, and the Km\42 D group
versus the Km C 45 D group all showed signifi-
cant differences in CD value (t = 1.92, 2.97,
2.02; P = 0.030, 0.004, 0.007). Pearson’s analysis

revealed that there was a statistically significant
and moderately negative correlation between
corneal curvature and CD in 753 eyes
(r = - 0.52, P\ 0.001; Fig. 4). The intragroup
analysis revealed a similar relationship in both
the 42 D B Km\45 D group and the Km C 45 D
group, except for the Km\ 42 D group (Table 3).
No significant correlation was found between
age and CD (r = - 0.01, P = 0.927).

Correlation of Corneal Curvature
with ACV and ACA

Regarding ACV, no significant difference was
found among the groups (Table 2). Similarly, as
presented in Table 3, no significant correlation
was found between corneal curvature and ACV

Table 3 Correlations of corneal curvature with AL, ACD, CD, ACV, and ACA in three groups

Group Eyes (N) AL ACD CD ACV ACA

r P r P r P r P r P

Km\ 42 D 63 -0.18 0.029* -0.06 0.783 -0.15 0.263 -0.36 0.122 0.19 0.379

42 D B Km\ 45 D 480 -0.45 \ 0.001* 0.05 0.618 -0.20 0.038* 0.02 0.645 0.10 0.153

Km C 45 D 210 -0.25 0.006* 0.23 0.023* -0.29 0.004* 0.15 0.105 -0.01 0.983

AL axial length, ACD anterior chamber depth, CD corneal diameter, ACV anterior chamber volume, ACA anterior
chamber angle. *P\ 0.05

Fig. 3 Correlation between corneal curvature and ACD
in 753 eyes (r = 0.26, P\ 0.01). ACD anterior chamber
depth
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either in a total of 753 eyes or in each group (all
P[ 0.05). For ACA, neither comparison of the
mean values among groups nor the correlation
analysis with corneal curvature in all subjects
and within groups reached a significant level.
Additionally, age was not correlated with ACV
or ACA.

DISCUSSION

The current study was the first to analyze the
distribution of CSA and the correlation of cor-
neal curvature with spherical aberration and
anterior chamber parameters in age-related
cataract patients with normal AL and shallow
anterior chamber. Our results indicated that the
average value of CSA was 0.41 ± 0.27 lm in this
population and showed significant positive, yet
weak, statistically correlations with Km and
ACD. Moreover, the anterior chamber depth
deepened and the corneal diameter decreased
with the steepness of corneal curvature, but
there was no significant change in ACV or ACA.

Wavefront aberrations, especially spherical
aberration (SA), are now widely accepted as vital
factors in visual quality [18, 19]. The SA is
caused by the inconsistent refracting ability of
different positions of the spherical optical sys-
tem to the light. The paraxial light and the
abaxial light fail to converge at the same point

after refraction, resulting in SA. The presence of
SA in the eye can be considered as a benefit or
drawback depending on the visual conditions
and requirements. The decrease in SA helps to
improve distance visual performance, but, on
the contrary, the increase in SA expands the
depth of focus [20]. Surgical decisions should be
taken considering the possible benefit, draw-
backs, and balancing of both sides, in addition
to the defocus shift of the highest peak of visual
acuity. SA comprises CSA and intraocular SA,
which the latter mainly come from the lens
[21]. In young eyes, CSAs, which are usually
positive, are compensated by internal negative
aberrations of the crystalline lens, resulting in
few total aberrations and maintaining good
visual quality [22]. Owing to age-related chan-
ges in the lens, which gradually decrease the
negative aberration or transition to positive
aberration, ocular SA significantly increases and
greatly affects the visual outcome of the elderly
individuals. Aspheric IOLs designed with zero or
negative SA can reduce or eliminate CSA after
removal of the crystalline lenses. To effectively
compensate for CSA, we need to understand the
distribution of CSA to individualize the choice
of IOL. Until recently, numerous studies have
been conducted centered on the CSA of cataract
patients, with a lack of studies on patients with
normal AL and short anterior chambers. In the
present research, the results established that the
mean value of CSA across this population is
0.41 lm over a 6.0 mm diameter with a range
from -0.69 to 1.94 lm. This value is larger than
previous results. Wang et al. [23] investigated
the corneal aberrations of 228 eyes by using the
CTView program and found a mean CSA of
0.281 ± 0.086 lm. Wei et al. [24] measured the
higher-order aberrations in the central 6-mm
zone of the cornea using an iTrace wavefront
analyzer, and found that the CSA ranged from
0.015 to 0.726 lm, with a median value of
0.258 lm. Beiko et al. [25] used the Oculus
Easygraph to measure the CSA of 696 healthy
subjects and found a mean spherical aberration
of 0.270 ± 0.089 lm, with a fluctuation range
between ?0.041 lm and ?0.632 lm. Tarfah
et al. [26] applied the Pentacam HR system and
revealed a mean CSA of 0.3354 ± 0.1965 lm.
The reason for the disparity in results could be

Fig. 4 Correlation between corneal curvature and CD in
753 eyes (r = -0.52, P\ 0.001). CD corneal diameter
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attributed to differences in sample type and
size. In addition, inconsistent pupil size among
studies during measurement might be an
explanation for the difference. Furthermore,
applying different measuring instruments was
another factor. The Pentacam HR system
acquired information of the anterior segment
more efficiently and quickly with a rotating
Scheimpflug camera than corneal topography
based on a Placido disc. In the current study, we
demonstrated that the total CSA in cataract
patients with normal AL and a short anterior
chamber was larger than the average level in the
general population and had great individual
variance. The variations should be taken into
consideration to guide the choice of customized
IOLs to compensate for CSA in cataract surgery.

To further investigate the characteristics of
CSA in this population, we conducted correla-
tion analyses and found a weak but significant
positive correlation with both corneal curvature
and ACD. In contrast, age seemed to be inde-
pendent of CSA. Regarding the factors that may
affect the CSA, recent studies failed to achieve
consensus on the predictors of the CSA. Wang
et al. [23] identified that CSA did not vary sig-
nificantly with age. Lai et al. [27] and Shimo-
zono et al. [28] both reported a negative
significant correlation between CSA and AL,
Lim and Fam [29] detected no correlations
between CSA and other refractive parameters,
while Gaku et al. [30] reported a positive corre-
lation between CSA and age. Coincidentally, a
large cohort of cataract surgery candidates
studied by Rania exhibited a similar relation-
ship with corneal curvature and ACD, but
unlike our work, they also proved a similar
relationship with age [31]. They believed that
changes in the steepest meridian of the cornea
with ageing resulted in an increase in corneal
asymmetry and aberrations. Based on compar-
isons with previous studies, we deduced that, in
this population, corneal curvature and ACD,
which were independent of age, were much
more meaningful dynamic parameters for CSA.

The present study revealed a positive corre-
lation between corneal curvature and ACD in
age-related cataract patients with normal AL
and a shallow anterior chamber. Further pair-
wise comparison verified that the trend became

obvious only when corneal curvature was over
45 D. Jonas et al. [16] confirmed the positive
relationship between corneal curvature and
ACD, while Fotedar et al. [17] failed to redupli-
cate the correlation in a 10-year longitudinal
study of Caucasians. We speculated that the
explanation for the disparity in results could be
attributed to the difference in ethnicity, age,
and sample size among studies; for instance, a
widely accepted deeper ACD in Caucasians
made it less clinically valuable compared with
Asians, let alone with a shallow ACD. Further-
more, it should be noted that 91.63% of this
population had corneal curvature over 42 D.
Considering the negative correlation between
corneal curvature and AL in our results, which
had been reported previously and believed to be
the compensatory mechanism for emmetropia
[32], normal or steepened corneal curvature
with minor short AL are the main biological
characteristics of this population.

Apart from the ACD, the ACV and ACA are
vital parameters of the anterior chamber space.
However, our study showed that there was no
significant correlation between corneal curva-
ture and ACV and ACA in total subjects or in
subgroups. This indicated that, although ACD
had already deepened when corneal curvature
was over 45 D, ACV and ACA were still consis-
tent with the other two groups. Conversely, one
previous study reported that ACV and ACA were
both positively correlated with corneal curva-
ture by observing the distribution of parameters
in 6311 cases in patients 40–64 years of age [33].
To explore the possible reasons for the differ-
ence, we compared the CD of groups with dif-
ferent corneal curvatures. Based on the results,
we could speculate that the decrease in CD in
groups with steeper corneal curvature might be
the reason why the ACV and ACA remained the
same. In addition, the subjects of this study
were patients with age-related cataracts. Chan-
ges in the lens, which lead to abnormal location
and proportion of intraocular structures, may
have an impact on the results.

Shallow and crowded anterior chambers,
which are not unusual in the clinic, are com-
monly present in patients with nanophthalmos,
relative anterior microphthalmos (RAM), pri-
mary angle-closure glaucoma, and IOL
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dislocation. Nanophthalmos usually refers to an
eye with an AL shorter than 20 mm and
hypermetropia between 13 and 18 D, and is
mostly accompanied by a small cornea [34].
Primary angle closure glaucoma often shows the
anatomical characteristics of elevated intraocu-
lar pressure with shallow ACD, narrow ACA,
and short AL. Relaxation or rupture of lens
zonular may lead to pupillary block, vitreous
hernia, secondary glaucoma, and so on owing
to the forward movement of the lens. All of the
abnormalities mentioned above can easily
attract the attention of ophthalmologists, thus
adjusting the surgical plan promptly. RAM
refers to eyes with normal AL but where the
anterior segment shrinks disproportionately.
The diagnostic criteria include corneal hori-
zontal diameter less than 11 mm, AL longer
than 20 mm, and ACD shallower than 2.20 mm
without other morphological abnormalities
[35]. Clinically, RAM is easily ignored, which
makes the surgery relatively passive. In this
study, the Km C 45 D group, with a mean value
of 10.89 mm in CD, normal AL, and shallow
anterior chamber, was more aligned with the
characteristics of RAM. Combined with our
previous results, we can reasonably deduce that
the extent of crowding in the anterior chamber
was nearly identical across groups. Therefore,
for patients with a shallow anterior chamber,
even if the AL is normal and the IOL diopter is
relatively routine, the narrowness of the ante-
rior chamber reminds the surgeon to pay special
attention to the safety of operation, including
rational use of ultrasound, stability of the
anterior chamber, and protection of the corneal
endothelium while performing cataract extrac-
tion for this population.

This study has some limitations. First, only
patients with age-related cataracts were inclu-
ded, and data from younger patients were not
available. Consequently, our results are more
applicable to patients with age-related cataracts.
Second, due to the limitation of retrospective
research, this study did not analyze the corre-
lation between lens thickness and anterior
chamber parameters, which may be conducive
to understanding the mechanism of anterior
chamber spatial changes. Finally, the sample
size is relatively small. Further large-

scale prospective studies of all ages are needed
to reinforce our conclusions or identify new
correlations between parameters.

CONCLUSIONS

This research demonstrates that the mean CSA
of age-related cataract patients with normal AL
and shallow anterior chamber is higher than
that of the general population and has indi-
vidual variance. Meanwhile, the CSA shows a
positive correlation with corneal curvature and
ACD. Additionally, the ACD increased and the
CD decreased with increasing corneal curvature,
while no significant change was found in ACV
or ACA. Therefore, for cases with shallow and
relatively crowded anterior chambers, ACV and
ACA seem to be more objective in reflecting the
spatial state of the anterior chamber than the
ACD. Surgeons should pay particular attention
to the anterior segment data preoperatively,
comprehensively evaluate the ocular character-
istics of patients, and conduct personalized IOL
choice and treatment.
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