Int Ophthalmol (2024) 44:34
https://doi.org/10.1007/s10792-024-03014-y

ORIGINAL PAPER

q

Check for
updates

Central anterior chamber depth correlated
with white-to-white distance in normal, long, and short eyes

Hai-shuang Lin - Meng-tian Zhou - Jin-xin Li -
Xuan-li Zheng - Yu-tong Ding - Yi-ting Ji
Xiao-jie Wang - Yan-qian Xie - Yuan-bo Liang

Received: 25 March 2023 / Accepted: 9 January 2024

© The Author(s), under exclusive licence to Springer Nature B.V. 2024

Abstract

Purpose To explore the associations between cen-
tral anterior chamber depth (CACD) and other ante-
rior segment biometric parameters and to determine
the possible determinants of CACD in short, normal,
and long eyes.

Methods The biometric data of pre-operation
patients aged 50-80 years with coexisting cataract
and primary angle-closure disease or senile cata-
ract were reviewed. Axial length (AL), CACD, lens
thickness (LT), central corneal thickness (CCT), and
white-to-white distance (WTW) were measured by
Lenstar optical biometry (Lenstar 900). The data of
100 normal eyes (AL =22 to 26 mm), 100 short eyes
(AL <22 mm), and 100 long eyes (AL >26 mm) were
consecutively collected for subsequent analyses.
Results The mean age of the subjects was
66.60 +7.85 years, with 25.7% of the sample being
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men. Both CACD and WTW were found to be small-
est in short eyes and were smaller in normal eyes than
in long eyes (F=126.524, P<0.001; F=28.458,
P<0.001). The mean LT was significantly thicker
in short eyes than in normal and long eyes (4.66 mm
versus 449 mm versus 4.40 mm; F=18.099,
P <0.001). No significant differences were observed
in CCT between the three AL groups (F'=2.135,
P=0.120). Stepwise regression analysis highlighted
AL, LT, and WTW as three independent factors asso-
ciated with CACD in the normal AL group. In the
short AL group and long AL group, LT and WTW
were independent factors associated with CACD.
Conclusions CACD increases as AL elongates and
reaches a peak when AL exceeds 26 mm. Further-
more, CACD showed inverse correlation with LT and
positive correlation with WTW. A relatively small
WTW results in an anteriorly positioned lens, and
thus, a decrease in CACD.

Keywords Central anterior chamber depth - Axial
length - Lens thickness - White-to-white distance -
Lenstar optical biometry

Introduction
Primary angle-closure glaucoma (PACG) affects
approximately 26% of the glaucoma population

worldwide, but accounts for half of all glaucoma-
related blindness [1]. The central anterior chamber
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depth (CACD) is a basic ocular anatomical param-
eter that is a major variable for PACG; specifically,
a shallow anterior chamber has been proposed as one
of the main anatomical features of PACG [2]. There-
fore, determining the potential relationship between
CACD and other ocular parameters could further the
current level of understanding regarding the underly-
ing mechanism behind shallow anterior chamber, and
thus, contribute to the development of a more effec-
tive method of prevention or treatment for PACG.

Lowe reported that growth and thickening of the
lens are associated with a shallowing of the anterior
chamber by approximately 0.35-0.50 mm over a
50-year period [3], but the decrease in CACD can-
not be fully explained by this age-related increase in
lens thickness (LT) [4]. Instead, previous studies have
suggested that forward movement of the lens leads to
shallowing of the anterior chamber [5-7]. Our theory
of “trans-lens pressure differential and relative cilio-
lenticular block™ [8] suggests that a pressure differen-
tial between the posterior and anterior lens surfaces
causes the forward movement of the lens. Specifi-
cally, as the available cilio-lenticular space becomes
smaller, the resistance of ciliary flow will increase,
thereby limiting the flow of aqueous humor from the
posterior to the anterior of the lens. This promotes
forward movement of the lens and causes shallow
anterior chamber. White-to-white distance (WTW)
refers to the corneal diameter. A relatively small
WTW may imply minimal space between the ciliary
processes and the lens equator. Positive correlation
between the WTW and CACD would partially verify
our theory of “trans-lens pressure differential and rel-
ative cilio-lenticular block™ [8].

Previous studies have also identified a significant
positive correlation between the axial length (AL) and
CACD [9-11]. However, Hosny et al. found this cor-
relation to be weaker in patients with an increasingly
high AL [12]. It was also confirmed by Hoffmann
et al. that the strong statistical correlation between the
AL and CACD in normal eyes did not apply to long
eyes or short eyes [13]. The ocular determinants of
CACD are not yet comprehensively known, and it is
possible that they may vary depending on AL ranges.
Therefore, this study aimed to explore the associa-
tions between CACD and each ocular parameter, as
well as to further assess the possible determinants of
CACD in short, normal, and long eyes in terms of
AL.
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Methods
Ethical approval

This study adhered to the Declaration of Hel-
sinki, and the study protocol was approved by the
Ethics Committee of the Wenzhou Medical Uni-
versity prior to study commencement (Number:
2021-101-K-85).

Data collection

Data were obtained from the Eye Hospital of Wen-
zhou Medical University; this biometric data per-
tained to pre-operation patients aged 50-80 years
with coexisting cataract and primary angle-closure
disease (PACD) or senile cataract. Patients that had
corneal opacity, any previous ocular disease (except
PACD), or history of ocular surgery were excluded
from the sample. Biometry measurements were
taken by Lenstar optical biometry (Lenstar 900)
which is based on low-coherence reflectometry,
with an 820-mm superluminescent diode. A mini-
mum of three stable tests were obtained, and the
readings of AL, CACD, LT, central corneal thick-
ness (CCT), and WTW were recorded. Data dupli-
cation was avoided by randomly selecting only one
eye from each patient to be included in the sample.
Eyes were then categorized based on the Lenstar
AL values into either the normal group (AL =22 to
26 mm), short eye group (AL <22 mm), or long eye
group (AL >26 mm). Data were collected from 100
normal eyes, 100 short eyes, and 100 long eyes.

Statistical analysis

SPSS software (version 22.0, SPSS Inc., Chicago,
IL, USA) was used to perform statistical analyses.
Continuous variables were described as the mean
and standard deviation (SD). ANOVA or independ-
ent student t test was used for comparisons between
groups; Chi-square test was conducted for categori-
cal variables; Pearson’s correlation and stepwise
linear regression were performed to analyze the
effects of correlated factors on CACD. P <0.05 was
considered as statistically significant.
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Results

Of the 300 eyes from 300 participants, 77 (25.7%)
were men. The mean age of the sample was
66.60+7.85 years. The demographic and biometric
parameters of each experimental group are shown
in Table 1. The long AL subjects were generally the
youngest (63.83+8.30 years) relative to the short
AL subjects (67.86+6.97 years) and the normal AL
subjects (68.12+7.54 years) (F=9.968, P<0.001).
Furthermore, there were proportionately more
women in the short AL group (94.0%). In terms of
the anterior segment biometric parameters, the small-
est CACD and WTW values were found in the short
AL group and were smaller in the normal AL group
than in the long AL group (F=126.524, P<0.001;
F=28.458, P<0.001). The proportion of eyes with a
deep anterior chamber (CACD >2.5 mm) was 10, 49,
and 83% in the short AL, normal AL, and long AL
groups, respectively. The mean LT was significantly
thicker in the short AL group than in the normal and
long AL groups (4.66 mm vs. 4.49 mm vs. 4.40 mm;
F=18.099, P<0.001). However, no significant dif-
ferences were found between the CCT values of the
three AL groups (F=2.135, P=0.120).

Pearson’s correlation and stepwise linear regres-
sion results of CACD and the other biometric
parameters are presented in Table 2. CACD was

Table 2 Pearson’s correlation and stepwise linear regression
analysis on the association between CACD and other biometric
parameters (n=300)

Pearson’s correla-  Stepwise linear regres-

tion sion

r P Value B P Value
Age (years old) —0.223 <0.001
Gender, men -0.219 <0.001
CCT (pm) -0.014 0.803
AL (mm) 0.628 <0.001 0.064 <0.001
LT (mm) —0.676 <0.001 —0.642 <0.001
WTW (mm) 0.493 <0.001 0.257 <0.001

Adjusted
R?=0.744

shown to be positively correlated with AL and
WTW (r=0.628, P<0.001; r=0.493, P<0.001)
but was negatively correlated with age, gender, and
LT (r=-0.223, P<0.001; r=-0.219, P<0.001;
r=-0.676, P<0.001). No significant correlation
was found between CACD and CCT (r=-0.014,
P=0.803). The multivariate analysis showed AL,
LT, and WTW to be independent factors associ-
ated with CACD, based on the following equa-
tion: CACD=0.837+0.064*AL+0.257*WTW-
0.642*LT, which accounted for 74.4% of variability.

Table 1 Relationship between demographic and biometric parameters in three groups of eyes according to axial length (mm)

Total Short AL (AL <22 mm) Normal AL (22-26 mm) Long AL (AL>26 mm) Statistic P value
N 300 100 100 100
Age (years old) 66.60+7.85 67.86+6.97 68.12+7.54 63.83+8.30 9.968 <0.001
Gender, men®  80(26.7%) 6 40 31 26.011 <0.001°
Eye, right* 152(50.7%) 47 51 54 0.987 0.611°
AL (mm) 24.61+3.36 21.63+0.36 23.39+0.95 28.81+2.20 716.853  <0.001
CCT (pm) 534.41+31.22 532.93+29.21 530.79+33.35 539.51+30.59 2.135 0.120
CACD (mm) 2.44+0.54 1.99+0.37 2.44+0.41 2.88+0.40 126.524  <0.001
CACD group* 108.300  <0.001
<1.5mm 8(2.7%) 6 2 0
1.5-2.5 mm 150(50.0%) 84 49 17
>2.5 mm 142(47.3%) 10 49 83
LT (mm) 4.55+0.45 4.66+0.44 4.49+0.42 4.40+0.41 18.099  <0.001
WTW (mm) 11.43+0.52 11.16+0.33 11.46+0.57 11.67+0.50 28.458  <0.001

Data expressed as mean + SD; P value was derived from one-way ANOVA

*Data expressed as n (%)

®P value was derived from the Chi-square test
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Figure 1 presents the influence of AL on the
relationship between CACD and the other biom-
etric parameters. Notably, no significant correla-
tion was found between AL and CACD in long eyes
(r=0.002, P=0.983); in contrast, positive cor-
relations were found between AL and CACD in
short eyes (r=0.280, P=0.005) and normal eyes
(r=0.419, P<0.001). Subsequent stepwise regres-
sion analysis showed AL, LT, and WTW to be
independent factors associated with CACD in the

Short AL Normal AL
5.0 5.0

normal AL group, based on the following equa-
tion: CACD=0.27240.117*AL+0.174*WTW-
0.570*LT. In the short AL and long AL groups, LT
and WTW were found to be independent factors asso-
ciated with CACD, based on the following equations:
CACD=1.497+0.311*WTW-0.628*LT and CACD
=2.5734+0.247*WTW-0.589*LT, respectively.

In the long AL group, 83 eyes had a deep anterior
chamber (CACD >2.5 mm), which coincided with a
thinner mean LT and larger mean WTW compared
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Fig. 1 Relation between CACD and AL, LT, WTW in three AL groups
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with normal CACD eyes (t=5.367, P<0.001;
F=-2.884, P<0.001). No significant differences
were found in CCT and AL values between differ-
ent CACD groups (r=-0.726, P=0.469; r=0.648,
P=0.518) (Table 3).

Discussion

It has previously been evidenced that in the eyes of
people affected by primary angle closure (PAC), they
had a significantly shallower CACD, thicker lens,
and shorter AL compared with normal eyes [14,
15]. However, CACD is regarded as the key param-
eter associated with PACG. A study by Lowe indi-
cated that the CACD threshold for risk of PACG was
2.5 mm, and PACG became rarity when CACD above
this level [3]. In the current study, 82% of short eyes,
51% of normal eyes, and 17% of long eyes fit into this
“at risk” category; this implies an increasing risk of
angle closure from long eyes to normal eyes to short
eyes. Although positive correlation between AL and
CACD has previously been reported [9-11], studies
by Sedaghat et al. and Hoffmann et al. specifically
detected this relationship in normal eyes but found
its absence in short and long eyes [13, 16]. As such,
this study supposes that the CACD is determined by
anterior segment biometric parameters, but that these
factors may vary in different AL groups. To verify
this hypothesis, the associations between CACD and
these anterior segment biometric parameters were
analyzed in different AL groups, which were based on
Lenstar measurements of pre-operation patients aged
50-80 years.

The long AL patients were slightly younger
than the other two groups, which corroborates the

observed pattern of longer ALs in younger people
[17, 18]. It can also be explained by the phenomenon
that high myopia with increased AL predisposes to
the development of cataract at a younger age [19]. In
agreement with previous researches [9, 20]. CACD
was found to be negatively correlated with age in the
current subjects. After controlling for other factors in
the multivariate analysis, it was established that age
is not associated independently with CACD, thereby
indicating a cohort effect as a result of the anterior
segment biometric parameters. Overall, the observed
age trend in CACD is most likely due to an age-
related increase in LT [9, 21]. As presented in earlier
studies, women are three times more likely to develop
PAC than men [22, 23]; women having a shallower
CACD [24, 25] may be the anatomical basis for this.
However, this study found the association between
gender and CACD to be statistically insignificant
after adjustment for LT, AL, and WTW. We propose
that the observed gender difference in CACD was
likely confounded by anatomical variations in the
anterior segment [11, 26].

The mean value of LT measured by Lenstar
900 in the pre-operation cataractous eyes was
4.55+0.45 mm, which was akin to that of Chinese
age-related cataract patients measured by the IOL-
Master 700 (4.51+0.46 mm [21], 4.51+0.44mm
[18]). This study has identified LT as a strong deter-
minant of CACD [21], whereby a thicker LT corre-
lated with a shallower CACD, which persisted after
adjustment for the impact of AL.

We found the average WTW to be
11.43+0.52 mm, which was smaller than
that of subjects in previous studies, including
young Chinese myopic adults aged 18—40 years
(WTW=11.65+0.38 mm) [27], Chinese cataract

Table 3 Difference

. Total CACD: 1.5-25mm CACD>2.5mm Statistic P value
between demographic and
biometric parameters in N 100 17 83
S;if:rem CACD for long Age (yearsold) 63.83+8.30  68.00+6.96 62.98+8.32 0.325 0.022
Gender, men® 31 3(17.6%) 28 (33.7%) 1.707 0.154°
Eye, right® 54 7 (41.2%) 47 (56.6%) 1356 0.185"
Data expressed as AL (mm) 28.81+2.20 29.12+1.68 28.74+2.29 0.648 0.518
mean + SD; P value was CCT (um) 539.51+30.59 534.59+29.76 5405243084  —0.726 0.469
derived from student ¢ test CACD (mm)  2.88+040  227+021 3.00+0.31 -
iData expressed as n (%) LT (mm) 4404042  485+033 4314038 5367 <0.001
P value was derived from WTW (mm)  11.67+£0.50  11.36+0.47 11.73+0.48 —2.884 0.005

the Chi-square test
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patients aged 30-99 years (WTW =11.69 +0.46 mm)
[28], and normal Indian subjects aged 40-64 years
(WTW=11.79+£0.67 mm) [26]. Larger WTW meas-
urements at younger ages [29] may partially explain
this variance between studies. Also, the measurement
methods and devices used in the studies may have
affected the level of agreement between their find-
ings. Nonetheless, the positive relationship between
AL and WTW remained consistent across prior stud-
ies [28, 29]. In the current study, the long AL group
presented the largest WTW (11.67 +0.50 mm), while
the short AL group (11.43 +£0.55 mm) had the short-
est WTW; these findings agreed with the aforemen-
tioned research. Of note, a large WTW is possibly
linked to the development of larger anterior segments
[21]. In our study, WTW was shown to be positively
correlated with CACD, which corroborated previous
reports [12, 27, 28, 30]. Singh et al. suggested that a
smaller WTW in women relative to men may be of
significance, as women are more likely to experience
angle-closure glaucoma [26].

Consistent with previous reports [9-11], a signifi-
cant decrease in CACD was observed with a decrease
in AL in all 300 eyes. However, this positive correla-
tion was weaker in short eyes and statistically insig-
nificant in long eyes. Moreover, an increase in CACD
occurred only with an elongation of AL within a cer-
tain range (AL: 22-26 mm, r=0.419, P <0.001). An
AL value greater than 26 mm resulted in noncorrela-
tion between the two variables [13]. As an important
indicator of eye size, AL was measured as the sum of
CCT, CACD, LT, and vitreous chamber depth (VCD).
The human eyeball increases in size with age, thus
resulting in the elongation of AL and WTW. Previous
work has also confirmed the contribution of CACD
and VCD to AL [31]. It is speculated that CACD may
reach a peak when AL achieves a certain size (possi-
bly 26 mm) [28] and anterior segment changes insig-
nificantly as the AL increases. This proposed expla-
nation is supported by the finding that VCD occupies
more of the eye with increasing AL [31]. It should
also be noted that both an increase in LT and a slight
forward movement of the lens center with aging can
result in a decrease in CACD [5-7]. The current study
has proven the link between greater LT and shallower
CACD, in corroboration with previous studies [21,
32]. A thin LT may be why children rarely develop
PACG even with a short AL [33]. We hypothesize
that the age-related change in the lens equator and
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a relatively small WTW are the primary anatomi-
cal reasoning for forward movement of the lens [8].
When the anterior ocular structures are positioned
normally, the low resistance to flow from the retrolen-
ticular space to the anterior side of the lens is barely
detectable with the current instruments [34]. When
there is no resistance between the posterior chamber
and retrolenticular space, the posterior-anterior pres-
sure differential on the surface of the lens is mini-
mal [35], and as such, the lens remains in a neutral
position. However, potential shrinkage of the avail-
able space between the ciliary processes and the lens
equator causes an increase in the resistance to cili-
ary flow, resulting in a relative cilio-lenticular block.
This mechanism is analogous to pupillary block and
restricts the flow of aqueous humor from the poste-
rior to the anterior of the lens. Resultantly, the pos-
terior lens pressure increases relative to the anterior
lens pressure and provokes forward movement of the
lens, and causes shallow anterior chamber. It is pos-
sible that a relatively small WTW is the underlying
reason for 0.05% of people with high myopia devel-
oping PAC [36].

Conclusion

Our findings have confirmed the conclusions of previ-
ous studies stating that older age, women, shorter AL,
shorter WTW, and thicker lens are risk factors for
shallower CACD. [3, 9-12]. While causal relation-
ships have not been fully established in this cross-sec-
tional study, we considered different ALs to conclude
the determinants of CACD, as follows: (1) AL is the
basis of CACD, whereby CACD increases with the
elongation of AL and attains a peak when AL exceeds
26 mm; (2) thick LT directly decreases CACD; and
(3) WTW is an indirect factor of CACD, as a rela-
tively small WTW causes an anteriorly positioned
lens, which decreases CACD.
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