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Purpose. To investigate the difference in anterior segment parameters between suspicious primary angle closure (PACS) patients
and normal patients as assessed by ultrasound biomicroscopy (UBM). Methods. From June 2019 to November 2020, 39 patients
(50 eyes) with PACS in the Ophthalmology Department of Qingdao University Affiliated Hospital who underwent phaco-
emulsification and intraocular lens implantation were selected as the PACS group. 32 patients (50 eyes) who underwent
phacoemulsification and intraocular lens implantation were selected as the normal group. In addition to routine preoperative
examinations such as visual acuity, noncontact intraocular pressure, axis length (AL), and ocular B-ultrasound examination, UBM
examinations were also performed, including measuring the central anterior chamber depth (ACD), the maximum transverse
diameter of the ciliary process at both ends (STS), the vertical distance between the anterior apex of the lens and the maximum
transverse diameter at both ends of the ciliary processes (h), and angle opening distance (AOD500), iris-zonule distance (IZD),
trabecular-ciliary process distance (TCPD), trabecular-iris angle (TIA), iris thickness (IT), trabecular-ciliary process angle
(TCPA), and anterior placement of the ciliary body (APCB) at four quadrants (superior, nasal, inferior, and temporal quadrants).
Results. Compared with the normal group, the PACS group showed statistically differences in AL, ACD, h, ACD/AL, h/STS, IZD,
AOD500, TCPD, TIA, TCPA, and APCB (P< 0.05), and there were no significant differences in STS and IT between the two
groups (P> 0.05). In the PACS group, there were significant differences in AL, ACD, h, ACD/AL, h/STS, IZD, TCPD, TCPA, and
APCB between PACS patients with zonular relaxation and without zonular relaxation (P< 0.05), while there were no significant
differences in STS, AOD500, TIA, and IT (P> 0.05). Conclusion. UBM quantitatively enables to identify the anterior segment
morphology, especially the zonules in patients of suspicious primary angle closure combined with the relaxation of zonule.
Accurate measurement of UBM can be used to predict whether patients with PACS are combined with zonular relaxation, so as to
provide a clinical imaging evidence for the diagnosis.

1. Introduction

Primary angle closure glaucoma (PACG) is one of the
leading causes of blindness in Asians. +e pupillary block,
the plateau iris configuration, the lens induced mechanism,
and ciliary ring block mechanism are the causes resulting in
the closed angle. Relative pupillary block is considered the
primary mechanism for angle closure [1–3]. In these cases,
nonpupillary block mechanisms, such as lens induced,
plateau iris, and peripheral angle crowding, may be involved
[4–7]. Zonule is the elastic tissue that connects the lens and
the ciliary body, which plays an important role in ensuring
the centrality of the lens. Previous research studies have

found that with increasing age, the number of zonule fibers
become less, the attachment position becomes smaller, and
the tension decreases. Subsequently, the zonule also becomes
relax, and the position of fixed lens is unstable. Causes such
as postural change result in the lens to move forward. +us,
pupillary block and angle closure occur, resulting in a
shallower anterior chamber and increased intraocular
pressure [8].

In recent years, many patients have been found to have
zonular relaxation in the process of phacoemulsification,
which increases the risk of surgery. In clinics, some patients
have latent zonular relaxation, and some routine preoper-
ative examinations cannot determine the abnormality of the
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lens zonule, so that the diagnosis and treatment plan cannot
be accurately formulated [6, 7, 9]. +erefore, we have carried
out the detailed measurement and analysis of some UBM
parameters of PACS patients, in order to estimate whether
the patients have zonular relaxation [10].

2. Methods

We retrospectively evaluated 39 PACS patients (50 eyes)
and 32 normal patients (50 eyes) who underwent
phacoemulsification combined with intraocular lens im-
plantation at the Ophthalmology Department of the Af-
filiated Hospital of Qingdao University, between June
2019 and November 2020. +e study was conducted in
accordance with the Declaration of Helsinki. At all pre-
operative visits, all patients had standard UBM exami-
nations, and abnormalities of the lens zonules were
observed and recorded. +e PACS was defined as an eye
having appositional contact between iris and posterior
trabecular meshwork for at least 180° on gonioscopy, with
absence of peripheral anterior synechiae, or glaucomatous
optic neuropathy, or visual field changes compatible with
glaucoma; intraocular pressure did not exceed 21mmHg
[11, 12]. Subjects with secondary angle closure glaucoma,
the history of intraocular surgery or penetrating eye in-
jury, active keratitis or cornel keratopathy, intumescent
cataract, evidence of a prior acute angle closure attack,
and vitreoretinal diseases were excluded.

2.1. UBM Examination. +e examination instrument was
the MD-300L ophthalmic ultrasound biomicroscope. All
patients were placed in the supine position and topical
anesthesia with oxybuprocaine hydrochloride eye drops.
+e procedure was performed by an experienced exam-
iner, who was positioned on the patient’s right side. After
the patient’s head was gently steadied by an assistant, the
appropriate eye cup was selected and placed gently in the
conjunctival sac, poured proper amount of sterilized
water into the eye cup, and placed the probe close to the
eye in the cup. +e patients were instructed to rotate the
eyes at four quadrants (superior, nasal, inferior, and
temporal quadrants) [8, 13]. +e examiner observed the
machine screen while scanning, adjusted the scanning
direction and position to obtain the best image, and
images of the four quadrants were obtained. +en,
scanning images of four quadrants (superior, nasal, in-
ferior, and temporal quadrants) were used for analysis
[14]. Images obtained were graded quantitatively in all the
4 quadrants by an examiner with a special caliper in the
UBM software. +e scleral spur was identified, based on
the differential tissue density between the collagen fibers
of the scleral spur and the longitudinal muscle of the
ciliary body. For the sake of uniformity, temporal
quadrants UBMmeasurements of all angles were included
in the analysis. +e UBM parameters measured in the
current study have been defined by Pavlin et al. [15]. All
the measurements of linear parameters were expressed in
millimeters and angular parameters in degrees.

(i) Central anterior chamber depth (ACD) was
measured from the corneal endothelium to the
anterior lenticular surface centered over the pupil

(ii) h was the vertical distance from the vertex of the
anterior surface of the lens to the largest transverse
diameter of the ciliary process at both ends

(iii) STS was the maximum transverse diameter be-
tween the ciliary processes at both ends

(iv) Angle opening distance 500 (AOD500) was the
distance between the inner corneal surface and the
anterior iris surface measured on a line perpen-
dicular to the plane of the trabecular meshwork at
500 μm from the scleral spur

(v) Trabecular-ciliary process distance (TCPD) was
measured on a line extending from the corneal
endothelium at 500 μm from the scleral spur
passing perpendicularly through iris to the ciliary
process

(vi) Iris-zonule distance (IZD) was measured along the
line of TCPD, from the posterior iris surface to the
first visible zonule fiber at the point just clearing
the ciliary process

(vii) Trabecular-iris angle (TIA) was measured with the
apex of the angle at the iris recess and the arms of
the angle passing through a point on the trabecular
meshwork at 500 μm from the scleral spur and the
point on the iris perpendicularly opposite

(viii) Trabecular-ciliary process angle (TCPA) was
measured with its apex at the scleral spur, one arm
along the posterior corneal surface, and another
arm along the most anterior surface of the ciliary
body

(ix) Iris thickness (IT) was measured at 500 μm from
the iris root

(x) Anterior placement of the ciliary body (APCB) was
the distance from the most anterior point of the
ciliary body to the vertical line from the inner wall
of the sclera through the scleral spur

2.2. Statistical Analysis. Statistical analyses were conducted
using SPSS version 19.0. Parameters between the PACS
group and the normal group and PACS patients with and
without zonular relaxation were compared using the inde-
pendent t-test according to the distribution of the data.
P< 0.05 indicated that the difference was statistically
significant.

3. Results

+e basic information (age, gender, and eye category) of the
PACS group and the normal group is given in Table 1. In the
PACS group, there were 39 patients (50 eyes) aged from 32
to 78 years old, with an average age of 60.96± 10.02 years
old, including 17 male (22 eyes) and 22 female (28 eyes). In
the normal group, there were 32 patients (50 eyes) aged from
35 to 75 years old, with an average age of 57.24± 11.23 years
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old, including 19 male (31 eyes) and 13 female (19 eyes).
+ere were no statistically significant differences in age,
gender, and eye category between the PACS group and the
normal group (P> 0.05). In the PACS group, PACS with
zonular relaxation were 15 patients (16 eyes) aged from 32 to
73 years old, with an average age of 57.13± 11.43 years old,
including 8 male (9 eyes) and 7 female (7 eyes). PACS
patients without zonular relaxation were 24 patients (34
eyes) aged from 42 to 78 years old, with an average of
62.76± 8.90 years old, including 9 male (13 eyes) and 15
female (21 eyes). +e results suggested that there were no
significant differences in age, gender, and eye category be-
tween PACS with zonular relaxation and PACS without
zonular relaxation (P> 0.05).

+e results of clinical data are given in Table 2. We first
compared the difference in ACD, AL, h, STS, ACD/AL, and
h/STS between the normal group and the PACS group, as
well as PACS patients with and without zonular relaxation.
+e ACD in the PACS group was significantly shorter than
in the normal group (1.92± 0.26 VS 2.86 ± 0.39mm,
P< 0.05), and ACD/AL in the PACS group was significantly
smaller than that in the normal group (0.08 ± 0.01 vs.
0.12± 0.02, P< 0.05). +e AL (24.66 ± 1.02 vs.
23.93± 0.82mm, P< 0.05), h (1.95± 0.27 vs.
1.50± 0.26mm, P< 0.05), and h/STS (0.18± 0.02 vs.
0.14± 0.02, P< 0.05) were significantly larger in the PACS
group than in the normal group. However, there was no
significant difference in STS (11.06± 0.64 vs.
10.87± 0.78mm, P> 0.05) between the two groups. In
PACS with zonular relaxation, ACD was significantly
shorter than in PACS without zonular relaxation
(1.78± 0.31 vs. 1.99 ± 0.20mm, P< 0.05). +e ACD/AL in
PACS with zonular relaxation was significantly smaller
than in PACS without zonular relaxation (0.07 ± 0.01 vs.
0.08± 0.01, P< 0.05). +e AL (25.64 ± 0.62 vs.
24.20± 0.83mm, P< 0.05), h (2.11 ± 0.24 vs.
1.88± 0.25mm, P< 0.05), and h/STS (0.19± 0.02 vs.
0.17± 0.03, P< 0.05) were significantly larger in PACS with
zonular relaxation than in PACS without relaxation. In the
PACS group, there was no statistically significant difference
in STS between PACS with zonular relaxation and PACS
without zonular relaxation (11.28 ± 0.71 vs.
10.96± 0.58mm, P> 0.05). Second, the results of some

UBM parameters (IZD, AOD500, TCPD, TIA, TCPD, IT,
and APCB) at four quadrants (superior, nasal, inferior, and
temporal quadrants) are given in Table 2. +e IZD
(P< 0.05), AOD500 (P< 0.05), and TCPD (P< 0.05) at four
quadrants (superior, nasal, inferior, and temporal quad-
rants) were significantly shorter in the PACS group than in
the normal group. +e TIA (P< 0.05) and TCPA (P< 0.05)
at four quadrants (superior, nasal, inferior, and temporal
quadrants) were significantly narrower in the PACS group
than in the normal group. +e APCB (P< 0.05) at four
quadrants (superior, nasal, inferior, and temporal quad-
rants) were significantly larger in the PACS group than in
the normal group. +ere were no significant differences in
IT (P> 0.05) at four quadrants (superior, nasal, inferior,
and temporal quadrants) between the two groups. In the
PACS group, the PACS patients with zonular relaxation
had significantly shorter IZD (P< 0.05) at four quadrants
(superior, nasal, inferior, and temporal quadrants), sig-
nificantly shorter TCPD (P< 0.05) at four quadrants (su-
perior, nasal, inferior, and temporal quadrants),
significantly narrower TCPA (P< 0.05) at four quadrants
(superior, nasal, inferior, and temporal quadrants), and
significantly larger APCB (P< 0.05) at four quadrants
(superior, nasal, inferior, and temporal quadrants) than
PACS without zonular relaxation.+ere were no significant
differences in AOD500 (P> 0.05), TIA (P> 0.05), and IT
(P> 0.05) at four quadrants (superior, nasal, inferior, and
temporal quadrants) between PACS with zonular relaxa-
tion and PACS without zonular relaxation.

4. Discussion

+is study compared the difference of zonule between the
PACS group and the normal group by measuring some
parameters on UBM images. +e zonule is located behind
the iris, around the equator of the lens, and inside the ciliary
body. It is the tissue connecting the equatorial and ciliary
body of the lens. It has been reported that the role of the
zonule is to fix the position of the lens. After the stability of
the lens changes due to the abnormality of the zonule, the
smooth progress of cataract surgery can be affected [16, 17].
In serious cases, the angle of the chamber will become
narrower and the intraocular pressure will become higher,

Table 1: Basic information of study subjects.

PACS
n� 50

Normal
n� 50

P valuea

PACS with zonular
relaxation
n� 16

PACS without zonular
relaxation
n� 34

PACS with zonular relaxation vs. PACS
without zonular relaxation

PACS vs.
normal

Mean
age± SD, y

60.96± 10.02
57.13± 11.43 62.76± 8.90 57.24± 11.23 P � 0.095 P � 0.084

Sex, men/
women

17/22
8/7 9/15 19/13 P � 0.332 P � 0.186

Eye (right/
left)

25/25
9/7 16/18 26/24 P � 0.544 P � 0.084

PACS, primary angle closure suspect. aP value for comparison between PACS with normal and PACS with zonular relaxation with PACS without zonular
relaxation.
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Table 2: Comparison of parameters among 16 PACS with zonular relaxation, 34 PACS without zonular relaxation, and 50 normal.

PACS
n� 50 Normal

n� 50

P valuea

PACS with zonular
relaxation, n� 16

PACS without zonular
relaxation, n� 34

PACS with zonular relaxation vs.
PACS without zonular relaxation

PACS vs.
normal

ACD 1.92± 0.26
1.78± 0.31 1.99± 0.20 2.86± 0.39 P< 0.05 P< 0.05

AL 24.66± 1.02
25.64± 0.62 24.20± 0.83 23.93± 0.82 P< 0.05 P< 0.05

h 1.95± 0.27
2.11± 0.24 1.88± 0.25 1.50± 0.26 P< 0.05 P< 0.05

STS 11.06± 0.64
11.28± 0.71 10.96± 0.58 10.87± 0.78 P> 0.05 P> 0.05

ACD/AL 0.08± 0.01
0.069± 0.01 0.08± 0.01 0.119± 0.02 P< 0.05 P< 0.05

h/STS 0.18± 0.02
0.187± 0.02 0.17± 0.03 0.138± 0.02 P< 0.05 P< 0.05

IZD

Superior 0.41± 0.10
0.37± 0.06 0.43± 0.11 0.55± 0.09 P< 0.05 P< 0.05

Nasal 0.38± 0.10
0.34± 0.08 0.40± 0.11 0.50± 0.09 P< 0.05 P< 0.05

Inferior 0.40± 0.08
0.36± 0.07 0.41± 0.08 0.50± 0.08 P< 0.05 P< 0.05

Temporal 0.36± 0.09
0.33± 0.06 0.38± 0.08 0.49± 0.08 P< 0.05 P< 0.05

AOD500

Superior 0.15± 0.07
0.15± 0.03 0.16± 0.08 0.29± 0.08 P> 0.05 P< 0.05

Nasal 0.20± 0.10
0.22± 0.07 0.19± 0.11 0.33± 0.10 P> 0.05 P< 0.05

Inferior 0.18± 0.07
0.20± 0.05 0.17± 0.08 0.31± 0.10 P> 0.05 P< 0.05

Temporal 0.21± 0.18
0.22± 0.07 0.18± 0.09 0.36± 0.10 P> 0.05 P< 0.05

TCPD

Superior 1.11± 0.12
1.07± 0.07 1.12± 0.123 1.40± 0.15 P< 0.05 P< 0.05

Nasal 1.11± 0.13
1.06± 0.08 1.14± 0.136 1.36± 0.15 P< 0.05 P< 0.05

Inferior 1.13± 0.12
1.09± 0.08 1.15± 0.131 1.39± 0.14 P< 0.05 P< 0.05

Temporal 1.09± 0.09
1.05± 0.72 1.11± 0.10 1.37± 0.14 P< 0.05 P< 0.05

TIA

Superior 18.06± 6.21
19.52± 5.39 17.37± 6.52 29.24± 7.53 P> 0.05 P< 0.05

Nasal 21.01± 9.65
23.83± 8.33 19.68± 10.05 33.29± 9.93 P> 0.05 P< 0.05

Inferior 18.89± 6.84
20.03± 5.75 18.35± 7.31 31.91± 7.99 P> 0.05 P< 0.05

Temporal 20.67± 9.30
23.89± 7.18 19.15± 9.88 35.01± 10.39 P> 0.05 P< 0.05

TCPA

Superior 67.64± 12.55
62.66± 10.04 69.99± 13.05 86.61± 12.64 P< 0.05 P< 0.05

Nasal 67.53± 12.33
63.11± 7.91 69.61± 13.55 87.12± 13.73 P< 0.05 P< 0.05

Inferior 69.63± 12.40
64.69± 7.95 71.96± 13.49 87.34± 14.17 P< 0.05 P< 0.05

Temporal 68.06± 10.74
62.44± 8.66 70.70± 10.71 87.41± 13.33 P< 0.05 P< 0.05
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which will adversely affect the patient [18, 19].+erefore, it is
very important to evaluate the condition of the patient eyes’
zonule before operation. UBM is a new type of examination
instrument with high resolution, and it has been widely used
in preoperative examination of cataract surgery. Studies
have found that UBM can accurately display the patients’
zonule, which is helpful for doctors to understand the pa-
tients’ eyes condition and make appropriate surgical plan, so
as to reduce the risk of surgery [20–22]. In addition, UBM is
a contact inspection. Due to the gravity of the liquid in the
eye cup and the pressure of the eye cup itself on the surface of
the eyeball, it is easy to cause the eyeball to deform, and the
measurement parameters may cause errors.

+is study included the PACS patients and the normal
people who had normal intraocular pressure before surgery
and planned to undergo phacoemulsification combined with
intraocular lens implantation. We quantitatively collected
the basic information and some UBM parameters of the
PACS group and the normal group [8, 23–26]. +e results
showed that compared with the normal group, the pa-
rameters other than STS and IT were different in the PACS
group. Among them, ACD and ACD/AL were significantly
smaller in the PACS group than in the normal group, AL, h,
and h/STS were significantly larger in the PACS group than
in the normal group, IZD, AOD500, and TCPD were sig-
nificantly shorter in the PACS group than in the normal
group at four quadrants (superior, nasal, inferior, and
temporal quadrants), TIA and TCPA were significantly
narrower in the PACS group than in the normal group at
four quadrants (superior, nasal, inferior, and temporal
quadrants), and APCB was significantly larger in the PACS
group than in the normal group at four quadrants (superior,
nasal, inferior, and temporal quadrants). In the PACS group,
ACD and ACD/AL were significantly smaller in PACS with

zonular relaxation than in PACS without zonular relaxation.
Besides, AL, h, and h/STS were significantly larger in PACS
with zonular relaxation than in PACS without zonular re-
laxation, IZD and TCPD were significantly shorter in PACS
with zonular relaxation than in PACS without zonular re-
laxation at four quadrants (superior, nasal, inferior, and
temporal quadrants), TCPA was narrower in PACS with
zonular relaxation than in PACS without zonular relaxation
at four quadrants (superior, nasal, inferior, and temporal
quadrants), and APCB was narrower in PACS with zonular
relaxation than in PACS without zonular relaxation at four
quadrants (superior, nasal, inferior, and temporal quad-
rants). However, there was no statistically significant dif-
ference in STS, IT, AOD500, and TIA at four quadrants
(superior, nasal, inferior, and temporal quadrants) between
the two groups.

It was suggested that preoperative UBM examination
was performed on the operative eye of the patient and could
reflect the condition of the patient’s zonule, so as to make a
better surgical plan.

To sum up, we can measure ACD, h, STS, IZD, AOD500,
TCPD, TIA, TCPA, and APCB of the operative eye by UBM
to predict whether the patient has zonule relaxation, so as to
choose the best treatment. However, there are some limi-
tations in this study, that is, the sample size is relatively
small, so it is still necessary to expand the sample size for
further study.

Data Availability

+e data used to support the findings of this study are
available from the corresponding author upon request and
are not publicly available due to privacy or ethical
restrictions.

Table 2: Continued.

PACS
n� 50 Normal

n� 50

P valuea

PACS with zonular
relaxation, n� 16

PACS without zonular
relaxation, n� 34

PACS with zonular relaxation vs.
PACS without zonular relaxation

PACS vs.
normal

IT

Superior 0.39± 0.07
0.38± 0.05 0.40± 0.08 0.41± 0.07 P> 0.05 P> 0.05

Nasal 0.41± 0.08
0.41± 0.08 0.41± 0.07 0.43± 0.07 P> 0.05 P> 0.05

Inferior 0.43± 0.07
0.42± 0.08 0.44± 0.07 0.45± 0.09 P> 0.05 P> 0.05

Temporal 0.42± 0.07
0.42± 0.07 0.41± 0.07 0.44± 0.07 P> 0.05 P> 0.05

APCB

Superior 0.53± 0.08
0.62± 0.03 0.48± 0.04 0.33± 0.04 P< 0.05 P< 0.05

Nasal 0.54± 0.07
0.63± 0.04 0.50± 0.03 0.37± 0.05 P< 0.05 P< 0.05

Inferior 0.54± 0.07
0.63± 0.03 0.50± 0.03 0.38± 0.04 P< 0.05 P< 0.05

Temporal 0.55± 0.07
0.63± 0.03 0.51± 0.04 0.38± 0.04 P< 0.05 P< 0.05

ACD, central anterior chamber depth; AL, axial length; IZD, iris-zonule distance; AOD500, angle opening distance 500; TCPD, trabecular-ciliary process
distance; TIA, trabecular-iris angle; TCPA, trabecular-ciliary process angle; IT, iris thickness; APCB, anterior placement of the ciliary body. Values, except for
P values, are expressed as mean± standard deviation.
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