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Purpose: Ciliary body (CB) and iris thicknesses may change with certain eye diseases as
well as between different populations. Here, we report Ultrasound Biomicroscopy
Measurements (UBM) of the normal thickness for the CB and the iris from a homogenous
population in the Middle East.

Patients and Methods: Sonomed 35-MHz (SONOMED, INC. New York, USA) images
were obtained at 4 radial meridians, and the thickness was measured at 3 locations along the
radial length of the iris and at the thickest part of the CB. Parameters included mean
thickness, median thickness, range, and standard deviation.

Results: Of 46 adult patients, 83 normal eyes were included in this analysis. The overall mean,
median iris thicknesses at the iris root, midway along the radial length of the iris, and at the
juxtapupillary margin in mm were 0.42, 0.41 £+ 0.08, 0.52, 0.51+ 0.08, and 0.72, 0.71+ 0.1,
respectively. The overall mean, median thicknesses of the CB and CB + ciliary processes in mm
were 0.72, 0.71 £ 0.1, and 1.42, 1.37 £ 0.2 respectively. Gender, age, side, and height had no
impact on iris and/or CB thickness (p>0.05). However, the iris thickness was significantly thicker
in the superior quadrant than inferiorly, and in the nasal quadrant than the temporal quadrant
(p=0.04), and the CB thickness and the CB + ciliary processes thickness were significantly
thicker in the superior quadrant than inferiorly (P = 0.04 and 0.02 consecutively).
Conclusion: We measured in this study the normal thickness of the CB and the iris in normal
eyes from homogenous population in the Middle East using ultrasound biomicroscopy. Our
findings are essential for the ophthalmic community worldwide and in the Middle East region
and can be used as a normative thickness data for the iris and CB in healthy eyes.
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Introduction

Different eye diseases can cause morphological changes in the structures of the
anterior segment including the ciliary body (CB) and the iris.' These morphologic
changes can be detected by ultrasound biomicroscopy (UBM) and anterior segment
optical coherence tomography (OCT), and they include thickening or displacement
related to different intraocular tumors (eg, CB melanoma, anterior chamber metas-
tasis, iris melanoma, leiomyoma, and medullo-epithelioma),' ® and thickening of
both the CB and the iris by infiltrative processes (eg, lymphoma, metastasis, uveitic
granulomas, retinoblastoma, and intraocular invasion by conjunctival tumor).” '
Similarly, glaucoma and intraocular implants have been shown to be associated

with variable changes in the morphology of the anterior segment.'' "’
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UBM was first developed by Pavlin’s group in Canada
in the 1990s,' and this technique is primarily used for
imaging of the anterior segment of the eye by obtaining
cross-sections of the eye at microscopic resolution.'
Rather than the regular ultrasound modalities such as
B-scan or A-scan (8—12 MHz), UBM uses a much higher
frequency transducer (35-100 MHz).>® This results in
resolutions up to 20um axially and 50um laterally, and
the depth of tissue penetration is 4-5mm. Therefore,
UBM is used for imaging of the anterior anatomy of the
eye, including iris diseases, iridotomy, iridectomy, CB
cysts, angle closure glaucoma, CB melanoma, angle
trauma, as well as conjunctival pathologies.” '

Ultrasound biomicroscopy is an important tool for
assessment of the anatomy of the anterior chamber includ-
ing cataract, glaucoma, and congenital anomalies of the
anterior segment. These images may affect surgical plan-
ning based on the status of each eye.”>*® Knowledge about
normative data about biometrics of the anterior part of the
eye including the thickness of the CB and the iris are
needed as normative comparative data to evaluate the
pathology based on normal reference measurements.?’
Unfortunately, very few UBM and anterior segment OCT
studies looked at the normal eyes and came with measur-
able normative data.">'> Even though, they demonstrated
how knowledge of normative values can serve as a basis
for determinations of abnormal thickness, and how eyes
with thicker than the normal range need to be monitored
for abnormal changes or even for tumor growth. This
UBM study reports the normal thickness measurements
of the CB and the iris
a homogenous population in the Middle East, and our

in normal eyes from
results will be a valuable addition for the limited norma-

tive iris and CB thickness data in the literature.

Patients and Methods
This is a retrospective study of 83 normal eyes from 46
patients treated in the eye clinic at King Hussein Cancer
Center (KHCC) from 2015 to 2019. All eyes that were
included in this study had completely normal ophthalmic
examination. Study inclusion required access to patient’s
medical records and UBM images. The data collected
included patient’s age, gender, laterality, iris color, weight
and height. This study was approved by the KHCC
Institutional Review Board (20KHCC127) and it was con-
ducted in accordance with the Declaration of Helsinki.
35-MHz UBM images were obtained as routine stan-
dardized exam at 4 locations (12-, 3-, 6-, and 9-o’clock

radial meridians). The thickness was measured at 3 differ-
ent locations along the radial length of the iris (at the iris
root, midway along the radial length of the iris, and at the
juxtapupillary margin) and at the thickest part of the CB.
Parameters included mean thickness, median thickness,
range, and standard deviation.

Inclusion and Exclusion Criteria

As part of our routine practice at KHCC, UBM is done for
many cancer patients to rule out the possibility of intraocular
malignancy as metastasis to the ciliary body or the angle,
lymphoma involving the uveal tissue, and for comparison
with the thickness of the iris and ciliary body in the other
eye if it harbored tumor like ciliary body ring melanoma. In
this study inclusion criteria included all normal eyes with mild
or no refractive error (spherical equivalent between —2.0 and
+2.0) that were examined by UBM by the same person (YAY)
as a routine standardized exam at 4 locations (12-, 3-, 6-, and
9-0’clock radial meridians) and had their scans documented
and saved in the machine. Exclusion criteria included eyes that
had history of ocular disease, glaucoma, trauma, ocular laser
treatment, intraocular surgery, those who received radiation
therapy for the eye or the head and neck region. Eyes with high
refractive errors (spherical equivalent more than +2.0 or less
than —2.0) were excluded from this study.

Examination Technique

The UBM examination technique was done in the outpatient
eye clinic. Transducer direction and manipulation of the
probe is guided by looking at the image on the screen. The
patient was examined in a supine position facing the ceiling.
After topical anesthesia (0.4% Oxybuprocaine hydrochlor-
ide; Bausch & Lomb UK Limited), a specially-designed
rubberized immersion eye cup (small, medium, and large
size 20, 22, and 24 mm diameter) was used to separate the
eyelids and form a water bath environment. This cup was
filled with normal saline, and was held against the globe with
just enough pressure to prevent leakage of fluid. Each parti-
cipant was imaged with UBM using the Sonomed 35-MHz
high-frequency ultrasound system (SONOMED, INC.
New York, USA). Radial (longitudinal) views of the angle
at the 12-, 3-, 6-, and 9-0’clock positions were obtained from
both eyes and were saved as a marked video. In retrospect,
the saved images were reviewed, and the system’s integrated
measurement calipers were used to obtain the following
measurements at each of the four radial views for every
single eye included in this study (Figure 1):
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Figure | Ultrasound biomicroscopy (UBM). (A) shows a scheme and (B) shows a real Image of the iris and the ciliary body depicting where thickness measurements of the
iris [iris thicknesses at 0.8 mm from the iris root (I, blue line), midway along the radial length of the iris (2, yellow line), and at the juxtapupillary margin (3, red line)], and the
ciliary body [ciliary body (4, blue line), and ciliary body with ciliary processes (5, green line)] were obtained. (C) Real measurements for one of the patients were the iris
thicknesses at 0.8 mm from the iris root was 0.42mm, at midway along the radial length of the iris was 0.52mm, and at the juxtapupillary margin was 0.7mm. The ciliary body
thickness was 0.72 mm and the ciliary body with ciliary processes thickness was 1.38mm.
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1. Iris thickness at 0.8 mm from the iris root.

2. Iris thickness at midway along the radial length of
the iris from its root to the pupillary margin.

3. Iris thickness at the juxtapupillary margin (thickest
part of the iris within 1 mm from the pupil).

4. Maximum CB thickness was measured as the dis-
tance from the inner point of the ciliary body (apex
of the ciliary body) to the inner wall of the sclera
(perpendicular to the scleral wall).

5. Maximum CB + ciliary process thickness was mea-
sured as the distance from the most inner point of
the ciliary process to the inner wall of the sclera
(perpendicular to the scleral wall).

All images and measurements were obtained by the same
person (Y.A.Y.), and were performed uniformly in a room
with sunlight and with the iris in a normal physiologic
state. Dilating drops were avoided because they are known
to both shorten the radial length of the iris and alter its
thickness during mydriasis. The measurements were taken
at 2 different times, and the average between the 2 mea-
surements was considered in this study.

Statistical Analysis

Analyzed parameters included mean thickness, median
thickness, range, and standard deviation. The significance
and statistical difference of means between each two
groups was tested by ¢ test, and values of 0.05 or less
were considered significant.

Results

Eighty-three consecutive healthy eyes of 46 patients were
included in this study. All were adult patients from the
Middle East with no ethnic differences, and all had brown
iris color. Eighteen (39%) were women and 28 (61%) were
men. The average age of our subjects was 38 years (med-
ian: 37 years, range: 22 to 65 years).

Ciliary Body Measurements

Overall, the mean and median thickness of the CB were
0.72, 0.71 £ 0.1 mm (range: 0.43 to 1.14 mm), and of the
CB + ciliary processes were 1.42, 1.37 + 0.2 mm (range:
1.2 to 1.75 mm) (Table 1).

There was no significant difference in the mean CB
thickness (P = 0.33) or CB + ciliary processes thickness
(P =0.43) between males and females, and in the mean CB
thickness (P = 0.70) or CB + ciliary processes thickness
(P = 0.49) between right and left eyes after adjusting the

effect of eye sites. On the other hand, there was a trend for
patients less than 40 year and taller than 160 ¢cm to have
thicker CB and ciliary process, however these differences
were not statistically significant (Table 1).

In terms of eye quadrant, there was no statistically signifi-
cant difference in CB thickness and in CB + ciliary processes
thickness (P = 0.89) between nasal and temporal quadrants
(P = 0.28). However, the CB thickness and the CB + ciliary
processes thickness were significantly thicker in the superior
quadrant than inferiorly (P = 0.04 and 0.02 consecutively).

Iris Measurements

Overall, the mean and median thickness of the iris at
0.8 mm from the iris root were 0.42, 0.41 + 0.08 mm
(range: 0.29 to 0.65 mm), at midway along the radial
length of the iris were 0.52, 0.51 = 0.08 mm (range: 0.31
to 0.73 mm), and at the iris at its thickest part close to the
juxtapupillary margin were 0.72, 0.71 + 0.1 mm (range:
0.42 to 0.93 mm) (Table 2).

There was no statistically significant difference in iris
thicknesses by gender, age, patient’s height, or eye side
(Table 2). In terms of eye quadrant, the iris thickness at the
three measured locations were significantly thicker in the
superior quadrant than inferiorly (P = 0.04 and 0.02 con-
secutively), and in the nasal quadrant than the temporal
quadrant (p values in Table 2).

Discussion

Normative data about the normal thickness of the CB and
the iris is important as a comparative data to evaluate
ocular pathology based on normal reference measure-
ments, since the structure of both the CB and the iris
changes in morphology and/or thickness with different
ocular diseases including benign and malignant tumors.
UBM can aid in defining normal vs abnormal CB and
iris quantitatively, and our results here will help as an
additive reference for normal values to quantify and/or
determine ocular changes.

Ultrasound biomicroscopy is an important tool for
assessment of the anatomy of the anterior chamber includ-
ing cataract, glaucoma, and congenital anomalies of the
anterior segment. These images may affect surgical plan-
ning based on the status of each eye. Knowledge about
normative data about biometrics of the anterior part of the
eye are needed to discriminate normal UBM findings from
abnormal findings.”> Even more, it shown to be helpful
diagnostic tool to evaluate causes of pseudophakic glau-
coma through adequate visualization of different angle
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Table | Ciliary Body Thickness (mm) Comparison by Gender, Age, Height, Eye and Quadrant [Mean, Median + SD (Range)]

Parameter

Ciliary Body

Ciliary Body + Ciliary Processes

Over all thickness (83 eyes)

0.72, 0.71 + 0.1 (0.43-1.14)

1.42, 1.37 £ 0.2 (1.20-1.75)

Gender

Female (n = 3leyes, |8 patient)

0.70, 0.69 + 0.10 (0.43-1.14)

1.40, 1.35 £ 0.10 (1.20-1.70)

Male (n = 52 eyes, 28 patient)

0.72, 0.70 + 0.10 (0.45-1.12)

1.44, 1.38 £ 0.10 (1.32-1.75)

P value 0.33 0.43
Age (year)
<40 (n = 48) 0.75, 0.74 £ 0.2 (0.47-1.14) 1.44, 1.40 £ 0.2 (1.25-1.75)
> 40 (n = 35) 0.70, 0.69 + 0.1 (0.43-1.08) 1.38, 1.36 + 0.1 (1.20-1.60)
P value 0.54 0.66
Height

< 160 cm (n = 49)

0.71,0.70 + 0.1 (0.43—1.1)

140, 1.34 % 0.1 (1.20-1.60)

> 160 cm (n = 34)

0.74, 0.72+ 0.2 (0.46—1.14)

145, 1.38 + 0.2 (1.30-1.75)

P value 0.93 0.78
Eye
Right (n = 40) 0.72, 0.71 £ 0.10 (0.44-1.12) 1.43, 1.38 £ 0.2 (1.3-1.75)
Left (n = 43) 0.72, 0.70 + 0.10 (0.43-1.14) 1.41, 1.36 £ 0.2 (1.2-1.68)
P value 0.70 0.49
Quadrant

Superior (n = 83)

0.74, 0.72 £ 0.10 (0.46—1.12)

1.45, 1.37 £ 0.2 (1.34-1.75)

Inferior (n = 83)

0.70, 0.69 + 0.10 (0.43—1.10)

1.40, 1.35 + 0.2 (1.20-1.67)

P value

0.04

0.02

Nasal (n = 83)

0.73, 0.72 + 0.10 (0.46—1.12)

1.44, 1.38 + 0.2 (1.34-1.75)

Temporal (n = 83)

0.70, 0.39 + 0.10 (0.43—1.10)

1.40, 1.35 + 0.2 (1.20-1.67)

P value 0.28

0.89

Abbreviation: SD, standard deviation.

structures.?” For example, secondary angle closure caused
by anterior synechiae formation is one of the important
causes of post penetrating keratoplasty glaucoma in eyes
with opaque grafts, and this is best to be evaluated clini-
cally before the surgery by UBM to avoid such complica-
tions, and to help predicting the outcome of this
procedure.”® Therefore, UBM serves as a useful tool for
anterior-segment evaluation in such cases and can help in
planning the site for glaucoma filtering surgeries and drai-
nage devices. This is why normative UBM data are
needed.

A single UBM study from New York found that the
mean thicknesses at the iris root, midway along the radial
length of the iris, and at the juxtapupillary margin were
reported to be 0.4 = 0.1, 0.5 = 0.1, and 0.6 = 0.1 mm,
respectively, and those of the CB and CB + ciliary pro-
cesses were 0.7 + 0.1 and 1.3 + 0.2 mm, respectively.'® In
our study, we found that the mean thicknesses at the iris
root, midway along the radial length of the iris, and at the
juxtapupillary margin were 0.42 + 0.08, 0.51 + 0.08, and
0.72 £ 0.1 mm, respectively, and those of the CB and CB +
ciliary processes were 0.72 + 0.1, 0.6 + 0.1, and 1.42 +
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Table 2 Iris Thickness (mm) Comparison by Gender, Age, Height, Eye and Quadrant [Mean, Median + SD (Range)]

Parameter

0.8 mm From Iris Root

Mid Iris

Iris Tip

Over all iris thickness (83 eyes)

0.42, 0.41 + 0.08 (0.29-0.65)

0.52, 0.51+ 0.08 (0.31-0.73)

0.72, 0.71% 0.1 (0.42-0.93)

Gender

Female (n = 52)

0.41, 0.41 + 0.08 (0.29-0.62)

0.51, 0.51 + 0.08 (0.31-0.70)

0.71, 0.70 £ 0.1 (0.42-0.88)

Male (n = 28) 0.42, 0.41 + 0.08 (0.30-0.65) 0.52, 0.51 + 0.08 (0.32-0.73) 0.73, 0.72 + 0.1 (0.44-0.93)
P value 0.93 0.93 0.89

Age (Year)
<40 (n = 48) 0.42, 041 * 0.08 (0.30-0.65) 0.52, 0.51 + 0.08 (0.33-0.73) 0.72,0.71 + 0.1 (0.43-0.93)
> 40 (n = 35) 0.42, 0.41 + 0.08 (0.29-0.62) 0.51, 0.51 + 0.08 (0.31-0.70) 0.71,0.71 + 0.1 (0.42-0.90)
P value 1.00 0.93 0.94

Height

< 160 cm (n =49)

0.40, 0.40 + 0.08 (0.29-0.61)

051, 0.50 + 0.08 (0.31-0.70)

071,070 + 0.1 (0.42-0.91)

> 160 cm (n = 34)

0.42, 0.41 + 0.08 (0.3-0.65)

0.52, 051 + 0.08 (0.34-0.73)

0.73,0.71 £ 0.1 (0.44-0.93)

P value 0.73 0.73 0.84
Eye
Right (n = 40) 0.42, 0.41% 0.08 (0.34-0.65) 0.52, 0.51 + 0.08 (0.32-0.73) 0.72, 0.71 £ 0.1 (0.43-0.93)
Left (n = 43) 0.41, 0.41% 0.08 (0.29-0.64) 0.51, 0.51 + 0.08 (0.31-0.72) 0.71, 0.70 + 0.1 (0.42-0.91)
P value 0.93 0.94 0.89
Quadrant

Superior (n = 83)

0.44, 0.42 + 0.08 (0.31-0.63)

0.54, 0.52 + 0.08 (0.31-0.70)

0.75, 0.73 £ 0.1 (0.45-0.91)

Inferior (n = 83)

0.38, 0.37 + 0.08 (0.29-0.62)

0.48, 0.47 + 0.08 (0.32-0.71)

0.68, 0.67 + 0.1 (0.42-0.89)

P value

0.046

0.044

0.017

Nasal (n = 83)

0.44, 0.42 + 0.08 (0.31-0.65)

0.54, 0.52 + 0.08 (0.33-0.73)

0.74, 0.72 + 0.1 (0.48-0.93)

Temporal (n = 83)

0.41, 0.40 + 0.08 (0.3-0.62)

0.49, 0.48 + 0.08 (0.31-0.70)

0.70, 0.69 + 0.1 (0.42-0.90)

P value

0.048

0.041

0.015

Abbreviation: SD, standard deviation.

0.2 mm, respectively. Our values are very close to the
values from New York,'* even though our patients had
slightly thicker iris and CB. In Japan, the normal CB
thickness in 18 adult Japanese control eyes was 0.602 +
0.08 mm (mean + SD) as measurement at 2 mm posterior
to the scleral spur with the aid of UBM.'* CB thickness in
Japan (0.602 mm) was slightly less thick than in our study
in the Middle East (0.72mm) and in New York
(0.70mm)."?

Our study found that iris thickness ranged from 0.29
to 0.93 mm and CB + ciliary process thickness ranged

from 1.20 to 1.75 mm. This large variation could result
from several factors; including brown iris color, pupil
diameter, and physiological dilation and constriction of
the pupil due to accommodation.'®?* Pharmacological
dilatation is another factor that may affect the measured
thickness, however, we avoided pharmacological dilation
for our patients in this study. We also suggested other
factors as the age of the patient, patient’s height, and
different ethical groups as well as ocular pathology or
history of ocular surgery. Our study excluded eyes with
all forms of ophthalmic pathology and those who had
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any ocular surgery done before. Dilated eyes during the
exam are expected to make the iris crowded and to
increase its measured thickness. We avoided dilating
drops before the exam for all patients; but it is difficult
to avoid physiological dilatation due to obstructing the
light by the examiner during the examination. Similarly,
Garcia et al'® reported a wide range of iris thickness
(ranged from 0.2 to 0.9 mm) even they avoided thera-
peutic dilating eye drops. Therefore, variation in iris
thickness cannot be explained merely by difference is
pupil sized. Unfortunately, pupil size could not be deter-
mined accurately in our study because its size is chan-
ging during the exam depending on patient’s
accommodation and on examiner’s hands moving over
the eye that blocks ambient brightness. All our patients
had brown eyes, and have more melanin than colored
eyes. This could not be the cause for iris thickness
variation and cannot explain why our population has
slightly thicker iris and CB than the report from
New York as they showed that all the patients except 2
had brown eyes as well. The ethnic group cannot be
considered as underlying cause for variation in iris thick-
ness and CB thickness since all our patients are from
a homogenous population in the Middle East with no
ethnical differences. Of interest, Japanese patients had

less thick CB than in our study,'*

therefore; bigger
studies are still needed to compare the difference in iris
and CB thickness between different ethnic groups before
getting such conclusion.

Furthermore, our results showed no statistically signif-
icant difference between iris and CB thickness between
tall and short patients, or between males and females. The
population-based Kumejima study of Henzan et al on
normal eyes in subjects 40 years and older mentions age
as a factor, with the iris becoming thinner with advancing
age.”’ In our study, we noticed that patients younger than
40 year had a slight trend to have thicker iris, but that was
not statistically significant. It is reasonable to assume that
variation in iris thickness between patients is part of nor-
mal variation between different people.

Other than UBM that uses ultrasound waves, anterior
segment OCT imaging can look at the structure of the iris
producing high resolution cross-sectional images using
different light (830-870nm
1310nm).*>*"** When compared to anterior segment

wavelengths  of and
OCT, UBM has the advantage of enabling visualization
of structures posterior to the iris such as the CB, zonules
and the peripheral lens, but UBM is more uncomfortable

and requires a highly skilled operator in order to obtain
good quality images. However, both UBM and anterior
segment OCT gives quantitative measurements in a real
time imaging.'*'>?*?! The anterior segment OCT was
used to measure the normal iris thicknesses at 2 points
(750 and 2000 pum from the scleral spur and showed that
the thickness of the iris was 0.406 + 0.075 and 0.514 +
0.075 mm (mean + standard deviation [SD], respectively.22
In this study, we decided to use UBM rather than anterior
segment OCT because UBM has better penetration and
can give enough details about the depth of the CB. UBM
also uses ultrasound waves that can penetrate the thick
sclera that covers the limbus and the CB. While anterior
segment OCT uses infrared light waves that poorly pene-
trates through thick sclera and pigmented tissues.”’

Herein, we tried to measure the normal thickness of the
CB and the iris in normal eyes from homogenous popula-
tion in the Middle East using ultrasound biomicroscopy.
We obtained our results strictly following the same proce-
dure that we (and others) use when imaging and measuring
tumors of the iris and CB at King Hussein Cancer Center
(KHCC), and thus our values on normal eyes are most
reproducible in a clinical setting, and variations in iris and
CB thickness can be considered as part of normal variation
between different people. Even though, multiple factors
may affect the iris and CB dimension in different people,
and these have yet to be determined in future studies.
Although this is a unique work on homogenous group
from the same ethnicity evaluating the normal thickness
of the iris and the CB using UBM, it is retrospective, of
limited size, and limited by the age, gender, height for 46
adults.

Because of this selection bias, we decided to simply
describe our findings that could be used as reference
values in the Middle East region. We believe our study
will be essential for the ophthalmic community worldwide
and in the Middle East region, even though, a larger and
more comprehensive prospective study should be per-
formed to identify different variables that may affect the
measured thickness for the CB and the iris to be used as
reference data for eyes with different diseases that affect
iris and/or CB thickness.

In conclusion, Gender, age, side, and height had no
impact on iris and/or CB thickness, even though, nasal and
superior iris thickness were more than temporal and infer-
ior iris thickness respectively, and superior CB + ciliary
processes thickness was higher than the inferior thickness.
Findings of this study are essential for the ophthalmic

Clinical Ophthalmology 2022:16

107

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yousef et al

Dove

community worldwide and in the Middle East region and
can be used as a normative thickness data for the iris and
CB in healthy eyes.
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