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Abstract

Purpose To compare the thickness of the

ciliary bodies of eyes with unilateral high

axial myopia with their relatively normal

fellow eyes.

Methods A total of 19 patients with unilateral

high axial length (AL) were included in the

study. Mean patient age was 28.4±10.4 (11–44)

years. All eyes underwent ultrasound

biometry to measure the AL, and ultrasound

biomicroscopy to measure the anterior

chamber depth, ciliary body thickness (CBT),

and ciliary process thickness (CPT), ciliary

muscle thickness (CMT). The results were

compared between each subject’s high myopic

eye and relatively normal fellow eye.

Results The mean AL was 27.24±1.52 mm

(range: 25.16–30.21 mm) in high myopic eyes

and 23.64±0.86 mm (range: 22.47–25.10 mm) in

normal fellow eyes. The median ±95%

confidence interval of CBT, CPT, and CMT was

1.350±0.034, 0.626±0.072, and 0.698±0.057 mm,

respectively, in high myopic eyes and

1.211±0.050, 0.535±0.064, and 0.644±0.065 mm,

respectively, in normal fellow eyes. The anterior

chamber depth, CBT, CPT, and CMT were

significantly higher in myopic eyes compared

with their relatively normal fellow eyes

(Po0.05). CMT significantly increased with age

in both groups (Po0.05). There was no

significant correlation between age and CBT in

both the groups (P40.05).

Conclusion The CBT, CMT, and CPT are

significantly higher in eyes with unilateral

high axial myopia than in their relatively

normal fellow eyes.
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Introduction

The main structural difference between

hyperopic and myopic eyes is the axial length

(AL), which is higher for myopic eyes.1–3 Using

magnetic resonance, it has been documented

that myopic eyes also have larger axes in the

other two dimensions (equatorial and vertical

axes) as well.4,5 Equatorial enlargement during

ocular growth may increase tension on the

zonules and may affect ciliary body thickness

(CBT).6,7

Ultrasound biomicroscopy (UBM) allows

in vivo, real-time imaging of the ciliary region,

including structures not otherwise visible, and

provides a digital image from which

morphometric measurements can be readily

made.8–12

Although Oliveira et al13 reported a positive

correlation between AL and CBT, their

measurements may be influenced by individual

variability and age.13–15 To minimize these

influences in this study, we compared the CBT

of eyes with unilateral high axial myopia with

same subject’s fellow eyes with relatively

normal AL, using UBM.

Methods

Subjects with unilateral high myopia were

enrolled from the patients who visited Ankara

University School of Medicine between

November 2004 and September 2006. A total of

19 subjects (7 men, 12 women) with unilateral

high myopia who have cycloplegic spherical

equivalent (c-SE) more than �6.00 D in one eye

and equal or more than �5.00 D difference

between each eye were included in the study.

Exclusion criteria were presence of central nerve

system or systemic disease or syndrome,

presence or history of ocular disease other than

high myopia, previous ocular surgery or

trauma, and use of systemic or ocular

medication. This study followed the tenets of
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the Declaration of Helsinki and was approved by the

institutional review board. Informed consent was

obtained from each subject after explanation of the

nature of the study. No subjects were excluded other than

the exclusion criteria.

Subjects who were enrolled underwent an extensive

ophthalmologic examination that included visual acuity

measurements, manifest and cycloplegic refraction,

slit-lamp biomicroscopy, Goldmann tonometry and

fundus examination. The eyes with high myopia were

defined as the ‘study eyes’ and the fellow eyes of the

same subjects were defined as the ‘control eyes’.

At 40 min after instillation of three drops of

cyclopentolate 1% (5 min between each drop), all eyes

underwent AL measurements with ultrasound biometry

(Occuscan, Alcon Inc., Fort Worth, TX, USA) and UBM

(Model P40; Paradigm Medical Industries, Salt Lake City,

UT, USA) to evaluate the ciliary body. A single

well-trained observer, who was masked about the results

of AL and other measurements, performed all the UBM

studies. UBM was performed at the temporal

corneoscleral limbus with a 50 MHz transducer probe.

After surface anaesthesia was achieved with

proparacaine 0.5%, an eyecup filled with 2%

methylcellulose was applied to the eyeball between the

eyelids. The subject was asked to fixate on the distance

target at the ceiling with the fellow eye. Examination was

performed under room light. Fine movements of the

UBM probe were required to explore the areas of interest,

always perpendicular to the surface of the globe.

Measurements were performed using the built-in

caliper. All of the measurements were made from three

different UBM images and the mean of these three

measurements was used for the analysis. An image

through the centre of the pupil was recorded for anterior

chamber depth (ACD) measurement (measured from the

corneal endothelium to the anterior lens surface). An

ultrasound biomicroscope scan of a parallel (to limbus)

section taken at the thickest part of the ciliary body was

used for the CBT measurements. The CBT was measured

from the tip of the ciliary process to the sclera, the

thickness of the ciliary muscle (CMT) was measured

from the base of the ciliary process to the sclera, and the

thickness of ciliary process (CPT) was measured from the

tip to the base of the ciliary process (Figures 1 and 2). The

mean of three ciliary processes (the longest ones) in the

image was used for the CPT measurements.

The mean difference in each parameter (d-parameter)

was calculated as: d-parameter¼parameter

(high myopic eye)�parameter (fellow eye).

All statistical data were analysed using the SPSS 11.0

(SPSS Inc., USA) statistical software. Normality of data in

each group was tested by evaluating the normal

probability plots and Shapiro–Wilk test. As the

distributions of the data were not normal, correlations

were tested using the Spearman’s rank correlation.

Statistical differences were considered significant when

Po0.05.

Results

The mean age of the subjects was 28.4±10.4 (median
±95% confidence intervals (CIs): 27±5.0, range: 11–44)

years. The median ±95% CI best-corrected visual acuity,

c-SE, AL, ACD, CBT, CMT, and CPT of high myopic and

relatively normal fellow eyes, and the differences are

demonstrated in Table 1. The best-corrected visual acuity,

c-SE, AL, ACD, CBT, CMT, and CPT were significantly

higher in high myopic eyes than those of their fellow

eyes (Po0.001).

The distribution of magnitude of d-CBT, d-CPT, and

d-CMT are given in Table 2. There was no significant

correlation between d-cSE, d-AL, age and d-ACD, d-CBT,

and d-CMT (P40.05). Also, there was no significant

correlation between AL, SE and CBT, CMT, and CPT in

all eyes (P40.05, combining study and control groups)

except significant positive correlation between AL and

CBT (r¼ 0.38, P¼ 0.020) and CMT (r¼ 0.41, P¼ 0.020).

Correlations between age and c-SE, AL, ACD, CBT,

CMT, and CPT within each group are demonstrated in

Table 3. There was just a statistically significant increase

(P¼ 0.051) in CPT in the control group with age and a

significant decrease in CMT with age in both groups.

The mean standard deviation of the measurements of

CBT, CPT, and CMT from three different UBM scan

Figure 1 Ultrasound biomicroscopy image demonstrating the
measurement of ciliary body thickness (CBT), ciliary muscle
thickness (CMT), and ciliary process thickness (CPT).
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samples for 38 eyes to evaluate variability were

0.024±0.019 (range: 0.009–0.055), 0.025±0.020

(range: 0.006–0.059), and 0.012±0.011 mm

(range: 0.001–0.045 mm), respectively.

Discussion

Assessment of ciliary body may be important for

evaluation of glaucoma, zonules, lens, accommodation,

and ciliary body’s response to scleral surgery such as

scleral expansion surgery for presbyopia. 16–18 Recently,

Table 1 Spherical equivalent, AL, ACD, CBT, CPT, CMT of eyes with high axial myopia and their relatively normal fellow eyes

High myopic (study) eyes Fellow (control) eyes Difference P-valuea

BSCVA (logMAR) 0.30±0.14 (0.05–1.00) 0.01±0.01 (0.00–0.05) �0.26±0.14 (�0.05 to �1.00) o0.001
c-SE (D) �9.50±1.50 (�17.38 to �6.25) �1.50±0.65 (�4.50–1.00) �8.04±1.44 (�5.00 to �15.63) o0.001
AL (mm) 27.05±0.73 (25.16–30.21) 23.52±0.41 (22.47–25.10) 3.33±0.54 (2.33–6.14) o0.001
ACD (mm) 3.254±0.122 (2.581–3.638) 3.092±0.112 (2.465–3.289) 0.127±0.049 (0.027–0.455) o0.001
CBT (mm) 1.350±0.034 (1.183–1.452) 1.211±0.050 (1.040–1.385) 0.081±0.046 (�0.006–0.327) o0.001
CPT (mm) 0.626±0.072 (0.366–0.899) 0.535±0.064 (0.354–0.781) 0.061±0.022 (�0.007–0.155) o0.001
CMT (mm) 0.698±0.057 (0.490–0.991) 0.644±0.065 (0.331–0.863) 0.050±0.031 (�0.019–0.198) o0.001

ACD, anterior chamber depth; AL, axial length; BSCVA, best spectacle-corrected visual acuity; CBT, ciliary body thickness; CMT, ciliary muscle thickness;

CPT, ciliary process thickness; c-SE, cycloplegic spherical equivalent; D, diopters.

All data are in median ±95% confidence intervals (range).
aWilcoxon signed-rank test.

Table 2 The distribution of magnitude of d-CBT, d-CPT, and
d-CMT

d-CBT (%) d-CPT (%) d-CMT (%)

± 0.050 mm 1 (5) 4 (21) 6 (32)
0.050–0.100 mm 4 (21) 7 (37) 7 (37)
0.100–0.200 mm 7 (37) 6 (32) 5 (26)
0.200–0.300 mm 6 (32) 2 (11) 1 (5)
0.300–0.400 mm 1 (5) 0 (0) 0 (0)

d-CBT, difference in ciliary body thickness between the study and control

eyes; d-CMT, difference in ciliary muscle thickness between the study

and control eyes; d-CPT, difference in ciliary process thickness between

the study and control eyes.

Figure 2 Ultrasound biomicroscopy images of the ciliary bodies of both eyes of a subject with unilateral high axial myopia. Ciliary
body of the eye with high axial myopia (a) is significantly thicker than same subject’s fellow eye (b).

Effect of high AL on the CBT
O Muftuoglu et al

1178

Eye



Oliveira et al13 found a significant positive correlation

between AL and CBT in 75 eyes with UBM. However,

their results may be influenced by some factors: only

22 of 75 eyes in the study group of Oliveira et al were

normal. Others had different types of glaucoma,

including 14 (19%) eyes with narrow angle. It has been

shown that ciliary bodies of eyes with narrow angle are

thinner than those of normal control eyes.10 In addition,

the mean age (51.8±16.5 years) in Oliveira et al’s study

was relatively high.13 Previous studies of the ciliary body,

including the histologic studies, have documented a

significant reduction of the area of the ciliary muscle due

to atrophy,14,15 and a significant change in configuration

of the ciliary muscle with age.19–21 Furthermore, CBT

measurements on a perpendicular (to limbus) UBM

image with a constant distance (ie 1 mm) from the limbus

may be affected by the change in configuration of the

ciliary body with age, accommodation, and AL.

Moreover, there might be individual (inherent)

variability between the CBTs of subjects.

To overcome the possible influence of individual

variability and age on the CBT measurements in our

study, we measured CBTs of subjects with unilateral high

axial myopia and compared the results with their fellow

eyes with relatively normal AL. In addition, to minimize

ciliary body configuration changes during

accommodation,11,22 we performed our UBM scanning

45 min after instillation of three drops of cyclopentolate

1%. Moreover, our study group was composed of

predominantly young ages (mean age: 29.7±10.3 years)

who were not significantly in the presbyopic age.

Our study showed that the CBT, CMT, and CPT are

significantly higher in eyes with high axial myopia

compared to those of relatively normal fellow eyes,

independent of age. We also found significant positive

correlation between AL and CMT supporting the

findings of Oliveira et al.13 However, the magnitude of

differences in CBT, CPT, and CMT between high myopic

and relatively normal eyes varied and even there was no

or little difference in some subjects. In addition, we could

not find significant correlation between the difference in

SE and AL vs difference in CBT, CPT, and CMT. These

results may suggest that although ciliary body, ciliary

processes, and ciliary muscle tend to be thicker in eyes

with high axial myopia, AL does not seem to be the only

determinant for the CBT, CPT, and CMT.

Currently, we do not know why the eyes with higher

AL have higher CBT, CPT, and CMT. It was reported that

choroid thickens as a response to deprivation myopia in

some animals, which pushes the retina forward toward

the image plane and causes the image plane back to the

retina.23,24 The same occurs if one puts a positive lens

over the eye in chicks and monkeys.25,26 The range of lens

powers compensated for is greater in chicks than in

monkeys, although monkeys can also compensate for

stronger lenses if the lens power is stepped up

gradually.25,27 Similar mechanism may also be active in

humans, however this entails further research.

It was demonstrated microscopically that ciliary

muscle elastic tendons make extensive connections with

the elastic layer of Bruch’s membrane, which can

transmit tension from the crystalline lens to the choroid

and sclera by zonules and ciliary muscle.28 In myopes,

the crystalline lens responds to ocular growth in the

equatorial plane by thinning before the age of about

10 years. However, this response slows down after

about 10 years of age probably due to increased

lenticular stiffness.5,7 Consequently, it was suggested that

the zonules and ciliary body are exposed to increased

tension due to the discrepancy between the crystalline

lens and the growing eye.5,7 It is possible that increased

zonular tension from lenticular resistance may lead to an

increased choroidal tension and thickening in ciliary

body compensating the equatorial ocular growth.5,6,29

Previous studies showed that there is significant

atrophy of the ciliary muscle with age.14,15 However, we

observed a significant increase in CMT with age in our

study. This could be due to changes in configuration of

the ciliary body of older unaccommodated eyes similar to

the young accommodated state, namely anterior and

inward displacement of the ciliary body with age.19–21

Although not significant, we observed a decrease in CPT

with age in our study. However, there was no correlation

between age and CBT, probably due to the increase in

CMT and decrease in CPT with age.

Numerous prior studies have undertaken quantitative

morphometric measurements using UBM.30–33

Intraobserver reproducibility was reported to be high for

Table 3 Correlation between age and c-SE, AL, ACD, CBT, CPT, and CMT in the study and control groups

c-SE AL ACD CBT CPT CMT

High myopic (study) eyes �0.28 (0.240) 0.41 (0.081) �0.44 (0.057) 0.00 (0.990) �0.33 (0.162) 0.46 (0.048)
Fellow (control) eyes �0.18 (0.450) 0.34 (0.150) �0.43 (0.065) 0.25 (0.307) �0.45 (0.051) 0.47 (0.043)

ACD, anterior chamber depth; AL, axial length; CBT, ciliary body thickness; CMT, ciliary muscle thickness; CPT, ciliary process thickness; c-SE,

cycloplegic spherical equivalent.

All data are in Spearman’s correlation coefficient (r); P¼ statistical significance.
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various UBM measurements.12 Also, in this study ciliary

body measurements using UBM seemed to be repeatable.

However, the mean SD for the repeated UBM scans was

highest for CPT measurements, followed by CBT and

CMT measurements. This suggests that most reliable

measurement in our study was for CMT, followed by

CBT and CPT. The ciliary region measured from UBM

images (the region between the inner surface of the sclera

and the inner surface of the ciliary body) includes the

ciliary muscle and perhaps the ciliary body ground plate

and stroma.12,14 However, it is impossible to distinguish

between tissue types (such as muscle and connective

tissue) with the UBM. Therefore, our CMT measurements

probably include the thickness of both the muscle and

the connective tissue.

Unilateral high axial myopia is not common.34 Weiss35

suggested that a high number children with unilateral

high myopia have accompanying optic nerve or central

nerve system abnormalities, whereas others36–40 did not

report such a high incidence. It is possible that the results

of Weiss may be biased because of being a tertiary centre

for paediatric ophthalmology. Nevertheless, subjects who

have accompanying abnormality other than typical

findings of high myopia were not included in our study.

There were some limitations of our study. As unilateral

high axial myopia is a rare condition, the number of

subjects included in our study was limited. Further

research, particularly longitudinal, with larger numbers

of subjects with a wider range of age might show CBT,

CMT, and CPT changes depending on age. It should also

be taken into account that unilateral high myopes

inherently may have different ciliary body configurations

than bilateral high myopes.

In conclusion, our study showed that the thicknesses

of the ciliary body, muscle, and processes are

significantly higher in eyes with longer AL. Further

studies are needed to investigate the clinical importance

of this finding.
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