
Evaluation of the
change in
accommodation
amplitude in
subjects with
pseudoexfoliation
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Abstract

Purpose To evaluate the changes in

accommodation amplitude in cases with

pseudoexfoliation.

Materials and methods Twenty-nine eyes

having pseudoexfoliation and 37 normal eyes

aged between 40–60 years were included in the

study. After ophthalmic examination,

accommodation amplitude was measured

using Powerrefractor II. Besides, axial length,

anterior chamber depth, and lens thickness

was measured by A-scan ultrasonography. The

results obtained were evaluated by

independent samples’ t-test.

Results There was no difference in mean age

between cases with pseudoexfoliation and

normal cases (P¼ 0.131). Mean accommodation

amplitude was significantly lower in cases

with pseudoexfoliation (P¼ 0.002). Axial

length, anterior chamber depth, and lens

thickness measurements did not show

significant change between groups (P¼ 0.55,

P¼ 0.66, P¼ 0.36, respectively).

Conclusion In the presence of

pseudoexfoliation, ciliary apparatus can be

affected and accommodation amplitude can be

decreased in earlier ages.
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Introduction

Accommodation is the dynamic change of the

refractive state of the eye by which the eye

focuses on near objects. Though there are

different theories about accommodation, the

widely accepted theory is the theory of

Helmholtz.1,2 According to the theory of

Helmholtz, ciliary muscle contracts and moves

forward and inside, zonular fibres become

relaxed and the lens become more spherical

during accommodation. So, the diameter

of the lens decreases, whereas the thickness of

the lens increases and the depth of the anterior

chamber and vitreous decreases during

accommodation.

Human accommodation amplitude begins to

decline progressively with age after the second

decade of life. In human subjects, 2/3 of the

accommodation amplitude will be lost at 35

years, whereas it will be completely gone by the

age of 50–55 years.1 So, the near point of the eye

recedes towards the far point with age.

Although 1–1.5 D of accommodation remains in

subjects older than 65 years, this is thought to be

related with the depth of focus of the optical

system.3 If the non-accommodating eye is

accepted to be emmetropic, 2.5–4 D of

accommodation is required to image objects at

25–40 cm clearly.1 If the accommodation

amplitude decreases below this, near objects

will be blurred and subjects will have

asthenopic complaints, which can be corrected

by bifocal or reading spectacles.1

The most preferred method in the objective

evaluation of accommodation amplitude is

photorefraction. The principle of

photorefraction has first been described by

Howland and Howland4 in 1974 as the

measurement of refractive state from a distance

of 1 m or more. Powerrefractor is an automated

infra-red videoretinoscope measuring dynamic

accommodation based on the eccentric

photorefraction technique. The Powerrefractor

determines the refractions sequentially in the
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30-, 90-, 150-degree pupil meridians using a

six-armed retinoscope with six such arrays.5

The most important limitation of Powerrefractor is the

need of pupil diameter larger than 3 mm.

Pseudoexfoliation (PEX) is a degenerative fibrillopathy

characterized by pathologic production and

accumulation of abnormal extracellular material in the

anterior segment of the eye and extraocular tissues.6 In

the eye, the abnormal extracellular material is produced

by lens epithelium, non-pigmented ciliary epithelium,

trabecular, corneal, and vascular endothelium, and all

cell types of the iris.7 In eyes with PEX, the anterior and

posterior lens capsule appears to be morphologically

normal, whereas the pre-equatorial capsule

(corresponding to the zone of zonular anchorage) is

associated with marked alterations.8 The accumulation of

PEX material around zonular fibres results in a

disruption of the zonular apparatus.8,9

As zonular apparatus is affected in PEX syndrome, it is

possible that accommodation amplitude can be affected

in subjects with PEX. As we could not find a study

evaluating this topic in the literature, we aimed to

evaluate the changes in accommodative amplitude in

subjects with PEX using powerrefractometer.

Materials and methods

The study was planned as a prospective study. Study

group comprised 29 eyes with PEX and control group

comprised right eyes of 37 normal subjects aged between

40–60 years. Both the subjects with PEX and control

group were recruited from patients applying to our eye

clinic for routine ophthalmic examination. If PEX was

unilateral, the eye with PEX was taken into the study but

if PEX was bilateral, the right eye was taken into the

study. Subjects were divided into two age groups. Group

1 consisted of subjects aged between 40–49 years and

group 2 consisted of subjects aged between 50–60 years.

The study was approved by the institutional Ethics

Committee and written informed consent was obtained

from all patients.

Routine ophthalmic examination was performed to all

cases. Best-uncorrected visual acuity was measured with

Snellen chart and converted to logarithm of the

minimum angle of resolution (logMAR). Intraocular

pressure (IOP) was measured using applanation

tonometer. In the PEX group, IOP measurement was

repeated after 6 months for relative objective assessment

of disease progression. Before dilatation, the iris and iris

margins were evaluated for PEX deposits using slit-lamp

assessment. After dilatation with tropicamide 1%,

anterior segment slit-lamp examination was performed

and PEX was diagnosed as the presence of any typical

white deposits on the anterior lens surface. Fundoscopic

examination was performed with a 90 D lens at the slit

lamp. For preventing the affect of tropicamide on

accommodation, subjects were told to come 3 days later

for accommodation and biometric measurements.

Exclusion criteria for all subjects were a Snellen visual

acuity lower than 0.8; any ocular pathology except PEX

such as glaucoma, uveitis, retinal detachment,

amblyopia, or strabismus; a history of ocular trauma;

previous intraocular surgery; a pupil diameter smaller

than 3 mm; a history of any topical drug use in the last 3

months; and any systemic disease that could affect the

eye like diabetes mellitus or hypertension.

Accommodation amplitude was measured by infra-red

photorefractor (Powerrefractor II, PlusOptix, Nürnberg,

Germany). The subjects were told to sit at 1 m distance

from the Powerrefractor. The subjects used a chin rest to

limit head movements at minimal. Room lighting was

reduced to have the pupils larger. The pupil diameter

was recorded automatically by the Powerrefractor. The

Powerrefractor was adjusted according to the fixation

axis and the measurement was performed without pupil

dilatation. The subject was first told to look at a distant

target 3 m away from the subject at the midline and than

to look at an accommodative target 30 cm away from the

subject at the midline. By having the subject fixate at a

distant target first and a near target thereafter, we aimed

to prevent the dioptric change that can occur during

disaccommodation, which has larger amplitude than

accommodation. The dioptric difference between distant

refraction and near refraction was recorded as

accommodation amplitude. The measurement was

repeated three times and the mean of these

measurements was calculated for statistical evaluation.

Ocular movement was controlled by the gaze tracker

automatically and measurement was repeated when

there was eccentric eye movement (fixation was

determined to be central, if fixation was within 10

degrees horizontal and 5 degrees vertical).

Biometric measurements were performed to all

subjects. Axial length, anterior chamber depth, and lens

thickness of all subjects were measured by A-scan

ultrasonography (E-Z Scan AB 5500, Sonomed, USA).

The measurements were repeated three times and the

mean was calculated for statistical evaluation. Subjects

were told to look at a distant target 3 m away. Axial

length was defined as the distance between anterior

corneal surface and the retina along the optical axis.

Anterior chamber depth was defined as the distance

between the posterior corneal surface and the anterior

lens capsule along the optical axis. Lens thickness was

defined as the distance between the anterior lens capsule

and the posterior lens capsule along the optical axis.

Statistical analysis was performed using SPSS package

program version 10.0. Sex distribution between groups
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was computed by w2 test. All variables were tested for

normality using the Shapiro–Wilk test. The significance

of the differences for mean age, visual acuity, mean IOP,

mean accommodation amplitude, mean pupil diameter,

axial length, anterior chamber depth, and lens thickness

between subjects with PEX and normal cases was

determined with (a) independent samples’ t-test for the

variables with a normal distribution, (b) Mann–Whitney

U-test for the variables found deviate significantly

from normal distribution. The correlation

between pupil diameter and accommodation

amplitude for both PEX subjects and control

group was evaluated by Pearson correlation test. For all

times, P-values lower than 0.05 were determined to be

significant.

Results

Mean age was 52.43±6.8 years in subjects with PEX and

53.89±3.3 years in control group (P¼ 0.131, independent

samples’ t-test). Sex distribution is given in Table 1. There

was no difference in sex distribution between groups

(P¼ 0.124). Snellen visual acuity was 0.95±0.01 in

subjects with PEX and 0.98±0.01 in control subjects

(P¼ 0.074, Mann–Whitney U-test), logMAR visual

acuities were 0.02±0.01 in subjects with PEX and

0.01±0.01 in control subjects (P¼ 0.074, Mann–Whitney

U-test). Anterior segment examination and fundus

examination were normal in all subjects except PEX in

study group. Biometric measurement results are given in

Table 2. Mean IOP was 15.30±2.8 mmHg in control

group and 14.37±2.6 mmHg in PEX subjects (P¼ 0.17,

Mann–Whitney U-test). After 6 months, none of the PEX

subjects developed glaucoma and mean IOP was still

within normal limits (14.57±2.5 mmHg) in subjects with

PEX (P¼ 0.76, independent samples t-test).

Mean accommodation amplitude was 1.07±0.6 D

(0.28 D–2.89 D) in subjects with PEX and 1.66±0.8 D

(0.30 D–3.53 D) in control group (P¼ 0.002, Mann–

Whitney U-test). Mean accommodation amplitude was

1.45±0.77 D in female subjects and 1.34±0.76 D in male

subjects (P¼ 0.48, Mann–Whitney U-test).

In both sex groups, mean accommodation

amplitude was significantly lower in subjects with PEX

(for female subjects P¼ 0.023, independent samples’

t-test; for male subjects P¼ 0.029, Mann–Whitney U-test)

(Table 3).

Mean accommodation amplitude was significantly

lower in patients over 50 years. Mean accommodation

amplitude was 1.80±0.85 D in group 1 (40–49 years) and

1.24±0.67 D in group 2 (50–60 years) (P¼ 0.010, Mann–

Whitney U-test). In group 1, accommodation amplitude

was significantly lower in subjects with PEX compared to

control group, whereas in group 2, the change in

accommodation amplitude was not significant in subjects

with PEX and control group (Table 4). In PEX subjects,

though mean accommodation amplitude was lower in

age group 1, the difference was statistically not

significant, whereas in control subjects, accommodation

amplitude declined significantly with age (P¼ 0.35,

independent samples’ t-test; P¼ 0.038, Mann–Whitney

U-test, respectively).

Mean pupil diameter was 4.06±0.7 mm in women,

whereas it was 3.76±0.6 mm in men (P¼ 0.052, Mann–

Whitney U-test). The pupil diameter was 4.11±0.7 mm in

the first age group compared to 3.86±0.7 mm in group 2

(P¼ 0.18, Mann–Whitney U-test). In group 1, pupil

diameter was 4.2±0.6 mm in women and 3.88±0.8 mm

in men (P¼ 0.36, independent samples’ t-test). In group

2, pupil diameter was 3.98±0.7 mm in women and

3.74±0.6 mm in men (P¼ 0.19, Mann–Whitney U-test).

Mean pupil diameter was 3.96±0.7 mm in subjects with

PEX and 3.90±0.7 in control group (P¼ 0.89, Mann–

Whitney U-test). We could not find a correlation between

pupil diameter and accommodation amplitude in our

subjects (P¼ 0.91, r¼ 0.014). There was no correlation

between pupil diameter and accommodation amplitude

both for subjects with PEX and for control group (for PEX

subjects P¼ 0.60, r¼�0.102; for control group P¼ 0.54,

r¼ 0.105).

Table 1 Sex distribution

PEX Women (no. %) Men (no. %) Total (no. %)

� 23 (63.9) 14 (46.7) 37 (56.1)
þ 13 (36.1) 16 (53.3) 29 (43.9)

PEX¼pseudoexfoliation.

Table 2 Biometric measurement results

Biometric parameter PEXþ (n¼ 29) PEX� (n¼ 37) P

Axial length (mm) 22.98±1.4 23.24±1.4 0.55a

Anterior chamber depth (mm) 1.34±0.6 1.42±0.4 0.25b

Lens thickness (mm) 3.54±0.4 3.53±0.4 0.36a

PEX¼pseudoexfoliation.
aIndependent samples’ t-test;
bMann–Whitney U-test.
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Discussion

It is known that accommodation amplitude declines with

age.10 Mordi and Ciuffreda11 evaluated accommodation

in normal subjects aged between 21–50 years and

reported that mean accommodation velocity/amplitude

did not differ with age but the latency increased. PEX is a

systemic condition known to show an age-related

increase.12,13 PEX can be seen in up to 30% of people aged

over 60 years.14 Pavlin et al15 showed that patients with

PEX showed prominent zonular remnants attached to the

lens capsule and concluded that the weakness of the lens

capsule at the periphery or midzonule in subjects with

PEX could be related with these remnants. In our study,

we evaluated accommodation amplitude in subjects aged

between 40–60 years. Ideally, the evaluation of

accommodation amplitude in PEX should be performed

on younger subjects. However, as PEX is an age-related

disease, the opportunity to assess the significance of

these results in pre-presbyopic PEX subjects is

vanishingly small. So, we did not include subjects aged

60 years or more, though PEX prevalence increases in

subjects over 60 years.

In our study, accommodation amplitude was found to

be significantly lower in subjects with PEX (P¼ 0.002).

Similarly, accommodation amplitude was significantly

lower in the second age group (50–60 years) compared to

the first age group (40–49 years; P¼ 0.005).

Accommodation amplitude showed no significant

change between the age groups in subjects with PEX

(P¼ 0.35), whereas accommodation amplitude decreased

significantly in control group (P¼ 0.038). In both age

groups, accommodation amplitude was significantly

lower in subjects with PEX, though this difference was

statistically significant only in the first age group. This

shows that accommodation amplitude has been affected

in the younger age group with PEX. It is known that with

increasing age, age-related changes are seen in ciliary

apparatus, zonular fibres, and lens capsule, lens elasticity

decreases, lens thickness and stiffness increases, ability to

disaccommodate decreases and ciliary muscle

remodelling decreases independent of PEX.3,16–20 In our

opinion, the reason why PEX did not affect

accommodation amplitude in the second age group is

that as age-related changes have already been happened

in ciliary apparatus, zonular fibres and lens capsule in

this age group, and the measured accommodation

amplitude in this group is not active accommodation,

and tonic accommodation is independent from lens

elasticity, zonular fibres, and ciliary muscle. So,

accommodation amplitude declined significantly only in

group 1 in which active accommodation is still present

with a small amount. We found that gender did not affect

accommodation amplitude (P¼ 0.54) and

accommodation amplitude decreased significantly in

subjects with PEX both in female subjects and male

subjects (for female subjects P¼ 0.023, for male subjects

P¼ 0.041).

Axial length, anterior chamber depth, and lens

thickness did not show any significant difference

between subjects with PEX and control group. Though

we found that pupil size was smaller in older subjects

and in men, it was statistically not significant. Pupil

diameter is known to be effective in accommodation

amplitude; miosis causes an increase in the depth of

focus and an increase in the measured accommodation

amplitude.1,21 It has been shown that miosis occurs with

increasing age.22 Winn et al23 measured pupil diameters

of 91 normal subjects aged between 17–83 years and

reported that pupil size decreased 0.015–0.043 mm each

year related with the luminance level and pupil size was

found to be independent of gender. Similarly, Jones24

reported that pupil diameter did not differ between men

and women. We could not find any correlation between

pupil diameter and accommodation amplitude in both

PEX subjects and control group.

As a result, accommodation amplitude can be affected

in subjects with PEX independent of gender. It will be

reasonable to be careful about accommodation deficiency

and related clinical conditions in young subjects with

PEX.
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Table 3 Accommodation amplitude by pseudoexfoliation and
gender

PEX Accommodation amplitude (dioptre)

Women (n¼ 36) Men (n¼ 30)

þ 1.05±0.5 1.09±0.7
� 1.66±0.8 1.64±0.7
P 0.023a 0.029b

aIndependent samples t-test;
bMann–Whitney U-test.

Table 4 Accommodation amplitude by pseudoexfoliation and
age

Age group Accommodation amplitude (dioptre)

n PEXþ PEX� P

Group 1
(40–49 years)

19 0.67±0.5 1.94±0.8 0.041

Group 2
(50–60 years)

47 1.10±0.6 1.42±0.7 0.11

P¼ independent samples t-test; PEX¼pseudoexfoliation.
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