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Introduction
Accommodation is elucidate as the ability of eye to see 

clearly objects at any distance by an involuntary alteration 
in the shape of crystalline lens which causes adjustments in 
dioptric power of the eye [1]. The amount of accommodation 
available is highly dependent on age and somewhat on visual 
training [2]. The amplitude of accommodation is the amount of 
accommodation being used and it is calculated as the disparity 
between the dioptric values corresponding to far point and near 
point. Accommodative system is needed to be fast, dynamic and 
accurate to focus the clear image on the retina while performing 
the near daily tasks. Prolonged near work like reading or using a 
computer leads to a number of visual symptoms. Mostly, subjects 
used to complain of impaired reading performance, headaches, 
asthenopia, sensitivity to light, blurred text, diplopia, and 
perceptual distortions involving letter movement and fading [3]. 
As the near work increases, the demand for accommodation and 
convergence increases [4,5]. With increasing age, the ability of 
human being to visualize, hearing, movement and processing of 
information deteriorate [6]. People may adapt different posture 
during reading and out of which lying on bed maybe more  

 
preferable due to its comfort. When we read in supine position 
mostly we will hold the reading materials at upward position 
rather than downward position. In addition it was observed that 
gravitional pull increases the amplitude of accommodation when 
the eye looking downward from upward [7]. Several studies 
have been conducted and different body postures has been 
recommended in several ergonomic studies to be beneficial for 
prolong near work [8-10]. However, Atchison et al. [11] asserted 
that it was not necessary to systemize the eye and head position 
due to small differences of result found in their study [11].

Changing body position alters intraocular pressure. In ocular 
normotensives, intraocular pressure (IOP) raised by 2-4 mmHg, 
due to alteration in body position from standing to supine 
[12]. During visual display terminal (VDT) uses, adapting a 
reclining posture where found to be more effective for reducing 
lower body fatigue due to reduction in seat pan pressure [13]. 
In subjects with myopia and emmetropia, the IOP decreases 
significantly with accommodation [14]. So, from the above 
discussion it was quite clear that accommodation has significant 
effect on IOP and IOP changes with posture. Therefore, this study 
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aim to investigate the effect reading posture on amplitude of 
accommodation among Malaysian population.

Materials and Methods 

Figure 1:  Shows the flow chart of data collection procedure.

A non-randomized cross-sectional study was carried 
out with thirty two Malaysian subjects, aged 15 to 35 years, 
in spite of gender and race from both east and west Malaysia 
within duration of six months (Jan 2015 to Jun 2015) at the 
TwintechVision Care Center. Written informed consent was 
acquired from all the subjects. All procedures were accomplished 
after following the declaration of Helsinki. Subjects with a best 
corrected visual acuity of 6/6 and N6 were included in the study. 
However, subjects having any ocular pathology, eye movement 
disorder, binocular vision anomaly, systemic illness, and contact 
lens wearers were excluded. A detailed history was acquired 
from each subjects followed by measurement of visual acuity, 
objective, and subjective refraction, pupillary evaluation, Near 
point of accommodation, Near point of convergence, Negative 
and positive relative accommodation, Negative and Positive 
fusional vergence for both distance and near, accommodation 
and vergence facility, Monocular estimation method, cover test, 
version and duction eye movements, slit lamp examination, 
and fundus examination. A subject who has passed the initial 
assessments successfully was included in the study. Amplitude 
of accommodation were assessed by using the minus lens 
technique. The adjustable chair was used to achieve different 

postures (supine and sitting) for measuring amplitude of 
accommodation. Subjects were always asked to hold the near 
chart at 33 cm and look at N6 target without changing the 
viewing angle irrespective of reading posture. The distance was 
calculated with the help of a ruler and all measurements were 
taken from the plane of trial frame. Patient having refractive 
correction were substituted to the trial frame before measuring 
the amplitude of accommodation. Subjects were holding the 
chart at a eye level 30 degree below the primary plane for three 
different postures (supine, sitting and Standing) which was 
kept constant with the help of a protractor. When the subject is 
holding the chart and focus at the target, examiner put minus lens 
in front of subjects eye. The test was done monocularly (Right 
eye evaluated first) with their proper subjective correction in 
place. The examiner keeps on increasing the lens power (-0.25 
DS step) until subject reports blur and unable to read the N6 
target. Examiners stopped the test once subjects report blur and 
calculate the amplitude of accommodation. For each posture 
amplitude of accommodation was measured monocularly and 
average of three measurements was taken without changing 
the Illumination (120-160 Lux), viewing angle, target and room. 
Interval of changing lenses was kept constant at all time. Figure 
1 showed the flow chart of data collection.

The statistical analysis has been executed with the help of 
statistical package for Social Science (SPSS Inc., Chicago, IL, 
USA) version 19.0, G-Power and Microsoft Office Excel 2007. 
Normality of data was observed by using Shapiro-Wilk test. The 
results were articulated as mean ± standard deviation if the 
variable is continuous and as number (percentage) if categorical, 
unless otherwise stated. A repeated measure ANOVA was 
carried out to assess alteration in amplitude of accommodation 
at three different reading postures. The p value of less than 
0.05 is considered significant. The variation in amplitude of 
accommodation among race and gender was accomplished by 
using independent T-test whereas refractive error by using one-
way ANNOVA.

Results
The study involved a total of 32 subjects; 16 subjects were 

male (50%) and 16 subjects were females (50%). The age group 
of all subjects range from 15 to 35 years. All Subjects ware 
divided into two races: Malay (84%) and Non Malay (16%) which 
was shown in Figure 2. Refractive error shows more or less 
equal distribution of myopia, hypermetropia and emmetropia as 
shown in Figure 3. A clinically significant relationship observed 
among different refractive groups and reading postures as shown 
in Table 1. Moreover, one way repeated measure ANNOV showed 
a clinically significant disparity in amplitude of accommodation 
observed within the reading postures as shown in Table 2. 
Post hoc analysis showed a significant disparity in amplitude 
of accommodation for standing posture when compared with 
supine and sitting posture, but there is no significant alteration 
observed between sitting and supine posture as shown in Table 
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3. However, Independent T test showed clinically no significant 
relationship between gender and race with reading posture as 
show in Table 4 & 5 respectively. 

Figure 2:  Shows Distribution of Race where highest number of 
subjects is Malay.

Figure 3:  Shows the distribution of refractive error where the 
highest number of subjects in the myopia group (35%).

Table 1: Showed statistically significant difference among the 
refractive error groups in the three different reading postures.

Posture Refractive 
Error Mean ± SD p

Sitting

Myope 8.0755 ± 2.14731

<0.0001
Hyperope 7.6925 ± 1.48518

Emmetrope 10.3368 ± 2.21592

Total 8.7331 ± 2.28733

Supine

Myope 8.5414 ± 2.31259

0.012
Hyperope 7.8300 ± 1.60304

Emmetrope 9.7686 ± 2.15815

Total 8.7409 ± 2.18091

Standing

Myope 9.7005 ± 2.23924

<0.0001
Hyperope 8.6550 ± 1.77612

Emmetrope 11.5868 ± 2.05712

Total 10.0222 ± 2.34900

p< 0.05 is considered significant

Table 2: Showed Mean of amplitude of accommodation at three 
different reading postures.

Reading Posture

Amplitude of 
Accommodation (D)

P
Mean ± Std. 
Deviation

Sitting 8.7331 ± 2.28733 <0.0001

Supine 8.7409  ± 2.18091

Standing 10.0222  ± 2.34900

p< 0.05 is considered significant

Table 3: Comparison of amplitude of accommodation in three different reading postures between groups.

(I) (J) Mean difference 95% Confidence Interval for Difference

Amplitude of accommodation Amplitude of 
accommodation (I-J) P Lower Bound Upper 

Bound

Sitting

Supine -0.008 1 -0.354 -0.339

Standing -1.289 0 -1.631 -0.947

Supine
Sitting 0.008 1 -0.339 0.354

Standing -1.281 0 -1.582 -0.98

Standing

Sitting 1.289 0 0.947 1.631

Supine 1.281 0 0.98 1.582

p< 0.05 is considered significant
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Table 4: Comparison of amplitude of accommodation in different 
reading posture.

Posture Gender Mean ± SD p

Sitting Male 9.2175 ± 
2.24776 0.353

Female 8.2488 ± 
2.25738

Supine Male 8.9675 ± 
2.20794 0.947

Female 8.5144 ± 
2.16454

Standing Male 10.3503 ± 
2.25513 0.903

Female 9.6941 ± 
2.43016

p< 0.05 is considered significant

Table 5: Comparison of amplitude of accommodation with race in 
three different reading postures.

Posture Races Mean ± SD p

Sitting
Malay

Non-Malay

8.7106  ± 2.34038

8.8550  ± 2.08517
0.295

Supine
Malay

Non-Malay

8.8031  ± 2.23990

8.4050  ± 1.89755
0.317

Standing
Malay

Non-Malay

10.1180  ± 2.44571

9.5050  ± 1.74583
0.096

p< 0.05 is considered significant

Discussion
The principal focus of the study is to observe the 

relationship between amplitude of accommodation and reading 
postures. This was achieved by using the minus lens technique 
monocularly in three different postures where subjects were 
holding the near target constantly at the primary position. There 
was a remarkable change in amplitude of accommodation with 
reading postures. Another interesting relationship was proven 
which was related to the gender, refractive error and race 
together with the amplitude of accommodation in three different 
reading postures.

This study showed statistically no significant dissimilarity in 
amplitude of accommodation among gender for three different 
reading postures (p>0.05) which is supported Atchison et 
al’s [11] study where no significant disparity was noted for 
amplitude of accommodation between supine position and 
gender [11]. Furthermore, There is no such study to support or 
contradict the result of sitting position (p=0.353) and standing 
position (p=0.903). When refractive errors were compared with 
different posture, it showed a significant difference for sitting 
(p=0.000), supine (p=0.012) and standing (p=0.000) posture. 

Our study results contradicted by Neville A. McBrien et al’s 
findings where they found no significant differences in amplitude 
accommodation (p>0.05) among different refractive groups [15]. 
The possible reason behind the difference between two studies 
is the number of refractive error groups. Neville A. McBrien et 
al. [15] in their study included four refractive error groups(early 
onset myope, late onset myope,hyperope and emmetrope) 
whereas this study included only three refractive error groups 
(emmetrope, hyperope and myope) [15]. Moreover, this study 
was unable to establish any notable relationship between 
amplitude of accommodation and race for sitting, supine and 
standing postures (p=0.295, p=0.317, p= 0.096 respectively). No 
such study was there to contradict or support our study findings. 
However, this study result showed statistically significant 
relationship between amplitude of accommodation and different 
reading postures (p<0.001). Furthermore, we also proved that 
the amplitude of accommodation increases from supine to 
standing position (p<0.001) with the mean difference of 1.29DS. 
This study finding is substantially more than Atchison et al’s 
[11] finding which had a maximum mean difference of 0.19DS 
between 90° head up (standing, sitting) and 900 head down 
(supine) postures [11]. The large disparity between the results 
of these two studies may be due to the difference in measuring 
technique of amplitude of accommodation and age groups. This 
study used minus lens technique with N6 target at 33cm to 
find out amplitude of accommodation whereas Atchison et al.’s  
[11] study utilized push-up method with N7 target to measure 
far point (with +3.00 trial lens) and near point [11]. Another 
factor which leads to discrepancy between two studies was 
uncorrected refractive error during measurement of amplitude 
accommodation for Atchison et al.’s [11] study which may lead to 
over or under-estimation of accommodation [11]. The limitation 
of this study includes an unequal distribution of race, subjective 
method of measuring amplitude of accommodation. So we are 
unable to drawn any positive relationship between race and 
amplitude of accommodation in different posture. Parameters 
like palpebral fissure height, intraocular pressure and axial 
length were not examined which might have change the study 
result.

Conclusion 
Alteration in reading posture increases amplitude of 

accommodation when changing from sitting to standing posture. 
Other than that, there is a statistically significant difference 
observed in amplitude of accommodation among the refractive 
error groups. Emmetropes having greater amplitude of 
accommodation in compare to the myopes and hypermetropes 
for each reading posture. In contrast, race and gender exhibit 
no effect over amplitude of accommodation in three different 
reading postures. So, the reading posture must be taken into 
consideration during clinical evaluation of the amplitude of 
accommodation.
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