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Abstract

Objective: The aim of this study was to measure and report the pupillary diameter of myopic refrac-
tive surgery candidates and to identify the associated factors.

Methods: This was a retrospective, descriptive, cross-sectional study. Consecutive patients with 
myopia or myopic astigmatism were included in the study. Patients with accompanying ocular pa-
thologies were excluded. Only one eye of the remaining patients was selected using a random 
number table. Age, sex, spherical equivalent of manifest refraction (SE), and axial length (AL) were 
recorded. Scotopic, mesopic, and photopic pupillary diameters were measured with dynamic pup-
illometery (Sirius, Schwind Eye Tech Solutions AG, Germany). 

Results: Eighty eyes of 80 patients were included in the study. The mean age of the patients was 28±6 
years, and mean SE was -5.25±2.26 D. The mean AL was 25.41±1.41 mm. The mean scotopic, mesopic, 
and photopic pupillary diameters were 6.26±0.60, 5.81±0.61, and 4.43±0.68 mm, respectively. SE and 
AL were not found to be correlated with pupillary size. The mesopic pupillary diameter was slightly 
higher in females than in males (5.98±0.50 vs. 5.62±0.68; Student t test; p=0.037). There was a statistical-
ly significant negative correlation between mesopic and scotopic pupillary diameters and age.

Conclusion: This study investigated the pupillary diameters of myopic refractive surgery candi-
dates and showed that age and sex are the most important determinants of pupillary diameter.
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INTRODUCTION

Accurate detection of pupillary diameter has an important role in corneal refractive surgery. Select-
ing an optic zone smaller than the mesopic pupillary diameter in refractive surgery may result in 
decreased vision quality and patient dissatisfaction (1, 2). Pupillary diameter measurement is rou-
tinely performed prior to refractive surgeries, such as laser-assisted in situ keratomileusis (LASIK), 
photorefractive keratectomy (PRK), and small incision lenticule extraction.

While the scotopic state is defined as an illumination under 0.05 lux (light unit), the photopic state 
refers to an illumination above 49 lux. An illumination between 0.05 and 49 lux is indicated as meso-
pic status (3). Visual complaints after refractive surgery are generally associated with mesopic vision 
(4, 5). There are many studies on pupillary diameter in different populations in the literature; how-
ever, there are a limited number of publications on the factors affecting pupillary diameter (6). In 
addition, the literature on dynamic pupillometry measurements, including photopic and scotopic 
pupillary diameters, and on the relationship of these measurements with demographic and ocular 
factors is quite rare in the Turkish population.

In this study, we investigated the photopic, mesopic, and scotopic pupillary diameters in patients 
admitted to our hospital due to myopic refractive surgery and evaluated the factors affecting pu-
pillary diameters in these three different lighting conditions.
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METHODS

In this retrospective, cross-sectional, descriptive study, the files of 
patients who underwent LASIK due to myopia or myopic astigma-
tism within 6 months were examined. The required approval for the 
study was obtained from institutional review Board of Beyoglu Eye 
Research. The study was performed in accordance with the Decla-
ration of Helsinki. Informed consent was not obtained due to the 
retrospective nature of this study. Patients with a history of intraoc-
ular surgery and trauma and those who had other ocular diseases, 
such as uveitis and diabetes, and amblyopia were excluded from 
the study. Only one eye of the patients eligible for the study was 
included in the study. The patients’ eyes to be included in the study 
were determined as right or left using the random number table.

Standard eye examinations, including best corrected visual acui-
ty, biomicroscopy, intraocular pressure measurement, and fundus 
examination, were performed for all patients. Corneal topogra-
phy and dynamic pupillometry measurements were performed 
with Sirius topography device (Schwind Eye Tech Solutions AG, 
Germany). Axial length was measured with an optical biometry 
device (Nidek, Japan). Age, sex, and manifest refraction data of 
patients were recorded from the patient files.

Sirius topography device is a topography device that includes 
Scheimpflug camera and placido disc properties. The pupillometry 
integrated into the device captures the pupillary diameter dynami-
cally or statically. The patient’s face is supported on a chin-rest and 
a forehead strap, similar to that in a biomicroscope. The person 
performing the measurement focuses on the pupil with the control 
arm of the device, captures the clearest image, and waits until the 
pupillary movement is finished. The device automatically captures 
pupillary images according to the defined lighting conditions.

Statistical Analysis
Sex was considered as a categorical variable, and the spherical 
equivalent of manifest refraction (SE), axial length (AL), and age 
were considered as continuous variables. The values of variables 
are expressed as the mean and standard deviation (SD). The 
mean values of sex groups were compared with the Student t 
test. The correlation between continuous variables and scotopic, 
mesopic, and photopic pupillary diameters was calculated using 
the Pearson correlation test. A p value of <0.05 was considered 
statistically significant.

RESULTS

Eighty eyes of 80 patients were included in the study. The charac-
teristics of patients are shown in Table 1. Of the patients, 45 were 
female and 35 were male. There was no difference between males 
and females in terms of age, refractive defects, and AL (Table 
1). While there was no difference between females and males in 
terms of scotopic and photopic pupillary measurements, mesopic 
pupillary diameter was significantly higher in females than in males 
(5.98±0.50 vs. 5.62±0.68 mm; Student t test, p=0.03; Table 1). The 
correlation of pupillary diameter with different factors is shown in 
Table 2. There was a negative correlation between mesopic and 
scotopic pupillary diameters and age (p=0.005, r=-0.37; p=0.001, 
r=-0.45 for mesopic and scotopic conditions, respectively).

DISCUSSION

In this study, pupillary diameters of patients who were admitted 
to our clinic for refractive surgery were evaluated and their re-
lationship with ocular factors was investigated. Pupillography 
is a measurement that must be routinely performed before re-
fractive surgery to decide the optical zone to be selected and 
can be performed with many different devices. When deciding 
the optical zone before refractive surgery, the mesopic pupillary 
diameter is generally taken into account (6). Because the pupil-
lary diameter varies with the intensity of light, the conditions un-
der which the measurement is performed are important. In the 
method applied in our study, after the patient is taken to a room 
without illumination except that of the measurement device, illu-
mination is provided by the measurement device at an amount 
varying from scotopic to photopic. The device then records a 
video and gives scotopic, mesopic, and photopic pupillary di-
ameters. In the literature, studies stating the mean pupillary di-

Age Axial length Spherical Equivalent

Photopic pupillary diameter (mm) r=0.12 (p=0.384) r=0.18  (p=0.201) r=-0.26 (p=0.059)

Mesopic pupillary diameter (mm) r=-0.38 (p=0.005) r=0.06  (p=0.648) r=-0.15 (p=0.275)

Scotopic pupillary diameter (mm) r=-0.45 (p=0.001) r= 0.11 (p=0.4) r=-0.25 (p=0.072)

Table 2. Correlations of continuous variables with pupillary diameters

Mean ± SD p

Age (years)

Female 27.12±5.9 0.69

Male 27.75±6.2

Axial length (mm)

Female 25.36±1.5 0.74

Male 25.49±1.2

Spherical Equations (-D)

Female -5.61±20 0.07

Male -4.83±2.4

Photopic pupillary diameter (mm)

Female 4.55±0.5 0.15

Male 4.27±0.7

Mesopic pupillary diameter (mm)

Female 5.97±0.5 0.03

Male 5.62±0.6

Scotopic pupillary diameter (mm)

Female 6.40±0.5 0.07

Male 6.10±0.6

Table 1. Patient characteristics
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ameter in patients with refractive surgery give either the clinically 
significant mesopic pupillary diameter or cycloplegic scotopic 
pupillary diameter to compare different devices (4, 6, 7). In this 
study, unlike other studies, pupillary diameters in all the three 
conditions were reported.

In the literature, there is only one study in which the scotopic pu-
pillary diameter has been measured with Sirius device, and the 
mean cycloplegic scotopic pupillary diameter was determined as 
8.06±0.76 mm (7). In our study, the mean scotopic pupillary diam-
eter (6.26±0.60 mm) was measured in physiological conditions and 
was expected to be relatively lower. Although there is no study 
on the diameter of photopic pupils measured in our country in 
Pubmed and Turkish Medical Directory, this value was found to be 
4.56±0.58 mm in females and 4.28±0.77 mm in males in our study 
(p>0.05) and was below 6 mm in all patients. The average mesopic 
pupillary diameter in the literature ranges from 5.33 to 6.42 mm 
and considerably varies according to the measurement device (8-
12). The mean pupillary diameter of 5.98±0.50 mm in our study is 
consistent with the results in the literature. In a study conducted in 
our country, Çakmak et al. (6) reported the mean mesopic pupillary 
diameter as 6.19 mm in patients admitted to the refractive surgery 
clinic; however, unlike the one that we used in our study, they used 
the wavefront analyzer.

Because it has been found in the literature that the measure-
ments made with different devices show statistically significant 
differences among pupillary diameters (7), direct comparison of 
these measurement results may have false implications; howev-
er, because the measurement repeatability of the dynamic pu-
pillography device we used is high, its relationship with different 
groups and various factors could be statistically determined.

Sex and age, which were among the factors examined in our study, 
were found to be related to pupillary diameter, but refractive de-
fect and AL were not. Similar to our study, a negative correlation 
has been reported between age and pupillary diameter in the lit-
erature (6, 13-15). Although Win et al. found a negative relationship 
between age and pupillary diameter, no relationship was found 
between sex and refractive defect (13). Similarly, Netto et al. (14) 
found age and pupillary diameter to be related but not sex and 
refractive defect. Jones et al. (15) also concluded that there was no 
relationship between sex and pupillary measurements in a group of 
48 patients. In contrast to these studies, mesopic pupillary diameter 
was found to be significantly larger in females than in males in the 
study by Çakmak et al. (6); however, photopic and scotopic pupillary 
diameters were not evaluated. In our study, the relationship of sex 
with photopic and scotopic pupillary diameters was also investigat-
ed, but no statistically significant difference was found. Çakmak et 
al. (6) also did not find a relationship between AL and pupillary di-
ameter, which is consistent with our results.

CONCLUSION

In this study, we aimed to present the characteristics of myopia and 
myopic astigmatism in patients who were refractive surgery candi-
dates in our country. It was an advantage that photopic, mesopic, 
and scotopic pupillary diameter measurements were performed 
with dynamic pupillometry measurement in each patient. In fact, 
although our patient group was in a relatively narrow age range, 
there was a relationship between age and not only mesopic pupil-
lary diameter but also scotopic pupillary diameter. We believe that 

similar studies performed on patients with different characteristics 
in larger patient series will further contribute to the literature.
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