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INTRO DUC TIO N

Precise measurement of the pupil diameter is fundamental 
in various medical and research fields, particularly in 
ophthalmology and optometry,1 as it can affect the visual 
outcomes in procedures such as corneal refractive surgery, 
intraocular lens implantation and contact lens fitting.2–6 
Currently, a wide variety of pupillometers are used in 

clinical practice to assess the pupil diameter as either a 
primary or secondary objective.7–10 These devices have 
different designs, and each of them has its own advantages 
and limitations.

Factors such as lighting conditions, visual stimuli, emo-
tional state or social interactions will affect pupil size 
during the measurement.11,12 Moreover, the type of device 
used to measure pupil size, whether open- or closed-field 
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Abstract
Aim: To evaluate the repeatability of pupil size measurements obtained with four 
different devices under varying lighting conditions and to assess the agreement 
between them.
Methods: This prospective study included 80 healthy participants with a mean 
age of 27.5 ± 8.8 years (range 19–58). Pupil size was measured under mesopic (4 
lux) and low photopic (50 lux) conditions using two open-field devices (tabletop 
and handheld PowerRefractors) and two closed-field devices (MS-39 and NIDEK 
Tonoref III). Three consecutive measurements were taken per eye for each device. 
Repeatability was analysed using the repeatability limit (R Limit), while the 
agreement was assessed with Bland–Altman analysis.
Results: All devices demonstrated R Limits lower than 1 mm under both low 
photopic and mesopic conditions. The NIDEK Tonoref III had the best repeatability 
under low photopic conditions (R Limit = 0.52 mm), while the tabletop 
PowerRefractor had the best R Limit under mesopic conditions (0.68 mm). The 
agreement analysis under mesopic conditions revealed smaller mean differences 
and narrower limits of agreement (LoA) (approximately 2 mm) among devices with 
similar designs (tabletop with handheld PowerRefractor and MS-39 with NIDEK 
Tonoref III), while combinations of designs exhibited wider variability. Mesopic 
conditions yielded more consistent LoA across all device pairs.
Conclusions: All devices showed excellent repeatability. Instruments with similar 
measurement designs demonstrated better agreement, particularly under low 
photopic conditions. Significant variability existed when comparing open- and 
closed-field devices. These findings underscore the importance of selecting 
appropriate instruments for clinical and research applications, and highlight the 
need for further validation of pupillometry devices.
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instruments, will likely influence the results.13–15 Open-
field pupillometers measure pupil size in an environment 
where the subject's view is unrestricted, whereas closed-
field pupillometers enclose the subject's eyes, lighting and 
stimuli in a controlled environment. The scientific literature 
has highlighted the role of accommodation in pupil mea-
surements with concepts such as proximal and instrument 
accommodation,16 which are likely to influence the accom-
modative response and, therefore, affect the accuracy of 
pupil size measurement.

Given the wide variety of devices available for measur-
ing pupil size, it is crucial to gain an understanding of their 
measurement capabilities. To allow comparison between 
studies using different devices and to understand the ac-
curacy of each instrument, agreement and repeatability 
studies are required. Such validation is essential for en-
hancing clinical accuracy and patient outcomes.

Several open14,17 and closed-field devices18,19 have been 
evaluated in the literature for pupil diameter measure-
ment across diverse populations, light conditions and clin-
ical contexts. However, there is limited scientific evidence 
regarding agreement between open- and closed-field in-
struments, as well as their reliability in various illumination 
settings.

Therefore, this study aimed to evaluate the repeatabil-
ity of four different pupillometers under different light-
ing conditions and to assess their agreement, in order to 
determine which instrument design is most appropriate 
for accurately measuring pupil size, providing essential 
insight into their applicability in both research and clin-
ical settings.

M ETH O DS

This prospective study was conducted on healthy sub-
jects at the Optometry Clinic (Eye Centre of Excellence, 
Karolinska Institute, Stockholm, Sweden). The study con-
formed to the principles of the Declaration of Helsinki. 
Regional Ethics Committee approval was obtained from 
the Swedish Ethical Review Authority, and signed informed 
consent was obtained from all subjects. Participants were 
between 18 and 70 years of age. Individuals with dry eye 
symptoms, a history of ocular disorders, trauma, pharma-
cological treatment, surgery, pupillary abnormalities or 
any other condition that could affect the pupil shape or 
response were excluded. This was ensured through a de-
tailed clinical history and an ophthalmological examina-
tion conducted prior to the measurements being obtained. 
The demographic data collected included age, gender and 
refraction.

Instrumentation

Four instruments were used in this study to measure pupil 
sizes under different lighting conditions.

Tabletop (TT) power refractor (TT PowerRef)

The PowerRef 3 (Plusoptix GmbH, pluso​ptix.​com) is an 
infra-red video-based eccentric tabletop photorefractor 
that measures gaze position, pupil size and meridional 
refraction binocularly at 50 Hz. The PowerRef was placed 
outside the participant's line of sight and an infra-red 
(IR)-reflecting, transparent hot mirror was used to reflect 
the IR light from the PowerRef3 into the eyes. Hence, the 
instrument did not obstruct the participant's view, thereby 
allowing open-field viewing during the measurements. 
Participants fixated on a stimulus consisting of a series of 
random words composed of five letters, which changed 
every 5 s to ensure stable fixation. A tablet computer (8th 
generation Apple iPad, resolution 2160 × 1620 pixels, apple.​
com/​in/​ipad/​) was used to present the fixation target 
at 4 m. The pupil size measurements ranged from 4.0 to 
8.0 mm in 0.1 mm steps.

Handheld (HH) autorefractor (AR)

The Plusoptix A12C is an HH AR (Plusoptix GmbH, pluso​
ptix.​com) that measures the gaze, refraction and pupil size 
binocularly. During the measurement, the examiner holds 
the instrument at a distance of 1 m from the participant, 
who fixates on the nose of an internal ‘smiley face’ target. 
The pupil size measurement range is from 3.0 to 8.0 mm 
in 0.1 mm increments. This instrument is designed so that 
the measurement is taken while the participant is seated 
without using a chin rest.

MS-39

The MS-39 (CSO, software version v.4.1.0.7, csoit​alia.​it/​) 
is an anterior segment optical coherence tomographer 

Key points

•	 Precise measurement of the pupil diameter is 
fundamental in research as it can affect the vis-
ual outcome in several procedures.

•	 All of the devices included here showed 
excellent repeatability. Instruments with 
similar measurement designs (open-field or 
closed-field) demonstrated better agreement, 
particularly under low photopic conditions.

•	 These findings provide valuable information 
regarding pupil size measurement under 
different light conditions, enabling clinicians 
to determine the most appropriate instrument 
according to its characteristics and the target 
population for assessment.
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(AS-OCT) that combines Placido disc corneal topography 
with high-resolution OCT-based anterior segment to-
mography. This instrument uses a 950 nm light-emitting 
diode source for pupil size measurements, which can be 
obtained at different lighting conditions, namely, sco-
topic (0.04 lux), mesopic (4 lux) and photopic (50 lux).

AR

The NIDEK Tonoref III (NIDEK Co., nidek​-​intl.​com/​) is an 
autorefractometer, autokeratometer, non-contact tonom-
eter and pachymeter. This is a tabletop device that com-
bines super luminescent diode light with a highly sensitive 
charge-coupled device (CCD) camera. This AR has an inte-
grated pupillography tool to measure the pupil size in a 
range from 1.0 to 10.0 mm in 0.1 mm increments.

Procedure

The instruments were calibrated before the measurements, 
and the order of testing was randomised. One eye per 
participant was randomly selected for the study, and three 
consecutive measurements were performed with each 
device. Measurements were taken under mesopic (4 lux) 
and low photopic (50 lux) conditions. The illumination 
levels were established based on the illumination settings 
available in the MS-39 in order to ensure the same 
illumination among all instruments. The lighting conditions 
were controlled with the EC1 luxometer (Hagner AB, hagner.​
se). Photopic measurements were taken after the mesopic 
measurements, and participants were adapted to the light 
condition for at least 2 min before each measurement.9,10

Statistical analysis

Descriptive analysis was performed including the mean 
and standard deviation (SD) of the pupil size. Repeatability 
and agreement were assessed according to British and 
International Standards.20,21 The repeatability limit (R 
Limit) was used to assess repeatability, which was calcu-
lated as 1.96√2 × Sw (where Sw is the within-subject SD). 
The R Limit represents the likely limits within which 95% of 
the measurements should lie.20,21 Differences in pupil size 

between each pair of instruments were analysed with re-
peated measures ANOVA.

When significant differences were identified, Bonferroni 
post-hoc test was used. For statistical significance, a p-
value of 0.05 was set as the threshold.

A Bland–Altman analysis for repeated measures was 
used to describe the agreement between the instru-
ments.20 These analyses were performed for both lighting 
conditions. Correlations between age and device measure-
ment with different illumination conditions were also cal-
culated using Pearson's correlation coefficient. Correlations 
were considered strong, moderately strong, fair and poor if 
they were >0.80, between 0.50 and 0.80, between 0.30 and 
0.50 and <0.30, respectively.22

A sample size (n) calculation was performed consider-
ing both repeatability and agreement analysis. For the 
repeatability analysis, n was calculated considering the 
number of repeated measurements (m) and confidence 
level (CL)21 for the estimated Sw as CL =

1.96
√

2 ∙n(m−1)
. For a CL 

of 0.125 mm and three repeated measurements, 62 eyes 
were required. For agreement, the following formula was 
used: desired CI of LoA = 1.96 ×

√

3s2

n
, where s is the SD of the 

differences, CI the confidence interval and LoA the limits 
of agreement. We considered the desired CI for the LoA in 
the current study to be 0.125 mm for pupil size. Using this 
value and the s value (the SD of the differences) obtained 
in a subset of the first 20 eyes, the minimum sample re-
quired was 80 eyes. Then, considering both n values, the 
minimum sample size should be at least 80 eyes.

R ESULTS

Eighty eyes of 80 participants (58 women and 22 men) were 
included in the study. The mean age was 27.5 ± 8.8 years 
(range 19–58 years) and the mean spherical equivalent was 
−1.07 ± 2.23 D (range −13.0–2.63 D).

Table 1 summarises the descriptive metrics and repeat-
ability outcomes for the pupil diameter measurements 
obtained with the different devices under low photopic 
and mesopic lighting conditions. Under photopic condi-
tions, the AR exhibited the largest mean pupil diameter 
(5.85 mm), whereas the MS-39 reported the smallest mean 
diameter (4.66 mm). For mesopic conditions, the MS-39 
also measured the smallest diameter (5.37 mm), followed 
by the TT (6.30 mm) and the HH (6.84 mm) PowerRefs.

T A B L E  1   Pupil size results and repeatability metrics.

Instrument

Mean ± SD (mm) R Limit (mm)

Low photopic Mesopic Low photopic Mesopic

TT power refractor 5.16 ± 1.02 6.30 ± 0.95 0.65 0.68

HH power refractor 5.35 ± 1.17 6.84 ± 1.01 0.91 0.78

MS-39 AS-OCT 4.66 ± 0.83 5.37 ± 0.86 0.61 0.71

AR 5.85 ± 0.89 N/A 0.52 N/A

Abbreviations: AR, autorefractor; AS-OCT, anterior segment optical coherence tomographer; HH, handheld; N/A, not applicable; R Limit, repeatability limit; TT, tabletop.
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Regarding the repeatability results, all R Limits were 
<1.00 mm. Under low photopic conditions, the lowest R 
Limit was obtained with the AR (0.52 mm), while the high-
est R Limit was obtained with the HH PowerRef (0.91 mm). 
Under mesopic conditions, the repeatability values were 
similar among the devices, the highest value being 0.78 mm 
for the HH PowerRef.

Table  2 summarises the agreement findings across in-
struments under low photopic conditions. This table shows 
the mean differences between devices and the limits of 
agreement (LoA) with their intervals. The mean difference 
was <1 mm for all device comparisons except the MS-39 
versus AR, where the mean difference was almost 2 mm. 
The TT PowerRef versus HH PowerRef comparison showed 
the smallest mean difference (−0.20 mm). Regarding the 
LoA intervals, the narrowest interval was obtained for the 
comparison between MS-39 and AR (2.08 mm) and the 
widest interval was obtained for the comparison between 
the HH PowerRef and the MS-39 (4.88 mm).

Table  3 displays the agreement results for pupil size 
measurements obtained under mesopic conditions. The 
smallest mean difference was observed between the two 
PowerRefs (−0.52 mm) and the largest mean difference 
was observed between the HH PowerRef and the MS-39 
(1.47 mm). In terms of LoA, all device comparisons showed 
similar LoA intervals (about 2.5 mm).

Significant negative correlations were found between 
age and the pupil size measured with the four devices 
under different lighting conditions (Table  4). The cor-
relation coefficients ranged from 0.20 to 0.30 (moderate 
correlation), and in most cases, they were statistically signif-
icant (p < 0.05). For the TT PowerRef and HH PowerRef, the 

correlations under mesopic conditions (−0.39 and −0.34, 
respectively) were higher than those obtained under low 
photopic conditions.

D ISCUSSIO N

Pupil size measurement plays a crucial role within the 
fields of ophthalmology and optometry.2–4,6,23 Considering 
the existence of a variety of pupillometers with different 
designs, it becomes essential to assess the repeatability of 
each device and their agreement. This evaluation provides 
valuable insights that can be applied in clinical practice to 
improve outcomes and enhance the accuracy of pupillary 
assessments. In this study, four different pupillometers 
were compared, two open field and two closed field. 
Open-field devices are more representative of natural 
viewing conditions, whereas closed-field devices are less 
reflective of such conditions.

Repeatability analysis showed that both closed-field 
instruments resulted in the lowest R Limit (about 0.6 mm) 
under photopic conditions. However, it should be consid-
ered that the repeatability values in all cases were <1 mm. 
Similarly, the R limit values were also <1 mm under meso-
pic conditions for all instruments. These results show that 
the instrument design does not affect the instrument re-
peatability under low photopic or mesopic conditions.

Considering the lack of studies evaluating the repeat-
ability and agreement of the devices used in the present 
study, comparisons will be attempted using results from 
other devices reported in the existing literature, although 
direct comparisons may not always be feasible due to 

T A B L E  2   Agreement between instruments for the pupil sizes measured under low photopic conditions.

Instruments

Low photopic condition (mm)

Mean difference LoA interval LoA+ LoA− p-Value

TT vs. HH −0.20 2.31 0.96 −1.36 >0.99

TT vs. MS-39 AS-OCT 0.49 3.89 2.43 −1.46 0.007

TT vs. AR −0.70 3.59 1.09 −2.50 <0.001

HH vs. MS-39 AS-OCT 0.68 4.88 3.10 −1.77 <0.001

HH vs. AR 0.57 4.54 2.84 −1.71 0.01

MS-39 AS-OCT vs. AR 1.92 2.08 2.23 0.15 <0.001

Abbreviations: AR, autorefractor; AS-OCT, anterior segment optical coherence tomographer; HH, handheld PowerRef; LoA, limit of agreement; TT, tabletop PowerRef.

T A B L E  3   Agreement between instruments for the pupil sizes measured under mesopic conditions.

Instruments

Mesopic condition (mm)

Mean difference LoA interval LoA+ LoA− p-Value

TT vs. HH −0.52 2.52 0.74 −1.77 0.001

TT vs. MS-39 AS-OCT 0.93 2.15 2.00 −0.15 <0.001

HH vs. MS-39 AS-OCT 1.47 2.70 2.82 0.12 <0.001

Abbreviations: AS-OCT, anterior segment optical coherence tomographer; HH, handheld PowerRef; LoA, limits of agreement; TT, tabletop PowerRef.

 14751313, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/opo.13507 by U

niversidad C
om

plutense D
e M

adrid, W
iley O

nline L
ibrary on [22/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  5MARTÍNEZ-ALBERQUILLA et al.

differences in methodologies and metrics. For example, 
Otero et  al.17 studied the agreement and repeatability of 
pupil measurements obtained with different open-field 
autorefractors and pupillometers, including the PowerRef 
II (pluso​ptix.​com), which showed the largest variability 
under mid-mesopic conditions. The Sw was 0.17, 0.25 and 
0.19 mm for low (0.05 lux), mid (0.80 lux) and high (20.00 
lux) mesopic light levels, respectively. Using these Sw val-
ues and the formula described in the statistical analysis 
section, the R Limits could be calculated as 1.14, 1.40 and 
1.21 mm, respectively. These R Limits were greater than 
the current results, which were all <1 mm. These differ-
ences may be explained by variations in the measurement 
method (binocular vs. monocular), the fixation target (dis-
tance and type of target) and the use of an older version of 
the device (PowerRef II).

Additionally, Satou et al.14 compared the repeatability of 
two open-field devices, the Spot Vision Screener (hillr​om.​
com), which is an HH vision screening device and the Grand 
Seiko WAM 5500 (grand​seiko.​com), a binocular open-field 
tabletop autorefractor with an illuminance of 200 lux 
(photopic). In that investigation, measurements were taken 
under binocular conditions, and the repeatability was de-
scribed in terms of the intraclass correlation coefficient 
(ICC). The values were 0.87 for the Spot Vision and 0.97 for 
the WAM 5500, with a mean difference of 0.00 ± 0.44 mm. 
Unfortunately, comparisons with results obtained in the 
present study cannot be performed as different metrics 
were used.

Considering closed-field devices, the MS-39 has been 
used previously to measure anterior segment variables, 
such as central corneal and epithelial thickness, corneal 
diameter, aqueous depth, corneal power or higher-order 
aberrations in healthy patients,24 as well as those with 
keratoconus,25 cataract26 and previously undergone a 
small-incision lenticule extraction procedure.27 Similarly, 
the NIDEK Tonoref III (nidek​-​intl.​com) has been used to 
measure central corneal thickness28 and the amplitude of 
accommodation.29 However, there is a lack of information 
regarding the pupil size measurement repeatability.

Additionally, Xu et al.18 observed excellent repeatability 
with the Scansys Scheimpflug-based corneal topographer 
(Scansys TA517 3D Anterior Segment Analyser, mediw​orks.​
biz/​en) for photopic pupil diameters (ICC = 0.956) and good 
repeatability for scotopic pupil diameters (ICC = 0.767). 
Kim et  al.19 also reported excellent repeatability with the 
Oculus Pentacam HR (penta​cam.​com) and the IOLMaster 
700 (zeiss.​com), with ICCs of 0.907 and 0.938, respectively, 
being obtained in a dark room.

Overall, the present results showed good repeatabil-
ity, with pupil size fluctuations being <1 mm in 95% of the 
measurements. Unfortunately, direct comparisons cannot 
be made with the previous literature as they have used ICC 
metrics. According to McAlinden et al.,20 the repeatability 
coefficient offers a more practical and clinically meaning-
ful measure of precision compared with the ICC, which 
should be avoided.

In addition, agreement among devices was assessed 
using the Bland–Altman test for repeated measurements. 
A noteworthy finding was that under low photopic condi-
tions, the smallest LoA intervals were observed between 
devices that shared similar designs. Comparisons between 
both binocular open-field devices (TT and HH PowerRefs) 
or between monocular closed-field devices resulted in the 
narrowest LoA intervals (about 2 mm). These results show 
that devices operating on similar measurement designs 
tended to produce more consistent results compared 
with devices using different principles. Furthermore, Guler 
Alis et  al.30 reported significant differences in pupil size 
obtained with the Plusoptix device when comparing bin-
ocular and monocular viewing (4.5 and 5.0 mm, respec-
tively). This may help explain the discrepancies observed 
between binocular open-field and monocular closed-field 
devices. All measurements in the present study were per-
formed binocularly without occluding the contralateral 
eye. However, in closed-field devices (AR and MS-39), the 
contralateral eye lacks a fixation target and was covered 
by the device itself. Therefore, this could be considered a 
“monocular” condition, potentially contributing to differ-
ences in pupil sizes between the types of devices.

There is limited literature regarding the agreement be-
tween the devices used in this study regarding pupil size 
measurement. However, other investigators have assessed 
this metric with different instruments. For example, Pérez-
Bartolomé et  al.31 compared the Anterion AS-OCT (busin​
ess-​lounge.​heide​lberg​engin​eering.​com) and Pentacam HR 
(both closed-field devices) for measuring pupil diameter 
in healthy eyes under “standard light conditions”, although 
the authors do not specify whether these conditions corre-
sponded to photopic, mesopic or scotopic lighting. They 
showed that the LoA ranged from −0.35 to 4.20 mm with 
a mean difference of 1.92 mm, which is similar to the mean 
difference obtained in the current study between the MS-39 
and AR instruments (1.919 mm). However, Pérez-Bartolomé 
et  al. concluded that the devices were not interchange-
able for pupil measurement. Kim et  al.19 also evaluated 
the repeatability and agreement of pupil diameter values 

T A B L E  4   Correlation between age and device measurement.

Instruments
Lighting 
conditions

Age

Pearson 
correlation p-Value

TT power refractor Low photopic −0.27 0.05

Mesopic −0.39 0.004

HH power refractor Low photopic −0.24 0.11

Mesopic −0.34 0.02

MS-39 AS-OCT Low photopic −0.27 0.045

Mesopic −0.27 0.048

AR Low photopic −0.27 0.046

Abbreviations: AR, autorefractor; AS-OCT, anterior segment optical coherence 
tomographer; HH, handheld; R Limit, repeatability limit; TT, tabletop.
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obtained with the Pentacam HR and IOLMaster 700, observ-
ing significantly different pupil diameters and a low degree 
of agreement (LoA interval of 2.46 mm). It should be noted 
that the subjects in that study were older than the sample 
in the current investigation (67.2 years vs. 27.5 years), which 
might have impacted the outcome.

Under mesopic conditions, agreement analysis revealed 
notable differences compared with low photopic condi-
tions. While the TT and HH PowerRefs continued to exhibit 
the smallest mean difference (−0.516 mm), the LoA intervals 
were more consistent across all device pairs. This contrasts 
with the findings under photopic conditions, where the LoA 
intervals were significantly wider for mixed comparisons 
(e.g., open-field vs. closed-field devices). This reduced vari-
ability suggests that mesopic conditions may reduce the 
influence of device-specific factors, which appear to play a 
larger role under photopic conditions. However, the mean 
differences between devices were significantly higher, rang-
ing from −0.516 to 1.466 mm. These results agree with the 
findings of Kanclerz et  al.,32 who studied the agreement 
between the Nidek ARK-1 autorefractor (nidek​-​intl.​com) 
and the Lenstar LS-900 biometer (haag-​streit.​com) for the 
measurement of pupil size of healthy eyes in dimly lit con-
ditions (the authors did not specify the exact illuminance). 
The mean difference between the devices was 0.90 mm, and 
the 95% LoA ranged between −0.80 and 2.60 mm, showing 
poor agreement between devices, which cannot be consid-
ered interchangeable for this parameter.

Considering that pupil size is an ocular parameter that 
plays a major role in several ocular treatments,2–6 clinicians 
should be mindful of the advantages and limitations of the 
chosen instrument for pupil size assessment, focusing on 
the patient's characteristics. In this regard, devices such as 
the Plusoptix A12C and TT PowerRef are not recommended 
for older patients with smaller pupil diameters,33 particu-
larly under photopic conditions. The rationale behind this 
observation is the floor effect observed at around 3 and 
4 mm pupil diameters, which not only limits the accuracy of 
these devices in this population but also potentially reduces 
repeatability and agreement with other devices that have a 
wider measurement range. As closed-field pupillometers, 
such as the AS-OCT MS-39 and the NIDEK Tonoref III, may be 
able to capture a wider range of pupil sizes with greater pre-
cision, agreement between these devices could be affected. 
Given these considerations, it is essential to select carefully 
the appropriate device based on the population and testing 
conditions to ensure reliable and accurate measurements.

On the other hand, the decrease in pupil diameter asso-
ciated with age has been reported extensively.34,35 For this 
reason, correlations between age and pupil size under dif-
ferent light conditions were assessed. Under photopic con-
ditions, previous studies found that the difference in pupil 
size between younger and older subjects was minimised. 
As expected, the results showed negative, moderate cor-
relations for both mesopic and low photopic conditions. 
Moreover, these correlations were stronger under mesopic 
conditions, as previously found by Guillon et al.36

This study has several limitations that should be ad-
dressed. First, measurements were taken under controlled 
low photopic and mesopic conditions, which may not fully 
replicate real-world scenarios. Second, confounding fac-
tors such as age, refractive status or pupil dynamics were 
not taken into account, which could have affected the 
outcomes. Additionally, the diversity of participants was 
limited, restricting the generalisability of the results to 
broader populations. Finally, although good repeatability 
of pupil size has been reported in the literature,14,18,19 it is 
important to note that obtaining an exact determination 
of the pupil size is challenging due to constant variations 
during the measurement process.37 Therefore, future stud-
ies should address these factors to provide a more compre-
hensive assessment of the devices.

In conclusion, this study highlights the varying degrees 
of repeatability and agreement depending on the lighting 
environment and the type of device used. While open- and 
closed-field pupillometers can provide reliable and repeat-
able pupil size measurements, their agreement depends on 
the ambient lighting. Under low photopic conditions, de-
vices having the same measurement principle showed nar-
rower LoA intervals, suggesting closer agreement, whereas 
different types of devices exhibited greater variability, limit-
ing their interchangeability. Under mesopic conditions, LoA 
intervals were more consistent across all pairings, although 
the mean differences observed between devices were rel-
atively high. These results emphasise the need for caution 
when comparing or interpreting measurements across in-
struments and encourage further investigation into the fac-
tors influencing measurement discrepancies.
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