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Background: Portable sphero-cylinder refraction is useful for remote medical missions and self-checking.

A novel, inexpensive, handheld optical scope with an internal vision chart and adjustable diopter lens, called the Moptim MRT-200, was
therefore validated.

Methods: Young, capable patients from a pediatric eye practice had dry refraction estimates with the Moptim MRT-200, Adaptica
2WIN photoscreener, and Monocular Retinomax compared with actual refined retinoscopy. Vector-converted sphero-cylinder refrac-
tions and the univariate ABCD Ellipsoid were used for comparison as well as monocular visual acuity.

Results: 206 racially diverse, high-risk refractive patients with median “Ellipsoid-Gap” of 3.5 had high correlation spherical
equivalent and similar ABCD Ellipsoid comparing Moptim MRT-200, 2WIN and Retinomax (Kruskal Wallis X*(5) = 4.2, p =
0.52) however the 61 patients with blur associated with Ellipsoid gap over 5.0 had better refractive accuracy with 2WIN and
Retinomax than Moptim MRT-200 (p < 0.001). Visual acuity with Moptim MRT-200 had a weak correlation (ICC.41 AND.47) and
a Bland-Altman mean difference of approximately 1 logMAR line less fine than the actual phoropter refraction.

Conclusion: Precise sphero-cylinder estimation with the Moptim MRT-200 was too complex for lay screeners and many young
patients, especially compared to 2WIN and Retinomax; however, rapid estimation of spherical refraction was feasible and valid.

Keywords: portable refraction, visual acuity, self-diagnosis, refractive comparison

Introduction

There are times when portable, non-expert refraction can be helpful. This can be checking your own eyes (self-
refraction') or testing on other subjects such as during remote medical missions.> There are several types of portable
autorefractors capable of estimating sphero-cylinder refraction. Some of them have been validated and compared™*
(Table 1). Portable refraction can include viewing distant or near objects through labeled powered convex or concave trial
lenses, particularly through certain portable skiascopy racks. Other methods include battery-powered, Safir method
autorefractors that are lighter and hand-held unlike a large assortment of table-top autorefractors that utilize Hartmann-
Shack Wavefront Aberrometry. Some hand-held also employ Hartmann-Shack technology. For the purposes of this study,
devices that attach to a stand, such as typical mechanical or digital phoropters, or table-top electronic autorefractors, are
not considered “portable”.

These refracting devices are not to be confused with other hand-held Brix refractometers which are intended to
determine the sugar content of fluids, lensometers that determine the refractive power of spectacles or contact lenses, or
devices to determine inter-pupillary distance.

After a refraction is estimated, the level of corrected visual acuity is often of interest. Most table-top and hand-held
automated autorefractors do not give a corrected visual acuity chart. On the other hand, chart visual can be estimated
through a skiacopy rack for near or far.
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Table |1 Hand-Held, Portable Sphero-Cylinder Refraction Devices (2025). Range is Instrument’s capacity from Myopic to Hyperopic,
Rx? Is Whether Output in Sphere, Cylinder and Axis; Yes or No

Device Method Proximity | Range Cost/ Weight Comment Rx?
uUsbD
Skiascopy rack (s) Direct view Near —12to +12D $130 75 gm Pure non-electric No
optical
Suresight 140° Wavefront Remote —S5to+7D Not listed | 900 gm No longer made No
Autorefractor
Moptim MRT-200 Internal view adjust Near —12to +6 D $180 195 gm Acuity chart No
Refractometro portatil Internal view adjust Near Not listed Not listed | 998 gm HandyRef-K Nidek No
iR76
EyeQue®’ Smartphone screen Near —10to +8 D $160 56 gm Inverse Shack No
tool Hartmann
Moptim Easy Ref HAR- Hartmann- Shack Near —10to +10 D | $3300 Not listed Not listed Yes
680
Moptim Easy Ref Pro Hartmann Shack Near —20to +20 D | $4995 Not listed Not listed Yes
QuickSee-Free Hartmann-Shack Near —13to +10D | $6900 750 gm Monocular Yes
Plenoptika8
QuickSee QSI.0-B Hartmann-Shack Near Not listed $6500 Not listed Binocular Yes
Plusoptix A20 & Al2 Infrared Remote ~7to+5D $6-8K 825 & 1010 Binocular Yes
photoscreener gm
SPOT VS-100 Infrared Remote —75to +7.5 D | $6-8K 1157 gm Binocular Baxter, Yes
photoscreener Hillrom
Adaptica 2WIN Infrared Remote —-I15t0 I5D $6-8K 840 gm Binocular, local Yes
photoscreener
Suoer SW-800 Infrared Remote —-75to +7.5D | $5100 800 gm Binocular, local Yes
photoscreener
Al-Optic Model SW700° | Infrared Remote -8 to +8 D $1300 805 gm Binocular, Al Yes
photoscreener
Mocular Medical Infrared Remote -7 to+7D $4200 800 gm Not listed Yes
photoscreener
QuickSee Pro Hartmann-Shack Near -3 to +10 D $12750 750 gm Monocular Yes
keratometry
Retinomax Safir Near -20 to +23 D $13,000 999 gm Monocular Yes
Keratometry

The accepted method for comparison of two spectacle refractions is to vector convert the sphero-cylinder (plus- or
minus cylinder notation) to JO, J45 and M (spherical equivalent) vector transformations'® each of which can be directly
and linearly compared with regression and Bland Altman. On the other hand, two spectacles with exact match JO might
have widely disparate J45 or M and then result in much blur as a poor match. We previously developed the ABCD
Ellipsoid method for univariate, blur-dependent comparison of two spectacle refractions.'''> A highly matching
spectacle such that the candidate spectacle only results in a one logMAR line blur (from 20/20 to 20/25) compared to
the target yielding an “A” match or an ellipsoid value of 1.0 or less. A candidate spectacle blurring 3 logMAR lines
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Figure | The Retinomax, the Moptim MRT-200, and the Adaptica 2WIN are compared.

compared to target would have an ellipsoid “B” match or value of 2.0. On the other hand, a different candidate spectacle
blurring by 6 logMAR lines (from 20/20 to 20/80) would yield an ellipsoid “C” match with an ellipsoid value of 3.0.

We obtained the novel, small, portable autoscreening device Moptim MRT-200 (Version 1.0, Shenzhen Certainn
Technology Co., Ltd., Shenzhen, China) and subjected it to refractive validation compared to the Adaptica 2WIN
(version 5.5.0, Adaptica, Padua, Italy) infrared photoscreener and the Retinomax (Righton, Japan) monocular autore-
fractor (Figure 1) in a group of young patients from a subspecialty pediatric ophthalmology practice.

Methods

Patients in this study had three dry refractions compared to their actual optimal refraction to determine relative refractive
performance as well as a visual acuity comparison. The actual refraction utilized effective, non-pharmacologic
13:1% to relax accommodation without dilating the pupils and thus avoiding the recognized mydriatic degrada-
tion in best-corrected visual acuity.

This evaluation of screening tests has institutional review for the Alaska Blind Child Discovery by WCG (Study
number 1365766) and is consistent with the Declaration of Helsinki and the Health Insurance Portability and
Accountability Act (HIPAA). Parents and participants gave age-appropriate consent.

techniques

Ellipsoid Gap

The “Ellipsoid Gap” for a group of patients is defined as a univariate, sphero-cylinder comparison of their actual
refraction to “optimal” plano-sphere “refraction” for right and left eyes utilizing the ABCD Ellipsoid method. Perfect
optical match has a gap of zero, while high myopic astigmatism for all patients or high hyperopic astigmatism for older,
minimally accommodating patients could have an Ellipsoid Gap of 10 units or greater. The Ellipsoid Gap is a unique,
univariate method to define and quantify blur as a result of low- or high- sphero-cylinder refraction.

Patient Selection

From November 2024 through February 2025, non-routine eye patients in a sub-specialty pediatric ophthalmology/adult
strabismus practice who were able to participate with phoropter refined retinoscopy as opposed to younger patients
ideally refracted with SBARS skiascopy.'* These cooperative patients were invited to add Moptim MRT-200 self-
adjusted refraction estimate to the other helpful refractive estimates, Adaptica 2WIN and Retinomax which were
presented in random order. Patients could have strabismus, nystagmus, some degree of developmental delay as long as
they could participate with gazing and communicating self-adjusted or assisted dialing of the Moptim MRT-200 device.
For some patients, dial was assisted by the technician slowly turning the dial while the patient viewed the screen and said
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“stop” when the clearest image was first noted. Patients with or without strabismus had binocularity measured with the
PDI Check autostereoscopic device. Some patients demonstrated sufficient understanding of spherical self-adjust that
they took extra time attempting to also estimate cylinder magnitude and even axis with the Moptim MRT-200. Some
patients had difficulty with fixation, alignment and pupil configuration thus failing to yield a binocular 2WIN refraction
estimate. For some of them, the dominant single eye and then contralaterally patched non-preferred eye were measured
using the monocular 2WIN function.

Two subsets of patients were selected for secondary comparison. For visual acuity, the group of patients with
Ellipsoid Gap less than 2 had visual acuity compared. For sphero-cylinder refraction, a particularly blurred group with
sufficiently high sphero-cylinder refractions that their Ellipsoid gap was greater than 5 had their refractions compared.

Actual Refraction and Refraction Estimates

These refractive estimating techniques are compared without cycloplegic drops to allow physiologic pupils. They are
compared to actual refraction determined with accommodation relaxed with deliberate fogging and then refined in the
phoropter to optimize visual acuity. Our fogging, accommodative relaxing techniques are known to relax more than 92%
of hyperopia uncovered by cyclopentolate 1% drops.'?

The Adaptica 2WIN (version 5.5.0) was used by manufacturer guidelines as adapted by ABCD during previous
validation efforts. Most patients viewed the twinkling fixation lights with the audio attractant, but these were switched off
if pupils were too small or if children with autism were upset by the noise. Plus-cylinder refractive estimate was
recorded. If sufficient strabismus was present to not yield a binocular result, then monocular readings were attempted
even with a No-Peeking eye patch over the sound eye. The 2WIN also reports pupil size and interpupillary distance.

The Retinomax was performed right eye, then left eye using the flower fixation target. Multiple readings were
averaged, and a plus cylinder sphero-cylinder estimate plus keratometry for each eye was attempted and recorded.

The hand-held monocular self-sphere adjustable device (Moptim MRT-200) was used according to accompanying
printed, translated directions and three YouTube videos. The instructions demonstrated how to estimate spherical
refractive error or determine if a cylinder of greater to 1 diopter was present, but not specifically how to determine
cylinder refractive error. The device is a hand-held scope with dimensions 4.7 x 5.5 x 18.5 cm weighing 195 grams
powered by three disposable AAA batteries. A larger figure of the internal, illuminated tumbling E vision chart was
generated and laminated highlighting the radial clock-hours for potential cylinder determination. The accompanying
smart phone data storage application was not utilized.

From limited English-language details of method, we developed specific techniques for which the following details
are added in addition to the Video Abstract (https://youtu.be/auQ-On82VpA). The Moptim MRT-200 device consists of
a single on-off button, a small external illuminated LCD screen with refractive error in 0.25 diopter steps starting with

+6.00 and going all the way to —12 by turning a dial on the opposite end as the eyepiece with multipurpose attached
covering cap. Inside the device is a high-resolution eye chart with optotype tumbling E representing visual acuity ranging
from logMAR 0.5 (20/63) to —0.4 (20/8). To the left side of the 10-line charts is 20/20 notation while the notation to the
right side is logMAR. To the left to the Tumbling E charts are two images of houses which come into focus while
reducing plus sphere by rotating the dial, with the upper image of a house coming into focus before the lower image of
a house. All around the houses and Tumbling E charts are clock dials to assist in being aware of astigmatism axis.
Patients were oriented by viewing our external, large laminated clear view of the internal Moptim MRT-200 chart.

The device was turned on and after several seconds the LCD screen shows some Mandarin language. Then the dial is
turned fully counter-clockwise until +6.00 appears. The patient views through the viewing screen of the Moptim MRT-
200 covering the non-tested eye with the loose covering eyepiece cap. The rotary diopter dial is slowly turned clockwise
either by the patient, or “assisted” by the tester if manual coordination was not sufficient. The patient was instructed to
look for the two houses and to either tell, or stop turning the dial, when the top house just begins to be clearly viewed.
The dial was then turned counterclockwise and then gradually clockwise until the top house just appeared clearest. The
screen diopter measure was recorded for that eye and the patient asked which line of Tumbling E optotypes the smallest
“E” shapes were readable. Then the same technique was repeated for the left eye.
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If the patient was particularly aware and capable of the methods, we attempted to determine sphero-cylinder
refraction with the Moptim MRT-200. The patient was shown the printed, enlarged image of the internal eye chart and
oriented to the concept of the clock dial. Then the right eye was tested with the left cap-covered and the dial turned
manually until the top house became clear. Then the dial was counterclockwise, then slowly clockwise from +6.00
toward minus clockwise until the first clock hour designation was determined clearest or boldest. The chart dial
clock hour was recorded with the corresponding diopter reading from the dial-adjusted LCD screen. Then the patient
viewed again, turning the dial further clockwise until the orthogonal clock-hour was the most bold/clear. The second
clear dial clock hour, and its corresponding diopter clock hour was recorded. The smallest Tumbling E visible was also
recorded for that eye and then attention was repeated for the left eye starting back at the +6.00 diopter from the fully
counterclockwise dial. Demonstration of the three different refractive devices and the actual refraction are shown on the
video abstract for this article (VIDEO: https://youtu.be/auQ-On82VpA).

Estimation of astigmatism spectacle took a calculation of what number of cylinder refraction degrees each eye had in

the plus configuration with the clock hour first noted bold/clear and converted to degrees by the following formula:

Degrees for Spectacles = Function of Patient-Reported Clock Hours (Decimal)
Degrees = (180/n)*acos(cos((m/6)* (hours-9))) (if trigonometric function uses radians).

One patient with moderately high astigmatism performed test re-Test sphero-cylinder refractive estimates with
Moptim MRT-200. These were then compared to the actual, refined refraction in the right and left eyes.

Refractive comparison is done on all completed patients and again on those with sufficiently high refractive error to
score a blurry Ellipsoid Gap of each eye greater than 5.0 chosen since these individuals generally would qualify for
disability due to vision impairment.

Patients were tested for their best, dry phoropter corrected monocular visual acuity on a calibrated M&S visual acuity
system using HOTV optotypes. This was then compared to their Moptim MRT-200 tumbling E visual acuity reporting the
smallest line they could resolve the shapes of the tumbling E. Visual acuity was also compared in a subset of the patients
with minimal refractive error determined by the Ellipsoid Gap less than 2.0.

Sample Size Estimation
Given a mean ABCD-Ellipsoid of 2.0 and a standard deviation of 1.5, with alpha of 0.05 and power of 0.8, the ability to
detect a difference of 0.5 would take a sample size of at least 142 patients (two-tailed).

Data Analysis

Patient characteristics are reported as proportions and typical appropriate descriptive statistics with attention directed to
whether data distributions are normal by Shapiro—Wilk and/or the Kolmogorov—Smirnov test. Data are then compared
with #-Test and/or Wilcoxon Ranked Sum test.

Results

Attempts at the three dry refraction estimates compared to phoropter, fogged, then refined actual refraction were
completed by 219 patients of whom 209 were less than 19 years old and 55 had strabismus and/or nystagmus. The
mean = S.D. age was 11.2 + 7.1 years and 120 were female. The racial/ethnic mix was Asian 16, Black 27, Hispanic 24,
Middle East 1, Alaska Native 22, Pacific Islander 28 and White 101. Developmental delay (autism, attention deficit
hyperactivity disorder, Down Syndrome, prematurity, cerebral palsy) was present in 58.

There was a difference in ability for devices to yield a refractive estimate based on severity of refractive error, pupil
configuration, ocular alignment and/or patient cooperation. 2WIN did not yield a refraction estimate in one eye of 4 and
both eyes in 8 while only 1 young patient could not provide any estimate with Moptim MRT-200 and a Retinomax gave
a reading in all patients. All three devices could be compared in 206 patients.

For patients who had a refractive estimate from each device compared to actual refraction, vector components JO, J45
and spherical equivalent M have Intra Class correlations (ICC) and Bland Altman (BA) analysis statistics shown in
Table 2 and Bland Altman graphs shown in Figure 2.
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Table 2 Bland-Altman and Correlation Statistics for Comparison of Sphero-Cylinder Vector Transformations J0, J45 and M for the Three Devices Moptim MRT-200 (M), the Adaptica
2WIN (2) and the Retinomax (R) for Right (R) and Left (L) Eyes in 206 Patients. ICC Is Intraclass Correlation with Mean, Lower Limit and Upper Limit Listed. Bland Altman Mean

Difference, with Lower and Upper Limits and Also the Standard Deviation of the Difference

Intraclass JO Cylinder Vector (n=36) J45 Cylinder Vector (n=36) Spherical Equivalent (M; n=205)
Correlation m-R m-L 2-R 2-L r-R r-L m-R m-L 2-R 2-L r-R r-L m-R m-L 2-R 2-L r-R r-L
ICC-mean 00.12 00.62 00.67 00.70 00.59 00.62 00.00 —0.42 00.74 0.56 00.75 00.54 00.78 00.78 00.83 00.76 00.77 00.81
ICC-lower —-0.10 00.37 00.45 00.49 00.33 00.37 —0.32 —0.67 00.48 00.28 00.56 00.27 00.41 00.49 00.66 00.50 00.25 00.11
ICC-upper 00.37 00.78 00.82 00.84 00.77 00.79 00.32 —=0.11 00.87 00.75 00.86 00.74 00.89 00.89 00.91 00.87 00.90 00.93
Bland-Altman

Mean diff 00.90 —-0.16 —0.11 —0.01 00.16 00.13 00.07 00.11 —-0.28 00.17 00.09 00.15 10.15 10.12 00.76 00.98 10.39 10.43
Lower limit —-1.08 —-1.53 —-1.14 -0.73 —0.87 —0.64 -0.75 —1.31 —-1.26 —0.65 —0.88 —0.65 -1.78 -1.89 -1.72 —-1.94 -1.42 —0.84
Upper limit 2.88 1.21 00.91 00.72 10.20 00.89 00.90 10.53 00.71 00.99 10.05 00.95 40.09 40.13 30.23 3091 40.20 30.70
S.D. diff 1.01 0.70 0.52 00.37 00.53 00.39 00.42 00.72 00.5 00.42 00.49 00.41 10.50 10.54 10.26 10.49 10.43 10.16

|e 32 JaydrWwNnyds



61:570T A30jowieyaydo e21u1D

ssdy

6SI€

Moptim

right eye left eye
s 0
o
L
T .
g | -
P -
@
<
Q -—
w
o ’ '
= | HES—

Moptin 14 Rightaye. P

Figure 2 Bland Altman plots comparing vector transformed sphero-cylinder dry refractions by three hand-held devices (Moptim) MRT-200, Adaptica 2WIN and Righton Retinomax to actual, refined phoropter refraction on 206 capable,

young patients.
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Ellipsoid and Ellipsoid GAP (n=206)
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Figure 3 The ABCD Ellipsoid for right and left eyes for (Moptim) MRT-200, Adaptica 2WIN and Righton Retinomax compared to actual refraction for 206 capable young
patients. At the far right is the Ellipsoid Gap showing the degree of uncorrected refractive blur for this cohort. In the box plots, x marks the mean.

The ABCD Ellipsoid was used as a univariate method to compare refractions, the descriptive statistics of which are
shown in Table 2. The “Ellipsoid-Gap” compared actual dry refraction candidate refractions to a plano sphere target for
all patients as a means of comparing the refractive error severity of this cohort of subspecialty pediatric ophthalmology
cooperative youth and young adult strabismic patients.

For right/left eyes, the “Ellipsoid Gap” for our 206 patients with data from all three devices, medians were 3.60/3.38,
interquartile ranges IQR1: 1.58/1.51, IQR3: 8.00/7.61, means 5.10+4.3/5.13+4.5 and maximums 17.1/17.6. There were
61 particularly blurred patients with Ellipsoid Gap greater than 5.0 while 41 other patients had their Ellipsoid gap or less
than 2.0. The right eye was tested first. The ellipsoid gap for Moptim MRT-200 did not correlate with age for right eye (r
(217) = 0.08, p = 0.22) but reached significant correlation for the left eyes (r(217) — 0.17, p = 0.01). The Ellipsoid Gap
can be viewed on the right sides of Figures 3 and 4.

The ABCD Ellipsoid was also used to compare each of the three refractive devices with actual refraction (Table 3).
For all 206 patients, the median ABCD Ellipsoid comparing device to actual refraction did not differ (Kruskal-Wallis X>
(5) = 4.2, p = 0.52). Patients with more profound refractive error but able to get a reading on 2WIN, Retinomax and
Moptim MRT-200 (n = 61) had much larger Ellipsoid Gap with an ABCD ellipsoid range from 5 to 21; these high
refractive error patients are then separately compared (Figure 4). For these particularly sphero-cylinder blurred patients,
the 2WIN and Retinomax outperformed the Moptim MRT-200 (Kruskal-Wallis X?(5) = 50, p < 0.001).

Several variables were analyzed by multi-variable analysis against the Moptim MRT-200 ABCD Ellipsoid: age,
gender, race, developmental delay, ABCD Ellipsoid for 2WIN and Retinomax and the Ellipsoid Gap for those n = 197
capable patients less than 20 years old. For right eye Moptim MRT-200 was only significantly influenced by Ellipsoid
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ABCD Ellipsoid Blur Cohort n=61
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Figure 4 The ABCD Ellipsoid for right (R) and left (L) eyes for (Moptim) MRT-200, Adaptica 2WIN and Righton Retinomax compared to actual refraction for 61 capable,
high refractive error young patients. At the far right is the Ellipsoid Gap showing the high degree (>5.0) of uncorrected refractive blur for this special cohort. In the box

plots, x marks the mean.

Gap (p <0.001). For the left eye Moptim MRT-200 was mildly influenced by Retinomax (p = 0.08) but mainly influenced
by ABCD Ellipsoid for 2WIN (p < 0.001) and Ellipsoid Gap (p < 0.001).

For the one moderately-high sphero-cylinder subject performing test re-Test twenty times with the Moptim MRT-200,
the Ellipsoid Gap was 5.25 for right eye and 3.74 for the left eye. The right eye/left eye ABCD Ellipsoid of each Moptim

Table 3 ABCD Ellipsoid Metrics Compared. The ABCD Ellipsoid Is a Univariate Combination of the
Three Vector Transformations J0, J45 and M Separated on the Basis of Induced Blur. The Ellipsoid Gap is
Defined as the ABCD Ellipsoid Between a Given Spectacle Refraction and Plano Sphere. Q| and Q3 are
Interquartile Ranges Around the Median and S.D Is Standard Deviation. The W-stat and p-value are
related to the Shapiro—Wilk Test for Normality of the Data Distribution. Test Retest is Repeated
Refraction Estimate for One Subject with Ellipsoid Gap of 5.25 Right Eye and 3.74 Left Eye

n =206 Moptim MRT-200 2WIN Retinomax | Ellipsoid Gap | Test Re-Test (x20)
Right Left Right | Left | Right | Left | Right | Left Right Left
Min 0.00 0.00 0.00 | 0.00 [ 0.00 | 0.7 | 0.00 0.00 0.54 1.08
Ql 0.89 0.89 093 | 0.96 1.08 I.16 1.58 1.51 1.57 2.00
Median 1.88 1.76 1.57 1.57 1.60 1.76 | 3.60 3.38 2.06 2.54
(Continued)
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Table 3 (Continued).

n =206 Moptim MRT-200 2WIN Retinomax | Ellipsoid Gap | Test Re-Test (x20)
Right Left Right | Left | Right | Left | Right | Left Right Left
Q3 333 2.71 267 | 277 | 233 | 227 | 8.0 7.6l 3.32 3.63
Max 6.92 6.67 630 | 644 | 4.16 | 463 | 17.06 | 17.61 3.84 4.54
Mean 2.28 2.05 1.95 | 2.04 1.90 1.90 | 5.10 5.13 2.31 2.8l
S.D. 1.71 1.60 1.47 1.53 1.38 1.18 | 4.34 4.52 1.02 1.04
NORMAL? No No No No No No No No Yes Yes
W-stat 0.92 0.90 082 | 089 | 080 | 085 | 0.88 0.87 0.93 0.94
p-value 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.13 0.22
alpha 0.05 0.05 0.05 | 0.05 | 0.05 | 005 | 0.05 0.05 0.05 0.05

Notes: Précis: The Moptim MRT-200 portable, diopter-adjusted, internal screen refractor performed similarly to 2WIN and
Retinomax for spheres but less well for higher astigmatism.

MRT-200 compared with actual refraction had median 2.06/2.54, IQR1 1.57/2.00, IQR3 3.32/3.63, and since normally

distributed, mean = S.D.: 2.31+£1.02/2.81£1.04 (Figure 5).
Visual acuity (Tumbling E recognition) with user-optimized dial on the Moptim MRT-200 was compared to best
corrected, patch-insured monocular visual acuity with actual refraction using a calibrated M&S system and isolated

ABCD Ellipsoid for test re-Test (n=20)
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Figure 5 ABCD-Ellipsoid number values (#) for right (R) and left (L) eyes comparing twenty repeated Moptim MRT-200 sphero-cylinder estimates of refractive error
compared to actual refraction for one astigmatic subject. The arrows indicated the Ellipsoid Gap degree of uncorrected blur for this subject.
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Figure 6 Bland Altman analysis of visual acuity comparing the Moptim MRT-200 internal Tumbling E chart to the actual phoropter refined refraction and HOTV optotypes on
a calibrated distance M&S screen. On the right are comparisons for 41 subjects with minimal refractive error represented by Ellipsoid gap less than 2.0.
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Figure 7 Box plots showing medians and interquartile ranges for logMAR visual acuity comparing the internal Tumbling E chart in the Moptim (MRT-200) with phoropter
refined actual refraction and a distance HOTV on the M&S system. The left shows all 175 comparable patients while the right shows 41 patients with minimal refractive error
such that Ellipsoid Gap was less than 2.0.

HOTYV optotypes. With the Moptim MRT-200, the patient either noted the adjacent value or the numeric sequence of
Tumbling E optotype lines as the “smallest size they could still see.” Visual acuity converted to logMAR is compared
with Bland Altman plots for all completed patients (n = 175) and for those with refractive error near plano sphere (n =
41) are compared in Figure 6. Box plots of compared logMAR visual acuity are shown in Figure 7. The correlation of
visual acuity between Moptim MRT-200 and refined phoropter M&S chart was only an Intra Class Correlation of 0.41
right eye and 0.47 left eye. The MRT-200 near acuity was about 1 logMAR line less fine than actual M&S distance visual
acuity.

Discussion

We compared an inexpensive, lightweight device with other state-of-the-art photoscreening and wavefront autorefractors
seeking the ability to estimate sphero-cylinder refractive error in young people. To our knowledge, this is the first peer-
reviewed comparison with other state-of-the-art pediatric refraction devices. The Chinese Moptim MRT-200 performed
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well in some ways, and less well in others, but appears to have merit for certain pediatric eye clinics and remote outreach
eye clinics.
We used not only the three recognized, reliable'® and repeatable'® sphero-cylinder vector transformations but also the

17,18

univariate, blur-related ABCD ellipsoid.'* Expensive, table-top autorefractors can be very accurate, while less

expensive devices have also been compared'® '

with many endorsing Retinomax and QuickSee. Autorefractors may
substitute well for subjective refraction in certain instances.”> Many studies only address cycloplegic refraction whereas
dry refraction enhanced by fogging® can yield immediate better visual acuity.>* In younger children, cycloplegic
Retinomax reduces the over-accommodation we also observed with our near devices and it was utilized in the landmark
MEPEDS and BPEDS studies.?® The intermediate-distance infrared photoscreeners are capable of giving precise sphero-

*26 and they have also performed well compared to the Retinomax.'? Therefore our use of 2WIN and

cylinder refractions
Retinomax for comparison with a new refractive device is appropriate and contemporary.

The Moptim MRT-200 requires much understanding by the screener, and cooperation by the patient to obtain and
sphero-cylinder estimation. On the other hand, it allows rapid observation of a wide range of spherical refractive error to
get a substantially blurred patient in reasonably refinable range. It is even possible to place a known, additional concave
or convex trial lens over the device to estimate a much wider range of high spherical refraction. To estimate spherical
refractive error, the Moptim MRT-200 was as quick as the 2WIN or Retinomax (usually about 5—10 seconds per eye). On
the other hand, the explanation of internal eye chart clock-hours, slow diopter dial turning and explanation of observed
changes took much longer to estimate sphero-cylinder refraction (over two minutes per eye even for test re-Test).

Despite our refractionist’s effort, these young patients still tended to over-accommodate during dry refraction
especially with the near proximity tools Retinomax and Moptim MRT-200. The remote, 1-meter distant 2WIN elicited
less accommodation, especially when the twinkling fixation lights were dimmed on the device. We noted that on their left
(second) eyes with Moptim MRT-200, the accuracy of refraction by ellipsoid match was correlated with age. Symmetric
extra accommodation of 1-3 diopters is often tolerated well by young children unless accompanied by accommodative
esotropia, however it can produce asthenopia in older patients.

The Moptim MRT-200 internal visual acuity chart was somewhat confusing for American children. With respect to
ceiling and floor optotype presentation, the Moptim MRT-200 showed extremely fine logMAR —0.4 resolution, but
probably should add a much coarser logMAR >1.0 option also. The Tumbling E optotype is recognized internationally
but children often confuse left and right, so an “up” a “down” and an “E” orientation in random order might simplify the
chart. The logMAR designations adjacent to each row were also confusing and might be better to just label with the
logMAR designation or international 6-meter denominator for international use.

Advantages and Limitations of the Moptim MRT-200: The device is sturdy and portable with easily obtained AAA
batteries. It can estimate sphero-cylinder refraction and visual acuity. It is fairly simple to estimate spherical equivalent
refraction. The cost less than $200 USD is an advantage. The disadvantages are the potential for over accommodation
and a complex process to determine cylinder power and axis. The format and labelling of visual acuity Tumbling E chart
require some explanation, also.

This study has several strengths including a diverse selection of young patients including race, ethnicity, developmental delay
and wide amblyopia/strabismus mix. The three refractive devices and the confirmation were under similar dry conditions but
attempting to limit over-accommodation. Visual acuity was compared with gold-standard monocular distance acuity.
Conventional JO, J45 and spherical equivalent were compared, but also the newer ABCD univariate ellipsoid method which
for the first ime is utilized to quantify uncorrected refractive error blur. Limitations of the study include testing within an eye exam
room rather than in a remote mission environment. We did not have each patient identify the orientation of Each Tumbling E but
rather asked them the smallest line they could see. Patients unable to complete one or more refractive tests were noted but
excluded from final analysis. Certain aspects of age and developmental delays were not quantified to allow correlation of all
factors.

Conclusion
The Moptim MRT-200 is affordable, portable and sturdy. It would not replace a 2WIN or Retinomax for remote mission
precise sphero-cylinder lay refraction. Though not simple to understand with respect to its internal acuity chart and
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astigmatism estimation, the Moptim MRT-200 could be useful for lay- or eye doctor quick estimation of a wide range of
spherical refractive error.

Clinical Trials Registry
Data Access: https://www.abcd-vision.org/references/MRT-200%20De-1D.pdf

Abbreviations

ABCD, Alaska Blind Child Discovery; Acos, arc cosine; BA, Bland Altman; Cos, cosine; D, diopter; E, Tumbling
E optotype; HIPAA, Health insurance portability and accountability act; HOTYV, bilaterally symmetric, non-copyrighted
visual acuity optotypes; ICC, intra class correlation; IQR, interquartile range; JO and J45, vector transformations of sphero-
cylinder refraction; logMAR, acuity notation the logarithm of the minimum angle of resolution; M, spherical equivalent
(sphere plus Y2 cylinder); M&S, brand of visual acuity monitor system developed by Joe Marino; SBARS, school bus
accommodation relaxing skiascopy; S.D., standard deviation; W-stat, Shapiro Wilks statistic for normality of data.
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