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Harnessing the Power
of Automation with
the Chronos Binocular
Refraction System

The combination of binocular
autorefraction and automated
subjective refraction in a single
instrument makes Chronos an
efficient tool for optimising the
process of refraction.

By Prof. Mehdi Shajari

Despite the giant strides that have been made
to improve patient outcomes in the field of
ophthalmology, uncorrected refractive error
remains one of most pressing causes of poor
vision globally. In 2020, around 86 million
people and 2.3 million people were estimated
to be suffering from moderate to severe vision
impairment and blindness, respectively, due
to uncorrected refractive error (1). These
numbers illustrate how the burden of an
ageing population is impacting the ability
of healthcare systems around the globe to
deliver even the most basic of ophthalmic
services: timely refraction and accurate glass
prescription. A shortage of trained personnel
and inefficient screening represent major
areas of improvement in the detection of
untreated refractive errors (2, 3). Tackling this
challenge requires the process of refraction to
be optimised, so that a large volume of patients
can be tested, while still ensuring that each
patient receives the correct optical correction.
This calls for looking beyond the traditional
methods of refractive error detection and
developing new technologies with improved
speed and accuracy, that can be operated by
clinical support staft for greater outreach.

The current paradigms in refraction
Refractive errors can be measured using

objective or subjective methods. Objective
refraction is based on the optical properties
of the eye, while subjective refraction is
determined by neurological factors, such as
depth of focus and blur sensitivity, in addition
to optical factors (4, 5).

Retinoscopy is considered the gold
standard for objective refraction; however, it
relies on examiners being proficient in a skill
that can take years to master, and patients
can find the bright light uncomfortable. In
the 1970s, the advent of autorefractometers
brought about a paradigm shift in objective
refraction due to their speed and ease of use.
Furthermore, autorefractors showed good
reliability and repeatability, and were validated
as a start point for subjective refraction
(6-8). This led to autorefractors replacing
retinoscopy for most clinical scenarios. Over
the years, autorefractors have undergone
several refinements in working principle
and optical design. Modern autorefractors
are based on various measurement principles,
including photorefraction, Scheiner disc
principle, and wavefront analysis, that show
good agreement with subjective refraction
(5). Additional design features, such as inbuilt
fogging and an open-field view; can further
increase accuracy and repeatability.

Blur minimisation, performed using a
trial frame or phoropter and presenting a
variety of lenses, is the most widely used
method of subjective refraction. Since
subjective refraction is based on patient input,
the resulting spherocylindrical correction
provides optimal visual acuity and maximum
comfort. For this reason, subjective refraction

is considered the gold standard for the
measurement and correction of refractive
errors. However, the inherent subjectiveness
of patient responses and the possibility of
examiner bias imparts higher variability to
subjective refraction when compared with
objective methods (9). Advances in subjective
refraction aim to decrease variability, while
maintaining accuracy and reducing test
times. Various novel technologies, such as
algorithm-based methods and self-refraction
devices, are being investigated, although the
current iterations of these technologies show
less precision when compared with standard
manual subjective refraction (10, 11).

Optimising refraction with the Chronos
automated binocular refraction system
'The Topcon BV-1000 was the first hybrid
device that combined objective and subjective
refraction in a single instrument. It performed
binocular refraction using automated testing
algorithms based on patient responses (12).
"The same core concepts have been refined for
the development of Topcon's next-generation
automated binocular refraction system — the
Chronos.

Improved testing efficiency

Featuring two autorefractors (one for each eye),
one phoropter, and two visual acuity charts
(one for each eye), the Chronos binocular
refraction system (Topcon Healthcare, Tokyo,
Japan) enables clinicians to perform objective
refraction, subjective refraction, visual acuity
testing, and keratometry, using a single
device (Figure 1). Since patients do not need

to move from one device to another, testing
with Chronos improves patient convenience,
especially for those with mobility issues, and
reduces time wasted travelling between
various instruments. In initial studies, testing
with Chronos resulted in statistically faster
subjective refraction, with test durations
reduced by approximately 10%, on average
(13).

Additionally, the Chronos features two
modes for conducting subjective refraction: a
standard mode, where the device is operated as
a conventional digital phoropter,and a fully-
automated mode, utilising the proprietary
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Figure 2. Guided refraction with the Chronos SightPilot

Figure 1. The Chronos automated

binocular refraction system.

SightPilot™ Guided
Refraction System.
SightPilot™ is
a unique testing
algorithm that guides
operators through
the steps of subjective
refraction based on patients’
responses (Figure 2).
This streamlines
workflows for refractive
error assessment,
further reducing testing
durations, and enables refraction to be
partially delegated to clinical support staft,
allowing ophthalmologists to devote more
time to detailed clinical examination and
thorough patient counselling.

Enhanced reliability with binocular
refraction

While automated and all-in-one testing
is designed to reduce the time spent on
refraction, the binocular refraction system
of the Chronos ensures that increased testing
speed does not compromise measurement
accuracy and precision.

Traditionally, refraction is performed
monocularly by testing one eye at a time,
while occluding the non-tested eye; this
breaks binocular fusion and stimulates
accommodation, leading to possible
inaccuracies in refractive error estimation due
to over-minusing (14). Binocular refraction
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offers advantages over monocular refraction
by presenting a more natural viewing state
that minimises the interruption of fusion
and reduces the influence of accommodation
on refractive error measurements. This
prevents overcorrection or under-correction
of ametropia, especially in eyes with
higher refractive errors (15). However, the
conventional binocular refraction procedures
involve the dissociation of images between
tested and non-tested eyes, making them
more bi-ocular than binocular (14).

The Chronos improves upon these
limitations with a unique ‘binocular lock
mechanism. A target image is displayed to both
the tested and non-tested eye simultaneously,
which preserves binocular fusion, while a
separate image of the visual acuity chart is
presented only to the tested eye. With both
eyes unoccluded and fixating, refraction can
be performed under truly binocular conditions
reflective of patients’daily vision. Auto-fogging
with a ‘rotary prism technology’is utilized to
control accommodation, further increasing
the accuracy of refractive error assessment.
Predictably, the Chronos has been found to
have good agreement with standard methods
of objective and subjective refraction in
previous studies (4, 13).

Clinical experience with the Chronos

Intrigued by the possibility of offering an
enhanced testing experience to my patients, I
conducted a retrospective study on outcomes
with Chronos in patients reporting for routine
clinical check-up at my practice in Frankfurt,
Germany. Refraction with a standard method
(objective refraction with the Nidek AR-1s

Sphere Cylinder
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Figure 3. Bland-Altman plots comparing
measurements between standard and

Chronos methods.
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autorefractor and manual subjective refraction
with digital phoropter) was compared to
binocular objective and subjective refraction
with the Chronos method. A total of 60
eyes of 30 patients (mean age 38.0x15.4
years; range: 19—80 years) were included.
Noncycloplegic testing was performed, first
with the standard method then with the
Chronos method, with the autorefraction
values serving as starting points for subjective
refraction. All tests were performed by a
single examiner to reduce bias.

We observed that objective and subjective
measurements with Chronos showed no
statistically significant differences when
compared to those obtained by the standard
method (Table 1). Horizontal and oblique
cylinder vector values (JO and J45, respectively)
also showed no statistically significant
differences between Chronos and standard
methods for objective (JO: 0.097+0.47
versus 0.086+0.41, respectively, p=0.94; J45:
0.033+0.48 versus 0.064+0.47, respectively,
p=0.21) and subjective (JO: 0.031+0.42
versus -0.034+0.44, respectively, p=0.54; J45:
0.040+0.49 versus -0.082+0.49, respectively,
p=0.47) measurements. Mean absolute
difference between spherical equivalent (SE)
values obtained by Chronos and standard
methods showed no statistically significant
differences between eyes grouped by manual
subjective cylinder power (<-0.50 D or > -0.50
D) or by patient age (< 40 years or > 40 years).

Measurements obtained with Chronos were
slightly more myopic than those obtained by
standard method for sphere and SE (Table 1);
more myopic SE values with Chronos have also
been observed in previous studies (4, 13). This
is likely due to the closed-view autorefractor
used in the Chronos, as closed-view devices
show tendency towards more myopic values
when compared to open-view autorefractors
(16). However, Chronos’ binocular refraction
system evidently counteracts the proximal
accommodation stimulated by the closed-
view autorefractor, ensuring that measurement
differences are not statistically significant
(Table 1). Previous studies on the Chronos also
reported no statistically significant differences
in SE, J0,and J45 values obtained by Chronos
and standard methods (13).

Table 1. Objective and subjective measurements (mean+SD) obtained with standard method (Dr Vision

clinic method) and Chronos method. P values calculated using Wilcoxon signed-rank test.

OBJECTIVE
Mean
Confidence
Absolute
nterval Difference
n Dr Vision Chronos p value Lower Upper
Sphere 60 -1.90£3.0 -1.94+3.0 0.358 -7.56E-05 0.25 0.28
Cylinder 60 -1.05:07 -1.01:0.9 0.639 -0.125 0.25 03
SE 60 -2.42+31 -2.45+3.2 07 -0.06 0.25 0.34
SUBJECTIVE
Mean
Confidence
Absolute
nterval Difference
n Dr Vision Chronos p value Lower Upper
Sphere 58 -2.19+3.0 -2.27+31 0055 -4 67E-05 025 027
Cylinder 58 -1.08:0.8 -1.03+0.8 0118 025 6.08E-06 016
SE 58 -273+32 279432 0161 -5.96E-05 0185 029

Table 2. Distribution of eyes by degree of concordance between standard method (Dr Vision clinic

method) and Chronos method.

Difference
between Dr

Vision and Sphere Cylinder SE

Chronos
values

Objective Subjective Objective Subjective Objective Subjective
n=60 n=58 n=60

High
concordance
(difference
<0.250)

Medium
concordance

(difference 16(267%)  9(15.5%) 8(13.3%) 5 (B.6%) 17 (28.3%) 18 (31.0%)

=0.25and =0.5
L)

Weak
concordance

(difference 2(3.3%) 3(5.2%%) 2(3.3%) 1(1.7%) 5(8.3%) 4(6.9%)

=0.5 and =0.75
D)

No

concordance 1(17%) 0(0%) 2 (3.3%) 0(0%) 4(6.7%) 0(0%)

(difference
»0.75D)

41(68.3%)  46(79.3%) 48 (80.0%) 52 (89.7%) 34 (56.7%) 36 (62.1%)

n=58 n=60 n=58

The concordance between Chronos and
standard methods was assessed as high,
medium, weak, and no concordance for
measurement differences of < 0.25D, > 0.25
and<0.50D,>0.50and <0.75D,and > 0.75 D,
respectively. In the majority of eyes, differences
between both methods were < 0.25 D for both
objective and subjective measurements (Table
2). Rates of high concordance were lesser for
objective measurements than for subjective
measurements; this could be attributed to

differences in the measurement principle
and optical design of Chronos and the Nidek
AR-1s autorefractor. However, greater rates
of high concordance in subjective end points
obtained by Chronos and standard methods
suggests that optical correction measured by
the Chronos has good accuracy for use in
routine clinical practice.

Bland-Altman analyses showed good
agreement between both methods (Figure
3). Objective measurements showed near

zero systematic bias, while subjective
measurements showed small but statistically
and clinically insignificant systematic bias.
No proportional bias was observed. This
is consistent with previous studies on the
Chronos that also reported good agreement
between Chronos and standard refraction
techniques, with minimal systematic bias and
no proportional bias (4, 13). In the current
study, limits of agreement for subjective
measurements and for objective sphere
measurements were similar to those observed
between other refractive methods (17), while
limits of agreement were wider for objective
cylinder measurements.

Measurements with Chronos and standard
methods were also strongly correlated with
each other for objective sphere (r = 0.993,
p<0.001) and for subjective sphere (r=0.995,
p<0.001) and cylinder (r = 0.951, p<0.001).
Objective cylinder values obtained by both
methods were moderately correlated (r =
0.648, p<0.001). Coupled with the wider
limits of agreement for objective cylinder
noted on Bland-Altman analysis, this seems
to suggest that agreement between Chronos
and standard autorefractor may be lesser for
objective cylinder measurements.

On intra-method comparison of outcomes,
subjective sphere, cylinder and SE were slightly
more myopic than objective values with the
standard method (p<0.001,p=0.203,p<0.001,
respectively), as well as the Chronos method
(p<0.001, p=0.270, p<0.001, respectively).
With both methods, differences between
objective and subjective measurements were
<0.25 D (high concordance) in the majority
of eyes. Greater rates of high concordance
were observed with the standard method than
with the Chronos method (sphere: 74.1%
versus 63.8%, respectively; cylinder: 94.8%
versus 89.7%, respectively; SE: 62.1% versus
56.9%, respectively). Objective and subjective
values were strongly correlated with each other
with the standard method (sphere: r=0.994,
p<0.001; cylinder r=0.942, p<0.001) as well
as the Chronos method (sphere: r=0.995,
p<0.001; cylinder: r=0.694, p<0.001).

Conclusion
Binocular automated objective and subjective

refraction with the Chronos showed good
agreement with standard methods. Although
observations were derived from a small cohort,
these findings are consistent with available
literature on the Chronos. Due to a relatively
worse agreement with standard method for
objective cylinder values, it may be prudent, for
now, to employ the Chronos as a supplement
to, and not a substitute for, standard refraction
techniques. However, further studies in larger
cohorts are needed to arrive at a conclusive
opinion on its clinical utility.

At present, the evidence points towards
Chronos being a reliable and efficient tool for
refractive error estimation that can be critical
in the management of the global burden of
refractive errors. Binocular refraction with an
automated approach can streamline practice
workflows without compromising accuracy,
thereby empowering clinicians to maximise
patient outcomes and satisfaction.
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