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ABSTRACT
Purpose. Subjective push-up tests and dynamic retinoscopy are standard clinical accommodation tests. These are
inadequate for assessing if accommodation can be restored in presbyopes. Commercially available clinical autorefractors
offer potentially reliable methods for objective accommodation measurement. This study evaluated accuracy and
reliability of the Grand Seiko WR-5100K autorefractor for objective accommodation measurement in young adults.
Methods. Twenty-two subjects, aged 21 to 30 years (mean 25.6 � 2.26) participated. Three methods were used to
stimulate and measure accommodation: (1) subjective push-up test in free space, (2) a near target pushed-up on a
near-point rod and the response measured with the WR-5100K and a Hartinger coincidence refractometer (HCR), and (3)
a distant target viewed through increasing powered negative trial lenses and the response measured with the WR-5100K
and the HCR. Trial lens calibration procedures were also used to test the accuracy of the instruments.
Results. Average maximum accommodative amplitude with the subjective push-up test was 7.74 D � 0.36 D (mean �
SE). For a 5 D stimulus, accommodation of 4.68 D � 0.10 D (mean � SE) and 4.13 D � 0.09 D was measured with the
WR-5100K and the HCR, respectively. With a distant target viewed through a �5.00 D trial lens, the WR-5100K
measured 4.07 D � 0.09 D and the HCR measured 4.05 D � 0.09 D of accommodation. Maximum mean response
measured with trial lens-induced accommodation was 5.67 D � 0.15 D with the WR-5100K and 5.77 D � 0.18 D with
the HCR.
Conclusions. The subjective push-up test overestimated accommodative amplitude relative to the objective measures.
The WR-5100K showed good agreement in the responses measured for both pushed-up near targets and a distant target
viewed through trial lenses with the HCR, a widely used laboratory instrument. The Grand Seiko WR-5100K, a
commercially available instrument, has been demonstrated to be well suited for clinical, objective accommodation
measurement using a population of normal young adults.
(Optom Vis Sci 2007;84:879–887)
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Accommodation is defined as an increase in dioptric power
of the eye with an effort to focus at near.1,2 Clinically,
accommodative amplitude is usually measured using a sub-

jective push-up test. Although a subjective test provides important
information about near visual ability, it does not unequivocally mea-
sure the accommodative optical change in the eye. For example, a
multifocal intraocular lens (IOL) is not designed to allow accommo-
dation to occur, but to provide simultaneous distance and near vision
from the multifocality. When a patient with a multifocal IOL is tested

with a subjective push-up test, the patient may have similar distance
and near acuity without a perceptible change in blur. However, this
“range of vision” would clearly not be because of accommodation, but
rather a consequence of increased depth of field of the eye caused by
multifocality due to astigmatism or higher order aberrations and de-
crease in pupil size. Subjective measurements typically overestimate
objectively measured accommodative amplitude.3,4 A truly objective
measurement of accommodation requires no subjective assessment
from either the clinician or the subject.
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Accommodation can be measured objectively by measuring the
change in refraction of the eye with an autorefractor when the
subject accommodates from a distant to a near target. The differ-
ence between the distance and near refraction as measured by the
autorefractor is the accommodative response. This is an objective
measure of the dioptric change in the power of the eye and excludes
subjective factors such as depth of focus of the eye. The maximum
change in power that is achieved as the near target is brought
progressively closer to the subjects’ eye is the accommodative
amplitude.

Accommodative amplitude diminishes with increasing age
with the progression of presbyopia.5 As the mechanisms of ac-
commodation and presbyopia are elucidated,6 –12 ocular surger-
ies have emerged that are claimed to “restore” accommodation
to the presbyopic eye.13–16 These surgeries include implanting
scleral bands,13 replacing the natural, presbyopic lens with a
soft polymer,15,17 or introducing so-called accommodative
IOLs.16,18,19 These approaches aim to restore active accommo-
dation, i.e., a dynamic increase in dioptric power of the eye with
an effort to focus from far to near. New surgical devices and
procedures are not without risks, and a thorough cost/benefit
analysis is warranted.20,21 One accommodative IOL, the eyeo-
nics Crystalens, has received United States Food and Drug
Administration approval, and clinical trials are currently under-
way for other such IOLs and accommodation restoration pro-
cedures. However, few of these procedures are undergoing
rigorous objective testing to determine if they truly accomplish
what is claimed of them, namely restoring accommodation.
Distance corrected near visual acuities,14,16 subjective accom-
modative amplitudes measured with the standard clinical
push-up test,22,23 and patient satisfaction22 have generally been
used to evaluate clinical outcomes. Although these tests may
be important for understanding functional near vision, they are
inappropriate, inadequate, and inconclusive for evaluating the
ability of an accommodation restoration procedure to restore an
active and dynamic accommodative change in optical power of
the eye.24 –26

A number of studies have done objective, clinical accommoda-
tion testing of patients who have had accommodation restoration
surgical procedures or so-called accommodative IOLs.19,25–28

However, on the whole, these studies have used instruments that
are not generally available, require special laboratory setups or have
undergone modifications. However, studies are beginning to in-
clude more routine clinical procedures appropriate for clinical
trials.26,29 Further, small pupil diameters in older subjects and
bright Purkinje images reflected from the relatively flat, high re-
fractive index IOL surfaces can cause variability in the instruments
and difficulty with routine clinical use. These clinical challenges, or
lack of general availability of the instruments, present impediments
to the use of these methods in routine clinical practice.

The Hartinger coincidence refractometer (HCR) has long been
used to measure refraction and accommodation in humans and
animals.3,4,7–9,25,30–34 It is a Scheiner principle instrument in
which two mires projected onto the retina are aligned or displaced
laterally with respect to each other depending on the refraction of
the eye. The HCR is objective with respect to the subject, but
requires a simple, subjective vernier alignment task from the exam-
iner which is accomplished readily and accurately.4,31 The HCR is

capable of measuring through pupils as small as 1.1 mm.3,4,31

Although the HCR has proved to be a reliable and useful instru-
ment for accommodation studies, it is no longer commercially
available and so cannot be used in clinical trials.

Accommodation can be accurately and objectively measured
with an autorefractor; however, several special requirements exist.
The instrument should allow: (1) the subject to view a distant and
a near target while the refraction is measured; (2) the use of real
letter charts (as opposed to an internal target viewed through an
optical system); (3) the dioptric demand of the near target to
be adjustable to stimulate different accommodative demands; (4)
the far and near targets to be viewed binocularly; (5) refraction to
be measured on-axis, along the same line of sight as the targets are
viewed (because the eyes converge during accommodation); (6)
measurement through relatively small pupils (because pupils con-
strict during accommodation); (7) measurement without need for
a bite-bar or pupil dilation. Few commercially available autorefrac-
tors meet these fundamental requirements. So far as the authors are
aware only the Shin-Nippon SRW-5000 and the Grand-Seiko
WR-5100K open-field autorefractors meet all these requirements.
The instruments are nearly identical in design although the internal
optics of the Shin-Nippon SWR-5000 have recently undergone mod-
ification by the manufacturer.35 The WR-5100K analyzes the diam-
eter and shape of a ring of light projected onto the retina. A myopic
change in the eye increases the ring diameter and astigmatism distorts
the ring elliptically.

Distance refraction measurements with open-field autorefractors
have been shown to be reliable.36–38 Some accommodation studies
have been done with these open-field autorefractors,35,39,40 although,
none have systematically compared accommodative measurements
with another instrument recognized for accommodation measure-
ment or conducted testing with different accommodation protocols
and systematically validated these autorefractors for accommodation
measurement.

In this study, the WR-5100K and HCR were used to measure
accommodation in a young adult population. Young adults, as
opposed to prepresbyopes, were used because they have relatively
high, stable, and measurable accommodative amplitudes. This is
an appropriate subject population to determine if the instruments
are able to measure accommodation accurately. Accommodation
was stimulated using real near targets and trial lens-induced
defocus. Trial lens-stimulated and objectively measured accom-
modative amplitudes were compared with the accommodative
amplitude measured subjectively with the “push-up” test. A
trial lens calibration was performed with both instruments to
verify their accuracy. The two instruments were tested on the
same subjects using the same protocols to allow the WR-5100K
to be compared with the HCR, an instrument widely used for
accommodation testing. These tests were directed at under-
standing if the WR-5100K, a commercially available, clinical
autorefractor is suitable for objective accommodation studies. If
the WR-5100K is verified to be accurate, if the accommodative
amplitudes measured in a young adult population are similar
between the two instruments, and if the variance of the two
instruments is similar in the same population, this would serve
to validate the commercially available WR-5100K as an appro-
priate instrument for objective, clinical accommodation studies
for future clinical trials of accommodation restoration concepts.
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MATERIALS AND METHODS
Subjects

Twenty-two subjects, ranging in age between 21 and 30 years
(mean: 25.6 � 2.26) participated. Subjects, recruited from the
student body of the University of Houston, College of Optometry,
consisted of 12 women and 10 men and were required to have had
a full eye exam within a year. Informed consent was obtained in
accordance with the Declaration of Helsinki and institutionally
approved human subjects protocols. All subjects had no ocular
pathology, strabismus, or prior ocular surgeries and were cor-
rectable to 20/20 in each eye with contact lenses. Spherical
refractive errors ranged from �2.75 D to �5.75 D with a
maximum of �1.75 D astigmatism. Although the WR-5100K
can measure through spectacles, placing a trial lens over spec-
tacles causes reflections that can affect refraction measurements.
To avoid this, subjects were required to wear contact lenses if
correction was needed. Subjects with refractive errors wore their
habitual correction in soft contact lenses (except one, who wore
gas permeable lenses) to fully correct refractive errors including
astigmatism.

Instruments and Setup

WR-5100K Open-Field Autorefractor. Subjects were
seated at the instrument with their head stabilized in the instru-
ment chin rest and forehead strap. Room illumination was dimmed.
Subjects viewed far or near targets through the 12.5 � 22 cm open-
field beam splitter. The distant target was a printed Snellen equivalent
letter chart at 6 m illuminated with an adjacent desk lamp. The near
target was a star-like image suspended on a calibrated near-point rod
mounted on the instrument and illuminated with a book light. Mea-
surements were performed with 6.28 to 10.12 lux illumination.
Although this instrument allows a binocular open field of view, for
comparison with the other tests, subjects viewed the targets monocu-
larly with the contralateral eye patched. The WR-5100K is able to
measure through pupils 2.3 mm or larger in diameter.39 The instru-
ment software was set to a sensitivity of 0.01 D and a 12 mm vertex
distance for measured refractions. For each far or near target presen-
tation, five consecutive measurements were made. Occasional ques-
tionable measurements were detected by large amounts of cylinder.
Because refractive errors were corrected, large amounts of cylinder
suggested off-axis viewing or spurious reflections. If this occurred, the
measurement was repeated.

HCR. The subjects were seated in front of the instrument
with their head stabilized in a chin rest and forehead strap. Room
illumination was dimmed. The HCR is a monocular instrument
that is aligned with the eye to be measured, with no internal fixa-
tion target, but a visible measurement mire. An infrared (IR) pass
filter (Kodak Wratten filter 89B, high pass at 720 nm) was fixed in
front of the instrument to cut off most of the visible light entering
the eye, although the dim red measurement mires projected onto
the retina remained faintly visible. An IR-sensitive video camera
was inserted into the eyepiece of the instrument and the video
output fed to a video monitor, so measurements were made using
IR light. To present an external fixation target, a front silvered
beam splitter was mounted in front of the HCR at 45°. The distant
target was a printed Snellen equivalent letter chart at 6 m, illumi-

nated with an adjacent desk lamp. The near target was a near letter
chart mounted on a track illuminated with a book light. The
images of the far and near targets were seen, by the measured eye,
reflected off the beam splitter, and aligned with the HCR measure-
ment axis. The contralateral eye was patched. The HCR has a
resolution of 0.25 D3,4,25,31 and is calibrated to measure refraction
at a 14-mm vertex distance.

Procedures. Distance and near visual acuities were deter-
mined monocularly for each subject. Three methods were used to
stimulate and measure accommodation: (1) a subjective push-up
test in free space; (2) a push-up stimulus and the response mea-
sured objectively with the WR-5100K and the HCR; and (3) a
distant target viewed through increasing powered negative lenses
and the response measured objectively through the trial lenses with
the WR-5100K and HCR.

Calibration with Trial Lenses and IR Filter. Trial lens
calibration procedures were performed with both instruments to
test their accuracy. This was done by measuring trial lens-induced
refractive errors in unaccommodated eyes. For example, a �1 D
trial lens placed in front of the eye should produce a 1 D hyperopic
refractive change. Distance corrected subjects viewed a distant let-
ter chart with their left eye. An IR pass, visible cutoff filter (Kodak
Wratten 89B high pass 720 nm) was held in front of the right eye
to prevent the subject from seeing through the right eye, but
allowing the instruments to measure through the filter using IR
light. The nonseeing right eye was systematically defocused with
trial lenses from �6 D to �6 D in 1 D steps held in front of the
filter at the spectacle plane (vertex distance of 12 to 15 mm). The
distance refraction was subtracted from the refraction measure-
ments through the filter and trial lenses. For each trial lens power,
five measurements were made with the WR-5100K and three mea-
surements were made with the HCR.

Method 1: Subjective Push-Up in Free Space. Distance
corrected subjects were asked to focus on a 20/20 line of a near
letter chart at 40 cm, one eye at a time with the other eye occluded.
The subjects moved the chart slowly toward their eye while main-
taining fixation on the same letters until first sustained blur was
perceived. The distance of the letter chart from the eye was mea-
sured with a ruler. The reciprocal of this distance was recorded as
the amplitude of accommodation. Three measurements were
made for each eye.

Method 2: Objectively Measured Push-Up–Stimulated
Accommodation—WR-5100K Open-Field Autorefractor.
Distance corrected subjects were seated at the WR-5100K and
viewed the distant letter chart binocularly. Five baseline refraction
measurements were made over 5 to 10 s in the right eye. Then with
the left eye occluded, the near target was mounted along the line of
sight of the right eye on a near-point rod at 50 cm, 33 cm, 25 cm,
20 cm (corresponding to 2.00 D, 3.00 D, 4.00 D, and 5.00 D
accommodative demands). The subject was asked to focus on the
target and keep it clear and five refraction measurements were
made for each stimulus demand over 5 to 15 s. Push-up dioptric
demands higher than 5 D could not be presented with the instru-
ment’s standard near-point rod. This limitation has been overcome
by modification of the standard near-point rod, but was not used
here.41

HCR. Distance corrected subjects were seated at the HCR.
The left eye was occluded. Baseline refraction was measured three
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times in the right eye as the subject viewed the distant letter chart
reflected off the beam splitter in front of the instrument. The
subject viewed the near letter target mounted on a track reflected
off the beam splitter at 50 cm, 33 cm, 25 cm, 20 cm. The subject
saw the HCR mires superimposed on the image of the near chart,
and this remained so as the eye accommodated. At each distance,
the subject was asked to focus on the target and keep it clear while
three refraction measurements were made. HCR measurements
were read off an internal scale calibrated in 0.25 D steps. Although
this setup allows stimulus demands higher than 5 D, only push-up
amplitudes of up to 5 D were used to test the same conditions as
used with the WR-5100K.

Method 3: Objectively Measured Trial Lens-Stimulated
Accommodation—WR-5100K Open-Field Autorefractor.
Distance corrected subjects were seated at the WR-5100K with
their head in the chin rest. Room lights were dimmed. The subjects
wore a light weight, trial lens frame. With the left eye occluded,
increasing negative powered trial lenses were placed in the trial lens
frame at a 12-mm vertex distance in front of the right eye. The trial
lens powers were started at �1.00 D and increased in �1.00 D steps
up to �10 D. The subjects were asked to focus on and attempt to clear
the smallest line of letters they could see on the illuminated distant
letter chart through the trial lens. Subjects were instructed to look at
the larger letters in the letter chart as necessary to maintain acuity
because of minification of the letters. The refractive state of the eye was
measured five times each through the trial lens.

HCR. Distance corrected subjects were seated at the HCR
with their head in a chin rest. With the left eye occluded, subjects
viewed the distant letter chart reflected off the beam splitter
mounted on the front of the HCR. The subject saw the HCR mires
superimposed on the image of the far chart, and this remained so as
the eye accommodated. The subjects were asked to focus on the
relatively brightly illuminated near chart and ignore the dim mires.
The right eye was then progressively defocused by having the sub-
jects hold increasing powered negative trial lenses at approximately
12 mm in front of the eye. This was reliably accomplished, with
stability, as the subjects rested their elbow on the table and their
hand against the head rest. The trial lens powers started at �1.00 D
and increased in �1 D steps up to �10.00 D. The subjects were
asked to focus on and attempt to clear the smallest line of letters
they could see on the distant letter chart through the trial lens.
Subjects were instructed to look further up the letter chart as nec-
essary to maintain acuity because of minification of the letters. The
refractive state of the eye was measured three times through each
trial lens as the subjects viewed the letter chart.

Analysis. Only spherical refractions were used for analysis.
Although the WR-5100K provides sphere, cylinder, and axis, the
HCR generally only measures spherical power in the horizontal
meridian. Cylinder and axis can be determined with a separate
measurement from the HCR, but this was not done. For the WR-
5100K, cylinder measurements generally changed only minimally
(�0.25 D) with on-axis accommodation measurements. For the
objectively measured push-up test, accommodation was calculated
by subtracting the mean refraction measurement for each near
target distance from the mean baseline refraction measurement
from the distant target. For the negative trial lens-induced accom-
modation, if the subjects accommodated to exactly overcome the
trial lens power, then the refraction measured through the trial lens

should be close to the baseline (distance) refraction. Any positive
power (hyperopic refraction) measured through the trial lenses
represents a lag of accommodation. Accommodation was calcu-
lated as:

Baseline refraction � (trial lens power � lag)

� accommodative response

The WR-5100K and HCR measurements were compared using
Bland-Altman analysis.42

RESULTS

The WR-5100K and the HCR both showed linear calibration
curves through the trial lenses from �6 D to � 6 D which were
close to the ideal 1:1 line. The slopes for the calibration curves were
significantly different from one (WR-5100K: �1.065; p �
0.0001; HCR: �1.025; p � 0.0189). The deviation from the 1:1
line at higher negative trial lens powers is slightly greater for the
WR-5100K than for the HCR. The intercepts for these regression
lines were significantly different from zero (WR-5100K: 0.072;
p � 0.0062; HCR: �0.105; p � 0.0038;) (Fig. 1A). The individ-

FIGURE 1.
(A) Calibration of the WR-5100K and the HCR. Both instruments show a
relatively linear (close to the 1:1) line over the range of �6 D to �6 D. (B)
Mean vs. difference plot of refraction measured through the trial lenses
and infrared filter during the calibration procedure for the HCR and the
WR-5100K for all subjects.
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ual calibration data for all subjects compared using a mean vs.
difference plot for the calibration procedure with the two instru-
ments shows a mean difference of �0.18 D and a 95% limit of
agreement of 1.55 D.

The subjectively measured push-up accommodative amplitude was
compared with the WR-5100K and the HCR objectively measured,
trial lens-stimulated accommodative amplitudes (Fig. 2A, B). The
subjective push-up amplitude of 7.74 D � 0.36 D overestimates the
objective trial lens-stimulated measurements and the two objective
measurements agreed well (Fig. 2A). The subjective push-up test
showed a large range of accommodative amplitudes from 5.08 D to
10.71 D. The objective measurements showed smaller ranges
(WR-5100K: from 4.34 D to 6.77 D; HCR: from 3.92 D to 7.93
D) (Fig. 2B).

The objective stimulus response functions from all subjects for the
push-up and trial lens-stimulated accommodative responses measured
with the WR-5100K and HCR showed similar results (Fig. 3A, B). As

is classically described, objectively measured response amplitudes pro-
gressively lag behind the stimulus amplitude with increasing stimulus
demand for both trial lens and push-up–induced accommodation
(Fig. 3A). For trial lens-induced accommodation, an average maxi-
mum response amplitude of 5.67 D � 0.15 D (mean � SE) was
recorded with the WR-5100K and 5.77 D � 0.18 D was recorded
with the HCR (not significantly different; paired t test: p � 0.9903).

Push-up stimuli of up to only 5 D were used for both instru-
ments because of the inability to present a closer near target in the
WR-5100K. A comparison of the WR-5100K and HCR measured
response to the 5 D push-up and trial lens stimulus is shown in Fig.
3B. The results showed higher amplitudes of accommodation
with a 5 D push-up stimulus (WR-5100K: 4.68 D � 0.10 D;
HCR: 4.13 D � 0.09 D) than for the �5 D trial lens stimulus
(WR-5100K: 4.07 D � 0.09 D and HCR: 4.05 D � 0.09 D).
There was a significant difference between the two methods of
stimulating accommodation (push-up vs. trial lenses) for the WR-
5100K (paired t test: p � 0.002) but not for the HCR (paired t
test: p � 0.581). There was a significant difference between the
two instruments (WR-5100K vs. HCR) for the push-up stimulus
(paired t test: p � 0.0005), but not for the trial lens stimulus
(paired t test: p � 0.926).

FIGURE 2.
(A) Mean subjectively measured push-up accommodative amplitude and
mean maximum objectively measured accommodative amplitude mea-
sured with the WR-5100K and the HCR when accommodation was stim-
ulated with trial lenses. Error bars represent one standard error of the
mean. (B) Mean subjectively measured push-up accommodative ampli-
tude compared with mean maximum objectively measured amplitudes
measured with the WR-5100K and the HCR when accommodation was
stimulated with trial lenses.

FIGURE 3.
(A) Stimulus response functions showing the mean accommodative re-
sponses to push-up and negative trial lens stimulated accommodation
measured with the WR-5100K and the HCR for all subjects. (B) Compar-
ison of accommodative responses for the WR-5100K and HCR for a 5 D
stimulus. Paired t test results are a: p � 0.581; b: p � 0.002; c: p �
0.0005; d: p � 0.926. The * denotes statistically significant differences.
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Comparisons were made between the WR-5100K and the
HCR for push-up and trial lens-stimulated accommodation
and for the distance corrected refractive errors in all subjects.
The mean vs. difference plot for the push-up stimulus measured
accommodation with both instruments showed a mean differ-
ence of �0.24 D and a 95% limit of agreement of 1.17 D (Fig.
4A). On average, the HCR measurements show less accommo-
dation for each near push-up stimulus amplitude when com-
pared with the WR-5100K. The mean vs. difference plot for the
two instruments for trial lens-stimulated accommodation
shows a mean difference of 0.03 D with a 95% limit of agree-
ment of 1.26 D (Fig. 4B). The variability in the accommodative
responses measured by the two instruments increased with in-
creasing powered negative trial lenses. In addition, the ability of
both instruments to measure the baseline, distance corrected
resting refractions was compared. The mean vs. difference plot
for the two instruments for baseline, distance refraction (as
measured through the contact lens distance correction) showed
a mean difference of 0.18 D and a 95% limit of agreement of
1.18 D (Fig. 4C). The circled point in Fig. 4C is the subject
wearing a gas permeable contact lens. Measurements were more
variable and difficult to measure because of excessive movement
of the contact lens.

DISCUSSION

Open-field autorefractors have been used to measure accommo-
dation in prior studies and accuracy of refraction measurements
have been compared with retinoscopy, subjective refraction, and
closed system autorefractors.36–39,41 However, to our knowledge,
no prior study has compared the accuracy and precision of the
WR-5100K for accommodation measurement with another in-
strument using different accommodation testing protocols.

The trial lens calibration procedure is important for two reasons.
First, it is useful (and sometimes necessary) to verify the absolute
accuracy of an instrument. Second, to measure accommodative
amplitude with the trial lens protocol requires that the instrument
measure accurately through trial lenses as well as measuring the
accommodative response accurately. The slopes and intercepts of
the HCR and WR-5100K calibration lines are similar and close to,
although significantly different from, the 1:1 line. This means that
an emmetropic eye would be measured to have a resting refractive
error of �0.07 D by the WR-5100K and �0.11 D by the HCR,
that for a 6 D accommodative response there would be an overes-
timate of 0.32 D for the WR-5100K and 0.26 D for the HCR and
that accommodation measured through a �6 D lens would be
overestimated by 0.46 D for the WR-5100K and 0.04 D for the
HCR. These are relatively small errors as far as accommodation
testing is concerned, especially in young subjects with high accom-
modative amplitudes. The differences from the 1:1 line reach
statistical significance, in part, because the variance in the measure-
ments from both instruments is small. The calibration lines allow
corrections to be applied to the measured data if more accurate
clinical results are desired. The differences from the 1:1 line may
stem from variations in the internal calibrations of each instrument
and/or small differences in the vertex distance of the trial lenses and
the instrument measurement planes. Although the calibration pro-

cedures described here may be clinically laborious, performing
them in conjunction with routine accommodation testing pro-
vides important information on the performance, reliability, and
accuracy of an instrument and serves as a valuable verification
procedure.

FIGURE 4.
(A) Mean vs. difference plot of HCR and WR-5100K measured mean
accommodative response for objective push-up stimulated accommoda-
tion. (B) Mean vs. difference plot of HCR and WR-5100K measured mean
accommodative response for objective trial lens stimulated accommoda-
tion. (C) Mean vs. difference plot of HCR and WR-5100K measured
baseline, resting refraction for each subject as they viewed the distant
letter chart. The circled symbol represents the one subject wearing gas
permeable contact lenses.
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The WR-5100K and the HCR do not permit the stimuli to be
presented in the same way. The binocular, open field of view of the
WR-5100K allows presentation of a real far and near target. This
affords naturalistic viewing that may represent an ideal case for an
accommodative stimulus. To permit comparisons between the two
instruments, testing was restricted to monocular viewing with both
instruments and on-axis measurements of the viewing eye for the
real targets and trial lens stimulation. Responses to the 5 D
push-up stimulus are significantly greater for the WR-5100K than
for the HCR and the WR-5100K measured a greater response to
the push-up stimulus than to the trial lens stimulus. These differ-
ences may reflect the more naturalistic, open-field viewing condi-
tions afforded by the WR-5100K when used with the push-up
stimulus and the fact that the body of the HCR is in front of the
measured eye. The greater response measured by the WR-5100K is
not attributable to the calibration inaccuracies, which would pre-
dict an overestimate with the trial lens stimulus. The WR-5100K
used a near IR ring of light projected around the fovea,35,37,38,40

whereas the HCR used a set of three vertical lines of IR light
projected onto the fovea.31 A dim image of the mires is visible in
each case. The HCR mires are on the fovea and superimposed on
the visual stimulus. As the eye accommodates, the subject sees the
mires separate and defocus. The HCR mires may present a distrac-
tion, whereas the ring of IR light from the WR-5100K is less
perceptible as it is around, rather than on, the fovea. Sensory cues
in the different experimental setups could influence how the sub-
jects accommodate and could account for some of the differences
observed.

A different near target was used with each instrument; a black
star-like target on a white background for the WR-5100K and
black printed text of constant size on a white background for the
HCR. A near letter chart consisting of letters of decreasing angular
subtense may present a more compelling accommodative stimulus
than the constant size letters or the star-like target used here and
may result in higher amplitudes being recorded. The responses
measured to the push-up stimulus with the WR-5100K and star-
like target were higher than the responses measured with the HCR
and text target. It is unclear if this difference is because of the
characteristics of the target or differences between the target pre-
sentation in the two instruments. However, the intention was to
simply stimulate accommodation and to measure the response
with the two instruments, so the characteristics of the near target
are not critically important in this case. In addition the size or the
angular subtense of the target has been shown not to influence the
accommodative response amplitude.43

Stimulating accommodation with a push-up stimulus or with neg-
ative trial lenses are both effective and easy to use. These approaches
have been used in various studies of accommodation.39,44–46

The subjectively measured push-up amplitude overestimates the
objectively measured trial lens-induced accommodative ampli-
tude. This difference could be attributed to differences between the
subjective vs. objective measurement; the different stimulus con-
ditions (push-up vs. trial lens stimulated); and/or differences in
pupil diameters between the different testing conditions. When
measured objectively with the HCR, responses were not signifi-
cantly different for the 5 D trial lens vs. the 5 D push-up stimulus,
suggesting that this does not account for the difference. When
measured objectively with the WR-5100K, although the 5 D

push-up stimulus resulted in a significantly higher response than
the 5 D trial lens stimulus, this difference was small (0.61 D)
relative to the approximately 2 D difference between the sub-
jective push-up test and the objective trial lens measured
response amplitudes. Although pupil diameters were not mea-
sured and the illumination conditions were not identical for the
objective and subjective testing, the illumination conditions are
unlikely to account for the 2 D difference. Results strikingly
similar to those reported here were found in another study from
this laboratory in which the subjective and objective testing
were performed with the same targets and under the same illu-
mination.47 The push-up stimulus includes proximity and blur
cues and an increase in angular subtense of the target as it is
moved closer. Minus trial lens-induced defocus of a distance
target provides blur, but no proximal cues48 and results in mini-
fication of the distant target. However, it has previously been
demonstrated and is generally well recognized that subjective
tests, which inherently include the depth of field of the eye,
overestimate objectively measured accommodative amplitudes.3,4

Subjectively measured accommodation also significantly overesti-
mates the objectively measured responses in accommodation restora-
tion procedures.25,29

It would have been better to compare the maximum subjectively
measured push-up amplitude with the maximum objectively mea-
sured push-up amplitude. However, the standard near-point rod
on the WR-5100K does not allow the near-point target to be
pushed closer than 20 cm (5 D). This young adult population
would require a stimulus of more than 5 D to elicit maximum
accommodation. The WR-5100K standard near-point rod is at-
tached to the top of the frame surrounding the beam splitter in
front of the subjects’ eyes. The beam splitter limits how close the
near target can be positioned in front of the eyes. Modification of
the near-point target can allow a stimulus of up to 8 D.41

The increased variability in the accommodative responses mea-
sured with the higher power minus trial lenses (Fig. 4B) may be
because of nearing the maximum accommodative amplitudes in
these subjects as well as because of the trial lens-induced minifica-
tion of the image. Some subjects may find it difficult to accommo-
date to optically induced accommodative stimuli.45,48 However,
the otherwise relatively good agreement in the amplitudes mea-
sured by the two instruments suggests the performance of the two
instruments is comparable when accommodation is stimulated
with trial lenses.

Many types of presbyopia treatments are currently available that
rely on optical principles other than an active dioptric change in
power of the eye. Multifocal or diffractive contact lenses and IOLs
provide “pseudo-accommodation” by providing simultaneous far
and near vision to effectively increase the depth of field of the eye.
This is clearly not accommodation as defined by a change in di-
optric power of the eye. This study was directed at measuring a
true, active change in power of the eye that occurs with natural
accommodation or as would occur with a forward movement of an
IOL in the eye, for example. It would, of course be inappropriate
and impractical to attempt to apply the protocols and instruments
described in this study for assessing other kinds of presbyopia treat-
ments that do not rely on an active restoration of accommodation.

In conclusion, relatively simple, reliable, objective accommoda-
tion measurements can be performed with the WR-5100K, a com-
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mercially available, clinical autorefractor. These tests demonstrate
the validity of the clinical instruments for objective, clinical accom-
modation testing in a population of young subjects with high
accommodative amplitudes. Because older subjects represent the
target population of accommodation restoration concepts, addi-
tional testing should be conducted with the WR-5100K on older,
near-presbyopic, phakic subjects to determine the ability of the
instrument to measure low accommodative amplitudes when they
are present in subjects with small pupil diameters.49 The lower
accommodative amplitudes expected will require smaller stimulus
steps to be used and will require greater precision from the instru-
ments to be able to detect small changes. The smaller pupil diam-
eters in an older population may mean that the measurements are
more variable. In addition, unique challenges may exist in measur-
ing eyes with IOLs in which bright Purkinje image reflections can
occur because of high refractive index IOL materials. However,
excellent studies exist in which appropriate objective accommoda-
tion testing has been done using a Shin-Nippon clinical autore-
fractor that is very similar to the WR-5100K, in patients with
so-called accommodative IOLs to demonstrate the viability of this
kind of objective clinical accommodation testing.26,29 Such tests
will become increasingly important for future clinical trials of new
accommodation restoration concepts for improving the efficacy
and safety of these procedures.

ACKNOWLEDGEMENTS

We thank Mark Dehn and AIT Industries, Inc, for providing the WR-5100K.
This study was funded in part by NIH Loan Repayment Program to DWH,

NEI grant 1 RO1 EY014651 & GEAR grant to AG, NEI grant P30
EY07751 to the University of Houston, College of Optometry, NEI grant 5
T32 EY07024 to the University of Texas Health Science Center at Houston
(AG and LO) and a VRSG from the University of Houston College of Op-
tometry and an Ezell fellowships from the American Optometric Foundation
to SK and LO.

The authors have no commercial relationship or interests in AIT or Grand-
Seiko, Inc., Japan.

Received April 5, 2006; accepted April 17, 2007.

REFERENCES

1. Millodot M. Dictionary of Optometry and Visual Science, 4th ed.
Oxford: Butterworth-Heinemann; 1997.

2. Keeney AH, Hagman RE, Fratello CJ. Dictionary of Ophthalmic
Optics. Boston: Butterworth-Heinemann; 1995.

3. Wold JE, Hu A, Chen S, Glasser A. Subjective and objective mea-
surement of human accommodative amplitude. J Cataract Refract
Surg 2003;29:1878–88.

4. Ostrin LA, Glasser A. Accommodation measurements in a prepres-
byopic and presbyopic population. J Cataract Refract Surg 2004;30:
1435–44.

5. Duane A. Normal values of the accommodation at all ages. JAMA
1912;59:1010–13.

6. Helmholtz von HH. Helmholtz’s Treatise on Physiological Optics.
Southall JPC, trans-ed. Rochester, NY: The Optical Society of
America; 1924.

7. Kaufman PL, Bito LZ, DeRousseau CJ. The development of pres-
byopia in primates. Trans Ophthalmol Soc UK 1982;102(Pt 3):
323–6.

8. Koretz JF, Kaufman PL, Neider MW, Goeckner PA. Accommoda-

tion and presbyopia in the human eye—aging of the anterior seg-
ment. Vision Res 1989;29:1685–92.

9. Koretz JF, Kaufman PL, Neider MW, Goeckner PA. Accommoda-
tion and presbyopia in the human eye. Part 1: Evaluation of in vivo
measurement techniques. Appl Opt 1989;28:1097–102.

10. Glasser A, Campbell MC. Presbyopia and the optical changes in the
human crystalline lens with age. Vision Res 1998;38:209–29.

11. Glasser A, Campbell MC. Biometric, optical and physical changes in
the isolated human crystalline lens with age in relation to presbyopia.
Vision Res 1999;39:1991–2015.

12. Glasser A, Kaufman PL. The mechanism of accommodation in pri-
mates. Ophthalmology 1999;106:863–72.

13. Schachar RA. Cause and treatment of presbyopia with a method for
increasing the amplitude of accommodation. Ann Ophthalmol 1992;
24:445–7, 52.

14. Steinert RF, Aker BL, Trentacost DJ, Smith PJ, Tarantino N. A
prospective comparative study of the AMO ARRAY zonal-
progressive multifocal silicone intraocular lens and a monofocal in-
traocular lens. Ophthalmology 1999;106:1243–55.

15. Koopmans SA, Terwee T, Barkhof J, Haitjema HJ, Kooijman AC.
Polymer refilling of presbyopic human lenses in vitro restores the
ability to undergo accommodative changes. Invest Ophthalmol Vis
Sci 2003;44:250–7.

16. Cumming JS, Slade SG, Chayet A. Clinical evaluation of the model
AT-45 silicone accommodating intraocular lens: results of feasibility
and the initial phase of a Food and Drug Administration clinical trial.
Ophthalmology 2001;108:2005–9.

17. Koopmans SA, Terwee T, Glasser A, Wendt M, Vilupuru AS, van
Kooten TG, Norrby S, Haitjema HJ, Kooijman AC. Accommodative
lens refilling in rhesus monkeys. Invest Ophthalmol Vis Sci 2006;47:
2976–84.

18. Findl O, Kriechbaum K, Menapace R, Koeppl C, Sacu S, Wirtitsch
M, Buehl W, Drexler W. Laserinterferometric assessment of
pilocarpine-induced movement of an accommodating intraocular
lens: a randomized trial. Ophthalmology 2004;111:1515–21.

19. Schneider H, Stachs O, Gobel K, Guthoff R. Changes of the accom-
modative amplitude and the anterior chamber depth after implanta-
tion of an accommodative intraocular lens. Graefes Arch Clin Exp
Ophthalmol 2006;244:322–9.

20. Kaufman PL. Scleral expansion surgery for presbyopia. Ophthalmol-
ogy 2001;108:2161–2.

21. McLeod SD. The challenge of presbyopia. Arch Ophthalmol 2002;
120:1572–4.

22. Malecaze FJ, Gazagne CS, Tarroux MC, Gorrand JM. Scleral expan-
sion bands for presbyopia. Ophthalmology 2001;108:2165–71.

23. Qazi MA, Pepose JS, Shuster JJ. Implantation of scleral expansion
band segments for the treatment of presbyopia. Am J Ophthalmol
2002;134:808–15.

24. Glasser A. Restoration of accommodation. Curr Opin Ophthalmol
2006;17:12–18.

25. Ostrin LA, Kasthurirangan S, Glasser A. Evaluation of a satisfied
bilateral scleral expansion band patient. J Cataract Refract Surg 2004;
30:1445–53.

26. Wolffsohn JS, Hunt OA, Naroo S, Gilmartin B, Shah S, Cunliffe IA,
Benson MT, Mantry S. Objective accommodative amplitude and
dynamics with the 1CU accommodative intraocular lens. Invest
Ophthalmol Vis Sci 2006;47:1230–5.

27. Langenbucher A, Huber S, Nguyen NX, Seitz B, Gusek-Schneider
GC, Kuchle M. Measurement of accommodation after implantation
of an accommodating posterior chamber intraocular lens. J Cataract
Refract Surg 2003;29:677–85.

28. Mathews S. Scleral expansion surgery does not restore accommoda-
tion in human presbyopia. Ophthalmology 1999;106:873–7.

886 Objective Accommodation Measurement—Win-Hall et al.

Optometry and Vision Science, Vol. 84, No. 9, September 2007



29. Wolffsohn JS, Naroo SA, Motwani NK, Shah S, Hunt OA, Mantry
S, Sira M, Cunliffe IA, Benson MT. Subjective and objective perfor-
mance of the Lenstec KH-3500 “accommodative” intraocular lens.
Br J Ophthalmol 2006;90:693–6.

30. Hussein SS. Coincidence refractometer. The Hartinger type with or
against its use. Bull Ophthalmol Soc Egypt 1978;71:145–55.

31. Fincham EF. The coincidence optometer. Proc Phys Soc (London)
1937;49:456–68.

32. Croft MA, Oyen MJ, Gange SJ, Fisher MR, Kaufman PL. Aging
effects on accommodation and outflow facility responses to pilo-
carpine in humans. Arch Ophthalmol 1996;114:586–92.

33. Ostrin LA, Glasser A. Comparisons between pharmacologically and
Edinger-Westphal-stimulated accommodation in rhesus monkeys.
Invest Ophthalmol Vis Sci 2005;46:609–17.

34. Vilupuru AS, Glasser A. Dynamic accommodation in rhesus mon-
keys. Vision Res 2002;42:125–41.

35. Wolffsohn JS, O’Donnell C, Charman WN, Gilmartin B. Simulta-
neous continuous recording of accommodation and pupil size using
the modified Shin-Nippon SRW-5000 autorefractor. Ophthalmic
Physiol Opt 2004;24:142–7.

36. Gwiazda J, Weber C. Comparison of spherical equivalent refraction
and astigmatism measured with three different models of autorefrac-
tors. Optom Vis Sci 2004;81:56–61.

37. Mallen EA, Wolffsohn JS, Gilmartin B, Tsujimura S. Clinical evalu-
ation of the Shin-Nippon SRW-5000 autorefractor in adults. Oph-
thalmic Physiol Opt 2001;21:101–7.

38. Davies LN, Mallen EA, Wolffsohn JS, Gilmartin B. Clinical evalua-
tion of the Shin-Nippon NVision-K 5001/Grand Seiko WR-5100K
autorefractor. Optom Vis Sci 2003;80:320–4.

39. Nakatsuka C, Hasebe S, Nonaka F, Ohtsuki H. Accommodative lag
under habitual seeing conditions: comparison between adult myopes
and emmetropes. Jpn J Ophthalmol 2003;47:291–8.

40. Wolffsohn JS, Gilmartin B, Mallen EA, Tsujimura S. Continuous
recording of accommodation and pupil size using the Shin-Nippon

SRW-5000 autorefractor. Ophthalmic Physiol Opt 2001;21:
108–13.

41. McClelland JF, Saunders KJ. The repeatability and validity of dy-
namic retinoscopy in assessing the accommodative response. Oph-
thalmic Physiol Opt 2003;23:243–50.

42. Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1:
307–10.

43. Lovasik JV, Kergoat H, Kothe AC. The influence of letter size on the
focusing response of the eye. J Am Optom Assoc 1987;58:631–9.

44. Abbott ML, Schmid KL, Strang NC. Differences in the accommo-
dation stimulus response curves of adult myopes and emmetropes.
Ophthalmic Physiol Opt 1998;18:13–20.

45. Gwiazda J, Thorn F, Bauer J, Held R. Myopic children show insuf-
ficient accommodative response to blur. Invest Ophthalmol Vis Sci
1993;34:690–4.

46. Rosenfield M, Cohen AS. Repeatability of clinical measurements of
the amplitude of accommodation. Ophthalmic Physiol Opt 1996;16:
247–9.

47. Ostrin L, Kasthurirangan S, Win-Hall D, Glasser A. Simultaneous
measurements of refraction and A-scan biometry during accommo-
dation in humans. Optom Vis Sci 2006;83:657–65.

48. Stark LR, Atchison DA. Subject instructions and methods of target
presentation in accommodation research. Invest Ophthalmol Vis Sci
1994;35:528–37.

49. Win-Hall DM, Glasser A. Comparison between objective accommo-
dation measurements in early presbyopes using an autorefractor and
an aberrometer [abstract]. Invest Ophthalmol Vis Sci 2005;46:
ARVO E-abstract 721.

Adrian Glasser
College of Optometry, University of Houston

505 J Davis Armistead Bldg.
Houston, TX 77004

e-mail: AGlasser@uh.edu

Objective Accommodation Measurement—Win-Hall et al. 887

Optometry and Vision Science, Vol. 84, No. 9, September 2007


