
Validation of OCT-based Crystalline Lens Thickness
Measurements in Children

Bret M. Lehman, BS, David A. Berntsen, OD, MS, FAAO, Melissa D. Bailey, OD, PhD, FAAO,
and Karla Zadnik, OD, PhD, FAAO
The Ohio State University, College of Optometry, Columbus, Ohio

Abstract
Purpose—To evaluate the validity and repeatability of crystalline lens thickness measurements
obtained by anterior segment optical coherence tomography.

Methods—Forty-seven normal children (mean age, 11.06 ± 2.30 years) had their crystalline lens
thickness measured with the Visante anterior segment optical coherence tomography (OCT) (Carl
Zeiss Meditec, Dublin, CA) and with conventional corneal touch A-scan ultransonography
(ultrasound) (Humphrey 820). The subjects’ right corneas were anesthetized, and their right eyes
were cyclopleged. Five ultrasound measurements were recorded per eye, and three Visante OCT
measurements were recorded per eye. Thirty-eight subjects had measurements at a second visit where
three additional Visante OCT measurements were recorded.

Results—The mean of the differences between the Visante OCT and ultrasound was −0.045 mm
(p = 0.017) with 95% limits of agreement from −0.29 to 0.20 mm indicating that the measurement
of crystalline lens thickness was slightly thinner with the Visante OCT. When validity was assessed
using only Visante OCT images that contained the corneal reflex, the mean of the differences was
0.019 mm (p = 0.11) with 95% limits of agreement from −0.091 to 0.13 mm. For the repeatability
of the Visante OCT, the mean of the differences between visit one and visit two was −0.008 mm (p
= 0.25) with 95% limits of agreement from −0.088 to 0.072 mm. Repeatability improved when
reassessed using only images that contain the corneal reflex; the mean of the differences was −0.0001
mm (p = 0.97) with 95% limits of agreement from −0.030 to 0.030 mm.

Conclusion—The Visante OCT is a non-contact instrument that is simple to use, and it provides
valid crystalline lens thickness measurements with excellent repeatability. Validity and repeatability
are optimized when the Visante OCT images contain the corneal reflex and a consistent corneal index
refraction is applied to the entire image.

Keywords
Anterior segment optical coherence tomography; crystalline lens; validity; repeatability; Visante
OCT

Accurate measurements of crystalline lens thickness are important to studies of myopia
progression,1, 2 refractive error,3 and ocular accommodation. A variety of methods are
available to measure the axial components of the eye. A-scan ultrasonography is the gold
standard for both clinical practice and research to measure the thickness of the crystalline lens.
The drawback of this method is that the ultrasound probe physically contacts the cornea and
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requires corneal anesthesia prior to measurement, making this method more challenging when
performed on children. In addition, precise positioning of the A-scan probe is difficult because
there is no distinct landmark that can be used to align the instrument with the cornea. It is not
surprising that A-scan ultrasonography has been shown to be insensitive to lens thickness
changes less than or equal to 0.75 D.4 Therefore, minimal changes in lens thickness due to
accommodation, lens growth, or index of refraction changes may go undetected when measured
using A-scan ultrasonography.

The Visante anterior segment optical coherence tomographer (OCT) (Carl Zeiss Meditec,
Dublin, CA) is a new instrument designed to image the anterior segment of the eye. It utilizes
low-coherence interferometry to create a detailed image of human tissue. Crystalline lens
thickness measurements can be made using the images captured by this instrument. The Visante
OCT is easy to use and does not require corneal contact, making it a more advantageous option
for studying children. The Visante OCT has previously been shown to be a reliable tool to
measure the anterior chamber angle,5,6 anterior chamber volume,7 and central corneal
thickness.8, 9 A recent study also used a model eye to assess the accuracy and validity of Visante
OCT anterior segment measurements and reported formulas that reduced errors when
measuring the model eye.10 To the best of our knowledge, no human studies have been
conducted to assess the validity and repeatability of the Visante OCT in the measurement of
crystalline lens thickness.

The current study assessed the inter-instrument agreement between the Visante OCT and
conventional A-scan ultrasonography (ultrasound) for the measurement of crystalline lens
thickness. The between-visit repeatability of measurements made with the Visante OCT was
also assessed.

METHODS
Subjects

Subjects were 47 children ages eight to 15 years who participated in a study of myopia
development and crystalline lens oscillations after saccadic eye movements. The Ohio State
University’s Biomedical Sciences Institutional Review Board, in accordance with the tenets
of the Declaration of Helsinki, approved the study protocol. Subjects were educated on the
purpose and the procedures of the study, and parental consent and child assent were obtained
before enrollment into the study. Data for this study were obtained from two visits. At the first
visit, the crystalline lens thickness was measured with A-scan ultrasonography and the Visante
OCT. A subset of 38 children had Visante crystalline lens measurements made at a second
study visit that was approximately two weeks after the initial study visit. No visits were
separated by more than three months.

A-Scan Ultrasound Measurement
Crystalline lens thickness was measured by corneal touch A-scan ultrasonography (Model 820,
Allergan-Humphrey, San Leandro, CA) using a focused transducer with a frequency of 10
MHz in semi-automatic mode. Cycloplegia was performed on the right eye of each subject
with two drops of 1% tropicamide separated by five minutesafter one drop of 0.5%
proparacaine. After 30 minutes, each subject’s right cornea was anesthetized with one drop of
0.5% proparacaine. Five consecutive measures were obtained by one examiner (MDB).
Ultrasound traces with small corneal or retinal peaks were deleted, and an effort was made to
select traces with good component definition. The mean of the five recordings of lens thickness
was used to compare to the measurements made by the Visante OCT.
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Visante OCT Anterior Segment Optical Coherence Tomography Measurement
The right eye was imaged with anterior segment optical coherence tomography (Zeiss Visante
OCT Model 1000, Carl Zeiss Meditec, Dublin, CA). Version 1.0 of the Visante OCT software
was used in this study. The Visante OCT is a non-contact, non-invasive, high-resolution device
that uses infrared light to image the anterior segment of the eye and measure intra-ocular
distances. The system uses a Michelson interferometer illuminated by partial or low-coherence
light from a 1310 nm superluminescent diode. A beam splitter creates two separate light rays,
one targeting the sample and the other targeting the reference mirror. A signal is detected only
when the reflections are nearly matched in time-of-flight. Similar to the scanning technology
of the ultrasound B-scan, the Visante OCT acquires multiple scans to create a two-dimensional
image. Low resolution images are produced from 256 A-scans in 125 milliseconds and a high
resolution image from 512 A-scans in 250 milliseconds.11

The scanning of the crystalline lens is a non-contact procedure in which the subject fixates on
an internal fixation target. Subjects were cyclopleged, as explained above, and images were
captured 30 minutes after instillation of the first drop. The crystalline lens was imaged on the
“anterior segment single” scanning mode for low-resolution images. Images gathered early in
the study did not always contain the “corneal reflex,” which the Visante OCT manual states is
an indication that the image is optimally aligned and appears as a central white line in the
image.11 Therefore, statistical analyses were performed for the entire dataset as well as for the
subset of only the images that contained the corneal reflex. Figure 1 is an image of the
crystalline lens with the corneal reflex captured by the Visante OCT. Three images of the right
eye were captured and stored for later analysis. Crystalline lens thickness was measured by a
single observer using the Visante OCT internal caliper system. In all cases, the thickest portion
of the crystalline lens was measured. The same protocol was followed at the second visit to
capture three additional images of the crystalline lens.

The Visante OCT software available for this study was designed to measure the ocular
components in the anterior chamber and the cornea. In order to obtain an image of the entire
crystalline lens, the focus of the instrument must be moved posterior to the cornea. If no
adjustments are made, Version 1.0 of the software attempts to locate the cornea by designating
both anterior and posterior corneal surfaces arbitrarily on the anterior portion of the crystalline
lens. The software assigns a refractive index of 1.000 (air) for all structures anterior to the
anterior corneal boundary, 1.388 (cornea) for all structures within the corneal boundaries, and
1.343 (aqueous) for all structures posterior to the posterior corneal boundary. To eliminate this
problem, the refractive index of the entire image was set at 1.388 (cornea) because this is the
refractive index available in the Visante software that is the closest to the indices of the
crystalline lens. This was accomplished by clicking “surfaces” under the “edit tab.” The entire
anterior corneal boundary was placed at the top of the screen, and the entire posterior corneal
boundary was placed at the bottom of the screen. Lens thickness measurements were made
only after these changes were completed.

Statistical Analysis
Statistical analyses were performed using SPSS, version 15.0 (SPSS Inc, Chicago, Illinois).
Validity was determined by comparing the average of the five A-scan measurements of each
subject to the average of the three Visante OCT measurements of the same subject at visit one.
The means were compared using a two-tailed paired t-test and the difference between the means
was compared to zero. Intersession repeatability of the Visante OCT was assessed by
comparing the average of three measurements of crystalline lens thickness at the first visit to
three measurements of crystalline lens thickness at the second visit. Repeatability was assessed
using difference versus mean plots as described by Bland and Altman.12 Bias of the method
can be characterized by comparing the mean difference between the instruments to zero. The
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degree of repeatability is expressed by the 95% limits of agreement (mean ± [1.96 × standard
deviation]).

To determine whether all three Visante OCT lens images were necessary to obtain the level of
repeatability that we report, we examined the improvement in intersession repeatability as the
number of images with the corneal reflex beam present increased. This was done by plotting
the standard deviation of the differences between visits as a function of the number of Visante
OCT images taken.

RESULTS
Forty-seven subjects completed the first visit, and thirty-eight subjects returned for a second
visit. The mean age (± standard deviation [SD]) of the subjects was 11.1 ± 2.3 years (range 8
to 15 years). The mean spherical equivalent refraction, as measured by cycloplegic
autorefraction, was −1.21 ± 2.33 D (mean ± SD). Of the 47 subjects, 22 were myopes and 25
were non-myopes. Myopia is defined as greater than −0.75D of myopia in both meridians.

Validity of Visante OCT Measurements
The mean crystalline lens measurement by A-scan ultrasonography was significantly thicker
than that measured with the Visante OCT (t46 = 2.49, p = 0.017). Figure 2 is a difference versus
mean plot for the two crystalline lens thickness measurements as suggested by Bland and
Altman (1986).12 The mean of the difference in crystalline lens thickness between the Visante
OCT and A-scan ultrasonography was −0.045 mm with 95% limits of agreement from −0.29
to 0.20 mm. When validity was reassessed using only the Visante images that contained the
corneal reflex, the mean of the differences was 0.019 mm with 95% limits of agreement from
−0.09 to 0.13 mm, and this was not a statistically significant difference (t21 = −1.66, p = 0.11).
Figure 3 is a plot of the validity of the Visante OCT using only the images that contain the
corneal reflex. Descriptive statistics are shown in Table 1.

Repeatability of Visante OCT Measurements
The mean crystalline lens thickness measured at visit one was not significantly different from
that measured at the second visit (t37 = −1.16, p = 0.25). The mean of the differences in
crystalline lens thickness between visits was −0.008 mm with 95% limits of agreement from
−0.088 to 0.072 mm. Figure 4 is a plot of the repeatability of all crystalline lens thickness
measurements made with the Visante OCT. When repeatability was reassessed using only the
images that contained the corneal reflex, the mean of the differences between visits decreased
to −0.0001 mm with 95% limits of agreement from −0.03 to 0.03, which was not statistically
significant (t24 = −0.040, p = 0.97). Figure 5 is a plot of the between-visit repeatability of
crystalline lens thickness measurements made with the Visante OCT when only images with
a corneal reflex were considered.

Figure 6 is a plot of the repeatability of Visante OCT lens measurements (the standard deviation
of the differences between visits) as a function of the number of images. The best repeatability
was obtained when all three images per session were included; therefore, to obtain the
repeatability that we report, at least three lens images with the corneal reflex present must be
obtained. Additional improvement in repeatability may be possible with additional images;
however, the limits of agreement with three images (± 0.03 mm) are already superior to those
found with ultrasonography.
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DISCUSSION
Accurate measurements of optical dimensions of the eye are important to studies in the
development of refractive error, crystalline lens growth, presbyopia, and cataract surgery. The
repeatability of partial coherence interferometry measurement techniques has been shown to
be better than A-scan ultrasound for axial length measurements.13 In our study, we
demonstrated validity and excellent repeatability through a novel use of the Visante OCT to
measure the thickness of the crystalline lens.

A-scan ultrasonography is currently used widely in pediatric research14–16 and the
instrumentation is typically more readily available than other systems that can measure
crystalline lens thickness, such as a Scheimpflug camera. Still, one might consider it to be
disadvantageous in a study of children due to the use of local anesthetics and direct physical
contact with the eye. In addition, the applanation technique may cause corneal indention and
distort ocular component measurements.17 Moreover, there is no landmark to provide precise
measurement of the same axial dimension. It is imperative to make precise axial measurements,
based on geometric optics and the Gullstrand #1 model eye, where a change of approximately
± 0.4 mm in axial length around emmetropia is equivalent to approximately a 1.00-D refractive
change. It has previously been reported that repeatability for ocular components should be
within ± 0.1 mm.18, 19 The repeatability of the A-scan ultrasound for the measurement of
crystalline lens thickness has been previously reported, and a summary is displayed in Table
2. Although the statistical analyses used across the studies in Table 2 are not consistent, all
studies show repeatability greater than ± 0.1 mm. In addition, Kurtz et al. showed that the A-
scan is sensitive to lens thickness changes only if they exceed 1.00 D using the conventional
hand-held technique.4 For the reasons stated above, a more accurate measurement technique
may be advantageous and necessary to effectively study lens thickness changes.

Index of Refraction
The Gullstrand #2 Simplified Schematic Eye establishes a refractive index for the crystalline
lens at 1.413. The Gullstrand #1 Exact Eye creates a heterogeneous lens with an index of 1.386
for the cortex and 1.406 for the nucleus.20 In vivo, the crystalline lens has a gradient refractive
index that increases from the cortex to the nucleus. Assigning one or even two refractive indices
to the crystalline lens is not physiologically accurate. We are aware that the index assigned by
the Visante OCT is neither equivalent to the lens refractive indices in the schematic eyes nor
to the refractive indices of our subjects’ crystalline lenses. However, the index of refraction
assigned to the cornea by the Visante software is 1.388, which is the closest option available
to the estimated Gullstrand values. By extending the boundary limits of the cornea in the
Visante OCT software, an index of refraction of 1.388 could be applied to the entire crystalline
lens.

Variability of the Visante OCT in Crystalline Lens Thickness
Ocular accommodation has been shown to increase the variability of lens thickness measured
by A-scan ultrasound.21 Therefore, adequate cycloplegia is necessary for repeatable crystalline
lens thickness measurement. Cycloplegia was achieved with the instillation of 1% tropicamide
as described in the literature.22 In comparison to A-scan ultrasound, the Visante OCT produced
significantly thinner measurements of crystalline lens thickness when the corneal reflex was
not present in the Visante OCT image, although the difference of 0.045 mm was less than the
best-reported repeatability of A-scan ultrasonography.23 One hypothesis that might explain
this result is that the refractive index assigned to the crystalline lens (1.388) using the Visante
OCT software was slightly greater than the refractive index underlying the assumptions made
in A-scan ultrasonography, causing the Visante OCT lens thickness measurements to be
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slightly thinner. This is inferred from the following formula: Thickness = Optical Path Length
÷ index of refraction.

Another possible reason for the small difference found could be that an off-axis portion of the
crystalline lens was measured with either of the devices, resulting in a slight error in the
thickness measurement. An off-center measurement produces a smaller measurement, and an
oblique measurement produces a thicker or thinner result. This error can be minimized with
the Visante OCT by capturing images with the corneal reflex and measuring the axial dimension
of the thickest part of the lens closest to the reflex. In contrast, an off-center measurement is
difficult to minimize with A-scan ultransonography because there is no way to ensure that the
thickest portion of the lens is consistently measured. In addition, the A-scan assumes a specific
velocity of sound as the sound waves pass through the ocular media. If the assumed velocity
of sound in the crystalline lens is the same as the actual velocity, the measurement made by
the A-scan will be physiologically accurate. This is of particular interest when studying children
because the velocity of sound through a child’s crystalline lens may differ slightly from the
velocity of sound through an adult’s crystalline lens.

Finally, the known repeatability of the A-scan biometry for the measurement of crystalline lens
thickness ranges from ±0.120 to ±0.200 mm,23 demonstrating that A-scan measurements are
less precise than the Visante OCT in this study. This means that if this experiment was repeated,
a different average thickness of the crystalline lens would possibly be found with A-scan
measurements. The largest difference between the Visante OCT and the A-scan reported here
(0.045 mm) may not be clinically meaningful because the difference is less than the reported
repeatability of A-scan.

The A-scan ultrasound and the Visante OCT did not produce significantly different
measurements of crystalline lens thickness when the results were analyzed using only Visante
OCT images in which the corneal reflex was visible. The mean of the differences in crystalline
lens thickness measurements between the instruments including all subjects was −0.045 mm
as compared to 0.019 mm when only the images with a corneal reflex were analyzed. The non-
significant difference between the instruments indicates that thetwo devices’ measurements
were more similar when the corneal reflex is captured in the Visante OCT images. Because
the mean value of the Visante OCT measurements did not change with or without the corneal
reflex present, this may indicate that the small difference found using the larger sample was
the result of the higher variability of A-scan measurements.

Repeatability of the Visante OCT in Crystalline Lens Thickness
The Visante OCT has excellent repeatability when measuring the cornea.24 The mean of the
differences in Visante OCT crystalline lens thickness measurements between visits was not
significant. The agreement between visits was much better in the subset of subjects that had a
visible corneal reflex in all images (95% Limits of Agreement: ±0.030 mm compared to
±0.08mm.) To maximize repeatability, it is necessary to include the corneal reflex in crystalline
lens images captured by the Visante OCT; however, even if the corneal reflex is not present
in the image, the repeatability of the Visante OCT is better than that of A-scan ultrasonography.

Visante OCT Software Version 2.0
The Visante software has been updated since the data for this study were collected. In the
current Visante software version, Version 2.0, the “anterior segment single” mode and built-
in software caliper system cannot be used to measure the thickness of the crystalline lens. In
Version 2.0, an image of the crystalline lens, i.e., an image in which the cornea is not visible,
can only be obtained using a new “raw image mode” that applies a refractive index of 1.0 (air)
to the entire image. The software calipers cannot be used when an image is made using the raw
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image mode. To verify that accurate measurements can still be made in Version 2.0, 20 images
in air (n=1.00) of the crystalline lens containing the corneal reflex were exported as JPEG
image files, and the images were opened in image processing software (Matrox Inspector 4.0;
Matrox Electronic Systems Ltd.; Quebec, Canada). The thickness of the crystalline lens was
measured in pixels and converted to millimeters using the conversion 1 mm = 51 pixels. This
conversion was determined by exporting an image with refractive index set to air (1.0) with a
1-mm line drawn by the Visante software. The number of pixels in a millimeter was measured
in the image processing software.

The result of applying a uniform refractive index to the entire image is a non-physiologic
appearance within the aqueous and vitreous; however, with the method described above, no
measurements are made outside of the lens. All measurements that we report are between two
points along the longest axial dimension of the lens. Because OCT technology relies on optical
path length when determining thicknesses, other structures in the image do not influence the
optical path length through the crystalline lens, which is supported by our results.

In order to compare the measurement made with the Visante OCT software version 2.0 to
version 1.0, the lens thickness measurement in millimeters, with an applied refractive index of
1.0, was converted to a refractive index of 1.388 (the index applied in version 1.0 of the Visante
software). The two values were compared using a paired t-test. No significant difference was
observed (p=0.12). Therefore, although external image processing is required to obtain lens
thickness measurements with version 2.0 of the Visante software, the newer software still
provides a viable method of obtaining the thickness of the crystalline lens.

CONCLUSIONS
Crystalline lens measurements made with the Visante anterior segment OCT were valid
compared to those made with A-scan ultrasonography. Measurements made with the Visante
OCT were also repeatable. The device is non-contact, easy to operate, and able to produce a
detailed, 2-dimensional, high-resolution image of the crystalline lens. The best repeatability
was achieved with the device when the corneal reflex was visible in the crystalline lens image
(±0.030 mm). The best reported repeatability of A-scan ultrasonography is ±0.12 mm,23 four
times larger than what was found for the Visante OCT in this study. The Visante OCT should
be considered as an alternative to conventional A-scan ultrasound in ocular biometry studies
involving the crystalline lens.
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Figure 1.
An image of the crystalline lens captured by the Visante OCT in anterior segment single
scanning mode Version 1.0. The central, vertical white line is the “corneal reflex” according
to the manufacturer.
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Figure 2.
Bland-Altman difference versus mean plot (Visante OCT – A-scan; n = 47). The mean
difference (solid line) was significantly different from zero (p = 0.017). The dashed lines outline
the 95% limits of agreement.
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Figure 3.
Bland-Altman difference versus mean plot (Visante OCT – A-scan) for only the images where
a corneal reflex was visible (n = 22). The mean difference (solid line) was not significantly
different from zero (p = 0.11). The dashed lines outline the 95% limits of agreement.
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Figure 4.
Bland-Altman difference vs. mean plot of the between-visits repeatability of the Visante OCT
(visit one – visit two) for subjects with measurements at two visits (n = 38). The dashed lines
outline the 95% limits of agreement.
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Figure 5.
Bland-Altman difference vs. mean plot of the between-visits repeatability of the Visante OCT
(visit one – visit two) for only the images where a corneal reflex was visible (n =25). The mean
difference (solid line) was not significantly different from zero (p = 0.97). The dashed lines
outline the 95% limits of agreement.
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Figure 6.
Plot of repeatability (standard deviation of the differences between visits) as a function of the
number of Visante OCT lens images obtained that contained the corneal reflex beam.
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Table 2

Repeatability of A-scan ultrasonography.

Research Group Year Repeatability*

Rudnicka23 1992 ± 0.120

Optimum Accuracy per manufacturer 23 1991 ± 0.134

Jansson25 1963 ± 0.135

Storey & Rabie26 1983 ± 0.160

Zadnik27 1992 ± 0.200

*
1.96 × standard deviation of mean differences
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