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Abstract
Purpose In the event that any ocular parameter
involved in the calculation of intraocular lens power
could not be properly measured in one eye, it is
important to know whether clinically relevant differences between both eyes can be expected. The aim of
this work is to evaluate the symmetry of interocular
biometric parameters.
Methods This was a prospective, cross-sectional
study involving 4090 subjects. Patients underwent
consecutive swept-source optical biometry performed
with an IOLMaster 700 (Carl Zeiss Meditec AG, Jena,
Germany). The biometric parameters that were evaluated were: axial length (AL), mean anterior curvature
(Rm), anterior chamber depth (ACD), crystalline lens
thickness (LT), central corneal thickness (CCT) and
white-to-white (WTW). The Chang–Waring chord
distance (CWC-D) and the Chang–Waring chord
angle (CWC-A) were also evaluated.

Results There is an excellent correlation between
both eyes for almost all the biometric parameters
under study, with the exception of the CWC. Agreement for AL was better for eyes shorter than 24 mm.
The linearity of the OD-vs-OS relationship can be
correctly assumed for all parameters (Cusum test:
p [ 0.05 in all cases).
Conclusion There are no clinically significant interocular differences for the biometric parameters under
study, although for all of them, except the LT,
statistically significant differences did arise. In the
case of AL, moderate differences can be expected in
eyes larger than 24 mm.
Keywords Interocular symmetry  Swept-source 
Biometry  IOLMaster 700
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Numerous ocular symmetry assessment studies have
been carried out, concluding that two eyes follow
similar patterns regarding several ocular parameters
[1–5]. Therefore, we can say that structural symmetry
is inherent to both eyes [2]. This ocular symmetry can
aid the diagnosis of pathologies, but it could also help
to improve postoperative outcomes, among other
scenarios. For example, in LASIK refractive surgery
or cataract surgery, several studies have concluded
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that postoperative refraction in the first eye can help
predict refraction outcomes in the second eye [5–8].
Ocular biometry is an essential part of preoperative
assessment when evaluating a patient undergoing lens
replacement surgery. The latest-generation formulas
have included an increasing number of parameters—
such as white-to-white (W–W) or corneal thickness—
with the aim of fine-tuning postoperative outcomes,
and the different eye biometers have evolved to newer
swept-source optical coherence tomography (OCT)
technology [9].
In this context, the goal of this study was to evaluate
the symmetry of interocular biometric parameters in a
large population, using a biometer endowed with
swept-source technology.

Materials and methods
A total of 4090 patients—2546 female and 1544
male—were included in this study, recruited from the
patients undergoing cataract surgery in the center and
who met the inclusion criteria.
These patients underwent consecutive sweptsource optical biometry performed with an IOLMaster
700 (Carl Zeiss Meditec AG, Jena, Germany). The
study followed the tenets of the Declaration of
Helsinki and had been approved by the local ethics
committee. The assessments took place between
February 2014 and December 2018 at Miranza IOA
Madrid. The inclusion criteria limited the eligible
subject population to phakic patients with no history of
ocular surgery or eye trauma. Contact lens wearers had
to stop using them at least 15 days before the
assessment and after discarding corneal warpage with
a new topography.
All measurements were taken before instilling
mydriatic eye drops and before measuring intraocular
pressure with contact tonometry, to avoid any ocular
surface irregularities that could arise secondary to
these procedures. Three measurements per eye are
obtained by the same operator for each subject when a
biometry is performed. The measurements were taken
by two of the authors (ELA and NG). The biometric
parameters that were evaluated were those that have
been included in various IOL power calculation
formulas, including: axial length (AL), mean anterior
curvature (Rm), anterior chamber depth (ACD),
crystalline lens thickness (LT), central corneal
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thickness (CCT) and white-to-white (WTW). Moreover, the Chang–Waring chord distance (CWC-D) and
the Chang–Waring chord angle (CWC-A) were also
evaluated. The CWC-D or chord length l is the
displacement (distance) between the subject-fixated
coaxially sighted corneal light reflex and the pupil
center, while CWC-A is the orientation (angle) of that
displacement (e.g., Chord l: 0.35 mm @ 55°) [10].
The quality of each measurement was assessed before
performing the data analysis, and those eyes that had
raised ‘‘warning’’ or ‘‘failed’’ alerts for any of the
biometric parameters under assessment were completely excluded from the analysis.
Statistical analysis
A descriptive and comparative analysis between both
eyes was carried out focusing on the above-mentioned
biometric parameters. The comparative analysis was
carried out by means of either the Student’s t-test for
paired samples or the Wilcoxon test depending on
whether or not the variables met the criteria for
normality (assessed by the Shapiro–Wilk test). Furthermore, the intraclass correlation coefficient (ICC)
was also analyzed. Aside from the numerical analysis,
Bland–Altman graphs were also plotted for each
parameter. Moreover, concordance between both eyes
was studied analytically using the Passing–Bablok
regression to ascertain whether or not left- and righteye measurements are interchangeable.
Given the vector nature of the CWC—involving a
magnitude (CWC-D) and an orientation (CWC-A)—
this variable was decomposed into its vertical [y =
CWC-D*sine(CWC-A)] and horizontal [x = CWCD*cosine(CWC-A)] components to facilitate the statistical analysis.
Differences were considered statistically significant if the corresponding p-value \ 0.05.

Results
A total of 4090 patients with a mean age of
67.45 ± 16.69 years (range: 5 to 99) were included
in the present study. Among them, 62.2% were female
with a mean age of 67.76 ± 16.13 years (range: 5 to
99) and 37.8% were male with a mean age of
66.32 ± 17.55 years (range: 8 to 97). Table 1 shows
the mean and median values obtained in each eye for
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Table 1 Descriptive and comparative analysis of those biometric parameters evaluated for the overall sample, showing for each parameter the mean and median values obtained
in each eye, as well as the mean and median differences (left eye vs. right eye)
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each parameter and the mean and median differences
(left eye vs. right eye) for better visualization of the
magnitudes.
ICC results are also included in Table 1, revealing
an excellent correlation between the right eye and the
left eye for almost all the biometric parameters under
study (ICCs [ 0.89) with the exception of the CWC,
considering both its magnitude (CWC-D) and its
vertical (y-CWC) and horizontal (x-CWC) components, which showed moderate correlation values
(ICC = 0.612, ICC = 0.656 and ICC = 0.597)
[11, 12].
When breaking the data down by gender, the results
show a similar trend to that of the overall sample, as
given in Table 2.
Figure 1 shows the Bland–Altman graphs corresponding to each biometric parameter under study.
Mean differences OD–OS close to zero were obtained
for all parameters. Limits of agreement for differences
OD–OS for each variable are plotted in Fig. 1. The
width of those limits of agreement around the mean
value was 2.34 mm for AL, 0.28 mm for Rm,
0.45 mm for ACD, 0.62 mm for LT, 32.54 lm for
CCT and 0.74 mm for WTW.
Bland–Altman plots revealed relevant differences
only for AL, as shown in Fig. 1, with a width of more
than 2 mm for the limits of agreement around the
mean (OD–OS) value. The dispersion of differences in
AL data shown in Fig. 1 appears to be concentrated in
average ALs above 24 mm. If the sample for AL is
broken into two groups (AL \ 24 mm and AL C 24

mm) and the Bland–Altman analysis is repeated, limits
of agreement for the AL \ 24 mm group narrow to
0.94 mm, whereas in the AL C 24 mm group the
width of the limits of agreement is 2.90 mm, as shown
in Fig. 2. Axis scaling in Fig. 1 for AL is maintained in
Fig. 2 for better visualization of the differences in the
width of the limits of agreement.
Table 3 shows the results of the Passing–Bablok
regression. The linearity of the OD-vs-OS relationship
can be correctly assumed for all parameters (Cusum
test: p [ 0.05 in all cases). Confidence intervals were
obtained for the slope containing the unit value, while
the confidence interval for ‘‘intercept’’ contains the
zero value for all parameters except for WTW and
CWC.
The Chang–Waring chord (CWC) analysis was
performed separately from the rest of the parameters
due to its vector nature. Values obtained for both eyes
are shown in Fig. 3, which is a polar-coordinate plot,
where the specular symmetry between left and right
eyes can be seen. In order to statistically evaluate the
potential differences between left and right eyes, CWC
values (distance and angle) were converted into their
corresponding x and y Cartesian components. Then,
aiming to remove the effect of specular symmetry, we
reversed the sign of the x-coordinate value for all the
right eyes, thus obtaining the results shown in Fig. 4.
Despite the nearly perfect symmetry that Figs. 3 and 4
seem to show, the statistical analysis reveals OD-vsOS differences for the CWC’s x and y components
(p \ 0.001 for both coordinates).

Table 2 The intraclass correlation coefficient (ICC) for
female and male for the biometric parameters analyzed

Discussion

ICC

AL (mm)

Female

Male

0.924

0.948

Rm (D)

0.963

0.96

ACD (mm)

0.964

0.952

LT (mm)

0.948

0.947

CCT (mm)

0.974

0.968

WTW (mm)

0.898

0.884

CWC-D (mm)

0.626

0.588

AL axial length, Rm mean anterior curvature, ACD anterior
chamber depth, LT lens thickness, CCT central cornea
thickness, WTW white-to-white or corneal diameter, CWC
distance Chang–Waring chord
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The results of the present study confirm that our 4090
patient population show excellent ocular symmetry in
terms of Rm, ACD, LT, CCT and W–W, as well as
moderate ocular symmetry for CWC-D, as assessed by
means of the swept-source optical biometry system
IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany). AL showed good agreement for eyes shorter
than 24 mm and only moderate agreement for larger
eyes.
There is some controversy regarding the impact of
the interocular (i.e., left-vs-right) differences shown
by certain parameters—such as AL and corneal
power—upon postoperative refractive outcomes
[13, 14]. Different studies have tackled bilateral
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Fig. 1 Bland–Altman graphs corresponding to each biometric
parameter under study. The horizontal dashed lines represent the
limits of agreement according to a 95% confidence interval
around the mean value (horizontal solid line). AL axial length,

Rm mean anterior curvature, ACD anterior chamber depth, LT
lens thickness, CCT central cornea thickness, WTW white-towhite or corneal diameter

symmetry by using the IOLMaster 500 [14–18],
Pentacam [15, 19–23] and Orbscan II biometers
[3, 24] (among others), but we have not found any
studies in the literature where bilateral symmetry had

been assessed by means of the swept-source optical
biometric system that the IOLMaster 700 biometer
includes.
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All biometric parameters analyzed in our study,
except LT, showed interocular differences with corresponding p-value \ 0.05. However, we should not
focus solely on statistical significance, but we must
also assess whether or not those differences are
clinically relevant. In this regard, it is important to
consider also the ICC analysis, the Passing–Bablok

Fig. 2 Bland–Altman
graphs for the interocular
difference in axial length
(AL) for subjects with eyes
shorter than 24 mm (top)
and for eyes larger than
24 mm (bottom). The
horizontal dashed lines
represent the limits of
agreement according to a
95% confidence interval
around the mean value
(horizontal solid line)
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regression and the Bland–Altman analysis, all of
which help to draw more robust conclusions regarding
the bilateral symmetry of the biometric parameters
under study. It is also important to consider the
repeatability and the reproducibility of the measurements [9].
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Table 3 Results of the Passing–Bablok regression comparing values obtained between right and left eye for every parameter
Regression equation

95% CI for intercept

95% CI for slope

CTL

AL

OD = 0.0990 ? 0.9971 OS

-0.0370

0.2340

0.9914

1.0029

p = 0.99

Rm

OD = 0.0457 ? 0.9951 OS

-0.0133

0.1040

0.9875

1.0028

p = 0.32

ACD
LT

OD = -0.0168 ? 1.0044 OS
OD = -0.0111 ? 1.0027 OS

-0.0370
-0.0351

0.0033
0.0123

0.9981
0.9973

1.0107
1.0081

p = 0.42
p = 0.52

CCT

OD = -1.3743 ? 1.0020 OS

-5.2811

2.4463

0.9950

1.0090

p = 0.62

WTW

OD = -0.1561 ? 1.0108 OS

-0.2913

-0.0233

0.9997

1.0220

p = 0.25

x-CWC

OD = 0.0452 ? 0.9994 OS

0.0392

0.0508

0.9755

1.0238

p = 0.80

y-CWC

OD = 0.0313 ? 1.0020 OS

0.0293

0.0331

0.9731

1.0316

p = 0.62

AL axial length, Rm mean anterior curvature, ACD anterior chamber depth, LT lens thickness, CCT central cornea thickness, W–W
white-to-white or corneal diameter, x-CWC and y-CWC horizontal and vertical components for the Chang–Waring chord, CI
confidence interval, CTL Cusum test for linearity (linearity if p [ 0.05)

Axial length
Axial length’s bilateral symmetry was analyzed by Li
et al., in 2014, in 397 subjects, using an A-scan
ultrasound device (Compuscan UAB 1000, Storz Inc.,
St. Louis, MO). The study revealed an excellent
correlation between both eyes (r = 0.95) [25]. Regarding studies using the IOLMaster 500 biometer, they
have shown similar results to those of the present
study, especially for eyes shorter than 24 mm: For
instance, in a sample of 50 healthy subjects, mean
interocular AL difference was as low as
0.01 ± 0.32 mm, showing a strong interocular AL
correlation (r = 0.96) [26]. Hong et al. [17] also found
bilateral symmetry in terms of AL when assessing a
sample of 260 healthy subjects (22.38 ± 4.1 years).
Mean interocular difference was 0.003 ± 0.217 mm
(p = 0.839). Another multicenter study encompassing
14,016 subjects also revealed interocular symmetry
for AL, with a mean difference of 0.06 ± 0.40 mm
[27]. Compared to the above-mentioned research
studies, ours yielded a high interocular correlation
for AL (ICC = 0.935), while the Bland–Altman
analysis (Fig. 1) showed ?1.22 mm and -1.12 mm
as upper and lower 95% limits around mean difference
(0.05 ± 0.60 mm). The Passing–Bablok regression
analysis allows us to conclude the equivalence of the
left-eye and right-eye AL values, with a better
agreement for eyes shorter than 24 mm, as shown in
Fig. 2.
However, there are also some authors who did
report bilateral asymmetry for AL, for instance,
Mahroo et al. [16], who assessed a sample of 4571

subjects (75.9 ± 9.4 years) with bilateral cataract and
concluded that the right eyes were, on average,
0.05 mm longer than the left ones (p \ 0.001).
Although this 0.05-mm difference has a significantly
associated p-value, it cannot be considered clinically
significant unless a proper correlation analysis is
subsequently performed. For eyes having AL [ 24.8
mm, more relevant interocular differences have been
observed. Kansal et al. [14] reported a mean interocular difference of 0.36 ± 0.41 mm for a sample of 389
myopic subjects, while the results for a sample of 202
subjects with high bilateral myopia showed bilateral
symmetry, with mean AL for left and right eyes of
29.43 ± 2.40 mm and 29.31 ± 2.39 mm, respectively (p = 0.587) [15].
Regarding the results obtained by Kansal et al. [14]
for eyes with AL [ 24.8 mm, our results show a trend
to more interocular differences in AL for larger eyes.
As shown in Fig. 1, the differences in AL for eyes
shorter than 22 mm are insignificant, whereas larger
differences appear for eyes larger than 24 mm (especially between 26 and 31 mm).
In summary, no overall interocular differences have
emerged from our study for axial length in eyes shorter
than 24 mm, and moderate differences have been
found for eyes larger than 24 mm. Nonetheless,
according to Knox Cartwright et al.’s [27] conclusions, when left-to-right-eye AL difference exceeds
0.70 mm for a given subject, it is recommended to
verify biometric data to minimize the likelihood of
post-surgical refractive errors.
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Fig. 3 Polar coordinate
diagram showing Chang–
Waring chord (CWC) values
for both eyes (black
figures for OD and white
figures for OS). OD right
eyes, OS left eyes

Mean anterior curvature (Rm)
The cornea provides approximately two-thirds of the
eye’s refractive power [28]. The interocular differences for the anterior corneal power have been studied
by other authors and the vast majority of them
observed symmetry for this biometric parameter using
the Pentacam system. Li et al. [25] analyzed ocular
symmetry in terms of anterior corneal curvature (D),
finding a mean interocular difference of 0.00 ± 0.24
D (p = 0.939) and a high correlation (r = 0.99).
Dienes et al. [21] also studied ocular symmetry with
the Pentacam system in 65 healthy subjects (mean age:
39.95 ± 15.44 years) and reported mean differences
of 0.37 ± 0.39 mm and 0.43 ± 0.44 mm for the flat
and steep meridians, respectively. A study by Naderan
et al. [29] on 306 healthy eyes also found no
interocular differences for mean anterior corneal
power (43.0 ± 1.1 D and 43.2 ± 1.2 D for right and
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left eyes, respectively (p = 0.325)). Another multicenter study with interocular analysis of 14,016
subjects reported interocular symmetry with differences of -0.07 ± 0.49 mm [27].
Our results are in good agreement with those
reported by the above-mentioned authors; moreover,
considering the IOLMaster 700’s repeatability and
reproducibility features for keratometric radius
(0.02 ± 0.06 mm and 0.02 ± 0.07 mm, respectively)
[9], we have found bilateral symmetry for Rm despite
the fact that p-value \ 0.05. The Passing–Bablok
analysis places the values 1 and 0 within the 95%
confidence intervals for ‘‘slope’’ and ‘‘intercept,’’
respectively, which means that equivalence can be
assumed based on the Rm values obtained for left and
right eyes.
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Fig. 4 Cartesian coordinate
diagram showing CWC
components for both eyes
(black figures for OD and
white figures for OS). For
the right eyes (OD), the sign
of the x-coordinate has been
reversed to remove the
effect of specularity
(bottom)

Anterior chamber depth (ACD)
ACD is another important IOL power calculation
biometric parameter. Olsen et al. [30] reported
refractive error rates as high as 42, 36 and 22%
resulting from mistakes when measuring ACD, AL
and corneal power, respectively.
Our results suggest there is bilateral symmetry for
ACD, despite the p-value being \0.05. Considering
that the IOLMaster 700’s repeatability and

reproducibility
features
for
ACD
are
0.01 ± 0.02 mm and 0.01 ± 0.03 mm, respectively
[9], minor changes to those values cannot be considered to be relevant. The Passing–Bablok analysis
places the values 1 and 0 within the 95% confidence
intervals for ‘‘slope’’ and ‘‘intercept,’’ respectively,
which means that equivalence can be assumed based
on the ACD values obtained for left and right eyes.
Other authors have also studied ACD’s bilateral
symmetry using different measuring devices. Li et al.
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[25] used an ultrasonic biometer (an A-scan ultrasound
device [Compuscan UAB 1000, Storz Inc., St. Louis,
MO]) in 397 subjects, and they found a mean
interocular difference of -0.01 ± 0.15 mm with a
high Pearson’s correlation coefficient (r = 0.86).
Palamar et al. [22] obtained a similar mean difference
(-0.03 ± 0.07 mm) using a different A-scan biometer model (Sonogage Eye Scan, Cleveland, OH, USA)
in a population comprising 42 hyperopic subjects
showing anisometropia (1 D mean spherical equivalent difference between eyes).
Crystalline lens thickness (LT)
This biometric parameter has been much less studied
than AL, ACD and Rm. In the above-mentioned study
on hyperopic eyes having anisometropia (1 D mean
spherical equivalent difference between eyes), mean
interocular difference for LT was -0.09 ± 0.40 mm,
their population sample being younger and smaller
than our study’s [22]. Moreover, these authors found
no differences between eyes having different AL. (For
their sample, mean interocular difference for AL was
-0.95 ± 0.50 mm.) Similarly, there are other authors
that found no interocular differences for LT either
(-0.01 ± 0.45 mm), although in this case Pearson’s
correlation analysis revealed a weak correlation
(r = 0.37) [25]. On the other hand, the results obtained
in the present study—namely mean difference
(0.00 ± 0.16 mm), ICC (0.948) and Bland–Altman
graphs—underpin interocular symmetry for lens
thickness. The Passing–Bablok analysis places the
values 1 and 0 within the 95% confidence intervals for
‘‘slope’’ and ‘‘intercept,’’ respectively, which means
that equivalence can be assumed based on the LT
values obtained for right and left eyes.

Int Ophthalmol (2022) 42:239–251

interocular difference was 10.28 ± 7.89 lm, while
in Dienes et al.’s [21] (65 subjects; mean age
39.95 ± 15.44 years), mean interocular difference
was 5.59 ± 4.90 lm, showing an excellent correlation between both eyes (r = 0.98). The study by Li
et al. [19] produced the same correlation value
(r = 0.98) although with a smaller interocular difference (0.51 ± 6.79 lm). Falavarjani et al. [20], using a
larger
sample
(275
subjects;
mean
age
29.1 ± 7.73 years), also obtained an excellent correlation (r = 0.90) with a mean interocular difference of
8.42 lm.
Durr et al. [24] studied interocular differences in
3835 subjects (a sample size similar to ours) with the
Orbscan system, obtaining a mean difference for CCT
of 0.28 lm, with ICC = 0.984 [24]. Other authors who
also relied on the same measuring platform found a
mean interocular difference of 8 ± 7 lm, with a high
correlation (r = 0.95) [3]. In this context, our results
resemble those obtained by Durr et al. [24] and Li et al.
[25]: mean difference of 0.24 lm and ICC = 0.972.
Chang–Waring chord distance (CWC-D)
and Chang–Waring chord angle (CWC-A)
No studies have been found in the literature analyzing
interocular differences for these two parameters
(CWC-D and CWC-A). Our results have shown a
mean interocular difference of 0.03 ± 0.14 mm
(p \ 0.05) for CWC-D, with moderate interocular
correlation. When the CWD vector is broken down
into its horizontal and vertical components and these
values are plotted in a graph, a quasi-perfect specular
symmetry is observed (Figs. 3 and 4), although the
statistical analysis did reveal differences between both
eyes.

Central corneal thickness (CCT)

White-to-white distance (WTW)

Bilateral symmetry for CCT was confirmed in our
study. Some studies in the literature have analyzed the
interocular CCT difference using the Orbscan system,
but most have relied on the Pentacam platform, which
has a measurement variability of 0.51 lm, as reported
by some authors [31]. Thus, Dienes et al. [21] and
Henriquez et al. [23] studied ocular symmetry both in
eyes with keratoconus and in healthy eyes. In
Henriquez et al.’s [23] healthy-eye sample (53
subjects; mean age 28.4 ± 5.3 years), mean

Measuring the horizontal corneal diameter—the socalled white-to-white distance (WTW)—is required
for cataract and refractive surgery and also for the
diagnosis and characterization of certain corneal
pathologies. Interocular differences for WTW have
been studied using the Orbscan II system in a sample
of 1001 subjects aged 18 to 45 years. Authors found
no interocular differences (p = 0.26), reporting mean
WTW of 11.66 ± 0.37 mm and 11.66 ± 0.31 mm for
right and left eyes, respectively [32]. In a sample of
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231 myopic subjects, no interocular differences were
found either [2]. Our results are in line with the
previous studies and confirm the bilateral symmetry
for the WTW parameter. Despite the statistically
significant differences, we can conclude that the
difference of 0.03 mm between left and right eyes
obtained in this study is not clinically relevant, taking
into account that repeatability and reproducibility for
this parameter amounts to 0.10 ± 0.29 and
0.13 ± 0.35 mm, respectively [9].

Conclusions
Analysis of our results in 4090 subjects leads us to
conclude that there are no clinically significant
interocular differences for the biometric parameters
under study—AL, Rm, CD, LT, CCT, WTW and
CWC-D—although for all of them, except the LT,
statistically significant differences did arise. Regarding CWD, the results have revealed clinically significant differences although it must be said that they are
related to enantiomorphism. In the case of AL,
moderate differences can be expected in eyes larger
than 24 mm.
In the event, for instance, of a cataract campaign in
developing countries, if keratometry in one eye cannot
be obtained, the other eye’s value can be used.
However, this strategy procedure must be carefully
performed regarding axial length, especially in larger
eyes.
The behavior for the overall sample was similar to
the one observed after breaking the data down by
gender.

Author contribution César Albarrán-Diego: was involved in
conception and design of the work, analysis and interpretation of
data for the work, revising it critically for important intellectual
content and final approval of the version to be published. Nuria
Garzón was involved in conception and design of the work, the
acquisition, revising it critically for important intellectual
content and final approval of the version to be published.
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