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Accuracy of Optical Coherence Tomography
Measurements of Rectus Muscle Insertions in
Adult Patients Undergoing Strabismus Surgery

JULIA D. ROSSETTO, KARA M. CAVUOTO, NORMA ALLEMANN, CRAIG A. MCKEOWN, AND HILDA CAPÓ

� PURPOSE: To assess the accuracy of anterior segment
optical coherence tomography (AS-OCT) in measuring
the distance of extraocular muscle (EOM) insertion to
the limbus to improve preoperative assessment of adult
patients undergoing strabismus surgery.
� DESIGN: Reliability analysis.
� METHODS: SETTING: An institutional practice. PATIENT

POPULATION: Seventy-four adult patients scheduled for
strabismus surgery on rectus muscles. OBSERVATION PRO-

CEDURE: The distance between the EOM insertion and
the limbus was measured preoperatively with AS-OCT.
The value was compared with the intraoperative measure-
ment obtained with calipers. Additional measurements
included the limbus–anterior chamber angle distance
with AS-OCT and the axial length with IOLMaster.
MAIN OUTCOME MEASURE: Agreement between preopera-
tive AS-OCT and intraoperative measurements. A differ-
ence of £1 mm was ‘‘clinically acceptable.’’
� RESULTS: A total of 144 muscles were analyzed.
Thirty-one of 33 reoperated muscles were successfully
imaged. AS-OCT measurements were within 1 mm of
intraoperative measurements in 77% of all muscles.
The accuracy was higher for muscles with no prior sur-
gery (83%), as compared with reoperated muscles
(58%). Although the accuracy decreased when
comparing reoperations to primary surgeries for the
medial (79% to 63%; P [ .09; 95% confidence interval
[CI],L1.38 to 0.11) and the lateral rectus (81% to 49%;
P[ .11; 95%CI,L2.06 to 0.22), the difference was not
significant. No correlation between limbus–anterior
chamber angle distance and axial length was established.
� CONCLUSIONS: AS-OCT is valuable in identifying
EOM insertions in primary strabismus surgeries, but the
accuracy decreases in reoperations. (Am J
Ophthalmol 2017;176:236–243. � 2017 Elsevier Inc.
All rights reserved.)

A
N IMPORTANT STEP IN ANY STRABISMUS PROCED-

ure is to locate the insertion of the muscle, which
may be difficult in patients who have undergone

prior strabismus or orbital surgery. Computed tomography,1

magnetic resonance imaging,2–4 and conventional A-scan
ultrasonography have been used to image the extraocular
muscles5; however, these modalities fail to establish the
muscle’s distance from the limbus with useful precision.
The first imagingmodality reported to measure themuscle’s
distance from the limbus accurately was ultrasound bio-
microscopy (UBM).6–10 The accuracy of determining the
muscle’s location was within 1 mm in 80.5%–100% of
primary surgeries and 62.5%–78.6% of reoperations.7–10

More recently, anterior segment optical coherence
tomography (AS-OCT) has been used to evaluate the
precise location of extraocular muscle insertions. Six
studies in the literature demonstrate that AS-OCT can
be used to assess the extraocular muscular insertion11–16;
however, only 3 studies compare the AS-OCT measure-
ments with surgical measurements.11–13

Our study presents the largest reported series using
AS-OCT to locate extraocular muscle insertions and
comparing the findings with intraoperative measurements
in adult patients undergoing either primary or repeat stra-
bismus surgery. We assessed the accuracy of AS-OCT by
comparing the distance measured from the limbus to the
insertion of vertical and horizontal rectus muscles with
intraoperative measurement with calipers. In addition, we
investigated the accuracy of using the limbus as an
AS-OCT landmark instead of the anterior chamber angle
landmark.

METHODS

THIS SINGLE-CENTER RELIABILITY ANALYSIS WAS

adherent to the tenets of the Declaration of Helsinki and
was prospectively approved by the Institutional Review
Board of the University of Miami Leonard M. Miller
School of Medicine. After a full explanation of the proced-
ures involved in the study, consent was obtained from all
participants in compliance with the Health Insurance
Portability and Accountability Act and the Clinical Trials
Registration (identifier: NCT02454920; location: Bascom
Palmer Eye Institute).
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All patients >_18 years old who underwent strabismus sur-
gery at Bascom Palmer Eye Institute from July 2015 to
December 2015 were invited to participate in the study. Pa-
tients with previous strabismus surgeries or non-strabismus
ocular surgeries (such as a glaucoma drainage implant or a
scleral buckle), previous orbital surgeries (such as intraco-
nal tumor removal or orbital decompression for thyroid
eye disease), or paralytic or restrictive strabismus were
included.

� MEASUREMENT TECHNIQUE: The distance from the
EOM insertion to the limbus was measured preoperatively
using the AS-OCT (Visante; Carl Zeiss Meditec, Dublin,
California, USA). One operator (J.R.) performed all AS-
OCT measurements on the last preoperative visit or on
the day of surgery. Two surgeons (H.C., C.M.) performed
all intraoperative measurements. AS-OCT measurements
were subsequently compared with an intraoperative mea-
surement with calipers. All examiners were masked to
each other’s measurements.

To perform the AS-OCT measurements, the patients
were instructed to gaze at a fixation light in the direction
opposite the muscle being analyzed to provide the best
exposure of the muscle tendon. For example, the medial
rectus was analyzed with the eye in full abduction. A longi-
tudinal scan allowing simultaneous visualization of the
limbus and the muscle insertion was obtained with a scan-
ning plane parallel to the long axis of the muscle (0–180
degrees for the horizontal and 90–270 degrees for the verti-
cal recti). The insertion site was defined as the end of the
cleft between the muscle tendon and the sclera, and the
external limbus as the transition between the corneal
epithelium and the conjunctiva epithelium, as described
by Bizheva and associates (Figure 1).17 The caliper function
of the AS-OCT was then used to quantify the distance be-
tween these landmarks. Three consecutive readings were
recorded and the average was used for data analysis.

To determine the relationship between the limbus and
axial length of the eye, the distance between the external
limbus and the anterior chamber angle was measured and
compared with the axial length of the corresponding eye.
The axial length was measured using noncontact partial-
coherence interferometry (PCI; IOL Master 500, ver 7.7;
Carl Zeiss Meditec AG, Jena, Germany).
During surgery, the surgeon located and exposed the

muscle tendon using a Jamesonmuscle hook. ACastroviejo
caliper was used to measure with a 0.5-mm precision the
distance from the limbus (transitional zone between clear
cornea and opaque sclera) to the center of the insertion
immediately anterior to the hook, without applying forceps
to the insertion and before tendon disinsertion. This mea-
surement was repeated after tendon disinsertion to assess
the insertion displacement. The surgeons were not aware
of the AS-OCTmeasurements at the time of intraoperative
measurement.

� STATISTICALANALYSIS: Intraoperative measurement of
the muscle insertion location before muscle disinsertion us-
ing calipers was considered the gold standard. A difference
of <_1 mm between the 2 methods was considered accept-
able, in accordance with prior studies.6–9,11,12 The
characteristics of the strabismus were documented and
compared for statistical analysis. A Wilcoxon signed rank
test was performed to compare covariates such as axial
length, prior strabismus surgery, and prior ocular surgery
of any type. The Bland-Altman analysis, the standard
method of comparing a new measurement technique to
an existing one, was performed to assess agreement be-
tween measurements. A difference within 61.96 standard
deviation (SD) from the mean was considered to be a
good agreement. Statistical analysis was performed using
standard statistical software (Microsoft Excel ver 14.0.0;
Statistical Package for Social Science, SPSS V17; SPSS
Inc, Chicago, Illinois, USA).

RESULTS

SEVENTY-FOUR PATIENTSWERE INCLUDED INTHE STUDY, OF

which 52.7% were female. The patients ranged from 18 to
78 years of age (mean age 6 SD: 45.6 6 16.9 years). The
axial length (AL) ranged from 20.7 to 29 mm (mean AL
6 SD: 23.9 6 1.4). The refractive error varied
from �14.0 to þ5.0 diopters in spherical equivalent (SE)
(mean SE 6 SD: �0.7 6 3.2).
Preoperatively, 55 patients presented with horizontal

strabismus (29 esotropia, 26 exotropia), 7 with vertical stra-
bismus, and 12 with a combined horizontal and vertical de-
viation. Both horizontal and vertical muscles were imaged
in cases in which combined horizontal and vertical stra-
bismus surgery was performed. Fifty-four patients had
concomitant strabismus, 6 had paralytic strabismus, and

FIGURE 1. Cross-sectional anterior segment optical coherence
tomography image showing the limbus landmarks used for mea-
surement.
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14 had restrictive strabismus. Thirty patients had no previ-
ous ophthalmologic procedure, 34 had prior strabismus sur-
gery, 5 had ocular non-strabismus surgery (glaucoma
drainage implant or scleral buckle), and 5 had orbital
surgery (orbital tumor removal/biopsy and orbital decom-
pression).

Nine muscles (7 inferior and 2 medial) could not be
imaged by AS-OCT owing to severe limitations in
ductions, either because of the restrictive nature of the
disease process (5 thyroid eye disease, 1 adhesion after
orbital dermoid removal, and 1 head trauma) or
owing to a paralytic process (1 sixth and 1 third cranial
nerve palsy).

After exclusion of the muscles that could not be imaged
owing to limited ductions, a total of 144 muscles were
analyzed, including 31 reoperated muscles. Table 1 shows
preoperative AS-OCT and intraoperative measurements
before and after disinsertion, as well as distance from limbus
to anterior chamber angle and axial length. Figure 2 graph-
ically compares AS-OCT and intraoperative measure-
ments of muscle insertions.

� MEDIAL AND LATERAL RECTUS: AS-OCT measure-
ments correlated strongly with intraoperative measurements
for the medial and lateral rectus muscles (r¼ 0.84; P< .001
for each). The difference between the AS-OCT and surgical
measurements was not statistically significant (P ¼ .69 for
the medial rectus and P ¼ .37 for the lateral rectus, paired
t test). Overall, 75% of the measurements were within
1 mm for both the medial and the lateral rectus (Table 2).
The percentage of measurements within the acceptable dif-
ference in medial rectus without prior surgery was 79% and
decreased to 63% in those with previous surgery, although
the difference did not reach statistical significance (P ¼
.09; 95% CI, �1.38 to 0.11). The lateral rectus muscles
showed an even greater difference in percentage between
muscles without (81%) and those with (49%) prior surgery,
but the difference was also not significant (P ¼ .11; 95%
CI, �2.06 to 0.22).

A Bland-Altman analysis demonstrated no relationship
between the magnitude of the discrepancy between
OCT-intraoperative measurements and the limbus-
insertion distance for the medial rectus (Figure 2);

TABLE 1. Preoperative Optical Coherence Tomography and Intraoperative Measurements, Distance From Limbus to Anterior
Chamber Angle, and Axial Length

Rectus Muscles Medial Lateral Superior Inferior

Limbus to insertion, OCT preoperative

Mean (SD) 6.74 (1.92) 7.82 (1.82) 7.36 (0.42) 6.51 (0.65)

Range 4.6–12.7 6.3–14.6 6.7–7.8 5.8–7.4

Limbus to insertion, intraoperative

Mean (SD) 6.80 (2.06) 7.85 (2.36) 7.35 (0.47) 6.38 (0.58)

Range 4.0–12.0 5.0–14.5 7.0–8.5 5.0–7.0

Difference between OCT and intraoperative

measurements

Mean bias (SD) �0.06 (1.2) �0.03 (1.3) 0.01 (0.5) 0.14 (0.6)

Range �2.7–3.2 �5.2–2.6 �0.8–0.8 �0.6–0.9

P value (CI) .69 (�2.3, 2.2) .86 (�2.9, 2.9) .95 (�1.0, 1.0) .56 (�1.1, 1.4)

Decrease in distance following disinsertion

Mean (SD) 0.73 (0.51) 0.88 (0.75) 1.0 (0.62) 0.62 (0.58)

Range �0.5–2.0 0–4.5 0–2.0 0–1.5

Distance from limbus to AC angle, n (%)a

0.00–0.50 0 1 (2%) 0 0

0.51–1.00 18 (29%) 26 (41%) 0 1 (14%)

1.01–1.50 36 (58%) 35 (55%) 1 (10%) 4 (57%)

>1.50 8 (13%) 2 (3%) 9 (90%) 2 (29%)

Correlation between limbus AC angle and

AL, R (P value)

0.18 (.17) 0.16 (.22) �0.02 (.96) �0.02 (.96)

Correlation between preoperative OCT and

intraoperative measurement

R 0.84 0.84 0.32 0.47

P value <.001 <.001 .38 .24

AC ¼ anterior chamber; AL ¼ axial length; CI ¼ confidence interval; OCT ¼ optical coherence tomography; SD ¼ standard deviation.
aMeasurement from 1 inferior rectus muscle not available.
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however, the OCT tended to underestimate the intraoper-
ative measurement at larger distances from the limbus for
the lateral rectus, especially larger than 8 mm
(r ¼ �0.431; P < .001; Figure 3).

� SUPERIORAND INFERIORRECTUS: Overall, no substan-
tial discrepancies were observed between the AS-OCT
and the intraoperative measurements for the vertical
rectus muscles. The correlation between the preoperative
and intraoperative measurements was r ¼ 0.32 (P ¼ .38)
for the superior rectus and r ¼ 0.47 (P ¼ .24) for the
inferior rectus. The differences between the AS-OCT
and surgical measurements were all within 1 mm for
the vertical rectus muscles, too narrow a range for a
meaningful Bland-Altman analysis. Both the narrow
range of the measurements and the small sample size
likely contributed to the failure to observe correlations
between the measurements.

� OTHERMEASUREMENTS: The distance from the limbus
to the anterior chamber angle was <_1 mm in 29% of the
medial (mean ¼ 1.17 mm, 95% CI, 1.10–1.24), 43% of
the lateral (mean ¼ 1.05, 95% CI, 0.99–1.12), and
14% of the inferior rectus muscles (mean ¼ 1.34, 95%
CI, 1.08–1.60); for the superior rectus muscles, all dis-
tances were larger than 1.00 mm. No correlation between
AS-OCT anterior chamber angle to limbus distance and
axial length was established for any of the extraocular

muscles. The distance from the limbus to the muscle
insertion systematically decreased after muscle disinser-
tion (Table 1).

DISCUSSION

ADULT PATIENTS FREQUENTLY PRESENT FOR STRABISMUS

evaluation after previous ocular surgery or trauma, causing
uncertainty as to the location of the tendon insertion. A
reliable diagnostic test to define the muscle insertion loca-
tion is extremely valuable in the context of planning stra-
bismus surgery.
Previous UBM reports assessing its accuracy compared

with intraoperative measurements showed good to very
good agreement with Bland-Altman analysis. In prior
studies, 90.3%–100% of all measurements were within
1 mm,8,9 with 87.5%–100% for primary strabismus
surgeries10 and 62.5%–80.5% for reoperations.7,10 Based
on these results, Dai and associates reported the UBM to
be accurate in reoperations with good to excellent
agreement.7 In contrast, Thakur and associates concluded
that UBM is inaccurate for predicting the insertion in reop-
erations.10 Also, Ngo and associates have suggested that
the wide-field UBM might be more discerning than the
AS-OCT in separating scarred muscles from sclera in reop-
erations.12

FIGURE 2. Bland-Altman plot of medial rectus muscle comparing anterior segment optical coherence tomography and surgical
caliper measurements.
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Only 3 prior studies have been published discussing
AS-OCT accuracy in comparison with intraoperative mea-
surements, and only 2 of these included reoperations.11–13

One study examined primary strabismus surgery, in which
the muscle insertion was measured intraoperatively after
tendon disinsertion and showed good agreement with the
Bland-Altman analysis, with 92% of measurements within
1 mm.11 The second study analyzed both primary surgeries
and reoperations and showed good agreement with
Bland-Altman analysis, with 90.3% of measurements within
1 mm. However, this study included only 9 reoperations,
which accounted for 11.3% of imaged muscles. The ability
to image previously operated muscles was 78.8%, compared
with 93.9% in our study.12 The third study found good agree-
ment between spectral-domain AS-OCT and direct intrao-
perative measurements in 22 horizontal muscles of healthy
patients with no previous surgery.13 Besides presenting a
small sample of reoperated muscles, these aforementioned
studies did not analyze those muscles separately, therefore
overestimating their accuracy in reoperations.12,13

Our study evaluated the accuracy of AS-OCT in predict-
ing the intraoperative distance of an extraocular rectus
muscle insertion from the limbus. We found that 77.1%
of AS-OCT measurements were within 1 mm of intraoper-
ative measurements, a clinically acceptable difference
applied in prior studies.6–12 Analyzing muscles
undergoing primary strabismus surgery, we found that
83.2% of measurements were within 1 mm. For muscles
with previous strabismus surgery, the accuracy decreased
to 58.1%; however, 93.5% (29/31) of measurements were
within 2 mm for reoperated muscles. Bland-Altman anal-
ysis of the lateral rectus muscles showed a greater tendency
of AS-OCT to underestimate the distance from the limbus.
This difference proportionally increased the greater the dis-
tance of the muscle insertion from the limbus, particularly
for the lateral rectus. This is likely because the precision of
the AS-OCT decreases as the distance from the limbus
increases. In our study, the farthest insertion measured
with AS-OCT was 14.6 mm for the lateral rectus and
12.7 mm for the medial rectus, as compared with

TABLE 2. Difference Between Optical Coherence Tomography and Intraoperative Measurements

Rectus Muscles Medial Lateral Superior Inferior

All muscles,a n (%)

<�2.0 5 (8%) 7 (11%) 0 0

<�1.0 to �2.0 4 (6%) 1 (2%) 0 0

<�0.5 to �1.0 10 (16%) 2 (3%) 2 (20%) 2 (25%)

�0.5 to þ0.5 26 (43%) 33 (52%) 6 (60%) 3 (38%)

>0.5 to 1.0 10 (16%) 13 (20%) 2 (20%) 3 (38%)

>1.0 to 2.0 5 (8%) 7 (11%) 0 0

>2.0 2 (3%) 1 (2%) 0 0

N OCT images insufficiently clear to

measure

2 0 0 7

No prior muscle surgery,a n (%)

<�2.0 2 (5%) 2 (4%) 0 0

<�1.0 to �2.0 1 (2%) 1 (2%) 0 0

<�0.5 to �1.0 6 (14%) 1 (2%) 2 (20%) 2 (25%)

�0.5 to þ0.5 22 (51%) 29 (56%) 6 (60%) 3 (38%)

>0.5 to 1.0 6 (14%) 12 (23%) 2 (20%) 3 (38%)

>1.0 to 2.0 5 (12%) 7 (13%) 0 0

>2.0 1 (2%) 0 0 0

N OCT images insufficiently clear to

measure

1 0 0 6

Prior muscle surgery,a n (%)

<�2.0 3 (16%) 5 (43%) 0 0

<�1.0 to �2.0 3 (16%) 0 0 0

<�0.5 to �1.0 4 (21%) 1 (8%) 0 0

�0.5 to þ0.5 4 (21%) 4 (33%) 0 0

>0.5 to 1.0 4 (21%) 1 (8%) 0 0

>1.0 to 2.0 0 0 0 0

>2.0 1 (5%) 1 (8%) 0 0

N OCT images insufficiently clear to

measure

1 0 0 1

OCT ¼ optical coherence tomography.
aHighlighted sections indicate OCT measurements that fall within 1 mm of the intraoperative measurement.

240 APRIL 2017AMERICAN JOURNAL OF OPHTHALMOLOGY



13.5–14 mm for the lateral rectus and 11.2–12 mm for the
medial rectus in previous studies.7,9,10,12

In patients with prior non-strabismus surgery, the
largest differences were seen in those with a scleral
buckle implant, in whom the muscle was noted to be
scarred posterior to the silicone band intraoperatively.
Although AS-OCT measured the anatomic insertion, it
was unable to identify the ‘‘functional’’ insertion
(Figure 4). For this reason, the measurements tended to
underestimate the distance by up to 5.2 mm, as the
AS-OCT was unable to differentiate the original inser-
tion from the scarred tendon. In addition, it was difficult
to distinguish the muscle insertion from the implant, as
both appear hyporeflective on AS-OCT.
Prior studies stated that the limbus could not be well

defined on AS-OCT and thus resorted to the anterior
chamber angle as an alternative reference.11,12,14

Traditionally, these studies added 1 mm to the distance
of the anterior chamber to the muscle tendon insertion
and had a tendency to overestimate the intraoperative
distance. Our study suggests that the 1 mm correction
proposed in the literature may be insufficient, since the
majority of measurements were >1 mm. This is a
particularly crucial issue, because AS-OCT is able to
demonstrate the variable location of the limbus in relation
to the anterior chamber angle in the same eye (Figure 5).
Recognizing the systematic error introduced by using the

FIGURE 3. Bland-Altman plot of lateral rectus muscle comparing anterior segment optical coherence tomography and surgical
caliper measurements.

FIGURE 4. Right eye of a patient with previous scleral buckle
implantation. (Top) Surgical photograph showing the measure-
ment of the muscle tendon insertion at 7.5 mm with calipers
compared with the effective insertion with the muscle hook.
(Bottom) Anterior segment optical coherence tomography im-
age showing the distance from the limbus to the insertion.
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anterior chamber, more recent studies have validated the
use of the limbus as a landmark with spectral-domain
OCT.13,15,16 Overall, our study agrees that the external
limbus was clearly seen with the AS-OCT and therefore
may provide a more accurate reference point from which
to measure the muscle insertion.17–19

The strengths of our study include the fact that we have a
large series of adult patients, encompassing both prior stra-
bismus and other ocular or orbital surgeries compared with
intraoperative measurements. No other studies have
analyzed previously operated muscles separately. We have
also demonstrated that it is possible to image the extraocu-
lar muscle insertion as far from the limbus as 14.6 mm for

the lateral rectus and 12.7 mm for the medial rectus, which
is further than prior studies. Our study also validates the use
of the limbus as a measurement landmark, both with AS-
OCT and intraoperatively. This is particularly useful for
the superior rectus, where the limbus is often extended,
and in the presence of anterior chamber changes, in which
angle landmarks may be distorted.
The limitations of the study include the absence of

comparative evaluation with UBM, which might have
helped in distinguishing pseudotendon and scarred tissue.
This could possibly reduce the error in cases with scleral
buckle implants and help to validate theAS-OCTmeasure-
ment. Second, time-domain OCT was used because of its
deeper tissue penetration than spectral-domain OCT,
despite its slower image acquisition and lower image resolu-
tion. Third, only 53.3% of the inferior rectus muscle inser-
tions were measurable by AS-OCT. The muscles that could
not be measured were mainly in cases of restrictive stra-
bismus (4 thyroid disease, 1 trauma, and 1 after orbital
dermoid removal).We attribute this to the limited ductions
associated with paralytic and restrictive strabismus. In addi-
tion, there is a known inherent imprecision associated with
surgical calipers, as their resolution is limited to 0.5 mm,
whereas the resolution of the AS-OCT is 0.01 mm. Lastly,
although a standard measurement method and consistent
measurement technique were implemented, the use of a
muscle hook might alter the muscle insertion.
In conclusion, AS-OCT could be valuable in the preop-

erative evaluation of patients with prior strabismus surgery.
We successfully imaged 31 of 33 (93.9%) reoperated mus-
cles. We accurately identified muscle tendon insertions
within 1 mm in only 58.1% of reoperated muscles; howev-
er, 93.5% of muscle tendon insertions were within 2 mm,
whichmay be clinically useful in surgical planning. This in-
formation should be kept in mind when interpreting AS-
OCT EOM measurements.
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