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Sensitivity of the three-step test in diagnosis of superior oblique
palsy

Ajay M. Manchandia, MD2 and Joseph L. Demer, MD, PhD&P
aDepartment of Ophthalmology, Stein Eye Institute, University of California Los Angeles

bDepartment of Neurology, Neuroscience Interdepartmental Program, Bioengineering
Interdepartmental Program, University of California Los Angeles

Abstract

Purpose—Although the Parks-Bielschowsky three-step test is the cornerstone of cyclovertical
strabismus diagnosis, it has not been validated against an external benchmark. We evaluated the
test’s sensitivity in clinical diagnosis of superior oblique palsy in patients with unequivocal
magnetic resonance imaging (MRI) evidence of superior oblique atrophy.

Methods—A total of 73 strabismic patients were selected from a prospective MRI study because
they exhibited superior oblique atrophy indicative of superior oblique denervation and thus
confirmatory of superior oblique palsy. Of these, 50 patients who had no confounding factors were
included for detailed study. Ocular motility data were evaluated to determine sensitivity of single
and combined clinical findings in diagnosis of superior oblique palsy.

Results—Maximum mean ipsilesional superior oblique cross section was reduced to 9.6 + 0.6
mm? (mean = standard error) in superior oblique palsy, representing 52% of the 18.5 + 0.6 mm?
contralesional superior oblique maximum cross section and 52% of the 18.4 + 0.4 mmZ control
maximum superior oblique cross section (P < 0.001). Of the 50 patients, 35 (70%) with superior
oblique atrophy fulfilled the entire three-step test. In 14 (28%) patients two steps were fulfilled; in
1 patient (2%), only one step. Affected superior oblique cross section was similar in orbits that
fulfilled the three-step test (9.8 + 0.9 mm?2) and those that did not (9.1 + 0.7 mm?2; P = 0.58).

Conclusions—The complete three-step test fails to detect 30% of cases of superior oblique
atrophy. Often only two of three steps are positive in superior oblique palsy.

The Parks-Bielschowsky three-step test, originally applied to the setting of isolated
cyclovertical extraocular muscle paresis, is the cornerstone of cyclovertical strabismus,
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especially for diagnosis of superior oblique palsy.! The clinical signature of unilateral
superior oblique palsy includes: (1) ipsilesional central gaze hypertropia, (2) greater in
contralesional than ipsilesional gaze, (3) and greater in ipsilesional than contralesional head
tilt.2~* The three-step test presumes that there is unopposed activity of the palsied superior
oblique muscle’s antagonist, the inferior oblique, that increases hypertropia in contralateral
gaze.> The head tilt phenomenon is supposed to result from deficit of the palsied superior
oblique’s incycloduction during ocular counterrolling (OCR).3 Deficient incycloduction is
theorized to be replaced by the ipsilateral superior rectus, but at cost of hypertropia during
ipsilateral head tilt.6 Based on these assumptions, when all three steps are positive, many
clinicians diagnose superior oblique weakness, notwithstanding highly individual
hypertropia incomitance attributed to secondary changes, including so-called inferior
oblique overaction and superior rectus contracture.’-8

Recent advances in magnetic resonance imaging (MRI) have enabled direct study of the
functional anatomy of the superior oblique belly. In superior oblique palsy, superior oblique
contractility is well correlated with maximum cross-sectional area in central gaze.® MRI in
monkeys with experimental intracranial trochlear neurectomy readily demonstrates superior
oblique atrophy.®-11 Therefore, it seems reasonable to regard superior oblique atrophy as a
sufficient objective confirmation of superior oblique palsy; atrophy is both signature of
trochlear denervation and a biologically plausible correlate of weakness. Although such a
stringent criterion might miss some cases of superior oblique weakness, it is seems certain
that an atrophic superior oblique could not generate normal oculorotary force.

Recent evidence suggests that the three-step test’s mechanism is not fully understood. Kono
and colleauges® demonstrated absence of relationship between superior oblique size and
head tilt-dependent hypertropia in superior oblique palsy. MRI shows that the ipsilesional
inferior oblique muscle does not exhibit hypertrophy or supranormal contractility in superior
oblique palsy, as implied by the term inferior oblique overaction.1! Kushner has emphasized
that multiple etiologies can mimic superior oblique palsy in the three-step test and lead to
misattribution of the cause of hypertropia.12 Muscle pulley heterotopy,!3 superior oblique
tendon anomalies,# and skew deviation® can all yield a positive result; these
“masqueraders” fulfill the three-step test without superior oblique atrophy.16

No prior studies have validated three-step test sensitivity against any other indicator of
superior oblique function. Were the test ideally sensitive, all patients with radiographic
evidence of superior oblique palsy should exhibit positive three-step test. This study aimed
to evaluate the three-step test sensitivity in diagnosis of superior oblique palsy and to
determine whether particular motility findings improve sensitivity in diagnosing superior
oblique palsy.

Subjects and Methods

Patients provided written informed consent for participation according to a protocol
approved by the University of California Institutional Review Board and conforming to
requirements of the US Health Insurance Portability and Accountability Act of 1996.
Strabismic patients who exhibited superior oblique atrophy on coronal plane MRI during a
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Results

prospective study of 1999 to 2012 were included. No attempt was made to distinguish
acquired atrophy from other causes of superior oblique hypoplasia, because it was reasoned
that any cause of deficient superior oblique size would be indicative of deficient function.
Versions, torsion measured by double Maddox rods, and three-step test were performed by
the senior author (JLD) before MRI scans. Patients were excluded for prior strabismus
surgery, additional causes of strabismus, or incomplete data. Heterotropia was measured
using prism-cover at distance. Versions were graded from 0 to + 4. To maximize sensitivity,
a “step” was liberally defined if the difference in hypertropia between ipsilesional and
contralesional gaze or head tilt was =12. Control subjects were recruited by advertising and
underwent full examinations to verify normal corrected vision and motility and Titmus
stereopsis of 40 arcsec. MRI was identical in controls and patients.

High-resolution, T1- or T2-weighted fast spin-echo, surface coil MRI was performed at 1.5-
T (Signa; GE Healthcare; Milwaukee, W1), as described elsewhere.11.17 Eighteen to 20
contiguous, quasicoronal planes were obtained in 2 mm slices using a 256 x 256 matrix over
an 8 cm field of view. Each monocularly imaged eye fixated for approximately 2.5 minutes
on a small afocal target 2 cm distant in central gaze.

MRI images were quantified before clinical data review by an investigator masked to history
and laterality of strabismus using ImageJ 1.46R (Wayne Rasband, National Institutes of
Health, Bethesda, MD, http://rsh.info.nih.gov/ij/). The superior oblique muscle was digitally
outlined in MRI images, and the maximum cross-sectional area was automatically computed
(Figure 1) for comparison by paired and unpaired t tests. Versions were analyzed using the
Wilcoxon rank sum test. Sensitivity was analyzed using the x?2 test.

Of 577 enrolled strabismic patients, 73 exhibited superior oblique atrophy on MRI. Of these,
23 were excluded, leaving 50 for analysis (47 males; mean age, 37.6 [range, 5-83 years]).
Mean data on included patients are provided in Table 1, with individual data in e-
Supplement 1 (available at jaapos.org). Etiologies of superior oblique palsy included
congenital, iatrogenic, traumatic, cerebrovascular, and idiopathic. From 157 normal
participants, 40 (80 orbits) age-matched controls were selected.

Superior Oblique Cross-Sectional Area

Atrophy of palsied superior oblique muscles was conspicuous on MRI (Figure 1). Maximum
mean ipsilesional superior oblique cross-section was reduced to 9.6 + 0.6 mm?, representing
52% of 18.5 + 0.6 mm? contralesional superior oblique cross section, and 52% of the 18.4 +
0.4 mm? normal superior oblique cross section (P < 0.001; Figure 2). Mean ipsilesional
superior oblique cross section was similar in patients fulfilling the three-step test (9.8 + 0.9
mm?2) and those fulfilling only one or two steps (9.1 + 0.7 mm?; P = 0.58).

Clinical Findings

The entire three-step test was fulfilled by 35 patients (70%) with superior oblique atrophy.
Mean motility data are summarized in Table 2, with individual patient data supplied in e-
Supplement 2 (available at jaapos.org). Patients fulfilling the three-step criteria had 8.72 +
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2.32 (mean + standard error) ipsilesional central hypertropia, similar to those who did not
(12.82 + 1.6%; P = 0.16). As expected, contralesional gaze hypertropia was significantly
greater in patients fulfilling all three steps than in those who did not (22.02 + 2.28 vs 8.74 +
1.98; P < 0.05); ipsilesional head tilt hypertropia was also greater in those fulfilling all three
steps (22.4% + 2,58 vs 13.12 + 2.8%; P < 0.05).

Age did not differ significantly between patients with superior oblique atrophy fulfilling and
those not fulfilling the three-step test (36.0 + 3.3 vs 41.4 + 4.0 years; P = 0.34). Likewise,
excyclotorsion did not differ between the two cohorts (7.9° + 1.0° vs 7.8° £ 1.2°; P = 0.96).
Infraduction in adduction was similar between cohorts (-1.7 £ 0.2 vs 1.4 £ 0.3; P = 0.44).
However, patients fulfilling the three-step test had significantly more supraduction in
adduction than those who did not (1.9 + 0.2 vs 0.3 £ 0.5; P < 0.01) and had an insignificant
trend toward longer symptom duration than those who did not (8.0 + 1.5 vs 4.3 £ 1.6 years;
P =0.15).

Sensitivity of Test Components

At least one step of the three-step test was fulfilled in all patients. Only two steps were
fulfilled in 14 patients (28%), and only one step in 1 patient (2%). Figure 3 summarizes the
sensitivity of individual and combined steps. Although acceptance of any step would
obviously be more sensitive than would requirement of all three steps (Figure 3; P < 0.05), a
single step would reduce specificity.

Ipsilesional central hypertropia (step 1) was present in 46 of 50 patients (92%) with superior
oblique palsy. The 4 patients (patients 1, 9, 10, 11) who did not fulfill step 1 were similar in
age (39.0 + 3.3 years; P = 0.32) to patients who fulfilled all steps. Three of these (patients 1,
9, 10) had normal supraduction in adduction, and all had excyclotorsion (5.8° + 2.5°; P =
0.48) similar to patients fulfilling all 3 steps. There was an insignificant trend for the 4
patients not fulfilling step 1 to have shorter symptom duration than those fulfilling all steps
(1.2+0.3vs 8.0 £ 1.5 years; P=0.13).

In 42 patients (84%) contralesional gaze hypertropia exceeded ipsilesional gaze hypertropia
(step 2). The 8 (patients 1-8) not fulfilling step 2 had the same age (40.1 + 7.3 years; P =
0.60) and symptom duration (7.6 £ 2.4 years; P = 0.92) as patients fulfilling all steps.
Supraduction on adduction in patients not fulfilling step 2 ranged from -3 to +2;
excyclotorsion (7.2° + 1.8°; P = 0.77) was similar to those fulfilling the complete three-step
test.

In 46 patients (92%) ipsilesional exceeded contralesional head tilt hypertropia (step 3). The
4 (patients 12-15) not fulfilling step 3 did not differ significantly in age (46.8 + 1.8 years; P
= 0.28) or excyclotorsion (7.5° + 3.8°; P = 0.91) from patients fulfilling the complete three-
step test. Supraduction in adduction ranged from -2 to +4. Similar to step 1, there was an
insignificant trend for the 4 patients not fulfilling step 3 to have shorter symptom duration
(1.7 £ 0.9 years; P = 0.15) than those fulfilling all steps.

Steps 1 and 2 were fulfilled in 39 patients (78%). This two-step criterion was not statistically
more sensitive than the complete three-step test (P = 0.22). Steps 1 and 3 were fulfilled in 42
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patients (84%), which was more sensitive than the three-step test (P < 0.05). Finally, steps 2
and 3 were fulfilled in 38 patients (76%), not statistically more sensitive than the three-step
test (P = 0.35). Etiology was not correlated with any particular steps (e-Supplement 1,
available at jaapos.org).

At least two of the three steps were fulfilled in 49 patients (98%), but this may reduce
specificity. The single patient not fulfilling at least two steps (patient 1) had a significantly
smaller ipsilesional (8.4 mm2) than contralesional superior oblique cross section (19.1 mm?)
yet only 32 hyperphoria on ipsilesional head tilt (and orthotropia in all other gazes).

Discussion

This study included 50 patients exhibiting grossly evident unilateral superior oblique
atrophy on MRI, including various etiologies and durations of superior oblique palsy. The
three-step test was negative in 30% of cases. Patient age, maximum superior oblique cross
section, and palsy etiology did not differ significantly with respect to fulfillment of the
three-step test. Patients with superior oblique palsy not fulfilling the complete three-step test
had significantly less elevation in adduction (often loosely termed inferior oblique
overaction) than those fulfilling the three-step test. Less overelevation in adduction may
further reduce likelihood of superior oblique palsy diagnosis by clinicians anticipating that
inferior oblique overaction is the usual consequence of superior oblique weakness.

This study included only older children and adults with superior oblique atrophy cooperative
for motility examinations; although exclusion of very young children may limit our
conclusions to this group, it is doubtful that three-step test sensitivity would be greater in
toddlers.

Why do only 70% of patients with superior oblique atrophy fulfill the three-step test?
Biomechanical simulation demonstrates that superior oblique weakness alone does not
explain the large hypertropia.18 In monkeys, superior oblique palsy does not immediately
create large hypertropia; this typical clinical sign emerges only later.1® Strabismus
associated with superior oblique palsy is not simply due to superior oblique weakness, or
even due to changes in the antagonist inferior oblique; it is influenced by additional
mechanical and innervational changes.

Kono and colleagues!! reported that in superior oblique palsy, the ipsilesional inferior
oblique was not hypertrophic and did not demonstrate supranormal contractility. Size and
contractility of the contralesional inferior rectus increase in superior oblique palsy.29 When
it occurs, contralesional superior rectus hypertrophy may be a compensatory mechanism in
response to vertical misalignment.21 Superior oblique palsy is also accompanied by shifts in
the medial rectus, lateral rectus, and inferior rectus pulleys.2223 Finally, there is MRI
evidence that differential compartmental contraction in the lateral rectus and medial rectus
muscles elicits cyclovertical actions that might modulate alignment in superior oblique
palsy.24:25

We defined a positive “step” as a difference between ipsilesional and contralesional gaze or
head tilt of =12, This liberal threshold maximized sensitivity, although perhaps not clinically
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practical. A higher hypertropia difference threshold would have reduced the humber of
patients fulfilling the complete three-step test, thus reducing sensitivity.

Might any components of the three-step test be more sensitive than others? The combination
of ipsilesional central hypertropia (step 1) and ipsilesional exceeding contralesional head tilt
hypertropia (step 3) was more sensitive than the complete three-step test. Using only these
two steps missed 8 patients (16%) with superior oblique palsy. However, relaxing diagnostic
rigor to increase sensitivity may make an already poorly specific test even less specific.16
For instance, a recent study showed that the three-step test was only about 50% specific,
with 10 of 22 patients fulfilling the three-step test lacking superior oblique atrophy on
MRI.22 The present study challenges the sensitivity of the three-step test, which missed 30%
of cases with demonstrated superior oblique atrophy.

High-resolution MRI readily demonstrates superior oblique contractility in normal subjects
as well as superior oblique atrophy and decreased contractility in superior oblique palsy.?
Superior oblique cross-sectional area correlates with contractility.1! It seems reasonable to
interpret significantly decreased superior oblique cross-sectional area on MRI as objective
confirmation of superior oblique palsy. Our finding that ipsilesional superior oblique cross
section in presumed superior oblique palsy was 52% of the contralesional and control

superior oblique muscles is consistent with previous studies of superior oblique
palsy.6:11,21,22,26

The present study demonstrates that the three-step test is not particularly sensitive to
superior oblique palsy. Earlier studies have demonstrated that the three-step test is not
highly specific to superior oblique palsy either. Kono and colleagues® demonstrated absence
of relationship between superior oblique size and the Bielschowsky head tilt phenomenon in
clinically diagnosed superior oblique palsy. In another study by our group, only about half
the subjects with a positive three-step test exhibited abnormal superior oblique size,
suggesting that the three-step test may have only about 50% specificity.2’ In fact, no clinical
features of any kind provided useful clues to the presence of superior oblique atrophy in
patients with hypertropia that depended upon head tilt.2” Taken together with the present
study, the cumulative evidence argues that it may not be possible to reliably diagnose
superior oblique palsy on clinical grounds.

Because diplopia may be the first symptom of neurological disease, and because superior
oblique palsy treatment is often surgical,* diagnostic confirmation can be important. The
extensive differential diagnosis of alternative causes of incomitant hypertropia necessitates a
sensitive and specific test for superior oblique palsy diagnosis. In the setting of incomitant
hypertropia with a negative three-step test, clinicians may entertain diagnoses other than
superior oblique palsy and may miss up to 30% of cases. If the situation requires etiologic
diagnosis of hypertropia, imaging may be helpful to evaluate superior oblique size. If
clinical considerations do not warrant imaging, use of only steps 1 and 3 would increase
sensitivity to 84%, albeit with unknown effect on specificity.
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FIG. 1.
MRI of both orbits of patient demonstrating atrophied right and normal left superior oblique

muscles.
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FIG. 2.
Superior oblique maximum cross-sectional areas. Error bars indicate standard errors.

Contralesional superior oblique cross-sectional areas did not differ significantly from
control. All palsied superior oblique muscles exhibited highly significant reduction in
maximum cross section (P < 0.001) irrespective of the number of positive step of the three-
step test.
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Step 1: Primary HT
46/50 (92%)
P <0.05

Step 1 + 2:
39/50 (78%
P=0.22

Step 1 + 3:
42/50 (84%)
P <0.05

3-step test:
35/50 (70%)

Step 3: Tilt HT
46/50 (92%)
P <0.05

Step 2: Gaze HT
42/50 (84%)
P <0.05

Step 2 + 3:
8/50 (76%)
P =0.35

FIG. 3.
Venn diagram illustrating sensitivities of combinations of individual test steps in diagnosis

of superior oblique palsy. Any one step individually is more sensitive than the three-step test
(P < 0.05). The combination of steps 1 and 3 is more sensitive than the three-step test (P <
0.05), but no other combination of steps had sensitivity exceeding the complete three-step
test. HT, hypertropia.
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Table 1

Superior oblique muscle cross sections in superior oblique palsy

Ipsilesional Contralesional Age, years  Duration, years
maximum superior  maximum superior
oblique cross oblique cross
section, mm? section, mm?

Patients not fulfilling complete three-step test

Mean 9.1 18.0 414 4.3

SEM 0.9 1.0 4.0 16
Patients fulfilling complete three-step test

Mean 9.8 18.8 36.0 8.0

SEM 0.7 0.8 3.2 15

P value 0.58 0.61 0.34 0.15

SEM, standard error of the mean.
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