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Background and Purpose  To determine the diagnostic utility of the three-step test in uni-
lateral superior oblique palsy (SOP) according to the presence of the trochlear nerve using 
high-resolution thin-section magnetic resonance imaging.
Methods  In total, 166 patients with congenital and acquired unilateral SOP were included, 
comprising 87 with a normal trochlear nerve (present group) and 79 without a trochlear nerve 
(absent group). The sensitivity of each component of the three-step test was evaluated as well 
as factors related to the sensitivity.
Results  All three steps were positive in 78% of those in the present group and 72% of those in 
the absent group, demonstrating no intergroup difference (p=0.471). Superior rectus muscle  
(SR) contracture was more frequent in patients who exhibited at least one negative step (incom-
plete group) (p=0.014). The incomplete group was significantly related to larger hypertropia in 
ipsilateral gaze (p<0.001), smaller hypertropia in contralateral gaze (p<0.001), and smaller dif-
ferences in hypertropia between ipsilateral head tilt and the primary position (p=0.012).
Conclusions  The diagnostic utility of the three-step test in unilateral SOP did not differ ac-
cording to the presence of the trochlear nerve. SR contracture was the main cause of exceptions 
of the three-step test in unilateral SOP.
Key Words    superior oblique palsy, trochlear nerve, Parks-Bielschowsky three-step test.

Diagnostic Utility of the Three-Step Test According 
to the Presence of the Trochlear Nerve 
in Superior Oblique Palsy

INTRODUCTION

The Parks-Bielschowsky three-step test is the mainstay for identifying isolated palsied cyclo-
vertical muscles, especially in patients with superior oblique palsy (SOP).1,2 However, this test 
has limitations due to mimicking clinical conditions,3-6 and so the test results need to be in-
terpreted cautiously and should be used in combination with supplementary findings when 
making definitive diagnoses. Moreover, the validity of test has not been generally investigat-
ed. Several previous studies restrictively evaluated the sensitivities of the three-step test in 
SOP in conjunction with magnetic resonance imaging (MRI) profiles.7,8 Demer et al.7 docu-
mented that only half of patients exhibiting a complete three-step test had a hypoplastic su-
perior oblique muscle (SO), suggesting that the specificity of the test is low in SOP patients. 
Another study found that 30% patients with SO atrophy failed to fulfill the entire three-step 
test, indicating a sensitivity of 70%.8 Although a smaller SO represents confirmatory evi-
dence of SOP, this corresponds to only two-thirds of patients with congenital SOP9,10 and up 
to 75% of those with idiopathic SOP.11 Since the absence of the trochlear nerve represents 
definite evidence of SO palsy, the sensitivity of the three-step test needs to be clarified accord-

Ji Eun Leea* 
Hee Kyung Yangb* 
Jae Hyoung Kimc 

Jeong-Min Hwangb

a Department of Ophthalmology, 
Maryknoll Medical Center, Busan, Korea

b Departments of Ophthalmology and
c Radiology, Seoul National University 
College of Medicine, 
Seoul National University 
Bundang Hospital, Seongnam, Korea

pISSN 1738-6586 / eISSN 2005-5013   /   J Clin Neurol 2018;14(1):66-72   /   https://doi.org/10.3988/jcn.2018.14.1.66

Received July 13, 2017
Revised September 13, 2017
Accepted September 13, 2017

Correspondence
Jeong-Min Hwang, MD, PhD
Department of Ophthalmology, 
Seoul National University 
Bundang Hospital, 
82 Gumi-ro 173beon-gil, Bundang-gu, 
Seongnam 13620, Korea
Tel    +82-31-787-7372
Fax   +82-31-787-4057
E-mail    hjm@snu.ac.kr

*These authors contributed equally to 
this work

cc  This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

JCN  Open Access ORIGINAL ARTICLE

http://crossmark.crossref.org/dialog/?doi=10.3988/jcn.2018.14.1.66&domain=pdf&date_stamp=2017-12-28


www.thejcn.com  67

Lee JE et al. JCN
ing to the absence or presence of the trochlear nerve. 

To our knowledge, no previous study has investigated the 
relationship between the existence of the trochlear nerve and 
the diagnostic sensitivity of the three-step test. The first aim of 
the present study was to establish the sensitivity of this test ac-
cording to the existence of the trochlear nerve. The second aim 
was to determine the characteristics of the patients who exhib-
ited a completely positive three-step test.

METHODS

Approval to conduct this study was obtained from the Institu-
tional Review Board of Seoul National University Bundang 
Hospital (IRB No. B-1511-322-102). All aspects of the research 
protocol and clinical investigation were conducted according 
to the principles expressed in the Declaration of Helsinki. In-
formed consent was not required, since patient records and 
information were anonymized and de-identified prior to the 
analysis.

Subjects
This study conducted a retrospective review of the medical 
records of 166 consecutive patients who were diagnosed with 
unilateral SOP and had undergone high-resolution thin-sec-
tion MRI at Seoul National University Bundang Hospital be-
tween January 2012 and August 2015. The diagnosis of uni-
lateral SOP was made by applying the following three absolute 
criteria: 1) unilateral under-depression in addition to the 
presence or absence of overelevation in adduction, 2) hyper-
deviation in the primary position on the alternate prism cov-
er test, and 3) no evidence of other ocular motility disorders 
causing vertical deviation, including contracture of the verti-
cal rectus muscle except for secondary contracture of the su-
perior rectus muscle (SR) associated with SOP, paresis of mul-
tiple vertical muscles, previous muscle surgery, skew deviation, 
myasthenia gravis, vertical-deviation-related horizontal stra-
bismus, and structural abnormalities such as muscle pulley 
heterotopy or craniosynostosis. The etiology was classified 
as “congenital” based on photographic or reliable historical 
documentation of a long-standing strabismus or an ocular 
torticollis since infancy or early childhood, large fusional am-
plitudes of vertical deviation, and the absence of torsional 
diplopia. The etiology was classified as “acquired” when there 
was no previous occurrence, normal vertical fusional ampli-
tudes, presence of torsional diplopia, and suspicious history of 
a preceding event typically related to the onset of symptoms.

Clinical measurements
Clinical characteristics were collected and all study patients 
underwent complete ophthalmologic examinations. The ex-

aminations included alternate prism cover measurements in 
the six diagnostic positions of gaze and the Bielschowsky 
head-tilt test. To detect the smallest differences so as to maxi-
mize the sensitivity, each step was considered “positive” in the 
presence of (Step 1) hyperdeviation in the primary position, 
(Step 2) hyperdeviation greater by at least 1 prism diopter 
(PD) in contralateral gaze than ipsilateral gaze, and (Step 3) 
positive Bielschowsky head-tilt test with an increment of the hy-
perdeviation by at least 1 PD on ipsilateral head tilt compared to 
contralateral head-tilt test. The ocular motility of the oblique 
muscles was graded based on a subjective scale scored from 0 
to 4 of underaction (–) or overaction (+).

The three-step test was performed by two independent oph-
thalmologists before performing MRI scans or any other an-
cillary diagnostic tests. SR overaction or contracture was de-
fined by the following previously published clinical criteria:12,13 
a vertical deviation of 15 PD or more in the primary position, 
hypertropia that is the same as or larger with ipsilateral head 
tilt than with the eyes looking straight ahead, more than 5 PD 
hypertropia of the affected eye in gaze to the side of the SO 
palsy, hypertropia in all upgazes, and overaction of the con-
tralateral SO of +1 or more. Laterality of the paretic eye, fixa-
tion dominance, dissociated vertical deviation and associated 
horizontal strabismus were also noted. Subjective torsion in 
the primary gaze was assessed with double Maddox rods. 
Objective ocular torsion was evaluated by funduscopy or in 
fundus photographs obtained using fundus cameras (KOWA 
VX-10, Kowa Company, Tokyo, Japan; or TRC-50IA, Topcon, 
Tokyo, Japan) with internal fixation.14

MRI: trochlear nerve and superior oblique 
muscle area
MRI was performed using a 3-T system (Intera Achieva, Phil-
ips Healthcare, Best, the Netherlands) with an eight-channel 
sensitivity encoding head coil in a protocol that was identical 
to one we described previously.9,15,16 The optic nerve-globe junc-
tion was defined as the standard point, and SO areas were 
measured in the T2-weighted coronal orbital MR image at 
the standard point using Picture Archiving and Communi-
cation System (PACS) software (INFINITT, Seoul, Korea).10 
Recent research data support that a ratio of the SO areas on the 
paretic and normal sides (P/N) at the optic nerve-globe junc-
tion of ≤0.75 is highly predictive of trochlear nerve absence in 
congenital SOP.10 Thus, a P/N of ≤0.75 was used as the cutoff 
value indicating clinically significant SO atrophy in the present 
study.

Statistical analyses
Statistical analyses were performed with SPSS software (ver-
sion 20, IBM Corp., Armonk, NY, USA). 
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We compared groups using the independent t test for con-

tinuous variables, and Pearson’s chi-square test, Fisher’s exact 
test, or the likelihood ratio test for trend for categorical data. 
Univariate and multivariate analyses using logistic regression 
were applied to identify factors associated with the results of 
the three-step test. A probability value of p<0.05 was consid-
ered to be indicative of statistical significance.

RESUlTS

Patient characteristics
Of the 321 patients clinically diagnosed as unilateral SOP and 
who underwent high-resolution MRI, 155 were excluded due 
to inadequate clinical data. The 166 included patients com-
prised 87 (52%) in the present group and 79 (48%) in the ab-
sent group. All patients in the absent group had an ipsilateral 
absent trochlear nerve and variable degrees of SO hypopla-
sia, while the contralateral eye had an intact trochlear nerve 
and SO, as documented previously.15 The anatomic features of 
the SO and trochlear nerve were normal on both sides in the 
present group. The clinical characteristics of both groups are 
presented in Table 1. 

Quantitative analysis of ocular motility parameters 
and the superior oblique muscle area
Table 2 presents profiles of ocular motility components and 
the SO area in MRI according to the existence of the trochle-
ar nerve. The higher rate of SR overaction or contracture in 
the absent group (17% vs. 39%, p=0.002) coincides with the 
larger hypertropia during ipsilateral gaze in the absent group 
(p=0.020). The SO area on the paretic side and P/N at the op-
tic nerve-globe junction were significantly smaller in the ab-
sent group (p<0.001). P/N was ≤0.75 in all patients of the ab-
sent group, while it was >0.75 in 97% of those in the present 
group.

Sensitivity of the three-step test and related factors
The sensitivities of single steps and combinations of steps in 
the three-step test according to the existence of the trochlear 
nerve are presented in Table 3. All patients exhibited a posi-
tive result for step 1 according to the inclusion criteria. Step 3 
was significantly more sensitive than step 2 or the combina-
tion of steps 2 and 3 (p<0.001) in both groups. Conclusively, 
the combination of steps 1 and 3 was significantly more sen-
sitive than the combination of all three steps in diagnosing uni-

Table 1. Clinical characteristics of patients with unilateral SOP compared between those with and without a trochlear nerve (present and absent 
groups, respectively)

              Clinical features Present group (n=87) Absent group (n=79) p
Age at onset of signs/symptoms, years 26.6±23.1 (3–82) 22.6±20.8 (3–83) 0.248*

Initial chief symptom <0.001†∥

Head tilt 11/87 (13) 33/79 (42)

Ocular deviation 32/87 (37) 21/79 (27)

Diplopia 36/87 (41) 21/79 (27)

Incidental 8/87 (9) 4/79 (5)

Etiology <0.001‡∥

Congenital 40/87 (46) 79/79 (100)

Duration <1 year 47/87 (54) 28/79 (35) 0.019§∥

Onset within 1 year of birth 18/85 (21) 23/76 (30) 0.208§

Head tilt within 1 year of birth 33/87 (38) 32/79 (41) 0.753§

Male sex 52/87 (60) 51/79 (65) 0.631§

Laterality of SOP

Right 42/87 (48) 43/79 (54) 0.442§

Head tilt 68/87 (78) 76/79 (96) 0.001‡∥

Age at onset of head tilt, years 21.9±24.4 (0–78) 14.0±18.9 (0–62) 0.034*∥

Head tilt angle, ° 8.5±5.0 (3.4–29.4) 11.9±5.9 (5–30) 0.001*∥

Facial asymmetry 23/86 (27) 37/76 (49) 0.005§∥

Associated horizontal strabismus 0.018‡∥

Exotropia/esotropia, n (%) 34 (39) / 12 (14) 24 (30) / 3 (4)

Dissociated vertical deviation 9/87 (10) 5/79 (6) 0.411§

Paretic eye fixation 16/87 (18) 11/79 (14) 0.529§

Data are mean±standard-deviation (range) or n/n (%) values, except where indicated otherwise.
*Independent t test, †Likelihood ratio test for trend, ‡Fisher’s exact test, §Pearson’s chi-square test, ∥Significant values.
SOP: superior oblique palsy.
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lateral SOP in both groups. The sensitivity of the three-step 
test showed no intergroup difference (p<0.471).

Table 4 compares patients who exhibited positive results 
for all three steps (complete group) with those who exhibited at 
least one negative step in the three-step test (incomplete group). 
The complete group exhibited larger differences in hypertrop-
ia between both lateral gazes (p<0.001), both tilt gazes (p= 
0.008), and between ipsilateral head tilt and the primary posi-
tion (p=0.004), higher rates of overelevation in adduction of 
the paretic eye, and a larger P/N compared to the incomplete 
group.

Table 5 lists the factors related to incomplete three-step test 
results obtained in the multivariate logistic regression analysis: 
larger hypertropia during ipsilateral gaze (β=1.6, p<0.001), 
smaller hypertropia during contralateral gaze (β=0.7, p<0.001), 
and smaller differences in hypertropia between ipsilateral head 
tilt and the primary position (β=0.8, p=0.012). The absence 
of the trochlear nerve and parameters of the SO area were not 

significantly associated with the results of the three-step test.

DISCUSSION

This study found that patients with clinically diagnosed uni-
lateral SOP showed a sensitivity of 75% in the three-step test 
regardless of the presence of the trochlear nerve or significant 
SO atrophy on MRI. To the best of our knowledge, this is the 
first series of SOP patients with complete documentation for 
the three-step test according to visualization of the trochlear 
nerve.

The diagnostic excellence of the three-step test depends on 
the assumption that palsy is present in only one cyclovertical 
muscle.3 The validity of tests for SOP is reduced by some mas-
querading conditions that induce false-positive results.3-6 The 
paucity of comprehensive assessments of the validity of the test 
may be due to the lack of available data related to the funda-
mental etiology of SOP–the existence of the trochlear nerve. We 

Table 2. Quantitative analysis of ocular motility parameters and SO area compared between the present and absent groups

Parameters Present group (n=87) Absent group (n=79) p
Hypertropia in primary gaze, PD 16.0±9.1 (3–35) 18.0±8.6 (3–40) 0.147†

Hypertropia in ipsilateral gaze, PD 8.5±7.1 (0–30) 11.2±8.0 (0–30) 0.020†**

Hypertropia in contralateral gaze, PD 15.1±9.4 (0–45) 17.4±8.8 (0–35) 0.113†

Hypertropia differences between gazes,∥ PD 6.7±8.5 (-21–33) 6.2±7.8 (-13–27) 0.701†

Hypertropia in ipsilateral tilt, PD 17.6±9.0 (0–40) 22.9±10.1 (2–50) <0.001†**

Hypertropia in contralateral tilt, PD 6.3±6.4 (0–30) 6.0±7.1 (0–30) 0.776†

Hypertropia differences between tilts,¶ PD 11.9±7.8 (0–40) 17.3±9.7 (2–45) <0.001†**

Hypertropia differences between ipsilateral head tilt and primary position, PD 1.6±6.4 (-20–24) 5.0±8.1 (-10–35) 0.004†**

Ipsilateral overelevation in adduction 1.6±1.0 (0–4) 1.5±1.1 (0–4) 0.392†

Ipsilateral underdepression in adduction -1.1±1.1 (-4–0) -1.4±1.0 (-4–0) 0.062†

Contralateral pseudo-overaction of SO 0.5±1.1 (0–4) 0.4±1.0 (0–4) 0.442†

SR overaction/contracture 15 (17) 31 (39) 0.002‡**

Ipsilateral overelevation in adduction ≥+2 43 (49) 36 (46) 0.643‡

Ipsilateral underdepression in adduction ≤–2 24 (28) 32 (41) >0.999‡

SO area* on paretic side, mm2 5.75±1.45 (2.28–9.09) 2.17±1.13 (0.28–4.43) <0.001†**

SO area* on normal side, mm2 6.09±1.41 (3.43–9.07) 6.54±1.56 (2.94–9.75) 0.049†**

P/N* 0.96±0.11 (0.39–1.15) 0.45±0.17 (0.03–0.75) <0.001†**

P/N* ≤0.75 3 (3) 79 (100) <0.001§**

Data are mean±standard-deviation (range) or n (%) values.
*Measured at the optic nerve-globe junction in T2-weighted coronal orbital magnetic resonance imaging, †Independent t test, ‡Pearson’s chi-square 
test, §Fisher’s exact test, ∥Differences of hypertropia defined as contralateral gaze-ipsilateral gaze, ¶Differences of hypertropia defined as ipsilateral 
tilt-contralateral tilt, **Significant values.
PD: prism diopter, P/N: ratio of SO areas on the paretic and normal sides, SO: superior oblique muscle, SR: superior rectus muscle.

Table 3. Sensitivity of single or combined steps in the three-step test compared between present and absent groups

      Steps Present group (n=87), % Absent group (n=79), % p Total (n=166), %
Step 2 83 73 0.187* 78

Step 3 95 99 0.370* 97

Steps 2 and 3 78 72 0.471* 75

All patients exhibited a positive result for step 1 according to the inclusion criteria.
*Comparison between two groups by Pearson’s chi-square test.
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therefore assume that the diagnostic value of the test could be 
evaluated accurately based on the pathologic etiology of troch-
lear nerve absence rather than SO morphology on MRI or by 
experimental test results as done in previous researches.7,8 Thus, 
in contrast to the study of Manchandia and Demer,8 the pres-
ent study included patients lacking definite SO atrophy but 
with a strong clinical implication of unilateral SOP. Moreover, 
we also included young children (14 patients, age range=3–4 
years) who were able to perform the alternate prism cover test 
for cardinal gazes, which are critical for a definitive diagnosis.

We previously demonstrated that the two main etiologies 
according to the existence of the trochlear nerve in congenital 
SOP showed distinctively different clinical features.9 The ab-
sence of the trochlear nerve represents clear-cut evidence of 
congenital SOP represented by SO atrophy and variable de-
grees of hypoplasia of the SO on the paretic side.9,10,15,17,18 Ac-
quired SOP may also be associated with SO atrophy as in the 
absent group of congenital SOP; however, the trochlear nerve 
would be normal or hypoplastic, but not absent.19 Regarding 
SO atrophy, a previous study found no significant morpho-
logic difference of the SO on MRI between acquired and con-

genital SOP.19 However, a recent experimental study found that 
SO atrophy in acquired SOP was not profound because main-
ly the global layer fibers were atrophied to 20% of their normal 
size, and the remaining SO fibers in the orbital layer main-
tained their normal size.20 The present study also found that 
the size of the SO on the paretic side was reduced more in the 
congenital group (3.42±2.19 mm2, mean±standard deviation; 
range=0.28–8.58 mm2) than in the acquired group (5.64±1.31 
mm2, range=2.28–9.09 mm2) (p<0.001). A subgroup analysis 
found a negative correlation between the SO size and the dif-
ference in hypertropia between ipsilateral head tilt and the 
primary position (r=-0.222, p=0.004). Previous studies have 
estimated SO function using two main methods: MRI mor-
phometry and ocular motility parameters. The SO cross-sec-
tional area on MRI is positively correlated with contractility,21 
ocular torsion in response to head tilting, or static ocular 
counterrolling,22 but not with the Bielschowsky head tilt phe-
nomenon.20 Hamasaki et al.22 reported that the differences in 
hypertropia between ipsilateral head tilt and the upright po-
sition reflected SO functioning rather than the absolute value 
of hypertropia in ipsilateral head tilt. These results suggest that 

Table 5. Results of logistic regression analysis to determine factors related to incomplete three-step test results

Variable
Incomplete three-step test

β Standard deviation p
Hypertropia in ipsilateral gaze 1.6 0.1 <0.001*

Hypertropia in contralateral gaze 0.7 0.1 <0.001*

Hypertropia differences between ipsilateral head tilt and primary position 0.8 0.1 0.012*

*Significant values.

Table 4. Factors compared between unilateral SOP patients in whom all three steps were positive (complete group) and those in whom at least 
one step was negative (incomplete group) in the three-step test

Variable Complete group (n=125) Incomplete group (n=41) p
Congenital etiology 90/125 (72) 29/41 (71) >0.999†

Hypertropia in ipsilateral gaze, PD 8.7±6.8 (0–30) 13.2±9.0 (0–30) 0.004‡§

Hypertropia in contralateral gaze, PD 17.9±8.7 (2–45) 11.0±8.4 (0–30) <0.001‡§

Hypertropia differences between gazes, PD 9.3±6.4 (2–33) -2.2±6.7 (-21–16) <0.001‡§

Hypertropia in ipsilateral tilt, PD 21.0±10.0 (0–50) 17.4±9.3 (2–35) 0.038‡§

Hypertropia differences between tilts, PD 15.5±9.2 (1–45) 11.2±8.3 (0–30) 0.008‡§

Hypertropia differences between ipsilateral head tilt and primary position, PD 4.2±7.5 (-10–35) 0.3±6.6 (-20–10) 0.004‡§

Ipsilateral overelevation in adduction 1.8±1.0 (0–4) 0.9±0.8 (0–3) <0.001‡§

Ipsilateral overelevation in adduction ≥+2 71 (57) 8 (20) <0.001†§

SR overaction/contracture 11 (9) 10 (24) 0.014†§

SO area* on normal side, mm2 6.17±1.47 (2.94–9.75) 6.73±1.51 (3.69–9.47) 0.035‡§

SO area* on paretic side, mm2 4.17±2.12 (0.28–8.58) 3.68±2.49 (0.28–9.09) 0.229‡

P/N* 0.75±0.26 (0.25–1.15) 0.62±0.34 (0.03–1.13) 0.027‡§

P/N* ≤0.75 57 (46) 25 (61) 0.106†

Data are mean±standard-deviation (range) or n (%) values.
*Measured at the optic-nerve–globe junction in T2-weighted coronal orbital MRI image, †Pearson’s chi-square test, ‡Independent t test, §Significant 
values.
PD: prism diopter, P/N: ratio of SO areas on the paretic and normal sides, SO: superior oblique muscle, SOP: superior oblique palsy, SR: superior rectus 
muscle.
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fundamental etiologic differences result in a heterogeneous 
and unclear cause-and-effect relationship, and furthermore 
contribute to differences in the clinical characteristics of con-
genital SOP.

In the present investigation, the absent group showed con-
sistent findings including larger hypertropia during ipsilateral 
gaze and ipsilateral tilt, as described previously.9 These find-
ings strongly support the incidence of ipsilateral SR overac-
tion or contracture being higher in the absent group than in 
the present group, resulting in failure of step 2. In addition, the 
amount of ipsilateral overelevation in adduction and the pro-
portion of ipsilateral overelevation in adduction ≥+2 were 
similar in both the absent and present groups. Kono and De-
mer21 documented that the ipsilateral antagonist inferior 
oblique muscle (IO) in unilateral SOP presented neither hy-
pertrophic nor supernormal contractility. Their report is con-
sistent with our finding of no significant increment of ipsilat-
eral overelevation on adduction, regardless of the absence of 
the trochlear nerve or size of the SO. We may therefore expect 
that SOP–independent of the presence of the trochlear nerve 
or degree of SO atrophy–does not necessarily accompany the 
compensatory overaction of the IO, which is represented by 
the increment of hypertropia on contralateral gaze that is the 
most frequent step (step 2) in which failure occurs.

Hypertropia differences between both gazes as well as both 
tilt gazes and the amount of ipsilateral overelevation in adduc-
tion were remarkably larger in the complete group than in 
the incomplete group. Some of these parameters are regarded 
as relevant factors for a positive result for step 2. The size of 
the SO on the paretic side was similar in the two groups, re-
flecting that SO contractility might not directly affect positive 
results in the three-step test. Although SR overaction or con-
tracture was less frequent in the complete group, there was 
larger hypertropia during ipsilateral tilt in that group. Hetero-
geneous biomechanical alterations might also influence hyper-
deviation patterns in both gazes and head tilt.10,21,23 Together 
these observations suggest that the three-step test can elicit a 
complex response that depends not only on SO weakness itself 
but also on serial changes in the ipsilateral antagonist or other 
muscles due to additional mechanical and innervation chang-
es. The results of the three-step test might therefore not solely 
reflect the original tone of the SO.

Some limitations of this analysis need to be considered. 
First, the diagnosis of SOP partially was based on clinical cri-
teria. In patients with an ipsilateral SO of normal size and a 
normal trochlear nerve who were not diagnostically support-
ed by MRI, we attempted to obtain clinical evidence of SO 
underaction while excluding the other possible causes men-
tioned. According to Bielschowsky, if a single muscle becomes 
paretic, deviation in the primary position is always present, 

being latent or manifest according to the intensity of the pare-
sis and the function of the paretic muscle.1 It is known that 
paresis of the SO induces hyperdeviation of the affected eye. 
However, some patients with SO atrophy may not exhibit hy-
pertropia in the primary position due to their large fusional 
capacity. A recent study found that 8% of patients with SO at-
rophy on MRI did not show hypertropia in the primary gaze.8 
Considering that the present study excluded such patients who 
exhibited a negative result for step 1, the true sensitivity of the 
three-step test would be lower if these patients were included, 
which is consistent with our qualitative conclusions. None-
theless, we previously identified that all patients without a 
trochlear nerve exhibited hypertropia in the primary position 
when they were examined after applying sufficient occlusion 
to the involved eye.24 We occluded the involved eye for 30–60 
minutes in order to induce a long period of dissociation be-
fore performing the alternate prism cover test. This method 
allowed us to detect even the smallest amount of latent devia-
tion. This is the most distinguishing feature from the 2014 
study of Manchandia and Demer,8 because we regarded the 
first step as an essential component for diagnosis if tested af-
ter sufficient occlusion to reveal all possible latent hyperdevia-
tion. Based on this background, we tried to evaluate not only 
the sensitivity of the three-step test but also other relevant fac-
tors related to the accuracy of the test, especially the presence 
or absence of the trochlear nerve.

Second, to optimize the sensitivity we adopted the defini-
tion by Manchandia and Demer8 of a “positive step” being a 
difference in hypertropia between ipsilateral and contralateral 
gaze or both head tilt of at least 1 PD. Regarding the variabili-
ty of the alternate prism cover test,25 these criteria may overes-
timate the sensitivity and underestimate the specificity of the 
test by producing high false-positive rates in cases simulating 
unilateral SOP. Further studies that include diverse etiologies 
of hypertropia should be carried out to determine the speci-
ficity of the three-step test in diagnosing unilateral SOP.3,7

Third, including patients with secondary SR overaction/
contracture associated with SOP in this study might have af-
fected the test sensitivity. We selectively included these patients 
when obvious evidence of unilateral SOP such as definite 
MRI findings of SO atrophy or trochlear nerve absence, duc-
tions, versions and/or fundus excyclotorsion were confirmed. 
In addition, a negative result for step 2 was documented as the 
most relevant finding of SR overaction/contracture syndrome 
in unilateral SOP.13 The present study found that the propor-
tion of patients with SR overaction or contracture was higher 
in the incomplete group. Although the absent group had a 
significantly larger proportion of patients with SR overaction/
contracture than the present group (39% vs. 17%, p=0.002), 
the rate of positive results for step 2 did not differ significantly 
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between the absent and present groups (73% vs. 83%, p=0.187)

Finally, a large proportion of the children who were among 
the 321 patients clinically diagnosed as unilateral SOP were 
too young for the angle of deviation to be examined in all six 
cardinal positions of gaze due to poor cooperation, and the 
trochlear nerve was absent in most of them. Since the angles 
of deviation in the six diagnostic positions of gaze are critical 
elements of the main outcome measure in our study, it was in-
evitable that very young children would be excluded. This situ-
ation might have introduced bias into the results of our study. 
However, since young children are not able to perform the 
three-step test, the clinical utility of this test is not applicable 
to these patients, and so the qualitative conclusions from our 
results might not be influenced by the exclusion of young un-
cooperative patients.

In conclusion, the three-step test had a sensitivity of 75% 
in diagnosing unilateral SOP, regardless of the presence of the 
trochlear nerve. The results of the three-step test do not seem 
to differ according to the presence or absence of the trochlear 
nerve. The combination of steps 1 and 3 was more sensitive 
than all three steps in diagnosing unilateral SOP. SR overac-
tion/contracture was the main cause of exceptions in the three-
step test results in unilateral SOP.
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