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Introduction: Clinical manifestations of cranial nerve palsies are of great importance, and 
surgeons should consider them before planning surgical protocol. 

Materials and Methods: This retrospective study was conducted on preoperative hospital 
records of 598 Iranian patients with different types of extraocular muscle palsy, including third 
(90 patients), fourth (501 patients), and fifth (7 patients) nerve palsy at Farabi Hospital, Tehran 
Province, Iran. 

Results: In terms of fourth nerve palsy, the mean spherical equivalent (SE) in the right and 
left eye was 0.23±1.51 and 0.19±1.45 diopter, respectively. Also, the mean angle of vertical 
deviation was 15.54±8.85 Δ at near and 15.66±8.93 Δ at far. In patients with third nerve palsy, 
the mean SE in the right and left eye was -0.02±2.08 and 0.08±1.95 diopter, respectively. Also, 
the mean angle of vertical deviation was 17.8±17.4 Δ at near and 17.8±17.5 Δ at far. In terms of 
six nerve palsy, the mean SE in the right and left eye was -1.27±3.37 and -1.08±2.52 diopter, 
respectively. Also, the mean angle of esotropia was 32.4±7.7 Δ at near and 33±6.7 Δ at far. The 
frequency of amblyopia in patients with third, fourth, and sixth nerve palsies was 21 patients 
(23.3%), 70(14%), and 4(57.1%), respectively.

Conclusion: The clinical characteristics of patients with different types of EOM palsy are 
remarkably different, which can be attributed to the different properties of these kinds of 
deviations. 
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Introduction

cular movements in differet gazes are 
undertaken via six extraocular muscles 
(EOMs) located around the eyeball. 
Three cranial nerves, including the third 
nerve (oculomotor), fourth nerve (troch-

lear), and sixth nerve (abducens), innervate the EOMs. 
[1, 2]. The third cranial nerve innervates the superior rec-
tus, inferior rectus, medial rectus, and inferior oblique 
muscles. The fourth and sixth cranial nerves innervate 
the superior oblique and lateral rectus muscles, respec-
tively. Congenital or acquired damage to these cranial 
nerves can result in malfunction in the affected EOM [3].

Whenever the third cranial nerve is deactivated, four 
EOMs are involved; therefore, the eye cannot perform 
adduction, elevation, and depression. Ptosis and mydria-
sis are accompanied in these patients [4]. In those pa-
tients who suffer from third nerve paresis (partial third 
nerve palsy) or paralysis (complete third nerve palsy), 
incomitant deviation manifests during motility testing. 
The practitioners observe hypotropia in the upgaze and 
hypertropia in the downgaze in the affected eye due 
to the combined malfunction of the inferior rectus and 
superior rectus muscles. Third cranial nerve palsy in 
children is caused by congenital or acquired disorders. 
Surgical indications are prominent strabismus in the 
primary position, abnormal head posture, and diplopia 
[5, 6]. The main reason for acquired third nerve palsy in 
children and adults is closed-head trauma [7].

The superior oblique muscle is the sole EOM innervat-
ed by the fourth cranial nerve. Superior oblique muscle 
palsy is the most common type of vertical deviation sec-
ondary to the paralysis of EOM, resulting from malfunc-
tion of the fourth cranial nerve [8, 9]. The predominant 
clinical characteristics in patients who suffer from the 
fourth nerve palsy are vertical diplopia due to the ip-
silateral hypertropia and compensatory head tilt to the 
opposite side (to compensate for the ipsilateral excyclo-
tropia of the affected eye) [10, 11]. To differentiate the 
diagnosis of the fourth nerve palsy, the clinician should 
perform Parks-Bielschowsky’s three-step test described 
elsewhere [12]. Superior oblique muscle palsy can be 
acquired or congenital, and in those patients who suf-
fer from acquired fourth nerve palsy, the main reason is 
closed-head trauma. Superior oblique muscle palsy con-
tributes to hypertropia on the affected side, resulting in 
head tilt. In cases with prominent vertical deviation, ab-
normal head posture, asthenopia, and diplopia, surgical 
intervention is indicated.

The lateral rectus muscle is the sole EOM innervated 
by the sixth cranial nerve. The main clinical presenta-
tion in patients suffering from the sixth nerve palsy is 
horizontal diplopia that worsens when the gaze is toward 
the affected eye and when the patient looks at distance 
fixation [13, 14]. The predominant clinical manifesta-
tion is incomitant esotropia. Like other acquired cra-
nial nerve palsies, the sixth nerve palsy is mainly due 
to closed-head trauma. Other reasons for the sixth nerve 
palsy are neoplasms, infections, and inflammations in 
the subarachnoid space. As a result, whenever clini-
cians encounter patients with acute onset esotropia that 
is incomitant, they should refer the patients for magnetic 
resonance imaging  (MRI) testing [15]. In patients with 
mild diplopia secondary to the small angle of esotropia, 
prism or unilateral occlusion may be indicated [16]. 
When the deviation is large and persists for more than 
six months, surgical intervention should be considered 
as an option [13].

The management strategies for different types of stra-
bismus include the prescription of full refractive correc-
tion, unilateral occlusion of the sound eye, and surgical 
intervention [6]. In some patients with large-angle stra-
bismus, surgery is the only viable method to restore ocu-
lar alignment. More than one surgical intervention may 
be indicated in rare cases with extremely large-angle 
strabismus. In subjects who had habitual refractive cor-
rection before surgery, it may be necessary to use them 
after surgery. In addition, orthoptic exercises in those 
patients with small residual angles can sometimes help 
decrease the magnitude of remaining strabismus. It is 
essential to conduct a surgical intervention in patients 
whose surgery is indicated at an early age. Practically, 
younger age at the time of surgery is a positive factor for 
achieving better results [1].

Previous studies investigated clinical, visual, and re-
fractive patterns of patients who were affected by palsy 
of different cranial nerves, including the third, fourth, 
and sixth, cranial nerves [17, 18]. Deficiencies in EOMs 
due to isolated cranial nerve palsies can lead to annoying 
diplopia and remarkable abnormal head posture [19-21]. 
Clinicians need to be familiar with the clinical charac-
teristics of patients with cranial nerve palsies. Clinical 
manifestations of cranial nerve palsies, including the 
angle of deviation at near and distance, visual acuity, 
refractive error, and the presence of amblyopia, are of 
great importance, and surgeons should consider them 
before planning surgical protocol. From the clinical 
perspective, these clinical features guide the formation 
of an appropriate differential diagnosis, rational clini-
cal decision-making, and, ultimately, effective therapies 
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for this group of patients. This study was conducted to 
determine and compare various clinical presentations of 
patients who suffered from the third, fourth, and sixth 
cranial nerve palsies and were candidates for strabismus 
surgery. This study was first conducted to simultane-
ously evaluate the clinical characteristics of all nerves 
supplying EOMs.

Materials and Methods

This cross-sectional and retrospective study was con-
ducted on preoperative hospital records of 598 Iranian 
patients with EOM palsy, including the third, fourth, 
and sixth nerve palsies candidates for surgical treat-
ment. These records were derived from cases examined 
at Farabi Eye Hospital over 10 years, from January 1, 
2012, to January 1, 2022. This study was approved as a 
retrospective study by the Ethics Committee of Tehran 
University of Medical Sciences before data collection to 
review patient records and data use (Code: IR.TUMS.
FNM.REC.1401.141), and adheres to the tenets of the 
Declaration of Helsinki. 

All medical documents of patients before surgery were 
checked, and if they met inclusion criteria, they were 
included in the study. The inclusion criteria included 
patients with confirmed congenital or acquired third, 
fourth, and sixth nerve palsies candidates for strabismus 
surgery. The exclusion criteria included patients with 
non-paralytic horizontal or vertical deviations, patients 
with known neurologic disorders, mental disabilities, 
plagiocephalic syndromes, craniofacial anomalies, and 
other skeletal and muscular abnormalities, and all pa-
tients who had a history of previous ocular surgery, such 
as strabismus and refractive surgery. 

In the first step, routine ophthalmic examinations, such 
as manifest refraction, corrected distance visual acuity 
(CDVA) measurement, and fundus examination were 
performed. The refractive error was measured using au-
torefraction (Topcon KR-8900, Topcon Corporation, To-
kyo, Japan), and the results were confirmed by the Heine 
beta 200 retinoscope (Heine Optotechnik, Herrsching, 
Germany). The CDVA was measured using a Snellen 
chart at 6 meters, and the results were converted to a log-
arithm of the minimum angle of resolution (logMAR) 
using this formula: logMAR=-log (VA E-Snellen). The value 
of CDVA less than 20/400 was considered as follows: 
Finger count: 2.0 logMAR; hand motion: 2.3 logMAR; 
light perception: 2.6 logMAR; and no light perception 
(NLP)=2.9 logMAR. The deviation angle was measured 
by an alternate prism-cover test. Then, eye movements, 
and the presence of any overshoot and undershoot of 

the extraocular muscles were tested by motility test. 
Throughout the examinations, refractive correction was 
used by all participants. All measurements were made at 
a near fixation distance while fixing 20/30 optotypes on 
a near Snellen chart at a distance of 33 cm. 

Unilateral amblyopia was defined based on the pres-
ence of ≥2 Snellen line differences in best CDVA and 
the CDVA less than 20/30 in the amblyopic eye with at 
least one of the following amblyogenic factors, aniso-
metropia (difference in myopia, hyperopia, and astig-
matism equal or more than 3.00 D, +1.00 D - and -1.50 
D, respectively), strabismus, combined anisometropia 
and strabismus and a pathological result obscuring the 
visual axis. Bilateral amblyopia was defined as the bilat-
eral reduction of CDVA (<20/40) with a high amount of 
spherical equivalent (SE) in both eyes (SE myopia, SE 
hyperopia, and astigmatism equal or more than -6.00 D, 
+4.00 D, and -2.50 D, respectively), or a pathological 
result obscuring the visual axis.

The Parks-Bielschowsky three-step test is used to iso-
late palsied muscle [22]. In the first step, the clinician 
looks for hyper- or hypo-deviation of the eye and then 
marks the affected muscles. The second step requires 
finding the affected muscles when the patient looks at 
the right or left gaze, in which the deviation angle in-
creases. The third step requires the patient to tilt his/her 
head to the right and left side, and the examiner marks 
the affected muscles, which causes an increased devia-
tion angle. Ultimately, after analyzing all three steps, 
the isolated palsied muscle was ascribed. For example, 
patients with the fourth nerve palsy of the right eye are 
characterized by right hypertropia and increasing devia-
tion angle in the left gaze and right head tilt. Cases with 
the sixth nerve palsy manifest with ipsilateral esotropia 
and abduction deficit. Cases with the third nerve palsy 
are characterized by deficient adduction, elevation, and 
depression. Motility disorders are accompanied by pto-
sis and mydriasis in these patients.

Finally, the characteristics of visual and refractive pa-
rameters in the different types of congenital or acquired 
cranial nerve palsies were determined with EOMs and 
the mean CDVA, refractive error, including spherical 
component, cylindrical component, and SE, angle of 
deviation, and prevalence of amblyopia were compared 
between different types of cranial nerve palsies.

The collected data were analyzed using SPSS software, 
version 24 (IBM Inc., Chicago, USA), and descriptive 
and analytic statistical methods were reported in the 
form of tables and statistical indices. To describe quan-
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titative data, statistical indices, such as Mean±standard 
deviation (SD), and qualitative representations of ratios 
and statistical tables were used. The normality tests were 
performed using the Shapiro–Wilk test. Independent 
sample t-test or Mann-Whitney test was applied to ex-
amine significant differences between patients with the 
different types of cranial nerve palsies, including the 
third, fourth, and sixth nerve palsies. The characteristics 
of visual and refractive parameters were determined in 
the different types of endotracheal tubes (ET). Statistical 
tests were performed at a level of 5% error.

Results

This study evaluated the medical records of 598 pa-
tients with different types of EOM palsy, including 501, 
90, and 7 patients with third, fourth, and sixth nerve 
palsy, respectively. 

Patients with fourth nerve palsy

The current study evaluated the medical records of 
501 patients with fourth nerve palsy. The mean age of 
patients was 20.9±16.4 years (range, 1-81 years). One 
hundred and eighty-four patients (36.7%) were female, 
and 317 patients (63.3%) were male. Table 1 presents 
age, CDVA, refraction in both eyes (sphere, cylinder, 
and SE), and horizontal and vertical angle of deviation 
in patients with fourth nerve palsy. As shown in this 
table, of the 412 patients who participated in visual acu-
ity measurement, the mean CDVA in the right and left 
strabismic eye was 0.05±0.13 and 0.07±0.16 logMAR, 
respectively. The mean SE in the right and left strabis-
mic eye was 0.23±1.51 and 0.19±1.45 diopter, respec-
tively. Also, the mean angle of vertical deviation was 
15.54±8.85 Δ at near and 15.66±8.93 Δ at far. In patients 
with fourth nerve palsy, 70 patients (14%) were amblyo-
pic, including 24 patients (4.8%), 16(3.2%), 3(0.6%), 
and 27(5.4%) with mild, moderate, severe, and bilateral 
amblyopia, respectively.

Table 1. Age, best-CDVA, refraction, and angle of deviation in patients with fourth nerve palsy

Variables No. Minimum Maximum Mean±SD

Age (y) 501 1.0 81.0 20.87±16.38

CDVA*

(logMAR)

Right eye 412 0.00 1.00 0.05±0.13

Left eye 412 0.00 1.05 0.07±0.16

Difference 412 0.00 0.81 0.07±0.16

Refraction
(diopter)

Right eye

Sphere 489 -8.25 15.00 0.50±1.44

Cylinder 489 0.00 4.50 0.55±0.76

Spherical equivalent 489 -9.13 15.00 0.23±1.51

Left eye

Sphere 489 -5.50 8.50 0.49±1.37

Cylinder 489 0.00 7.50 0.60±0.94

Spherical equivalent 489 -6.88 7.63 0.19±1.45

Angle of deviation
(primary position, PD)

Near
Horizontal 435 0 30 1.83±4.89

Vertical 435 0 45 15.54±8.85

Far
Horizontal 435 0 30 1.79±4.81

Vertical 435 0 45 15.66±8.93

CDVA: Corrected distance visual acuity; PD: Prism diopter.

* CDVA <20/400 was considered as follows: Finger count=2.0 logarithm of the minimum angle of resolution (logMAR); Hand 
motion=2.3 logMAR; Light perception: 2.6 logMAR; NLP=2.9 logMAR.
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Patients with third nerve palsy

The current study evaluated the patients’ medical re-
cords of 90 patients with third nerve palsy. The mean 
age of patients was 31±17.8 years (range, 1-69 years). 
Twenty-seven patients (30%) were female, and 63(70%) 
were male. Table 2 presents age, CDVA, refraction in 
both eyes (sphere, cylinder, and SE), and horizontal and 
vertical angle of deviation in patients with third nerve 
palsy. As shown in this table, of the 78 patients who par-
ticipated in visual acuity measurement, the mean CDVA 
in the right and left strabismic eye was 0.2±0.5 and 
0.1±0.4 logMAR, respectively. The mean SE in the right 
and left strabismic eye was -0.02±2.08 and 0.08±1.95 
diopter, respectively. Also, the mean angle of vertical de-
viation was 17.8±17.4 Δ at near and 17.8±17.5 Δ at far. 
In patients with third nerve palsy, 21 patients (23.3%) 
had amblyopia, including 2 patients (2.2%), 9(10%), 
4(4.4%), and 6 with mild, moderate, severe, and bilateral 
amblyopia, respectively.

Patients with sixth nerve palsy

The current study evaluated the patients’ medical re-
cords of 7 patients with sixth nerve palsy. The mean 
age of patients was 40±20.8 years (range, 20-72 years). 
Three patients (42.9%) were female, and 4(57.1%) were 
male. Table 3 presents age, CDVA, refraction in both 
eyes (sphere, cylinder, and SE), and horizontal and verti-
cal angle of deviation in patients with sixth nerve palsy. 
As shown in this table, the mean CDVA in the right and 
left strabismic eye was 0.3±0.2 and 0.1±0.3 logMAR, 
respectively. The mean SE in the right and left strabismic 
eye was -1.27±3.37 and -1.08±2.52 diopter, respectively. 
Also, the mean angle of esotropia was 32.4±7.7 Δ at near 
and 33±6.7 Δ at far. Four patients (57.1%) had amblyo-
pia, including three moderate unilateral and one bilateral 
amblyopic case.

Table 2. Age, best-CDVA, refraction, and angle of deviation in patients with third nerve palsy

Variables No. Minimum Maximum Mean±SD

Age (y) 90 1.0 69.0 31.0±17.8

CDVA*

(logMAR)

Right eye 78 0.00 2.9 0.2±0.5

Left eye 78 0.00 2.9 0.1±0.4

Difference 78 0.00 0.9 0.1±0.2

Refraction
(diopter)

Right eye

Sphere 81 -4.50 10.00 0.42±1.98

Cylinder 81 0.00 5.50 0.87±1.21

Spherical equivalent 81 -7.00 7.75 -0.02±2.08

Left eye

Sphere 81 -6.00 8.00 0.49±1.87

Cylinder 81 0.00 5.00 0.81±1.10

Spherical equivalent 81 -7.25 7.00 0.08±1.95

Angle of deviation
(primary position, PD)

Near
Horizontal 54 0 105 17.2±28.9

Vertical 54 0 85 17.8±17.4

Far
Horizontal 54 0 105 18.2±31.5

Vertical 54 0 85 17.8±17.5

* CDVA <20/400 was considered as follows: Finger count= 2.0 logarithm of the minimum angle of resolution (logMAR); hand 
motion= 2.3 logMAR; light perception= 2.6 logMAR; No light perception (NLP)=2.9 logMAR.

CDVA: Corrected distance visual acuity; PD: Prism diopter.
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Comparing visual and refractive parameters 
among patients with different types of extraocular 
muscle (EOM) palsy

Table 4 presents the comparison of age and visual 
parameters among patients with different EOM nerve 
palsy. The mean age of patients with fourth nerve palsy 
was significantly lower than patients with third and sixth 
nerve palsy (P<0.001). As shown in this table, the mean 
CDVA in the right eyes of patients with fourth nerve pal-
sy was significantly worse than in other cases (P<0.001). 
Table 5 presents the comparison of refractive parameters 
among patients with different EOM nerve palsy. The 
cylindrical refractive error in both eyes of patients with 
sixth nerve palsy was significantly higher than in other 
cases (both P<0.001).

Table 6 presents the comparison of the angle of devia-
tion among patients with different EOM nerve palsy. 
Based on obtained results from this table, the mean angle 
of horizontal deviation at near and far in patients with 
sixth nerve palsy was significantly higher than in other 

cases (both P<0.001). On the other hand, the mean angle 
of vertical deviation at near and far in patients with third 
nerve palsy was significantly higher than in other groups 
(both P<0.001).

Discussion

From the clinical perspective, the clinical features of 
strabismic patients guide the formation of an appropriate 
differential diagnosis, rational clinical decision-making, 
and, ultimately, effective therapies for this group of pa-
tients. Optometrists and ophthalmologists should be 
aware of the characteristics of different types of strabis-
mus in their clinics and at different age groups of pa-
tients to determine favorable management strategies and 
make attempts to warn parents about the consequences 
of childhood strabismus to decrease the rate of the af-
flicted population throughout the country. Accordingly, 
the costs being imposed on the health authorities will be 
significantly decreased. 

Table 3. Age, best-CDVA, refraction, and angle of deviation in oatients with sixth nerve palsy

Variables No. Minimum Maximum Mean±SD

Age (y) 7 20.0 72.0 40.0±20.8

CDVA*

(logMAR)

Right eye 7 0.00 0.52 0.3±0.2

Left eye 7 0.00 0.70 0.1±0.3

Difference 7 0.00 0.60 0.3±0.3

Refraction
(diopter)

Right eye

Sphere 7 -6.00 1.00 -0.71±2.63

Cylinder 7 0.00 4.00 1.13±1.55

Spherical equivalent 7 -8.00 1.00 -1.27±3.37

Left eye

Sphere 7 -3.00 1.00 -0.29±1.44

Cylinder 7 0.00 6.00 1.58±2.33

Spherical equivalent 7 -6.00 0.75 -1.08±2.52

Angle of deviation
(primary position, PD)

Near
Horizontal 7 22 40 32.4±7.7

Vertical 7 0 10 2.0±4.5

Far
Horizontal 7 25 40 33.0±6.7

Vertical 7 0 10 2.0±4.5

CDVA: Corrected distance visual acuity; PD: Prism diopter.

* CDVA <20/400 was considered as follows: Finger count: 2.0 logarithm of the minimum angle of resolution (logMAR); Hand 
motion= 2.3 logMAR; Light perception=2.6 logMAR; NLP=2.9 logMAR.
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This study was conducted to evaluate the medical re-
cords of 598 patients with EOM palsy, including the 
third, fourth, and sixth nerve palsy. Previous studies 
investigated clinical, visual, and refractive patterns of 
patients suffering from palsy of different cranial nerves, 
including the third, fourth, and sixth, cranial nerves [17]. 

In a retrospective study, Mudgil and Repka reviewed 
the data of 41 patients with third cranial nerve palsy, in-
cluding patients with oculomotor paresis and paralysis 
[5]. Participants in the study included children with onset 
of third nerve palsy less than 7.5 years old and included 
patients with different etiologies, including congenital 
(39%), traumatic (37%), and neoplastic (17%) oculomo-
tor nerve palsy. Twenty out of 41 patients were followed 
for an average of 3.6 years. Twenty-nine (71%) out of 41 

patients were diagnosed with visual reduction at the ini-
tial examination. Of the 20 patients who were followed 
for an average course of 3.6 years, only 6 patients (30%) 
had normal visual acuity at the time of initial evaluation. 
The rest of the patients (14 cases) had an average visual 
acuity of 20/133 at the initial evaluation. Seven of these 
14 patients had amblyopia with an average visual acu-
ity of 20/125. They proposed that this visual reduction 
may be due to cortical or optic nerve damage rather than 
amblyopia. In terms of refractive error, the authors re-
ported that 5 of 20 children had significant SE refractive 
error differences (>1 D), with a range of 1 to 3 D, and 
all of these refractive error differences were due to more 
hyperopia in the paretic eye. Compared to their results, 
the medical records of 90 patients with third nerve palsy 
with a mean age of 31±17.8 years were evaluated. We 

Table 4. The comparison of age and visual parameters among patients with different extraocular muscle nerve palsy

Variables No. Mean±SD Std. 
Error

95% Confidence 
Interval

M
in

im
um

M
ax

im
um

P**

Lower 
Bound

Upper 
Bound

Age (y)

3rd nerve palsy 90 31.0±17.8 1.9 27.3 34.7 1 69

<0.0014th nerve palsy 501 20.9±16.4 0.7 19.4 22.3 1 81

6th nerve palsy 7 40.0±20.8 7.8 20.8 59.2 20 72

Total 598 22.6±17.1 0.7 21.2 24.0 1 81

CDVA* 
(right eye, logMAR)

3rd nerve palsy 78 0.2±0.5 0.1 0.1 0.3 0 2.9

<0.0014th nerve palsy 411 0.1±0.1 0.0 0.0 0.1 0 1

6th nerve palsy 7 0.3±0.2 0.1 0.1 0.5 0 0.52

Total 496 0.1±0.2 0.0 0.1 0.1 0 2.9

CDVA 
(left eye, logMAR)

3rd nerve palsy 76 0.1±0.4 0.0 0.0 0.2 0 2.9

0.0764th nerve palsy 412 0.1±0.2 0.0 0.1 0.1 0 1.05

6th nerve palsy 7 0.1±0.3 0.1 -0.1 0.4 0 0.7

Total 495 0.1±0.2 0.0 0.1 0.1 0 2.9

Difference CDVA 
between eyes 

(logMAR)

3rd nerve palsy 71 0.1±0.2 0.0 0.1 0.2 0 0.9

<0.0014th nerve palsy 409 0.1±0.2 0.0 0.1 0.1 0 0.81

6th nerve palsy 7 0.3±0.3 0.1 0.0 0.5 0 0.6

Total 487 0.1±0.2 0.0 0.1 0.1 0 0.9

CDVA: Corrected distance visual acuity; PD: Prism diopter.

*CDVA <20/400 was considered as follows: Finger count=2.0 logarithm of the minimum angle of resolution (logMAR); Hand 
motion=2.3 logMAR; Light perception: 2.6 logMAR; NLP=2.9 logMAR, **P<0.001 is considered as a significant level.
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recognized that the mean values of the spherical com-
ponent, cylindrical component, and SE in the right and 
left eye were 0.42 vs 0.49, 0.87 vs 0.81, and -0.02 vs 
0.08 diopter, respectively. Also, the mean angle of verti-

cal deviation was 17.8±17.4 Δ at near and 17.8±17.5 Δ 
at far. We also found that 21 patients (23.3%) had am-
blyopia, including 2 patients (2.2%), 9(10%), 4(4.4%), 
and 6 with mild, moderate, severe, and bilateral amblyo-

Table 5. The comparison of refractive parameters among patients with different extraocular muscle nerve palsy

Variables No. Mean±SD Std. 
Error

95% Confidence 
Interval

M
in

im
um

M
ax

im
um

P*

Lower 
Bound

Upper 
Bound

Sphere 
(right eye, 
diopter)

Third nerve palsy 81 0.42±1.98 0.22 -0.02 0.85 -4.50 10.00

0.150Fourth nerve 
palsy 489 0.50±1.44 0.07 0.37 0.63 -8.25 15.00

Sixth nerve palsy 6 -0.71±2.63 1.08 -3.47 2.06 -6.00 1.00

Total 576 0.48±1.54 0.06 0.35 0.60 -8.25 15.00

Cylinder 
(right eye, 
diopter)

Third nerve palsy 81 0.87±1.21 0.13 0.61 1.14 0.00 5.50

0.002Fourth nerve 
palsy 489 0.55±0.76 0.03 0.49 0.62 0.00 4.50

Sixth nerve palsy 6 1.13±1.55 0.63 -0.50 2.75 0.00 4.00

Total 576 0.60±0.85 0.04 0.53 0.67 0.00 5.50

SE (right eye, 
diopter)

Third nerve palsy 81 -0.02±2.08 0.23 -0.48 0.44 -7.00 7.75

0.042Fourth nerve 
palsy 489 0.23±1.51 0.07 0.09 0.36 -9.12 15.00

Sixth nerve palsy 6 -1.27±3.37 1.38 -4.81 2.27 -8.00 1.00

Total 576 0.18±1.63 0.07 0.04 0.31 -9.12 15.00

Sphere (left 
eye, diopter)

Third nerve palsy 81 0.49±1.87 0.21 0.08 0.90 -6.00 8.00

0.419Fourth nerve 
palsy 489 0.49±1.37 0.06 0.37 0.62 -5.50 8.50

Sixth nerve palsy 6 -0.29±1.44 0.59 -1.80 1.21 -3.00 1.00

Total 576 0.49±1.45 0.06 0.37 0.60 -6.00 8.50

Cylinder (left 
eye, diopter)

Third nerve palsy 81 0.81±1.10 0.12 0.57 1.06 0.00 5.00

0.013Fourth nerve 
palsy 489 0.60±0.94 0.04 0.52 0.69 0.00 7.50

Sixth nerve palsy 6 1.58±2.33 0.95 -0.86 4.03 0.00 6.00

Total 576 0.64±0.99 0.04 0.56 0.72 0.00 7.50

SE (left eye, 
diopter)

Third nerve palsy 81 0.08±1.95 0.22 -0.35 0.52 -7.25 7.00

0.116Fourth nerve 
palsy 489 0.19±1.45 0.07 0.06 0.32 -6.87 7.63

Sixth nerve palsy 6 -1.08±2.52 1.03 -3.73 1.56 -6.00 0.75

Total 576 0.16±1.54 0.06 0.04 0.29 -7.25 7.63

SE: Spherical equivalent.

*P<0.001 is considered as a significant level.
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pia, respectively. Our results were inconsistent with the 
study conducted by Hamed, in which the author found 
high magnitudes of myopia or hyperopia combined with 
high values of astigmatism [23]. This difference can be 
attributed to the study participants of Hamed’s study, 
who had mostly congenital third nerve palsy, and lid in-
volvement is highly possible. The higher prevalence of 
hyperopia in the study conducted by Mudgil and Repka 
[5] and our study can be explained by ciliary muscle 
involvement, which is innervated with the third cranial 
nerve and resultant accommodative dysfunction in these 
patients. Therefore, the emmetropization process can be 
disturbed. 

Also, in a retrospective study, Bagheri et al. determined 
the preoperative clinical features of patients with con-
genital and acquired fourth nerve palsy (superior oblique 
muscle palsy) [10]. They reviewed the hospital records 
of 73 patients over 10 years. The percentages of different 

clinical characteristics in these patients were amblyopia 
(19.2%), head tilt (13.7%), chin down position (4.1%), 
facial asymmetry (6.8%), and tendon laxity (2.7%). 
Mean preoperative vertical deviation, exotropia, and 
esotropia were 16.1 Δ, 15 Δ, and 13.9 Δ, respectively. 
They also reported that 52 cases (71.2%) were myopic 
(Mean±SD= -0.5±0.3 D), and 20 cases (27.4%) were hy-
peropic (Mean±SD +2.3±1.4 D), and mean astigmatism 
was -0.3±0.1 D. In terms of angle of deviation, the mean 
vertical deviation was 16.2±8.3 Δ (range, 0-40) and 
horizontal deviation was in 48 cases (65.8%), including 
exotropia in 37 patients (50.7%) with a mean angle of 
deviation of 15±9.5 prism diopter (PD), and esotropia in 
11(15.1%) with a mean angle of deviation of 13.9±11.5 
PD. Comparing their results, the medical records of 
501 patients with fourth nerve palsy with a mean age 
of 20.9±16.4 years were evaluated. We figured out that 
the mean SE in the right and left eye was 0.23±1.51 
and 0.19±1.45 diopter, respectively. Also, the mean 

Table 6. The comparison of the angle of deviation among patients with different extraocular muscle nerve palsy

Variables No. Mean±SD Std. 
Error

95% Confidence 
Interval Mini-

mum
Maxi-
mum P*

Lower 
Bound

Upper 
Bound

Horizontal 
(near, prism 

diopter)

Third nerve palsy 54 17.2±28.9 3.9 9.3 25.1 0 105

<0.001Fourth nerve palsy 435 1.8±4.9 0.2 1.4 2.3 0 30

Sixth nerve palsy 5 32.4±7.7 3.4 22.9 41.9 22 40

Total 494 3.8±12.0 0.5 2.8 4.9 0 105

Vertical 
(near, prism 

diopter)

Third nerve palsy 54 18.2±31.5 4.3 9.6 26.8 0 105

<0.001Fourth nerve palsy 435 1.8±4.8 0.2 1.3 2.3 0 30

Sixth nerve palsy 5 33.0±6.7 3.0 24.7 41.3 25 40

Total 494 3.9±12.7 0.6 2.8 5.0 0 105

Horizontal 
(far, prism diopter)

Third nerve palsy 54 17.8±17.4 2.4 13.0 22.5 0 85

0.003Fourth nerve palsy 435 15.5±8.8 0.4 14.7 16.4 0 45

Sixth nerve palsy 5 2.0±4.5 2.0 -3.6 7.6 0 10

Total 494 15.6±10.2 0.5 14.7 16.6 0 85

Vertical 
(far, prism diopter)

Third nerve palsy 54 17.8±17.5 2.4 13.0 22.6 0 85

0.004Fourth nerve palsy 435 15.7±8.9 0.4 14.8 16.5 0 45

Sixth nerve palsy 5 2.0±4.5 2.0 -3.6 7.6 0 10

Total 494 15.8±10.3 0.5 14.9 16.7 0 85

*P<0.001 is considered as a significant level.
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angle of vertical deviation was 15.54±8.85 Δ at near 
and 15.66±8.93 Δ at far. In addition, 70 patients (14%) 
had amblyopia, including 24 patients (4.8%), 16(3.2%), 
3(0.6%), and 27(5.4%) with mild, moderate, severe, and 
bilateral amblyopia, respectively.

In terms of sixth nerve palsy, the medical records of 7 
patients with a mean age of 40±20.8 years were evalu-
ated. We found that the mean CDVA in the right and left 
eyes was 0.3±0.2 and 0.1±0.3 logMAR. The mean SE 
in the right and left eye was -1.27±3.37 and -1.08±2.52 
diopter, respectively. Also, the mean angle of esotropia 
was 32.4±7.7 Δ at near and 33±6.7 Δ at far. Furthermore, 
4 patients (57.1%) had amblyopia, including 3 moderate 
unilateral and 1 bilateral amblyopic case. In terms of vi-
sual acuity and refractive error characteristics of patients 
with sixth nerve palsy and associated esotropia, the lit-
erature review showed no report of preoperative clinical 
data for these patients.

By comparing the clinical features of patients with dif-
ferent cranial nerve palsies, we found that the mean age of 
patients with fourth nerve palsy was significantly lower 
than patients with third and sixth nerve palsy (P<0.001). 
Also, the mean CDVA in the right eyes of patients with 
fourth nerve palsy was significantly worse than in other 
cases (P<0.001). Additionally, the cylindrical refractive 
error in both eyes of patients with sixth nerve palsy was 
significantly higher than in other cases (both P<0.001). 
The mean angle of horizontal deviation at near and far in 
patients with sixth nerve palsy was significantly higher 
than in other cases (both P<0.001). On the other hand, 
the mean angle of vertical deviation at near and far in 
patients with third nerve palsy was significantly higher 
than in other groups (both P<0.001).

Conclusion

The present study demonstrated different clinical char-
acteristics of patients with different types of EOM palsy. 
As demonstrated, the clinical characteristics (CDVA, 
sphere, SE, cylinder, and angle of deviation) of these pa-
tients are remarkably different, which can be attributed 
to the different properties of these kinds of deviations. It 
is recommended that optometrists who examine visual 
disorders of strabismic patients pay more attention to the 
differences in clinical characteristics of patients with dif-
ferent types of EOM palsy. More ideal examinations in 
routine examinations lead to more precise diagnosis and 
detection of strabismus at a younger age. 

The strength of the present study was its large sample 
size. Other strengths included a high response rate, the 
first retrospective on different forms of patients with dif-
ferent types of EOM palsy with the standardized sam-
pling strategy, and visual testing methods. In terms of 
limitation, the study was retrospectively conducted in 
only one center and several examiners evaluated the 
patients. In addition, we selected only patients with dif-
ferent types of EOM palsy, and patients with functional 
strabismus were excluded. Another limitation was that 
we did not record postoperative data of patients who un-
derwent surgical intervention to find the favorable and 
unfavorable predictors of surgery success in patients 
with different types of EOM palsy. Therefore, it is rec-
ommended that other researchers conduct a similar study 
to find visual and refractive patterns in different types of 
strabismus as well as postoperative evaluation. 
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