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Purpose: Determine the usefulness of ocular motility testing to detect the presence of 
muscle entrapment.
Materials and Methods: Cross-sectional study of patients with symptoms of diplopia 
secondary to facial trauma. Inclusion criteria: age between 20 and 80 years; symptoms of 
diplopia following facial trauma; presence of orbital floor fracture confirmed radiologically; 
presence of muscle entrapment confirmed at the time of surgery; best-corrected visual acuity 
of 0.6 or more. Exclusion criteria: muscle entrapment visible on computed tomography; 
candidate for immediate surgical correction; prior history of strabismus surgery. Outcome 
measures: Abnormal Head Position (AHP), Hirschberg Corneal Reflexes (CR), Cover/ 
Uncover and Alternating Cover Test, Hertel exophthalmometry, Near Point of 
Convergence (NPC), Kestenbaum Limbus test, Red Filter test, and Hess screen test.
Results: Forty-six subjects (38 males, 8 females, mean age 27 ± 3.3 SD years). Pre- 
operative assessment: forty-six (100%) reported diplopia on the Red Filter test and showed 
some degree of abnormality on the Hess Screen test. Forty-two (91%) showed AHP. Forty- 
one (89%) had exophthalmometry values that differed 2 mm or more between the two eyes 
and insufficient NPC. Thirty-two (69.6%) showed deficits of 3 mm or more on the 
Kestenbaum Limbus test. Sixteen (35%) had abnormal Hirschberg corneal reflexes. Eleven 
(24%) demonstrated constant or intermittent strabismus.
Conclusion: Ocular motility testing can differentiate non-invasively, pre-operatively, and cost- 
effectively the presence of muscle entrapment even when this is not visible on computed 
tomography.
Keywords: orbital blow-out fractures, orbital floor fracture, ocular motility, trauma, delayed 
surgical repair, muscle entrapment, traumatic diplopia

Introduction
Patients with orbital floor fractures (OFF) generally present with periorbital ecchymosis, 
diplopia, and enophthalmos.1–3 Diplopia is a sign of ocular dysmotility. This can be 
caused by soft tissue edema and hemorrhage, which generally require observation, or by 
other etiologies, such as muscle entrapment, muscle and nerve damage, that require 
surgical repair.4–8 Immediate surgical repair is only indicated when obvious signs of 
muscular entrapment or damage are present. These include: presence of muscle incarcera-
tion confirmed with computed tomography, fracture size greater than 50% of the orbital 
floor, presence of the ocular-cardiac reflex, hypoglobus or asymmetry in eyeball position, 
and obvious facial disfigurement.3,9–13 In all other instances, most practitioners will prefer 
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to observe and wait for edema to resorb. If diplopia persists 
beyond several days, the clinical suspicion for muscular 
entrapment or damage remains high, even when these are not 
visible radiologically. In these patients, surgical repair is gen-
erally indicated and is best performed between the 2nd and the 
5th week post-trauma. It is not recommendable to wait beyond 
the 5th week to avoid complications, such as muscle atrophy or 
fat redistribution.14–16 Computed tomography is routinely 
obtained in trauma patients to confirm the presence of 
a fracture. However, it has modest soft tissue sensitivity and 
only detects about 70% of cases of ocular muscle entrapment. 
MRI offers higher resolutions but is not readily available in 
some centers and is surely much more expensive.17 Forced 
ductions can be performed to rule out the diagnosis of muscular 
entrapment but are very uncomfortable and can trigger a vagal 
response and lead to syncope. In all doubtful cases, the pre-
sence of muscle entrapment is confirmed at the time of surgery.

Ocular motility assessment is not routinely performed 
in patients who present to the emergency room with com-
plaints of diplopia following facial trauma. In this study, 
authors explore the usefulness of ocular motility testing to 
detect the presence of muscle entrapment when it is not 
visible on computed tomography.

Materials and Methods
This cross-sectional study was conducted on the medical 
records of patients with persistent diplopia following facial 
trauma and no radiological signs of muscle entrapment. 
These patients presented to the Emergency Room of the 
Policlinico Umberto I hospital following facial trauma. 
This study was approved by the Ethics board of the 
University of Rome “La Sapienza” and adheres to the tenets 
of Helsinki. All subjects were informed about the purpose of 
the study and provided written consent upon enrollment.

Inclusion Criteria
● Age between 20 and 80 years
● Presence of new-onset diplopia following facial trauma
● Presence of orbital floor fracture confirmed with 

computed tomography
● Presence of muscle entrapment confirmed at the time 

of surgery
● Best-corrected visual acuity (BCVA) of 0.6 or more 

on Snellen chart or 70-letter or more on the Early 
Treatment Diabetic Retinopathy Study (ETDRS) 
chart (Chart “R”, Precision Vision™, La Salle, IL, 
USA) at 4 m distance.

Exclusion Criteria
● Muscle entrapment visible on computed tomography 

scan on initial assessment
● Other indications for immediate surgical repair, that 

include bone fracture size greater than 50% of the orbital 
floor, hypoglobus or asymmetry in eyeball position, pre-
sence of the ocular-cardiac reflex, or obvious facial 
disfigurement.

● History of prior strabismus surgery

All these patients reported symptoms of diplopia following 
facial trauma. The initial assessment in the ER included 
the following tests. All tests were performed by the same 
practitioner to avoid interpersonal variability.

● Abnormal Head Position (AHP): in the setting of ocular 
motility restriction, some subjects will assume abnormal 
head positions to achieve binocular fusion. This test 
grades head position abnormalities on a numerical scale 
from 0 to 4 (0 = AHP absent, 1 = mild AHP, 2 = moderate 
AHP, 3 = moderate to severe AHP, 4 = severe AHP). 
“Mild” indicates that AHP is present occasionally or 
head tilt is less than 10 degrees from the normal head 
position relative to the midline. “Moderate” indicates that 
APH is present half of the time or head tilt is between 10 
and 15 degrees relative to the midline. “Moderate to 
severe” indicates that APH is present most of the time 
and head tilt is between 10 and 15 degrees relative to the 
midline. “Severe” indicates that APH is present all the 
time or head tilt is greater than 20 degrees relative to 
the midline.

● Hirschberg Corneal Reflexes Test (RC): measures the 
off-deviation of the corneal reflection in the deviated 
eye when patient fixates at near (33 centimeters) and 
at distance (5 meters).

● Cover/Uncover or Alternating Cover Test (CT): dif-
ferentiates between latent and intermittent deviation. 
It is performed when the patient fixates both at near 
(33 centimeters) and at distance (5 meters).

● Exophthalmometry: performed in both elevation and 
depression. Values of both eyes are compared. In the 
healthy population, the difference between the two eyes 
generally does not exceed 2 mm.18 Measurements were 
taken with the Hertel exophthalmometer.

● Near Point of Convergence (NPC): this was measured 
with the RAF rule. The reason why this test was included 
is because superior and inferior rectus muscles have 
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secondary adduction function. Involvement of either of 
these muscles can cause a proximal convergence deficit.

● Limbus Kestenbaum test: reference values in the 
healthy population are 5–7 mm on elevation, and 
9–10 mm on depression, adduction, and abduction.

● Hess Screen test: to quantify the elevation and/or depres-
sion deficit on a numerical scale from 0 to 3. 0 = no 
motility restriction, 1 = mild deficit (5° or less of motility 
restriction), 2 = moderate deficit (between 5 ° and 10 ° of 
motility restriction), 3 = severe deficit (10° or more of 
motility restriction). A mechanical restriction presents 
with ipsilateral hypofunction of the affected muscle in 
the diagnostic gaze position, associated with motility 
deficit in the opposite gaze position.

● Red filter test: to assess diplopia in all directions of 
gaze. This was performed with the patient fixating 
both at near (33 cm) and at distance (5 m).

● Computed tomography: scans were acquired with high- 
resolution CT with volumetric acquisition (Toshiba 
Aquilion CT, 16 channels). Acquisition parameters 
were individualized for each patient and ranged from 
120 to 100 kV, 100 to 50 mA, pitch 1, 0.5 seconds per 
rotation and subsequent MPR (multiplanar) 
reconstructions.

The presence of bone fracture was confirmed radiologically. 
Orbital sections did not show evidence of muscle entrapment. 
Based on these results, patients were not candidate for immedi-
ate surgical repair, and it was elected to observe. However, the 
persistence of diplopia symptoms beyond 10 days following 
trauma raised the clinical suspicion of muscle entrapment. 

A new ocular motility assessment confirmed the persistence 
of ocular dysmotility. At this point, the surgical team agreed to 
proceed to surgery. All patients received surgical repair 
between the 18th and 22nd day following trauma. The pre-
sence of muscle entrapment was confirmed at the time of 
surgery in all patients.

Statistical Analysis
The statistical analysis was carried out calculating frequency 
distribution and contingency tables. The chi-square test was 
used to assess differences between groups. Two categories 
were created for the variable Hess screen test (severe versus 
non-severe abnormality). Moreover, a score test was created 
using the following variables:

● Near point of convergence: (Insufficient = 1 versus 
normal = 0)

● Abnormal head position (moderate or severe = 1 
versus mild or absent = 0)

● Exophthalmometry (Abnormal = 1 versus Normal = 0)
● Kestenbaum limbus test (deficit = 1 versus Normal = 0)

The analysis was carried out using SPSS 25.0 for 
Windows. The statistical significance was set at p < 0.05.

Results
Figure 1 presents the demographics characteristics of the 
study sample. Table 1 presents the results of all orthoptic 
tests.

Sixteen subjects (35%) showed abnormal Hirschberg cor-
neal reflexes. Of these, six patients showed micro-strabismus 

Figure 1 Frequency distribution of participants grouped by age and gender.
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on the Irvine test, two showed vertical strabismus, four 
showed intermittent vertical strabismus, and two showed inter-
mittent horizontal strabismus, and two exhibited 
a combination of horizontal and vertical strabismus of inter-
mittent type. Thirty subjects (65%) had normal Hirschberg 
corneal reflexes, maintained fixation with the contralateral 
uninvolved eye, and showed tropias and phorias on the 
Cover/Uncover test, the Alternating Cover test, and the 
Maddox Cross Test. Twelve patients (26%) showed deviation 
incomitance.

Forty-one subjects (89%) showed exophthalmometry 
values that differed 2 mm or more between the two eyes. 
These patients had an absolute difference of 1–10 mm 
between the two eyes in either elevation or depression. 
Abnormal exophthalmometry was associated with abnor-
mal NPC and/or intermittent strabismus.

On the Kestenbaum Limbus test, fourteen subjects 
(30.4%) showed normal muscle excursions, while the 
remaining thirty-two (69.6%) showed motility restrictions 
greater than 3 mm from normal reference values (eighteen 
showed elevation deficits, fourteen subjects showed 
depression deficits).

The Red Filter test revealed diplopia in all (100%) 
participants. Thirty-two subjects (69.6%) reported diplopia 
mostly in upward gaze, while the remaining fourteen 
(30.4%) mostly in downward gaze.

All subjects showed some degree of abnormality on the 
Hess Screen test. Twenty-four subjects (52%) with an abnor-
mal Hess Screen Test also showed a motility deficit greater 
than 3 mm and abnormal exophthalmometry values.

Table 2 reports the correlation of the results of the Hess 
screen test (categorized as non-severe abnormalities or 
severe abnormalities) and the results of the other orthoptic 
tests. A severe abnormality on the Hess Screen test has 
a statistically-significant association with the results of 
AHP (p value < 0.001).

Figure 2 shows the results of the score analysis. As 
visible on the chart, 87% of all patients had a score of 2 or 
higher. This means that patients had at least two abnormal 
results from all performed tests.

Discussion
Scientific studies on ocular dysmotility in patients with 
orbital fractures are still scarce. Jank et al (1999) first 
defined the criteria for conservative treatment: absence 
of soft tissue entrapment in the fracture site, absence of 
significant orbital floor displacement, absence of ocular 
motility disorders and diplopia.19–24 Laurentjoye et al 
compared Hess Screen test results from 47 patients 
with orbital floor fractures. Authors concluded that 
ocular motility testing should be included in the initial 
work-up of patients with a fractured orbit and symp-
toms of diplopia.23 Nishida et al found that if the 
involved eye moves at least 10 or 20 degrees on 
a 15- or 30-degree Hess chart respectively, spontaneous 
motility recovery can be expected, even though it 
might take more than 4 weeks.21 Ceylan et al run 
a study with 39 patients with symptoms of diplopia 
on primary gaze following facial trauma author found 
that diplopia resolved spontaneously in 30.7% of parti-
cipants only. The remaining twenty-three (58.9%) 
required surgery. Yab et al described radiologically 
how orbital tissue edema modifies eyeball position in 
the days following trauma. Authors concluded that 
Hess Screen testing is best performed between the 5th 
and the 10th day post-trauma. At this point in time, the 
measured motility deficit becomes is most reflective of 
the permanent residual deficit.4

In this study, authors confirmed that ocular motility 
testing can become a valuable component of the initial 

Table 1 Characteristics of Participants

Variables N. (%) or Mean (SD)

Gender
Females 8 (17.4%)

Males 38 (82.6%)

Age 27 years (3.3)

Diplopia 46 (100%)

Worse on elevation 33 (72%)

Worse on depression 13 (28%)

Abnormal Head Posture 42 (91%)

Mild 16 (35%)
Moderate 12 (26%)

Moderate/Severe 10 (22%)

Severe 4 (9%)

Exophthalmometry

Within normal limits 5 (11%)
Outside of normal limits 41 (89%)

Near point of convergence
Normal 5 (11%)

Insufficient 41 (89%)

Kestembaum limbus test

Normal 14 (30%)

Elevation deficit 18 (40%)
Depression deficit 14 (30%)
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work-up of patients with orbital floor fracture associated 
with symptoms of diplopia. In fact, authors found that 
motility testing can detect the presence of muscle entrap-
ment, even when this is not readily identifiable on com-
puted tomography.

Based on the results obtained, the severity of AHP is 
correlated with the severity on the Hess screen test. In addi-
tion, using the system score illustrated in the Methods section, 
87% of all subjects had a sum score of 2 or higher. One likely 
limitation of this study is represented by the small sample size.

Figure 2 Results of the sum test.

Table 2 Correlation Between the Results of the Hess Screen Test (Grouped as Severe or Non-Severe Abnormalities) and the Other 
Variables

Variables Hess Screen Test Result P value

Non-Severe Abnormality Severe Abnormality

Kestenbaum test
Depression deficit 11 (28.1%) 3 (42.9%) 0.164

Elevation deficit 14 (35.9%) 4 (57.1%)

Normal 14 (35.9%) 0 (0%)

Abnormal Head Position

Absent 4 0
Mild 16 0

Moderate 11 1 < 0.001

Moderate/Severe 8 2
Severe 0 4

Exophthalmometry
Abnormal 34 (87.2%) 7 (100%) 0.420

Normal 5 (12, 8%) 0 (0%)

Near point of convergence

Insufficient 34 (87.2%) 7 (100%) 0.420

Normal 5 (12, 8%) 0 (0%)
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The analysis of results of the present study suggests 
that ocular motility testing in patients with orbital floor 
fractures help to confirm the presence of muscle entrap-
ment, even when not visible on computed tomography. 
The presence of soft tissue entrapment is generally an 
indication for surgery. Surgical repair should be performed 
within two to five weeks from trauma to avoid muscle 
atrophy and fat redistribution within the orbital cone.

Conclusion
In agreement with data from literature, not all patients with 
a fractured orbit and diplopia require immediate surgical 
intervention. In some cases, it is preferrable to observe and 
follow-up.24 If symptoms of diplopia persist, surgical 
repair might be indicated even when muscle entrapment 
is not visible on computed tomography.19,20 Orthoptic tests 
help to confirm the diagnosis of muscle entrapment. 
Authors are continuing the current work with a larger 
sample size and a control group to bring stronger evidence 
of the results.
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