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1 INTRODUCTION
Traumatic brain

injury (TBI)

Management of Vertical Diplopia Secondary to Inferior
Rectus Paresis Following Traumatic Brain Injury Using
Prism Correction: A Case Report

Abstract — Traumatic brain injury (TBI) is an acquired brain insult caused
by external mechanical forces and may result in a wide range of
neurological and ophthalmic sequelae. Diplopia is a common but often
under-recognized complication that can significantly impair functional
ability and quality of life. We report the case of a previously healthy 21-
year-old male who developed persistent binocular vertical diplopia
following severe TBI sustained in a motor vehicle accident. Ophthalmic
evaluation revealed right hypertropia measuring 10 prism diopters (4)
base down with a small 2A base-in exotropia, consistent with right inferior
rectus paresis. Prism adaptation testing demonstrated optimal
symptomatic relief with 4A base-down prisms in both eyes. The patient
was managed conservatively with ground-in prism glasses and followed
up over a two-month period. At follow-up, best-aided visual acuity
improved to 6/7.5 in the right eye and 6/9 in the left eye, with complete
resolution of diplopia in primary gaze and daily activities. Surgical
intervention was offered but declined due to satisfactory symptom control
with prism correction. This case highlights the effectiveness of prism
glasses as a safe, non-invasive treatment option for post-traumatic vertical
diplopia and underscores the importance of early ophthalmic assessment
in patients with TBI to optimize functional recovery and quality of life.
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traumatic injury due to their long intracranial
courses, proximity to rigid bony and dural

represents a .
structures, and susceptibility to acceleration—

significant challenge in modern medicine and is
defined as an alteration in brain function or other
evidence of brain pathology caused by an external
mechanical force (1,2). The clinical consequences
of TBI range from transient neurological
impairment to permanent disability, with many
patients  experiencing  persistent  cognitive,
emotional, and sensory sequelae long after the
initial injury (3,4). Visual dysfunction is a well-
recognized but often underappreciated
complication of TBI and can substantially impair
daily functioning and quality of life (5,6,7).

Among the spectrum of post-traumatic visual
disturbances, ocular motility disorders are
particularly common and frequently present as
diplopia. These disorders may arise from damage
to the extraocular muscles, disruption of
neuromuscular transmission, or injury to the
cranial nerves responsible for eye movements.
Cranial nerves Il (oculomotor), IV (trochlear), and
VI (abducens) are especially vulnerable to

deceleration and rotational shear forces (7,9).
Such forces may result in nerve stretching,
ischemia, contusion, or focal brainstem injury,
leading to paresis or paralysis of the innervated
extraocular muscles.

The trochlear nerve (cranial nerve 1V) is
particularly susceptible to trauma because of its
thin calibre, long intracranial course, and dorsal
exit from the brainstem, making it the most
commonly affected cranial nerve in traumatic
ocular motility disorders (7,13). Injury to the
oculomotor nerve or its fascicles can similarly
produce selective weakness of individual
extraocular muscles, resulting in complex patterns
of vertical or combined ocular misalignment. In
addition to direct neural injury, secondary
mechanisms such as orbital trauma,
microvascular compromise, and disruption of
supranuclear ocular motor pathways may further
contribute to post-traumatic diplopia (5,7).
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Vertical diplopia presents a distinct diagnostic
challenge, as its differential diagnosis includes
cranial nerve palsies, orbital restrictive disease,
skew deviation, myasthenia gravis, thyroid eye
disease, and decompensated pre-existing
strabismus (12,13). Accurate diagnosis requires
careful clinical evaluation, detailed ocular motility
assessment, prism measurements, and
appropriate neuroimaging or laboratory
investigations to exclude alternative or coexisting
etiologies.

Management of post-traumatic diplopia is
individualized and depends on the underlying
cause, severity, and stability of ocular
misalignment. While surgical intervention may be
indicated in selected cases, conservative
approaches such as prism correction play an
important role, particularly in patients with stable
deviations or those who decline surgery. Prism
glasses realign the visual axes by altering the path
of incoming light and have been shown to
effectively reduce diplopia and improve functional
outcomes in patients with TBl-related ocular
motility disorders (8,9,10,11). Early recognition
and targeted ophthalmic intervention are therefore
essential to optimize visual rehabilitation and
overall quality of life following TBI.

2. CASE REPORT

A 21-year-old Malay male with no prior ocular or
systemic illness presented with persistent
binocular vertical diplopia following a severe
traumatic brain injury sustained in a motor vehicle
accident in June 2022. The patient experienced
loss of consciousness at the scene and required
endotracheal intubation for airway protection. He
was admitted for two weeks to a district hospital,
where he was managed conservatively, before
being referred to Hospital Pakar Universiti Sains
Malaysia, a tertiary care center, for further
ophthalmic evaluation.

At his initial ophthalmology clinic visit,
approximately two months post-injury, the patient
reported constant vertical diplopia that was most
noticeable in primary gaze and interfered
significantly with daily activities, including reading,
driving, and academic work. The diplopia resolved
with monocular occlusion, confirming its binocular
nature. The patient expressed significant distress
due to visual symptoms and concern about his
ability to continue university studies.

A comprehensive ophthalmic assessment was
performed at the Ophthalmology Clinic, Hospital
Pakar Universiti Sains Malaysia, with findings

summarized in Table I. At the first visit, unaided
visual acuity (VA) was 6/120 pinhole (PH) 6/18 in
the right eye (RE) and 6/120 PH 6/18 in the left eye
(LE). Best-corrected VA improved to 6/18 PH 6/12
(RE) and 6/15 PH 6/9 (LE) with a spectacle
correction of -3.50/-0.50 x 170 in both eyes.
Pupillary examination revealed no relative afferent
pupillary defect. Anterior segment and dilated
fundus  examinations were unremarkable
bilaterally.

Table 1. Assessment of first visit

Assessment Right Eye Left Eye

Visual Acuity 6/120 PH 6/18 6/120 PH 6/18

(unaided)

Visual Acuity 6/18 PH 6/12 6/15 PH 6/9

(aided)

Spectacle -3.50/-0.50 x -3.50/-0.50 x

Power 170 170

Pupil RAPD negative

EOM Right levoduction -1

Hirschberg Right Eye hypertropia

Cover Test Right Eye hypertropia with small
exotropia

Hess Test Right Eye Superior Oblique
overaction

Diplopia Test Diplopia at primary gaze,
elevation and depression

Slit Lamp Anterior and Posterior segment

examination normal

Motor Power 5/5 Normal tone

examination

Extraocular motility assessment demonstrated a
mild limitation of right eye levoduction (-1).
Hirschberg and cover testing revealed a right
hypertropia associated with a small exotropia.
Diplopia was elicited in primary gaze, elevation,
and depression. Hess charting demonstrated
apparent superior oblique overaction; however,
this finding was interpreted cautiously in the
context of post-traumatic ocular misalignment. The
initial Hess chart findings are shown in Figure 1A.
Neurological motor examination showed normal
tone and full power (5/5) in all limbs.

At presentation, a provisional diagnosis of left
fourth cranial nerve palsy was considered based
on the presence of vertical diplopia following
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trauma. This initial impression was later revised
following detailed ocular motility assessment,
prism measurements, and follow-up evaluation,
which demonstrated findings more consistent with
right inferior rectus paresis.

Prism assessment revealed a vertical deviation
measuring 10 prism diopters (A) base-down
hypertropia with a small 2A base-in exotropia. No
clinical signs suggestive of restrictive or
mechanical pathology, such as orbital floor
entrapment, were present. There was no variability
of symptoms or fatigability to suggest myasthenia
gravis. Relevant imaging findings were reviewed
and are described in the Case Report. Imaging did
not show orbital fractures, extraocular muscle
entrapment, or compressive intracranial lesions,

Table 2. Prism adaptation tests

helping to exclude mechanical or structural causes
of the vertical diplopia. As no abnormal findings
were identified, representative images were not
included.

Prism adaptation testing was performed to
determine the optimal prismatic correction (Table
). Initial refraction at this stage was —4.00/-0.50
x 180 (RE) with VA of 6/12, and -3.75/-0.75 x 180
(LE) with VA of 6/9. Across four sequential trials
conducted at 15-minute intervals, the best
symptomatic relief and optimal visual acuity were
achieved with 4A base-down prisms in both eyes.
This prescription was finalized as —4.00/-0.50 x
180 (6/15) with 4A base-down for the right eye and
-3.75/-0.75 x 180 (6/12) with 4A base-down for
the left eye, providing near VA of N5 at 40 cm.

Assessments Right Eye Left Eye
Refraction -4.00/ -0.50 X 180 (6/12) -3.75/ -0.75 X 180 (6/9)
Prism Test Left Eye 10A BD Hypertropia,
2A Bl Exotropia
Prism Adaptation Test First trial
Fi o
(First visit) 4 BD 4ABD + 2A Bl
VA 6/18 VA 6/15
Near VA Both Eye N5 30 cm
Second trial
4A BD 4A BD + 2A Bl
VA 6/12 VA 6/12
Near VA BE N5 30 cm
Third trial
4A BD 2A BD
VA 6/12 VA 6/12
Near VA BE N5 30 cm
Fourth trial
4A BD 4A BD
VA 6/12 VA 6/12
. - 4.00/-0.50 X 180 (6/15) -3.75/-0.75 X 180 (6/12)
Prism Glass Prescription 4A BD 4A BD

Near VA Both Eye N5 40 cm

VA= Visual Acuity, BD= Base Down, Bl= Base In, A = Prism
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At the two-month follow-up, the patient reported
minimal residual diplopia and was able to drive
both a car and a motorcycle without difficulty.
Repeat Hess charting at follow-up demonstrated
improved symmetry (Figure 1B). Best-aided VA
improved to 6/12 PH 6/7.5 in the right eye and 6/12
PH 6/9 in the left eye. Subjective refraction yielded
-4.00/-0.50 x 180 (6/9-2) in the right eye and
-4.25/-1.25 x 170 (6/9-2) in the left eye, with
stable prismatic correction of 4A base-down in
both eyes.

Park’s three-step test was performed during
follow-up but yielded inconclusive results (Table
II). While this did not definitively exclude trochlear
nerve palsy, the overall clinical findings including
prism measurements, absence of gaze-dependent
worsening typical of fourth cranial nerve palsy,
lack of significant torsional symptoms, and stable
response to prism correction, favoured a diagnosis
of right hypertropia secondary to right inferior
rectus paresis.

Surgical management in the form of a right
superior rectus Faden procedure was discussed
with the patient as a potential option should
symptoms persist or worsen. However, given the
satisfactory resolution of diplopia with prism
correction and the patient’'s preference to avoid
surgery, conservative management with prism
glasses was continued.

Table 3. Assessment of second visit

3. DISCUSSION

Vertical diplopia is a recognized and functionally
disabling visual sequela of traumatic brain injury
(TBI), frequently arising from disruption of ocular
motor control involving the extraocular muscles,
their innervating cranial nerves, or supranuclear
pathways (12,13). This case highlights the
diagnostic complexity of post-traumatic vertical
diplopia and emphasizes the importance of careful
clinical reasoning when differentiating inferior
rectus paresis from fourth cranial nerve palsy, two
conditions with overlapping but distinct clinical
characteristics.

Trauma is the most common acquired cause of
trochlear nerve palsy due to the nerve’s long
intracranial course, dorsal exit from the brainstem,
and susceptibility to acceleration—deceleration and
rotational shear forces (13). Clinically, fourth
cranial nerve palsy is characterized by hypertropia
that worsens in contralateral gaze and ipsilateral
head tilt, often accompanied by torsional diplopia
and compensatory head posture, particularly
during downgaze activities such as reading or
descending stairs (12,13).

In contrast, inferior rectus paresis typically
produces vertical misalignment that may be most
apparent in primary gaze or downgaze, without
prominent torsional symptoms.

Assessments Right Eye Left Eye

Symptom Patient reported minimal diplopia and was able to drive his car
and motorcycle comfortably

VA Aided 6/12 PH 6/7.5 6/12 PH 6/9

Subjective Refraction

Prism Assessment: 4A BD

Park 3 step Inconclusive
Diagnosis

Management

-4.00/ -0.50 x 180 (6/92)

-4.25/ -1.25 x 170 (6/9?)
4A BD

Right hypertropia secondary to Right inferior rectus paresis

Offer for Right Eye superior rectus Faden procedure but

patient was not keen for an operation. He is comfortable with
his current glasses.

VA= Visual Acuity
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Figure 1. Hess chart findings before and after treatment.
(A) Initial Hess chart demonstrating asymmetry with reduced excursion in downgaze, consistent with weakness of
the right inferior rectus muscle.

(B) Follow-up Hess chart showing improved symmetry and expansion of the affected field, indicating functional
improvement following prism correction.
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In the present case, an initial provisional diagnosis
of fourth cranial nerve palsy was reasonable given
the history of severe TBI and vertical diplopia.
However, several clinical features prompted
diagnostic reconsideration. The diplopia was most
symptomatic in primary gaze rather than
downgaze, torsional symptoms were absent, and
no consistent compensatory head tilt was
observed, features atypical for isolated trochlear
nerve palsy. These findings necessitated a
broader diagnostic evaluation.

Park’s three-step test was performed but yielded
inconclusive results. Although this test is a useful
clinical tool for localizing paretic extraocular
muscles, it has recognized limitations, particularly
in  post-traumatic  settings where partial
involvement of multiple muscles or supranuclear
pathways may coexist (12). An inconclusive Park’s
three-step test does not definitively exclude fourth
cranial nerve palsy and should be interpreted in
conjunction with other clinical findings. In this
case, the overall pattern of ocular misalignment,
prism measurements, and symptom distribution
favoured inferior rectus paresis as the more likely
diagnosis.

The diagnosis of right inferior rectus paresis was
further supported by the pattern of hypertropia,
stable prism measurements, and the patient’s
consistent response to prism adaptation testing.
Mechanical or restrictive causes, such as orbital
floor fracture with inferior rectus entrapment, were
considered but deemed unlikely due to the
absence of downgaze restriction, globe retraction,
or radiological evidence of orbital trauma.
Additionally, the lack of symptom variability or
fatigability made myasthenia gravis improbable
(12,13). Neuroimaging did not demonstrate orbital
fractures or compressive lesions, further
supporting a neurogenic aetiology.

Selective involvement of the inferior rectus
muscle following TBI, with preservation of other
cranial nerve functions, is uncommon but possible.
Traumatic forces may result in focal ischemia,
contusion, or stretch injury affecting specific
oculomotor nerve fascicles or their peripheral
branches, or disruption of supranuclear vertical
gaze pathways (13). Although the precise
mechanism cannot be definitively established in
this case, the clinical presentation and course are
consistent with localized inferior rectus dysfunction
rather than generalized oculomotor nerve
involvement.

Management of post-traumatic vertical diplopia
must be individualized based on the severity,

stability, and functional impact of ocular
misalignment. While surgical intervention may be
indicated for stable deviations persisting beyond
6-12 months or for cases refractory to
conservative  measures, prism  correction
represents an effective first-line, non-invasive
option in selected patients (14,15). Prism lenses
realign the visual axes by altering the path of
incoming light and have been shown to
significantly reduce diplopia and improve
functional outcomes in patients with TBI-related
ocular motility disorders (14,15).

In this patient, prism adaptation testing identified
4A base-down prisms in both eyes as the optimal
correction, resulting in complete resolution of
diplopia in primary gaze and daily activities. The
patient reported meaningful functional
improvement, including the ability to resume
driving and academic activities, reflecting an
improvement in quality of life. Although prism
correction does not address the underlying muscle
weakness and may be inconvenient during
activities without spectacles such as showering or
upon waking, the patient expressed high
satisfaction with this conservative approach and
declined surgical intervention.

The novelty of this case lies in the successful
non-surgical management of inferior rectus
paresis following TBI using prism correction alone.
Reports specifically describing inferior rectus
involvement after traumatic brain injury remain
limited. This case therefore contributes to the
existing literature by demonstrating that careful
diagnostic evaluation and patient-centered
conservative management can achieve excellent
functional outcomes in selected patients (16).

4 CONCLUSION

Vertical diplopia following traumatic brain injury
presents significant diagnostic and management
challenges. This case highlights inferior rectus
paresis as an important differential diagnosis in
post-traumatic vertical misalignment, particularly
when clinical features are atypical and Park’s
three-step test is inconclusive. Careful clinical
evaluation and interpretation of ocular motility
findings are essential for accurate diagnosis.
Prism correction provided effective, non-
invasive management in this patient, resulting in
complete resolution of diplopia and meaningful
functional improvement. This case supports prism
therapy as a valuable first-line treatment option for
selected patients with post-traumatic vertical
diplopia and underscores the importance of
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individualized, patient-centered care in optimizing
visual and quality-of-life outcomes.
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