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Abstract: Background: The facial nerve, the seventh cranial nerve, is responsible for
innervating the head and neck region. Bell’s palsy is the most common cranial neuropathy,
causing facial nerve paralysis, which is typically unilateral. It accounts for 60-75% of cases
of facial palsy. Bell's palsy is acute idiopathic unilateral lower motor neuron facial nerve
weakness or paralysis, with no other neurologic or systemic manifestations. Most cases
recover within months, with 85-90% of patients recovering completely within one month.
However, 15% progress to complete degeneration and may develop complications like
residual paresis, contracture, and synkinesis. Electrodiagnostic tests used to evaluate facial
nerve function include nerve conduction studies, electromyography (EMG), and blink
reflex. Neuromuscular ultrasound (NMUS) is becoming a standard element in evaluating
peripheral nerve and muscle disease. Recent studies suggest an additional role for
neuromuscular ultrasonography as a measure of disease severity and distribution.
Ultrasound has been used to predict facial nerve outcomes in Bell's palsy. Facial nerve
diameter is measured proximally, distally, and midway, and the average diameter is
calculated using these measurements.
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Introduction

The facial nerve is the seventh cranial nerve (CN VII). It arises from the brain stem and extends posteriorly to
the abducent nerve and anteriorly to the vestibulocochlear nerve. It courses through the facial canal in the
temporal bone and exits through the stylomastoid foramen after which it divides into terminal branches at the

posterior edge of the parotid gland [1].
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The facial nerve is consisting of the motor, sensory, and parasympathetic (secretomotor) nerve fibers which
provide innervation to many areas of the head and neck region. The facial nerve is comprised of three nuclei
[2].

e The main motor nucleus,

¢ The parasympathetic nuclei,

¢ The sensory nucleus.

The facial nerve emerges from the junction of the pons and medulla as two divisions: the primary root and the
intermediate nerve. The larger primary root (facial nerve proper) innervates the muscles of facial expression,
and the smaller intermediate nerve (L. nervus intermedius) carries taste, parasympathetic, and somatic sensor
fibers [3].

The most important factor in the differential diagnosis of facial palsy is whether it is an LMN or UMN lesion,
Due to bilateral cortical innervation of the upper facial muscles, only LMN lesions result in complete facial
paralysis. Therefore, the most clinically useful assessment of UMN and LMN facial paralysis is to raise the
eyebrows to assess the frontalis and to contract the eye to assess orbicularis oculi muscles. Lower motor
neuron pathologies include Bell's palsy, Ramsay-Hunt syndrome, etc. Upper motor neuron lesions of facial
nerve include stroke, multiple sclerosis, subdural hemorrhage, and intracranial tumors [4].

Facial nerve paralysis is the most common cranial neuropathy. Several studies have presented conflicting
results regarding its epidemiology. Most of the studies reported equal incidence in females and males. Some
studies stated higher incidence in young adults, but others found an increase in incidence with aging [5].
Epidemiological studies have been done in different governorates in Egypt where BP had an incidence rate
between (98.9 - 107) /100000 population, higher among male patients than among female patients and peak
age between 18 and 60 years, with low incidence at extremes of age [6].

According to Aditya, [7] pregnant women are 2 - 4 times more prone to the development of facial palsy
compared to non-pregnant women. Ragupathy and Emovon, [8] reported an incidence of Facial palsy in 45.1
per 100 000 pregnant women, with the highest frequency occurring during the third trimester of pregnancy.
The higher incidence of Bell’s palsy in pregnancy may stem from hypercoagulability, which can cause
microcirculatory insult [9].

Most of the cases of facial nerve palsy are typically unilateral, although bilateral cases can occur. The most
common cause is the Bell's palsy which represents 60-75 % of the cases. Traumatic facial palsy is the second
most frequent cause, and Herpes zoster oticus (Ramsay-Hunt Syndrome) is the third most common cause [10].
Bell's palsy (BP) is acute idiopathic unilateral lower motor neuron facial nerve weakness or paralysis with no
other neurologic or systemic manifestation and most cases shows recovery of function within months [11].
Susceptibility of recurrence of Bell’s palsy record (12%) of cases had a recurrent facial paresis or palsy with 1-
6 episodes of paralysis with more likely to occur in the 1st two years from the onset [12].

The prognosis for Bell's palsy is generally good with 85 to 90% of patients recovering completely within one
month. The remaining 15% of the cases progress to complete degeneration and will not usually show signs of
recovery for three to six months and may develop complications such as residual paresis, contracture and
synkinesis [13].

Theories of Bell’s palsy

Many theories have been proposed to explain the origin of Bell’s palsy like ischemia, immunological reactions,
and viral infections. Ischemia (due to disturbed circulation in the vasa nervorum) leads to the nerve injury in
Bell’s palsy. Vascular spasm causes a swelling of the nerve in the Facial canal. This theory is the back ground
for the surgical decompression in the treatment of the disease. An immunological hypothesis was introduced
by Mc-Govern and his co-workers, based on their experimental work on animals [14].

Greco etal. [15] demonstrated abnormal lymphocyte transformation in patients with Bell’s palsy and suggested
that it may results from cell-mediated immunity against peripheral nerve antigens. This hypothesis encouraged
the research on the utilization of steroid and other immunotherapies in the treatment of facial palsy.
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Eviston et al,, [16] suggested herpes simplex virus (HSV) as a cause of Bell’s palsy. The theory was supported
by the results in the serological study of HSV antibodies by Adour and coworkers in 1975. The viral theory has
gained most of the interest, especially the neurotropic herpes viruses, which are known to become latent after
primary infection, and are considered important candidates in disease development.

Love and Colleges tested the endo-neurial fluid from the facial nerve and biopsies from the posterior auricular
muscle for HSV-1 DNA and varicella zoster virus (VZV) DNA using polymerase chain reaction (PCR) in 14 Bell’s
palsy patients undergoing decompression surgery. HSV-1 genomes were detected in 11 out of 14 patients, and
VZV in none. They concluded that HSV-1 is the major etiologic agent in Bell’s palsy [17].

These results were further supported by Rhaif et al. [18] who found significantly increased levels of HSV DNA
in the saliva from 47 patients with Bell’s palsy. Despite these findings, studies have failed to support this theory,
and the role of HSV in the disease is still unclear [19].

Clinical picture of Bell's palsy

Because Bell’s palsy is a diagnosis of exclusion, it must be based on thorough history and physical examination,
as well as the use of diagnostic testing when necessary. Clinical features of the disorder that may help to
distinguish it from other causes of facial paralysis include a sudden onset of unilateral facial paralysis which
reaches the peakin less than 48 hours, and the absence of signs and symptoms of CNS, ear, and cerebellopontine
angle disease [20].

Bell's palsy is a condition characterized by a droopy appearance on one side of the face and difficulty opening
or closing the eye on the affected side. It can develop 1 to 2 weeks after a cold, ear infection, or eye infection.
Symptoms include facial weakness, droopy mouth, difficulty making facial expressions, difficulty pronouncing
words, dry eyes and mouth, altered taste, drooling, sensitivity to sound, difficulty eating and drinking, muscle
twitches, eye irritation, and headache. In rare cases, it may affect both sides of the face [21].

Evaluating face muscles by House-Brackman Classification of Facial Function and giving a grade for each

patient [22]:
Grade Characteristics
I. Normal Normal facial function in all areas
Gross
Slight  weakness noticeable on close inspection May  have slight  synkinesis
I1. Mild dysfunction At . rest, normal symmetry and tone
Motion
Forehead - Moderate to good function
Eye - Complete closure with minimal effort Mouth - Slight asymmetry
Gross
Obvious but not disfiguring difference between sides Noticeable (but not severe) synkinesis, contracture,
or hemifacial spasm
111, Moderate dysfunction At . rest, normal symmetry and tone
Motion
Forehead - Slight to moderate movement
Eye - Complete closure with effort|
Mouth - Slightly weak with maximum effort
Gross
Obvious weakness and/or disfiguring asymmetry at rest, normal symmetry and tone
IV. Moderately severe|Motion
dysfunction Forehead - None
Eye - Incomplete closure
Mouth - Asymmetrical with maximum effort
Gross
V. Severe dysfunction Only barely perceptible motion at rest, asymmetry Motion
Forehead - None

Eye - Incomplete closure Mouth - Slight movement

VI. Total paralysis No movement

Complications of Bell's palsy
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A number of complications can occur as a result of Bell's palsy, depending on the extent of nerve damage. Most
of the patients fully recover from Bell's palsy within four months. However, about 2 in every 10 people
experience long-term complication resulting from Bell’s palsy [23].

Irreversible damage to the facial nerve may occur in complete palsy and loss of voluntary movement. It affects
20-30% of patients and can cause synkinesis, corneal ulceration, speech problems, facial contracture, and loss
of taste. It can cause eye closure, infection, blindness, speech problems, and facial contracture, leading to
disfigurement and a deeper line between the nose and mouth. Damage to the taste fibers of the facial nerve can
also result in loss or reduced taste [24].

Management of facial nerve palsy

Corticosteroid treatment

The report of the Quality Standards Subcommittee of the American Academy of Neurology (AAN) [25]; released
guidelines stating that steroids are highly likely to be effective and increase the likelihood of recovery of facial
nerve function in new-onset Bell’s palsy. The four trials showed significantly better facial outcomes in steroid-
treated patients compared with non-steroid-treated patients.

The recommended dose of prednisone for the treatment of bell’s palsy is 60 mg/day for 6 days, followed by a
taper, for a total of 10 days. Caution should be used in patients with any of the following: tuberculosis,
immunocompromise, pregnancy, active infection, sarcoidosis, sepsis, peptic ulcer disease, diabetes mellitus,
renal or hepatic dysfunction and malignant hypertension [26].

Antiviral treatment

The combination of antivirals and corticosteroids may not significantly impact incomplete recovery rates in
Bell's palsy, but the results are unclear. Corticosteroids alone are likely more effective than antivirals alone,
and antivirals "valacyclovir 1,000 mg daily for 5 days" plus corticosteroids "prednisolone 60 mg daily for 5
days" then tapering for a total treatment of 10 days" with placebo plus prednisolone" are more effective than
placebo or no treatment. There is no clear benefit from antivirals alone over placebo. The combination of
antivirals and corticosteroids likely reduces late sequelae and fewer episodes of long-term sequelae in
corticosteroid-treated participants [27].

Local eye treatment

Regardless of treatment given, all patients must be counseled regarding proper eye care to prevent exposure
keratitis. Patients should use natural tears during the day and should put lubrical ointment in the eye at night.
Patients should avoid fans and dust, and should consider wearing eye protection when they are outdoors in the
wind [28].

Physical rehabilitation

A. Electrotherapy

The electrotherapy modalities reviewed included: electrical Stimulation (ES) and short-wave diathermy
(SWD). No evidence supports electrical stimulation benefit for acute facial paralysis but it's effective for chronic
condition in improving the facial motor control, the excursion of movement and in decreasing synkinesis. No
evidence supports the benefit of using continuous mode of short- wave diathermy, while pulse mode can
facilitate healing process in acute condition. Utilization of laser in acute or chronic conditions has not been
supported by studies [29].

B. Neuromuscular retraining

Neuromuscular retraining involves selective motor training to control symmetrical movement and prevent
gross motor activity (synkinesis). Patient reeducation is crucial in the treatment process, using EMG
biofeedback and mirror exercises. The patient learns muscle action in the mirror and performs small
symmetrical movements on the sound side to identify correct responses. Movements should be initiated slowly
and gradually, allowing the patient to observe the angle, strength, and speed of each movement. Rapid
movements are not recommended as they don't help control abnormal movement [30].

Biofeedback (BF) is a technique that combines electromyography (EMG) with biofeedback to record muscle
electrical activity. It has been proven effective in restoring muscle control and rehabilitating movement
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patterns after pathologies like facial muscles, muscle atrophy, stroke, or sports injuries. It provides information
that is difficult to access naturally, facilitating voluntary muscle activity and improving involuntary regulation
[31].

C. Manual Massage

Massage can be performed in conjunction with other treatment options. It can be done to improve perceptual
awareness. Other methods of treatments include; Apply moist heat to the paralyzed area to help reduce pain,
try drinking with straw and eat on the side of your mouth that feels most comfortable [32].

D. Kabat Rehabilitation

Kabat rehabilitation is a type of motor control rehabilitation technique based on proprioceptive neuromuscular
facilitation (PNF). During Kabat procedure, the therapist facilitates the voluntary contraction of the impaired
muscle by applying a global stretching then resistance to the entire muscular section and motivates action by
verbal input and manual contact. Prior to Kabat, ice stimulation is performed to a specific muscular group, in
order to increase its contractile power [33].

Surgical treatment

Surgical decompression of the facial nerve is a potential treatment option for patients at risk of poor recovery.
However, there is no consensus on the optimal timing and approach. Some authors suggest that the most
favorable outcomes occur within 14 days of symptom onset, while others suggest delayed surgery between 3
weeks and 4 months. The middle fossa approach offers good access to the labyrinthine segment of the facial
nerve with an acceptable complication risk, while the transmastoid approach is effective with a relatively low
complication rate [34].

Other surgical options include the following, [35]:

e Subocularis oculi fat (SOOF) lift.

¢ Implantable devices (gold weights) placed into the eyelid.

¢ Tarsorrhaphy.

¢ Transposition of the temporalis muscle.

e Facial nerve grafting.

« Direct brow lift.

The electrodiagnostic tests

The electrodiagnostic tests that are usually utilized to evaluate the function of the facial nerve are nerve
conduction studies, electromyography (EMG) and blink reflex. These tests may aid in assessing the outcome of
a patient who has persistent and severe palsy. An important point to consider is that most of the
electromyographic/nerve conduction studies usually do not show an abnormality during the first 3 weeks
following nerve injury [36].

1-The nerve excitability test:

Nerve excitability test (NET) is the oldest and best-known electrophysiological test with well-established
clinical efficacy. During this test, the lowest current eliciting a facial twitch is defined as the threshold of
excitation and the difference in thresholds between the two sides is calculated [37].

NET is less painful due to weak stimulation with just enough current to meet the threshold, and the required
equipment is compact and inexpensive to procure. However, it is impossible to calculate the percentage of
degenerated nerve fibers, and NET is inferior to ENoG in terms of accurate prognostic prediction for facial palsy.
The appropriate timing NET is 7 to 10 days after the onset [38].

2- Electroneuronography (ENoG)

Electroneuronography (ENoG) is an electrophysiological test performed to evaluate the functional integrity
and the degree of degeneration of the facial nerve [39]. ENoG may be interfered by possible collateral nerves
which are regenerated after 2 weeks post-onset. Clinicians should keep in mind that ENoG should be performed
for the first time at about 72 hours post-onset and again at 3 to 5 day intervals until confirmation can be
determined [37].
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Electroneurography (ENoG) reliably predicts the prognosis of facial palsy. However, the results of ENoG are
dependent on the location, where the wave is detected, as a compound muscle action potential (CMAP) arising
from the facial muscles. [40].

ENoG responses were measured on the affected and unaffected sides increasing current intensity to evoke
compound muscle action potential. The compound muscle action potential (CMAP) was obtained from the
frontalis and mentalis muscles to measure amplitude degeneration ratio, then from nasalis muscle to measure
degeneration index using this equation: [100 — (ENoG amplitude affected /unaffected side) x 100] [41].

Blink reflexes

Corneal and blink reflexes are crucial for assessing the integrity of trigeminal and facial cranial nerves, which
comprise the reflex arc. They result in excitation of orbicularis oculi motor units and lid closure. The afferent
innervation originates from the nasociliary and supraorbital branches of the trigeminal nerve, while the
efferent motor response is interceded via the facial nerve to the orbicularis oculi muscle [42].

The blink reflex (BR) test, which assesses damage to facial nerves by recording the action potential of the
orbicularis oculi muscles in response to electrical stimulation of the supraorbital nerves, has been shown useful
in estimating facial palsy. Although BR test results have been found prognostic in patients with facial palsy,
uniform standards for factors prognostic of paralysis have not been established [43].

Electrical stimulation of the supraorbital nerve elicits two or more temporally separate responses of the
orbicularis oculi muscles, an ipsilateral early component (R1) via a short latency pontine pathway and bilateral
late component (R2) through a complex route. Of the two, R1 serves as a more reliable measure of nerve
conduction along the reflex pathway, whereas R2 helps localize the lesion to the afferent or efferent reflex arc
[44].

Blink reflex isn't a useful test for evaluating prognosis of facial paralysis within the first week of onset, and less
useful than ENoG and nerve excitability test within the second week and similar to ENoG and nerve excitability
test within the third week of onset [36].

Facial nerve conduction velocity (NCV)

Facial nerve conduction velocity (NCV): NCV is clinically used in determining the type and extent of nerve
damage in a variety of peripheral nerve disorders. [45].

The facial nerve is stimulated at two points. First the nerve trunk is stimulated at the stylomastoid foramen;
and second the marginal mandibular branch of the facial nerve is stimulated at the angle of the mandible. The
recording electrodes are placed bilaterally on the mentalis muscle. One on the opposite side served as a
reference [46].

Analysis and interpretation of Facial nerve conduction velocity ion velocity the nerve conduction velocity in
m/s is calculated by dividing the distance between the two stimulation points (in mm) by the difference in
latencies (in ms). The normal value is 48+5 m/s. Incomplete recovery was common in BP patients when the
nerve conduction velocity was below 30 m/s [41].

Electromyography

EMG is most valuable in the time frame of 2-3 weeks to 3 months after the onset of a facial nerve injury. EMG
is helpful in monitoring for regeneration if reinnervation occurs. EMG should be used and interpreted in
combination with clinical examinations [47].

EMGQG is the only electrophysiological test useful after nerve excitability loss and degeneration. After 2-3 weeks,
electrical stimulation tests like NETand ENoG become ineffective. Fibrillation potentials or positive waves on
EMG can confirm facial nerve degeneration, and polyphasic reinnervation potentials can be seen as early as 4-
6 weeks after paralysis onset [37].

Neuromuscular ultrasound

Neuromuscular ultrasound (NMUS) is becoming a standard element in the evaluation of peripheral nerve and
muscle disease. When obtained simultaneously to electrodiagnostic studies, it provides dynamic, structural
information that can refine a diagnosis or identify a structural etiology. NMUS can improve patient care for
those with mononeuropathies, polyneuropathy, motor neuron disease and muscle disorders [48].
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Imaging has been described as a sensitive method for distinguishing among etiologies of unilateral facial
paralysis. Specifically, gadolinium-enhanced magnetic resonance imaging (MRI) is the modality of choice for
lesions located within the parotid gland, cerebellopontine angle, and internal auditory canal (IAC), whereas
high-resolution computed tomography (CT) is preferred for temporal bone pathology [49].

Recent studies have suggested an additional role for neuromuscular ultrasonography as a measure of disease
severity and distribution. By including ultrasound assessment in ongoing and future clinical trials of
therapeutic interventions in neuromuscular disease, it will be possible to determine how the technique can be
used to facilitate clinical trials and the evaluation of new promising therapies [50].

Neuromuscular ultrasound is the scanning of nerve and muscles using high- resolution ultrasound for the
purpose of assessment of neuromuscular disorders. To obtain high-resolution images for the nerves, high
frequency transducer is needed (at least 12 MHz).

Nerves are cable-like structures and have a distinct architecture consisting of fascicles and surrounding
epineurium [51].

Normal nerve appearance in the cross-sectional (axial) view is described as “honey-comb” due to the
alternating, relatively hyperechoic (bright) epineurium and perineurium of fascicles. In the sagittal view, this
may be seen as hyperechoic streaks parallel to the epineurium. Nerves can also be distinguished by their low
anisotropy, meaning their appearance does not change significantly with tilting of the transducer, compared to
structures with high anisotropy such as tendons and muscle [48].

Any nerve should be scanned in two views; transverse and longitudinal view. In transverse view, the nerve has
a distinct perineurial border surrounding a relatively hypoechoic matrix (nerve fascicles give a honey comb
appearance, and are less densely fibrillar than a tendon). In longitudinal view, it appears roughly as parallel
linear strands consistent with endoneurial fibrous tissue (hyperechoic fibrillar cords). It is also very important
to keep the transducer perpendicular to the nerve at all times during scanning especially on measuring the
cross-sectional area (CSA) and the diameter [51].

Minimal pressure should be applied by the transducer during scanning to avoid artificial deformation of the
nerve which may cause errors in measurement. Any nerve is typically assessed for size, shape, echogenicity,
vascularity and mobility. For every nerve, there is a preferred patient position, but in general, the position
should be comfortable to the patient first and should be comfortable to the examiner as well [50].

Gupta et al.,, [52] mentioned that, ultrasound has been utilized to predict facial nerve outcomes in Bell’s palsy.
In this prospective, controlled study, patients with Bell’s palsy, ultrasound was performed 2-7 days after the
onset of paralysis. Facial nerve diameter was measured proximally at the stylomastoid foramen, distally just
proximal to the pes anserinus, and midway between these two points. The average diameter of the facial nerve
was calculated using these three measurements and then compared with blink reflex studies and nerve
conduction studies.

Conclusion

Bell's palsy is acute idiopathic unilateral lower motor neuron facial nerve weakness or paralysis, with no other
neurologic or systemic manifestations; which affects 60-75% of cases. Electrodiagnostic tests used to evaluate
facial nerve function include nerve conduction studies, electromyography (EMG), and blink reflex. Recent
studies suggest an additional role for neuromuscular ultrasonography as a measure of disease severity and
distribution. Ultrasound has been used to predict facial nerve outcomes in Bell's palsy.
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