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Abstract

in Group 2, most of the values returned to the baseline.

toxin treatment the subjects with HFS and BFS.

Background: Botulinum toxin (BoNT) injection serves as the primary modality for addressing hemifacial spasm (HFS)Q
blepharospasm (BFS), which are prevalent movement disorders affecting the craniofacial region. However, even though the short-
term effectiveness of the botulinum injection may reach over 80%, the long-term effectiveness is still a debatable point Herein, we
aim to investigate whether facial self-exercise following the BoNT injection can extend the time period of effectiveness.

Methods: In this study, 51 volunteers who received Onabotilinumtoxin A (BoNTA) treatment for the diagnosis of HFS or BFS,
were randomized into 2 groups. A detailed instruction about the self-exercise was given by an experienced physician to the
subjects in Group 1. Volunteers were asked to repeat the exercise program afterward and continue to each movement for 5
seconds, to repeat each movement 10 times with a 10-second break, every day, 3 times a week for 1 week. hemifacial spasm
grating scale (HSGS) and Jankovic scales were used to assess the efficacy of the treatment.

Results: Both groups are similar to each other based on demographic features and the severity of the diseases. According to
HSGS and Jankovic scales, at the end of the first month, there was no significant difference between the groups. At the end of the
third month, the improvement achieved in the first month remained the same in each parameter in Group 1. On the other hand,

Conclusion: Facial self-exercise following the botulinum toxin application may extend the period of effectiveness of botulinum
Abbreviations: BFS = blepharospasm, BoNT = botilinumtoxin, BONTA = Onabotilinumtoxin A, HFS = hemifacial spasm,

HSGS = hemifacial spasm grading scale, JAN-F = Jancovic scale-frequency, JAN-S = Jancovic scale-severity.
Keywords: blepharospasm, botulinum toxin, hemifacial spasm, rehabilitation

1. Introduction

Hemifacial spasm (HFS) and blepharospasm (BFS) are the com-
mon clinical manifestations of the craniofacial region caused
by spasms in the orbicularis oculi muscle innervated by the
facial nerve. Although their pathogenesis is different, both are
generally seen in women after the 4th and 5th decades.!!! The
clinical presentation of HFS usually starts unilaterally from the
orbicularis oculi muscle and spreads to the forehead, lower
half of the face and the platysma over the years. Involuntary
contractions can be observed in the orbicularis oculi, frontalis,
zygomaticus major, zygomaticus minor, levator labii superio-
ris, risorius, orbicularis oris, mentalis, and platysma muscles
unilaterally or bilaterally.’?) BFS, on the other hand, starts
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with an increase in involuntary blinking and may result in the
eyelid closure with involuntary contraction of the orbicularis
oculi muscle. This contraction can even progress to functional
blindness.B! In patients with BFS, dystonia tends to spread to
adjacent parts of the body (most commonly to the oroman-
dibular and cervical regions) compared to patients with other
focal dystonias.[¥ In most of the cases, it is thought that the
facial nerve is compressed by a vascular structure in the root
exit zone region.’! Although BFS was initially considered a
basal ganglia disorder, accumulating neuroimaging evidence
points to anatomical and functional involvement of various
brain regions, including thalamus, lower brainstem, cerebel-
lum, midbrain, and cortex.!!
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It is known that systemic drug therapy has no significant effi-
cacy in both focal movement disorders. Facial nerve root decom-
pression with microsurgery is very effective in the treatment of
HFS, however, it is a surgical intervention to posterior fossa and
there is a risk of recurrence.”? On the other hand, 76% to 99%
success rate was achieved with the treatment of botulinum toxin
injection among HFS patients.!® The success achieved with med-
ical treatment in BFS patients is not only short-term but also
seen only in 19% to 25% of the patients./*!"]

Facial nerve surgery and orbicularis oculi myemectomy are
the surgical methods which are not preferred today due to
their low efficacy and applicability, as well as causing serious
aesthetic and functional problems.!!! There is new evidence of
the efficacy of deep brain stimulation applied to the internal
portion of the globus pallidus and that deep brain stimulation
may be helpful in selected patients with botilinumtoxin (BoNT)-
resistant cranial dystonias.!!l

The scales are used to evaluate dystonias. It is important to
rate improvement and worsening, to evaluate the patient health
status and the outcome after treatment. Jankovic rating scale is
a frequently used scale in HFS and BFS follow-up and studies.!?!
The hemifacial spasm grading scale (HSGS) is a useful tool that
evaluates the localization, intensity, and frequency of HFS.!!3!

Although the uptake of botulinum toxin takes place in
the early period we hypothesized exercise which performed
after the botulinum toxin injection might improve the out-
come. So the frequency of toxin injection may be reduced.
Consequently, the health care cost may be reduced and also
the quality of life of patients may improve. To evaluate
this hypothesis we aimed to investigate the effects of facial
self-conducted exercises, which were initiated immediately
after the botulinum toxin injection into the facial muscles
and then continued regularly.

2. Materials and Method

This prospective study employed a randomized design according
to random numbers table and included a total of 51 volunteers who
received treatment with onabotulinumtoxin. Volunteers in this
study were diagnosed with either HFS or BFS and received treat-
ment at the outpatient botulinum toxin clinic of the Department
of Neurology at Balikesir University Faculty of Medicine. These
individuals had a history of HFS or BFS for an average duration
of 1.5 to 10 years and did not have any additional neurological
or eye-related conditions in their medical records. The treatment
involved administering an average of 15 to 30 units of BONTA
to individuals with HFS, primarily targeting the orbicularis oculi
muscle. Subjects with BFS, on the other hand, received 30 to 40
units of BONTA. The dosage and selection of specific muscles for
injection were determined by a single neurologist (USS).

Following the BONTA injection, 24 volunteers were randomly
assigned to the control (Group 2) and 27 to the study group
(Group 1). Thirty minutes after BONT injection, a single physi-
cian from the Physical Medicine and Rehabilitation Department
at Balikesir University Faculty of Medicine provided instruction
to the volunteers on a facial exercise program. This program
focused on stretching movements specifically designed for focal
dystonias (Table 1).0'4

Since we aimed to test if the exercise may improve the out-
come of BoNT injection, the volunteers were instructed to per-
form the exercise program regularly, repeating each movement
for a duration of 5 seconds. The exercises consisted of move-
ment of muscles which are innervated by facial muscles symmet-
rically (Table 1). They were advised to repeat each movement
10 times, with a 10-second break in between repetitions. This
exercise routine was to be conducted daily, 3 times a week, for a
total duration of 1 week.

In addition, the volunteers were given a visual and written
leaflet describing how to do the exercises and an exercise diary

Medicine

Facial exercises.

1. Lift your eyelids as much as you can to create wrinkles on your forehead
2. Frown
3. Close your eyes tight
4. Try to open your eyes as your eyelids closed
5. Squeeze your nose wings
6. Bring your upper lip forward
7. Pretend to whistle
8. Puff up by pulling your lower lip forward
9. Smile
10. Stretch your lips diagonally to your teeth. Pull the corners of the lips to the sides.

where they would record their exercises. The control group, on
the other hand, was told to continue their daily routine after
BoNT injection, without any additional suggestions.

The short-term exercise diaries of the volunteers were
checked in the first month of follow-up evaluation. All the vol-
unteers who were given exercise were checked by the diaries if
they exercised regularly. Both HSGS and Jankovic scales were
used to assess the efficacy of the treatment which evaluates the
frequency and severity of involuntary movements of mimic
muscles. Patients were examined before the administration of
BoNTA, in the first and third months of follow-up.

Informed consent was obtained from the participants at the
beginning of the study. The ethical approval of the study was
given by Ethical Committee of Balikesir University Faculty of
Medicine (2021-59 on February 02,2021).

2.1. Statistics

Data were analyzed using a mixed design with repeated mea-
sures ANOVA to assess the impact of intervention on 3 outcome
measures. Analyses were performed via SPSS version 28 using
an alpha level of 0.05 (SPSS 28.0, IBM). All test assumptions
were examined and met prior to data analysis.

3. Results

The study included a total of 51 subjects diagnosed with HFS
(N: 43) and BFS (N: 8), who underwent treatment with BoNT.
The demographic characteristics of the subjects in both groups
were comparable, as indicated in Table 2. Throughout the dura-
tion of the study, no side effects associated with BoNT injection,
such as blurred vision, tearing, ecchymosis, ptosis, diplopia,
facial weakness, or drooping of the corner of the mouth, were
observed.

Due to missing observations in HSGS scores, the effective
sample size for the analysis of HSGS was 43 and the sample size
for the analysis of JANM and JAN-F scales was 51.

There was no statistically significant difference between the
experimental and control groups in baseline measures of HSGS
(F=0.031 P=.86), JANM (F=0.096, P=.76), and JAN-F
(F=0.014, P = .91).

As seen in Table 3, subjects in both groups were reported to
have clinical recovery in the first month of follow-up. All of the
HSGS and JAN scales’ parameters in both groups improved sig-
nificantly during the first month of study.

On the other hand, when it came to the third month of
follow-up, the improvement that was seen in the first month
remained only in the study group. In contrast, most of the values
returned to the baseline in control group (Table 3).

Repeated measures mixed ANOVA analysis was conducted to
assess the impact of the intervention (experimental and control)
on the outcome measures at 3 different time points: preinter-
vention, postintervention, and follow-up. This analysis allowed
for the examination of within-subject changes over time while



187ZIMNZIDBPXZOBBAROATOAEIOYIASALLIAIPOOAEIEAHIOIN/AO AUMYTXOM

ADUOINXTOHISABZIY 1A+ NIOITWNOIZTACY HJESHIAAUE AQ [eunol-puw/wod’ mm|sfeulnoly/:dny wouj papeojumoq

20¢/LT/ZT uo

Sari et al. ® Medicine (2024) 103:24

Baseline demographic characteristics of the subjects.

HSGS Group 1 (N: 23) Group 2 (N: 20) Pvalue
Sex, male, N (%) 7(30) 12 (60) .052
Age, mean, SD, 57.65+11.77 58.25+11.60 .87
(range) (32-80) (34-78)

JAN-S and JAN-F Group 1 (N: 27) Group 2 (N: 24) Pvalue
Sex, male, N (%) 8 (30) 13 (54) .076
Age, mean, SD 58.81+11.48 59.79+11.66 .88
(range) (32-80) (34-81)

HSGS = hemifacial spasm grading scale, JAN-F = Jancovic scale-frequency, JAN-S = Jancovic
scale-severity.

considering the grouping factor (intervention type) as well. The
results demonstrated that the time effect was statistically sig-
nificant (F (1.73-70.87) = 100.13, P =.0001, n* = 0.71), but
the intervention and time interaction was not statistically sig-
nificant for HSGS outcome (F (1.73-70.87) = 3.28, P = .050,
1? = 0.074). Both groups’ HSGS scores declined significantly at
postintervention measure (P <.001). The HSGS scores of the
experimental group at follow-up measure remained significantly
lower than the preintervention measure (P <.001). Yet, the
HSGS scores of the control group at follow-up measure reached
to the preintervention measure level (P =.17), the difference
between experimental and control group at follow-up measure
was not statistically significant (P = .078).

The time effect was statistically significant for Jancovic
scale-severity (JAN-S) (F (2-98) =210.88, P = .0001, * = 0.81)
and Jancovic scale-frequency (JAN-F) (F (2-98)=163.29,
P =.0001, n? = 0.77) outcome measures. Both groups’ JAN-S
scores declined significantly at postintervention evaluation
(P <.001). The JAN-S scores of the experimental group at
follow-up evaluation remained significantly lower than the pre-
intervention evaluation (P < .001). However, the JAN-S scores
of the control group at follow-up measure returned to the pre-
intervention evaluation level (P =.53). JAN-F scores declined
significantly at postintervention evaluation for both the exper-
imental and control group (P < .001). While the JAN-F scores
of the experimental group at follow-up measure remained sig-
nificantly lower than the preintervention measure (P <.001),
the JAN-F scores of the control group at follow-up measure
returned to the preintervention level (P = .61).

The intervention and time interaction was also statistically
significant for JAN-S (F (2-98) = 7.17, P = .001,n? = 0.128) and
JAN-F (F (2-98) = 5.43, P = .006, n)* = 0.10) outcome measures
indicating the intervention and control groups differed signifi-
cantly on post (1-month) or/and follow-up (3-month) measure-
ments. Subsequent pairwise comparisons were conducted using
least significant difference test. The results indicated that the
difference between the intervention and control group was sta-
tistically significant for JAN-S (P = .008) and JAN-F (P = .027)
on follow-up (3-month) measurement (see the trend in outcome
measures in Fig. 1).

4. Discussion

In this study, the effect of a self-conducted short-term facial
exercise program following BoONT application was investigated.
It was observed that all 3 parameters of the Jankovic and HSGS
scales showed a significant decrease compared to the baseline
among the subjects who underwent short-term self-conducted
exercise following botulinum toxin administration. The results
indicate that there was a significant decrease in HSGS scores
for both the experimental and control groups in the first month
after BoNT injection. The results demonstrate a significant

www.md-journal.com

decrease in HSGS scores for both groups in the first month
after injection. These findings provide further confirmation of
the efficacy of BONT treatment for facial movement disorders,
consistent with previous reports. However, it is noteworthy that
while the significant decrease in HSGS scores was sustained in
the experimental group at the third month, the control group
returned to their pretreatment scores.

The utilization of a superficial anesthetic preparation prior to
injection, coupled with direct cold application, has been demon-
strated to have an impact on the efficacy of treatment. These
measures are believed to reduce the effectiveness of the treat-
ment by decreasing the uptake of BoONT. This effect is thought
to be attributed to a reduction in neurostimulation caused
by the application of anesthetic and cold temperatures.!™>! To
increase the effectiveness of BoONT, methods such as postinjec-
tion voluntary muscle contraction or electrical stimulation were
evaluated. It is observed that synaptic activity may accelerate
the transfer of BoNT to the presynaptic region.!'" This tran-
sition was thought to affect the “binding/internalization” and
“translocation” stages in particular.!'”! In a cross-over study
involving patients with HFS, BFS, or postparalytic aberrant
facial nerve regeneration, the impact of performing a 5-minute
exercise immediately after BONT application was investigated.
However, the study did not reveal any significant difference in
the outcomes measured between the exercise and nonexercise
conditions.!"! Another cross-over study that evaluated the effect
of 7 minutes exercise after botulinum administration with HFS
subjects found no prominent impact of the exercise either.!'®!
On the other hand, it was reported that intense exercise in
the form of out-loud reading for 1 hour after BONT injection
showed an additional affect over botulinum application with
the cases with adductor spasmodic dystonia.!'”’ Experimental
physiological studies reporting that inactivity delays the toxin
effect, and that electrical stimulation accelerates BONT uptake
have been available for a long time.?”! Comparison of the “com-
pound muscle action potential” amplitudes of the muscles with
and without electrical stimulation after BONT application was
found to be significantly lower in those given electrical stimula-
tion. Electrical stimulation was given during the first 24 hours
after injection. There are also studies in which stimulation was
performed for up to 12 weeks after BONT application to spas-
tic muscles. However, there was no common practice regarding
stimulation intensity, frequency and location.!”!

In a randomized controlled study focusing on subjects with
writer cramp, the effect of voluntary muscle movements after
botulinum toxin administration was investigated. While 1 group
was given a writing activity for 30 minutes, the other group was
immobilized on the injected arm. As a result of the study, there
was a significant decrease in hand and wrist muscle strength
in the group that was active within the 2 to 6 weeks and third
months of follow-up compared to the other group. Accordingly,
it has been stated that voluntary muscle activities after BONT
injection may reduce the required dose and the incidence of side
effects.!!

Since it was known that the uptake of BoNT to the presynap-
tic region occurs in the first hours, the exercise in the previous
studies was performed for a short time after the injection, unlike
our study. The positive effect of postinjection exercises may not
be limited to increasing uptake. Repetitive exercises may con-
tribute to positive results, if the toxin distribution in the muscle
or spread to the adjacent muscles and affect a wider area. With a
long-term exercise, the feedback created by the movements may
have a reducing effect on involuntary movements. Tu et al??
were able to demonstrate a gray matter volume decrease in the
right inferior parietal lobule and an increase in cerebellar lobule
II in the subjects with HFS compared to controls. Moreover,
they showed that the volume reduction in the inferior parietal
lobule increased with the longer disease duration. According to
these data, the structural change in the regions associated with
motor control may indicate a structural reorganization. The
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Table 3
Repeated measurements test results for scores from HSGS, JAN-S, and JAN-F.
Experimental group Control group
n M SD n M SD
HSGS Preintervention 23 7.78 1.65 20 7.70 1.42
Postintervention 23 3.35 2.60 20 2.50 2.56
Follow-up 23 6.13 1.87 20 710 1.62
JAN-S Preintervention 27 2.78 0.51 24 2.83 0.76
Postintervention 27 0.93 0.78 24 0.79 0.72
Follow-up 27 215 0.73 24 2.75 0.74
JAN-F Preintervention 27 2.81 0.56 24 2.79 0.83
Postintervention 27 1.04 0.81 24 0.75 0.67
Follow-up 27 2.26 0.71 24 2.71 0.69
HSGS = hemifacial spasm grading scale, JAN-F = Jancovic scale-frequency, JAN-S = Jancovic scale-severity.
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Figure 1. Trend in outcome measures. (A) Hemifacial rating scale. (B) Jancovic scale magnitude. (C) Jancovic scale-frequency.

duration of the intervention in our study was not long enough
to cause structural changes, however, it also brought to mind
the idea that exercises can be effective by creating feedback.
As a matter of fact, methods called neuromuscular reeducation
have been used after facial paralysis.*’ It was reported that
the feedback provided by superficial electromyography and
exercise in front of a mirror is beneficial. The aim here was to
make the desired mimics and to eliminate the undesirable ones.
Reeducation (neuromuscular retraining) first reduces aberrant
synkinesis and then increases voluntary movement.*! After all,
it is not surprising that exercise shows a similar positive effect,
since there is a different level of denervation, we create with
BoNT.

Today, BoONT is the first choice in treatment because its effec-
tiveness is around 95% and the dose applied does not show a
serious change over the years, and the frequency of side effects
decreases as the applications continue and 10-year BONT injec-
tion treatment in patients with HFS and BFS.!% Following the

application of appropriate technique and adequate dose, its clin-
ical effectiveness is observed in the first 72 hours and the clinical
benefit remains for 3 to 4 months. Longer intervals and lower
doses of injections will be beneficial in terms of both patient
comfort and cost. Our results suggested that it would be appro-
priate to add facial exercise program to BoNT treatment for the
continuation of the success in the treatment.

The current study has some limitations. The clinical response
observed in patients with BONT application is dependent on the
experience of the practitioner. However, in our study, improve-
ment was observed in each patient in the first month and all
of the injections were done by a single neurologist. Thus, it
is less likely that there is inter-investigator bias in our study.
Secondly, the education and socio-cultural level of the patient
may have had some effect on the answers given to the ques-
tions on the scales used.!'*! But, using the same scale during the
study and assessing the change on the scores along the study
period could downsize the effect of this issue as well. Thirdly,
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it can be investigated whether a regular exercise program to be
carried out under the supervision of a specialist instead of rely-
ing on self-exercise would have had additional benefits. Or, the
effectiveness of the exercises could have also been evaluated by
providing feedback in front of a mirror or by superficial elec-
tromyography in addition to following up the scoring systems.
As a future plan, it would be reasonable to observe whether the
clinical benefit obtained with the applied facial exercise therapy
continues in the future. The results of investigating the possible
central effects of exercise with functional electrophysiological
or functional imaging methods might be interesting too.

In conclusion, among the subjects with HFS and BFS, facial
self-exercise following the BONT injection may extend the time
period of BoNT treatment effects. Larger studies are needed to
ascertain our findings.

Author contributions

Conceptualization: Ummii Serpil Sari, Mehmet Eroglu, Figen
Tokucoglu.

Data curation: Ummii Serpil Sari, Nilay Sahin.

Investigation: Ummii Serpil Sari.

Methodology: Ummii Serpil Sari, Mehmet Eroglu, Nilay Sahin.

Project administration: Ummii Serpil Sari.

Software: Ummii Serpil Sari.

Supervision: Ummii Serpil Sari, Figen Tokucoglu, Nilay Sahin.

Validation: Ummii Serpil Sari, Giilseren Biiyiikserbetci.

Visualization: Ummii Serpil Sari, Giilseren Biiyiikserbet¢i, Nilay
Sahin.

Writing — original draft: Ummii Serpil Sari.

Writing — review & editing: Giilseren Biiytikserbetci, Figen
Tokucoglu.

References

[1] Raif C. Botulinum toxin treatment of blepharospasm and hemifacial
spasm. Arch Neuropsychiatry. 2010;47(Suppl.):6-10.

[2] Evidente VG, Adler CH. Hemifacial spasm and other craniofacial
movement disorders. Mayo Clin Proc. 1998;73:67-71.

[3] Cardoso F, Jankovic J. Blepharospasm. Handbook of Dystonia. CRC
Press: Marcel Dekker. 1995:129-41.

[4] Berardelli A, Rothwell JC, Day BL, et al. Pathophysiology of cranial
dystonia. Adv Neurol. 1988;50:525-35.

[5] Rudzinska M, Wojcik M, Szczudlik A. Hemifacial spasm non-motor

and motor-related symptoms and their response to botulinum toxin
therapy. ] Neural Transm (Vienna). 2010;117:765-72.

[6] Khooshnoodi MA, Factor SA, Jinnah HA. Secondary blepharo-
spasm associated with structural lesions of the brain. J Neurol Sci.
2013;331:98-101.

www.md-journal.com

[7] Cakmur R, Ozturk V, Uzunel F, et al. Comparison of preseptal and pre-
tarsal injections of botulinumtoxin in the treatment of blepharospasm
and hemifacial spasm. ] Neurol. 2002;249:64-8.

[8] Abbruzzese G, Berardelli A, Girlanda P, et al. Long-term assessment
of the risk of spread in primary late-onset focal dystonia. ] Neurol
Neurosurg Psychiatry. 2008;79:392-6.

[9] Defazio G, Hallett M, Jinnah HA, et al. Blepharospasm 40 years later.
Mov Disord. 2017;32:498-509.

[10] Karp BI, Alter K. Botulinum toxin treatment of blepharospasm, oro-
facial/oromandibular dystonia, and hemifacial spasm. Semin Neurol.
2016;36:84-91.

[11] Moro E, LeReun C, Krauss K, et al. Efficacy of pallidal stimulation in
isolated dystonia: a systematic review and meta-analysis. Eur | Neurol.
2017;24:552-60.

[12] Albanese A, Sorbo FD, Comella C, et al. Dystonia rating scales: critique
and recommendations. Mov Disord. 2013;28:874-83.

[13] Tambasco N, Simoni S, Sacchini E, et al. Validation of the hemifacial
spasm grading scale: a clinical tool for hemifacial spasm. Neurol Sci.
2019;40:1887-92.

[14] Infante-Cossio P, Prats-Golczer VE, Lopez-Martos R, et al. Effectiveness

of facial exercise therapy for facial nerve dysfunction after super-

ficial parotidectomy: a randomized controlled trial. Clin Rehabil.
2016;30:1097-107.

O’Reilly P, Ross J, Norris J, et al. A comparison of facial mus-

cle squeezing versus non-facial muscle squeezing on the efficacy of

botulinumtoxin-a injections for the treatment of facial dystonia. Orbit.
2012;31:400-3.

Keller JE, Cai F, Neale EA. Uptake of botulinum neurotoxin into cul-

tured neurons. Biochemistry. 2004;43:526-32.

Picelli A, Filippetti M, Sandrini G, et al. Electrical stimulation of

injected muscles to boost botulinum toxin effect on spasticity: ratio-

nale, systematic review and state of the art. Toxins. 2021;13:303.

Pitakpatapee Y, Soontrapa P, Suengtaworn A, et al. Effect of com-

bined facial exercise with botulinum toxin A on health-related quality

of life in Thai adults with hemifacial spasm: a randomised controlled

pilot cross-over trial. J Neurol Neurosurg Psychiatry. 2021;92:

337-9.

Paniello RC, Edgar JD, Perlmutter JS. Vocal exercise versus voice rest

following botulinum toxin injections: a randomized crossover trial.

Ann Otol Rhinol Laryngol. 2009;118:759-63.

[20] Hughes R, Whaler BC. Influence of nerve-ending activity and of drugs
on the rate of paralysis of rat diaphragm preparations by Cl. botulinum
type A toxin. ] Physiol. 1962;160:221-33.

[21] Chen R, Karp BI, Goldstein SR, et al. Effect of muscle activity immedi-
ately after botulinum toxin injection for writer’s cramp. Mov Disord.
1999;14:307-12.

[22] Tu Y, Yu T, Wei Y, et al. Structuhral brain alterations in hemifacial
spasm: a voxel-based morphometry and diffusion tensor imaging study.
Clin Neurophysiol. 2016;127:1470-4.

[23] Vanswearingen J. Facial rehabilitation: a neuromuscular reeducation,
patient-centered approach. Facial Plast Surg. 2008;24:250-9.

[24] Novak CB. Rehabilitation strategies for facial nerve injuries. Semin
Plast Surg. 2004;18:47-52.

[15

[16

[17

[18

[19



