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Paris-Sud, 80 rue du Général Leclerc, Le Kremlin-Bicêtre Cedex, Paris,
France (SL).
Correspondence: Pei-yi Gao, Department of Radiology, Beijing Tian Tan

Hospital, Capital Medical University, Tian Tan West No. 6, Dongcheng
District, Beijing, China (e-mail: gaopeiyi2014@163.com).

This project was funded by grants from The Capital Health Research and
Development of Special (2011-1015-05).

None of the authors have potential conflicts of interest to be disclosed.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution- NonCommercial License, where it is permissible to download,
share and reproduce the work in any medium, provided it is properly cited.
The work cannot be used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001582

Medicine � Volume 94, Number 43, October 2015
an, PhD, Yan
ei Wang, MD
Dezhi Li, MD, a

Abstract: Patients suffering different intervals of facial nerve injury

were investigated by functional magnetic resonance imaging to study

changes in activation within cortex.

Forty-five patients were divided into 3 groups based on intervals of

facial nerve injury. Another 16 age and sex-matched healthy partici-

pants were included as a control group. Patients and healthy participants

underwent task functional magnetic resonance imaging (eye blinking

and lip pursing) examination.

Functional reorganization after facial nerve injury is dynamic and

time-dependent. Correlation between activation in sensorimotor area

and intervals of facial nerve injury was significant, with a Pearson

correlation coefficient of �0.951 (P< 0.001) in the left sensorimotor

area and a Pearson correlation coefficient of 0.333 (P¼ 0.025) in the

right sensorimotor area.

Increased activation in integration areas, such as supramarginal

gyrus and precunes lobe, could be detected in the early-middle stage

of facial dysfunction compared with normal individuals. Decreased

activation in sensorimotor area contralateral to facial nerve injury could

be found in late stage of facial dysfunction compared with normal

individuals. Dysfunction in the facial nerve has devastating effects on

the activity of sensorimotor areas, whereas enhanced intensity in the

sensorimotor area ipsilateral to the facial nerve injury in middle stage of
Yi Qian, PhD, Shiw ,
Song Liu, MD

sensorimotor area in the rehabilitation of facial function, monitoring

of therapeutic efficacy, and improvement in therapeutic intervention

along the course of recovery.

(Medicine 94(43):e1582)

Abbreviations: fMRI = functional magnetic resonance imaging,

HBS = House-Brackmann score, MRI = magnetic resonance

imaging.

INTRODUCTION

B rain reorganization can lead to a certain degree of functional
adaption after nerve injury.1,2 During functional reorgani-

zation, changes are often not precisely fixed to 1 brain area,
because pathological disorders in brain often include damages
to various regions, combining with an altering of the neuroa-
natomical pathways.3,4 Reorganization within cerebral cortex
contains 3 routes: intrahemispheric reorganization, interhemi-
spheric reorganization, and recruitment of new areas in either
hemisphere.5 The mechanism was considered as an important
factor in evaluating functional rehabilitation.6

Facial nerve injury (FNI) is a common complication from
acoustic neuroma surgery, and in some cases, it is an irrevers-
ible condition. In previous studies, it has been found that lesions
in peripheral motor nerves could lead to central cortical reor-
ganization.7–10 The area mostly associated with facial move-
ment is located in the primary sensorimotor area.11,12 Previous
studies have emphasized this area has dynamic and adaptive
mechanisms that mediate motor and cognitive integration in
learning and memory.13,14 These findings raise the possibility
that these cortical changes may be crucial in determining how
well a patient adapts to circumstance alterations.15

Interestingly, the facial nucleus contains 2 different types
of motor neurons. One type, which innervates the perioral
muscles, receives a purely contralateral input from the primary
sensorimotor cortex. By contrast, the other type, which innerv-
ates the periorbital muscles, receives a bilateral input from the
primary sensorimotor cortex.16 This difference in anatomy may
result in differences in cortical reorganization.

The aim of this study was to examine the brain reorganiza-
tion in patients with facial nerve injury after acoustic neuroma
surgery as compared with healthy individuals. The correlation
between activation intensity in the sensorimotor area and the
time intervals of suffering facial nerve injury was also calcu-
lated. It is encouraging to note that a better understanding of
brain reorganization after facial nerve injury could provide
ts for facial function rehabilitation,
tic efficacy, and improvement in thera-
ng the course of recovery.17
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METHODS

Participants
Patients were recruited from the Department of Neurosur-

gery, Beijing Tian Tan Hospital, Capital Medical University. All
patients had facial nerve injury from acoustic neuroma surgery.
Patients with other neoplastic conditions in the cerebellar-
pontine angle (CPA) or other neurological disorders were
excluded from the study. The participants of the patient group
had to fulfill 4 further criteria to eliminate other possible
interferences: to have been diagnosed with acoustic neuroma
by magnetic resonance imaging (MRI) combined with pathol-
ogy; to have presented with facial dysfunction after acoustic
neuroma surgery; to have facial nerve anatomically preserved
during acoustic neuroma surgery; and to have not required any
medical therapy during facial dysfunction.

The Investigational Review Board (IRB) of Beijing Tian
Tan Hospital, Capital Medical University, approved the study.
Forty-five participants who gave informed written consent
before their participation were divided into 3 groups, which
was based on the intervals of their facial nerve injury. The first
group, called facial nerve injury (FNI)1 group, suffered from
facial nerve injury of less than 6 months (n¼ 15, 7 female
patients, with a mean age of 33.57� 9.14 y); the second group,
called FNI2 group, suffered from facial nerve injury of more
than 6 months and less than 1 year (n¼ 15, 8 female patients,
with a mean age of 37.43� 9.24 y); and the third group, called
FNI3 group, suffered from facial nerve injury of more than 1
year and less than 2 years (n¼ 15, 6 female patients, with a
mean age of 35.86� 9.91 y).

All patients were right-handed and had facial nerve injury
in the right side. The House-Brackmann score (HBS), in which a
score of 1 represents a healthy facial movement and a score of 6
represents no facial movement, is the most widely used facial
nerve grading system in the clinical assessment of facial func-
tion.18 All patients had complete facial dysfunction with HBS in
the range of 5 to 6. Another 16 right-handed, age and sex-
matched healthy participants (8 female participants, with a
mean age of 36.2� 8.83 y) were recruited as a control group.

Acquisition of Magnetic Resonance Imaging
Data

The functional MRI data were acquired on a Magnetom
Trio 3T (Siemens AG, Erlangen, Germany) MRI scanner. Echo
planar imaging-based functional MR images were collected
with the following parameters: repetition time (TR)¼ 2000 ms,
echo time (TE)¼ 30 ms, flip angle (FA)¼ 908, field of view
(FOV)¼ 224� 224, matrix¼ 64� 64, number of slices¼ 33,
slice thickness¼ 3 mm, and a gap¼ 0.75 mm. For anatomical
reference, a whole brain 3D MPRAGE dataset (with the follow-
ing scan parameters: TR¼ 2300 ms, TE¼ 3.01 ms, FA¼ 98,
FOV¼ 240 � 240, number of slices¼ 176, slice thickness¼
1 mm isotropic) was scanned for every participant immediately
after functional MRI (fMRI) examination.

There were 2 tasks in the facial movement assessment: eye
blinking (lifting the eyebrows, closing eyes gently); and lip
pursing. Participants were asked to remain relaxed or execute
certain tasks by following the instructions that were presented to
them by the projector. In each task, after an 8-second rest period,
6 blocks with a 40-second duration were run continuously in
which each block consisted of 20-second self-pace movements

Xiao et al
with a frequency of 1 Hz, which was followed by a 20-second
period of rest. During the rest block, the participants were
instructed to relax. All participants were instructed to keep
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their head stable during the movements. The eye blinking task
consisted of fast, gentle, self-paced bilateral closure of the
eyelids, in which the participants were instructed not to use
other facial muscles during the task. The lip-pursing task was a
self-paced repetitive kiss-like movement with the lips.

Functional Magnetic Resonance Imaging Data
Analyses

Datasets were preprocessed and analyzed using Statistical
Parametric Mapping-8 software (http://www.l.ion.ucl.ac.uk/spm/
software/spm8). The preprocessing pipelines included the fol-
lowing: slice timing, spatial realignment to correct for subject
motion, spatial normalization to the Montreal Neurological Insti-
tute (MNI) template space, and spatial smoothing using a 8-mm
full-width, at half-maximum Gaussian smoothing kernel.

Activation maps of eye-blinking and lip-pursing tasks were
calculated, respectively. One-sample t test was used to inves-
tigate the activation maps in eye-blinking task and lip-pursing
task among healthy control group. Two-sample t tests were used
to test for areas of increased or decreased activation in the 3
facial nerve injury groups relative to the normal healthy group.
And the results were reported using the software of xjView in
SPM8 (http://www.alivelearn.net/xjview/ad.php) at a threshold
false discovery rate (FDR) corrected value of P¼ 0.01, 10
voxels minimum.19,20

Correlation analysis between the activation intensity in
sensorimotor area of the lip-pursing task results and the intervals
of facial nerve injury was calculated. Determination of sensor-
imotor areas has been demonstrated in the study by Jurkiewicz
et al,17 which was posterior bank of the precentral gyrus and
anterior bank of the postcentral gyrus, including the central sulcus
and the paracentral lobule. The activation intensity in sensor-
imotor area was represented by Z value in SPM8, for family-wise
error (FWE) corrected value of P¼ 0.05, 10 voxel minimum.21,22

In addition, curve fitting between the Z value in sensorimotor area
in the lip-pursing task results and the intervals of facial nerve
injury was also shown, with a threshold alpha value of P< 0.05
(SPSS v.17.0 statistical software program).

In the fMRI study, it was challenging to obtain satisfactory
functional MR data because the head motion during movements
creates artifacts on the images. To avoid artifacts that were
provoked by head motion, the study discarded data from partici-
pants whose head motions were evaluated on moving more than
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0.3 mm with SPM8 software processing. Interference from head
motion artifacts were compared between groups by 2-sample t
test, with a statistical threshold of P< 0.05 (SPSS v.17.0).

RESULTS

Functional Magnetic Resonance Imaging
Comparison of head motion artifact between groups is

shown in Table 1, which shows there was no significant head-
motion difference between groups.

Activation within the cerebral cortex in the eye-blinking
task and the lip-pursing task among the healthy control group
was shown in Figure 1. For the FNI1 group, increased activation
in bilateral postcentral gyrus and bilateral inferior parietal lobe
was detected in the eye-blinking task results as compared with
the healthy control group (Fig. 2A and B), and increased
activation in bilateral precuneus lobe was observed in the

lip-pursing task results as compared with the healthy control
group (Fig. 2C and D). For the FNI2 group, increased activation
in the right supramarginal gyrus was detected in both the
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FIGURE 2. For the patients suffered from facial nerve injury of less than 6 months, increased activation in bilateral postcentral gyrus and
bilateral inferior parietal lobe was detected in the eye blinking task results as compared with the healthy control group (A and B) and
increased activation in bilateral precuneus lobe was observed in the lip pursing task results as compared with the healthy control group
(C and D). Color bar shows the t value.

TABLE 1. Comparison of Head Motion Artifact Between Groups

Group/Task Eye Blinking Lip Pursing

Normal healthy individuals 0.004844� 0.004534 mm 0.004159� 0.002522 mm
Facial never injury lasting less than 6 mos 0.006028� 0.002675 mm 0.006044� 0.002625 mm
Facial nerve injury lasting 6 mos to 1 y 0.003892� 0.001853 mm 0.004808� 0.004063 mm
Facial nerve injury lasting 1–2 y 0.005527� 0.004756 mm 0.005322� 0.002813 mm

P> 0.05, with no significantly statistical differences.

FIGURE 1. Activation within cerebral cortex in eye blinking task and lip pursing task among healthy control group. Activation of bilateral
sensorimotor area, bilateral supplementary motor area, bilateral precuneus lobe, bilateral cuneus lobe, and bilateral calcarine sulcus can
be detected in eye blinking task (A). Activation of bilateral sensorimotor area and bilateral supplementary motor area can be detected in lip
pursing task (B). Color bar shows the t value.
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FIGURE 3. For the patients suffered from facial nerve injury of more than 6 months and less than 1 year, increased activation in right
supramarginal gyrus was detected in both the eye-blinking and lip-pursing task results as compared with the healthy control group (B and
D). Color bar shows the t value. While there were no significant differences in both task results as compared with the healthy control group
in the left cerebral hemisphere (A and C).

FIGURE 4. For the patients suffered from facial nerve injury of more than 1 year and less than 2 years, decreased activation in left
sensorimotor area was observed in the lip pursing task results as compared with the healthy control group (C). While there were no
significant differences in the eye blinking task results as compared with the healthy control group (A and B). Also there were no significant
differences in the lip pursing task results as compared with the healthy control group in right cerebral hemisphere (D). Color bar shows the
t value.
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TABLE 2. Increased or Decreased Activation in 3 Groups of Facial Nerve Injury Relative to Normal Healthy Group, With a
Threshold False Discovery Rate (FDR) Corrected Value of P¼0.01

Group Task Brain Cortex MNI Coordinates Cluster Size T Value

FNI1 group compared with
normal healthy group

Eye blinking Left postcentral gyrus �60, �27, 33 131 4.25

Right postcentral gyrus 33, �39, 45 239 5.21
Left inferior parietal lobe �18, �42, 51 122 3.73
Right inferior parietal lobe 42, �66, 15 91 5.42

Lip pursing Left precuneus lobe 6, �75, 48 190 4.99
FNI2 group compared with

normal healthy group
Eye blinking Right supramarginal gyrus 57, �27, 39 77 4.67

Lip pursing Right supramarginal gyrus 57, �24, 27 153 5.76
FNI3 group compared with

normal healthy group
Lip pursing Left precentral gyrus �63, �15, 45 185 �4.74

NI2
n 1
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eye-blinking and the lip-pursing task results as compared with the
healthy control group (Fig. 3B and D). Additionally, there were no
significant differences in both task results as compared with the
healthy control group in the left cerebral hemisphere (Fig. 3A and
C). For the FNI3 group, decreased activation in the left sensor-
imotor area was observed in the lip-pursing task results as
compared with the healthy control group (Fig. 4C). Increased
or decreased activation in the 3 groups of facial nerve injury
relative to normal healthy group was shown in Table 2.

Correlation Analysis and Curve Fitting
Significant correlation was found between Z value in the left

sensorimotor area in the lip-pursing task results and intervals of
facial nerve injury, with Pearson correlation coefficient of

FNI1¼ patients suffered from facial nerve injury of less than 6 mos, F
than 1 y, FNI3¼ patients suffered from facial nerve injury of more tha
�0.951(P< 0.001). The fitted regression equation between Z
value in the left sensorimotor area (Y) and intervals of facial nerve
injury (X) was as follows (P< 0.001, R2¼ 90.5%, n¼ 45):

FIGURE 5. Curve fitting between Z value in left sensorimotor area (Y)
equation Y¼10.086–0.463X (P<0.001, R2¼90.5%, n¼45). Curve
of facial nerve injury (X) (B), with the fitted regression equation Y¼12.0

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Y¼ 10.086� 0.463X, with curve fitting in Figure 5A. Significant
correlation was detected between Z value in the right sensor-
imotor area in the lip-pursing task results and intervals of facial
nerve injury, with Pearson correlation coefficient of 0.333
(P¼ 0.025). The fitted regression equation between Z value in
the right sensorimotor area (Y) and intervals of facial nerve
injury (X) was as following (P< 0.001, R2¼ 64.1%, n¼ 45):
Y¼ 12.063� 1.29Xþ 0.139X2� 0.004X3, with curve fitting in
Figure 5B.

DISCUSSION

Increased or Decreased Activation Among
Different Intervals of Facial Nerve Injury Patients

¼ patients suffered from facial nerve injury of more than 6 mos and less
y and less than 2 y, MNI¼Montreal Neurological Institute.
Compared With Healthy Control Group
Different changes in reorganization were found in different

intervals of facial nerve injury patients as compared with the

and intervals of facial nerve injury (X) (A) with the fitted regression
fitting between Z value in right sensorimotor area (Y) and intervals
63–1.29Xþ0.139X2�0.004X3 (P<0.001, R2¼64.1%, n¼45).
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healthy control participants. It is suggested the functional reor-
ganization after facial palsy is dynamic and time-dependent.

For the early group (ie, the FNI1 group), increased acti-
vation in bilateral postcentral gyrus and bilateral inferior
parietal lobe was detected in the eye-blinking task results as
compared with the healthy control group (Fig. 2A and B). The
increased activation in the bilateral primary sensory cortex
suggests more sensory perception is involved in the early stage
of facial dysfunction to perform eye blinking in a precise
manner.23 Additionally, the facial expression is performed
based on the symmetry of a face, which is maintained by
the intactness of sensorimotor circuit.24 Facial nerve injury
could cause damage to the symmetry of face, resulting in
destroying the intactness of the sensorimotor circuit. Increased
activation in bilateral primary sensory cortex could serve as a
mechanism for maintaining this symmetry and overcome
impaired movement in facial dysfunction.25 The inferior par-
ietal lobe is a supramodal motor integration area in various
movements.26 Also, increased activity in this area in the early
stage of facial nerve injury indicates a significant role of the
inferior parietal lobe in supramodal motor integration during
eye blinking. The precuneus lobe also plays a key role in
supermodel integrated tasks, including visuospatial imagery,
episodic memory retrieval, and self-processing operations.27

Previous studies have reported that the precuneus lobe has a
higher state of activation during motor imagery than during
execution of movements.28 Increased activation in the precu-
neus lobe in the early stage of facial nerve injury in lip-pursing
task results (Fig. 2C and D) might be attributable to patients’
concern about their facial expression inability, leading to
reactivate the imagery of the precise manner of facial move-
ment.27

For the middle group (ie, the FNI2 group), increased
activation in right supramarginal gyrus was detected in both
task results as compared with the healthy control group
(Fig. 3B and D). The supramarginal gyrus is the center of
the sensorimotor integration, which has many neuronal con-
nections with other parts of cortexes.12 The increased acti-
vation in the supramarginal gyrus also suggests more
sensorimotor integration is involved in the middle stage of
facial nerve injury to perform facial movements in a precise
manner. Also, the important role of the sensorimotor integ-
ration in facial movements is inferred. All patients in this
study had facial dysfunction in the right side. In the early
stage of facial nerve injury, increased activity could be
found in both cerebral hemispheres as compared with
healthy individuals (Fig. 2). In the middle stage of facial
nerve injury, the increased activation could only be
detected in the right cerebral hemisphere, whereas
there was no increased or decreased activation in the left
cerebral hemisphere as compared with the healthy individuals
(Fig. 3A and C), which indicates the potential activation
changes within the left cerebral hemisphere due to the right
facial dysfunction in the middle stage of facial nerve injury.

For the late group (ie, FNI3 group), decreased activation in
the left sensorimotor area was observed in the lip-pursing task
results as compared with the healthy control group (Fig. 4C).
The left precentral gyrus is the cortex responsible for direct
innervation of the right facial, and neurons within the left
precentral gyrus serve its dendrite as a pyramidal tract, forming
the synapse with the right facial nucleus.22 Long term of

Xiao et al
incomplete regeneration and transneuronal degeneration within
the cortex after right facial nerve injury might result in reduced
responses in the left precentral gyrus,29,30 which is represented
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by decreased activation in the FNI3 group compared with the
healthy control group.

The Correlation Between Activation in Bilateral
Sensorimotor Area and Intervals of Facial Nerve
Injury

Negative correlation and curve fitting (Fig. 5A) between Z
value in the left sensorimotor area in the lip-pursing task results
and intervals of facial nerve injury suggested progressively
attenuated activity in the left sensorimotor area after the occur-
rence of facial dysfunction (Fig. 5A). In our study, all patients
had facial nerve injury in the right side. The motor neurons that
innervate the oral muscles in right face receive a purely input
from the left sensorimotor cortex. The progressively attenuated
activity in the left sensorimotor area indicates that dysfunction
in the facial nerve has devastating effects on the contralateral
sensorimotor area.7,8 Curve fitting (Fig. 5B) between Z value in
the right sensorimotor area in the lip-pursing task results and
intervals of facial nerve injury revealed that the activation in the
right sensorimotor area was reduced in early stage of facial
dysfunction (ie, less than 6 mos, Fig. 5B), whereas the activation
was gradually enhanced by 6 to 17 months (Fig. 5B), and the
activation was reduced once more in late stage of facial
dysfunction (ie, 17 mos later; Fig. 5B). The attenuated intensity
in the right sensorimotor area in the early stage indicates that
dysfunction in facial nerve also has devastating effects on the
ipsilateral sensorimotor area, and the enhanced intensity in the
middle stage suggests the possible interhemispheric reorgani-
zation involvement in facial movements.5,23 Whereas the
reduced intensity in the late stage indicates the devastating
effects on the ipsilateral sensorimotor area due to the long-term
pathology of facial nerve injury. Thus, dysfunction in facial
nerve has devastating effects on the sensorimotor area in
the early and late stages, whereas enhanced intensity in the
ipsilateral sensorimotor area in the middle stage of facial
nerve injury suggests possible interhemispheric reorganization
involvement.

Generalizability
In our study, 2-sample t tests were used to test for areas of

increased or decreased activation in the 3 facial nerve injury
groups relative to the normal healthy group. And the results
were obtained by the software xjView in SPM8 (http://www.a-
livelearn.net/xjview/ad.php) at a threshold FDR corrected value
of P¼ 0.01. As for 2-sample t tests in fMRI, FDR corrected had
greater power and efficiency than FWE-corrected.19 Also,
xjView is a useful tool to find out the anatomical name of
the selected voxel or clusters, and to display cluster’s anatom-
ical information and list all cluster information.20 As for the
correlation analysis between intensity of bilateral sensorimotor
areas and interval after facial nerve injury, FWE-corrected was
used to determine the activation intensity in the sensorimotor
area, namely the Z value. Because the activation intensity in the
sensorimotor area was obtained from fMRI data of every
participant, so the statistical criterion should be more rigorous
and the FWE-corrected was used.21,22

Limitations
A prospective study on the same patient cohort at different
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time after injury (eg, 3, 6, 12, 18, and 24 mos) would, however,
be more robust to investigate the changes of brain fMRI signal
with time. This is a limitation of the study design of using 3
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groups of patients at different disease stages, and it is difficult to
study the same group of patients at different time after facial
nerve injury, especially for a long time (eg, 12 or 24 mos). Also,
the patients were asked to perform bilateral facial motion task;
therefore, it is hard to conclude that whether the enhanced
intensity in the right sensorimotor area is resulted from the
involvement of left face due to the right facial nerve injury or
not. This is another limitation of the study design. It would be
interesting to have a motor task design of unilateral face motion
to verify whether the enhanced right intensity is indeed a
compensation when right face is asked to move, just as the
task design of unilateral limb movements in spinal cord
injury.31,32 But in facial nerve injury, it is difficult to have a
motor task design of unilateral face motion, especially for
patients who had complete facial dysfunction with HBS in
the range of 5 to 6.

CONCLUSIONS
Functional reorganization after facial nerve injury is both

dynamic and time-dependent. Both the supramodal motor
integration and sensorimotor integration play a significant role
in facial movements, and increased activation in integration
areas, such as supramarginal gyrus and precunes lobe, could be
detected in the early-middle stage of facial dysfunction com-
pared with normal individuals. Decreased activation in the
sensorimotor area contralateral to facial nerve injury could
be found in the late stage of facial dysfunction compared with
normal individuals. Dysfunction in the facial nerve has devas-
tating effects on the sensorimotor areas, whereas enhanced
intensity in the sensorimotor area ipsilateral to facial nerve
injury in middle stage of facial dysfunction suggests the
possible involvement of interhemispheric reorganization. Beha-
vioral or brain stimulation techniques treatment in this stage
could be applied to alter reorganization within sensorimotor

Medicine � Volume 94, Number 43, October 2015
area in the rehabilitation of facial function, monitoring of
therapeutic efficacy, and improvement in therapeutic interven-
tion along the course of recovery.
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