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Summary

Our study evaluates the grade and timing of recovery

in 30 patients with complete facial paralysis (House-

Brackmann grade VI) treated with hypoglossal-facial

nerve (XII-VII) anastomosis and a long-term rehabili-

tation program, consisting of exercises in facial mus-

cle activation mediated by tongue movement and

synkinesis control with mirror feedback. 

Reinnervation after XII-VII anastomosis occurred in 29

patients, on average 5.4 months after surgery. Three

years after the anastomosis, 23.3% of patients had grade

II, 53.3% grade III, 20% grade IV and 3.3% grade VI ratings

on the House-Brackmann scale. Time to reinnervation

was associated with the final House-Brackmann grade.

Our study demonstrates that patients undergoing XII-

VII anastomosis and a long-term rehabilitation pro-

gram display a significant recovery of facial symme-

try and movement. The recovery continues for at

Hypoglossal-facial nerve anastomosis and
rehabilitation in patients with complete facial
palsy: cohort study of 30 patients followed up for
three years

least three years after the anastomosis, meaning that

prolonged follow-up of these patients is advisable.

KEY WORDS: facial nerve, facial palsy, hypoglossal-facial nerve

anastomosis, mirror feedback, rehabilitation

Introduction

Hypoglossal-facial nerve (XII-VII) anastomosis is a sur-

gical procedure that has long been used to restore

movement to the facial muscles in cases of paralysis of

the seventh cranial nerve (Ozsoy et al., 2011). Many

surgical techniques have been reported for this proce-

dure, but clinical series in the literature seem to demon-

strate comparable functional recovery for the different

approaches (Lin et al., 2009). After surgery, the facial

muscles are reinnervated by the twelfth cranial nerve,

therefore patients have to learn how to control facial

motility through the use of voluntary tongue movements

(Rinn, 2007). This use of the new motor circuit is accom-

panied by a reorganization of brain activation patterns:

hypoglossal motor cortex activation is observed when

patients perform facial movements (Bitter et al., 2011).

In a 2007 meta-analysis, Yetiser and Karapinar (2007)

reported a median improvement of two levels on the

House-Brackmann (HB) grading system in patients

who underwent surgery alone.

Following XII-VII anastomosis, patients frequently

undergo a rehabilitation program to learn how to use

the new motor circuit and how to prevent or control

synkinesis (Magliulo et al., 2001; Sleilati et al., 2010).

Preliminary studies suggest a favorable effect of elec-

tromyographic biofeedback rehabilitation (Brudny et

al., 1988; Dalla Toffola et al., 1996), but systematic

studies assessing patients who have undergone XII-

VII anastomosis and rehabilitation are still lacking.

The aim of this study was to assess the grade and tim-

ing of recovery in patients with complete facial palsy

treated with XII-VII anastomosis followed by a home

rehabilitation program involving mirror visual feedback. 

Materials and methods 

Patients

Since 2002, we have planned and monitored the post-

surgical rehabilitation of 47 patients with complete uni-
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lateral facial palsy (HB grade VI) who had undergone

XII-VII anastomosis. Patients who met the following

inclusion criteria were included in the present study:

- first rehabilitation assessment at our unit within 12

months of surgery.

- follow-up at our unit at 12, 18 and 36 months after

surgery.

The study was approved by the institutional ethics

committee and the patients gave their written consent

to participate in the research study.

Clinical assessment

The HB grading system (House and Brackmann, 1985)

was used to evaluate the severity of paralysis before the

anastomosis, at the first rehabilitation assessment and at

follow-up sessions 12, 18 and 36 months after surgery.

The HB system grades facial function on a six-point

scale of increasing severity from I (normal function) to VI

(complete paralysis) (House and Brackmann, 1985).

Rehabilitation treatment

The objectives of rehabilitation are i) for the patient to

become aware of being able to perform new move-

ments, ii) for the patient then to learn the tongue move-

ments that produce facial muscle contractions, and iii)

to render the newly acquired movements automatic

(Dalla Toffola and Petrucci, 2007; Ross et al., 1991). At

each clinical assessment patients were taught to per-

form specific exercises, according to their clinical sta-

tus, and were then instructed to repeat them daily at

home. For the first four to five months after surgery,

before the first signs of reinnervation appear, patients

who have undergone this procedure have complete

facial paralysis. In order to reduce muscle atrophy and

to improve musculocutaneous vascularization during

this phase, they are trained to carefully massage their

face. In addition, patients are taught compensatory

techniques to help them in their activities of daily living

and esthetic camouflage in an attempt to both reduce

their disability and improve their social participation

(Coulter and May, 2000; Dalla Toffola et al., 2011).

During the next phase, at the first signs of reinnerva-

tion, patients, using mirror feedback, need to learn

which tongue positions (thrust against teeth or palate)

produce the desired facial expressions. At first, they

need to use a strong tongue thrust to achieve static

and dynamic facial symmetry. To help them memorize

the correct position and strength of tongue thrust, they

are told to repeat the movement several times a day.

As reinnervation improves, the tongue thrust does not

have to be so strong in order to achieve symmetry. At

this point the patients are taught to use mirror visual

feedback to dose the strength of tongue thrust neces-

sary to achieve symmetry of muscle contraction

between the reinnervated and the healthy side and to

prevent the onset of synkinesis. 

Once patients have mastered static symmetry, they

need to improve dynamic symmetry. To do this they

must learn how to produce a voluntary smile; again

they need to use a mirror, dosing the strength of their

tongue thrust and repeating the movement several

times a day. The same process is then used to learn

other voluntary movements such as snarling and lip

puckering. If eye-mouth synkinesis occurs, patients

are told to reduce the strength of their tongue thrust.

Through repetition of these exercises the movements

become automatic, i.e. patients, through the uncon-

scious use of minimal tongue movements (just as in

speaking) become able to move the reinnervated

muscles.

Statistical analysis

The data are described as mean values ± standard

deviation or range and median values with 25th-75th

percentiles if continuous, and as counts and percent-

ages if categorical. The median HB score at different

time points was compared using the Friedman test.

For post-hoc comparisons, the exact McNemar test

was used, as well as a test for linear trend of the log-

relative risk to exploit the ordinal nature of the score.

Finally, the Spearman test was used to identify vari-

ables associated with the HB grade at 36 months. The

Spearman R and 95% confidence interval (95%CI)

were computed.

Stata 12 (Stata Corp, College Station, TX, USA) was

used for computation. A two-sided p-value <0.05 was

considered to be statistically significant. The

Bonferroni correction was applied for pairwise post-

hoc comparisons over time (p-values <0.0125 were

considered significant).

Results

Thirty patients were included in the study. The sample

(mean age 39±18 years) included 13 males (43%).

The facial palsy involved the right side in 17 (57%)

patients. The etiology of palsy was postsurgical in 17

(57%), expansive lesion in three (10%), traumatic in

three (10%), vascular in six (20%) and infectious in

one (3%) patient.

Surgery was performed on average at 17±12 months

(range 0.6-52) after paralysis at nine different hospi-

tals. Twenty-six patients underwent the traditional XII-

VII anastomosis technique whereas in four cases a

‘jump’ interpositional graft was performed.

Reinnervation occurred in 29 patients, on average at

5.4±2.1 months (range 3-12) after the surgery. Only one

patient, whose palsy was caused by a brain hemorrhage,

did not show signs of reinnervation after the surgery.

The first rehabilitation assessment took place on aver-

age 5.6±3 months (range 0.4-11.8) after the surgery.

At the first rehabilitation assessment, 23 patients (77%)

presented with deficits in other cranial nerves in addition

to the seventh; in eight of those cases more than two

cranial nerves were damaged. Eighteen patients had

hypoacusis, due to the removal of a neuroma of the

eighth cranial nerve in 16 patients, and to an expansive

E. Dalla Toffola et al.
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lesion in two. To prevent eye complications related to

incomplete eyelid closure, eight patients had gold

weight implants and six patients had undergone tarsor-

rhaphy. Four patients had dysphagia, 11 complained of

lachrymation disorders, and nine had ataxia.

During the rehabilitation period, 29 patients showed

clinical improvement as revealed by the HB grading

system. Scores significantly decreased over time,

from a value of VI for all patients before surgery, to a

median of V (25th-75th V-VI) at the first rehabilitation

assessment and V (25th-75th IV-V), III (25th-75th III-IV)

and III (25th-75th III-III) at 12, 18 and 36 months respec-

tively (Friedman test p<0.001). All post-hoc compar-

isons showed a significant reduction in scores (test for

trend: p<0.01 for all consecutive assessments; Fig. 1).

An improvement of more than two levels on the HB

rating scale was observed in 70% of patients at 18

months and in 77% at 36 months.

As shown in table I, only the time between XII-VII

anastomosis and reinnervation showed a statistically

significant (p=0.015), although moderate (Spearman

R 46%), association with the HB score at 36 months,

with lower HB scores obtained with shorter times to

reinnervation.

At the end of the follow-up period, three patients pre-

sented dysphagia and four patients had mild post-sur-

gery hemitongue atrophy without difficulty in moving

their tongue. 

Fourteen patients developed mild synkinesis involving

contraction of the orbicularis oculi muscle on activa-

tion of the orbicularis oris, zigomaticus major and riso-

rius muscles; two such cases were treated with botu-

linum toxin injections (Dalla Toffola et al., 2010).

Three years after surgery, 80% of the patients declared

that they were able to automatically activate their facial

muscles through tongue movements, but no patient

was capable of producing a spontaneous smile.

Discussion

Our study demonstrates that patients treated with XII-

VII anastomosis followed by a rehabilitation program

show a progressive improvement of facial function:

the recovery of facial movement starts at an average

of five months and continues for up to 36 months after

surgery.

Our study confirms that XII-VII anastomosis provides

good reinnervation of the facial muscles (Yetiser and

Karapinar, 2007). In accordance with other studies,

we found better motor recovery in the lower hemiface

than in the frontalis muscle (Magliulo et al., 2001,

Chang and Shen, 1984; Pellat et al., 1997; Manni et

al., 2001). This result can be attributed to the number

of fibers contained in this branch of the seventh cra-

nial nerve (Chang and Shen, 1984).

Many surgical series show a significant correlation

between early surgery and outcome (Yetiser and

Karapinar, 2007; Celis-Aguilar et al., 2013), although

this aspect is still debated in the literature. Other

authors identify age as a prognostic factor for out-

come (Malik et al., 2005; May et al., 1991). Our study

did not reveal either of these correlations, which may

be due to the fact that our patients were operated on

by different surgeons. All of our patients were sent to

us by different centers, so there is also a potential

recruitment bias linked to both the selection of

patients with fewer signs of recovery and the geo-

graphical origins of the patients. Our study included

patients who underwent XII-VII anastomosis using dif-

ferent surgical techniques as it has been reported that

they give similar results (Lin et al., 2009).

Only one patient did not show signs of reinnervation

after surgery. This may be due to an unrecognized

injury to the hypoglossal donor nerve following the

brain hemorrhage that damaged the sixth and seventh

cranial nerves.

Numerous authors of surgical studies have pointed

out that XII-VII anastomosis patients can benefit from

a long-term rehabilitation program, yet without

describing such programs (Magliulo et al., 2001; Pellat

et al., 1997).

Chang and Shen (1984) showed that the proximity

between the cortical area of the hypoglossal and facial

nerves favors rehabilitation after surgery.

Rehabilitation after XII-VII nerve anastomosis
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Table I. Correlations of the House-Brackmann score at 36 months.

Variable Spearman R (95%CI) p-value

Months from paralysis to XII-VII 9.9% -27.1–44.3 0.60

Months from XII-VII to I assessment -8.7% -46.6–31.9 0.68

Months from XII-VII to reinnervation 46.3% 10.1–71.7 0.015

Age (years) 14.6% -22.6–48.1 0.44

Figure 1 - Percent distribution of HB grades at surgery (0), at

first rehabilitation assessment (1), and at 12, 18 and 36 months

after the anastomosis.
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The advantage of mirror visual feedback, the rehabili-

tation technique reported in our study, is that it does

not require special equipment and can be performed

at home, unlike the electromyographic biofeedback

technique described by Brudny et al. (1988). Both

these rehabilitation techniques have been demon-

strated to produce equivalent results in patients with

idiopathic and post-surgical long-term paralysis (Ross

et al., 1991) and in patients with recent Bell’s palsy

(Dalla Toffola et al., 2012).

The use of home rather than hospital-based rehabili-

tation offered certain advantages: we were able both

to increase the frequency of sessions and include in

our study patients who lived further afield. The disad-

vantage is that it was difficult to quantify patient com-

pliance with the rehabilitation.

Most of our patients, who underwent targeted rehabilita-

tion, already had good facial symmetry at 18 months

after surgery. Our study, confirming the findings of Catli

et al. (2010) and Wang et al. (2013) showed that some

patients continue to improve for up to 36 months or

more (data not shown) after surgery, thus prolongation

of home exercise periods should be considered.

Our patients demonstrated good synkinesis control,

which can be strongly influenced by the rehabilitation

process, as suggested by Brudny et al. (1988) and

Manni et al. (2001).

One of the aims of rehabilitation is to recover a spon-

taneous smile, however whether this is feasible is still

a matter of debate. Patients who have undergone XII-

VII anastomosis are not considered to be capable of

regaining control of their emotive facial expressions,

the smile in particular, since this control is regulated

by the extrapyramidal system (Rinn et al., 2007). Our

results support this assumption: none of the patients

had recovered a spontaneous smile at three years

after surgery, as reported elsewhere (Flores, 2007).

Our study used a long-term follow-up period to confirm

that XII-VII anastomosis combined with targeted reha-

bilitation produces a good functional recovery (Brudny

et al., 1988; Dalla Toffola et al., 1996).

The meta-analysis conducted by Yetiser and

Karapinar (2007), based on data of 460 patients

derived from 23 studies, reported a median improve-

ment of two levels on the HB grading system in

patients who underwent surgery alone. 

Our study is the first to report results obtained by com-

bining XII-VII anastomosis with a prolonged systemat-

ic rehabilitation program in a large clinical series. After

receiving a combined surgical and rehabilition treat-

ment, 77% of our patients improved by more than two

levels on the HB scale. This finding provides sufficient

indirect evidence of the effectiveness of rehabilitation

after XII-VII anastomosis. Larger randomized clinical

trials should be considered in order to provide more

conclusive evidence.
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