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Reconstructive

INTRODUCTION
Society places a high value on symmetrical facial move-

ments. As such, many techniques have evolved to treat 
facial paralysis.1 These strive for symmetry in repose, 
voluntary movement, and spontaneous expression, but 
focus predominantly on upper lip and smile restoration.2,3 

Functioning lower lip depressors are also important, not 
just for a full denture smile, but for subtle movement of 
lower lip and phonetics in everyday conversation. Even 
after successful restoration of upper lip movement, lack 
of lower lip retraction remains an obvious stigma of facial 
paralysis.
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Background: Lower lip depression was historically regarded a neglected area of 
facial paralysis, but, with refinement of techniques, has gained increasing atten-
tion. We present the first detailed description and evaluation of a 2-stage tech-
nique, using first cross facial nerve graft and then the anterior belly of digastric 
muscle (ABDM), innervated by the cross facial nerve graft, to restore dynamic and 
spontaneous lower lip depression.
Methods: Retrospective analysis of 2-stage lower lip reanimations between 2010 
and 2018 was performed. Demographics, etiology, and operative details were 
recorded. Videos were graded pre/postoperatively using a 5-point Likert scale by 
21 independent observers. Objective changes of symmetry were analyzed using 
Photogrammetry (Emotrics).
Results: Twenty-seven patients were identified (median age 34.9 years, range 6–64). 
The mean duration between the 2 stages was 15.1 months. Follow-up ranged from 
18–72 months. There were minor complications in 4 patients, and 1 case was aban-
doned due to insufficient length of anterior belly of digastric muscle. Average 
peer-reviewed scores improved from 2.1 to 3.2 (P < 0.05). Emotrics did not show 
improvement in static symmetry (P > 0.05). However, during open-lip smiling, 
lower lip height improved significantly (P < 0.05) whilst dental show improvements 
approached significance (P < 0.08). Lower lip symmetry was also improved during 
lower lip depression, as shown by improvements in lower lip height (P < 0.05),  
smile angle, and dental show (both P < 0.05).
Conclusions: These results show the safety and efficacy of 2-stage lower lip reani-
mation using anterior belly of digastric muscle transposition. This procedure is our 
choice for longstanding lower lip paralysis and provides coordinated spontaneous 
lower lip depression, thus enhancing the overall perioral animation and smile. 
(Plast Reconstr Surg Glob Open 2021;9:e3461; doi: 10.1097/GOX.0000000000003461; 
Published online 15 March 2021.)
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Palsy of the marginal mandibular branch (MMB) of 
the facial nerve, the primary innervator of lower lip move-
ment, can be isolated or part of a global facial paralysis. 
Arising from the facial nerve cervicofacial trunk, the MMB 
runs from 2 cm above, to just below the inferior margin 
of the mandible. It courses usually superficially across the 
facial vessels, then runs superiorly. It gives branches to 
platysma, depressor anguli oris, orbicularis oris, depressor 
labii inferioris, and mentalis.4 MMB paralysis can be part 
of a developmental condition or secondary to trauma, iat-
rogenic injury, tumors, infection, or higher facial nerve 
insult. The resulting asymmetric smile and inability to 
depress or lateralize the lower lip impacts upon social 
function, oral continence, and eating.4,5

Treatments for lower lip paralysis aim to either:

	 1)	Make the paralysis less noticeable by weakening the 
contralateral side, or

	 2)	Restore lower lip depression.

Botulinum toxin, neurectomy, and myomectomy 
achieve the former, and slings and neurotization of the 
MMB or depressor muscles the latter.5–8 In cases with no 
potential for reinnervation (longstanding paralysis; no 
residual depressor muscle function), muscle transfers are 
necessary to restore dynamic symmetry.4 Transposition 
of the anterior belly of digastric muscle (ABDM) works 
well owing to its location and innervation (mylohyoid 
branch of the mandibular division of trigeminal nerve), 
as it remains functional in most cases of facial paralysis 
(Fig.  1). Originally transposed in combination with fas-
cia lata strips,9 the use as single-stage muscle transfer to 
the lower lip has been adopted and modified.2,6,7,10,11 This 

technique, however, does not provide spontaneous reani-
mation as it relies upon trigeminal motor innervation. 
Dynamism can be achieved following rehabilitation and 
training by clenching the teeth, but a true symmetrical, 
emotionally responsive contraction of the muscle is only 
possible with innervation via a cross facial nerve graft 
(CFNG) from the contralateral facial nerve. A 2-stage 
method where a CFNG is placed, and the muscle trans-
ferred at least 6 months later offers potential to achieve a 
more natural dynamic result.4

The senior author (KT) employs a holistic approach 
to managing facial paralysis and has performed 2-stage 
ABDM transfer for many years. Having modified and 
refined the technique, the authors detail it below, to facili-
tate replication in other centers.

METHODS
Patient Selection

Management of facial paralysis depends largely on 
time since injury. Our decision algorithm is depicted in 
Figure  2. Muscle transfer for lower lip reanimation was 
offered to all patients with longstanding paralysis and no 
residual depressor muscle function (confirmed with elec-
tromyography (EMG) studies). Patients were assessed in 
a tailored facial palsy clinic by the operating surgeon and 
specialized facial therapists. The stages were planned in 
conjunction with other necessary procedures; in those 
with more extensive paralysis, all CFNG were performed at 
the same time (eg, to upper lip or eyelids). Such patients 
then underwent other procedures such as free-gracilis 
transfer for smile, or adjustments to slings and weights. 
The second stage of lower lip reanimation, the ABDM 
transposition, was intended as the final facial symmetriza-
tion procedure.

Procedural Technique
All operations were performed by the senior author 

(KT), each approximately 2–3 hours.

First Stage: CFNG
Patients were anesthetized with the nasal endotracheal 

tube facing cephalad. Sural nerve grafts were harvested 
via stab incisions. Functioning, contralateral facial nerves 
(CNVII) were accessed via a modified facelift incision. A 
nerve stimulator (VARI-STIM III Medtronic Xomed Inc. 
USA, setting 2 mA) is used to carefully identify the various 
branches and ensure the donors were not the sole inner-
vator of the lower lip. Based on anatomical studies,12,13 the 
MMB has 3–4 distal branches; so it is safe to use 1 or 2 of 
these, as well as a lower buccal branch that retracts the 
lower lip or stimulates risorius, without imparting donor 
weakness.

Sural nerve grafts were reversed and tunneled subcu-
taneously through the cheek to a submental pocket on 
the affected side. Proximally, it was splayed to coapt (end-
to-end with 9/0 non-absorbable Ethilon) to the 2 or 3 
identified terminal facial nerve branches. Via 2 small inci-
sions (1 at the submental crease and 1 halfway along the 
ABDM), the CFNG end was draped at full length, and the 
distal end was tagged with a ligaclip (Fig. 3).

Fig. 1. Anatomy of the ABDM, with its nerve (branch from the nerve 
to mylohyoid) and the vascular pedicle (submental branches of the 
facial artery and vein).
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Second Stage: ABDM Transfer
Patients were reviewed at 3–4-monthly intervals until evi-

dence of axonal regeneration was evident at the submental 
site (the Tinel test). At the second stage, ABDM surface anat-
omy was marked, the incision over ABDM was re-opened to 
3 cm, (through skin and fat only), and the CFNG was found 
and protected (See Video 1 [online], which demonstrates 
the operative technique (second stage).). The platysma was 
incised by 4 cm to access ABDM, arising from the lower man-
dibular border close to the midline.

The vascular pedicle was preserved (submental branch 
of the facial artery/vein, which enters the muscle on the lat-
eral and deep aspect, in the middle third). The innervating 
branch of the mylohyoid nerve was identified with the nerve 
stimulator, deeper and slightly superior to the vascular pedi-
cle. The ABDM conjoint tendon at the hyoid was divided as 
posteriorly as possible for maximal length, and the tendon 

split into 2 (Fig. 4A). Two 1-cm incisions were made in the 
ipsilateral lower lip (dividing into thirds from midline to com-
missure), in the red line between the wet and dry mucosa.

The ABDM was transposed cephalad to the lower lip, 
with minimal dissection of the pedicle, and preserving 
a small vessel entering ABDM at the mandibular inser-
tion. Sub-mentalis tunneling of ABDM avoided bulging, 
while staying supraperiosteal avoided mental nerve injury 
(although the nerve is more lateral). Tendinous slips were 
anchored into the central part of orbicularis oris using 
3/0 polydiaxonone (Ethicon PDSII), with 4/0 polygla-
ctin 910 (Ethicon Vicryl) to close the mucosa (Fig. 4B). 
The slips were tensioned so that the medial part was over-
corrected slightly, but not laterally to avoid notching. 
The nerve to ABDM was divided close to the hilum and 
coapted end-to-end to the CFNG, using 9/0 sutures. Due 
to size mismatch with the small mylohyoid branch (1–2 
fascicles), the remaining CFNG fascicles were splayed to 
directly neurotize the ABDM.

Absorbable sutures closed the incisions and a thermo-
plastic splint was applied to secure lip depression. Patients 
were encouraged to wear this for 1 week, and to con-
sciously exercise/retract the lower lip in front of a mirror 
for 4 months.

Study Design
All patients who underwent the 2-stage lower lip reani-

mation, and with ≥18-month follow-up were identified. 
Information gathered included demographics, etiology, 
extent and duration of paralysis, number of facial palsy 
procedures, complications, and revisions.

Independent Observer Ratings
All patients were invited to undergo standardized pre- 

and postoperative video- and photography. At the clinical 
photography department, attempts are made for each 
patient with facial palsy to elicit a spontaneous smile, and 
all patients are also asked to give a short narrative to assess 
lower lip movement on normal talking.

Independent observers graded the videos using a 
5-point Likert scale based on Terzis’ lower lip aesthetic 

Fig. 2. St. Andrew’s algorithm for management of lower lip paralysis.

Fig. 3. Stage 1: CFNG coapted to 2–3 terminal lower buccal and 
MMBs of functional facial nerve, then banked subcutaneously in 
submandibular region of the affected side of the face.

https://doi.org/10.1097/GOX.0000000000003461
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grading scale.4,14 The original scale was from 0 to 2 in 0.5 
increments. This was changed to 1–5 in whole number 
increments to simplify data handling (Table  1). Images 
were randomly ordered to eliminate bias. The observ-
ers were unpaid, with no affiliation to our unit, and were 
instructed to grade only the lower lip ignoring other fea-
tures of the facial paralysis. Observers included 4 medi-
cal artists, 8 junior doctors or postgraduate MSc students, 
and 9 plastic surgery registrars/consultants. Videos were 
shown in a random order to avoid bias from knowing 
whether images were pre- or post-surgery.

Photogrammetry
The following pre- and postoperative photograph sets 

were downloaded for each patient: repose, maximal open-
lip smile, and lower lip depression (as in saying “eeee”). 
Patients were excluded for a particular smile analysis 
if they did not have both pre- and postoperative photo-
graphs for that pose (complete set).

Complete sets were analyzed using Emotrics.15 Emotrics 
compares landmark position differences between the pre- 
and postoperative photographs, providing readings for 
both affected and unaffected sides, thereby computing 
excursion of facial landmarks and changes in symmetry.

The following measurements were computed for each 
pose:
	 •	repose: commissure height, lower lip height and upper 

lip height.
	 •	maximal open-lip smile and lower lip depression: com-

missure height, commissure excursion, dental show, 
smile angle, and lower lip height.

Statistics
The Shapiro-Wilk test assessed for normality of data 

distribution. Kendall W was used for interrater variabil-
ity. Gaussian data were reported as means (SD), whereas 
skewed data were reported as medians (range). The signif-
icance of the differences in mean pre- and postoperative 
landmark position and excursion was tested using paired 
t-tests (Gaussian) and Wilcoxon signed rank test (skewed). 
Paired t-tests (normal distribution) and Mann-Whitney 
tests (skewed distribution) were used to test the signifi-
cance of the differences in landmark symmetry. Statistical 
significance was set at P < 0.5.

RESULTS
Cohort and Operative Data

Table 2 summarizes the results. Twenty-seven patients 
were eligible (13 men, 14 women). Mean age at ABDM 
transfer was 34.9 years (range 6–64). All had complete 
paralysis of the lower lip (16 right-sided and 11 left-sided). 
Seven patients (25.9%) had isolated lower lip paralysis, 
eight (29.6%) had more extensive but still partial paraly-
sis, 12 (44.4%) had global/complete facial palsy. Nine 
patients (33.3%) had developmental paralysis and 11 
(40.7%) had post-tumor resection paralysis, mostly acous-
tic neuroma (n = 8). Five patients (18.5%) had longstand-
ing Bell’s palsy, 1 was secondary to neurofibromatosis and 
1 iatrogenic, following cyst excision and MMB damage.

Patients with isolated lower lip paralysis underwent 2 
consecutive stages procedures. Those with complete palsy 
had free-gracilis muscle transfer (n = 8), or adjunctive 

Fig. 4. Key parts of the operation during Stage 2: A, CFNG identified and released; ABDM divided at the 
conjoint tendon and the tendon divided into 2 slips. B, ABDM with coaptation of CFNG, tunneled to the 
lower lip in a submuscular plane. Vascular pedicle preserved.

Table 1. Modified Terzis’ Lower Lip Grading Scale4

Original Terzis’ Scale Modified Scale Designation Description

0 1 Poor Total paralysis
0.5 2 Fair Trace contraction with no movement
1 3 Moderate Observable movement but inadequate excursion and without symmetry
1.5 4 Good Almost complete excursion of lower lip with depression and full denture smile
2 5 Excellent Normal symmetric movement of lower lip



 Tzafetta et al. • Two-stage Lower Lip Reanimation Technique

5

Ta
bl

e 
2.

 S
um

m
ar

y 
of

 P
at

ie
nt

s 
U

nd
er

go
in

g 
2-

st
ag

e 
Lo

w
er

 L
ip

 R
ea

ni
m

at
io

n 
w

it
h 

A
BD

M

ID
Se

x

A
ge

 a
t 

A
B

D
M

 
Tr

an
sf

er
 

(y
)

L
at

er
al

ity
 

of
 F

P
E

ti
ol

og
y

C
om

or
bi

di
ti

es
E

xt
en

t o
f 

P
ar

al
ys

is
To

ta
l F

P
  

O
pe

ra
tio

ns

A
B

D
M

  
Tr

an
sf

er
  

O
pe

ra
tio

n  
N

um
be

r

T
im

e 
 

be
tw

ee
n 

 
C

FN
G

 &
  

A
B

D
M

 
(M

o)

C
om

pl
ic

at
io

ns
  

P
os

t-A
B

D
M

  
T

ra
ns

fe
r

A
B

D
M

 
R

ev
is

io
n 

O
pe

ra
ti

on
s

P
re

op
er

at
iv

e  
Sc

or
e

Po
st

op
er

at
iv

e 
Sc

or
e

1
F

12
R

D
ev

el
op

m
en

ta
l

Ve
lo

ca
rd

io
fa

ci
al

 
sy

n
dr

om
e,

 
cl

ef
t p

al
at

e,
 

ve
lo

ph
ar

yn
ge

al
 

dy
sf

un
ct

io
n

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

8
M

in
or

 
in

fe
ct

io
n

0
2

2.
5

2
M

6
R

D
ev

el
op

m
en

ta
l

N
il 

el
se

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

10
M

ild
 

de
rm

at
it

is
0

2.
3

3.
8

3
M

32
L

D
ev

el
op

m
en

ta
l

N
il 

el
se

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

6
N

0
1.

6
3.

4

4
F

6
R

D
ev

el
op

m
en

ta
l

A
st

h
m

a
G

lo
ba

l
4

3
11

N
0

3
4

5
F

64
R

Tu
m

or
A

st
h

m
a

Pa
rt

ia
l

3
3

8
N

0
2

2.
4

6
F

55
R

Tu
m

or
H

T
N

, C
K

D
G

lo
ba

l
6

5
12

A
B

D
M

 le
n

gt
h

 
in

su
ffi

ci
en

t 
fo

r 
tr

an
sf

er

0
ex

cl
ud

ed
ex

cl
ud

ed

7
M

47
L

Tu
m

or
N

il 
el

se
G

lo
ba

l
8

6
41

M
in

or
 

in
fe

ct
io

n
2 

(C
or

re
ct

io
n

 
of

 n
ot

ch
 &

 
lip

ofi
lli

ng
 

x2
)

2.
2

2.
8

8
M

7
R

D
ev

el
op

m
en

ta
l

A
m

n
io

ti
c 

ba
n

d 
sy

n
dr

om
e,

 
sy

n
da

ct
yl

y

Pa
rt

ia
l

2
2

10
N

0
2.

6
2.

7

9
F

33
L

B
el

l’s
N

il 
el

se
Pa

rt
ia

l
4

3
27

N
1 

(L
ip

ofi
lli

ng
)

1.
9

3.
2

10
M

49
R

B
el

l’s
N

il 
el

se
G

lo
ba

l
5

3
34

N
2 

(C
or

re
ct

io
n

 
of

 n
ot

ch
 &

 
lip

ofi
lli

ng
 x

2)

1.
8

2.
8

11
M

39
L

Tu
m

or
N

il 
el

se
G

lo
ba

l
5

4
12

St
it

ch
 a

bs
ce

ss
0

1.
8

3.
3

12
F

49
R

Tu
m

or
H

yp
er

te
ns

io
n,

  
ga

st
ro

- e
so

ph
ag

ea
l  

re
fl

ux
, o

be
si

ty

Pa
rt

ia
l

2
2

10
N

0
1.

9
2.

5

13
M

24
L

Tu
m

or
N

eu
ro

fi
br

om
at

os
is

 
ty

pe
 I

I
G

lo
ba

l
4

4
3

N
0

1.
7

3

14
F

22
R

Tu
m

or
N

il 
el

se
G

lo
ba

l
5

3
11

N
2 

(L
ip

ofi
lli

ng
)

1.
7

3.
2

15
M

25
R

D
ev

el
op

m
en

ta
l

N
il 

el
se

G
lo

ba
l

3
3

11
N

0
2

3.
4

16
F

57
R

Tu
m

or
Pe

rn
ic

io
us

 a
n

em
ia

Pa
rt

ia
l

2
2

5
N

0
1.

5
2.

2
17

M
26

L
D

ev
el

op
m

en
ta

l
G

as
tr

o-
 o

es
op

ha
ge

al
 

re
fl

ux
Is

ol
at

ed
 

lo
w

er
 li

p
2

2
6

N
0

2.
3

4.
6

18
F

14
L

D
ev

el
op

m
en

ta
l

N
il 

el
se

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

12
N

0
2.

5
4.

5

19
F

51
R

B
el

l’s
N

il 
el

se
Pa

rt
ia

l
2

2
6

N
0

1.
9

3.
1

20
F

16
R

B
el

l’s
A

st
h

m
a

G
lo

ba
l

4
3

11
N

0
2.

1
3.

1
21

F
48

R
Tu

m
or

H
yp

er
te

n
si

on
,  

ty
pe

 2
 d

ia
be

te
s

G
lo

ba
l

5
4

29
N

0
2.

1
2.

3

22
M

38
L

Tu
m

or
N

il 
el

se
G

lo
ba

l
3

3
26

N
0

1.
4

2
23

M
60

L
Tu

m
or

N
il 

el
se

G
lo

ba
l

5
4

40
N

0
1.

4
3.

1

(C
on

tin
ue

d
)



PRS Global Open • 2021

6

24
F

37
L

B
el

l’s
N

il 
el

se
Pa

rt
ia

l
3

3
39

N
0

2.
1

2.
6

25
M

36
L

D
ev

el
op

m
en

ta
l

N
il 

el
se

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

9
N

0
2.

5
3.

1

26
F

48
R

Tu
m

or
N

il 
el

se
Pa

rt
ia

l
3

2
4

N
1 

(C
or

re
ct

io
n

 
of

 li
p 

n
ot

ch
)

3.
5

4.
2

27
M

41
R

Ia
tr

og
en

ic
N

il 
el

se
Is

ol
at

ed
 

lo
w

er
 li

p
2

2
7

N
0

2.
1

4.
1

13
M

24
L

Tu
m

or
N

eu
ro

fi
br

om
at

os
is

 
ty

pe
 I

I
G

lo
ba

l
4

4
3

N
0

1.
7

3

14
F

22
R

Tu
m

or
N

il 
el

se
G

lo
ba

l
5

3
11

N
2 

(L
ip

ofi
lli

ng
)

1.
7

3.
2

15
M

25
R

D
ev

el
op

m
en

ta
l

N
il 

el
se

G
lo

ba
l

3
3

11
N

0
2

3.
4

16
F

57
R

Tu
m

or
Pe

rn
ic

io
us

 a
n

em
ia

Pa
rt

ia
l

2
2

5
N

0
1.

5
2.

2
17

M
26

L
D

ev
el

op
m

en
ta

l
G

as
tr

o-
 

oe
so

ph
ag

ea
l 

re
fl

ux

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

6
N

0
2.

3
4.

6

18
F

14
L

D
ev

el
op

m
en

ta
l

N
il 

el
se

Is
ol

at
ed

 
lo

w
er

 li
p

2
2

12
N

0
2.

5
4.

5

19
F

51
R

B
el

l’s
N

il 
el

se
Pa

rt
ia

l
2

2
6

N
0

1.
9

3.
1

20
F

16
R

B
el

l’s
A

st
h

m
a

G
lo

ba
l

4
3

11
N

0
2.

1
3.

1
21

F
48

R
Tu

m
or

H
yp

er
te

n
si

on
, 

 ty
pe

 2
 d

ia
be

te
s

G
lo

ba
l

5
4

29
N

0
2.

1
2.

3

22
M

38
L

Tu
m

or
N

il 
el

se
G

lo
ba

l
3

3
26

N
0

1.
4

2
23

M
60

L
Tu

m
or

N
il 

el
se

G
lo

ba
l

5
4

40
N

0
1.

4
3.

1
24

F
37

L
B

el
l’s

N
il 

el
se

Pa
rt

ia
l

3
3

39
N

0
2.

1
2.

6
25

M
36

L
D

ev
el

op
m

en
ta

l
N

il 
el

se
Is

ol
at

ed
 

lo
w

er
 li

p
2

2
9

N
0

2.
5

3.
1

26
F

48
R

Tu
m

or
N

il 
el

se
Pa

rt
ia

l
3

2
4

N
1 

(C
or

re
ct

io
n

 
of

 li
p 

n
ot

ch
)

3.
5

4.
2

27
M

41
R

Ia
tr

og
en

ic
N

il 
el

se
Is

ol
at

ed
 

lo
w

er
 li

p
2

2
7

N
0

2.
1

4.
1

Ta
bl

e 
2.

 C
on

tin
ue

d

ID
Se

x

A
ge

 a
t 

A
B

D
M

 
Tr

an
sf

er
 

(y
)

L
at

er
al

ity
 

of
 F

P
E

ti
ol

og
y

C
om

or
bi

di
ti

es
E

xt
en

t o
f 

P
ar

al
ys

is
To

ta
l F

P
  

O
pe

ra
tio

ns

A
B

D
M

  
Tr

an
sf

er
  

O
pe

ra
tio

n 
N

um
be

r

T
im

e 
 

be
tw

ee
n 

 
C

FN
G

 &
  

A
B

D
M

 
(M

o)

C
om

pl
ic

at
io

ns
  

P
os

t-A
B

D
M

  
T

ra
ns

fe
r

A
B

D
M

 
R

ev
is

io
n 

O
pe

ra
ti

on
s

P
re

op
er

at
iv

e  
Sc

or
e

P
os

to
pe

ra
tiv

e 
Sc

or
e



 Tzafetta et al. • Two-stage Lower Lip Reanimation Technique

7

procedures (eg, for the periorbital area) before ABDM 
transfer. The mean number of operations for all the 
patients was 3.4 (median 3, range 2–8). There was a mean 
15.1 months (median 11) duration between the CFNG 
and the ABDM transfer.

Complications and Revisions
There were neither major complications nor donor 

weaknesses. There were 2 antibiotic-treated superfi-
cial infections, one each for splint dermatitis and stitch 
abscess. One patient in whom transposition was aban-
doned intraoperatively due to insufficient ABDM length 
was excluded from analysis. Follow-up ranged from 18–72 
months (median 49) by the discharge date or analysis for 
this study. Five patients underwent lipofilling to correct 
minor lip notches.

Peer-reviewed Results
Twenty-one observers analyzed 26 patients’ results. 

Terzis scores improved from 2.1 to 3.2 (P < 0.001). Kendall’s 
W for interrater variability showed fair to average agreement 
amongst all raters. The difference between scores from med-
ical artists, junior and senior surgeons, is seen in Table 3. 
Those perceived to have the greatest amount of improve-
ment are shown in Figure 5. Those with least improvement 
were a 7-year-old boy with developmental paralysis (+0.1) 
and a 48-year-old woman (+0.2) with global paralysis. (See 
figure, Supplemental Digital Content 1, which displays 
the patients with the least improvement, as perceived by 
the raters. A, B, Demonstration of pre- and postoperative 
appearance of 7-year-old boy with developmental marginal 
mandibular palsy. C, D, Demonstration of pre- and postop-
erative appearance of 48-year-old woman with global facial 

paralysis (House-Brackmann VI) post acoustic neuroma 
resection, and history of hypertension and type 2 diabetes 
mellitus. http://links.lww.com/PRSGO/B593.)

There was a greater mean improvement in appearance 
in the isolated MMB palsy group (+1.5) compared with 
those with more extensive paralysis (partial +0.7, global 
+1.1) (Fig. 6). A number of cases are shown in Video 2. 
(See Video 2 [online], which displays pre- and postopera-
tive smiles demonstrated side-by-side for comparison, and 
spontaneous smile of the patient shown in Fig. 7.)

Photogrammetry
Table  4 summarizes photogrammetric (Emotrics) 

results. The number of patients with complete sets for 
repose, open-lip smile, and lower lip eversion were 24, 
22, and 11 respectively. There was no change in rest-
ing symmetry, as shown by nonsignificant changes  
(P > 0.05). However, during open-lip smiling, lower lip 
height improved significantly (P < 0.05), whilst dental 
show improvements approached significance (P < 0.08), 
whereas other measures did not change significantly  
(P > 0.05). Lower lip symmetry was also improved during 
lower lip depression as shown by improvements in lower 
lip height (P < 0.05), smile angle, and dental show (both 
P < 0.05).

DISCUSSION
Lower Lip Reanimation

Lower lip depression was a neglected target in facial 
palsy surgery but several surgical options now exist.4,9 As 
smile restoration improves, attention is turning toward the 
lower lip to optimize results. Semi-dynamic reanimation 

Table 3. Mean Facial Grading Scores of the Videos and Photographs of 26 Patients, Stratified by Observer Group

 Medical Artists (4) SHO/MSc Students (8) Registrar/Consultant (9) All Observers (21)

Mean preoperative score 2.2 2.0 2.1 2.1
Mean postoperative score 3.3 3.0 3.3 3.2
Mean improvement 1.1 1.0 1.2 1.1

Fig. 5. Patients with high levels of perceived improvement (each with pre- and postoperative appearance). Each patient had an isolated 
MMB paralysis and a 2-stage ABDM transfer. A, B, 41-year-old man, iatrogenic MMB injury following a subcutaneous mass removal along 
the right mandibular border 4 years before his presentation. C, D, 26-year-old man, developmental lower lip paralysis. E, F 14-year-old 
woman, developmental lower lip paralysis. G, H, 32-year-old man, developmental lower lip paralysis.

http://links.lww.com/PRSGO/B593
https://doi.org/10.1097/GOX.0000000000003461
https://doi.org/10.1097/GOX.0000000000003461
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can be restored with bidirectional fascia grafting16 and 
dynamic reanimation with nerve transfers from the hypo-
glossal nerve to the cervicofacial branch, or neurotization 
of viable depressors directly or via CFNG.4,8,14

If paralysis is longstanding, with no residual depres-
sor function, muscle transfers are indicated. These can 
be local (ABDM, platysma) or microsurgical free muscle 
transfers (platysma, extensor digitorum brevis, serratus 
anterior, rectus femoris).4,6,17 These procedures, with min-
imal donor cost,18 can be effective ways to enhance oral 
movements following smile reanimation surgery. Two-
stage extensor digitorum brevis transfer was found to be 
problematic by Tulley et al6 due to the duration of pro-
cedure (requires microsurgical anastomosis as it is a free 
muscle transfer) and unreliable results; they preferred the 
local ABDM option, which was performed as a single-stage 
procedure.6

The one-stage ABDM transfer has been utilized for 
some time and Conley found it “effective” in all of their 

36 cases, with 3 minor complications.2 Tan gained satisfac-
tory results in 14 single-stage ABDM transfers and noted 
dynamic improvement despite no physiotherapy regime, 
inferring the trigeminal nerve functioned well following 
transfer.10 Butler et al found similarly high satisfaction 
comparing ABDM transfer with botulinum toxin; ABDM 
having the advantage of longevity.7 The only other series 
of 2-stage reanimations was by Terzis and Kalantarian4 
(discussed below).

Outcomes
These data present the largest series of 2-stage lower 

lip reanimation cases to date. Both nonmedical and medi-
cal raters felt the procedures improved patients’ appear-
ance as shown by improvements in Terzis scores. This is 
in keeping with Terzis’ results,4 in which 16 of 22 ABDM 
reanimations were 2-stage. Interestingly, although rat-
ers in Terzis’ series scored patients undergoing platysma 
transfer higher than ABDM ones, the platysma group had 
a higher preoperative score and so the degree of improve-
ment was actually similar for both groups (mean scores 
0.18–1.45 of 2 (+1.27) for ABDM and 0.44–1.61 (+1.17) 
for platysma.

The senior author’s technique is similar to Terzis’ with 
some personalizations. Differences include using 2 rather 
than 4 tendon slips as 3 or more became flimsy and risked 
avulsion. Also, the mandibular attachment of the ABDM 
was left intact, rather than divided and lateralized for 
averting potential risk of avulsing the vascular pedicle.

These results were corroborated by objective data from 
Emotrics15 also showing some improvements in lower lip 
symmetry. Both lower lip measures (height and dental 
show) improved during animation but not at rest. This is 
to be expected as lower lip asymmetry becomes apparent 
during animation. Although, some of the improvements 
did not reach statistical significance, the Terzis scale data 

Fig. 6. Patient with global facial paralysis (House-Brackmann V) due to Bell’s palsy. A, Preoperative 
image, aged 12. B, postoperative image, aged 16, following 3-stage procedure: (1) Placement of 2 
CFNGs, to buccal and MMB nerves; (2) free-gracilis transfer; (3) ABDM transfer.

Fig. 7. Lip notching requiring lipofilling.
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show that these improvements were clinically apparent. 
Due to the small excursions of the lower lip, statistical sig-
nificance requires larger sample sizes. The authors believe 
that the peer-reviewed and objective results should be ana-
lyzed together as they assess subtly different aspects. This 
is important since although people notice asymmetry, they 
do not compute it in numbers as per Emotrics15 but may 
form a view like the independent raters.

Complications and Revisions
The complication and revision profile was acceptable. 

Five patients required minor aesthetic revisions like lipo-
filling to correct lip notching (Fig. 7). The senior author 
now prevents this by overcorrecting the medial tendon 
attachment to the lower lip and suturing the tendon to the 
orbicularis substance away from the lip mucosa. Excessive 
vermillion border bulk, as reported by Lindsay et al in their 
four ABDM transfers,5 was not found. Patients are coun-
seled about the possibility of inadequate ABDM length 
and fascia lata extensions. Ultrasound may be advisable 
especially in hemifacial microsomia whose ABDM may be 
absent or hypoplastic.6,19,20

Limitations and Remediations
Limitations include retrospectivity of the analysis and 

a low number of complete sets for the eversion pose for 
the photogrammetry. This was fed back to the medical 
photographers to improve the fidelity of our records, as 
it affected significance calculations. Further, there were 
insufficient numbers of single-stage reanimations, which 
KT reserves for the comorbid or physiologically aged, to 
compare the 2 approaches.

However, several features improve the quality of this study. 
Using 21 observers, more than all other studies, reduced the 
impact of interobserver variability. Since there are no perfect 
facial palsy outcome assessment tools,21 the authors used the 
unambiguous, lower lip-specific, and validated Terzis’ scale, 
which can also be used by nonmedical observers.

Observers were specifically briefed to grade only lower 
lip movement and to ignore any other features of facial 
paralysis or surgery. That those with isolated MMB palsy 
improved more than those with more extensive paralysis 
may be due to better results, or maybe raters had a subcon-
scious tendency to downgrade the patients with more exten-
sive facial palsy, even if lower lip results were good.

CONCLUSIONS
These results show the safety and efficacy of 2-stage 

lower lip reanimation using ABDM transposition. 
Depressor reanimation is both desirable and achievable 
following MMB paralysis. Two-stage ABDM transfer was 
preferred in patients with longstanding MMB paralysis 
to reconstruct spontaneous, symmetrical, and emotional 
movement. The authors hope these results encourage 
other surgeons to learn and offer this effective lower lip 
reanimation method.

Kallirroi Tzafetta, MBBS, MPhil, FRCS (Plast)
St Andrew’s Centre for Plastic Surgery & Burns

Broomfield Hospital
Chelmsford CM17ET

United Kingdom
E-mail: roitzafetta@hotmail.com
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