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Abstract
Facial nerve palsy can cause diminished eyelid closure (lagophthalmos). This occurs due to functional deficits of the orbicu-
laris oculi muscle, potentially leading to sight-threatening complications due to corneal exposure. Current management 
options range from frequent lubrication with eye drops, to the use of moisture chambers and surgery. However, achieving 
functional restoration may not always be possible. Recent efforts have been directed towards the support of orbicularis oculi 
muscle function through electrical stimulation. Electrical stimulation of the orbicularis oculi muscle has been demonstrated 
as feasible in human subjects. This article offers a comprehensive review of electrical stimulation parameters necessary to 
achieve full functionality and a natural-looking eye blink in human subjects. At present, readily available portable electrical 
stimulation devices remain unavailable. This review lays the foundation for advancing knowledge from laboratory research 
to clinical practice, with the ultimate objective of developing a portable electrical stimulation device. Further research is 
essential to enhance our understanding of electrical stimulation, establish safety standards, determine optimal current set-
tings, and investigate potential side effects.
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Introduction

Facial palsy is frequently seen with a range of 17 to 35 cases 
per 100,000 [1, 2]. The facial nerve contains the mixed para-
sympathetic innervation of the lacrimal gland for reflex tear-
ing and the efferent fibers for the ocular orbicularis muscle 
[2]. The palpebral part of the ocular orbicularis muscle is 
involved in gentle eyelid closure and is an essential part of 
the blink reflex, and the tear pump system transporting tears 
into the lacrimal sac [3, 4]. The orbital part of the orbicularis 
muscle is involved in the forced eyelid closure [3]. From an 
ophthalmological perspective, the weakening of or loss of 
function of the facial nerve leads to impaired eyelid closure, 
resulting in lagophthalmos, which can subsequently cause 
corneal damage [1]. Corneal exposure keratopathy can be 
sight-threatening and have a huge impact on quality of life 
[1, 5]. The risk of developing an exposure keratopathy with 

sight-threatening corneal ulceration is multiplied with a con-
comitant impaired trigeminal function.

Reasons for a facial palsy are numerous [2]. Common 
causes of facial palsy include Bell’s palsy, benign and malig-
nant tumors including perineural invasion, iatrogenic facial 
nerve injuries, trauma, Varicella zoster–associated facial 
palsy, Lyme disease, autoimmune disease, congenital and 
hereditary causes, or stroke [6, 7].

To address ophthalmic complications arising from facial 
nerve palsy, the current treatment options encompass inten-
sive topical lubrication, utilization of moisture chambers, and 
botulinum toxin injections targeting the levator muscle [1, 8]. 
Common surgical treatment options include upper lid gold-
weight implants, lateral and medial canthal suspension, or, in 
rare cases, tarsorrhaphy. Several alternative surgical options 
are available; however, patients frequently experience endur-
ing damage or unsatisfactory cosmetic results. Consequently, 
innovative treatment modalities for ophthalmic complications 
are crucial in improving the quality of life for patients [1, 9].

Recently, a novel treatment approach for ophthalmic com-
plications resulting from facial nerve palsy is under evaluation. 
It has been demonstrated that eyelid closure can be achieved 
through electrical stimulation of the ocular orbicular muscle 
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[10–15]. During the initial phase of facial palsy, the muscula-
ture retains its integrity. However, insufficient stimulation can 
lead to muscular atrophy. There is some evidence suggesting 
that early electrical muscle stimulation might help prevent such 
atrophy [16–18]. Therefore, employing electrical stimulation of 
the orbicularis oculi may hold potential for preventing common 
ophthalmic complications associated with facial nerve palsy.

The majority of experiments involving electrical stimula-
tion were conducted on animal models [19–25]. Nevertheless, 
certain research groups have investigated the characteristics of 
electrical stimulation of the orbicularis oculi in human subjects 
[10–15, 26–28]. Subsequent trials have focused on achieving a 
natural-looking eye blink in the paralyzed orbicularis oculi mus-
cle through synchronized electrical stimulation, with the non-
affected healthy side [11, 26–29]. These efforts aim to develop 
a portable prosthesis device for patients with facial nerve palsy.

The objective of this review is to provide a comprehen-
sive summary and comparison of various electrical stimula-
tion parameters for the orbicularis oculi muscle that would be 
required for a portable electrical stimulation device in humans, 
enabling a natural and symmetrical eye closure. To the best of 
our knowledge, no such electrical stimulation device for the 
orbicularis oculi muscle in human clinical practice currently 
exists. Therefore, the findings from this review could serve as 
a starting point for the development of a clinical model.

Method of literature search

The review was conducted based on an online literature search 
in the MEDLINE database (https:// www. nlm. nih. gov/ bsd/ medli 
ne. html) via PubMed (https:// pubmed. ncbi. nlm. nih. gov/), and 
the Cochrane Library (https:// www. cochr aneli brary. com) using 
the following key terms: “facial palsy,” “facial nerve,” “facial 
paralysis,” “electrical stimulation,” “orbicularis oculi.” Further-
more, the reference list of the obtained papers was screened 
for suitable publications. During the screening process, we 
included all publications irrespective of their language or pub-
lication date, up to January 2022. We thoroughly reviewed the 
acquired literature and selected or excluded articles based on 
their relevance to our research aim of investigating electrical 
stimulation of the orbicularis oculi muscle in human subjects.

How to achieve an eye blink in facial 
nerve palsy using electrical stimulation 
with a closed‑loop system device in human 
subjects

To achieve a natural-looking eye blink, synchronous eye 
closure with the healthy side should be strived for. Human 
perception typically does not detect facial muscle move-
ment asymmetry of less than 33 ms [15, 30, 31]. For the 
design of a device that stimulates the paretic orbicularis 

oculi muscle in synchronization with the healthy side, 
early detection of muscle activity and processing of infor-
mation from the healthy eye’s muscle activity are crucial.

In a normal eye blink, the time delay from orbicularis 
oculi activation to the onset of movement is approximately 
10–12 ms [32]. Early detection of muscle activity is necessary 
to initiate a rapid triggering stimulus to the impaired eyelid. 
The time from the onset of electrical stimulation of the orbicu-
laris oculi to muscle movement has been reported to aver-
age around 10 ms [15]. This process of stimulus application 
based on healthy muscle activity is known as a closed-loop 
electrical stimulation system [10, 11, 14, 15, 23, 26–28]. In 
a closed-loop electrical stimulation system, the time interval 
between stimulus detection on the healthy eye and induction 
of lid movement on the paretic side should not exceed 33 ms.

Physiologically, during a normal eye blink, the levator and 
the orbicularis oculi muscles have antagonistic functions. The 
relaxation of the levator muscle precedes the activation of the 
orbicularis oculi. Much of the research focuses on detecting 
activity in the orbicularis oculi muscle of the healthy eye to 
trigger an electrical stimulation signal to the paretic orbicularis 
oculi muscle [11, 14, 15, 23, 26–28]. However, there are also 
discussions about measuring the cessation of the levator muscle 
on the affected side, which is innervated by the third cranial 
nerve [28, 33]. Nonetheless, this approach to electrical stimula-
tion poses challenges due to potential interference from stimula-
tion artifacts in the orbicularis oculi muscle and levator activity 
[28]. Consequently, a less error-prone approach may involve 
basing the stimulation of the affected orbicularis muscle on 
the muscle activity observed on the contralateral healthy side.

How can electrical stimulation 
of the orbicularis oculi muscle induce eye 
closure in human subjects?

To implement electrical stimulation in the paretic orbicu-
laris oculi muscle in the future, a thorough investigation of 
its electrical stimulation characteristics in human subjects 
is essential. The electrical stimulation should be capable of 
inducing lid closure without causing pain or other adverse 
effects. Therefore, understanding suitable electrical cur-
rent settings and identifying the ideal application site for 
the electrical stimulus is of paramount importance.

Electrical stimulation settings needed to induce 
sufficient eye closure of the orbicularis oculi muscle

Complete lid closure, both during the day and at night, 
is vital for preventing corneal exposure keratopathies. 
Additionally, the protective Bell phenomenon, which 
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safeguards the cornea while the lid is closed, occurs only 
during complete or intended lid closure. Studies have dem-
onstrated that electrical stimulation of the orbicularis oculi 
muscle can induce eye closure in human subjects [11–15, 
21]. In animal models, lid closure elicited by electrical 
stimulation shows an approximately linear response, with 
greater electrical stimuli resulting in greater palpebral fis-
sure closure [19–21]. Similarly, an increase in pulse width 
leads to increased lid closure. However, once the electri-
cal pulse width exceeds a certain limit, a decrease in lid 
closure is observed. This effect might be attributed to long 
biphasic pulses, which activate different muscle groups 
with each pulse phase, leading to interference between 
stimuli [19].

Other studies have found that a pulse train of several 
pulses leads to more natural-looking and functional results 
compared to a single pulse stimulation of the orbicularis 
oculi [10, 19, 26]. Various single pulse and pulse train 
stimulation patterns have been tested on human subjects, 
as listed in Table 1. Pulse train stimulation induces contrac-
tion at lower pulse amplitude ranges and has been shown 
to reduce electric current by up to 40% compared to single 
pulse stimulation [15, 19, 26]. In animal models, Sachs et al. 
demonstrated that the effect of orbicularis oculi stimulation 
reaches its plateau at 10 pulses per pulse train [19]. The 
observed phenomenon of better lid closure in pulse train 
stimulation than in single pulse stimulation is believed to be 
due to wave summation and tetanic contraction [10].

In contrast to physiological eyelid closure, single pulse 
stimulation can cause painful and prolonged eyelid closure 
as well as induce reflex blinking in the contralateral eye [10]. 
Frigerio et al. also suggested that introducing dynamic fre-
quencies in pulse train stimulation may be beneficial, par-
ticularly by shortening the interval between the first two 
pulses. They observed that dynamic frequencies resulted in 
a faster peak acceleration of the eyelid compared to using 
a constant frequency between all the pulses, leading to a 
15% reduction in stimulation, which they attributed to the 
dynamic sensitivity of motoneurons [11, 15].

Electrode placement for orbicularis oculi muscle 
stimulation

Electrode placement for electrical stimulation of the 
orbicularis oculi muscle in human subjects has been pre-
viously described. The most commonly utilized locations 
for electrode placement are along the zygomatic branch of 
the facial nerve at the temporal orbit rim [10, 11, 15], or 
above the orbicularis oculi muscle [12–14]. In both cases, 
complete eyelid closure was observed [10–12, 15].

In a study by McDonnall et al. four microwires were 
implanted 1 mm into the upper eyelid to stimulate the 
orbicularis muscle; however, no eyelid closure was 

achieved [14]. Due to the thin nature of the orbicularis 
oculi muscle in humans, implanting electrodes into the 
muscle belly can lead to the possibility of missing the 
muscle. Moreover, bleeding or edema resulting from elec-
trode implantation could impede electrical stimulation. A 
separate study revealed a positive correlation between BMI 
and electric stimulation amplitude levels for forehead and 
cheek movements. The authors attributed this correlation 
to the fact that people with higher BMI tend to have more 
fat tissue, requiring higher currents to elicit muscle move-
ment [12]. However, no such study has been conducted 
for the orbicularis oculi muscle. To avoid complications 
such as bleeding or edema, the use of surface electrodes 
is a suitable alternative, which do not require surgery for 
implantation.

So far, different electrode placement settings for direct 
orbicularis oculi stimulation have only been compared in 
animal models. Zhang et al. [21] conducted a study in rab-
bits to investigate the distribution of horizontal and vertical 
electrode arrays along the orbicularis oculi muscle and ana-
lyzed the electrical stimulation characteristics. They noted 
that the electric distribution field of the orbicularis oculi 
muscle has an oval shape, with a faster current conduction 
along the muscle fibers in the horizontal array compared 
to across muscle fibers in the vertical electrode array [21]. 
Therefore, to efficiently stimulate the orbicularis oculi with 
minimal current and maximal energy efficiency, the elec-
trode placement should consider these differences in current 
distribution [21].

In another study, Somia et al. [22] tested lid closure in 
dogs by stimulating in a single electrical field and multi-
ple-channel stimulation. For single-field electrical stimula-
tion, they inserted two electrodes into the orbicularis oculi 
muscle, creating a horizontal electrical field along the 
orbicularis oculi fibers. In multiple-channel stimulation, 
they inserted four electrodes in the upper and four in the 
lower lid, thus creating four separate electrical fields along 
the orbicularis oculi muscle fibers [22]. They reported a 
significant reduction in stimulation intensity required to 
elicit eye twitch with multiple-channel field stimulation 
compared to single-field stimulation. Moreover, complete 
eye closure was only observed in cases of multiple-channel 
stimulation [22].

To date, there is no study comparing the effects of differ-
ent electrode application sites on lid closure when orbicu-
laris oculi is stimulated in humans. Most studies in humans 
have either focused on stimulation of the peripheral nerve 
branch leading to the orbicularis oculi [11, 15] or direct 
stimulation of the orbicularis oculi muscle [10, 12–14], 
without making a comparison between the two approaches. 
When stimulation of the orbicularis oculi occurs by stimula-
tion of the peripheral facial nerve, localizing the exact ana-
tomical region of the nerve can be difficult.



1972 Neurological Sciences (2024) 45:1969–1977

1 3

Ta
bl

e 
1 

 S
et

tin
gs

 o
f e

le
ct

ric
al

 st
im

ul
at

io
n 

fo
r t

he
 o

rb
ic

ul
ar

is
 o

cu
li 

m
us

cl
e 

in
 d

iff
er

en
t h

um
an

 st
ud

ie
s

A
ut

ho
rs

Pu
bl

ic
at

io
n 

ye
ar

Pa
tie

nt
 c

ha
ra

ct
er

-
ist

ic
s, 

nu
m

be
r o

f 
pa

rti
ci

pa
nt

s (
N

)

Pu
ls

e 
tra

in
Pu

ls
e 

w
id

th
Pu

ls
e 

am
pl

itu
de

/
vo

lta
ge

Fr
eq

ue
nc

y
El

ec
tro

de
s a

nd
 

lo
ca

tio
n

Ey
e 

cl
os

ur
e

Si
de

 e
ffe

ct
s

[R
ef

er
en

ce
]

in
 m

s
M

cD
on

na
ll 

D
, G

ui
l-

lo
ry

 K
S,

 G
os

sm
an

 
M

D
 [1

4]

20
09

Pa
tie

nt
s w

ith
 fa

ci
al

 
ne

rv
e 

pa
ls

y,
 N

 =
 6

B
ip

ha
si

c 
pu

ls
e 

tra
in

s
5

0.
4 ±

 0.
1 

V
60

 m
s p

ul
se

 tr
ai

ns
 a

t 
50

 H
z

Im
pl

an
ta

tio
n 

of
 4

 
pl

at
in

um
 m

ic
ro

w
-

ire
s 1

 m
m

 in
to

 
th

e 
up

pe
r e

ye
 li

d,
 

2 
m

m
 a

bo
ve

 li
d 

m
ar

gi
n

In
co

m
pl

et
e

• 
N

ot
 sy

ste
m

at
ic

al
ly

 
re

po
rte

d
• 

4/
5 

pa
tie

nt
s w

ith
 

si
gn

ifi
ca

nt
 m

ot
or

 
re

sp
on

se
, p

rio
r t

o 
re

ac
hi

ng
 h

ig
he

st 
di

sc
om

fo
rt 

le
ve

l
Pu

ls
e 

tra
in

 w
ith

 
in

te
rfe

re
nt

ia
l 

sti
m

ul
at

io
n

In
te

rfe
re

nt
ia

l s
tim

u-
la

tio
n 

fr
eq

ue
nc

y 
of

 
30

 H
z

Su
rfa

ce
 e

le
ct

ro
de

s 
ov

er
 o

rb
ic

ul
ar

is
 

oc
ul

i m
us

cl
e

In
co

m
pl

et
e

• 
N

ot
 sy

ste
m

at
ic

al
ly

 
re

po
rte

d
• 

2/
3 

pa
tie

nt
s w

ith
 

co
m

pl
et

e 
fu

nc
tio

na
l 

bl
in

k 
be

lo
w

 m
ax

i-
m

al
 d

is
co

m
fo

rt 
le

ve
l

Fr
ig

er
io

 A
, C

av
al

la
ri 

P 
[1

1]
20

12
H

ea
lth

y 
vo

lu
nt

ee
rs

, 
N

 =
 10

10
 p

ul
se

s
0.

8
26

 V
Tw

o 
in

iti
al

 p
ul

se
s 

(w
ith

 d
yn

am
ic

 
pu

lse
 ra

ng
e)

 
25

0–
30

0 
H

z, 
th

en
 

ca
rri

er
 fr

eq
ue

nc
y 

75
–2

00
 H

z

Su
rfa

ce
 e

le
ct

ro
de

s 
al

on
g 

zy
go

m
at

ic
 

br
an

ch
 o

f t
he

 
fa

ci
al

 n
er

ve

C
om

pl
et

e
• 

N
ot

 sy
ste

m
at

ic
al

ly
 

re
po

rte
d

• 
Pa

in
fu

l S
tim

ul
at

io
n 

at
 fr

eq
ue

nc
ie

s l
ow

er
 

th
an

 1
00

 H
z

M
ar

ce
lli

 E
, C

av
al

la
ri 

P,
 F

rig
er

io
 A

, 
et

 a
l. 

[1
0]

20
13

H
ea

lth
y 

vo
lu

nt
ee

r, 
N

 =
 1

1 
pu

ls
e

2
8 

m
A

Su
rfa

ce
 e

le
ct

ro
de

s 
on

 te
m

po
ra

l c
an

-
th

us
 o

f t
he

 e
ye

C
om

pl
et

e
• 

N
ot

 sy
ste

m
at

ic
al

ly
 

re
po

rte
d

• 
Pa

in
fu

l, 
lo

ng
er

 
th

an
 n

or
m

al
 re

fle
x 

ey
e 

bl
in

k 
in

 th
e 

co
nt

ra
la

te
ra

l h
ea

lth
y 

ey
e

10
 p

ul
se

s
2.

0
3.

5 
m

A
20

0 
H

z
10

 p
ul

se
s

1.
0

3.
5 

m
A

20
0 

H
z

10
 p

ul
se

s
0.

5
4.

0 
m

A
20

0–
40

0 
H

z

Fr
ig

er
io

 A
, H

ea
to

n 
JT

, C
av

al
la

ri 
P,

 
et

 a
l. 

[1
5]

20
15

Pa
tie

nt
s w

ith
 fa

ci
al

 
ne

rv
e 

pa
ls

y,
 N

 =
 40

Pu
ls

e 
tra

in
s w

ith
 

sh
or

te
r i

nt
er

va
ls

 
be

tw
ee

n 
th

e 
fir

st 
tw

o 
pu

ls
es

0.
4–

1
6.

2–
7.

8 
m

A
 (m

ea
n 

7.
2 

m
A

); 
id

en
tic

al
 

vo
lta

ge
 fo

r t
he

 
w

ho
le

 p
ul

se
 tr

ai
n

10
0–

15
0 

H
z

Su
rfa

ce
 e

le
ct

ro
de

s 
al

on
g 

zy
go

m
at

ic
 

br
an

ch
 o

f t
he

 
fa

ci
al

 n
er

ve

C
om

pl
et

e 
in

 5
5%

 
(2

2/
40

)
• 

2/
40

 (5
%

) p
at

ie
nt

s 
ab

or
te

d 
tri

al
 a

t 
8 

m
A

 b
ec

au
se

 o
f 

di
sc

om
fo

rt
• 

16
/2

2 
pa

tie
nt

s 
(w

hi
ch

 a
ch

ie
ve

d 
fu

ll 
ey

e 
cl

os
ur

e)
 

re
po

rte
d 

pa
in

• 
Sy

nk
in

es
is

 a
t 

12
-w

ee
k 

fo
llo

w
-

up
 re

po
rte

d 
(n

ot
 

di
re

ct
ly

 re
la

te
d 

to
 

el
ec

tri
ca

l s
tim

ul
a-

tio
n)



1973Neurological Sciences (2024) 45:1969–1977 

1 3

If a future prosthetic device were to target the orbicu-
laris oculi directly, it would be ideal to stimulate both the 
lower and the upper orbicularis oculi. The palpebral part of 
the orbicularis oculi in the lower lid plays a crucial role in 
the tear drainage system. For patients with a negative Bell 
phenomenon, stimulating the lower lid may be essential to 
minimize the risk of exposure to keratopathy.

In the design of such a prosthetic device, it should be 
considered that the palpebral part of the orbicularis oculi is 
shorter in the lower eyelid than in the upper eyelid, poten-
tially requiring less electrical stimulation for sufficient 
contraction [34]. Additionally, the tarsus lying beneath the 
orbicularis oculi in both the upper and lower eyelids could 
serve as a protective shield for the eye against repetitive 
electrical stimulation. Multiple-channel stimulation may be 
beneficial to achieve muscle contraction with minimal stimu-
lation intensity, as discussed above [22]. Studies are needed 
to assess the ideal placement sites for electrodes in humans 
and to investigate potential adverse effects.

Blink detection of the healthy side 
in closed‑loop electrical stimulation systems

For the development of an efficient closed-loop device capa-
ble of processing an output signal for stimulating the affected 
orbicularis oculi, an input signal must be acquired. As pre-
viously described, this signal is typically obtained from the 
healthy orbicularis oculi muscle. One common method for 
detecting orbicularis oculi activity from the healthy eye is 
electromyography (EMG). EMG registers muscle activation 
before movement, which is crucial for rapid signal processing 
and inducing muscle stimulation to the contralateral orbicu-
laris oculi [14, 21, 23, 27, 28, 35]. However, the activity of 
other muscles, such as the frontalis, masseter, and zygomatic 
muscles involved in smiling or chewing, can cause interfer-
ences in the EMG signal of the orbicularis oculi muscle [26, 
28]. This interference could lead to artificially induced syn-
kinesis, resulting in unintended eye blinking during chewing 
or laughing [28].

To address this issue in their closed-loop system, Frigerio 
et al. developed a software that considers not only orbicularis 
oculi EMG, but also EMG signals from the zygomaticus and 
masseter muscles, thereby helping to reduce these unwanted 
triggers [11, 28]. Consequently, when zygomatic or masseter 
activity is present without corresponding orbicularis oculi 
activity, no stimulation signal output for the contralateral side 
is computed. Additionally, Frigerio et al. incorporated a rest-
ing interval after each stimulus [11, 28]. They found that plac-
ing electrodes for EMG of the orbicularis oculi in a supero-
nasal position yielded better recording, than supero-temporal, 
infero-nasal, or infero-temporal electrode placements [35].Ta
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Marcelli et al. devised a compact gyroscope, exploiting 
the concept that eyelid movement during blinking resembles 
a rotation with an axis through the temporal and lateral can-
thus. They affixed this gyroscope to the upper eyelid, allow-
ing for the quantification of even the slightest eyelid motion 
[10]. A closed-loop device built on this gyroscope method 
could serve as a valid alternative to EMG [10].

Further, infrared-equipped blink detection glasses were 
examined for muscle activity detection. However, the 
latency between blink detection and intended stimulation 
was deemed inadequate for achieving a synchronous eye 
blink [36]. Another approach for detecting muscle activity 
involves recording the extracellular neural action potential 
of the facial nerve. Despite its high precision, this method 
comes with the drawback of the nerve signals being 20 times 
smaller in amplitude compared to EMG signals from mus-
cles, which can pose challenges for practical use [26].

Addressing the different side effects

Pain

Despite the impaired function of the orbicularis oculi mus-
cle in facial nerve palsy, the sensory trigeminal innervation 
remains intact, and therefore, pain sensation can persist. It 
is well established that electrical stimuli can be perceived as 
painful by the recipient, with the perception of pain increas-
ing with higher amplitude levels [12, 26]. Stimulation at 
frequencies lower than 100 Hz tends to be more painful 
than at frequencies above 100 Hz [10, 11]. Additionally, 
single-pulse stimulation has been described as more painful 
than pulse-train stimulation, which could be attributed to the 
lower stimulation intensity required to induce eye closure in 
pulse-train stimulation [10]. Pain perception can be reduced 
by optimizing stimulation settings for eliciting eye closure 
and applying the lowest possible stimulus intensity.

To date, reported pain levels for electrical orbicularis 
oculi stimulation on a pain scale have ranged between 3 
(± 1.7 SD) and 4.3 (± 2.6 SD) on a scale of 1 (no pain) to 9 
(severe pain) [12, 13]. These sensations have been more accu-
rately described as discomfort rather than pain. In a study by 
Frigerio et al. patients reported a pain score between 2–4 on 
a scale of 0 (no pain) and 10 (severe pain) [15].

Synkinesis

Physiotherapist commonly employ early muscle activa-
tion techniques to prevent synkinesis in patients with facial 
nerve palsy [37, 38]. However, concerns have been raised 
regarding whether electrical stimulation of the orbicularis 
oculi muscle may induce synkinesis, leading to involuntary 
contraction of the levator muscle [12]. There is one study 

that reported the absence of synkinetic movements following 
repeated electrical stimulation of the eyelid over a period of 
up to 3 months [39]. Nonetheless, no randomized controlled 
studies study the development of synkinesis after electrical 
stimulation; therefore, further studies are required.

Further considerations of repetitive electrical 
orbicularis oculi stimulation

In the context of repetitive electrical stimulation, it is impor-
tant to consider that this may not only induce muscle con-
traction but also potentially lead to vasoconstriction [40]. 
Additionally, strong electric fields have the potential to cause 
cell membrane damage or activate blood platelets, although 
Brinton et al. found no evidence of damage at low levels of 
20 and 150 V [40]. They also noted that tissue heating due to 
electrical stimulation remained below 1 °C at the electrode 
site, making it unlikely to induce vasoconstriction [40]. How-
ever, it is important to note that this was studied for a short 
duration of less than 30 min [40].

Given the thin nature of the eyelid, it is necessary to assess 
whether repetitive electrical stimulation could result in direct 
eye damage, such as corneal burns or scarring leading to eye-
lid malposition. Furthermore, it should be explored whether 
adjusting the stimulation parameters during night time, pos-
sibly using a low-intensity stimulation, is necessary. The 
potential side effects of prolonged electrical stimulation of 
the orbicularis oculi muscle in humans have not been compre-
hensively assessed, underscoring the need for further studies.

Which patients should be targeted 
for electrical stimulation?

Patients deemed suitable candidates for eyelid reanimation via 
electrical stimulation require an intact orbicularis oculi muscle. 
There is available data indicating that early initiation of electri-
cal stimulation in denervated quadriceps muscles in humans 
results in more pronounced clinically relevant improvements in 
muscle function. Nevertheless, even patients with long-stand-
ing or complete quadriceps denervation have demonstrated 
some degree of functional improvement following electrical 
stimulation, albeit to a lesser extent [17]. However, it has not 
yet been established whether these findings are applicable to 
electrical stimulation of the orbicularis muscle, as no rand-
omized controlled studies in humans have investigated the 
response to varying degrees of muscle denervation.

In animal models, higher electrical stimulation intensity has 
been reported in partially denervated orbicularis oculi mus-
cles compared to those with normal innervation [19]. Among 
human subjects, there is a trend indicating that the orbicularis 
oculi muscle responds to electrical stimulation even in cases 
of severe denervation, although the response may be more 



1975Neurological Sciences (2024) 45:1969–1977 

1 3

pronounced in milder denervation as opposed to severe dener-
vation [13]. Nonetheless, the same study found no response to 
electrical stimulation in completely denervated muscles [13].

The findings mentioned above may imply that patients with 
longstanding facial palsy may potentially benefit from elec-
trical stimulation. However, given the possibility of a more 
favorable response of the orbicularis oculi muscle to electrical 
stimulation in cases of mild denervation compared to severe 
denervation [13], it is essential to investigate whether the early 
commencement of electrical stimulation following facial nerve 
palsy might be advantageous in the context of orbicularis oculi 
reanimation. Further studies are necessary to validate these 
observations and to examine the criteria for selecting patients 
for electrical stimulation of the orbicularis oculi muscle.

Conclusion

Electrical stimulation of orbicularis oculi muscle is a prom-
ising tool in the treatment of facial nerve palsy already 
widely investigated in non-clinical papers. These studies 
show the feasibility of electrical stimulation in humans, 
showing the potential for restoring orbicularis oculi mus-
cle function [10–15]. Presently, there is no readily available 
portable device designed for electrical stimulation of the 
orbicularis oculi muscle in humans. Such a portable device 
holds the potential to obviate the need for surgical interven-
tion and enhance the quality of life for affected patients. 
The objective of this review is to provide a comprehensive 
overview of the current research as a foundation to move the 

knowledge from bench to bedside and develop a portable 
electrical stimulation device for the orbicularis oculi muscle 
for patients suffering from facial palsy (Fig. 1).

Patients with milder degrees of denervation may 
derive greater benefits from an electrical stimulation 
device than those with severe denervation [13]. How-
ever, there is a lack of randomized controlled studies 
delineating which patients are most suitable for electri-
cal stimulation. An effective portable device should pos-
sess the capability to synchronize stimulation with the 
contralateral healthy side to achieve a natural-looking 
eyeblink [10, 11, 14, 23, 26–28, 35]. Synchronization 
could be accomplished through EMG measurements 
of the orbicularis oculi muscle, while accounting for 
potential interference from other facial muscles [11, 14, 
26–28, 35]. The input signal from the healthy side must 
be swiftly processed to generate an immediate output 
stimulus for the affected orbicularis oculi muscle, with 
a latency of less than 33 ms, as this duration appears to 
be the threshold for human recognition of facial asym-
metry [15, 30, 31].

Despite promising outcomes in current studies, additional 
research is imperative to establish safety parameters, deter-
mine optimal current settings and their effects, as well as 
assess potential side effects. The tolerability and refinement 
of ongoing electrical stimulation, employing the lowest fea-
sible current, must be evaluated in human subjects. Further 
adjustments of stimulation settings are required to account 
for interindividual or intraindividual variations due to fac-
tors such as swelling, ischemia, atrophy, or variations during 

Fig. 1  Visualization of a portable future closed-loop electrical stimu-
lation device for patients with facial nerve palsy. Stimulus input sig-
nal can be recorded with EMG from the healthy side. Signal process-

ing and electrical stimulation output generation should be processed 
in less than 33 ms. The output current should contain pulse train stim-
ulation with a dynamic interval
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sleep, as well as the reduction of stimulation intensity in 
patients experiencing progressive facial nerve recovery. Sub-
sequent research efforts are necessary to expand our under-
standing of electrode stimulation and define device speci-
fications, including electrode placement, input and output 
signal processing, and the prevention of potential side effects 
associated with electrode stimulation therapy.

Author contribution KC and ES had the idea for the article. ES per-
formed the literature search and data analysis and drafted the work. 
KC critically revised the work. All authors read and approved the 
final manuscript.

Funding Open access funding provided by University of Zurich

Declarations 

Ethical approval None.

Conflict of interest The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article's Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http:// creat iveco mmons. 
org/ licen ses/ by/4. 0/.

References

 1. Rahman I, Sadiq SA (2007) Ophthalmic management of facial 
nerve palsy: a review. Surv Ophthalmol 52:121–144. https:// doi. 
org/ 10. 1016/j. survo phthal. 2006. 12. 009

 2. Jackson CG, von Doersten PG (1999) The facial nerve: current 
trends in diagnosis, treatment, an rehabilitation. Otolaryngol 
Internist 83:179–195. https:// doi. org/ 10. 1007/ 978-3- 540- 33039-
4_ 47

 3. Ferris J, Easty DL (1998) Basic sciences in ophthalmology: a 
self assessment text. Wiley

 4. Tong J, Lopez MJ, Patel BC (2023) Anatomy, head and neck: 
eye orbicularis oculi muscle. In: StatPearls [Internet]. StatPearls 
Publishing, Treasure Island (FL)

 5. Luijmes RE, Pouwels S, Beurskens CHG et al (2017) Quality of 
life before and after different treatment modalities in peripheral 
facial palsy: a systematic review. Laryngoscope 127:1044–1051. 
https:// doi. org/ 10. 1002/ lary. 26356

 6. Hohman MH, Hadlock TA (2014) Etiology, diagnosis, and man-
agement of facial palsy: 2000 patients at a facial nerve center. 
Laryngoscope 124. https:// doi. org/ 10. 1002/ lary. 24542

 7. Bascom DA, Schaitkin BM, May M, Klein S (2001) Facial nerve 
repair: a retrospective review. Facial Plast Surg 16:309–313. 
https:// doi. org/ 10. 1055/s- 2000- 15545

 8. Grogan PM, Gronseth GS (2001) Practice parameter: steroids, 
acyclovir, and surgery for Bell’s palsy (an evidence-based review): 
report of the quality standards subcommittee of the American 
Academy of Neurology. Neurology 56:830–836. https:// doi. org/ 
10. 1212/ WNL. 56.7. 830

 9. Frey M, Giovanoli P, Tzou CHJ et al (2004) Dynamic reconstruc-
tion of eye closure by muscle transposition or functional muscle 
transplantation in facial palsy. Plast Reconstr Surg 114:865–875. 
https:// doi. org/ 10. 1097/ 01. PRS. 00001 33028. 02303. 16

 10. Marcelli E, Cavallari P, Frigerio A et al (2013) A new gyro-based 
method for quantifying eyelid motion. Int J Artif Organs 36:195–
202. https:// doi. org/ 10. 5301/ ijao. 50001 78

 11. Frigerio A, Cavallari P (2012) A closed-loop stimulation system 
supplemented with motoneurone dynamic sensitivity replicates 
natural eye blinks. Otolaryngol - Head Neck Surg 146:230–233. 
https:// doi. org/ 10. 1177/ 01945 99811 427255

 12. Ilves M, Lylykangas J, Rantanen V et al (2019) Facial muscle acti-
vations by functional electrical stimulation. Biomed Signal Process 
Control 48:248–254. https:// doi. org/ 10. 1016/j. bspc. 2018. 10. 015

 13. Mäkelä E, Venesvirta H, Ilves M et al (2019) Facial muscle rean-
imation by transcutaneous electrical stimulation for peripheral 
facial nerve palsy. J Med Eng Technol 43:155–164. https:// doi. 
org/ 10. 1080/ 03091 902. 2019. 16374 70

 14. McDonnall D, Guillory KS, Gossman MD (2009) Restoration of 
blink in facial paralysis patients using FES. 2009 4th Int IEEE/
EMBS Conf Neural Eng NER 09:76–79. https:// doi. org/ 10. 1109/ 
NER. 2009. 51092 38

 15. Frigerio A, Heaton JT, Cavallari P et al (2015) Electrical stimula-
tion of eye blink in individuals with acute facial palsy: progress 
toward a bionic blink. Plast Reconstr Surg 136:515e–523e. https:// 
doi. org/ 10. 1097/ PRS. 00000 00000 001639

 16. Eberstein A, Eberstein S (1996) Electrical stimulation of dener-
vated muscle: is it worthwhile? Med Sci Sport Exerc 28:1463–
1469. https:// doi. org/ 10. 1097/ 00005 768- 19961 2000- 00004

 17. Kern H, Carraro U, Adami N et al (2010) One year of home-based 
daily FES in complete lower motor neuron paraplegia: recovery of 
tetanic contractility drives the structural improvements of dener-
vated muscle. Neurol Res 32:5–12. https:// doi. org/ 10. 1179/ 17431 
3209X 385644

 18. Salmons S, Ashley Z, Sutherland H et al (2005) Functional electri-
cal stimulation of denervated muscles: basic issues. Artif Organs 
29:199–202. https:// doi. org/ 10. 1111/j. 1525- 1594. 2005. 29034.x

 19. Sachs NA, Chang EL, Vyas N et al (2007) Electrical stimulation 
of the paralyzed orbicularis oculi in rabbit. IEEE Trans Neural 
Syst Rehabil Eng 15:67–75. https:// doi. org/ 10. 1109/ TNSRE. 2007. 
891372

 20. Sachs NA, Chang EL, Weiland JD (2006) Kinematics of electri-
cally elicited eyelid movement. Annu Int Conf IEEE Eng Med Biol 
- Proc 2380–2383. https:// doi. org/ 10. 1109/ IEMBS. 2006. 260312

 21. Zhang Y, Li K, Jin C et al (2015) Electrical stimulation char-
acteristics of denervated orbicularis oculi muscle. Neurol Sci 
36:1379–1386. https:// doi. org/ 10. 1007/ s10072- 015- 2123-3

 22. Somia NN, Zonnevijlle ED, Stremel RW et al (2001) Multi-chan-
nel orbicularis oculi stimulation to restore eye-blink function in 
facial paralysis. Microsurgery 21:264–270. https:// doi. org/ 10. 
1002/ micr. 1050

 23. Attiah MA, de Vries J, Richardson AG, Lucas TH (2017) A rodent 
model of dynamic facial reanimation using functional electrical 
stimulation. Front Neurosci 11:1–8. https:// doi. org/ 10. 3389/ fnins. 
2017. 00193

 24. Zhang Y, Li KY, Jin C et al (2014) Comparative studies on the 
implantation of nano platinum black and pure platinum electrodes 
in the rabbit orbicularis oculi muscle. J Laryngol Otol 755:679–
689. https:// doi. org/ 10. 1017/ S0022 21511 40015 58

 25. Jie T, Zhiqiang G, Guodong F et al (2016) The effective stimu-
lating pulse for restoration of blink function in unilateral facial 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.survophthal.2006.12.009
https://doi.org/10.1016/j.survophthal.2006.12.009
https://doi.org/10.1007/978-3-540-33039-4_47
https://doi.org/10.1007/978-3-540-33039-4_47
https://doi.org/10.1002/lary.26356
https://doi.org/10.1002/lary.24542
https://doi.org/10.1055/s-2000-15545
https://doi.org/10.1212/WNL.56.7.830
https://doi.org/10.1212/WNL.56.7.830
https://doi.org/10.1097/01.PRS.0000133028.02303.16
https://doi.org/10.5301/ijao.5000178
https://doi.org/10.1177/0194599811427255
https://doi.org/10.1016/j.bspc.2018.10.015
https://doi.org/10.1080/03091902.2019.1637470
https://doi.org/10.1080/03091902.2019.1637470
https://doi.org/10.1109/NER.2009.5109238
https://doi.org/10.1109/NER.2009.5109238
https://doi.org/10.1097/PRS.0000000000001639
https://doi.org/10.1097/PRS.0000000000001639
https://doi.org/10.1097/00005768-199612000-00004
https://doi.org/10.1179/174313209X385644
https://doi.org/10.1179/174313209X385644
https://doi.org/10.1111/j.1525-1594.2005.29034.x
https://doi.org/10.1109/TNSRE.2007.891372
https://doi.org/10.1109/TNSRE.2007.891372
https://doi.org/10.1109/IEMBS.2006.260312
https://doi.org/10.1007/s10072-015-2123-3
https://doi.org/10.1002/micr.1050
https://doi.org/10.1002/micr.1050
https://doi.org/10.3389/fnins.2017.00193
https://doi.org/10.3389/fnins.2017.00193
https://doi.org/10.1017/S0022215114001558


1977Neurological Sciences (2024) 45:1969–1977 

1 3

nerve paralysis rabbits, verified by a simple FES system. Eur Arch 
Oto-Rhino-Laryngology 273:2959–2964. https:// doi. org/ 10. 1007/ 
s00405- 015- 3884-2

 26. Chen K, Chen TC, Cockerham K, Liu W (2009) Closed-loop eye-
lid reanimation system with real-time blink detection and elec-
trochemical stimulation for facial nerve paralysis. Proc - IEEE 
Int Symp Circuits Syst 549–552. https:// doi. org/ 10. 1109/ ISCAS. 
2009. 51178 07

 27. Rantanen V, Vehkaoja A, Verho J et al (2016) (2016) Prosthetic 
pacing device for unilateral facial paralysis. Proc XIV Mediterr 
Conf Med Biol Eng Comput 57:647–652. https:// doi. org/ 10. 1007/ 
978-3- 319- 32703-7_ 126

 28. Frigerio A, Brenna S, Cavallari P (2013) Surface electromyo-
graphy recording of spontaneous eyeblinks: applications in neu-
roprosthetics. Otolaryngol - Head Neck Surg (United States) 
148:209–214. https:// doi. org/ 10. 1177/ 01945 99812 469352

 29. Bobrov A, Batulin D, Shoferystov S et al (2021) Implantable 
closed-loop system for restoration of blinking in case of unilateral 
facial nerve paralysis. J Int Adv Otol 17:438–445. https:// doi. org/ 
10. 5152/ iao. 2021. 21109

 30. Hohman MH, Kim SW, Heller ES et al (2014) Determining the 
threshold for asymmetry detection in facial expressions. Laryngo-
scope 124:860–865. https:// doi. org/ 10. 1002/ lary. 24331. Deter mining

 31. Kim SW, Heller ES, Hohman MH et al (2013) The effect of side-
to-side movement timing asymmetry on the perception of dynamic 
facial movement naturalness. AMA Facial Plast Surg 15:411–416. 
https:// doi. org/ 10. 1001/ jamaf acial. 2013. 1227. The

 32. Evinger C, Manning KA, Sibony PA (1991) Eyelid movements: mech-
anisms and normal data. Investig Ophthalmol Vis Sci 32:387–400

 33. Deng S, Yi X, Xin P et al (2012) Myoelectric signals of levator 
palpebrae superioris as a trigger for FES to restore the paralyzed 

eyelid. Med Hypotheses 78:559–561. https:// doi. org/ 10. 1016/j. 
mehy. 2011. 12. 010

 34. Costin BR, Sakolsatayadorn N, McNutt SA et al (2014) Dimen-
sions and anatomic variations of the orbicularis oculi muscle in 
nonpreserved, fresh-frozen human cadavers. Ophthalmic Plast 
Reconstr Surg 30:198–200. https:// doi. org/ 10. 1097/ IOP. 00000 
00000 000027

 35. Frigerio A, Cavallari P, Frigeni M et al (2014) Surface electro-
myographic mapping of the orbicularis oculi muscle for real-time 
blink detection. JAMA Facial Plast Surg 16:335–342. https:// doi. 
org/ 10. 1001/ jamaf acial. 2014. 283

 36. Frigerio A, Hadlock TA, Murray EH, Heaton JT (2014) Infrared-
based blink-detecting glasses for facial pacing. JAMA Facial Plast 
Surg 16:211–218. https:// doi. org/ 10. 1001/ jamaf acial. 2014.1

 37. Pourmomeny AA, Zadmehre H, Mirshamsi M, Mahmodi Z (2014) 
Prevention of synkinesis by biofeedback therapy: a randomized 
clinical trial. Otol Neurotol 35:739–742. https:// doi. org/ 10. 1097/ 
MAO. 00000 00000 000217

 38. Fujiwara K, Furuta Y, Yamamoto N et al (2018) Factors affecting 
the effect of physical rehabilitation therapy for synkinesis as a 
sequela to facial nerve palsy. Auris Nasus Larynx 45:732–739. 
https:// doi. org/ 10. 1016/j. anl. 2017. 10. 003

 39. Alakram P, Puckree T (2010) Effects of electrical stimulation on 
House-Brackmann scores in early bells palsy. Physiother Theory 
Pract 26:160–166. https:// doi. org/ 10. 3109/ 09593 98090 28863 39

 40. Brinton M, Mandel Y, Schachar I, Palanker D (2018) Mecha-
nisms of electrical vasoconstriction. J Neuroeng Rehabil 15:1–10. 
https:// doi. org/ 10. 1186/ s12984- 018- 0390-y

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00405-015-3884-2
https://doi.org/10.1007/s00405-015-3884-2
https://doi.org/10.1109/ISCAS.2009.5117807
https://doi.org/10.1109/ISCAS.2009.5117807
https://doi.org/10.1007/978-3-319-32703-7_126
https://doi.org/10.1007/978-3-319-32703-7_126
https://doi.org/10.1177/0194599812469352
https://doi.org/10.5152/iao.2021.21109
https://doi.org/10.5152/iao.2021.21109
https://doi.org/10.1002/lary.24331.Determining
https://doi.org/10.1001/jamafacial.2013.1227.The
https://doi.org/10.1016/j.mehy.2011.12.010
https://doi.org/10.1016/j.mehy.2011.12.010
https://doi.org/10.1097/IOP.0000000000000027
https://doi.org/10.1097/IOP.0000000000000027
https://doi.org/10.1001/jamafacial.2014.283
https://doi.org/10.1001/jamafacial.2014.283
https://doi.org/10.1001/jamafacial.2014.1
https://doi.org/10.1097/MAO.0000000000000217
https://doi.org/10.1097/MAO.0000000000000217
https://doi.org/10.1016/j.anl.2017.10.003
https://doi.org/10.3109/09593980902886339
https://doi.org/10.1186/s12984-018-0390-y

	Future treatment options for facial nerve palsy: a review on electrical stimulation devices for the orbicularis oculi muscle
	Abstract
	Introduction
	Method of literature search
	How to achieve an eye blink in facial nerve palsy using electrical stimulation with a closed-loop system device in human subjects
	How can electrical stimulation of the orbicularis oculi muscle induce eye closure in human subjects?
	Electrical stimulation settings needed to induce sufficient eye closure of the orbicularis oculi muscle
	Electrode placement for orbicularis oculi muscle stimulation

	Blink detection of the healthy side in closed-loop electrical stimulation systems
	Addressing the different side effects
	Pain
	Synkinesis
	Further considerations of repetitive electrical orbicularis oculi stimulation

	Which patients should be targeted for electrical stimulation?
	Conclusion
	References


