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Clinical features of disruption in reciprocal
inhibition of facial muscles-antagonists as
justification for application of rehabilitation
programs in patients with long-standing
Bell’s palsy
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Abstract. Objective. To identify disruption in reciprocal inhibition of facial muscles-antagonists as
possible cause for their simultaneous co-contractions during spontaneous and voluntary mimetic
movements in patients with long-standing Bell’s palsy and to justify the application of rehabilitation
programs in the process of recovery for such patients. Methods. To analyze the dynamics of co-
contractions in muscle pairs m.levator palpebrae superioris-m.orbicularis oculi pars palpebralis,
m.frontalis-m.orbicularis oculi pars orbitalis and mm.zygomatici-m.depressor anguli oris et m.mentalis.
To investigate disruption of reciprocal inhibition of m.levator palpebrae superioris as a possible
contributor to the forming of ocular-oral synkinesis. Results. Disruption of reciprocal inhibition of
m.levator palpebrae superioris during spontaneous blinking and voluntary eye closure in patients
with long-standing Bell’s palsy causes over-amplification of contraction signals from the motor
cortex in the direction of m.orbicularis oculi pars palpebralis and often results in incomplete closure
of eye fissure. This disruption probably also contributes to the forming of ocular-oral synkinesis.
Keywords: Bell’s palsy, facial palsy complications, facial synkinesis, facial muscles, reciprocal
inhibition

KniHiyHi 0cOGIMBOCTI NOpYLUEHHS PELUNPOKHOro rasibMyBaHHS JIMLbOBUX
M’93iB-aHTaroHicTiB K OOrPYHTYBaHHS AJI9 3aCTOCYBaHHSA nNporpam peab6initauii
nauieTiB 3 gaBHIM HeBigHOBMIEHUM napaJsniyem benna

O. Mawos’, i. )XXapoBa?

'Crystal Touch Bell’s Palsy clinic, PotTrepaam, HinepnaHan
°HaujoHanbHuin yHiBepcuTeT disMYHOro BUXOBaHHS i cnopTy YkpaiHu, Kuis, YkpaiHa

Pe3iome. MeTta. Bu3aHauynTtn NOPyLUEHHS B PELMNPOKHOMY rasibMyBaHHI INLLbOBUX M’A3iB-
aHTaroHICTIB K MOXJIMBY MPUYMHY iXHIX CRiNIbHUX CKOPOYeHb Nif, 4ac CMOHTAHHUX Ta BiSlbHUX
MiMIYHMX PYXiB Y NaLieHTIB 3 HEMOBHICTIO BiAHOBNEHUM napaniyem benna, Ta o6rpyHTyBaTh
3acToCcyBaHHSA Nporpam peabinitauji B npoueci BiAHOBNEHHS Taknux nauieHTiB. MeToauw.
lMpoaHanisyBaTy ANMHAMIKY CRiIbHUX CKOPOYEHb Y napax M’a3iB: M’a3 — niginMay BepxHbOi

NoBikM — KOJIOBUIA M’A3 Ooka (NOBikOBa YacTuHa), T060BUIA M’A3 — KONOBUN M’A3 OKa (OYHOSIMKOBA
4acTuHA) | BUINYHUI M’a3 — M’3 — onyckad KyTa poTa i nigbopigHnin m’a3. Jocnigutn nopyLweHHs
pPeunnpoKHOro rasibMyBaHHS M’si3a — MigHIMa4ya BEPXHbOT MOBIKM K MOXJ/IMBOrO ¢akTopa,

wo cnpusie GopMyBaHHIO NOBIKO-rybHOI CiHKiHe3ii. Pe3ysibTatu. MopyLlleHHs peumnpokHOro
rafbMyBaHHA M’a3a — NigHiMavya BEPXHbOI MOBIKM MPU CMOHTAHHOMY MOPraHHi i J0BiSIbBHOMY
3anJIloLyBaHHI O4en y NauieHTiB 3 HEMOBHICTIO BiAHOBEHUM NapaniyemMm benna Buknvkae HagMipHe
MOCUJIEHHSA CKOPOYYBaslbHUX CUTHANIB Bif, KOPW FOSI0BHOIrO MO3KY B HanpsiMKy KONIOBOIrO M’s3a
(NOBIKOBOT YaCTUHW) | 4aCTO NMPU3BOANTbL A0 HEMOBHOIMO 3aKPUTTHA OYHOI LWLINVHW. Lle nopyLueHHs,
MMOBIPHO, TakoX crnpusie GOpPMyBaHHIO NOBIKO-ryOHOI CUHKIHESII.

Knroyosi cnoBa: napaniy benna, HEBPUT NNLBOBOIO HEPBA, CMHKIHESIT, MIMiIYHI M’A3M,
peumnpoOKHe rasbMyBaHHS
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KnuHnyeckmne ocoGeHHOCTU HapyLUEeHUS PeLUNnpPoOKHOro TOPMOXEHUS JINLEBbIX
MbILLLL-aHTaroHUCTOB KaKk 060CHOBaHUEe AJi NPUMEHEHUs NporpaMm peaounutauum
NawuMeHTOB C AaBHUM HEBOCCTaHOBJIEHHbIM napanuyom benna

A. Mawos’, U. XXaposa?

'Crystal Touch Bell’s Palsy clinic, Pottepaam, Huoepnangpl
°HauunoHasnbHbIN yHMBEPCUTET GU3NYECKOro BOCNMUTaHUS 1 cnopTta YkpauHbl, Knes, YkpanHa

Pesiome. Llesib. Onpenenntb HapyLleHne PeLUnpoOKHOro TOPMOXEHUS JINLLEBBLIX MbILLILL-
AHTarOHNCTOB KaK BO3MOXHYIO MNPUYMHY UX COBMECTHbIX COKPAaLLEHUI MPU CMOHTaHHbIX

1 MPON3BOJIbHbIX MUMUYECKNX OBUXKEHUSAX Y NALMEHTOB C HEMOJIHOCTbIO BOCCTAHOB/IEHHbLIM
napannyom benna n 060cHOBaTbL NPUMEHEHNE NpOrpaMm peadbunutaumm B NpoLecce
BOCCTaHOBJIEHUS Takmx naumeHToB. Metoasl. MNpoaHann3npoBaTtb ANHAMUKY COBMECTHbIX
COKpaLLLeHUI B Mapax MbilL: MbilLa, NOAHMMAOLLLAA BEPXHEE BEKO — KPYroBas MblllLa rniasa
(BekoBas 4acTb), NOOHaa MbllLa — KPyroBas Mbillua rnasa (rnasdHmyHas 4acTb) M CKyOBble
MbILLLbI — MbILLILIA, OMNycKalowas yron pTa n noadbopoaoyHas Melwua. Viccnenosatb HapylleHue
PELMMPOKHOr0 TOPMOXEHMUST MblLLLbI, MOOHMMAIOLLEN BEPXHEE BEKO, Kak BOSMOXHOro ¢akropa,
cogencTaylowero GopmM1MpoBaHnNio BEKO-IyOHOM CUHKMHE3UW. Pe3ybTaTtsl. HapylieHne
PEUMNPOKHOIO TOPMOXEHMUS MbILLLbI, MOAHMMAIOLWEN BEPXHEE BEKO, MNPV CIOHTAHHOM MOPraHum
1 NPON3BOJIbHOM 3aKPbITUN F1a3a y NaunMeHTOB C HEMOJIHOCTbIO BOCCTAHOBJIEHHBIM Mapannyom
Benna BbI3blBaeT Ype3MEPHOE YCUNIEHNE COKPATUTESNbHbBIX CUTHANOB OT KOPbI FOJIOBHOMO MO3ra

CrioptuBHa meavumvHa i ¢isnyHa peabinitauis, Ne 1, 2019

B HarnpasJ/iEHNN KPYrOBOW MbILLbI rNa3a (BEKOBOW 4aCTW) U H4acTo NPUBOANUT K HEMOIHOMY
3aKpbITUIO MNa3HOoM Wenn. ITO HapyLleHne, BEPOSTHO, Takke cnocobeTByeT GOPMUMPOBAHMIO

BEKO-rybHOW CUHKNHE3UN.

KnioueBbie csoBa: napanuy benna, HEBpUT NNLIEBOrO HEPBA, CUHKUHE3NU, MUMUYECKMNE MbILLILIbI,

pPeLmnpPoKHOE TOPMOXEHne

Introduction

Despite that idiopathic peripheral neuropathy
of facial nerve (Bell’s palsy) is the second most
common disorder of peripheral nervous system,
the mechanisms of forming of complications after
long-standing Bell’s palsy remain mostly unclear.
One of the most common complications of Bell's
palsy as well as other peripheral facial palsies of
various etiologies is facial synkinesis [1, 12].

At present, there are several theories about
possible causes of facial synkinesis.

e Nuclear hyperexcitability [9]

e Ephaptic transmission [15]

e Aberrant regeneration of facial nerve [8]

Without going into detail of those theories, in
this article we will analyze one of the aspects of
disruption in normal functioning of facial muscles,
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Fig. 1 — Scheme of reciprocal inhibition of muscle-antagonist
by contraction of muscle-agonist [16]

namely a disruption of reciprocal inhibition of mi-
metic muscles-antagonists during long recovery af-
ter Bell’s palsy and deviations from natural mimetic
patterns related to this irregularity.

Reciprocal inhibition is the automatic antago-
nist alpha motor neuron inhibition which is evoked
by contraction of the agonist muscle. This so-
called natural reciprocal inhibition is a ubiquitous
and pronounced phenomenon in man and must be
suspected of playing a major role in the control of
voluntary movements [4, 5].

We should note that the research of recipro-
cal inhibition till now had focused on studies of
skeletal muscles that have muscle spindles, which
provide sensory feedback and participate in pro-
prioception. Studies of mimetic proprioception and
respectively of reciprocal inhibition of facial mus-
cles up till now did not attract many researchers.
Probably, the reason is that this object is rather
challenging to study on animal models, and that
disruptions of facial movements after peripheral
neuropathies of facial nerve, although represent a
huge aesthetic problem for the patients, do not
nevertheless present any immediate danger to gen-
eral health or to life of such patients [7].

This article is aimed at giving a start to the
study of this issue and attracting attention of re-
searchers to the necessity of deeper and more
detailed studies of mechanisms of mimetic pro-
prioception, as well as of the problems related to
disruption of natural mimetic patterns in patients
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with long-standing Bell’s palsy. The idea behind
suggested additional studies is to improve our un-
derstanding of deep-rooted causes of Bell’s palsy
complications and to search for optimal, efficient
and economical methods of rehabilitation that will
allow to achieve long-lasting improvements of pa-
tients’ facial movements and of their quality of life.

Background

While analyzing the neurological tests (photos
of 13 standard facial expressions) of patients who
approached Crystal Touch clinic for rehabilitation of
residuals and complications of long-standing Bell’s
palsy, we observed that in most cases, along with

the “classical” manifestations — synkinesis and
contractures of facial muscles, there are also pres-
ent simultaneous co-contractions of facial muscles
in pairs agonist-antagonist. Particularly, in pairs
m.levator palpebrae superioris — m.orbicularis
oculi pars palpebralis, m.frontalis — m.orbicularis
oculs pars orbitalis and mm.zygomatici — m.dep-
ressor anguli oris et m.mentalis.

For example, when the patient tries to smile,
together with his mm.zygomaatici (major et mi-
nor) will also simultaneously contract their antago-
nist — m.depressor anguli oris and partly — chin
muscle (m.mentalis). As a result of the opposition

Fig. 2 — Dimples in the
chin and immobile mouth
corner during attempt of
broad smile. Green arrows
show contraction vectors
of zygomatic muscles, blue
arrows show contraction
vectors of m.depr.anguli
oris and certain fibers of
m.mentalis.

Fig. 3 — Disruption of
reciprocal inhibition of
m.frontalis during eye
squinting. Blue arrows
show force vectors of
m.frontalis, green arrows
show contraction vectors
of m.orbicularis oculi pars
orbitalis.



of muscles-antagonists, lateral excursion of the
mouth corner in such patients is very limited, if
at all. At the same time, resulting from static ten-
sion of m.depressor anguli oris and of chin muscle
(m.mentalis), some dimples will form in the chin
on the affected side from contractions of certain
fibers of respective muscles.

Another example. As the patient tries to squint
her eyes, together with orbital part of m.orbicularis
oculi, involuntarily contracts also its antagonist —
frontal muscle. Force vectors of these muscles
compensate each other, which results in the eye-
brow either remaining static or even elevate a little.
Result — the eye does not squint, although the up-
per eyelid usually fully closes (except severe cases
with insufficient reinnervation of the palpebral part
of m.orbicularis oculi).

Fig. 4 — Affected eye closed
with Bell’s phenomenon and
eyelid deformation

Fig. 5 — Eye closed volun-
tarily (red arrows show Bell’s
phenomenon and ocular-oral
synkinesis) and “Look down”
test (green arrows show

) . + . Looking down
absence of irregularities) Sl J

J i Eyes closed
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Discussion

Let us consider in more detail possible forming
mechanism for suchlike disruption of normal mi-
metic patterns on an example of the pair m./evator
palpebrae superioris — m.orbicularis oculi pars
palpebralis.

During blinking or voluntary eye closure in many
patients with long-standing Bell’s palsy, we can ob-
serve incomplete closure of eye fissure, which is
accompanied by Bell’s phenomenon — involuntary
rollup of the eyeball. Along with this, we have ob-
served that on the affected side, the upper eyelid
undergoes characteristic deformation in the attach-
ment area of m.levator palpebrae superioris and
there also remains a fold in the upper eyelid, which
we do not observe on the healthy side when eyes
are closed.
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al £
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* Looking down Eyes closed
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Fig. 6 — NCS and Synkinetic Correlation test for m.orbicularis oculi (healthy subject)

At the same time, when we did the mimetic test
“Look down” with most of the same patients, their
upper eyelid would descend symmetrically with
the healthy side, without deformation and without
forming the asymmetric fold.

The analysis of this phenomenon allowed us to sug-
gest that in these patients develops an impairment of re-
laxation reflex for m.levator palpebrae superioris in case
of voluntary eye closure, whereas the same reflex remains
intact in case of looking down, allowing the upper eyelid
to follow the eyeball downward without any difficulty and
without eyelid deformation or Bel’'s phenomenon. Evi-
dently, in the case of eye closure, initiation of reciprocal
inhibition involves neural circuits of facial nerve (n.facialis,
CN Vi), and in the case of looking down — neural cir-
cuits of oculomotor nerve (n.oculomotoris, CN /l), where
muscle that lifts the upper eyelid (m.levator palpebrae
supeiroris) belongs [8, 14].

Results of Nerve Conduction Study [2, 3, 6, 9,
10] of m.orbicularis oculiin majority of our patients
with long-standing Bell’s palsy usually demonstrate
considerable recovery of its innervation — from 70
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to 95% compared to the healthy side. Considering
that upper eyelid is small in size, in such cases
the downward force generated by palpebral part of
m.orbicularis oculi should be more than sufficient
to fully close the eye fissure, provided that there is
no external resistance.

Results of Crystal Touch Synkinetic Correlation
test [10] demonstrate that to close the eye or to
blink the patient with long-standing Bell’s palsy ex-
erts 2-3 times more efforts by circular muscle of
the eye compared to his healthy side, or compared
to the same test conducted for healthy subjects.
Despite high level of tension in the circular muscle
of the eye (m.orbicularis oculi), eye fissure clo-
sure on the affected side in such patients is often
incomplete, Bell’s phenomenon is often observed
and ocular-oral synkinesis is practically always
present.

Further analysis of the data from instrumental
measurements and pictures of neurological tests
(13 standard facial expressions) allowed us to con-
clude that the most probable cause of incomplete



eye fissure closure during voluntary eye closure and
blinking is the disruption of reciprocal inhibition
of m.levator palpebrae superioris (antagonist of
m.orbicularis oculi pars palpebralis). Under normal
functioning of reciprocal inhibition, once the muscle-
agonist contracts, the muscle-antagonist reflexively
relaxes from inhibitory signals arriving via its motor
nerve. To provide execution of this mechanism, cor-
responding neural circuits of CNS are engaged.

In cases of long-standing Bell’s palsy, as
soon as the patient attempts to blink or to close
the eye voluntarily, together with contraction of
m.orbicularis oculi pars palpebralis which closes
the upper eyelid, also contracts m.levator palpe-
brae superioris which is trying to open the upper
eyelid at the same time, thus resisting the intended
facial movement. The mechanism of mimetic pro-
prioceptive feedback results in increase of con-
traction signal generated by motor cortex in the di-
rection of the muscle that c/oses the upper eyelid.
At the same time involuntarily occurs an increase
in contraction force of the muscle that opens the
upper eyelid and so on. Finally, the efforts by
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both antagonists reach (sub)maximal values that
fully or partly compensate each other. Resulting
closure of eye fissure may be complete or incom-
plete, depending on the impairment level of recip-
rocal inhibition of m.levator palpebrae superioris
in particular patient, and on reinnervation level of
m.orbicularis oculi pars palpebralis.

Practically in all patients with long-standing
Bell’s palsy we observe ocular-oral synkinesis of
various intensities which manifests itself during
blinking or voluntary eye closure [1]. From our
point of view, this synkinesis may be regarded as
a kind of “side effect” of disruption in reciprocal
inhibition of m./levator palpebrae superioris.

In our opinion, the forming mechanism of synki-
nesis can be described as follows.

1. While generating mimetic contraction signals
of maximal intensity under the conditions of im-
paired reciprocal inhibition of antagonist muscle
that resists intended movement, the area of motor
cortex corresponding to the muscle-agonist reach-
es high level of excitation. This excitation may
spread to the adjacent areas that are responsible
for functioning of other facial muscles [13].

) 4 : : . : 72 76 80 | |M-wave parameters
Nerve Conduction study - m.orb.oculi (stimulation) -
- : - ' » ms Y., 1mv ¥ Ampl.: | negative peak ¥ Latency: bypeak ¥ Area: negati|
; Long-standing Bell's palsy patient (female 40 yrs) o e
G + * + * + % - + + + + + - + * + - + N Stimulation site Disy Lat, SN norm, | dev., By
mm ms mV o % ms
10 mA, 0.2 ms, 1 Hz 2 s 2 . %
L 3 right, Orbiculans oculi, Facialis, Nucln.facalis 3 tight, Ovbicutarts pcull, Facislls, Nuckn faciells
: " Healthy side 1 0 57 08 20 -61.0 63
SR Healthy side . .- . . . .. I R 1 0 s8 11 20 (\N) 73
left, Orbicularis oculi, Facialis, Nucl.n.facialis
E] 30 mA, 0.2 ms, 1 Hz 4 o 50 o8 20 -60.1 53
) A J 3 . . X ) . . , . , naht Orbiculans oculi, Facialis, Y"lud n.l§c:al|s A , 6 0 59 09 20 -559 97
Healthy side
. a M-wave amplitude
[« T . . 10mAO2ms 1Hz - P 1
left, Orbicularis oculi, Facialis, Nacln!aualls 12
Affected side > =
Affected side S E 1
208
[ 205
6 Ij\ 30 mA, 0.2 ms, 1 Hz 5 i
left, Orbicularis oculi, Facialis, Nucknfacialis . + 04
Affected side 0.2
; A ’ 0
1 2 3 4
) 5 a8 Turn-amplity
Long standlng Bell S palsy patlent (female 40 yr) g 7 | lumamolinge snahss
200ms v 200uV v Max ki Mean Total Mean Ampl/ Toace
+ : Trace ampl.,, Is(i:v ampl, ampl, freq, freq, R
Amm-‘ﬂ !
2ch1] lef, Orbiculans ocull, Facialss, Nucln.faciahis L R CVALYE L (s
. - oy . lz,cm 126 0562 436 91 210 0207 |Eyesclosed
P e Ss 2,ch2 221 594 145 244 0243 Eyesclosed
Activity of m.orb.oculi with eyes closed Eyes closed 3ch1151 0611 (444 B0 180 0246 Biinking (rhythmical
|3¢h2 280 637 144 226 0281 Blinking (rhythmical)
{202 “JWWM‘\ et Zyg’)mar cus, Facialis, Nucln facialis Tumn- amplnude analysis (250 ms)
eft | 2,500
| Crystal Touch Synkmetlc Correlatlon test [[ycsc.m .
3 5 2
*j’gr ok slantiihad ......‘ g
- left, Orbnfulal s ocull, Facialis, Nucln 1a ialis' g 1.500
) Ieﬁ g
\ \ /' f e
Blinl u..; (thythmical) . a8
Activity of m.orb.oculi with rhythmical blinking =
32 o atsea bbbl uim.a..m.l* 500
St left Zygomaticus, Facialis, Nucln facialis p
et 1 olomematmpntites © 00 |

' ' ’ 155 0 -
Blinking r'\(hmrnv

0 200 400 600 800 1000 1200
Turns frequency. 1/s

|.|.|‘.

Fig. 7 — NCS and Synkinetic Correlation test for m.orbicularis oculi (long-standing Bell's palsy patient)
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2. With two antagonists “wrestling” for the
management of the upper eyelid, some “parasite”
contraction signals may be generated by those
newly-excited motor cortex areas in the direction
of zygomatic muscles.

3. Contraction of these muscles results in
twitching of the mouth corner when the patient
blinks or closes the eyes.

It is remarkable that if the patient looks down
or closes his eyelid with a finger, there are no
synkinetic contractions of zygomatic muscles ob-
served, even if later the finger is removed and the
upper eyelid remains in a closed position. Some-
times, after the closing finger is removed, the up-
per eyelid begins to open involuntarily from the
residual tension in m.levator palpebrae superioris.
Synkinetic contractions of zygomatic muscles in
such case occur only if the patient exerts voluntary
efforts to keep the upper eyelid closed.

Conclusions

In the course of long recovery, due to count-
less repetitions of eye blinking, the above-described
mechanism gradually consolidates. It transforms
from voluntary into an involuntary, automatic form,
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