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,2 

Donald A. Ranney ' 

The phenomenon or mis-reinne rvation 
was reponed in leprosy fo r the first time in 
an earlier report (9). This mi sdirectio n of 
regenerating axons was noted, chiefly in the 
racial nerve, by a number of investiga tors 
following Bell's pal sy (1 2. 1.1) in inflammation 
due to a nearby focus o f infecti on (1) and 
following trauma ( J. 10). While there is no 
rea so n to think that mi s-reinner va ti on 
should not occur in leprosy, nevertheless, 
since this had neve r been repo rted , the evi
dence for it was unexpected . The evidence 
noted was voluntary co-contraction of phy
siologically unrelated muscles see n 21 times 
in 16 of 22 patients , and 7 co-cont ractions 
associated with the reflex act of blinking 
(blink bursts) in mu scles which are not nor
mally activated by the blink reflex. The 
abundance of this evidence made us wonder 
how such an apparently common phenome
non could have escaped recogniti on ror so 
long (Fig. I). 

It was postulated in o ur article that pos
sibly this is not so common and the preva
lence was unusually high because the pa
tients in t~is series were special cases: all 
with a n established paralys is of more than 
two years' dura ti on and all with seve re 
enough paralys is to require temporalis 
transre r. Consequent ly, a new stud y wa s 
undertaken to det ermine the prevalence of 
mis-reinnervati on in a ll patients admitted 
for whatever reason to the department of 
reconstructi ve surgery at this hospital. 

MATE RI ALS AND METHODS 

During the J3 month period, 7 December 
1971 to 8 January 1973, 770 patients were 
adm itted ei ther for trophic ulcer trea tment 
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or for reconstructive surge ry. Each patient 
was subjected to a th orough medical assess
ment for the purpose of det ermining the 
presence a nd nalUre of deformities. Seven
teen patien ts with facial paral ysis and / or 
paresis were detected. 5 unila teral and 12 
bi lateral. providing a towl or 29 face halves 
to be studied . One patienl wa s female. Their 
ages ra nged from 25 to 65 with an ave rage 
age of 43 yea rs. The duratio n of paralysis 
ranged from 4 days to 18 ye:lrs wi th an aver· 
age of 6.25 years. The classification of the 
17 patients was 4 lepromatous, 12 border· 
line and I IUberculoid. None of them had a 
rece nt history of reactio n involving the fa
cial ne rve. 

In ull cuses, the m. frontali s a centimeter 
.Ibove the ce nter of the eyebrow, the m. or· 
bicularis ocul i of both lid s near the cente r 
of each lid margin, and the m. levator labi i 
superi o ri s just above the naso·labial fold 
were studied using a Medlec MS3R 2-chan
nel elect romyograph machine and concentric 
needle electrodes. As in our ea rlier study, 
a si ngle insertion technic or muscle sampling 
was employed, and the needle was moved 
ubout deep to the skin to make sure that it 
was in the desired muscle. This wa s particu
larly important in cases showing no activity. 

The pars orbita l is wa s not deliberately 
studied but when co--con tractions were de· 
tected o n needling the m. frontali s it wa s 
necessary to determine whether they were 
being picked up from fronta lis or from the 
pars o rbital is of upper lid orbicularis oculi , 
and abnormal fi nd ings in the laller a lso we re 
recorded. These were distinguished from m. 
frontali s activity ei ther by s imultaneous 
cli nically evident downward movement of 
the eyebrow or by the radically different na
ture of the sound and wave form rrom th ose 
of vol untary m. frontali s uctivi ty. In the low
er lid the pars orbitalis was also explored 
in those cases with clinically apparent blink 
bursts (or volunta ry co-cont raction s). but not 
routinely. 

RESULTS 

The gene ral pattern of elect romyographic 
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FIG. I. An unusual but highly instructive case of mis-rein nervation o\'cr a long dislllllce (no. in I he 
series). 

A. Eyes open. 
B. Eyes genl ly closed. Righi eye is unable to: instead there is ipsilateral menta lis contraction. 
C. Tight closure increases mentalis activity. 
D. Lower fadal pllresis is apparent on the right . 
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activity in the 29 face hal ves studied IS shown 
in Table I. The highest numbe r of incom· 
plete patterns occu rred in the lower lid and 
the lowest number in the upper lid . Of all 
muscles studied. the upper lid had the high· 
est prevalence of complete paralysis (13 of 
29). but only six. lower lid s were completely 
paralyzed. In the upper lid vo luntary co· 
co ntractio ns were limited to the less effective 
pars orbi tali s whereas in the lower lid six. of 
the voluntary c(K:ontractions seen were in 
the lid portion (pars palpebralis). 

Of the 17 patient s s tudied. six (35%) 
showed electromyographic evidence of mis· 
rei nnervation. This was clinically appa rent 
in only four. Eigh t of the 29 nerves (28%) 
supp lied muscles in which 14 volunta ry co· 

L.L.S." Upper lid Lo\\cr lid L.L. S. .. 
O. oris •• 
O.od!> .. • , 

O. oculi • 

O. ocuti .. , 

.. , 

contractions in the form of one o r two tri· 
or biphasic motor unit potentia ls and I I 
blink bursts took place. Nei ther of these phe· 
nomena occurred in the fronta lis muscle. By 
definition. blink activi ty in the m. orbicularis 
oculi can only be considered abnormal (i.e .. 
a blink burst) if it occurs in the pars orbi· 
talis. which under normal circumstances is 
under voluntary control only. Hence. blink 
burst activity can only be ascribed. in the 
case of this muscle. to the pars o rbita l is. 

Only one "twitch" occurred elect romyo· 
graphically. Three were seen clinically but. 
on electrical study. two revea led themselves 
to be blink bursts. The third was a conti nu· 
ous low pitched 40 microvo lt potential in the 
lower lid not rela ted to blink activity or any 
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apparent activi ty or olher muscles. Th is ill
creased in amplitude [0 60 microvolts on ac
tivati ng the m. \cv:\to r labii superioris. but. 
as no tonic activity could be demonstrated 
in Ihe lall er muscle between episodes o f 
voluntary activity. this motor unit potential 
has not been listed as a vo luntary co-contrac
tion . Fibrillation potentials a nd gia nt motor 
unilS were not seen in thi s se ries. 

Table 2 shows the so urce of misdirected 
axons respo nsible for abn ormal muscle con
tractions. The upper lid was mi s-rcin nervat
cd in fo ur insta nces by nerves whi c h nor
mally supply the levator labii superioris. The 
same was true of the lower lid , but two of 
the lowe r lid s mi s-rcinncrvated as above, 
a lso received nerve fibers from other 
sources, name ly nerves to the m. frontalis 
in o ne instance and o rbicularis om In the 
other. The levator labii supe rioris was mis· 
rei nnervated in two instances from above by 
nerves to the m. orbicularis oculi and in an· 
other two from below by those of the m. or
bicularis oris (Fig. 2). 

The refl ex co nt ract io ns (blink bursts) 
listed in Table 2 had as their source nerves 
to the pars palpebralis of m. orbicula ris ocu
li. Therefore. blink bursts noted in the lid s 
were in each instance clinically visi ble con
tractions in the pars orbitalis co nfirmed elcc
tromyographica ll y to coincide wit h pars pal
pebralis co ntractions in t he same lid. 

DISCUSSION 

As in o ur previous stud y (9), the upper 
lid was more co mpletely paralyzed than the 
lower. This statement refers to the neuro
logica l status and is of inte rest with respect 
to the pathogenesis of the nerve lesion . Clin
ically a gravity-assis ted upper lid closes 
much more effectively than a lower lid with 
one o r two mo to r units working against 
gravi ty. This distincti on needs to be made 
quite clearly in view of the stateme nts in the 
literat ure that the lower lid is more often 
affected (l. 1). Even afte r electromyogra phic 
studies, some workers have stated that the 
upper lid is more severely para lyzed ( 2. 7). 
In this series wi th on ly two upper and two 
lower lids showing a normal EMG pattern 
the upper and lower lids were equally af
fected . 

The lower lid was less often completely 
para lYl..ed, but the degree of muscle activity 
remai ning was not enough to give the lower 
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FtG. 2. Diagrammatic summation of all evi
dence of mis-reinnerva tion in eight facial nerves. 

lid a clear functional advantage over the 
upper. It is difficult to assess the functional 
va lue of the ext ra motor unit s available due 
to mis·reinnervation. While in this series the 
functiona l effect of lower lid activi ty was 
not u nder investiga t io n, it is commo nly 
noted by those t reating lagophthalmos that 
paralysis o r paresis of the lower lid is func
tionally more important and clinica lly more 
appare nt. However. o ur interest here is in 
the patho logic process taking place in the 
facial nerve and it is ch iefly in this rega rd 
that there is a significant diffe rence between 
those fibers su ppl yi ng the upper lid and 
Ihose supplying the lower. Of the 27 affected 
upper lid s. 13 had no activity in the site ex
plo red compared with 6 with ' no activity in 
the same nu mber of affected lower lids. 

It is in this co ntex t that the origin of vo l
untary co-contraclions, chiefly from nerves 
sup plying muscles more inferiorly situated 
is importanl (Fig. 2). Eleven of the co-con
trac ti ons were associated with activity of 
mo re inferiorly situated muscles, suggesting 
that t he nerves s upplying the se muscles 
were hea lthy e nough to se nd axo ns into 
other denervated, or possi bly partially de
nerva ted muscles . The abi lity to do so is 
pro bllbly related to the usually less frequent 
invo lvement of lower branches. commonly 
noted in leprous neuritis. But, for this phe
nomenon to occur at all, some pa thological 
process must be at work in the nerves which 
are themselves the source of supply- some 
interruption in their course . Weiss (I.) has 
shown that in nerve tissue cu lture. guida nce 
factors have, or a t least ca n have. an effect 
in direcling regenerating nons. Thi s is ap-
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parent in vivo in nerves sutured fo ll owing 
trauma. The same mechani sm may be opera
ti ve here as a result of infiammal ion a nd re
sullnn! intersti tial fibrosis . 

Of course. this docs' not mea n that humor
al facto rs a f C not also at work. such as nerve 
growth factor. Such a substance may be 
similar to the nerve growth faclor described 
by Lcvi-Montalcini and her co-workers (4.6). 
The importance of humo ra l facto rs in nerve 
regeneration is now well recognized ( ~ ). 

Sperry, following studies of optic nerve re
generation in the adult goldfish. suggests 
that s uch a factor "could be ut ilized for 
guiding the respective fiber types into their 
se parate proper chan nels at eac h of the nu
merous forks or decision poi nts which they 
e nco unter as th ey make their way back 
through what essentially amounts to a mul· 
tiple Y maze of possi ble p,Hhways'" (II). 
Perhaps the guidance of sca r ti ssue is suffi· 
cient explanation, but if humoral facto rs are 
presen!, possi bly originating in denervated 
muscle and poss ibly with "infiltrat ion ove r 
a considerable range, perhaps in a gradien t 
fashion" as suggested by Ham burger (4). 
the high preva lence of mis-reinnervation can 
be more readily understood. 

The fact that m. frontalis did not exhibit 
vol untary co-contraction may be due to a 
greater degree of destruction of nerve path· 
ways in the upper branches of the facial 
nerve, although such activity was reported 
to a limited degree in our ea rl ier series. Ana
tomical factors and the relative remoteness 
of the m. frontalis from a relatively health
ier source of nerve su pply may be important, 
but as Figure I dem onstrates mis-reinnerva
tion ca n occasionally occu r over long dis· 
tances. 

Of the lids, the lower lid . with mis-rei n
nervation even from the m. frontalis and the 
m. orbicu laris oris. seemed to get a better 
opportunity for partial recovery by the pro· 
cess of mis.reinnervation (Fig. 2). The func
tional va lue of this ma y not be great but it 
must help a little, particularly as it occurred 
in all six cases in the lid portion of the m. 
orbicu laris oculi rather than entirely in the 
pars orbitalis as was the case with the upper 
lid . And if the pars o rbitalis of the lower lid 
had been explored in all cases. as it was in 
the upper lid. it is likely that a few more 
potentials would ha ve been detected. 

Teasdall and Salman (I l ) noted in Bell's 

palsy that misdirection ofa xons occurs more 
often from above down than in the reverse 
direction . In our series, lilt hough the re was 
abundan t exchange ofaxons in bot h direc· 
tions, the levator labii su perio ris received 
the largest number of misdirected axons of 
the four muscles slUdied . Most of these were 
from above and often resulted in blink burst 
activity. This misdirection of regenerating 
nerves of the m. orbicu laris oculi to the lev· 
,lI or labii superiori s represe nt s a loss of 
axons to the important eye closure mecha
nism. 

This downward loss, six blink bursts and 
two voluntary co~ontractions, is numeri
cally balanced (for what that is worth) by 
upward co ntributions responsi ble fo r eight 
vo luntary co-contractions to the m. orbicu
laris oculi from the levator labii su perioris. 
four in each lid. But . the exc hange is largely 
that of uncoordinated and inappropriate 
vo luntary activity to replace reflexly coordi· 
n<lted movement appropriate for eye closure. 
Thus, in the lid s the adva nt age gai ned by 
increased activity due to mis·reinnervation 
in one direction ma y be lost by the same 
phenomeno n occurring in the opposite di
rection . In one patient (e.g .. p,lIient 330) the 
benefits of mis-reinnervation may predomi· 
nate (Table 2) . In another. mis-rein nerva· 
tion may be harmful (e.g .. patient 11059). 
In others the adva ntages and di sad vantages 
may bal:mce each other off. with axons being 
si multaneously directed upward and down
ward . 

The pre\'alence of mis-reinne rvation as 
judged by the presence of either voluntary 
o r reflexly activated abnormal contractions 
was fo und to be high : in 35% of patients 
with facial neuriti s and 28% of all facial 
nerves with clinically apparent paresis o r 
paralysis. Since the source of these contrac· 
tions has been seen in some cases to be mis· 
directed regenerating axons that normally 
supply voluntary muscles, they may ca use 
co ntractions of a few motor units in other
wise paralyzed or partially paralyzed mus
cles simultaneously with voluntary activity 
in the muscle which they previously inner· 
vated (voluntary co.contractions). Since. a l
ternati vely, the sou rce of rei nnervation may 
be nerves which normally inducc reflex con· 
traction of the pars palpcbralis of the m. 
orbicularis oculi. contractions in the reinner
vn ted muscle may occur simultaneously with 
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Scric~ 1 21 7 
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blinking (blink bursts). Another type of si
multaneous contraction of two muscles has 
had 10 be excl uded. This is the synergistic 
activity that occurs on forceful movement. 
for example. the levator labii supcrioris Con
tracting o n forceful att empt s to close the 
eye. Thi s cou ld lead to II misdiagnosis o f 
vo luntary co-contraclio n. To exclude thi s 
possibilit y all assessment s were made with 
gentle muscle activilY only. 

The prevale nce of mis-reinnervation in 
this representat ive survey of all surgical ad
missions is not as high as in the previous se
ries. which was biased by the preselectio n 
of only those c:l ses severe enough to require 
tcmpo ral is transfe r. and in which mis-re in 
nervation was found in 73% of patien ts (Ta
ble 3). The severit y of the paralysis in the 
earlier series a lso was greater. with 35 of 108 
muscles comple tely paralyzed. as compared 
wi th 22 of 116 in this series. There was mo re 
mis-reinnerva t ion in the earlier se rie s of 
more severely affected nerves. 

It is of interest to note that the prevalence 
of facial neuriti s in the present series is 2.2% 
( 17 of 770 surgical admissions) a nd this lig
ure :lpprox imates the preva lence of fac ial 
neuriti s in le prosy patients generally (8). 
Thus. it is tempting to speculate that the 
prevalence of mis-re innerva ti on in this se ries 
may be to some degree representative of it s 
prevalence on the general patient popula
ti on. Such speculati on is probably not valid 
a nd more investigations are warranted. 

It wou ld also be of great interest to stud y 
the development of mis-rei nnervation by re
pea ted exa minat io ns of the s.1.me patient s 
from a very ea rly point in the develop ment 
o f paralysis to determi ne how long this phe
nomenon takes to occur and whethe r once 
developed it persists. 

SUMMARY 

Elect romyographic examinatio n of four 
se lected facial muscles was conducted on a ll 
patients admitted to the surgical department 
o f the Schieffelin Leprosy Research Sana to
rium ove r a 13 mont h period, who had cli n-

21 111 (67f"n 22 16 (7]{' r) 
29 8 (28%1 17 6/35C(- ) 

ical1y evident facial paresis o r paralysis. The 
high prepo ndera nce of incomplete patterns 
in the lower lid and complete paralysis in 
the up pe r lid s ugges t th at the neu ro nal 
pathways to the lo wer lid are more rece pt ive 
both to normal reinnervat ion and to inner
vation by misdi rected axons. Such mis-rein
nerva t io n is common but not necessarily 
helpful . 

RESUMEN 
Se hizo un estudio electromiogrdfico de cuatro 

musculos faciales preselccdonados a todos los pa
cientes que rueron admitidos en el departamento 
quinlrgico del Schieffdin Leprosy Research Sa
natorium durante un pcrlodo de 13 meses. que 
presentnbnn clinicamcntc evidente paresis 0 pa
nl1isis faci,, !' La aha preponderaneia de modelos 
incomple tos en el p:(rpado inferior y pa ralisis 
completa en el parpado superior sugicre que 101 
via neuronal hacia el parpado infcrior cs mds re
eeptiva la nto a 101 re-inervacidn normal como a 
la inervacidn por axones dirigidos errdneamente. 
T"I re-inervacidn errdnea es comun pero no ne
ceSll riamentc provcchosa. Seria de gran intcres 
ampliar cste tipo de estudio. 

RI'SU~{E 
Chel 10US les malades admis au dcpartement 

de chirurgie du Schieffelin Leprosy Resea rch Sa
natorium. au cours d'une reriode de 13 mois. et 
qui prcsentaicnt des signes cliniques cvidents de 
par6ic ou de paralysic facia Ie, on a proccdC ;l 
un examcn clcctromyogrnphique de quatrc mus
cles determines du visage. La dominance l'Ievce 
de profi ls de paralysie incomplete au ni\'eau de 
III I~vre infcrieure. el de paralysie complhe till ni
ve:l u de la Ihre supcrieure, sugghe que Ie traeC 
que sui\'ent les nturones pou r 'Ilteindre la lcvrc 
inferieure est plus rcccptif ~ la fois !I la reinner
valion normale et A l'innervation par des axones 
ega res. Une telle "mis-reinnervation" est habi
tuelle mais pas necessai rcment bCnefique. 
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