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Summary This study aimed to determine the parameters necessary for a study of 
stapedial reflexes in leprosy patients to ascertain if the facial nerve is involved more 
proximally than the stylomastoid foramen. It involved leprosy patients with and 
without facial nerve involvement and non-leprosy controls. Clinical examination 
of the patients' ears, a tympanogram and audiogram to exclude conductive and 
sensorineural deafness, followed by the measurement of a stapedial reflex and the 
acoustic reflex threshold, were carried out. The number of absent reflexes and 
the acoustic reflex thresholds did not differ between the three groups of subjects. A 
definitive study would be logistically impossible. Suggestions are made as to more 
exact patient selection in order to demonstrate any stapedial reflex changes due 
to leprosy. The findings of this study do not suggest that facial nerve pathology 

extends proximally to the stylomastoid foramen, unless such proximal involvement 
is subclinical to the detection methods used. 

Leprosy is a disease that affects the skin, the peripheral nervous system and the upper 
respiratory tract. 1 ,2 Measurable peripheral neuropathy occurs in about one-third of leprosy 
cases? Nerves most commonly involved are superficial dermal nerve twigs, cutaneous 
nerves, nerve trunks in the limbs and the trigeminal and facial cranial nerves.4 Classical 
understanding of neuropathy in leprosy holds that there are ' sites of predilection' of nerve 
involvement. These sites are generally cool in temperature or where nerves are subject to 
stress from mechanical shearing near joints or points at which swollen nerves are compressed 
by osseo-ligamentous tunnels.5-7 Recently, investigators have questioned whether nerve 
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involvement is limited to these sites of predilection.6,8 Turkof et al. 8 ,9 showed via intra­
operative spinal root stimulation that lesions of the ulnar and median nerves were far more 
proximal than macroscopic nerve thickening suggested. In addition, the phenomenon of 
involuntary co-contraction of facial muscles after facial nerve palsy points to the proximal 
involvement of the facial nerve with mis-reinnervation. Many people with a recovered facial 
palsy from leprosy elevate their upper lip on gentle eye closure.6, !O, 1 1  This implies that 
regenerating axons of the zygomatic branch now innervate the buccal branches because the 
latter had degenerated back as far as the main facial nerve trunk.6 Does the leprous lesion 
extend even more proximally? 

Facial paralysis (present in 4- 1 0% leprosy cases6, !O- 1 2) is thought to be due to bacterial 
invasion of the extracranial branches of the facial nerve by M. leprae. 1 3  It is not known 
whether the intracranial portion of the nerve is involved prior to its emergence from the 
stylomastoid foramen. Were it involved at this level, an ascending infection of the facial 
nerve would most likely be responsible. Alternatively, as leprosy is a disease involving 
the upper respiratory tract and its mucosa, there is a potential conduit for the M. leprae into 
the middle ear through the eustachian tube. 

The stapedial reflex has been described as a topographical marker to help delineate the 
site of a lower motor neuron facial nerve palsy. 14 Absent acoustic reflexes or elevated 
thresholds have been reported in non-leprosy patients with unilateral facial nerve paralysis 
with a presumed viral aetiology, I S  so-called Bell ' s  palsy. We predicted that if there were 
intracranial involvement of the facial nerve in leprosy, the acoustic reflexes would be 
elevated or absent in leprosy patients with facial nerve palsy, whereas they would be normal 
in people with leprosy but no facial palsy and normal in controls. 

This pilot study was undertaken to assess the feasibility of setting up a study to test this 
hypothesis. 

Materials and methods 

The nerve to the stapedius muscle is the first branch of the facial nerve after the genu and the 
second last branch prior to the exit of the nerve from the cranium. 16 Unlike other intracranial 
branches of the facial nerve, its integrity is easily measured, via the multisynaptic acoustic 
reflex (Figure 1 ) .  This reflex is protective, occurring when the ear is exposed to loud sound. 
The afferent pathway is via the vestibulocochlear nerve and efferent nerve fibres are from the 
facial branch to the stapedius muscle. The afferent pathway synapses on both ipsilateral and 
contralateral nuclei in the brainstem; thus stimulation of one ear results in efferent activation 
in both ears . Upon stimulation, the stapedius muscle contracts, stiffening the stapedial tendon, 
which in tum limits the movement of the stapes and dampens the conductance of loud sounds 
from the middle to the inner ear. The acoustic reflex provides simple access to the proximal 
portion of the facial nerve. The reflex is determined by administering suprathreshold tones to 
the ear and measuring the change in compliance of the middle ear. For the ipsilateral reflex, 
the test signal and the response are measured in the same ear. A probe tip is inserted into the 
test ear, the right ear in the example in Figure 1 .  A microphone in the probe sends a series 
of pure tone signals at octave intervals from 250 to 4000 Hz into the right ear. The intensity of 
the signal is increased from 0 decibels hearing level (dB HL) until the same probe detects 
a change in volume of the external auditory canal. This is usually at 85-95 dB HL. The 
change in volume reflects the contraction of the stapedius muscle as it pulls on the ossicular 
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Figure 1. Schematic diagram of the neuronal pathways for ipsilateral and contralateral 
acoustic reflexes. 
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chain, displacing the tympanic membrane and thus changing the dimensions of the middle 
ear. The volume of the canal is a surrogate for the change in compliance of the tympanic 
membrane, the true reflection of the integrity of the stapedius muscle and its innervation. 
For the contralateral reflex of the right ear, pure tones are delivered to the right ear via a 
headphone and the probe tip measures the reflex contractions in the left ear. In this study 
ipsilateral and contralateral reflexes were taken from subjects if they had normal hearing and 
normal tympanograms in both ears. 

Before testing the stapedial reflex as a topographical marker of a facial nerve lesion, 
it was important to delineate factors that could confound our results. In one study of 
audiovestibular status in persons affected by leprosy in India, 8% of subjects had absent 
or elevated reflexes, but no mention was made of facial nerve involvement or hearing 
impairmentY Hearing impairment from conductive (external or middle ear), cochlear or 
vestibulocochlear nerve pathology can result in absent reflexes or elevated reflex thresh­
olds.15 The prevalence of hearing impairment in the people of Nepal over 5 years of age is 
17%.18 There are reports of middle ear pathology and resultant conductive hearing loss in 
leprosy.17,19 Cochlear deafness in leprosy has also been described.2o The prevalence of 
hearing loss in the leprosy population has been reported to be as high as 44_82%;17,19,20 this 
variability can be explained by differences in study sample size, selection and definition 
of hearing loss. Leprologists do not normally consider hearing loss to be a clinical issue; 
nevertheless, these studies suggest the leprosy population is more frequently hearing 
impaired than the normal population. We questioned whether we could obtain enough 
subjects from our leprosy population who had facial nerve palsy but were not hearing 
impaired. Reference data on normal acoustic reflex thresholds for Nepalis are unavailable. 
Western literature reports normal acoustic reflex thresholds between 80 and 90 dB HL 
(decibel hearing level) for activator signals 250, 500, 1000,2000 and 4000 HZ.15 Elevated or 
abnormal thresholds are considered by some to be above 95 dB HL for pure tones between 
250 and 2000 Hz and above 100 dB HL for 4000 Hz, 15,21 while others state that abnormal 
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thresholds are those above 100 dB HL across all frequencies. 15 These studies do not mention 
the racial makeup of their subject groups .  Nepalis may not share the same stapedial nerve 
reflex profile of the people in the reported studies. We therefore conducted a study which 
would: 1 )  document the yield of subjects who had leprosy and normal hearing, 2) provide 
some information on normal acoustic reflex thresholds in Nepalese controls and 3) test the 
use of the acoustic reflex as an indicator of proximal facial nerve pathology. 

Subjects 

Subjects with leprosy were recruited from the inpatient population at Green Pastures 
Hospital, a regional leprosy treatment facility in Pokhara, Nepal. Control subjects were 
recruited from visitors and the support staff at the Western Regional Hospital, Pokhara. 

Subjects with facial nerve palsy were selected on the basis of voluntary muscle testing 
(VMT) and chart review. Severity of facial nerve palsy in all five extra cranial branches of the 
facial nerve was documented prior to audiometric testing. All subjects underwent screening 
for ear pathology by the participating otolaryngologist. Controls were admitted to the study 
only if both ears were healthy. Leprosy subjects were admitted to the study if they had at least 
one healthy ear. This was because the pool of subjects for leprosy patients was more limited 
and yet it was possible to obtain a portion of the acoustic reflex data with one ear only . The 
criteria for entering only one ear to the study were as follows. If there was a unilateral hearing 
loss and an abnormal tympanogram in one ear, but normal hearing and a normal tympano­
gram in the other ear, only an ipsilateral reflex from this 'good' ear was possible. If the first 
ear had a hearing loss but a normal tympanogram and the other ear had normal hearing and a 
normal tympanogram (good ear) then ipsilateral and contralateral reflexes were taken from 
the 'good ear' . The contralateral reflex only requires normal hearing in the ear receiving the 
pure tone signal and normal middle ear and facial nerve function in the opposite ear. Pure tone 
audiometry was carried out on each subject and the pure tone average obtained (the average 
of thresholds at 500, 1000 and 2000 Hz) .  

There is no universal definition of  normal hearing. Jerger22 defined normal hearing 
as pure tone thresholds at or below 20 dB HL between 500 and 8000 Hz, while most 
classification systems define hearing loss as thresholds greater than 25 dB HL.23 Subjects 
were included if the tested ear had a pure tone average below 26 dB HL. Tympanograms 
and acoustic reflex thresholds were then obtained for qualifying ears . Ears were disqualified 
if they had abnormal tympanograms. Ipsilateral and contralateral reflexes were obtained for 
pure tone signals at 250, 500, 1000 and 2000 Hz. These stimuli produce acoustic reflex 
thresholds that do not change with age. 1 5  

Pure tone audiometry was conducted in  a sound treated room that met American National 
Standards Institute (ANSI) standards for acceptable ambient noise levels as measured by a 
Breuel and Kjaer sound level meter.24 Tympanometry and acoustic reflex testing was carried 
out on an Interacoustics AZ 26 Impedence Audiometer. Pure tone audiometry was conducted 
with an AC4 Kamplex Clinical Audiometer with Audiocups earphones .  Both audiometers 
were certified as calibrated by an Interacoustics service technician prior to the study. The 
automatic mode was used for tympanometry and reflex testing, since the investigator 
conducting the audiometric tests could not be blinded to subject group. Increments of 1 dB 
were used for reflex testing. Reflex records were reviewed later by the otolaryngologist 
blinded to subject group. 
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Results 

Seventeen subjects with facial palsy due to leprosy were recruited, eight (47%) of whom 
qualified with one or both ears normal. Of these eight subjects, 1 2  ears gave 1 2  valid ipsi­
lateral reflex measurements and 1 1  valid contralateral measurement. Of those with leprosy 
alone, 49 people were recruited but only 17 subjects (35%) qualified, rendering 3 1  ipsilateral 
and 29 contralateral reflex measurements. Of the 62 controls recruited, 27 (44%) qualified 
with two healthy ears, that is 52 ears with 52 ipsilateral and 52 contralateral reflex measure­
ments. All three groups were comparable in age and sex distribution (Tables 1 and 2). 
Seventy-one percent of the subjects were male and 29% female. Age ranged from 16  to 57 
years. The median age was 37 years. 

Of the 27 subjects who had leprosy, eight had lepromatous leprosy (LL), six had 
borderline lepromatous leprosy (BL), nine had borderline tuberculoid leprosy (BT) and 
two had borderline borderline leprosy (BB) .  The distribution of leprosy type between the 
leprosy subjects with and without facial nerve involvement is shown in Table 3. Leprosy 
subjects had a median history of 4 years and the range was from 0·5 to 40 years. 

All the acoustic reflex and threshold results were analysed by a medical statistician and 
subjected to parametric and non parametric testing, but Chi-square and Kruskal-Wallis 
values are not presented, as the study was a pilot one and the sample size was inadequate 
for any definitive results or trends to be valid. The median pure tone average for each group 
is listed in Table 4. The median acoustic reflex thresholds did not appear to differ much 
between the three groups.  However, there was a tendency for thresholds to be slightly lower 
in the facial palsy group (Table 5) .  Variances about the mean in the leprosy groups were 
large. Absent reflexes occurred in all subject groups but were not significantly absent in any 
one group. 

Table 1. Sex distribution by subject group 

Female 
Male 
Totals 

Leprosy and facial palsy 

I 
7 
8 

Leprosy only 

4 
1 3  
1 7  

Controls 

1 0  
17  
27 

Table 2. Age distribution by subject group 

Leprosy and facial palsy 

Leprosy and facial palsy 
Leprosy only 
Controls 

Median age (years) range 

42 ( 1 7-55) 
35 ( 1 6-57) 
35 ( 1 6-57) 

Total 

1 5  
3 7  
5 2  



Stapedial reflex and facial nerve involvement 329 

Table 3. Distribution of leprosy type between subject groups 

Leprosy type Leprosy and facial palsy Leprosy only Total 

BT 4 5 9 
BB 1 I 2 
BL 2 4 6 
LL I 7 8 
Total 8 1 7  25 

Discussion 

In this small pilot study, an absent reflex in leprosy patients with facial palsy was no more 
likely than in those with no facial nerve palsy or in those without leprosy. Furthermore, 
acoustic reflexes were not elevated in the facial nerve palsy group when compared to leprosy 
alone or to controls .  Type of leprosy did not influence threshold values .  While the numbers of 
reflexes in the groups were small and variances were large, the results were consistent across 
frequency and method (ipsilateral or contralateral stimulation) . Even in ears rejected from 
the study, there was no difference in absent reflexes between the two leprosy groups and the 
qualifying controls, despite hearing loss. Due to the phenomenon of mis-reinnervation we 
presume that leprosy involves the facial nerve up to its main trunk.6, 1 O, 1 l  The results from 
this study suggest that facial nerve pathology may end distal to the stylomastoid foramen. The 
warmer temperature within the temporal bone may not be hospitable to M. leprae?5-27 
However, in a previous study of biopsies of non-functioning facial nerve from leprosy 
patients with irreversible facial nerve palsies, we have established that there are large numbers 
of unmyelinated axons, often in regeneration clusters. This finding was evenly distributed 
throughout the facial nerve branches and between the fascicles. This was seen as possible 
evidence of proximal compression of the nerve trunk?8 If this is the case, we thought we 

might find absent or elevated thresholds for stapedial reflexes in such patients .  Recently a 
dermatologist in Brazil, managing 10  leprosy patients with an acute facial patch in reversal 
reaction with minimal or no facial nerve paralysis, used magnetic resonance imaging (MRI) 
to delineate the lesions more accurately. As an incidental finding, the intratemporal portion 
of the facial nerve on the facial patch involved side, was noted to be irregularly thickened. 
This was interpreted as oedema of the nerve and the patients started on steroids to prevent 
facial nerve palsy (personal communication, Jane Yamashita, Brazil) .  This supports our 
hypothesis of possible compression neuropathy in the facial nerve biopsies� This oedema 
could be in those extracranial fascicles of the facial nerve affected by leprosy, but not 
involving the intratemporal branches of the facial nerve. So whilst this pilot study did 

Table 4. Median pure tone averages for each subject group (n = sample size of ears) 

Pure tone average, dB HL 

Leprosy and facial palsy 

(n = 1 2) 

1 7  

Leprosy only 

(n = 3 1 )  

1 5  

Controls 

(n = 52) 

1 2  
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Table 5. Median acoustic reflex thresholds for each stimulus frequency across subject groups (n = sample size 
of ears) 

Hz Ipsi 500 Ipsi 1 000 Ipsi 2000 Contra 500 Contra 1 000 Contra 2000 

Leprosy and facial palsy 98·0 98·0 109·5 1 0 1 ·0 94·0 97·0 
(n = 1 2) (n = 12) (n = 1 2) (n = 1 1 ) (n = 1 1 ) (n = 1 1 ) 

Leprosy only 1 02·0 1 00·5 1 10·0 1 02·5 97·0 97·5 
(n = 3 1 )  (n = 30) (n = 29) (n = 30) (n = 30) (n = 30) 

Controls 1 03·0 1 02·0 1 1 0·0 102·0 99·0 1 00·0 
(n = 50) (n = 52) (n = 5 1 )  ( n  = 5 1 )  ( n  = 5 1 )  ( n  = 49) 

not indicate a consistent intratemporal specific facial nerve deficit, it remains extremely likely 
that leprous neuropathology could cause an intratemporal compression neuropathy and thus 
be implicated in the more severe types of total facial nerve palsy. 

Less than half the facial palsy subjects qualified for this study on the basis of abnormal 
external and middle ear anatomy, abnormal tympanometry or abnormal hearing. Our results 
are consistent with the 44% prevalence rate of hearing loss in persons affected by leprosy 
found by Mann et al. 20 Of the few studies of cochleo-vestibular function in leprosy patients 
some demonstrate a mild sensorineural hearing loss (of the order of 16-60 dB hearing loss) in 
44-60% of lepromatous patients . n,20 One recent small study showed no hearing loss in 19  
lepromatous patients.29 The former studies also suggest that i t  is the cochlear portion of  the 
eighth nerve that is involved and not the vestibular apparatus .  

Two recent studies of auditory brain stem evoked potentials in leprosy patients suggest 
a lesion between the cochlear and the lateral lemniscus in the auditory brain stem path­
way,z9,30 We noted a difference of 10 dB between the ipsilateral and contralateral stapedial 
reflex thresholds at 2000 Hz. The difference, however, was that the ipsilateral threshold was 
10 dB higher than the contralateral, whilst the expected finding would be no difference or a 
small (2-5 dB) higher contralateral threshold. 15 Again, the variance is large, so this may 
not be the correct interpretation. This finding provides no evidence to refute or support a 
lower midbrain leprous pathology. 

Controls were excluded for abnormal tympanic membranes, abnormal tympanometry 
or hearing loss. The rejection rate for our controls was 56%. This is over 3 times the reported 
national average for hearing impairment. 1 8  We believe one reason for this was that when 
people who thought they might have a hearing problem found out about our study, they 
volunteered so that they could have quick and free access to testing. 

While this was not a normative study on acoustic reflex thresholds in Nepalese people, the 
thresholds obtained were, in most cases, above normal values reported in the literature. 1 5,3 1  

This may b e  related to the automatic testing mode used, a s  the stimulus tone may have been 
rising while the reflex was initiated and thus the reflex was given at a higher threshold than 
may have been recorded manually. Alternatively, it may reflect a racial or environmental 
effect of life in Nepal. 

Testing of the stapedial branch of the facial nerve in leprosy has not been previously 
reported. The acoustic reflex test is a simple, non-invasive method for accessing this intra­
temporal branch of the facial nerve. The greater petrosal and chorda tympani branches, whilst 
amenable to quantifiable testing (Schirmer test, salivary flow test and electrogustometry), I 
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fail to differentiate between an intratemporal o r  a n  end organ aetiology for any abnormal 
findings in the case of leprosy. None of our patients reported aguesia, nor did we attempt to 
test for any taste loss. We have previously, seen two patients with catastrophic facial nerve 
palsy reporting diminished taste sensibility. 

Little clinical attention is paid to hearing loss in leprosy, as it is presumed that leprosy 
does not affect cranial nerves intracranially?O Our results show mild deafness to be a 
problem in approximately 50% of persons affected by leprosy, whilst the prevalence of 
hearing impairment in the people of Nepal over 5 years of age is 17%. 1 8  We suggest that 
hearing assessment should be a standard component of intake assessment at our leprosy 
treatment centre. 

In view of the small differences between the reflex thresholds in the three groups and 
the large variance of thresholds between patients, a definitive study would need to be very 
large. Given that no consistent large differences were found in this pilot study, the clinical 
value of a large study would also be unsure. We therefore suggest evaluating the acoustic 
reflex technique as a research tool in the following two situations. 

• Test subjects with a trigeminal patch in reaction, or a recent new facial nerve palsy to 
determine whether there is involvement of the intratemporal facial nerve during this acute 
phase . This would be corroborative evidence of intratemporal compression. 

• Test subjects prior to steroid treatment for reversal reactions resulting in facial palsy and 
compare the thresholds with those obtained after successful treatment. 

Routine otological and audiometric testing would provide leprologists with further 
information about nerve involvement beyond the stylomastoid foramen and surgeons 
information with which to avoid incomplete neurolysis. 
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