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The main purpose of this study is to determine the site of lesion in
head injury cases by a procedure called thermal vestibulometry.

Thermal vestibulometry was done in eleven normal subjects and
ten patients of head injury. MSPV (maximum slow phase velocity)
was calculated and plotted in a curve where ordinate was represented
by MSPV and abscissa by different caloric temperatures. Resulting
curve was studied by comparing the vestibulogram of individual head
injury group with the maximum and minimum values of the control
group of patients in order to arrive at a diagnosis.

Out of ten cases of head injury, five patients showed hypofunctioning
vestibulograms, two patients showed recruitment, two patients showed
hyperactivity with or without decruitment and three cases showed
normal vestibulograms. Nature of hearing loss of every deaf patient
was compared with the vestibulogram of that individual case to know
whether the auditory and the vestibular lesions of an individual were
same or not.

Hypofunction was a sign of a peripheral vestibular lesion. Presence
of recruitment was diagnosed as a peripheral phenomenon.
Hyperactivity with values of MSPV above the normal reference value
was termed as a central phenomenon. The phenomenon of decay or
decruitment which is always taken as a central phenomenon in
audiometry, was found to be either peripheral or central in thermal
vestibulometry. When compared with the site of origin of a deaf patient,
it was found that the site of vestibular lesion may not be the same as
that of the auditory lesion
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Neurophysiologic and sensory organ function
studies demonstrated that in addition to sensitivity
or intensity of function, certain qualitative changes

of the response could be observed or recorded. This led to
the concepts of refractory period, adaptation, fatigue,
habituation, recruitment and other types of neural reflexes
or responses. When such qualitative deviations or
impairments were recognized, pathognomonic or diagnostic
consequences were derived.5, 6, 7 Bithermal caloric test 2, 11,

12 was used by many workers to evaluate the different
parameters to arrive at diagnosis whether a lesion is
peripheral or central. Litton and McCabe 8, 9, 10, 13 introduced
thermal vestibulometry where vestibular responses to
different caloric stimuli were recorded and maximum slow
phase velocity 15 for each stimulus was plotted in a graph
in one axis and the temperature stimulus as the other axis.
This gives a definite pattern to the resulting curve and like
pure tone audiogram, one can arrive at a diagnosis just by
looking at the curve. Torok 14 observed evidence of
recruitment in his differential stimulation response test.

Steffen et al in their continuous thermal vestibulometry did
not try to determine presence or absence of vestibular
recruitment. Sometimes a reverse phenomenon is observed
where instead of disproportionate increment in response
to stronger stimuli, there was a decrease in response, a
phenomenon known as decruitment. In neurophysiology,
this phenomenon is termed as adaptation or fatigue.

Material and Methods

The present study was conducted in twenty one
subjects. It has been classified into two groups namely –
normal henceforth called control group and post head injury
group. A total of eleven subjects belonged to the control
group and ten patients belonged to post head injury group.
The control group was free from any ear complaints and
vertigo. A thorough otorhinolaryngological examinations
including hearing tests by tuning fork as well as audiogram
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were carried out in order to exclude any disease of the ear
before subjecting the patients to electronystagmography.
     This was done to standardize the technique. There were
ten patients who belonged to the post head injury group
and were diagnosed as peripheral depending on the
presenting symptoms and audiometric findings. History of
head injury was traced back to last ten years even when
there was no complaint in the intervening period till the
present symptoms developed. All necessary investigations
were done including x-ray of the skull in some cases of
head injuries. A thorough otoneurological tests were carried
out. Pure tone audiometry with the specific tests was also
done to know the level and the nature of deafness in all the
patients. Finally thermal vestibulometry was carried out in
all the subjects.

Thermal vestibulometry test was devised by Litton and
McCabe8. The subjects undergoing this test were refrained
from taking certain drugs like contraceptive pills, all
sedatives and tranquilizers, antihistaminics, barbiturates
and alcohol beverages for 48 hours prior to the test as they
influence nystagmus and assessment of the vestibular
functions.

The electronystagmography room was completely dark
and sound free. On the wall infront of the patient two small
bulbs, one red and the other green were fitted in such a
way that they with the center of eyes of the subject sustain
an angle of 20 degrees when looking from one light to the
other. The subject looking on either bulb from the midline
gave a deflection of 10 degrees movement of the eyes on
the running paper. Spontaneous nystagmus was recorded
first. Caloric test was then carried out at five different
temperatures below body temperature, viz, 33 degree, 29
degree, 25 degree, 21 degree and 17 degree centigrades.
Each caloric test consisted of irrigation of the ear with water
at specified temperature for 40 seconds from a douch
suspended at a height of one meter above the level of the
ear. A total of about 300 ml of water was used for irrigation
every time. The temperature from nearest body temperature
to lower temperature was proceeded with a five minutes
rest between cessation of all nystagmus and application of
next stimulus. Alternate ears were stimulated. Thus an
average interval between the end of a nystagmus response
and another stimulation of the same ear was about 13
minutes.

All these tests were recorded on a running paper
continuously when the patient kept his eyes closed and
carried out mental calculations continuously. The maximum
slow phase velocity   for each stimulus was calculated out
and a graph was prepared with temperature stimulus
plotting on abscissa and maximum slow phase velocity 11

of nystagmus on the ordinate. The resulting graph was
named as thermal vestibulogram and the procedure thermal
vestibulometry. The nature of the curves were compared
between the average of the maximum and minimum values
of the control group of subjects (reference range) and
vestibulograms of the post head injury groups. Differences

Case 
No

33 Degree 29 Degree 25 Degree 21 Degree 17 Degree

D N D N D N D N D N

1 11 36 14 27 15 40 17 36 26 41

4 16 10 38 14 34 16 38 38 52 61

7 0 16 10 24 20 16 24 32 26 36

8 34 50 48 54 44 54 32 62 48 64

9 0 14 0 16 0 22.6 0 26 0 32

Obsevations and Results

In the control group, we prepared the thermal
vestibulogram showing the average of the maximum and
minimum  range of the maximum slow phase velocity
(MSPV). The area in between the two was termed as normal
reference area or range.  This has shown two characteristic
features – an ascending trend i.e. the values were increasing
with increase of stimulus intensities i.e. with lowering of
the temperature and secondly, the ascent was gradual,
maintaining an almost linear pattern.

In the post head injury group, the cases were diagnosed
as having end organ pathology, depending on history,
clinical examinations and audiological evaluations. While
subjecting the patients for thermal vestibulometry, the
possibility of committing error in clinical diagnosis was
kept in mind.

The age of the patients varied from 19 years to 75 years.
All the patients were male. The duration of head injury
following accident varied from one month to ten years.
There were 5 cases of unilateral deafness (2 in right ear and
3 in the left ear), 2 cases of bilateral deafness and 3 cases
having no deafness. Patients with deafness showed
audiometric findings suggestive of cochlear lesion. Thermal
vestibulometry was performed in all the cases. MSPV was
calculated and plotted in a graph and compared with the
normal reference range. In bilateral cases, right sided
findings were compared with the reference range of right
side and left with those of the left side. In unilateral deafness
group, the vestibulogram was compared with the right side
for simplicity. The values of maximum slow phase velocity
of the individual cases are shown in table 1, 2 and 3.

Table 1 : Showing the maximum slow phase velocity in
the patients with head injury  with unilateral deafness. D
= deaf ear, N= normal ear.

between the two were noted in order to arrive at diagnosis
of different sites of lesions, peripheral or central.We then
analyzed the findings and characteristic features from the
vestibulograms of different patients (Table 4). When we
compare vestibulogram of each patient with the normal
reference area, we observe different patterns of curves
(Figure 1 and 2) which help us in diagnosing the type of
lesion.
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Out of five cases with unilateral deafness (case no. 1, 4,
7, 8 and 9), two cases (case no. 1 and 7) had deafness of
right side and three cases (4, 8 and 9) had deafness of left
ear. Case no.1 showed vestibulograms below normal
reference area in the right ear which was also deaf. Case
no.7 showed hypofunction in both ears in spite of the fact
that the deafness was right sided only. Case no. 4 showed
hypofunction in left ear which was deaf. Case no.9 who
had hearing loss in left ear showed hypofunction in
vestibulogram in both ears. Hypofunction is a sign
suggestive of peripheral vestibular lesion. An additional
feature was marked in one patient (case no. 4) where the

Case 
No 33 Degree 29 Degree 25 Degree 21 Degree 17 Degree

R L R L R L R L R L

2 16 16 26 20 34 28 24 58 46 32

3 19 14 30 24 20 14 26 26 28 44

10 8 25 20 30 22 38 32 40 36 48

S.N. Age/Sex Hypo Hypo+R Hypo+D R Hyper+/-R Normal Lesion

1 40 M + - - - - - Peripheral

2 45 M - - - + - - Peripheral

3 40 M - - - - - - Normal

4 29 M + + - - - - Peripheral

5 46 M - - - - + - Central

6 49 M - - - - - + Normal

7 34 M + - - - - - Peripheral

8 75 M - - - - + - Central

9 35 M + - - - - - Peripheral

10 19 M - - - - - + Normal

Table 4: Showing different findings of thermal vestibulograms in the head injury cases. Hypo=hypofunction,
Hyper=hyperfunction, R=recruitment D=decruitment.

Case 
No

33 Degree 29 Degree 25 Degree 21 Degree 17 Degree

R L R L R L R L R L

5 26 30 40 49 44 52 54 32 40 40

6 12 22 36 15 26 16 34 24 28 20

Table 2: Showing the maximum slow phase velocity in
the patients of head injury with bilateral deafness. R =
right ear, L= left ear

Table 3 : Showing the maximum slow phase velocity in
the patients of  head injury  with no deafness. R= right
ear, L=left year

left ear showed values below the normal reference range in
first three temperature stimuli, followed by a sharp rise of
value of MSPV with increase of stimulus intensity even
crossing the normal reference area when the ear was
irrigated with 17 degree centigrade, a phenomenon akin
recruitment which is taken as a definite evidence of a
peruipheral lesion.

There was another patient (case no. 2) who had no
deafness in either ear showed  normoactivity in the left ear
in the initial three temperature stimuli followed by
recruitment to hyperactivity at 21 degree caloric stimulus
followed by decruitment from hyperactivity to the normal
reference area at 17 degree caloric stimulus in the left ear.
This recruitment is a peripheral phenomenon as the initial
three caloric responses were within normal limits.
Decruitment which is usually a central phenomenon is
peripheral in this case as it comes down from hyperactivity
after initial normoactivity, only to reach the normal reference
area. These 5 cases (case no. 1, 2, 4, 7 and 9) out of total 10
were peripheral in origin as ascertained by thermal
vestibulometry.

There were two cases (case no. 5 and 8) who showed
evidence of central lesion in thermal vestibulometry. Case
no. 5 had bilateral deafness and case no.8 had left sided
unilateral deafness.

The first case (case no. 5)  showed values of MSPV
above normal reference area in both ears in the first few
stimulus intensities and then the values fell down to normal
reference area i.e. an initial overactivity followed by decay
or decruitment.

The second case (case no. 8) showed more parallel
behavior along a similar trend of overactivity followed by
decay in the right ear and only overactivity in the left ear.
Case no 6 with bilateral deafness showed a normal thermal
vestibulogram. Case no 3 and 10 who did not have any
deafness also showed normal vestibulograms.
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Discussion

Litton and McCabe first devised thermal vestibulometry.
They justified that this technique is superior to bithermal
caloric test recorded by electronystagmography. Bithermal
caloric test is something like looking at a broad landscape
through a narrow tube.

In thermal vestibulometry, a technique done in the head
injury cases, we have noticed different phenomena namely
hypofunction, hypofunction with recruitment,
hyperactivity, decruitment or decay from hyperactivity,
decruitment from normo or hypoactivity.

Different interpretations are derived from different
findings to arrive at a diagnosis. Litton and McCabe did
not report any patients of head injury in their series but
commented on the importance of decay phenomenon as an
evidence of central lesion while describing their central
lesion cases.  However, they did not mention about
hyperactivity in relation to a central lesion while describing
their patients with central lesion.

Hyperactivity or overactivity in vestibulometry
indicates a release phenomenon from inhibitory action of
higher brain levels namely cerebellum, cerebrum or higher
pyramidal nuclei.5 Due to trauma, the tracts in these areas
are likely to have been injured giving rise to a phenomenon
identical with upper motor neurone type of lesion where
the inhibitory control over the vestibular system will be
jeopardized, resulting overactivity to all caloric responses.
Claussen has demonstrated major butterflies (with respect
to culmination frequency) in central lesions.5 This
phenomenon was seen in two patients (case no. 5 and 8) in
our series.

Vestibular decruitment1, 2, 14 associated with hypoactivity
or normoactivity is justified to be labeled as peripheral
decruitment.6 This was seen in one patient (case no. 2). But
decruitment associated with initial overactivity above the

normal reference area is in favor of a central lesion (case
no. 5 and 8). Only overactivity above the normal reference
area was observed in left ear of one patient (case no. 8) and
was termed as central.

The vestibulograms of the head injury cases with
unilateral hearing involvements were observed more to be
in favor of peripheral vestibular lesion (case no. 1, 4, 7 and
9) as they had hypofunction with or without recruitment.
Only one case of left sided cochlear deafness (case no. 8)
turned out to have bilateral central lesion as it showed
values above normal reference range with decruitment in
right ear and only overactivity  without decruitment in left
ear.

Hinchcliff 7 said that many cases of post traumatic
vertigo were not associated with hearing loss and it was
probable that the vestibular lesion here was central and
not peripheral. Only one patient (case no. 2) out of three
without deafness in our series showed evidence of
peripheral lesion in left side. The other two patients (case
no. 3 and 10) without deafness failed to show any
abnormality. This is not unexpected in head injury cases.
Schucknecht and Davidson demonstrated that blow on the
head of a cat, so as to allow free acceleration of the head
resulted in a tear in the membranous walls of utricle and
saccule and a 30% decrease in the hair cells of the utricular
macula, six weeks after the blow. The membranous
semicircular ducts and cristae ampularis were intact. This
might explain the normal caloric responses in serial thermal
vestibulometry in certain head injury cases. Hypofunction
with or without recruitment which suggests peripheral
vestibular lesion was observed in four patients (case no. 1,
4, 7 and 9) in our series.

While comparing the results of vestibulograms with
respective audiograms of the patient it has been observed
that the side and site of lesion in audiometry cannot be
taken as guide for the side and site of vestibular lesion.
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Fig 1: Right vestibulograms in cases of control and
head injury patients. X axis=temperature in centigrade,
Y axis=maximum velocity of slow phase, thick lines =
Upper and lower limits of vestibulogram of control group,
thin lines = Vestibulograms of head injury cases.
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Figure 2: Left vestibulograms in cases of control and
head injury patients. X axis=temperature in centigrade,
Y axis=maximum velocity of slow phase, thick lines =
Upper and lower limits of vestibulogram of control group,
thin lines = Vestibulograms of head injury cases.
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Vestibular organ is phylogenetically older than the auditory
system and is said to have a late involvement3. But, in one
of our cases (case no. 6) where the hearing of the patient
was normal, we observed vestibular involvement. Similarly,
in two of our unilateral cochlear type of deafness cases
(case no. 7 and 9) the vestibular involvement was peripheral
and bilateral. This indicates that the cochlear deafness side
may not be the side of the vestibular lesion. The type of
deafness is no indication for the type of vestibular lesion.
This was evident in two cases (case no. 5 and 8). Both the
cases showed cochlear type of deafness. But
vestibulograms were in favor of central lesion. So, it is
necessary to investigate both the systems separately.

Conclusion

In the control group, gradually ascending vestibulogram
is almost similar in both sides.
In the head injury group, vestibulograms suggestive of
hypofunction is a definite sign of peripheral lesion. Similarly
over activity or hyperactivity suggests a central lesion.
Decruitment or decay which is a central phenomenon in
audiometry, may be either peripheral or central in origin in
vestibulometry.
Audiological findings fail to predict the side and the site of
the lesion involving the vestibular system. Type of deafness
and type of vestibular lesion are not necessarily always
the same. Though the vestibular organ is phylogenetically
older than the auditory organ, the former may be affected
before the later.
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