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Introduction
GIDDINESS is a prominent symptom after many
head injuries, and though the subject of much
research, its oetiology in general, and in individual
cases, has remained a matter for dispute. In
view of the consequent difficulty in assessment
and therapy it appeared worth while doing further
investigations.

All types of head injury seen at a busy neuro-
surgical centre have been included in the investiga-
tion, excluding only facial injuries or simple scalp
wounds with no evidence of cerebral concussion or
contusion. Of over 400 cases, 30 per cent. had a
complaint of giddiness. In half of these there were
definite hallucinations of movement, subjective or
objective. The term " vertigo " is used exclusively
for such cases in this paper. The majority of the
remainder complained of unsteadiness on alteration
of posture, and there were some where the symptom
was associated with " blackouts," headaches, nausea
and vomiting, or impairment of equilibrium. There
was bleeding from the ear, deafness or tinnitus,
nystagmus or visual disturbance (diplopia or blurred
vision) in the initial stages of most cases with
giddiness as a symptom.

Giddiness without hallucination of movement
was almost always of minor degree and limited
duration. Vertigo (as defined above) adhered to a
fairly regular pattern; it appeared soon after injury,
it recurred at regular stages in convalescence, and
in many cases persisted for months or years after-
wards. Such considerations suggested that there
was some organic lesion common to these cases and
it seemed probable that it involved either the laby-
rinth or its central connections in the brain. It
seemed that tests of vestibular function should
indicate the frequency of such a lesion, whether it
were peripheral or central.
The first series of 50 cases tested was not con-

secutive, but apart from a group of 10 with fracture
of the petrous bone (proved by X-ray), and a few
others with bleeding from the ear, was unselected,
the tests being done as opportunity arose during
the course of routine work. Cases with and with-
out giddiness as a symptom were tested. A second

series of 14 cases (7 of which had been included in
the first series) was tested by a different technique,
in view of recent research findings. Finally, a
series of 449 cases of head injury (including the first
series of 50 cases having vestibular tests) was studied
in detail with reference to the symptom of giddiness
and its possible causes.

Previous Investigations.-Despite the many in-
vestigations carried out with vestibular tests in
head injuries, and though all are agreed upon the
high incidence of abnormalities, the consistent
findings are few. Mygind (1918), Linthicum and
Rand (1931), Barre and Greiner, and Bremer et al.
(1932), have all commented on the absence of any
close relationship between vestibular and acoustic
abnormalities in head injury. Mygind states that
falling and vertigo resulting from caloric tests are
slight or absent. Eagleton (1922) states that with
concussion of the brain or increased pressure in the
posterior fossa " there is restricted response on the
affected side with a prolonged interval between the
application of the stimulus and the inception of the
vertigo response ". Linthicum and Rand found
abnormalities of past pointing reactions the most
constant observation, and infer mixed central and
end organ damage or central (i.e. brain) damage
alone in most cases. Bremer et al. state that " vesti-
bular disorders are manifested by hypo-excitability
with caloric and rotatory tests ", and that " hyper-
excitability exists only with recent trouble or with
lesions of central origin ". Barre and Greiper, and
Portmann and Despons (1937), however, found
more often a hyperactivity. Hofmann (1925) quotes
one case in which repeated tests showed diminished
rotation and caloric reactions. There was gradual
depression of both right and left rotation reactions,
while the caloric tests remained unchanged, one
side having a depressed reaction. Linthicum and
Rand noted gradual loss of labyrinthine function
with retesting of six cases, while there was improve-
ment of subjective symptoms. Barre and Greiner
noted that there was less hyperexcitability in most
of those in which the tests were repeated. Mygind,
Portmann, and Despons, and Glaser (1937), without
producing specific evidence, suggested that vaso-
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motor changes and instability might largely account
for the great variations in findings.

Hallpike and others (1942 and 1943) have intro-
duced a new method of caloric testing which elimi-
nates certain fallacies and distinguishes two main
types of vestibular lesion and their combinations
shown in temporal lobe lesions and Meniere''s
disease.

Vestibular Tests (First Series) 50 Cases
Method

The technique adopted for the performance of these
tests was simple, necessitated by considerations of time,
staff, and equipment, but all cases were tested personally,
with the assistance of one nurse. Hearing was tested in
each ear by a whisper. Deafness was recorded when this
was not heard at twenty feet in a quiet room. A tuning
fork (C256) was used to perform the Weber and Rinne
tests and to test the absolute bone conduction, enabling
a distinction to be made between middle and inner ear
deafness. Spontaneous phenomena, such as nystagmus,
past pointing and falling (Rombergism) were recorded
at the time of the tests. Rotation (ten times in twenty
seconds with the head inclined 300 forwards) was per-
formed on 16 cases sitting in a revolving chair. As this
test did not give any promise of further useful informa-
tion, it was then abandoned.

Caloric tests were done in all cases. The method
adopted was the original one of Barany, as described by
Isaac Jones (1918) and Northington (1939). Cold water
,of a temperature 650 F. was run from a douche can one
foot above the patient's ear, through a rubber tube and
glass nozzle held in the external auditory meatus. The
patient sat with his head inclined forward at an angle of
300 and the observer sat in front of him holding a watch
on which the patient fixed his eyes, intermittently at first
so as to avoid tiring. The time after commencing
douching at which nystagmus first appeared with
moderate lateral deviation of the eyes was noted, and
the douche continued for another ten seconds. Past
pointing was then tested and the presence or absence of
vertigo and falling noted. The head was then tilted
backwards 600, nystagmus again observed (being nor-
mally now horizontal and of greater amplitude than
before when it was rotatory), past pointing tested, falling
and vertigo being noted as well as nausea and vomiting
in susceptible cases. At least several minutes were
allowed to elapse, with subsidence of all signs and
symptoms, before irrigating the second ear. If necessary
the irrigation was continued for five minutes before
being abandoned.

Control tests were carried out on 15 normal cases
(i.e. in which there were no history of head injury, no
deafness, and no otoscopic abnormalities). The time
for appearance of nystagmus in these varied between
30 and 65 seconds after the commencement of the
douche, which agrees with the previously mentioned
authorities. These times were taken as the limits of
normal. The times for each ear corresponded accurately
in the individual controls, within 5 seconds of each other
for all but three, within 10 seconds for two, and in only
one, a particularly susceptible case, was there a difference
of 20 seconds. Therefore, between 30 and 65 seconds
was taken as within normal limits for appearance of
nystagmus and under 20 seconds as the extreme limit of
asymmetry regarded as normal.
The tests were done at intervals after the injury,

varying between 5 days and 3 years. Most were done
between 3 weeks and 3 months, i.e. at the convalescent
stage before leaving hospital, this of course, varying with
the severity of the injury.

Spontaneous Phenomena (Table I).-Spontaneous
nystagmus has been recorded at some stage in 20
cases, in 14 of which vertigo was a complaint. One

case had vertical nystagmus on looking up. This
last (26)* was one of three cases diagnosed as
brain stem contusion, to be referred to later. Two
cases were noted as having nystagmus first to the
side of the injury and later to the opposite side
(19, 25). Only one case (3), with signs of brain
stem lesion, had spontaneous past pointing, of slight
degree and of one hand only. There were two
cases with rombergism or spontaneous falling re-
actions at the time of the test, one (2) a case of
occipital fracture with signs of severe occipital and
cerebellar contusion, and one (14) a case which had
signs of labyrinthitis and early meningitis at the
time of the test. There were 11 cases having
definite inner ear deafness.

Results of Rotation Tests.-Of the 16 cases tested
in this manner, all except one presented after
nystagmus of duration within normal limits (15 to
30 seconds). Such slight difference as there was

between the two directions (i.e. after rotation to the
right and to the left) in each case bore no relation
to the caloric abnormalities. In only 4 cases, how-
ever, was the induced vertigo as severe as in the
controls.

Results of Cold Caloric Tests (Table I).-Of all
the 50 cases, there were 40 with abnormal responses
to the caloric tests and 10 normal. The most
striking abnormalities were delay in the onset of the
nystagmus and delay in onset and depression of the
induced vertigo in comparison with the controls.
In 25 cases nystagmus did not appear for 2 minutes
or more after irrigation of one or other ear had
been started. In nine of these cases the latent
period was between 4 and 5 minutes, and in another
three nystagmus failed to appear after 5 minutes
irrigation. Amplitude of the nystagmus was some-

times found to be markedly reduced on the side of
a delayed response, and this would remain so even

if the irrigation were continued for a minute or

more after its appearance, sometimes with fair
vertigo response. This was particularly noted with
cases tested a long time after injury (e.g. repeated
tests). In cases retested 2 years after the initial test
the abnormalities had remained with only a little
diminution in the times for nystagmus to appear
(Table II).

Nearly all cases showed less induced vertigo than
the controls, and it was later in relation to the
nystagmus. Seven cases gave no vertigo with
irrigation of either ear. An abnormal type of
vertigo was noted in one case. This case of left
temporal contusion and deafness (12) had normal
rotatory vertigo from the test on the right side, but
on the left with the head tilted back 600, she said it
felt "like going up in an aeroplane ". On that
side the induced nystagmus was vertical. One
other case (2) showed perverted nystagmus. Ab-
normalities of past pointing after caloric stimula-
tion were viewed with some reserve as they are

difficult to estimate, and only gross abnormalities

*Numbers of cases refer to Table I.
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY

were recorded as such, eight times in the whole
series.
There is a widely held hypothesis that perverted

nystagmus and abnormalities of past pointing on
caloric testing indicate a " central " lesion of the
vestibular pathways, i.e. in the brain -as opposed
to " peripherally " in the ear or vestibular
nerve (Jones, 1918; Northington, 1938). For

Times in seconds for cold caloric
responses to appear

Case Original test 2 years later

R. ear L. ear R. ear L. ear

W. C. 150* 300* 40 300*
(slight) (slight)

V. T. 300 105 300* 25
(nil) (slight)

C. N. 40 300 (nil) 30 120
E. L. 45 135 45 110
S. S. 40 120 60* 65
J. C. 90 75 70 60

* Small amplitude nystagmus response.

TABLE II.-REPEAT TESTS

convenience such abnormalities are referred to
as "central " and will be specially referred to
later.

Analysis of Results (Table I)

RELATION OF COLD CALORIC RESPONSES TO SYMPTOM
OF VERTIGO AND DURATION OF DIsABILITY

(a) Cases with Vertigo.-Twenty-six of the cases
tested had a complaint of vertigo (i.e. with hallucina-
tion of movement). Of these, 15 had marked delay
in response, nystagmus not appearing with irrigation
of one or other ear for 2 minutes or more. Asym-
metry of response was marked in some, but 8 cases
(2, 7, 9, 13, 17, 24, 26, 44) had symmetrical delay
in the appearance of nystagmus. Two of these
(2, 26) had clinical signs of focal brain injury to
cerebellum or brain stem and gave grossly abnormal
past pointing responses. Two other cases (10, 11)
had grossly abnormal past pointing responses with-
out apparent delay in the appearance of induced
nystagmus, and two (2, 12) gave " perverted "
nystagmus (e.g. vertical instead of horizontal with
the head tilted back). These were classed as
abnormalities of the " central " type.
The follow-up indicated a relationship, although

not an absolute one, between the degree of abnor-
mality in response, and the duration of disability,
in cases complaining of vertigo. The four cases
with little or no response from one or other ear in
5 minutes all had vertigo lasting over a year. Cases
with a complaint of vertigo for 6 weeks or bore

after injury all had gross delay in response or
" central " types of abnormality, except for one
case (8) which had an unusual complaint after
return to work (see Remarks column, Table I).
The patient's account of this phenomenon remained
quite constant, and he remained at work. There
was a high proportion (4: 7) of relapses in the
cases with vertigo persisting 6 weeks or more who
returned to work in less than 4 months; in each
case, vertigo was the major symptom causing
relapse. Demonstrable inner ear deafness and
spontaneous nystagmus were very frequent in cases
with a complaint of vertigo. One or other of these
signs was present in all cases with vertigo lasting
more than 6 weeks after injury, except in two cases
that had bilateral middle ear deafness and signs of
subacute catarrhal otitis media (13) and otitis
externa (11).

There were four cases with a complaint of vertigo
giving symmetrical cold caloric responses within
normal limits. Their clinical features, however,
presented a marked similarity.

(8) Knocked off cycle by lorry. R. occipital fracture
running to base. Bleeding R. ear. Inner ear deafness,
R. more than L. Vertigo first appeared a month after
injury and persisted over 6 months. He complained of
a sense of rotation and of actual falling whenever he
heard a loud voice behind him at work.

(19) Knocked down by lorry. R. frontal contusion
and laceration. Nystagmus first to L., and later to R.
Diplopia. Vertigo 1-17 days.

(21) Fell off truck (history of previous such accidents,
and old L. deafness). Occipital fracture, blood in
C.S.F. Nystagmus to R. and L. Vertigo 3-14 days.

(22) Slipped, striking head on conveyor belt. Occi-
pital laceration and contusion. Nystagmus to R. and L.
Vertigo 2nd and 3rd days only.

(b) Cases without Vertigo.-There were 24 cases
in the series tested who had no symptom of vertigo
and 18 gave abnormal responses. Of these, 10 had
a delay of 2 minutes or more in the appearance of
nystagmus, and two showed " central " abnor-
malities (of past pointing responses). Seven of
these cases, however, had giddiness not classed as
vertigo (i.e. no clearly described hallucination of
movement). These all had grossly abnormal
responses except one (31) with occipital fracture
and hypertension, and a delayed, but steady con-
valescence.

In cases without giddiness as a symptom, the
degree of abnormality of response corresponded in
some degree with the duration of disability shown
by the follow-up except where there was evidence
of a local aural lesions (36, 41, 46). It may also
be noted that of the 18 cases that have no complaint
of vertigo but show abnormal responses, there is
only one (44) with a difference of less than 20 seconds
between the times for responses from each ear,
i.e. symmetrically delayed responses are not found.
Of these 18 cases all had either penetrating wounds
or evidence of local injury to the middle ear except 4
(30, occipito-parietal fracture; 40, brainstem lesion;
45, acute alcoholic; 50, subdural hrmatoma).
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In cases without any complaint of giddiness,
only 2 (39, 40), both with occipital fracture,
had spontaneous nystagmus, and only 1 (41) also
with occipital fracture, had inner ear deafness
(which may have been present before injury). There
were 5 cases with no complaint of giddiness giving
responses within normal limits. One (39) with
occipital fracture was still convalescing 2 months
after injury, but the others (38, 47, 48, 49) were
symptom free in 3 weeks or less. One of these
patients (49), although he had a blood pressure of
220/150 and a fracture of the petrous temporal
bone demonstrated by X-ray, was symptom free
from the first day.
To summarize: there was a recognizable, though

not absolute, relation between the degree of abnor-
mality of the cold caloric responses and the severity
of the symptom of vertigo, or giddiness (without
hallucination of movement), or of general disability
where there was no vertigo. Modifying factors
appeared to be (a) the site and type (e.g. closed or
open) of cranial injury, (b) the presence of inner
ear deafness and other local aural pathology, or of
spontaneous nystagmus.

RELATION OF COLD CALORIC RESPONSES TO SITE AND
TYPE OF CRANIAL INJURY (TABLE III)

With only one exception (36), where asymmetrical
responses were obtained in 11 cases with petrous
fracture of bleeding from the external meatus the
most delayed response was from the ear opposite
the side of the injury. On the other hand, nearly
all with occipital fracture or contusion had sym-
metrical responses (25, 40, 41 were exceptions).
This suggested a general investigation of the site of
cranial injury (as indicated by scalp lesion, or skull
fracture, if present). The relation between the side
of cranial injury and the more delayed cold caloric
response appeared to be
(Table III).

of general significance

Closed
Open head injuries

Side of head
response injuries Non-pene- Penetrating

(25 cases) trating dura
(2 cases) (8 cases)

Opposite side .. 15 1 4
Same side .. 3 1 3
Equally delayed

responses .. 7 1

TABLE III.-RELATION OF (MORE) DELAYED COLD
CALORIC RESPONSES TO SIDE OF CRANIAL INJURY

(35 cases-omitting cases without delay in response, and
one case, J. K., without lateralized cranial injury)

Asymmetrical Responses
Closed injuries: The most frequent finding was

that among the closed head injuries 15 had the

delayed (or more delayed) response on the side
opposite the cranial injury, while only three had
greater delay on the side of injury. Of these three
with,homolateral delay, one (25) with L. occipital
laceration, had a hypersensitive (20 seconds)
response on the opposite side, and one (45) sus-
tained a L. frontal laceration after falling while
under the influence of alcohol (both were relatively
minor injuries from blows near the midline); the
third was an unusual case.

(14) Knocked down at football, landing on R. ear.
Immediately and subsequently he suffered from periodic
attacks of severe vertigo, and at the time of the test
(3 months after injury) there was almost complete R.
inner ear deafness, and a little scarring of the tympanic
membrane (there had been no bleeding or discharge from
the ear following the injury). There was also a little
spontaneous nystagmus on looking to the left and
tendency to fall to the right. Cold caloric responses
were obtained in 4j minutes from the R. ear, and
31 minutes from the L. ear. Two days later the C.S.F.
showed a pleocytosis, though no clinical signs or
symptoms of meningitis developed, and the condition
subsided, at least temporarily.

The findings in this case suggested a mild attack
of labyrinthitis at the time of the test. In cases of
early labyrinthitis resulting from suppurative otitis
media the affected ear may be unduly sensitive to
caloric stimulation (cf. fistula syndrome). Where
the disease progresses to complete destruction of
the labyrinth the response from the affected ear
disappears (cf. Meniere's disease, Cawthorne,
Fitzgerald, and Hallpike, 1942). Repeated attacks
of subacute inflammation supervening on injury
and causing advanced destruction of the R. laby-
rinth would account for the greater delay, or even
absence of response on the R. side, as compared
with the findings in most other closed injuries
where damage to labyrinths, if any, was apparently
not so complete, and caloric responses were less
delayed on the side of injury.
Open injuries: Of 10 cases of open head injury

with delayed responses, two were compound skull
fractures without dural penetration, one (43) having
depression of bone in the R. parietal region near
the vertex, with a subsequent attack of focal epilepsy
and a delayed caloric response on the L. (opposite
side to injury), and the other (42) having a L.
fronto-parietal fracture without depression or any
signs of focal brain lesion but delayed caloric on
the side of injury.
Four cases with wounds penetrating dura had

depression of response from the opposite side.
Three were injuries from projectiles and involved
the temporal region. One (15) had a bullet passing
through the R. posterior fossa and lodging its tip
in the R. mastoid antrum, one (16) had a bullet in
the R. temporal lobe, while the third is again worth
consideration.

(37) Penetrating wound of the L. fronto-temporal
region from a fragrnent of projectile fired from an air-
craft flying low overhead. There was no loss of con-
sciousness or amnesia for the event. There was no
complaint of vertigo and no deafness on subsequent
testing. The wound was explored with the removal of
the foreign body soon after the injury and healed by

84 D. G. PHILLIPS

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.8.3-4.79 on 1 July 1945. D
ow

nloaded from
 

http://jnnp.bmj.com/


INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY
primary intention. Three months after the injury, and
4 weeks before the caloric test, he had an inlay rib graft
to the skull defect.

It is seriously suggested that the hammer and
chisel work on the bone at the second operation
was equivalent to a second head injury, this time of
closed type, and may help to explain why his
responses (with greater delay on the side opposite
injury) were comparable to those of most closed
injuries (cf. 32 who was struck repeatedly with a
hammer, but in the frontal region near the midline).
The fourth case with dural penetration having a
delayed response on the opposite side was one (34)
of frontal fracture near the midline. Though the
dura was torn, the wound was not of the usual
penetrating type, being caused by blunt injury (he
collided with a lorry when riding a motor cycle)
and causing widespread frontal contusion. The
wound involving scalp, bone, and dura, was several
inches long vertically and not more than i in. wide,
i.e. it was of the " split " variety (without depression
of bone). Thus this case was also really comparable
with closed injuries.
Three cases with dural penetration had greater

delay in caloric response on the same side as the
cranial injury. Of these, one (4) was an extensive
bomb wound involving the L. occipital lobe (the
cranial injury is described as occipito-parietal in
Table I, but it extended to the midline); one (29)
was an extensively depressed and comminuted
fracture of the L. vertex; the third (32) was a
depressed fracture of the frontal region (a disc of
bone being separated by the hammer mentioned
above).
To summarize: With open and closed injuries

the commonest abnormality was a delayed cold
caloric response on the opposite side of the cranial
injury, the principal exceptions being some cases of
open injury, with penetration of dura. In these
latter, and in two closed injuries that were also
exceptions to the general rule, the site of injury lay
close to the midline of the skull. It is possible that
the mechanism of injury (e.g. the force of the blow)
may be significant in this connection.

Symmetrical Responses
Special considerations apply to cases where the

responses from each ear were within normal limits
or equally delayed (i.e. within 20 seconds of each
other). In all, there were 18 cases with fracture of
the petrous bone or bleeding from the external
auditory meatus. In addition there were 4 others
(9, 14, 26, 46) with local contusion of the ear or
immediately adjacent. Of these 22 cases, 13 (3, 5,
14, 15, 16, 18, 23, 28, 33, 35, 36, 41, 46) had grossly
asymmetrical responses, one (27) a slightly asym-
metrical response, while 8 (7, 8, 9, 11, 12, 26, 39, 49)
had symmetrical responses. The cases with sym-
metrically delayed responses included three of
these with aural injury (7, 9, 26); one (2) with
bilateral occipital fracture; one (24) with occipital
contusion; and three others, one (17) with frontal

fracture; one (13) with parietal contusion and
subsequent bilateral catarrhal otitis media; and
one (44) with a penetrating frontal wound. Most
normal responses, which were symmetrical with-
out delay, were in cases of occipital injury (see
below).

Symmetrical responses occurred with injury (a) in
the temporal region, (b) in the occipital region
(with little or no delay in responses), (c) near the
midline generally (cf. gross asymmetry of responses
in most temporal injuries).

Normal Responses
As regards severity of injury, it may be noted

that the only case of open cranial injury with normal
responses was originally a relatively minor case,
certainly as compared with the other open injuries.

(38) A small chip flew off a grindstone in use and
struck the R. frontal region embedding itself there,
causing a short fissured fracture. There was no uncon-
sciousness or amnesia, no vertigo, and only slight head-
ache. Delay in recovery was due to infection of the
wound.

The other nine cases with normal caloric responses
included six closed fissure fractures (one (49) of
petrous, four (8, 21, 31, 39) of occipital, one (19)
frontal), and three with scalp contusion but no
fracture ((48) frontal, (22) occipital, and (47)
occipito-parietal). All these cases had a short
uninterrupted convalescence, even the two (31, 49)
with hypertension.
The distribution of closed injuries with and with-

out fissured fracture of the skull may be significant.
Excluding cases with petrous fractures or bleeding
from the ear (which were to some extent selected),
and four other cases with temporal contusion,
there remain 13 closed injuries with abnormal
responses. Of these, six had fissured fractures of
the skull, while seven had contusion or laceration
of the scalp without fracture. In conjunction with
the finding that responses from cases with pene-
trating injury on the whole do not show as great
abnormality as those with severe closed injuries,
this suggests that probably solution of continuity of
the skull (per se) leads to less abnormality of caloric
response (cf. greater incidence of the symptom of
vertigo in closed injuries).

RELATION OF COLD CALORic RESPONSES TO PRESENCE
OF DEAFNESS, AND SPoNTANEous NYSTAGMUS
(TABLE IV)
There were 11 cases of indubitable inner ear

deafness recorded (and three (7, 12, 33) doubtful
or unspecified). In all cases deafness, whether of
inner or middle ear type, was on the side of cranial
injury, whether this was closed or open. Bleeding
from the ear occurred only on the side of injury-
and not with penetrating wounds (except one (16),
a bullet wound of the temporal fossa). The more
delayed caloric response occurred on the opposite
side with five closed injuries and one open injury.
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(This last case (15) had a healed R. labyrinthitis
with almost complete R. deafness, hearing only a
shout close to the R. ear with the L. ear masked.)
The most delayed caloric response occurred on the
same side as injury with two cases of penetrating
injuries ((4) and (29) both with wide and deep
penetration ofbrain) and one closed injury. This last

Cases Relation of
num- yeoinuy inner ear mRe dlayedo

bered Type of inJury deafness to caloric to side
as in (closed or open, side of caoitosd
Table site, labyrinthitis) cranial of cranial

I injury injury

(3) closed, temporal same side opposite side
(5) closed, temporal same side opposite side
(6) closed, frontal same side opposite side

(27) closed, temporal same side opposite side
(41) closed, occipital same side opposite side

(old deafness)
(15) open, occipito- same side opposite side

temporal, healed
labyrinthitis

(14) closed, temporal, same side same side
? active laby-
rinthitis

(4) open, occipital same side same side
(29) open, parietal same side same side
(8) closed, occipital same side no abnor-

(R.) (R.>L.) mality
(2) closed, occipital equilateral equilateral

(R. and L.) (R.=L.) (approx.)

TABLE IV.-RELATION OF INNER EAR DEAFNESS AND
COLD CALORIC RESPONSES TO SIDE OF CRANIAL INJURY

case (14) also had symptoms of R. labyrinthitis with
almost complete R. deafness. One case (8) had
symmetrical responses within normal limits with
bilateral deafness R. more than L., while the deaf-
ness on the R. was the third most severe in the
series, hearing low voice at 15 inches on the
R. with the L. ear masked. One case (2) of severe
closed occipital injury had bilateral deafness with
symmetrical responses. With reference to the
effect of apparent destruction of the labyrinth in
(14), causing sub-total elimination of the cold caloric
response on that side, it should be mentioned that
three other cases with sub-total or complete deafness
and minimal or absent response on the same side
have been encountered. Two had penetrating
wounds involving the petrous with subsequent
infection, and one (J. P., in the second series with
hot and cold tests) was a closed injury with no
external evidence of any lesion involving the ear.
It is rather surprising to find that (15) with a history
of severe infection and almost complete deafness
had a brisk response (in 45 seconds) on the injured
side, though, owing to the phenomenon of direc-
tional preponderance some depression of the cold
caloric response could be expected on the other
side.

It has been noted that (a) inner ear deafness may
be present in the absence of demonstrable fracture
of the petrous bone (2, 4, 5, 6, 8, 14, 29) or of

obvious cold caloric test abnormality (8). (b) It
may not be present where there is fracture of the
petrous bone (11, 23, 36, 49). (c) Bilateral inner
ear deafness occurred in three cases, two (2, 8) with
occipital fracture, one (3) with petrous fracture.
(d) Inner ear deafness is associated nearly always
with the worst cases of vertigo and the grossest
caloric abnormalities (Table I). Spontaneous
nystagmus occurred mainly in cases with moderate
abnormality of response, and did not usually coin-
cide with the presence of open cranial injury,
petrous fracture, or inner ear deafness (Table I).

RELATION OF COLD CALORIC RESPONSES TO
FOCAL BRAIN INJURY

There were nine cases in the series which had
marked " central " types of abnormal response,
i.e. abnormalities in the direction of the induced
nystagmus or past pointing. One of these cases
(2) had a syndrome of gross cerebellar contusion,
and four others (3, 5, 26, 40) had well marked
clinical signs of brain stem contusion. Such signs
are inequality of pupils or abnormality of their
reactions, defective conjugate ocular movements,
occasionally other cranial nerve palsies, nystagmus
-vertical nystagmus especially is said to be pathog-
nomonic-and interference with the long tracts,
motor or sensory. Asymmetry and delay of times
for nystagmus responses from each ear in cases with
"central" abnormalities was minimal, except in
two cases (3, 5) where there was also evidence of
peripheral ear damage. The finding that asym-
metrical responses from some cases of penetrating
brain injury differed from the rest (i.e. in the side of
the more delayed response) seems to be of general
rather than local significance as the injuries were at
different sites. The main feature these injuries had
in common was their proximity to the midline (32
frontal, 29 vertex, 4 occipital).
The effect of striking the skull laterally, when it

is not fixed, is to cause rotation round a sagittal axis.
This causes shearing strains in the brain (Holbourn,
1943) accounting for the so-called contre-coup effect,
which is not likely to be caused by bumping of the
brain on the far side of the skull. Contre-coup
effect may mean greater damage on the side oppo-
site cranial injury because changes in rotational
velocity are usually greater at the pole opposite to
the point of impact (Lancet, 1943). In cases with
cranial injury near the midline, the stresses caused
in the brain differ from those caused by lateral
blows and damage is unlikely to be so asymmetrical.
With penetrating brain injuries near the midline
(e.g. 4, 29, 32) the local brain injury is likely to be
much more severe than any damage to the opposite
pole. In this they differ from most closed injuries,
and this may explain why the three cases mentioned
were exceptions to the general rule in having a
delayed caloric response on the side of cranial
injury. The same considerations apply to two
closed injuries (25, 45) where the site of trauma lay
close to the midline and the caloric responses were
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY
exceptions to the general rule. In both these cases
the injury was only slight, without unconsciousness,
and the maximum brain damage was probably at
the site of the blow.
Of the four open brain injuries that followed the

general rule, in having the more delayed caloric
response on the side opposite the cranial trauma,
two (34, 37) had clinical features already mentioned,
making them comparable to cases of closed injury.
The other two were bullet wounds adjacent to the
petrous bone. It is probable that one (16) had a
" contre-coup " injury; although he was R. handed
a R. sided wound was accompanied by severe
dysphasia and R. lower facial weakness. In one
with severe deafness following labyrinthitis (15),
severe rotational stress with injury to the opposite
cerebral'pole could not be excluded, owing to the
nature of the injury-a bullet striking the posterior
aspect of the petrous at its outer end.

In two cases of open skull fracture without dural
penetration there was a difference in the mechanism
of injury; in one (42) this was a fall from a cycle,
in the other (43) a blow from a crowbar. In the
latter, though local injury was near the midline,
more rotational stress was probable, as with closed
injuries. It was the one with delayed caloric on
the side opposite cranial injury (Table III).

Signs of focal "contre-coup " injury to the
cerebral hemisphere in cases that survive are not
common. The only case in this series showing
such signs was possibly the open temporal injury
(16) mentioned above. Two cases ofbrainstem lesion,
however, had signs of injury on the side opposite
the blow. These could be caused by impingement
of the brainstem against the edge of the tentorium,
or by rotation of the cerebrum about an axis pass-
ing thiough the midbrain with resulting strain.

(26) Boy of 12 years. Playing with friends, hit by
ricochet of half a brick on the L. temporal region. Not
unconscious and did not fall, but immediately had
severe vertigo (rotatory, subjective, and objective) lasting
about two minutes, followed later by headache, recur-
rent vertigo, and repeated vomiting. There was no
vertigo after the first day. A week later he was noted
to have vertical nystagmus on central fixation and coarse
horizontal nystagmus looking right or left. There was
marked loss of upward ocular deviation and convergence,
with left internal rectus weakness. There was slight
lower left facial weakness and weakness of the left arm
and leg with left extensor plantar response. X-ray
showed no skull fracture. C.S.F. was yellow, under
low pressure (35 mm.). There was no deafness. Air
encephalogram was normal. A cold caloric test 6 weeks
after injury showed very depressed responses. There
was no induced nystagmus from either side after
4 minutes with the head tilted 30° forwards and only
very fine nystagmus with it tilted back. There were
grossly abnormal past pointing responses, and falling
and vertigo reponses from the L. ear only (i.e. the
responses were actually a little more depressed on the
R., the side opposite the site of cranial injury).

In this case the combination of ocular and left
pyramidal signs indicated a lesion of the midbrain,
on the right side, being above the pyramidal decus-
sation. Such asymmetry ofcold caloric responses as
there was corresponded with that in most closed
injuries, i.e. greater depression of the response on

the side opposite cranial injury; (3) showed a
similar combination of ocular and pyramidal signs.
As with (26) there was a hemiparesis on the side of
cranial injury and delayed caloric response on the
opposite side. In this case there was also a petrous
fracture and slight inner ear deafness. In contrast
to these two, another case of brainstem lesion (40),
without signs of damage to the ear, had a delayed
caloric response on the same side as the hemi-
paresis. In this case, however, the cranial injury
was situated centrally, in the occipital region. A
similar mechanism to that causing injury in (26)
operated in " slow motion " in another case after a
very trivial initial injury.

(50) Bumped his head (R. vertex) on the door of- his
delivery van. Continued work and thought nothing of
it (no headache or giddiness) till a few days later he
began to get headaches. These continued intermittently,
gradually getting worse, and 8 weeks after the injury he
was admitted to hospital in semi-coma with unequal
inactive pupils. Gradual recovery ensued after a R.
subdural hematoma was drained. There was no skull
fracture. One month after operation cold caloric tests
were done. Brisk responses were obtained (nystagmus,
past pointing, vertigo, pallor, and sweating were much
more marked than usual) in 20 seconds from the R. ear
and in 1 minute 40 seconds from the L. ear. He left
hospital symptom free 6 weeks after operation, and
returned to work 5 days later. There was never any
complaint of giddiness.

Here again the delayed response was on the side
opposite to the site of cranial injury. The pupillary
signs indicated the probability of compression of
the brainstem from displacement by the haematoma.
The quick recovery showed that this was not severe
and the case has not been classed as one of brain-
stem lesion. The others which were so classed,
had more localizing signs.
One case (5) was diagnosed as a brainstem lesion

on account of a Homer's syndrome and sensory
loss over the upper trigeminal area, both on the
side of cranial injury. The caloric response was
more delayed on the opposite side. Vertigo per-
sisted over 18 months. There was a history of
severe initial injury in this case, with a post-traumatic
amnesia 5 weeks, and subsequent epilepsy. Air
encephalography showed generalized dilatation of
the ventricles.
Another case (6) had a severe initial brain injury

with traumatic delirium 1 month and long period
of disorientation and had severe progressive cere-
bral atrophy shown by repeated air encephalograms.
Here there were no abnormal focal signs in the
C.N.S., and no fracture shown by X-ray. Vertigo
was persistent. Caloric tests repeated 2 years after
injury (S. S., Table II) showed the responses, at
first much delayed on the side opposite the scalp
injury, to have become almost symmetrical.

In both these last two cases there was slight inner
ear deafness on the side of cranial injury. In both
the cerebral atrophy as shown by ventricular dilata-
tion was symmetrical. Asymmetry of caloric
responses does not appear to be related to the
generalized brain injury demonstrated by the
symmetrically dilated ventricles of these two cases.
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Gross abnormalities of the cold caloric responses
occur in cases without inner ear deafness suggesting
damage to the labyrinth. These abnormalities are

related very closely to the mechanism and effects of
brain injury, in cases with or without vertigo as a

symptom. Focal injury to the vestibular pathways
in the brain appears probable in at least a propor-

tion of cases, and especially in those with signs of
brainstem involvement. From the mechanism of
brain injury it appears probable that such focal
lesions would occur in most cases on the side oppo-

site to the cranial injury, as a result of rotational
strain. To develop this latter hypothesis further,
detailed investigation of the mechanism of injury
would be needed in individual cases, e.g. as to
whether the head was fixed or free to move at the
time of injury. The relationship found, and dis-
cussed earlier, between caloric responses and the
site and type of cranial injury appears significant in
this respect.

FINDINGS FROM COLD CALORIC TEsTs
Three main types of abnormal cold caloric

responses have been described in cases of head
injury: (a) Asymmetrical and delayed. (b) Sym-
metrical and delayed. (c) " Central " abnor-
malities, usually symmetrical, and sometimes with-
out delay. In addition there was the general
depression of responses associated with nearly all
cases, i.e. diminished amplitude of induced nystag-
mus and past pointing, and lessened susceptibility
to falling, vertigo, pallor, sweating and nausea, as
compared with the controls.
The main features associated with delay in

response were, in order: (a) Inner ear deafness.
(b) Severity of injury-as determined by cranial
trauma, cerebral trauma, clinical progress.
(c) Site of cranial injury (temporal). (d) Type of
cranial injury (closed). (e) History or presence of
otitis media. The main features associated with
asymmetry of response were: (a) Asymmetry of
hearing (unilateral inner ear deafness). (b) Asym-
metry of cranial and cerebral injury. (c) Site of
injury (temporal, lateral). (d) History or presence

of otitis media.
In many cases delay in response on one side was

associated with brain injury on that side, or with
inner ear deafness on the other side. " Central"
and symmetrical responses were associated with:
(a) Occipital or temporal injuries. (b). Midline
cranial injuries. (c) Bilateral injuries or pathology
(e.g. deafness or otitis media). (d) Brainstem
injuries. A relationship between caloric abnor-
malities and duration of vertigo as a symptom
was recognizable, though much modified by the
above factors.

Vestibular Tests (Second Series) 14 Cases
Hailpike (1944) has emphasized the desirability

of doing both hot and cold caloric tests in an

investigation of this sort. In tests done with the
patient lying supine and the head flexed 300, the

external semicircular canals then being vertical and
in optimal position for thermal stimulation, de-
pression of responses to both hot and cold irrigation
occurs on the side of an external canal lesion, but
with lesions of the utricle or the temporal lobe
responses to hot and cold stimulation do not corre-
spond in each ear. This is due to the phenomenon
of " directional preponderance" of the nystagmus
(Hallpike et al., 1942, 1943). With directional pre-
ponderance to the L., caused by R. utricular paresis
or a lesion of the L. temporal lobe, the response of
the L. ear to cold irrigation is depressed, and to
hot irrigation is relatively more sensitive. At the
same time the response of the R. ear is depressed
with hot and more sensitive with cold stimulation.
Thus a depressed cold caloric response may indicate
a canal paresis of that side or a utricular tesion of
the opposite ear, depending on whether the hot
caloric response is depressed on the same or oppo-
site side. In the latter case it might also be due
to a lesion of the temporal lobe on the side of the
depressed cold response, or perhaps to a lesion on
the pathway between utricle and temporal lobe,
e.g. in the brainstem. Combinations of these
lesions may occur giving mixed patterns of canal
and utricular pareses. These may result from
purely peripheral lesions of the labyrinths as in
cases of Meniere's disease (Hallpike, 1943). Pre-
sumably a canal paresis could also be combined
with directional preponderance due to a temporal
lobe lesion. In view of these considerations further
tests by the method of hot and cold stimulation in
the supine position as described by Fitzgerald and
Hallpike (1942) were done in 14 cases of head injury.
For the purpose of checking, these cases were also
tested by the original cold caloric method in the
sitting position in most cases. In all these, delay
in the cold caloric response from one ear as found
with the first method always corresponded with a
depression of the cold response in the same ear by
the second method.

Results of Caloric Tests (Hot and Cold) (Table V).
-Twelve cases showed abnormal responses. Of
these, the patterns indicated: canal paresis alone
in three cases, directional preponderance alone in
four cases, combined lesions in five cases. Of the
combined lesions, four were of " uncrossed " type,
i.e. they could be explained by utricle and canal
pareses affecting the same ear. It is to be noted
that combined lesions of " uncrossed " type may
give approximately equal cold responses from each
ear (e.g. R. H., L. I., and cf. Cawthorne, Fitzgerald,
and Hallpike, 1942; Hallpike, 1943). One case
(W. C.) gave a " crossed " pattern, i.e. L. canal
paresis with a possible R. utricular paresis.

Analysis of Results (Second Series)
Relation of Responses (Hot and Cold) to Vertigo.

-No immediate relationship appeared between the
abnormal responses and the presence or absence of
a history of vertigo (vertigo present in seven cases,
giddiness in four others).
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY

TABLE V.-CALORIC RESPONSES IN RELATION TO INJURY, DEAFNESS, AND VERTIGO (SECOND SERIES)

89

Inner Duration: Cold caloric Caloric responses (2nd method)

Cae Site and ear ueratigonor (method 1)Case type of injury deaf- vertigo or Nystagmus
ness giddiness delay (secs.) Nystagmus duration in seconds

V. T. * L. L>R V L. 25 L................. 110
petrous 2 years R. 300 300 C.
fracture (ceased) R .A 55

rL
.. .105

440 C.

R ... .. 50
R. canal paresis

C. N.* R. G L. 120 rL nil
occipital 2 years R. 30 300 C.
laceration yR...............A- 110

rL nil
44' C.

LR ............... A 100
L. canal paresis

R. B.* R. V L. 240 L................. IlOt
temporal 6 weeks R. 180 30° C.
G.S.W. (ceased) LR.A 120

rL ... 80t440 C.~ 80

LR.A 95
L. canal paresis

E. L.* L. L G L.ll0 L. 100
parietal 10 months R. 45 300 C.
compound (ceased) LR... A 150
fracture

440C.15
R A.......... 110
Directional preponderance to L.

J. S. L. L L. 15 'L . 165t
petrous R. 90 300 C.
fracture KR......... A 90

L........... 120t
440 C.

.A... . . .. . . . . . . 160
Directional preponderance to R.

S. S.* R. R>L V L. 65 rL.*------ 120
frontal 18 months R. 60 300 C.-
laceration R... . .. A 130

L ...................... 140

R .................. 115
Directional preponderance to L

P. R. * R. R. V L. 170 L........... 110
occipito- 3 months R. 45 300 C.
temporal (ceased) R.A 120t
G.S.W.

rL ..120
440C.AtR .. . .......... 100

Directional preponderance to L.

W. C. * L. L. V L. 300 C L.. 40t
occipital 31 years R. 40 300 C.
bomb wound R.R ...... .. A 115

L. 65
440C

R.A.....105
L. canal paresis, Direct. prepond. to L.

t Small amplitude response.* Included in I1st series.
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TABLE V.-CALORIC RESPONSES IN RELATION TO INJURY, DEAFNESS, AND VERTIGO (SECOND SERIES)-Continued

Inner Duration: Cold caloric Caloric responses (2nd method)
Case Site and ear vertigo or (Method 1)

type of injury deaf- NeNystagmus Nystagmus duration in secondsgiddines delay (secs.)

J. P. L. L. G L. 300 CL nil
occipital 5 weeks R. 160 30G C.
contusion LR.A 105

L4C nil

LR.......130
L. canal paresis, Direct. prepond. to R.

S. L. R. R.>L.-L-.3...C.100
petrous 3GO C.t
fracture LR nil

LC............ 135

R ~~~~~~~~~~nil
R. canal paresis, Direct. prepond. to L.

L. I. L.
G

.
................. 120

frontal 30° C V
contusion LR...............A 115

'L ........... ..75
440C..
AR 135
Direct. prepond. to R., L. canal paresis

R.H. cranial V L. 35
co C.

L................ 100
injury 3 years R. 40 30°
not LR...............A 95
localized

rL................V 105
440C. 5

LR.A... 55
Direct. prepond. to L; R canal paresis

J. K. R. V L.50 JL.... ........... 150
frontal 3 months R. 60 300 C. 1
contusion 1R...... 147

L............. ..... .. V

157
440C{
R............ ......137

Normal

C. T. R. - G L. 35 (L........ 125
temporal 3 weeks R. 40 3G° C. V
laceration 1R. ....... A 130

L ..................lV 115
_______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~440C {

R ......... .........A, 120
Normal

Relation of Responses (Hot and Cold) to side of
Cranial Injury.-Canal paresis was present four
times on same side as cranial injury and three times
on opposite side to cranial injury. Directional
preponderance was in two instances on the side of
cranial injury (W. C. penetrating wound occiput,
E. L. penetrating wound vertex), in seven instances
to side opposite cranial injury (including P. R., a
penetrating wound occipito-temporal region, and
healed labyrinthitis). In one case the site of
cranial injury was not localized.

R. H. fell 9 ft. out of a bunk and was unconscious
12 hours. There was no skull fracture and no obvious

scalp injury. There was nystagmus and giddiness on
lateral ocular deviation but no other abnormal C.N.S.
signs. Air encephalogram was normal. Epilepsy in
the form of fits which began with a sense of subjective
rotation persisted while under observation for over
3 years. EEG showed a grossly abnormal discharge
in the L. temEopro-occipital region.

It may be that in this case epilepsy was the cause
of the fall rather than vice versa, but it has been
included in the series because of the EEG and
the resemblance to cases of focal cerebral injury to
be described later (see Table XI).

Relation of Responses (Hot and Cold) to Inner Ear
Deafness (Eight Cases).-There were four cases of
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY
canal paresis on the side of a deaf ear, though in
one (V. T.) of bilateral deafness the opposite ear
was deafer. In four cases canal paresis appeared
to be present without deafness. Five cases showed
directional preponderance to the side opposite the
worse hearing ear. (This might be due to a
utricular lesion of the deaf ear, or to a lesion of the
opposite temporal lobe.) Two cases showed
directional preponderance to the side of deafness.
(Theoretically this could mean a utricular lesion of
the opposite ear, or a lesion of the temporal lobe
on the side of deafness. As both, W. C. and E. L.,
had severe open brain wounds on the side of the
deafness an hypothesis of causation by brain injury
would be more consistent.)

Findings from Caloric (Hot and Cold) Testing.-
The varying patterns of response in this series show
that a number of vestibular disorders may be
present after head injury. In particular, nine cases
showed directional preponderance and in all but
two (W. C. and E. L., both with deeply penetrating
brain injuries) this was to the side opposite the
cranial injury, where this was localized. The
response indicative of canal paresis showed no such
constancy. Most canal pareses appeared to be on
the side of deafness if this were present, but the
cases are too few to draw conclusions. As in the
first series, there was no absolute relationship
between the abnormal responses and the presence
of giddiness as a symptom.

Discussion: Comparison of Methods and Results
in the First and Second Series of Tests

As may be seen from Table V, a delayed cold
caloric response by the first method of testing may
coincide with a canal paresis of that side or a
utricular paresis (giving directional preponderance)
of the other side, as indicated by responses with the
second method.

It is reasonable to expect, for anatomical reasons,
that the first method of testing, with the patient
sitting and head inclined 30° forwards, is mainly
one of utricular function, modified perhaps by
vertical canal function, whereas the second method
was deliberately designed to test the function of the
external canal which may be modified by disorder
of utricular function. This hypothesis provides
some explanation for the apparently anomalous
results of testing by both methods of two cases
described below.

P. R. Penetrating wound through sub-occipital region
and outer part of cerebellum. Bullet lodged with tip
resting in R. mastoid antrum. Unconscious 2 days.
Rotatory vertigo lasting under 3 months. Infective
labyrinthitis during this time recovered with chemo-
therapy. Symptom free at the time of testing, 3j months
after injury, except for tinnitus and almost complete
inner ear deafness. Cold caloric tests by the first method
gave responses in 2 minutes 50 seconds on the L., and
45 seconds on the R. The second test gave a slight
indication of directional preponderance to the L.

Here the clinical data clearly indicated a lesion of
the R. labyrinth, so the well-marked delay of the L.

cold caloric response in the sitting position may be
an indication of a lesion of the R. utricle, by virtue
of the phenomenon of directional preponderance
(Hallpike, 1943). The second test using hot and
cold stimuli in the supine position showed only a
minimal directional preponderance to the L.,
indicating a slight R. utricular paresis. This could
be caused by a residual lesion of the R. utricle. It
appears that either the second test exhibits a much
lesser sensitivity to utricular lesions than the first,
or that the R. utricle recovered in this case in spite
of cochlear destruction, and the first test indicates
some other lesion, e.g. brain injury.
R. B. Penetrating wound R. temporal fossa with

bullet lodging in the postero-inferior portion of the R.
temporal lobe just above the floor of the middle fossa.
Bleeding from the ear, but the fracture did not extend
into the petrous. There was only a momentary loss of
consciousness though memory appeared to be vague for
some weeks. He had severe dysphasia. Vertigo-a
feeling of rising off the ground-lasted for six weeks and
was not present at the time of the test, 21 months after
injury. There was no deafness at this time. Caloric
testing by the first method showed gross delay in
responses (3 minutes R., 4 minutes L.). The second
group of tests appeared to indicate a L. canal paresis.
Though there was minimal impairment of duration of
nystagmus, its amplitude was very much smaller with
both hot and cold irrigation on the L. side.

There was no clinical evidence of a lesion of the
L. ear to account for a canal paresis in this case.
Delay in the cold response on the R. side by the
first method might be due to the R. temporal lobe
lesion giving a L. utricular paresis. However, the
greater delay on the L. should really indicate R.
utricular paresis (cf. P. R.), which might be due to
a lesion of the R. labyrinth-there was some bleeding
from the ear, but no deafness or petrous fracture-
or a lesion of the L. temporal lobe or its connec-
tions. The latter was possible in this case as the
patient was a R. handed man with dysphasia and
at one time had a R. lower facial weakness. Bi-
lateral brain injury may have confused the issue.
The second test did not give any indication of
utricular paresis, being near normal except for poor
amplitude of nystagmus induced by stimulation of
the L. ear with both hot and cold stimuli. (cf. J. S.,
P. R., W. C., Table V, where small amplitude
responses occurred on the side of deafness). This
remains unexplained-unless it is here a manifesta-
tion of vestibular paresis caused by a temporal lobe
lesion. If so it would be a serious error in the
interpretation of these tests to take such a finding
as necessarily indicative of a peripheral lesion of
the external semicircular canal. The nature of the
spontaneous vertigo, which consisted of a hallucina-
tion of movement in a vertical direction, is another
unusual feature of this case.

These two cases emphasize that results of tests
done with the external semicircular canals placed
horizontally and vertically are not strictly compar-
able. Also with the much colder irrigating fluid
used in the first series of cases more spread of
stimulus may result. Thus, although the utricle
may be chiefly affected, the vertical canals may also
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be stimulated by a flow of endolymph, or vasomotor
reflexes may be excited.
The most frequent findings in each series of tests

were: (a) Delay in the cold caloric response on
the side opposite the cranial injury (first method).
(b) Directional preponderance to the side opposite
the cranial injury (second method).

It appears significant that two cases (W. C. and
E. L.) found to be exceptions to the general finding
in the first series were also the exceptions in the
second series. These were both cases with severe
penetrating wounds near the midline and inner ear
deafness on the same side. In each the side of
deafness was in the same relation to the side of
cranial injury as with the other cases (mostly of
closed injury), but the maximum brain injury was
probably not, for reasons discussed earlier in con-
nection with the effects of rotational stress. It
appears that, in at least these two cases, brain
injury may predominate in determining the type of
caloric response.

In the majority of cases which followed the general
rule in either series, the findings may be explained
by utricular paresis on the side of cranial injury.
This may be caused by a labyrinth lesion on that
side, a lesion which appeared probable in cases
with inner ear deafness, or by a lesion of the tem-
poral lobe or presumably of its connections in the
brainstem, on the opposite side (cf. Fitzgerald and
Hallpike, 1942). The side of the brain, including
the temporal lobe and its proximal connections,
opposite the cranial injury is probably the more
affected by rotational strain in most closed injuries
of any severity. The effect of infratentorial strains
on the lower vestibular pathways and centres in
the medulla may differ from such effects in the
midbrain and cerebrum, but an hypothesis of injury
to the vestibular pathways, which cross the midline
in the brainstem, provides adequate explanation for
caloric abnormalities where there is no inner ear
deafness, i.e. no independent evidence of labyrinth
injury. In cases with labyrinth injury, utricular
paresis effects from central (brain) and peripheral
(labyrinth) lesions may be summated.

Cawthorne, Fitzgerald, and Hallpike (1942) state
that directional preponderance caused by temporal
lobe lesions (e.g. tumours) was slight compared
with the effects of labyrinth lesions as in Meniere's
disease. This may account for the greater cold
caloric abnormalities in cases with inner ear deaf-
ness, but tests done as in the first series will tend to
emphasize utricular effects, and greater degrees of
directional preponderance may be expected, from
whatever cause. Also a finding of only slight
divergencies from normal with temporal lobe
lesions may not hold for brainstem lesions. As
mentioned earlier, combined lesions of the un-
crossed type, i.e. canal and utricular paresis affecting
the same ear, may give equal cold caloric response
from each side. They could be caused by com-
bined lesions of canal and utricle in the same
labyrinth (Hallpike, 1943), or presumably by a
moderate canal lesion plus a severe lesion of the

vestibular connections in the brain. The latter
might be the explanation for such patterns as in
the cases R. H., L. I. (Table V), though the absence
of deafness in these two cases raises the question
again as to whether " canal paresis " effects may
not also be sometimes solely the result of brain
injury (cf. R. B., C. N.). Some such hypothesis of
combined lesions, however, might explain sym-
metrical delay in cold caloric responses found in
some of the first series of cases, where neither aural
nor cerebral injury appeared symmetrical.

General Conclusions from Vestibular Tests
Disorder of vestibular function is present in a

very large proportion of cases of head injury, with
or without clinical evidence of focal lesions on or
near the vestibular pathway from labyrinth to
temporal lobe. Cases with vertigo as a symptom
have a higher manifest incidence of such lesions,
and in general show greater abnormalities of the
vestibular responses. These abnormalities bear a
very close relationship both to trauma of the laby-
rinth and to trauma of the brain, the two lesions
being of varying significance, and indistinguishable
when using times of nystagmus responses to caloric
stimulation as the sole criterion.
The precise relationship between vestibular dis-

order and the symptom of vertigo, or giddiness in
general, remains obscure, because grossly abnormal
reactions are found without any history of giddiness
in some cases. Considering the nature of the test,
however, and the principal criteria used (nystagmus
responses), there is no more reason to consider
this anomalous than that abnormal pupil reactions
should not be always accompanied by subjective
visual defects, or that paresis in other sites should
occur without parnsthesia. Brock (1938), referring
to caloric responses in cases with brain lesions,
states " the absence of induced nystagmus only,
means a lesion in the posterior longitudinal fasci-
culus". The diminution of the induced vertigo
may be more closely related to post-traumatic
giddiness, but being a subjective sensation liable to
psychic modification it does not lend itself to
precise measurement.
One interesting result of this investigation was

the finding of gross vestibular abnormalities per-
sisting years after injury, though there did appear
to be some lessening of these with time. Though
most of the initial tests were done about the same
stage of convalescence, such modification was not
taken into account and might help to explain the
imperfection of the relationships which were found.

Utricular paresis, resulting from damage to the
connections of the temporal lobe opposite the side
of cranial injury, might account for the commonest
findings in both series of vestibular tests described
here. This, with the findings in relation to the site
and type of cranial injury and focal brain lesions,
particularly such brainstem lesions as analysed in the
first series of cases, strongly suggests that rotational
strains of the brainstem are of prime importance in
causingpost-traumatic disorder ofvestibular function.

D. G. PHILLIPS92
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY

Clinical Features of Post-Traumatic Giddiness
A personal study has been made of 449 con-

secutive cases of head injury of all kinds, including
50 cases described in the first series of vestibular
tests, excluding only simple scalp wounds with no
evidence of cerebral concussion or contusion.
Cases in which, at any time following injury, there
was a complaint of any sort of giddiness have been
recorded, the number being 133, or 30 per cent. of
the total. The figure should doubtless be higher
than this, as in the earliest cases particular note was
not always taken and the follow-up was not so
complete. Also, as sometimes was recorded,
patients may have experienced the symptom soon
after injury, only to have amnesia or imperfect
recollection for that period later. Naturally,
patients reviewed here varied in ability to give a
clear description of their symptom. A surprising
number spontaneously gave a clear description of
hallucination of movement, usually of rotation,
either of the patient himself or of external sur-
roundings. Some gave such a description only
when asked to define their giddiness. Care was
taken not to suggest this definition, however, and
in no case reported was it given in answer to a
direct inquiry as to whether there seemed to be
rotation or other movement.

Cases with complaint of hallucination of move-
ment (of self or surroundings) are classed as having
vertigo. The total number of such cases was 67,
or 15 per cent. of all head injuries. This compares
with a figure of 8 per cent. quoted by Symonds
(1942) who said that " we may assume that vertigo
in the true sense is evidence of damage to the vesti-
bular sense organ or its central connections ". He
also drew attention to the presence of tinnitus and
deafness or bleeding from the external acoustic
meatus in such cases as suggesting labyrinthine
damage, and diplopia and nystagmus as indicating
the probability of a brainstem injury. Only cases
giving a clear description of movement are classified
here as having vertigo, those complaining only of
" a swimming feeling" or of " feeling unsteady as
if I might fall ", being excluded from this group.
A few cases, where giddiness although not in-
volving hallucination of movement, was brought on
only by a movement in one direction, are also
excluded from the classification of vertigo, though
such orientation appears significant.

With hallucination of movement: 67 cases(Subjective 26
Roatr Objective . ..23

Rotatory 1 Subjective and objec-
tive .. .... 9

Non-rotatory .. .. .. 8

Without hallucination of movement: 66 cases
Unsteadiness with change in

posture .. .. .. .. 43
Visual impairment only .. .. 9
Unsteady gait, falling, only .. 3
Unspecified (mostly minor cases) 11

TABLE VI.-TYPES OF POST-TRAUMATIC GIDDINESS
(133 cases)

Table VI shows the incidence of specific types of
complaint included by patients under the term
" giddiness ". Most of those without hallucination
of movement complained of a sensation of unsteadi-
ness associated with alteration in posture. In
nearly all these cases the symptom was of minor
degree, not to be compared with the severity of the
worse cases of vertigo. A small group complained
only of blurring of vision or temporary " black-
outs "; three complained of unsteady gait and
tendency to fall without hallucination of movement
or relation to change in posture; and in eleven the
nature of the symptom was unspecified-in these
cases the symptom was a very minor one, and noted
once only, or for a very limited time in the early
stages of convalescence or at the follow-up clinic.

Time of onset

Cases Less
than 1 day Later
1 day to than
after 1 week 1 week
injury

Vertigo (58 cases) .. 24 15 19
Other types of giddiness

(50 cases) .. .. 6 11 33

Time of cessation

Cases
Under Over

3 months 3 months

Vertigo (64 cases) .. 30 34
Other types of giddiness

(50 cases) .. .. 39 11

TABLE VII.-TIME RELATIONS OF SYMPTOM

Table VII shows that vertigo, as defined above
for the purposes of this study, i.e. giddiness with
hallucination of movement, generally appeared at
an early stage after injury. Often it occurred
immediately, or on regaining consciousness. Some-
times it appeared spontaneously and often was
brought on by lifting the head or turning over in
bed. Turning in one direction was sometimes a
more adequate stimulus. Later it might recur or
become exacerbated on sitting up, getting out of
bed, with exercise, increased activity after leaving
hospital or return to work. The symptom usually
became less troublesome but in most cases (Table
VII) lasted over 3 months, and might continue for
years. Stooping or turning over in bed were
especially liable to induce it. Sometimes a loud
noise would act as a stimulus. In the later stages
the complaint usually became periodic and hallu-
cination of movement less evident, though it per-
sisted in some, especially those with local injury or
infection of the ear, and some with injuries of the
cerebral cortex.
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D. G. PHILLIPS
In marked contrast to vertigo, other types of

giddiness had an early onset in few cases (Table
VII). In most it first appeared on getting up, and
in many this was the only time of complaint. In
some it occurred later with change in posture,
stooping, more often in getting up from a stooping
posture, or with increased activity. In a few cases
where giddiness was related to change in posture, it
was more severe and lon-g lasting after a prolonged
stay in bed, with increasing age, and raised blood
pressure. In the great majority of this group the
symptom had ceased in less than 3 months after
injury (Table VII). The minor nature of the com-
plaint was particularly constant and conspicuous in
those cases without signs or symptoms suggesting
peripheral aural damage (bleeding from the ear,
tinnitus, and deafness) or involvement of the central
vestibular connections (nystagmus, diplopia, or
blurring of vision).

All cases with Cases with
giddiness vertigo

Site Total
cases

No. Per No. Per
cent. cent.

All sites .. 449 133 30 67 15
Frontal .. 142 26 18 12 8
Vertex.. .. 18 3 17 0 0
Parietal .. 61 12 20 8 13
Occipital .. 64 33 51 18 28
Temporal .. 73 37 51 23 32
Unspecified .. 91 22 24 6 7

TABLE VIII.-INCIDENCE OF SYMPTOM OF GIDDINESS, AND
OF VERTIGO, IN RELATION TO SITE OF CRANIAL INJURY

(Indicated by scalp injury if no fracture)

Relation of Giddiness to Site of Cranial Injury
(Table VIII).-The table illustrates the high inci-
dence of vertigo in temporal. and occipital injuries.
The greater incidence also applied to cases of giddi-
ness not classified as vertigo, more so with occipital
injuries. There were 20 cases in the whole series
with fracture of the petrous bone proved by X-ray
or autopsy. Of the 18 survivors, 11 complained of
giddiness (classified as vertigo in 8 cases). Of the
7 cases without giddiness, 5 had a leak of C.S.F.
from the ear, while only 3 with giddiness had
C.S.F. leak. This might be due to the type of
fracture or to the relief of intracranial pressure,
cf. low incidence of giddiness after open head
injuries. Of 12 patients with a facial nerve lesion,
10 complained of giddiness, only 4 of whom were
classified as having vertigo.
The site of cranial injury may affect the location

and severity of vestibular lesions in two ways: by
conduction of force to the labyrinth or by damage
to underlying brain, directly or by " contre-coup "
(see earlier discussion on the effects of rotational
stress). Injuries of the ear have been discussed by
Colledge (1940). He quoted experimental and
pathological findings in closed head injuries. The
principal findings of injury to the labyrinth without

fracture were hlemorrhages in the neighbourhood
of the round window and the first turn of the
cochlea. Of petrous bone fractures there are four
main types, longitudinal, transverse, oblique, and
microscopical, involving the labyrinth capsule. The
longitudinal is the most common, and with this one
the middle ear is always involved, usually with
rupture of the tympanic membrane, but the laby-
rinth escapes.

All cases Cases with
with vetgType of Total giddiness vetg

cranial injury cases

No. Per No. Percent. cent.

All types .. 449 133 30 67 15
Closed injuries,

without frac-
ture . 244 82 34 42 17

Closed injuries,
with fracture 138 39 28 19 12

Open injuries,
without dural
penetration 20 2 10 0 0

Open injuries,
with dural
penetration 47 10 22 6 12

TABLE IX.-INCIDENCE OF SYMPTOM OF GIDDINESS, AND
OF VERTIGO, IN RELATION TO TYPE OF CRANIAL INJURY

Relation of Giddiness to Type of Cranial Injury
(Table IX).-Table IX shows that the highest inci-
dence of giddiness (and vertigo) was in closed
injuries without fracture, and the lowest in open
injuries, especially those without penetration of
dura. These figures are very striking if it is borne
in mind that it is the latter which are caused by the
more violent blows. It appears that diffuse rather
than localized trauma and absence of solution of
continuity of the skull are factors which favour the
development of the symptom. This might be ex-
plained on a basis of greater general momentary
deformation of the skull, with more widespread
conduction of force, directly through the bone to
the labyrinths, and directly or by the effect of
rotational stress to the brain.
The higher incidence of the symptom in open

injuries with penetration of dura as compared to
open injuries without penetration may be partly
related to the greater general trauma inflicted, but
as will be shown later (Table XI) is much more
certainly related to focal brain damage in particular
cases.

Relation of Giddiness to Symptoms and Signs
suggesting Peripheral or Central Lesions of the
Vestibular System (Table X).-Table X shows that
all the listed symptoms and signs are associated with
a higher incidence of giddiness, the lowest being
with bleeding from the ear, which in itself indicates
only external or middle ear damage. The per-
centage of cases having giddiness without such
symptoms and signs is very low.
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY
In testing hearing in general, ordinary clinical

criteria only (whisper and one tuning fork C256)
were used. Doubtless, therefore, the incidence of
some degree of deafness after head injury is much
higher than these figures suggest. Also, a dis-
tinction was not generally made between middle
and inner ear deafness. In the 50 cases which
were taken for the first series of caloric tests, this
distinction was made and demonstrable inner ear
deafness was found to be associated almost exclu-
sively with a complaint of giddiness.

All cases Cases with
with vetg

Signs of Total giddiness vertigo
head injury cases

No. Per No. Percent. cent.

All head injuries 449 133 30 67 15
With bleeding

external audi-
tory meatus 65 31 45 18 26

With acoustic
sympto m s
(tinnitus and/
or deafness)
from injury 57 37 65 22 37

With acoustic
symptoms
present before
injury .. 21 9 43 7 33

With sponta-
neous nystag-
mus .. 59 37 63 27 44

With visual
symptoms
(diplopia or
blurred vision) 46 32 70 19 46

Without any of
preceding
signs or
symptoms . 292 47 17 21 7

TABLE X.-INCIDENCE OF SYMPTOM OF GIDDINESS, AND
OF VERTIGO, IN CASES WITH SYMPTOMS AND SIGNS
SUGGESTING PERIPHERAL (AURAL) OR CENTRAL
(e.g. BRAINSTEM) LESIONS OF THE VESTIBULAR
SYSTEM

Frey (1940) found in cases of " tangential injury"
from a bullet or shell fragment, that there was
always a lesion of the internal ear if the fragment
had touched bone. Grove (1928) reviews German
authorities who describe pathological changes of
the labyrinth in patients dying years after head
injury. Such changes were atrophy of nerve fibres
and complete or partial filling of the inner ear
spaces and canals with hyaline connective tissue
and bone. In experimental animals degenerative
changes were also seen in the eighth nerve nuclei.
Colledge (1940) quoted experiments by Stenger,
who subjected rats to blows on the head. In those
animals in which there was no fracture there was
hxemorrhage in the neighbourhood of the round
window and cochlea, and in the more severe cases
also in the ampullk and between the fibres of the

acoustic nerve. Both Watkyn-Thomas and Colledge
(1940) commented on progressive deafness with
labyrinth lesions in concussion.

Relation of Giddiness to Middle Ear Lesions in
Head Injury.-As Table X suggests, and as is cor-
roborated by the detailed study of 50 cases (Table I),
middle ear lesions, e.g. with ruptured tympanic
membrane and bleeding, are by no means invariably
associated with giddiness, or with blast injuries or
fracture of the base of the skull. On the other hand,
it has been found where note has been made, that
bleeding from the ear occurs regularly on the side
of cranial injury, whether closed or open. This
suggests that conduction of force (and ? associated
deformation) through the bone of the skull is an
important factor in its causation. Though no
figures have been collected, it has been noticed that
even where there has been no bleeding from the
ear, many cases show congestion in the region of
Shrapnell's membrane in the first days after head
injury. At a later stage an undue proportion,
especially with a history of severe cerebral contu-
sion, show opacity, scarring, and deformation of
the tympanic membrane on the side of cranial
injury, even where there have been no aural
symptoms or bleeding from the ear, and there is no
deafness by ordinary clinical tests.

There were nine cases in the whole series with
mastoiditis. Of these, seven had well-marked
vertigo and included the most severe degrees of
hallucination of movement encountered. Four of
these cases had developed gross chronic mastoiditis
that had been overlooked or neglected for varying
periods of time up to 2 years after injury. On
account of their symptoms, mainly headache and
vertigo, they had been persistently diagnosed from
an early stage as psychiatric disorders. The psycho-
logical results of this were deplorable. All four
cases improved greatly physically and mentally
following radical mastoidectomy. One other patient
who had acute mastoiditis supervening on injury
with fractured petrous bone, severe vertigo, and
gross disturbance of equilibrium unrelieved by
mastoidectomy 5 weeks after injury, appeared to
have a considerable psychopathic overlay added to
his organic symptoms. Four cases of mastoiditis
with head injury escaped a diagnosis of psychiatric
disorder. One (P. R., Table IA) was a soldier who
had a bullet lodging in the petrous bone with subse-
quent signs of suppurative labyrinthitis which
resolved following intensive sulphonamide therapy.
Vertigo ceased after 3 months, but severe inner ear
deafness remained. Another case, a man of
70 years, with blood pressure 190/80, was admitted
to hospital after falling in a state of acute alcoholism.
There was a discharge of blood and C.S.F. from the
external auditory meatus which was full of pus
and polypi, indicating chronic mastoiditis. There
was complete inner ear deafness. No headache or
vertigo ensued, before or after mastoidectomy, and
the patient insisted on returning to work, manual
labour, 5 weeks after injury. This patient pre-
sumably had a labyrinth already dead, and therefore
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immune to further disturbance of function. One
case developed acute mastoiditis a few days after
injury but it quickly subsided after operation with-
out any giddiness. The remaining case with
mastoiditis is particularly interesting in view of his
progress.
N. 0. Frontal injury. Unconscious a few minutes

with amnesia of a few hours. No bleeding from the
ear. Headache lasted only one day. Attacks of severe
rotatory vertigo began the first day and persisted over a
year. Otorrhiea began 6 months after injury. Mastoid-
ectomy was performed 6 months later, after which the
vertigo began to improve.
An insidious onset of infection as in this case

may explain the neglect and inadequate assessment
of the first four cases of post-traumatic chronic
mastoiditis described above.

There were four cases of acute suppurative otitis
media, supervening on injury. Two had vertigo of
moderate degree, and all resolved uneventfully. Of
five cases with pre-existing chronic suppurative
otitis media, only one had giddiness (a swimming
feeling on stooping). In none were the effects of
brain injury severe. There was one case diagnosed
as acute catarrhal otitis media.

F. L. (Table IA). R. parietal contusion. Moist run-
ning feeling in the L. ear from the time of injury, with
minimal L. tympanic congestion. Left hospital in
2 weeks but returned a month later complaining of
vertigo and falling. There was now severe bilateral
middle ear deafness, bulging and opacity of both
tympanic membranes. Further convalescence was slow.
There was one case diagnosed as chronic catarrhal

otitis media, though for reasons mentioned at the
beginning of this section, the importance of trauma
in causation may have been paramount.

A. Wt. (Table IB). Three years before admission to
the neurosurgical centre, this soldier, who was a cham-
pion boxer and had done much swimming, had a head
injury with bleeding L. ear in a car accident. There was
a fracture of the L. petrous bone shown in X-ray. Since
that time he had suffered with giddiness (" things move
from side to side and go black ") which had become
much worse after recent exposure to gunfire at an A.A.
post. There was spontaneous nystagmus to the R.,
scarring and gross indrawing of both tympanic mem-
branes, blocked eustachian tubes, bilateral middle, and
L. inner ear, deafness. BP 170/110. Cold caloric tests
were done, and though quite good nystagmus responses
were obtained in 80 seconds and 60 seconds from R.
and L. ears no past pointing or vertigo could be induced
with further irrigation for 4 minutes, with head forward
or back. His general attitude was one of mental
depression, and he was sent on to a psychiatric centre
as a case of anxiety neurosis.
Though other factors (infective, psychogenic) may

also have been present here, objective signs of
organic disorder suggested that physical trauma had
been of first importance.

Relation of Giddiness to Focal Brain Injury.-In
the section dealing with the relation of cold caloric
tests to brain injury, among the 50 cases studied in
detail have been mentioned some cases with a
syndrome of brainstem lesion and one with gross
cerebellar contusion, all of whom showed gross
abnormalities of the past pointing responses. One
case of brainstem contusion (J. T., Table IA) pre-
viously described in detail, had severe rotatory

vertigo immediately following injury but not after
the first day. Another (V.T., Table IA), who also
had local trauma and infection of the ear, had
rotatory vertigo only during convalescence though
some giddiness persisted for 2 years. Another
(F. P., Table IA), following a severe injury (post-
traumatic amnesia 5 weeks), had rotatory vertigo
for over 18 months. The fourth case (J. K.,
Table IB) had no giddiness. Two more cases with
similar well-marked syndromes of brainstem con-
tusion were noted in the total series. One during
convalescence, while going upstairs, felt giddy " as
if things were coming towards me" and also com-
plained of misty vision and dizziness (a " swim-
ming " feeling). The other after an apparently
minor injury, without unconsciousness or amnesia,
complained of immediate dizziness with headache,
vomiting, and subsequent unsteadiness, but only
7 months later developed a severe attack of rotatory
vertigo with falling.

In this small series, severe brainstem contusion
was usually, though not always, followed by vertigo.
Many other cases with giddiness or vertigo had
nystagmus or ocular palsy with diplopia or blurred
vision which might have resulted from brainstem
damage. It is worth noting that the first and last
cases mentioned here both had severe symptoms
immediately following what appeared to be minor
injuries without loss of consciousness, and no
evidence of aural damage. Such cases should be
compared with brainstem lesions from other causes,
e.g. tumours or disseminated sclerosis which may
be accompanied by the most severe vertigo, pre-
sumably by interference with the vestibular pathways.
The case of cerebellar and occipital contusion

was in some respects the worst of the whole series.

J. C. (Table IA) man of 60 years. In June 1941 a
concrete slab fell on the back of his head. Unconscious
2 hours, post-traumatic amnesia 3 to 4 weeks. Extensive
closed comminuted fracture of the occipital bone. On
recovery of consciousness he appeared to be blind. The
R. pupil was large with sluggish reaction to light, and
the L. small with brisk reaction. Nystagmus on looking
to R. L. external rectus weakness. Extensor plantar
responses. Two weeks later there was perception of
light, and vision gradually improved to 6/6 2 months
after injury with full visual fields. There was severe
headache in the early stages, and rotatory vertigo. He
was up 3 months after injury and left hospital a month
later, though with a most unsteady gait. He continued
to complain of severe giddiness, which kept him from
returning to work. In June 1943, he still walked with
an extremely slow, wide and cautious gait, with occa-
sional lurching, and painstaking stopping, starting, and
turning. There was only slight ataxia by the finger-
nose test. Nystagmus was present, more on looking to
the R. than to the L. He gave a very unsteady Romberg
test. He stated that though he had had some rotatory
vertigo recently, generally it just consisted of a feeling
of unsteadiness if he turned his head, or altered posture
quickly.

Repetition of tests at this time showed an increasing
inner ear deafness, affecting principally high tones (a
little more on the R.). Cold caloric tests (see Table II)
showed only slight delay in nystagmus response (less
than by the original. test), which was of good amplitude,
but horizontal instead of rotatory with the head 300
forwards. There was gross deficiency of past pointing
responses, and induced vertigo of moderate degree.
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY

Site of cranio- Duration of Aural Dysfunction Clinical signs Duration of
Case cerebral lesion unconscious- T=tinnitus of brain injury giddiness

ness D= deafness V= vertigo

C. C. Frontal (minimal Nil 10 days
brain injury)

R. Ms. Occipital (minimal 5 minutes ?
brain injury)

H. L. Parietal 12 hours D Acalculia, spatial 1 month
disorientation

E. L. Parietal 6 days T D Hemiparesis, epilepsy, 10 months
mental impairment

R. B. Temporal Momentary Dysphasia, facial weak- V 6 weeks
ness

P. R. Occipito-temporal 2 days T D suppurative _ V 3 months
(outer cerebellum labyrinthitis
and petrous bone) (healed)

A. Y. Parietal ? nil ? V 7 months
J. H. Temporal (middle Few minutes T D V I year

ear and temporal
lobe)

W. C. Occipito-parietal Few hours T D Lower quadrantic V 2 years +
(inter- hemianopia
mittent)

P. 0. Parietal 12 hours T Hemiparesis, epilepsy ? V 3 years +
(" blackouts "), mental
impairment

TABLE XI.-CASE OF OPEN BRAIN INJURY WITH GIDDINESS IN ORDER OF SEVERITY OF THE SYMPTOM

It was suggested at a neurosurgical meeting that
he might have a vermis contusion. Though the
disorder of equilibrium in this case was very severe,
the actual sensation of vertigo was not in proportion
to the rest ot the syndrome.

Table XI includes all the cases of open cerebral
injury with a complaint of giddiness, in approxi-
mately the order of severity of the symptom. The
first case (C. C., Table IB) has already been men-
tioned in dealing with open injury cases having
asymmetrical caloric responses. The mechanism of
injury-by repeated hammer blows-was com-
parable to that of closed injuries, and the cortical
damage was very slight. Giddiness was for 3 days
only on sitting up. In the next (R. Ms.) cortical
damage was also slight and although the duration
of giddiness is not recorded it was of very minor
degree. H. L., whose injury was in the upper
parietal region had giddiness only on sitting up.
E. L. (Table IB) had an extensive comminuted
fracture of the L. vertex with deep penetration of
brain. His giddiness was of unspecified nature and
occurred only between 7 and 10 months after injury.
The remaining cases all had severe vertigo, with

well-marked hallucination of movement, rotatory
except with R. B. (Table IA), who had a bullet
lodged in the posteri6r part of the R. tempotal lobe
and complained of a feeling of " rising off the
ground ". This case and P. R. (Table IA) have
already been described in detail in connection with
the comparison of vestibular tests by two methods.
It was there suggested that they had vestibular
pareses, the former caused by a temporal lobe
lesion, the latter by a lesion of the labyrinth, though
brain contusion must have been present and could
not be excluded as a contributory cause. Unfor-
tunately clinical details of A. Y. are lacking but it

H

may be significant that his injury involved the
parietal region. J. H. had a bomb wound involving
the temporal lobe and middle ear. Though no
infection resulted, vertigo was severe and persistent.
The next case is worth special note in view of the
persistence of periodic vertigo, and the vestibular
responses.
W. C. (Table IA). Bomb wound L. occipito-parietal

region. There was intermittent unconsciousness and
imperfect amnesia for a few hours. An extensive wound
involving the occipital lobe was explored and healed by
first intention. X-ray after the operation showed
multiple widely scattered fragments of metal remaining
in the posterior temporal and parietal regions of the
brain. Attacks of rotatory vertigo began 6 weeks after
injury. There was a R. lower quadrantic hemianopia
and slight L. inner ear deafness (heard whisper 7 ft.).
Otherwise he remained very well, being up and about.
Two years after injury he was still having attacks of

vertigo (three in a fortnight). These lasted about a
minute and consisted of a feeling of spinning round with
loss of balance, apparent movement of external objects,
and staggering gait. There was slight tinnitus. Slight
L. inner ear deafness remained (whisper at 5 ft.) and
there was a little unsteadiness in walking with the eyes
closed. Repeated caloric tests (Tables IL and V) showed
that the cold caloric response from the R. ear had
remained minimal, while the pattern of responses by the
second method of testing with hot and cold stimuli
indicated a L. canal paresis combined with a directional
preponderance to the L.

As mentioned earlier the last caloric tests indi-
cated a crossed type of combined lesion by the
criteria of Hallpike (1942 and 1943), i.e. L. canal
paresis and R. utricular paresis. The absence of
deafness in the R. ear suggests that injury to the L.
temporal lobe or its vestibular connections ac-
counted for the R. utricular paresis. The last case
of open injury with persistent attacks of rotatory
vertigo (P. 0.) had three attacks apparently of
epileptiform nature during the latter 2 years under
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observation, and although helped by a sympathetic
employer, exhibited a curious mental and emotional
instability. Another case in the series, of closed
depressed fracture, should be compared with these
above.
G. L. (Table IA). Three and a half years ago a piece

of clinker had fallen 20 to 30 ft. on to his head, causing
a depressed R. occipito-parietal fracture, which had
remained unelevated. He had amnesia for several days,
stayed 2 weeks in bed at hospital and a month in bed
at home. Since then he had had headaches and giddy
attacks about once a month, lasting 4 or 5 minutes.
During the attacks he felt as if " everything seems to
go round " and " head was spinning round." He could
not remember after each attack events immediately pre-
ceding it. On medical advice he had done little work
since the accident.

Examination showed an old depressed R. occipito-
parietal fracture. There was nystagmus on lateral
ocular deviation, more to the L. than the R. The L.
pupil was larger than the R. and there was lack of con-
vergence of the L. eye. The rest of the central nervous
system showed no abnormal signs. An air encephalo-
gram was normal. Cold caloric tests (by the first
method) showed delay in response from the side oppo-
site cranial injury (as with most closed injuries).

The ocular signs present in this case indicate that
a brainstem lesion may have been present, though
not giving such a definite syndrome as the six cases
previously described. This, in the absence of deaf-
ness as a sign of peripheral labyrinth damage, might
account for the vestibular reactions. The nature
of the injury suggests that there was probably
localized damage to the occipito-parietal cortex.
The history of the symptom suggests that it may
have been of epileptiform character.

Consideration of all these cases of focal injury to
the cerebral cortex leads to the conclusion that
there is a special relation between post-traumatic
vertigo and injury to the cortex somewhere in the
region of the temporal or parietal lobes.
Some patients with post-traumatic giddiness

describe their symptom as a visual impairment, or
say that " everything goes black ". This is generally
associated with a feeling of unsteadiness, " as if I
might fall ", or that " I have to take hold of some-
thing ". It may be momentary, associated with
change in posture or increased activity and perhaps
is due to vasomotor insufficiency, i.e. syncope. In
some cases, however, patients describe visual impair-
ment of longer duration, with actual falling, and
sometimes with loss of consciousness. Such attacks
are commonly described as " blackouts ". They
tend to occur in the later stages of recovery as
periodic and spontaneous attacks. Symonds (1942)
stated that in some cases there is a transition to
epilepsy, and describes such a case. Though none
of the cases here described had quite as suggestive
history as the one he quotes, the efforts of patients
to describe their feelings before such an attack not
infrequently suggested an epileptic aura. They
would say " I have a feeling as if I am going to
die ", or that everything becomes " muzzy " or
" all mixed up ", or that " things seem unreal ".
Sometimes the preliminary feeling would be one of
rotatory vertigo (cf. G. L.).

In view of the fact that such relatively minor cases
do not usually have evidence of focal cortical
lesions it is worth remembering that loss of con-
sciousness may occur in very severe cases of
Meniere's syndrome (Brain, 1940), and that vertigo
(so often associated with post-traumatic headache)
may occur in migraine (Brain, 1940). A particular
relation between disease of the peripheral sense
organ and epilepsy has been noted by Brain (1933),
who described a small group of epileptics suffering
from chronic suppurative otitis media who had
vertigo as an aura. Treatment of the ears in these
cases relieved the epilepsy, which was presumably
of" reflex " nature. Fitzgerald and Hallpike (1942)
in observations on directional preponderance of
induced caloric nystagmus have emphasized an
association between the vestibular apparatus and
the temporal lobe. They quote Spiegel (1932) as
demonstrating in the dog and cat that following
localized application of strychnine to the postero-
superior parts of the temporal lobe, labyrinth
stimulation may cause convulsions. Foerster (1936)
noted in man that " stimulation of the superior lip
of the interparietal sulcus evokes violent vertigo ";
objects appeared to move towards the side of stimu-
lation and there was a subjective sensation of
turning towards the contralateral side.

Brain (1938) stated that in cases of intracranial
tumour " vertigo is of no localizing value since it
may occur with a tumour in any situation".
Symonds (1933) in making this point, however,
noted that " vertigo as an epileptic aura, or with
tumours of the forebrain, is not as a rule followed
by vertiginous sensations of the kind almost con-
stantly encountered when the disturbance has
arisen at any of the lower levels ". In postulating
focal cortical injury as one cause of vertigo, it may
be borne in mind that these disturbances at lower
levels are in some degree at least frequently present
in addition, e.g. inner ear lesions or brainstem
injury (cf. G. L. above). Also additional factors
are of importance after cerebral contusion (see
following sections).

Relation of Giddiness to Vasomotor Function.-
Focal lesions on or near the vestibular pathway
after head injury are frequently accompanied by
severe vertigo (and giddiness in general), as demon-
strated in the previous sections. The symptom may
occur, however, without obvious focal lesion (e.g.
A. C., R. R., Table IA) or disorder of function as

revealed by vestibular tests (A. N., A. D., Table IA;
J. K., C. T., Table V). Another post-traumatic
factor of more general. natfre may be of more

importance with relatively minor degrees of the
symptom. In such case, the nature of the giddiness,
with absence of hallucination of movement, a rela-
tion to general posture, e.g. sitting up, standing,
increased activity in general as distinguished from
changes in position of the head which affect the
vestibular end organ directly, momentary " black-
outs ", faintness, and frequent association with
headache (cf. migraine), inevitably suggests vaso-

motor disorder. This has been postulated by
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INVESTIGATION OF VESTIBULAR FUNCTION AFTER HEAD INJURY
Mygind (1918), Portmann and Despons (1937),
Glaser (1937), and Rowbotham (1942). Symonds
(1942) stated that generally post-traumatic giddiness
was not a true vertigo, and was probably due to a
defect of vasomotor adjustment which may result
from medullary concussion. Brain (1933), in dis-
cussing the definition of vertigo, pointed out that
" even when the vertigo is of aural origin, although
a subjective sense of rotation, either of the patient
or his surroundings, is its commonest form, it is
by no means always present ". Thus absence of
hallucination of movement does not exclude a
vestibular lesion. Focal vestibular lesions, of vesti-
bule or its intracranial connections, are probably
present in most cases of post-traumatic giddiness,
because even gross generalized brain contusion
may occur without the symptom (e.g. Table IB,
H. M. unconscious 12 hours, F. F. unconscious
2 days).
Camis (1930) demonstrated experimentally that

afferent impulses from the labyrinths have wide-
spread effects on circulation as well as on somatic
musculature, and made the comment that such
study is difficult in human beings where there may
be potent psychical and emotional factors. It
seems not improbable, however, that unbalanced
vasomotor adjustment may conversely affect im-
pulses from the labyrinths, especially if there is also
a focal lesion or lesions on their path.
The symptom is not necessarily present with high

blood pressure. Three cases have been noted with
hypertension in Table IB. One (A. Wt.) had per-
sistent giddiness, but other abnormal factors were
present. One (E. A.) had slow but uneventful
convalescence. The third (A. H.) had no post-
traumatic giddiness even though there was a fracture
of the petrous bone. Other cases with severe
injuries have also been seen with hypertension but
no giddiness.

Relation of Giddiness to Psychogenic Disorder.-
To account for the persistence of symptoms after
head injury, a " neurotic " or " functional " element
is often postulated. Great difficulty is sometimes
encountered in assessing such responsibility in
individual cases. Out of 133 cases with post-
traumatic giddiness in this series, 17 had a diagnosis
of psychiatric disorder made at some time. In four
of these the diagnosis was made after the giddiness
had ceased, and bore no relation to it. Four were
cases of chronic mastoiditis, and one of acute
mastoiditis, already mentioned. One (A. Wt.) has
been described as a case of catarrhal otitis media
with anxiety neurosis. One, with a closed temporo-
parietal injury and focal signs had fainting attacks
of " blackouts " with an aura of giddiness. The
history suggested epilepsy. In one case, a girl with
unstable emotional reactions, dizziness of vague
character was described only once during follow-up.
There remain five cases, in which the persistence of
giddiness, with headache, was thought to be ex-
plained on a psychogenic basis. In one case where
symptoms were not severe, the main factor pre-
venting return to work after 4 months appeared to

be medical advice. The others were long-standing
cases. One was a " compensation neurosis " with
an unsettled claim 18 months after the injury. Two
with the symptom persisting 5 and 7 years after
injury apparently had a reaction to recent army
service. Only one was considered to be a malin-
gerer. Admittedly more, and probably most, cases
in the whole series must have been afflicted with
some quota of disability due to a psychogenic factor
in the post-traumatic state. Nevertheless, in view
of the frequency and consistency of description of
the symptom it seems probable that even the
psychopaths had some organic basis foi their com-
plaint in the early stages. It may have been greatly
elaborated later. Similarly, other cases at a later
stage, depending on personality and environment,
may produce evidence of a psychiatric element
prolonging disability. It is of the greatest import-
ance to maintain a balanced outlook in these diffi-
cult cases, and the remarks of Symonds and Lewis
(1940) on the impossibility of completely separating
the psychogenic and physiogenic factors in the post-
contusional state are apposite. In at least some of
the cases reviewed here there remained a serious
organic lesion as well as psychiatric disturbance.
The delay in resolution of symptoms, even if of
relatively minor degree, that often occurs with the
post-contusional syndrome, readily gives rise to an
anxiety state. Resulting lack of confidence and
vasomotor phenomena are particularly liable to
aggravate or prolong those symptoms.

Giddiness, or a sensation of disordered equili-
brium, results from a conflict of afferent impulses
most of which normally do not reach consciousness.
The sensation may be difficult to define and its
source is not readily apparent. It is not surprising
that it may lead to confusion in the mind of the
patient, and perhaps of his doctor.

Conclusions from Clinical Study
In this series lesions on or near the vestibular

pathway have been found in the more severe cases
of vertigo, and in many of giddiness without hallu-
cination of movement. The difference between the
two varieties of symptom appears to be mainly of
degree. Vertigo in the earliest stages after injury
(e.g. immediately, or during the period of rest)
occurs with focal vestibular lesions at the lower
levels (e.g. labyrinth or brainstem). Circumstances
requiring vasomotor adjustment act as exciting
stimuli for such vertigo as well as for giddiness
without hallucination of movement, in the inter-
mediate stages of convalescence. Vasomotor dis-
order resulting from brain contusion appears to be
an important secondary factor in the production of
the symptom, but may be of first importance in the
less severe cases. Cases with prolonged disability
due to the symptom are also found to have focal
lesions, sometimes with complications (e.g. infection
of the ear). A relation to epileptiform phenomena
and focal cerebral lesions in the temporal and
parietal regions appears in chronic cases. Here the
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psychogenic factor is also important and needs very
careful assessment. Miscellaneous factors such as
length of stay in bed, graduation of convalescence,
constitutional differences (e.g. age and blood
pressure) may modify individual progress, but seem

to be of minor importance.

Conclusions
Disorders of vestibular function, as shown by

caloric tests, have been found in a high proportion
of all cases of head injury, but are not necessarily
accompanied by giddiness as a symptom. Focal
lesions of the pathway from labyrinth to cerebral
cortex have been found or inferred in the more

severe cases of the symptom, and are probably the
major factor in its production. The findings in
relation to the site and type of cranial injury suggest
the mechanisms by which such lesions may occur:

(a) from brain injury, directly to the temporo-
parietal cortex, or more commonly by the effects of
rotational stress, particularly affecting the brainstem
(cerebellum and acoustic nerves are also presumably
vulnerable to some degree); (b) from injury to the
labyrinths, directly by fracture, by conduction of
force through the skull, or secondarily by involve-
ment-in middle ear disease.

Other factors may account for individual suscepti-
bility. Vasomotor changes appear to act as exciting
stimuli for the symptom in the majority of cases.

Vasomotor disorders alone may account for some

minor degrees of the symptom.

Summary
Experimental and clinical investigations of vesti-

bular function and its relation to the symptom of
post-traumatic giddiness have been carried out. It
is concluded that focal injury to the vestibular path-
way is the major factor, and that vasomotor disorder
is the most important secondary factor in causation
of the symptom.
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