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Introduction

Vestibular evoked myogenic po -
tential (VEMP) is an electromyo-
graphic response to loud sound
recorded from the sternocleido-
mastoid (SCM) muscle. Geisler et

al.1 in 1958 and Bickford et al.2 in
1964 were the first to record myo-
genic potentials at the inion stimu-
lated by click sounds. In 1994,
Colebatch, Halmagyi, and Skuse3

reviewed these recordings by
locating the electrodes on the
SCM and described the responses
as “click-evoked vestibule-colic
responses’’. Later, Murofushi et

al.4 proved that VEMP is produced
through activation of the vestibu-
lar saccule, inferior vestibular
nerve, and SCM muscle. Although
not precise, this interaction is
thought to occur through the

vestibular nuclear complexes, lat-
eral and medial vestibulospinal
tractus.5 The diagnostic value of
VEMP has increased recently, par-
ticularly for superior canal and
posterior canal dehiscence syn-
dromes.6,7

Benign paroxysmal positional
vertigo (BPPV) is the most com-
mon disorder of the peripheral
vestibular system, characterized
by episodes of vertigo associated
with head movements.8 Although,
as a general concept, BPPV is
related to the detachment of
otoliths from the macula of the
utricle, Akkuzu et al.9 and Gacek
et al.10 suggested that there may
be a degenerative process in the
macula of the saccule. The aim of
this study was to evaluate the
meaning of abnormal VEMP re -
sponses in BPPV. 

Materials and methods

After local ethics committee
approval, a prospective nonran-
domized study was designed and
informed consents were obtained
from all patients and controls.
Thirty-one patients (19 female, 12
male) diagnosed with posterior
canal BPPV, aged 34 to 80 years
old (mean age, 51.9 ± 118) were
included in the study between
January 2010 and October 2010.
The control group consisted of
23 healthy individuals (15 female,
8 male; 46 ears) aged 35 to 75
years old (mean age, 51.1 ± 10.8)
with no neurotologic symptoms.
Detailed medical history of was
obtained and all patients under-
went ear, nose, and throat ex -
amination, audiologic evaluation,
and electronystagmography (ENG,
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Micromedical Technologies, Chat -
ham, Illinois). Diagnosis of BPPV
was based on medical history and
observations of characteristic nys-
tagmus with visual four channel
ENG during Dix-Hallpike and roll
tests. Patients diagnosed with pos-
terior canal BPPV underwent the
Epley maneuver.11 The Dix-Hall -
pike test was repeated over a peri-
od of three days until the test was
negative and the patient became
asymptomatic. Patients with laby -
rinthine diseases, conductive or
sensorineural hearing loss, known
history of vestibular disorder, or
neurologic disease were excluded.

VEMP (Interacoustics/VEMP
System, Eclipse/preamplifier EPA -
4V, Assens, Denmark) was per-
formed for all patients and con-
trols. VEMP for patients was per-
formed at the time of diagnosis
and before Epley maneuvers. Study
subjects were placed in a supine
position; their chin was raised and
turned contralateral to the affected
ear for tensing the ipsilateral SCM
muscle. The positive electrode
was placed on the middle third of
the SCM muscle, with the refer-
ence electrode on the upper third
of the sternum and the ground elec -
trode on the middle of the fore -
head. Tone bursts at 500 Hz were
delivered through a headphone at
a 5/sec rate for an average of 128
repetitions. The intensity of each
stimulus was 100 dB nHL. One
hundred Hertz low pass filter was
applied and the gain was 60 dB.
Electro myographic signals were
recorded for 50 milliseconds. 

Mean peak latencies (in ms) of
the two early waves (p13 and n23)
were measured on the ipsilateral
side of the stimulation. Mean
latency of peak p13 in healthy
individuals was 14.95 ± 1.13 ms.
Therefore, a latency of peak p13
exceeding 17.21 ms (mean ± 2

standard deviations) was defined
as a delayed response.

Number Cruncher Statistical
System (NC SS) 2007 & PASS
2008 Statistical Software (Utah,
USA) were used for statistical
analyses. Student t test was used
to compare the quantitative data
of the two groups for parameters
with a normal distribution. Com -
parative analyses of qualitative data
were performed by Fisher’s exact
test. Significance was ac cepted at
the p < 0.05 level.

The Baskent University Insti -
tutional Review board (project no:
KA 09/393) approved this study.
The Baskent University Research
Fund supported this research.

Results

VEMP responses were elicited in
all ears (n = 46) of controls. In the
study group, VEMP waves were
present in 24 ears and absent in 7
ears. Mean latency values for p13
of affected and non-affected ears
were 15.75 ± 1.80 ms and 15.72 ±
1.63 ms, respectively, in the study
group. Latency values for p13 of
the affected and non-affected
sides were not significantly dif -
ferent (p = 0.899). In the control
group, mean p13 latency value
was 14.95 ± 1.13 ms. There were
no delays in the control group.
Mean latency values for p13 in the
affected ears of patients were sig-
nificantly longer than those of the

control group (p = 0.027) (Table 1).
VEMP recordings revealed a
delayed response (latency of peak
p13 exceeding 17.21 ms) in five
patients’ ears. Accordingly, there
was a significant difference be -
tween abnormal VEMP rates for
patients (12 ears) and controls (0
ears) (p < 0.001).

VEMP responses were present
in all non-affected ears of patients.
Interestingly, values of p13 laten-
cy in the non-affected ears of the
study group were also significant-
ly longer than those of controls
(p = 0.032). VEMP recordings re -
vealed a delayed response in six
non-affected ears; this was statisti-
cally significant when compared
with controls (p = 0.002).

The median number of Epley
maneuvers required in patients
with abnormal and normal VEMP
responses was 2 and 2.5 (range, 1
to 5), respectively. There was no
correlation between abnormal
VEMPs and the number of cana -
lith reposition maneuvers required
for the recovery of  positional ver-
tigo (p = 0.392). 

Discussion

In this study, VEMP responses
were normal in 19 ears of patients
with posterior canal BPPV,
delayed in 5, and absent in 7. The
rate of abnormal VEMP was
 significantly different in patients
compared with controls. These

Table 1

Evaluation of latency values for p13

p13 p

Mean ± standard deviation 

Study group affected ears  15.75 ± 1.80 ms 
0.027*

Control group 14.95 ± 1.13 ms 

Student t test ** p < 0.01
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results show an association be -
tween abnormal VEMP record-
ings and BPPV in our study sub-
jects. Interestingly, values of p13
latency in the non-affected ears of
patients were also significantly
longer than those of controls. This
might represent bilateral neuro -
degeneration of the saccule in
patients with BPPV. However,
Yang et al.8 found no significant
difference in the latency values of
non-affected ears of patients  versus
controls. Akkuzu et al.9 reported
mean latency values for p13 and
n23 in unilaterally affected ears
and bilaterally affected ears in the
same study group. There are no
other studies comparing latency
values of patients’ non-affected
ears with controls.

Yang et al. found no difference
in VEMP results between patients
with posterior and horizontal
canal types of BPPV.8 Hong et al.12

suggested, in a study including 35
posterior, 16 horizontal, and 2 an -
te rior semicircular canal patients,
that abnormal VEMP findings
were not related to the location of
lesions. Our study group included
only posterior semicircular canal
patients to prevent unpredictable
abnormalities in VEMP peaks. 

Akkuzu et al. reported abnor-
mal VEMP values in 30% of
patients with BPPV, thus they pro-
posed a degenerative process in
the macula of the saccule.9 Hong
et al.12 also found abnormal values
in 25.8% of BPPV patients. In this
study, VEMP findings of ves -
tibular neuritis, Meniere’s disease,
and BPPV were compared. Mean
latency values for p13 and n23
were found to be significantly
longer in Meniere’s disease, pre-
dicting damage in the neuroep-
ithelium of the saccule due to
hydrops. In the BPPV group, pro-
longation of the mean latency val-

ues for p13 were noteworthy, also
pointing to saccular degeneration,
but not as severe as seen in
endolymphatic hydrops.13 On the
other hand, in a previous study
VEMP amplitude asymmetry and
p13 latency did not change signif-
icantly following therapeutic
plugging of the posterior semicir-
cular canals.14 In our study, mean
latency values for p13 of patients
were significantly longer than that
of the control group, supporting
the theory of a saccular degenera-
tive process. Gacek et al.10 found
degeneration of neurons in the
saccular part of the inferior
vestibular nerve and loss of
vestibular ganglion cells in the
inferior vestibular nerve in post-
mortem examinations of BPPV
patients. This neural degeneration
of the saccule might explain the
prolongation of p13 latencies of
VEMP. 

Yang et al. reported a signifi-
cant prolongation in mean latency
values for p13 and n23 in the
affected ears of patients with
BPPV. However, after treatment,
latencies showed no significant
differences. Twenty-six percent
of posterior canal patients and
28% of horizontal canal patients
showed no peaks in VEMPS of
the affected ears. In these patients
the number of canalith reposi -
tioning maneuvers were consider-
ably more, with a mean of 7.2 ±
4.3 maneuvers required. They
suggested that, if more extensive
damage occurred affecting the
macula of the saccule, the disease
should reveal a chronic course and
show no response in VEMP.8 Also,
previous studies reported that
poor prognosis is related to age,
cause, and additional vestibular
pathologic findings.15-17 In our
study, 36.1% of patients with
BPPV were considered to have

an “abnormal response”, sup -
porting the theory of neuroepithe-
lial degeneration of the saccule.
However, we could not show a
relationship between “abnormal
response” and the number of
canalith reposition maneuvers.
This failure may be due to the
limited  number of patients or pos-
sibly other risk factors, such as
age, leading to deterioration of
neural structures. Factors related
to absent VEMP in BPPV patients
should be investigated in future,
larger studies.

The prolongation of mean
latency values for p13 of VEMP in
BPPV patients may signify neural
degeneration in the macula of the
saccule and the absence of VEMP
peaks may reflect the extent of
damage. Our findings support
these assumptions. Also, the high
latency values for p13 in non-
affected ears of the study group
question the bilateralism of neural
degeneration in BPPV. 

In conclusion, VEMP re -
cordings might be a useful addi-
tion to the battery of tests used
to evaluate BPPV. The impact of
abnormal VEMP findings on the
prognosis of BPPV remains con-
troversial, and requires further
studies including large and ho -
mogenous patient populations.
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