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Abstract

Objective (Background): Vestibular evoked myogenic potentials (VEMPs) are used to evaluate function of the
vestibular system. Sound evoked triceps myogenic potentials (SETMPs) have not been studied extensively and
differ anatomically from sternocleidomastoid (SCM) VEMPs because the efferent pathway for SETMPs traverses the
spinal cord. The aim of this study was to examine whether SETMPs in people with spinal cord lesions have reduced
amplitude or longer latency compared to responses in a group of asymptomatic controls without spinal cord lesions.

Methods: We tested a group of 15 subjects with lesions in the cervical spinal cord and a group of 11 normal
(asymptomatic) subjects. All subjects had normal hearing and normal vestibular function as determined by pure tone
audiometry and normal SCM VEMPs respectively. All subjects were tested for presence of responses on SCM and
SETMPs using methodologies previously established.

Results: Nine of the subjects with spinal cord lesions had bilaterally absent SETMP response and the other five
only had a response on one side. The unilateral responses were lower in amplitude than the responses in the
control subjects. The control subjects all exhibited a SETMP response.

Conclusions: We found the SETMP response absent bilaterally in 67% and unilaterally in 33% of subjects with
cervical cord lesions. This suggests that SETMPs are sensitive to cervical cord injury.

Keywords: Neck pain; Spinal cord lesion; Vestibular evoked
myogenic potential; Vestibular system

Introduction
Myogenic potentials induced by sound were first reported in 1964

[1,2] and subsequent work showed them to be predominantly of
vestibular origin [3]. It is generally accepted that sound stimulates the
saccule, inducing a vestibulo-spinal response and changes in EMG
activity. The most widely used auditory vestibular evoked myogenic
potential (VEMP) is the sternocleidomastoid (SCM) VEMP. The
receptor for VEMPs is believed to be the saccule [4-10]. From there the
pathway projects through the inferior division of the vestibular nerve
[9,11-15] to the lateral vestibular nucleus [8,9,16, 13,14] to the nucleus
of the spinal accessory nerve that in turn innervates the SCM [17]. The
resulting VEMP response from the SCM is a large response, occurring
at short latency (about 13 msec) with a characteristic multiphasic
waveform.

We previously reported that the same acoustic stimulus and general
methodology as used for a VEMP in the SCM can elicit a similar
response from the tonically activated triceps in control subjects [18].
We call this the sound evoked triceps myogenic potential (SETMP). In
brief, this is a robust response of about 90 µv amplitude that occurs at
about 35 msec, roughly 12 msec after the SCM VEMP latency. The
SETMP is only obtained when triceps activation is relevant to balance
[18].

Assuming that the SETMP is also generated by the saccule, the
SETMP differs from the SCM VEMP in that it traverses the cervical
spinal cord. Therefore, SETMPs are expected to have reduced
amplitude or delayed latency as a result of spinal cord lesions. The aim
of this study was to examine whether SETMPs in people with spinal
cord lesions have reduced amplitude or delayed latency compared to
responses in a group of asymptomatic controls without spinal cord
lesions

Methods
Subjects: In this study, subjects with spinal cord lesions were

compared to controls (asymptomatic subjects without spinal cord
lesions). Subjects in the spinal cord lesion group were drawn from
patients attending an otoneurology clinic for evaluation and treatment
between 2007 and 2010. People suffering from dizziness not
attributable to any identifiable pathology and who had well defined
cervical spinal cord lesions (as diagnosed by cervical MRI) and a
normal SCM VEMP were informed of the study and invited to
participate.

Control subjects were recruited by advertisement in the
otoneurology clinic and the Department of Physical Therapy and
Human Movement Sciences at Northwestern University in 2010. They
were included in the study if they had normal hearing as assessed by
pure tone audiometry with a value of less than 25 dBHL, a normal
SCM VEMP, and no history of cervical spine disease, surgery, or
dizziness.
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Written informed consent was obtained from all subjects using a
consent form approved by the Northwestern University Institutional
Review Board.

Testing procedure: All subjects were initially tested for hearing with
pure tone audiometry and presence of SCM VEMP. SCM VEMPS
were recorded using well established methodology that has been
employed in research on SCM VEMPs [12]. If subjects had normal
hearing as determined by pure tone audiometry and a normal SCM
VEMP response they were included in the study and they were tested
for SETMP response.

SETMPs were recorded using the methodology described elsewhere
[18]. Surface electromyography (EMG) electrodes were applied to the
middle third of the Triceps muscle and just distal to the elbow (over
the proximal ulna) bilaterally; the elbow is used as a reference and the
forehead as a ground. Subjects stood with the head facing towards the
wall and the body leaning forwards, supporting themselves with both
arms stretched out forwards and the elbows bent at 160˚[18]. The
distance between the subject and the wall was adjusted until the
pressure transducer measured 10 lbs. of force. Our protocol used 500
consecutive rarefaction tone burst stimuli at 500 Hz and 95 dB nHL
presented monaurally via ER3A insert earphones, with the stimulus
repeating at 200 ms intervals. The time epoch for each stimulus was 90
msec. Unrectified surface EMG potentials from 500 consecutive
stimuli were recorded using the Bio-Logic Navigator Pro evoked
potential software (Bio-Logic Systems Corp, Mundelein, Illinois) and
were averaged for each trial. The response was amplified 1000-fold and
band-pass filtered between 10 Hz and 1500 Hz. Two response
waveforms were obtained. Absolute latencies and amplitudes from the
first positive and negative waves, p1 and n1, were measured and
recorded. From those values we calculated inter-peak latencies and
inter-peak amplitudes.

Data Analysis: Descriptive statistics were used characterize both
groups of subjects and one way ANOVA was used to compare means
between the spinal cord pathology group and the control group to
determine similarity between the groups at baseline. One-way
ANOVA was used for between group comparisons for SETMP
responses (SPSS Version 19, 2010 SPSS Inc).

Results: Fifteen subjects with spinal cord lesions and 11 control
subjects were recruited for this study; their characteristics are detailed
in Table 1. There was no significant difference between the spinal cord
lesion group and the control group in the mean right/left amplitude of
the SCM VEMP (p=0.098).

Subject
Group

Gender,
number
male
(percent
male)

Age, mean
(standard
deviation) in
years

Pure tone
average,
mean
(standard
deviation)
dBHL

SCM VEMP
amplitude,
mean
(standard
deviation) in
µV

Spinal cord
lesion
subjects
(n=15)

6 (40%) 56 (11) 19.8 (7.7) 92.25 (77.98)

Normal
control
subjects

(n=11)

4 (36%) 43 (11) 10.1(5.1) 143 (60)

Table 1: Ages, pure tone averages, and SCM VEMP amplitudes in
subjects with cervical spinal cord lesions and controls

In the spinal cord lesion group 9 of 14 (67%) subjects had an absent
SETMP response bilaterally and 5 (33%) had a unilateral response. A
typical response for spinal cord lesion subjects with a normal SCM
VEMP and absent SETMP bilaterally is illustrated in Figure 1. All
control subjects exhibited a normal SETMP response on each side
(elicited by a contralateral monaural acoustic stimulus).

Figure 1: Cervical spine lesion preserves sternocleidomastoid
VEMP but eliminates SETMP: typical response of spinal cord lesion
subject. In the left panel, the upper tracings in each graph (A) are
normal SCM VEMPs, while the lower tracings (B) demonstrate
absent SETMPs. These results occurred in a subject with a C5/C6
lesion indicated by the arrow on the sagittal MRI in the right panel.

The characteristics of the spinal cord lesions in the 5 subjects with a
unilateral SETMP response were examined for any unifying features
(Table 2). In all 5 cases the lesions were extrinsic to the cord. Four
subjects had lesions low in the cervical cord (C5/6 or C6/7) and the
other had a mass at the cranio-cervical junction. One subject had a
traumatic incident prior to the onset of their symptoms. Two subjects
had undergone spinal surgery (fusion) that improved their symptoms
and might explain the presence of a unilateral SETMP.

Ag
e

Gende
r

MRI findings Site of
cord
lesion

Severity SETMP
respons
e

Mechanis
m or
underlying
cause

73 Femal
e

5 x 8 mm mass in
right antero-
lateral spinal cord
C5/6

Intrinsic Severe Absent
bilaterall
y

Lung
cancer
metastatic
to brain
and spinal
cord

58 Femal
e

Severe cord
compression at
C5/6 due to a
large disc
herniation, with
cord
myelomalacia
present at C6

Intrinsic
and
mixed
intrinsic

Severe Absent
bilaterall
y

Cord
compressio
n

55 Male Area of increased
signal with right
peripheral spinal
cord at the level
of C2/3 without
evidence of
enhancement.

Intrinsic Absent
bilaterall
y

Intrinsic
spinal cord
lesion
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40 Femal
e

Multiple oval
areas of
abnormal signal
intensity
throughout the
cervical cord
compatible with
multiple sclerosis.
Bulging discs
C4/5 and C5/6.

Intrinsic
and
mixed
intrinsic

Severe Absent
bilaterall
y

Multiple
sclerosis
plaques

59 Femal
e

Mild cervical
degenerative disc
disease, minimal
protrusion
centrally at C3/4
without stenosis.

Extrinsi
c

Minimal Absent
bilaterall
y

Whiplash

44 Male C4/5 small to
moderate broad
based bulging
disc osteophyte
complex, small
midline focal disc
protrusion
resulting in
indentation and
deformity of the
cord along the
midline, mild
spinal stenosis.
This patient had
had a fusion with
flattening of the
cord at C5/6.

Extrinsi
c

Moderat
e

Absent
bilaterall
y

Motor
vehicle
accident

79 Femal
e

Severe spinal
stenosis at C3/4,
C4/5 moderate to
severe spinal
canal stenosis,
and moderate to
severe foraminal
stenosis, C4/5,
C5/6 and C6/7.

Extrinsi
c

Severe Absent
bilaterall
y

Fall

48 Femal
e

Minimal to mild
central canal
stenosis C3/4,
C5/6 and C6/7.

Extrinsi
c

Mild Absent
bilaterall
y

Dizziness
beginning
one day
following
intubation
for
parathyroid
surgery

57 Male Mild bulging disks
indent the ventral
thecal sac at
C4/5, C5/6, and
C6/7.

Extrinsi
c

Moderat
e

Absent
bilaterall
y

Right-sided
myelitis
affecting
the C6 and
C7 cervical
level

42 Male C5/6 mild central
canal stenosis,
degenerative
changes and
posterior
osteophyte
complex. Initially
more severe; had
subsequent
cervical surgery.

Extrinsi
c

Severe Unilatera
l
response

Electrical
injury to
hand

58 Male Spinal stenosis at
the C6-C7
interface;

Extrinsi
c

Moderat
e

Unilatera
l
response

Onset
following
syncopal
episode

posterior fusion;
cord flattening.

57 Male Mild central
spinal stenosis
C6/7 due to right
paracentral
protrusion and
disc osteophyte
complex. Chronic
cord contouring,
compression of
right ventral cord.

Extrinsi
c

Mild Unilatera
l
response

69 Femal
e

MRI scan of the
neck showed
some
degenerative
changes at C5/6
with some
indenting of the
cord.

Extrinsi
c

Mild Unilatera
l
response

Symptoms
began with
an upper
respiratory
tract
infection

60 Male Dorsal left
posterolateral
intradural
extramedullary
mass at the
craniocervical
junction with a
differential
diagnosis of
meningioma
versus
schwannoma.

Extrinsi
c

Mild Unilatera
l
response

Mass at
cranio-
cervical
junction

Table 2: Age, gender, imaging findings, lesion characteristics and
etiologies, and presence/absence of SETMP responses in subjects with
spinal cord lesions.

The characteristics of the SCM VEMP and SETMP responses for
both groups are shown in Table 2. The latencies for both the spinal
cord lesion (with SETMP response) and control groups for SETMPs
are similar. However, the mean inter-amplitude of the SETMP
response in the spinal cord lesion group was significantly less than in
the control group for the triceps response contralateral to the ear
which received the auditory stimulus (p=0.002, p=0.004, right and left
triceps response respectively).

SCM VEMP (mean
response from right
and left stimulus)

SETMPs on the
right (contralateral
to monaural
acoustic stimulus
applied to the left
ear)

SETMPs on the left
(contralateral to
acoustic stimulus
applied to the right
ear)

Spinal
cord
lesion

Spinal
cord
lesion

Spinal
cord
lesion

Control Spinal
cord
lesion

Control

Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

p1
latency
(msec)

14.71
(1.54)

14.8
(0.92)

36.58
(2.3), n=3

37.53
(2.2)

34.98
(10.15),
n=2

38.1 (1.6)

n1
latency
(msec)

22.12
(1.83)

22.54
(1.28)

42.38
(2.0), n=3

44.80
(2.79)

40.34
(11.85),
n=2

36.41
(18.2)
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p1-n1
inter-
latency
(msec)

7.40
(1.01)

7.42
(0.88)

5.79
(0.25),
n=3

7.27
(3.04)

5.36
(0.35),
n=2

5.25 (3.4)

p1-n1
inter-
amplitud
e (µV)

87.97
(81.75)

135.64
(71.46)

12.46
(25.53)

97.04
(102.26)

3.7 (9.96) 61.67
(63.9)

Table 3: SCM VEMPs (ipsilateral to monaural acoustic stimulation),
and SETMPs (contralateral to monaural acoustic stimulation). The
SCM VEMP is the mean (±SD) of the right and left response ipsilateral
to the acoustic stimulus. The SETMP responses are the mean (±SD) of
the right and left response contralateral to the ear that received the
acoustic stimulus for the spinal cord lesion or control subjects. Since 9
out of 14 spinal cord lesion subjects did not have a SETMP response,
the latencies for spinal cord lesion subjects are the mean (±SD) of
those with a response, however, the inter-amplitudes are the mean
(±SD) of all spinal cord lesion subjects.

Discussion
The results of this study show that SETMP amplitudes were

diminished or absent in subjects with cervical spinal cord lesions. As
there was no difference in SCM VEMPs between the people with
spinal cord lesions and controls it would suggest that all subjects had
normal saccule function. Subjects with spinal cord lesions were found
to have an absent or diminished SETMP response, and we propose it is
likely that the pathway for the response has been compromised in the
spinal cord. To our knowledge, no previous studies have investigated
the SETMP in subjects with spinal cord lesions. The results for the
SETMPs of the normal subjects in our study are consistent with those
described previously [18] and show similar values for latency and
inter-amplitudes.

SCM VEMPs have been shown to diminish with age [19].
Preliminary examination of the SETMPs of our control subjects
suggests that SETMP likely also diminishes with age. It is possible that
the difference in age between the groups accounts for the fact the
SETMP responses in the 5 spinal cord lesion subjects with a unilateral
response were lower than the average SETMP responses in the control
subjects; however, age alone is unlikely to account for the absence of
SETMPS in 9 spinal cord lesion subjects.

It is not clear why some of the subjects in the spinal cord lesion
group had a SETMP response on one side. There are no unifying
features among these subjects except that they all had extrinsic cord
lesions. Whether the lesion is intrinsic or extrinsic to the cord is
unlikely to account for these subjects’ having a SETMP response as
there were 5 other subjects with extrinsic lesions that did not have a
SETMP response.

Possible pathway of SETMPs: In SETMPs the afferent part of the
reflex is probably similar to that of the SCM VEMP, but the efferent
part of the reflex must differ as the response is bilateral [18] unlike the
SCM VEMP response which is ipsilateral to the acoustic stimulus [3].

The projections from the saccule are thought to terminate primarily
in the lateral vestibular nucleus [9,10,11,14,15]. Animal studies suggest
there are no commissural connections between the lateral vestibular
nuclei [20] and that projections from the lateral vestibular nuclei travel
primarily through the lateral vestibulospinal tract [16], which does not
decussate. However, as data from primates suggest that the saccule also

projects to the medial vestibular nucleus [21,22], and projections from
that nucleus are bilateral, it may be that in humans the saccular
projection to the medial vestibular nucleus is relatively robust, and this
may be the pathway that mediates the SETMP. Further research could
examine the SETMP response in the presence of various spinal cord
pathologies.

Conclusion
In this study the SETMP response was abnormal in all subjects with

cervical spinal cord lesions with responses absent bilaterally in 67%
and unilaterally in 33%. These data suggest that SETMPs are sensitive
to cervical cord injury.
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