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Short-latency somatosensory evoked potentials in
dystrophia myotonica
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SUMMARY Somatosensory evoked potentials (SEPs) were recorded in a group of 21 patients with
dystrophia myotonica and in a group of controls. Those with dystrophia myotonica had longer
absolute peak latencies due to slower peripheral conduction. SEP abnormalities revealed
peripheral and/or central conduction delays in 33% of the dystrophia myotonica subjects. There
was no apparent relationship between the clinical severity of the disease and SEP abnormality.

Dystrophia myotonica is an autosomal dominant
inherited neuromuscular disorder with multisystem
symptomatology including muscle weakness with
wasting and myotonia, cataracts, frontal balding,
gonadal atrophy, electrocardiographic abnor-
malities, metabolic and bone abnormalities, endo-
crine changes and mental deterioration.'

Studies of motor and/or sensory peripheral nerve
conduction velocity in patients with dystrophia
myotonica have produced inconsistent findings.2 3
However, there is increasing evidence of reduced
conduction velocities in both upper and lower
extremities with both proximal and distal segments
being affected.3-5 Biopsy studies of peripheral
nerves of patients with dystrophia myotonica have
revealed changes in distal nerve fibres and intramus-
cular bundles.6' However, a study of the main nerve
trunk of the superficial peroneal nerve in four
patients, all with normal conduction velocities,
failed to reveal abnormalities.8

Investigations of spinal cord involvement in dys-
trophia myotonica have revealed few abnor-
malities.' However, a study of the cell numbers in
the spinal cord of five necropsy cases of dystrophia
myotonica revealed normal numbers of motor
neurons but an increase in the number of glial cells.9

Evidence of central nervous system involvement
has been provided by reports of EEG abnormalities
in patients with dystrophia myotonica. In two
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studies using relatively large groups of subjects
approximately 50% of the dystrophia myotonica
patients had abnormal recordings usually in the
form of a diffuse disturbance of background activ-
ity.'01' Repeated pneumoencephalographic studies
have revealed progressive ventricular enlargement
in 50% of a group of dystrophia myotonica patients
and in all patients observed for longer than 5 years.
Abnormal findings were not restricted to the third
ventricle but also involved the septal caudate line
and the frontal horn.'2
Fragmentary data have been provided by nec-

ropsy investigations of the brains of patients with
dystrophia myotonica.' Rosman and Kakulas'3
found a reduction in brain weight and microscopic
changes in cerebral cellular architecture in three
patients with mental retardation. Abnormalities of
thalamic neurons have been reported by Culebras et
al'4 and Wesniewski et al.'5 In 10-30% of thalamic
cells studied there were numerous eosinophilic
inclusion bodies.
We are aware of only one previous evoked poten-

tial study of dystrophia myotonica. Mongia and
Lundervold4 measured the latency of the first posi-
tive component of the scalp-recorded SEP to
median and ulnar nerve stimulation in six subjects.
Recordings were made in 10 subjects with stimula-
tion of the lateral and medial popliteal nerves and
the latency "to the initiation of the first positive
response" was measured. The latencies with median
nerve stimulation (approximately 23 ms) were
within normal limits in all cases. Prolonged latencies
with lower limb stimulation were found in three of
the 10 cases. Electrode placements and stimulation
methods differ in this study to current short-latency
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SEP techniques. Furthermore, with median nerve
stimulation, abnormal interpeak conduction times
have been reported for the pa!thway segment Erb's
point to cervical spine (N9-N 13) and for thepath-
way segment cervical spine to cortex (N13-N20) in
cases with normal absolute latencies for the first cor-
tical response, that is, peak N20.'617
The purpose of the present study was to assess

SEP absolute latencies and interpeak conduction
times with both right and left median nerve stimula-
tion in a relatively large group of dystrophia
myotonica patients and matched controls.

Patients and methods

The dystrophia myotonica group consisted of 21 subjects.
There were 13 females and eight males with a mean age of
34.4 years (SD 11*79, range 13-54 years). Each of the
dystrophia myotonica subjects fitted into a known family
tree with the disease and only those subjects who showed
at least percussion myotonica of the thenar muscles were
included in the study. Each subject was clinically examined
by one of us (BL) and there was no incidence of sensory
symptoms or signs. Absent deep tendon arm reflexes were
found in 10 of our patients, five of whom had intact deep
tendon reflexes in the legs. The control group consisted of
21 age- and sex-matched subjects. Informed consent was
obtained from all subjects prior to testing. A total of 23
dystrophia myotonica patients were tested, but two raised
objections during the testing procedure which was then
discontinued and these two subjects were excluded from
the group.
The recordings were made in a sound-attenuated, air-

conditioned room. Amplification of recorded signals,
stimulation, averaging and latency measurements were
achieved by means of Nicolet Pathfinder II system.
Recording electrodes were silver-plated cup electrodes
secured by means of collodion and filled with conductive
paste. Electrodes were placed over Erb's point, over the
second cervical vertebra and at C3' and C4' (2 cm behind
C3 and C4 of the 10-20 system). The reference electrode
was placed on the mid-forehead (Fpz). A large metal disc
ground electrode was placed on each forearm. Electrode
impedances were below 3 kohm.

Signals were passed into high-gain differential amplifiers
with a bandpass of 30 Hz-1-5 kHz (12 dB/octave roll-off)
and with sensitivities individually set for each channel.
Automatic artefact rejection was used.

Rectangular stimulating pulses with a duration of 0-1 ms
and a rate of 5 1/s were applied to stimulating electrodes 9
mm in diameter mounted in a plastic holder 3 cm apart.
The cathode was placed proximally to the anode over the
median nerve at the wrist. Stimulus intensity was adjusted
to produce a consistent moderate twitch of the thenar mus-
cle. The right median nerve was stimulated first. The
stimulus was well-tolerated by all control subjects. How-
ever, two dystrophia myotonica patients objected to the
stimulation and had to be excluded from the group while
others had to be encouraged to complete the recording.
Subjects were supine on a hospital bed and were encour-
aged to minimise muscle activity during recordings and
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Fig 1 Somatosensory evoked potentials with left-sided
stimulation in a dystrophia myotonica patient. Electrodes
were located over Erb's point, over the second cervical
vertebra (CV2) and over the somatosensory cortex (C4').
The latency ofjy9 is delayed (12.88 ms) but the interpeak
latencies N9-N13 (3.22 ms) and N13-N20 (5.18 ms) are
within normal limits indicating peripheral but not central
conduction delay.

they were instructed to maintain their heads in an upright
position (900 to the bed).
For each recording 500 stimuli were averaged. The

analysis time was 35 ms and the sampling interval 0-07 ms.
Recordings were replicated at least once to ascertain stabil-
ity of the responses. In all recordings and tracings a relative
negativity at grid 1 of the amplifier produced a downwards
deflection.
Absolute latencies were measured from stimulus onset

to the major negative peak at Erb's point (N9), at the
second cervical vertebra (N13) and at the contralateral
somatosensory cortex (N20) as shown in fig 1. Measure-
ments were made by means of interactive cursors and
software-based routines on the displascreen. Interpeak
conduction times are designated N9-N13 and N13-N20.
The nomenclature is that of Jones.'8 Peak N9 is considered
to originate in the region of the brachial plexus, N13 in the
spinal grey matter or dorsal column nuclei and N20 prob-
ably represents the first response of the somatosensory cor-
tex contralateral to the side of stimulation."'8
The influence of skin temperature on peripheral nerve

conduction velocity has been elucidated'9 and the effects
on SEP absolute latencies should be taken into account.20
While facilities were not available to maintain a specific
skin temperature in the present study, the skin tempera-
ture of the forearm of each subject was measured. Jones'8
showed that absolute SEP latencies are directly related to
arm length. The arm lengths of each subject were meas-
ured from the distal flexor fold of the wrist to the head of
the humerus in the axilla with the arm fully stretched.

L
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Fig 2 Unilaterally abnormal N13-N20 interpeak latency
ofthe somatosensory evoked potential in a dystrophia
myotonica patient. Electrodes were located over the second
cervical vertebra (CV2), over the somatosensory cortex (C4'
and C3') and at a mid-pj rontal position (FpZ). The
lower 2 tracings show a N13-N20 interpeak latency of7-44
ms with lIf-sided stimulation and the upper 2 tracings show
an N13-N20 interpeak latency of 5.40 ms with right-sided
stimulation. The right-left interpeak latency difference of
2-04 ms is abnormal.

Group mean scores for absolute latencies and interpeak
latencies were compared using t tests. Individual scores
were regarded as abnormal if an interpeak latency score

and/or the right-left differences in interpeak latencies
exceeded the control group mean plus 3 SD. Absent N9,
N13 or N20 peaks were also regarded as abnormal.20
Each subject was classified according to the clinical sev-

erity of the disease as follows: 1 = minimally affected with
subject showing only myotonia upon thenar percussion; 2
= moderately affected with the presence of muscular
weakness, but without producing functional impairment; 3
= severely affected with muscle weakness leading to some
degree of functional impairment and in some cases result-
ing in the subject being bound to a wheel-chair; 4 = bed-
ridden.

Results

ABSOLUTE PEAK LATENCIES
The dystrophia myotonica group mean values for
N9 and N13 for right median nerve stimulation and
N9, N13 and N20 for left median nerve stimulation
were statistically significantly longer than control
group means (table 1).

Fig 3 Unilaterally abnormal N13-N20 interpeak latency
ofthe somatosensory evoked potential in a dystrophia
myotonica patient. Electrodes were located over the second
cervical vertebra (CV2), over the somatosensory cortex (C4'
and C3') and at a mid-p frontal position (FpZ). The
lower 2 tracings show a N13-N20 interpeak latency of 7.84
ms with right-sided stimulation and the upper 2 tracings
show a N13-N20 interpeak latency of574 ms with
left-sided stimulation. The right-left interpeak latency
difference of2 10 ms is abnormal.

INTERPEAK LATENCIES
The two groups' means for interpeak latencies and
for right-left interpeak latency differences were not
statistically significantly different (table 1).

ABNORMAL FINDINGS
In the dystrophia myotonica group seven subjects
(33%) had one or more abnormal findings. There
were 12 such findings in these subjects. The criteria
used and the type of abnormality found are shown in
table 2. Of these seven subjects, six had abnormal
interpeak latencies: four had a single abnormal
value with right or left stimulation; one had abnor-
mal conduction times for the same interpeak latency
(N-N13) with both right and left stimulation; one
had two abnormal conduction times involving dif-
ferent interpeak latencies (N13-N20, wrist-N9), the
former with right stimulation and the latter with left
stimulation. Abnormal right-left differences in
interpeak latencies were found for two of the three
subjects with abnormal N13-N20 conduction times.
Absent responses (N13) were found in one subject
with both right and left stimulation, precluding the
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Table 1 Absolute peak latencies, interpeak latencies for right (R) and left (L) median nerve stimulation, interpeak right-left
(R-L) difference scores, and T-test results

SEP peak(s) Dystrophia myotonica group Control group t

Mean SD Mean SD

N29 R 10-704 0-907 10-039 0-698 2-66*
NL3 R 14-143 1-186 13-170 0-982 2-90t
N20 R 19-580 1-529 18-913 1-012 1-67
N9 L 10-591 0-983 9-855 0-730 2.75t
N13 L 14-059 1-169 13-079 1-008 2-91t
N2 L 19-525 1-380 18-698 1-051 2-18*
N29-N1 R 3-421 0-688 3-131 0-509 1-55
N13-N20 R 5-511 0-715 5-747 0-398 1-32
N9-N13 L 3-425 0-609 3-230 0-470 1-16
N13-N20 L 5-449 0-815 5-619 0-423 0-85
Ng-Ni3 R-L 0-004 0-398 0-100 0-395 0-78
N13-N20 R-L 0062 0-658 0-128 0-322 0-41

*p = 0-05
tp= 0-01

Table 2 Criteria for abnormal scores (control group
means + 3 SD) and number and percentage ofdystrophia
myotonica subjects exceeding criteria. W = wrist and other
abbreviations are the same as in table I

Criteria Control group No. of
mean (rn) + 3 SD subjects

W-N9R 12-40 0
N9-N13 R 4-66 2 (10%)
N13-N20 R 6-94 1 (5%)
W-N9L 12-08 2 (10%)
N_-N1J L 4-64 1 (5%)
N13-N20 L 6-89 2 (10%)
W-N9 R-L 1-34 0
W-MNT R-L 1-28 0
N13-N2QR-L 1-09 2 (10%)
Absent N9 0
Absent N13 1 (5%)
Absent N20 0

Table 3 Distribution ofabnormal findings and clinical
ratings in dystrophia myotonica group. Abbreviations as in
table I

Subject Age Sex Abnormality Clinical
(yr) rating

CO 46 F N9-N13 R 4
MP 20 F N-N13 R 1

N9-N13 L
FP 54 M WbN2..L

N13.N20 R 2
N13-N20 R-L

LS 22 F W-N9 L 2
HF 19 M N13-N20 L

NfL-R R-L 2
MJ 34 F N13-N20 L 2
IE 36 F Absent N13 R 2

Absent N13 L

calculation of the N9-N13 and N13-N20 interpeak
latencies (table 3).
Abnormal findings occurred in five females (38%)

and in two males (25%). The age-range of subjects
with abnormalities varied widely (19-54 years). No
abnormal interpeak latency values or absent com-

ponents were encountered in the control group.

CLINICAL RATINGS
The criteria for the 4-point clinical rating scale have
been described previously. The 21 dystrophia
myotonica subjects were classified as follows: 1-7,
2-10, 3-2, 4-2. The clinical ratings of subjects with
SEP abnormalities are shown in table 3.

SKIN TEMPERATURE
The mean skin temperature for the dystrophia
myotonica group was 33-62°C (SD = 1-61, range =
30°-35°) and the mean for the control group was
33 40°C (SD = 1-49, range = 30°-35°). The means
did not differ significantly (t = 0-46, p = 34.7).

ARM LENGTHS
The mean right arm length for the dystrophia
myotonica group was 50-48 cm (SD = 2.56) and for
the control group 51*57 cm (SD = 3.58). The means
did not differ statistically significantly (t = 1 13, p =
26-20). Left arm mean length was 50-00 cm (SD =
2.72) for the dystrophia myotonica group and 51*13
cm (SD = 3.80) for the control group. The means
were not significantly different (t = 1-11, p =
27.40).

Discussion

Peripheral sensory conduction delays in the median
nerves of the dystrophia myotonica group are
revealed by the prolonged Erb's point responses
(N9). The inter-group N9 mean differences of
approximately 0-8 ms are further reflected in
approximately the same magnitude in the longer
N13 and N20 mean latencies for the dystrophia
myotonica group. These findings cannot be
accounted for by differences between the groups in
arm lengths or in skin temperature at the time of
testing. These results are in accordance with previ-
ous findings of prolonged peripheral sensory nerve
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conduction velocity in patients with dystrophia
myotonica.2'23 Glucose intolerance was not con-

trolled for in the present study as a previous inves-
tigation has shown this not to be a significant factor
in peripheral nerve conduction delays in dystrophia
myotonica.23

Intergroup comparisons of interpeak latencies
failed to reveal_significant differences in conduction
times for N9-N13 and N13-N20. However, 33%
(7/21) of the dystrophia myotonica group had at
least one SEP abnormality. There appeared to be no
clear pattern in these findings with evidence of
peripheral (wrist-N9) and/or proximal (N-N13)
and/or central (ND13-N20) segments of the
somatosensory pathway being involved. Unilateral
abnormalities (with either right- or left-sided stimu-
lation) predominated with only one subject showing
bilateral abnormalities (with both right- and left-
sided stimulation) for the same interpeak-latency
(N-N 13). Abnormal right-left difference scores
were encountered in two of the three subjects with
unilaterally abnormal central conduction times.
With the exclusion of the abnormal peripheral con-
duction times, all the other forms of SEP abnor-
malities found in this study have been reported in
patients with demyelinating disorders of the central
nervous system.24

Delays in central conduction along the
somatosensory pathway is not an altogether surpris-
ing finding in the light of previous reports of EEG
and pneumoencephalographic changes in dystrophia
myotonica.'0-'2 Furthermore, changes in thalamic
neurons in patients with this disease may directly
impinge upon the somatosensory pathway.'4 i5
Mongia and Lundervold4 reported abnormal SEP

onset times with lower limb stimulation in the pres-
ence of normal antidromic peripheral sensory con-
duction velocities. The present findings confirm this
earlier indication of possible spinal and/or central
conduction delays in dystrophia myotonica. Furth-
ermore, Mongia and Lundervold4 found abnormal
SEP onset latencies in almost every case showing
abnormal peripheral conduction velocities, as would
be expected using this particular SEP lateny meas-
ure. We were able to show normal N9-N13 and
N13-N20 conduction times in subjects with abnor-
mal peripheral (wrist-N9) conduction times.

Using the control group's means for N20 + 3 SDs
as criteria, three of our dystrophia myotonica
patients had abnormal values, that is, values exceed-
ing 21-95 ms and 21-85 ms for right and left stimula-
tion, respectively. Using 23 ms as a criterion Mongia
and Lundervold4 reported no abnormal values in
their six subjects. Differences in technique have
already been alluded to and may have influenced
these findings.

Bartel, Lotz, Van der Meyden

We failed to show a clear relationship between the
incidence of SEP abnormalities and the clinical sev-
erity of dystrophia myotonica. Of the two most
severely affected subjects (rating of 4) one showed a
single SEP abnormality while the two severely
affected subjects (rating of 3) had normal SEPs.
Most of the subjects (71%) with abnormal SEPs
were moderately affected (rating of 2) by the dis-
ease. Of the least affected subjects only one of the
seven had SEP abnormalities. These findings are in
accordance with those of Panayiotopoulos and Scar-
palezos25 and Olson23 who reported a dissociation of
myopathic and neuropathic changes in dystrophia
myotonica. SEP abnormalities in the absence of clin-
ical sensory symptoms or signs have been reported
previously in another disease.2629

Swash30 reported abnormalities in the morphol-
ogy of the fusimotor and neural elements of muscle
spindles in patients with dystrophia myotonica.
Burke3'32 showed that SEP conduction velocities
with stimulation of a mixed peripheral nerve are
largely dependent on muscle afferent projections.
These findings raise the possibility that reduced SEP
conduction times, especially in distal pathway seg-
ments, as found in some patients in the present
study, may be due to abnormal muscle afferents
without involvement of cutaneous fibres. Further
investigation is necessary to resolve this issue.

In conclusion, we have been able to demonstrate
subclinical SEP abnormalities in 33% of a group of
dystrophia myotonica patients. Peripheral (wrist-
N9) and/or proximal (N9-N13) and/or central
(N13-N20) conduction delays or absent responses
occurred in various combinations with unilateral or
bilateral involvement, independent of the clinical
severity of the disease.
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