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Conduction studies along the accessory nerve and
follow-up of patients with trapezius palsy
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SUMMARY The accessory nerve was stimulated at the posterior triangle of the neck and responses

were evoked simultaneously from the upper, middle and lower part of the trapezius muscle.
Sixteen patients were investigated, 10 with trapezius palsy following surgical procedures at the
posterior cervical triangle, three with a history suggestive of neuralgic amyotrophy and three of
unknown origin. On the unaffected side the latency increases 0-16 ms per 10 mm increase in
conduction distance corresponding to a conduction velocity of 63 m/s. Evidence is presented that
the upper, middle and lower part of the trapezius muscle receive innervation from the accessory

nerve. Follow-up of patients showed spontaneous nerve regeneration after complete axonal
degeneration. These findings suggest that surgical intervention should be delayed to allow for
spontaneous reinnervation. Clinical recovery was incomplete in cases of iatrogenic origin.

Conduction studies along the accessory nerve were
first described 20 years ago by Skorpil and Zverina' 2
who stimulated the nerve at two sites in the post-
erior triangle of the neck and determined the motor
conduction velocity by using the upper part of the
trapezius muscle as an indicator. Distal latency to
the upper part of the trapezius muscle in normal
subjects and patients has later been determined.-"6
Electrophysiological studies have also been per-
formed to establish whether or not all parts of the
muscle received fibres from the accessory nerve.'
The purpose of the present study was to deter-

mine normal values of conduction along the acces-
sory nerve by measuring latencies to the upper,
middle and lower parts of the trapezius muscle. Case
reports are presented to illustrate the usefulness of
the method.

Material and methods

The study included 16 patients, 12 women and four men,
13 to 66 years of age. Ten of them had undergone surgical
procedures at the posterior triangle of the neck, in eight
due to lymph node biopsy for diagnostic purposes and in
two because of a lymphangioma and lipoma respectively.
Three patients had a history suggestive of paralytic
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brachial neuritis (neuralgic amyotrophy) and in the
remaining three cases the aetiology was uncertain. Most of
the patients with lesions related to surgery were investi-
gated bilaterally and the accessory nerve corresponding to
the unaffected side was used as control (nine nerves). The
accessory nerve was stimulated just above the midpoint of
the posterior border of the sternocleidomastoid muscle,
where the nerve becomes superficial.' The electrical
stimulus, 0-2 ms in duration, was applied through insulated
stainless steel needle electrodes, 0-7 mm in diameter. The
near-nerve electrode, with a bared tip of 3 mm, was
adjusted close to the nerve as indicated by the threshold of
the muscle action potential (0-5-1 mA).9 The remote elec-
trode, with a bared tip of 5 mm, was placed 1-1-5 cm pro-
ximal to the near-nerve electrode. The stimulus was deli-
vered from a constant current stimulator (DISA 15 E 07)
isolated from ground. The maximal stimulus was at least
ten times the threshold. The action potentials were
recorded with concentric needle electrodes (0-07 mm2
leading-off area, DISA 13 L 50) from the upper, middle
and lower part of the trapezius muscle, adjusting the elec-
trode to obtain a maximal response in each part of the
muscle. Bipolar needle electrodes (DISA 13 K 13) were
used when the motor response was contaminated by vol-
ume conducted activity from nearby muscles. The motor
responses were recorded on a three channel EMG
apparatus. The latency was measured from the onset of the
stimulus to the onset of the muscle action potential. The
distance between the near-nerve stimulating electrode and
the recording needle electrode (conduction distance) was
measured with an obstetric caliper to the middle and lower
part and with a measuring tape to the upper part. Room
temperature was 22 'C.
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Fig 1 Latency to the upper, middle and
lower part ofthe trapezius muscle as a
function ofconduction distance. The thick
line represents the regression line (n = 22,
r = 0.89), the thin lines the 95%
confidence limits.
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Results

In every subject in whom electrodes were placed in
the upper, middle and lower part of the trapezius on
the unaffected side it was possible to evoke
responses from all three sites simultaneously follow-
ing threshold and maximal stimulation of the acces-
sory nerve. Latencies were determined to the upper
part of the muscle in nine subjects, to the middle
part in eight and to the lower part in five. The motor
latencies ranged from 2-2 to 6*3 ms and the conduc-
tion distances from 75 to 305 mm. The latency
increased with the distance between the stimulating
and recording electrodes (fig 1). A difference in
latency of 0-16 ms per 10 mm difference in distance
corresponded to a conduction velocity of 63 mIs.

CASE REPORTS
Among the 10 patients with iatrogenic lesions a typ-
ical case was selected to illustrate findings in detail.
Case I A 43-year-old male who had an enlarged
lymph node removed at the posterior triangle of the
neck on the right side noticed after the operation
limitation of abduction and elevation of the right
arm. The right shoulder appeared lower in relation
to the left one and there was an aching sensation in
the arm, especially after exertion. At the first
examination, one month after surgery, there was
paralysis of all parts of the trapezius muscle. EMG
revealed evidence of total denervation of the upper
part of the right trapezius muscle. On the second
examination, 3 months later, the force of the upper
trapezius muscle was graded as 210 while the middle
and lower parts were still paralytic. EMG of the
upper part showed discrete activity of 1-5 mV amp-
litude at full effort. There was fibrillation potentials
in three sites of the muscle. The latency to the upper
part of the trapezius muscle was severely prolonged
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Fig 2 Case 1. Above: response from the upper trapezius
muscle recorded by stimulating the right accessory nerve at
the posterior triangle ofthe neck 4 months after nerve injury
(latency 23 ms); there was no response in the middle and
lower parts ofthe muscle. Middle: responses from all parts
of the trapezius muscle, 11 months after nerve injury.
Latency to the upperpart 6 ms, to the middle part 9 ms and
to the lower part 20 ms. Below: response from the lower
part ofthe muscle, recorded at another time scale.
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(23 ms), the motor action potential was reduced in
amplitude (0.6 mV), polyphasic and of prolonged
duration (fig 2). No motor response could be evoked
in the mid part. At the third examination, 11
months after the onset of palsy, the force was practi-
cally normal in the upper part and grade 3 in the
middle and lower part of the trapezius muscle. EMG
of the upper and middle part showed reduced
recruitment pattern and discrete activity at full
effort respectively. There were few fibrillation
potentials. In addition there was a 55% increased
mean action potential duration compared with the
normal side. The latencies of the evoked responses
in the three parts of the right trapezius muscle were
prolonged (fig 2), corresponding to conduction vel-
ocities of 20-24 m/s. In the upper and middle part
the amplitude was normal, in the lower part the
motor response was reduced (0.7 mV), polyphasic
in shape and of prolonged duration.

In a similar case, electrophysiological investiga-
tion 2 months after nerve injury revealed a complete
lesion. On EMG examination 2 months later there
were signs of reinnervation in the upper part of the
trapezius muscle. Moreover a polyphasic motor
response of prolonged duration, reduced amplitude
(0-2 mV) and severely prolonged latency (25 ms),
could be evoked by nerve stimulation. The middle
and lower parts of the muscle were still totally
denervated.

In four other patients with lesions related to
surgery there were also prolonged latencies to the
upper trapezius muscle ranging from 8 to 35 ms
when investigated 2 to 10 months after onset of
palsy (fig 3). When it was possible to evoke
responses in the middle and lower part of the mus-
cle, they were conducted at a rate corresponding to
about 2-3 rn/s. One year after nerve damage con-
duction velocity increased to 21-28 m/s. The
findings indicate spontaneous nerve regeneration
after Wallerian degeneration in these six cases.

In two other patients latencies were normal and
motor responses were slightly reduced in amplitude.
Electromyography 8 years after injury was normal
in one but indicated loss of motor units with normal
amplitude at full effort in the other examined 10
months after nerve damage.

In the remaining two cases electrophysiological
investigation 3 months after surgery at the posterior
triangle of the neck revealed a complete lesion and
nerve repair was performed. In one of them there
was electrophysiological evidence of reinnervation
corresponding to the upper trapezius muscle 4-5
months after nerve grafting and to all parts of the
muscle 11 months after nerve repair. In the other
patient signs of reinnervation occurred 9 months
after nerve suture.
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Fig 3 Latencies to the upper (A), middle (B) and lower
(C) trapezius muscle in patients with accessory nerve lesion.
Each symbol represents one patient (0, 8 and A are those
with a history suggestive ofneuralgic amyotrophy, the other
ten symbols those with paisies secondary to surgery).
Ordinate: latency in milliseconds. Abscissa: time since nerve
injury, nerve repair (NR) or onset ofsymptoms. The dashed
line above a symbol indicates absence ofmotor responses at
a previous investigation. The horizontal stippled lines
indicate the range ofnormal latencies.
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The following case illustrates typical features of

patients with a history suggestive of paralytic
brachial neuritis (neuralgic amyotrophy).
Case 2 A 28-year-old man woke up in the morning
with severe pain in the neck and left shoulder. A few
days later he noticed difficulty to abduct the left arm
beyond 90 0 and to swim. He also noticed sagging of
the left shoulder, and the supraclavicular fossa
looked deeper on the left side. The pain decreased
gradually within a month. During the following 4 or
5 months there was a nearly complete clinical recov-
ery. On examination 9 months after the onset there
was normal power of the upper part of the left
trapezius muscle, wasting and weakness of the mid-
dle and lower parts. In addition there was wasting
and slight weakness of the rhomboid muscle. An
EMG performed at the time showed signs of chronic
partial denervation in the left trapezius and rhom-
boid muscles. By stimulating the accessory nerve
motor responses were recorded in all three parts of
the trapezius muscle. The latency to the upper part
was normal while it was 2*5 and 5 times increased to
the middle and lower part respectively, correspond-
ing to an estimated conduction velocity of 5-9 mls.
The amplitude of the evoked motor response was
normal in the upper part, moderately decreased in
the middle part and severely decreased in the lower
part. The responses were -polyphasic in shape and
prolonged in duration especially in the lower and
middle parts (fig 4).
The electrophysiological findings are consistent

with nerve regeneration after complete axonal
degeneration. The other two patients also presented
neck and/or shoulder pain of 1 to 4 weeks duration
and subsequently developed trapezius weakness and
wasting; in one case the ipsilateral long thoracic
nerve being involved as well. In both, EMG
revealed evidence of partial denervation of the
trapezius muscle. In one patient the latency to the
upper trapezius muscle was at the upper border of
normal and the motor response was of reduced amp-
litude but normal shape; the serratus anterior mus-
cle was totally denervated. In the other patient the
latencies to the upper and middle parts were pro-
longed (fig 3), muscle evoked responses were
polyphasic, of reduced amplitude and conduction
velocity was estimated to 8 mns.

In the remaining three patients the aetiology of
the nerve palsy was uncertain. One of them had
weakness and wasting confined to the left stemoc-
leidomastoid muscle. Electromyography showed
discrete activity of reduced amplitude at full effort
but no fibrillation potentials at rest. EMG and con-
duction along the accessory nerve to all parts of the
trapezius muscle were nonnal.

In five of the 10 patients with iatrogenic lesions,
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Fig 4 Case 2. Responses from the three parts of the
trapezius muscle following stimulation ofthe left accessory
nerve 9 months after onset. Latency to the upper, middle
and lower part 3 1, 12 6, and 35 ms respectively.

there was also damage of the supraclavicular
-branches of the cervical plexus arising from the third
and fourth cervical nerves, as evidenced by dysaes-
thesia and hypaesthesia for light touch and pinprick
in the corresponding territory. One of the patients
had also' sensory loss in the great auricular nerve
distribution.

Discussion

Stimulation of normal nerves at the posterior
triangle of the neck revealed a good correlation
between motor latencies and conduction distances.
Our findings are in agreement with those of Fahrer
et al' who recorded from all three parts of the
trapezius muscle and those of Cherington,3 Ramelli
etal4 and Krogness6 'who elicited'motor responses
only from the upper part of the muscle.

The range of motor latencies was similar to that
found by stimulating the brachial plexus at Erb's
point and recording from the shoulder-girdle and
arm muscles." 12 Estimate of conduction velocity
from the relation between conduction time and dis-
tance gave a value of 63 m/s. That is similar to the
mean values found along the proximal segment of
the radial nerve'3,'4 and musculocutaneous nerve'2
and slightly below those found in the accessory
nerve by Skorpil and Zverina.'2
The method proved helpful in establishing the

degree of nerve injury due to iatrogenic lesions and
in evaluating the degree of nerve recovery. On clini-
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cal and electrophysiological grounds the nerve
lesion was diagnosed as complete at the first exami-
nation, 1 to 31/2 months after injury, in four patients.
Subsequent electromyographic and motor latency
studies were consistent with reinnervation after Wal-
lerian degeneration.'5 16 In the other four cases,
studied 2 to 5 months after injury, the elec-
trophysiological findings were also consistent with
reinnervation after Wallerian degeneration. In fact,
there was evidence that spontaneous nerve regrowth
occurred in six of eight iatrogenic lesions with total
interruption of the axons while the supporting nerve
tissue was preserved (axonotmesis)" allowing spon-
taneous nerve regeneration. The finding suggests
that exploration of the nerve in this type of lesion
should not be performed before sufficient time has
elapsed to allow for spontaneous recovery. In all
cases there was electrophysiological evidence of
reinnervation, either spontaneously or after nerve
repair. However, follow-up of patients 11 months to
8 years after a iatrogenic lesion, revealed incomplete
clinical recovery in all.

Accessory nerve lesions during surgical proce-
dures at the posterior cervical triangle have been
reported by many authors in the past 50 years.
Nerve injury occurred especially due to removal
either of tuberculous glands"'23 or abnormal masses
or lymph nodes for diagnostic purposes.2' 22 24-32 In
these cases the nerve can be severed by the scalpel
or by self-retaining retractors or artery forceps to
control haemorrhage from the ascending branch of
the traverse cervical artery which accompanies the
nerve32 or by ligature.2' The consequences of
sacrificing the accessory nerve in radical neck dissec-
tion for treatment of neck and head cancer are
described in large series.33 3 Some authors have
proposed either to preserve the nerve35 36 or to
repair it at the time of neck dissection28 3-39 or
later.40 Nerve suture or grafting was also postulated
by several authors as treatment after iatrogenic or
open wound damage.2242628304'42 Traumatic closed
injuries were reported in relation to accidents,2' by
using an arm sling43 in sports44 or due to biting.45 A
case of trapezius palsy following a bee sting has been
described.46 Cases of accessory nerve damage due to
surgery in the anterior triangle of the neck are
rare.47

In large series of cases of neuralgic amyot-
rophy isolated accessory nerve palsies have not been
reported.4F5" Patients with a clinical history similar
to our three patients have been described.5 5l 52 Their
palsy was sometimes preceded by neck and shoulder
pain of one to several weeks duration, there was
variable involvement of the sternocleidomastoid
muscle and occasionally of the ipsilateral long
thoracic nerve without evidence of a more wide-
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spread peripheral neuropathy in any of the cases.
The diagnosis of neuralgic amyotrophy appears
likely in these cases.

It seems that there are many variations in the
anatomy of the accessory nerve. During its extracra-
nial course the nerve receives branches from the 2nd
cervical nerve and pierces and innervates the ster-
nocleidomastoid muscle. After entering the pos-
terior cervical triangle at a point slightly above the
mid-point of the posterior border of the sterno-
cleidomastoid muscle, it is joined by fibres derived
from the 3rd and 4th cervical nerves, forms a sort of
plexus beneath the trapezius muscle and supplies
this muscle.53 It has been suggested that the
branches from the cervical nerves are purely affer-
ent.26 38

Fahrer7 found electrophysiological evidence sug-
gesting that the 3rd and 4th cervical nerves might
provide motor fibres to the upper or to all parts of
the trapezius muscle. Brodal54 states that besides the
motor fibres the accessory nerve also contains some
afferent fibres and that the cervical nerves only con-
tains sensory fibres, likely to be proprioceptive. Our
findings that nerve stimulation at threshold and at
maximal strength evoked responses in all parts of
the trapezius muscle do not support the assumption
of two sources of innervation, that is, the upper one
third or one half being supplied by the accessory
nerve and the remainder by the 3rd and 4th cervical
nerves.55 It appears unlikely that neighbouring
nerves could be stimulated with the small currents
used at threshold. On the other hand it cannot be
decided from the present study whether in all cases
one is actually stimulating the accessory nerve or
one of the cervical nerves in cases where the former
ends in the sternocleidomastoid muscle.56 57
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