
Introduction

Spasmodic torticollis is the most common form of idiopa-
thic focal dystonia, characterized by deviation of the neck

due to involuntary contraction of cervical muscles. Generally,
it is classified as rotational torticollis, laterocollis, retrocollis,
anterocollis and their various combinations by the presentation
of the neck posture and deviation feature. Spasmodic torticollis
not only results in substantial deformity, but also is frequently
associated with disabling neck pain from sustained muscle con-
traction. Spasmodic torticollis has been known to be difficult
to all treatment modalities. Conservative treatments such as,
phamacotherapy, physiotherapy or psychotherapy are highly
unsuccessful and often followed by side effects. But injec-
tion of botulinum toxin to the dystonic muscles induces local

weakness but reduces spasms. There are limitations with this
therapy, however. The benefits last only 2 to 4months and
several times repeated injections are necessary every year. Some
patients fail to respond and in some patients the symptoms
become refractory to botulinum toxin with repeated injections,
often due to the development of anti-botulinum toxin anti-
bodies1-4,11,13,16). 

Due to the limitations of conservative treatments, various
neurosurgical procedures have been attempted such as ste-
reotactic thalamotomy, cervical rhizotomy or microvascular
decompression of accessory nerve, but the results were unsa-
tisfactory. Bertrand and colleagues1-3) developed a surgical
technique  that parallels the effects of botulinum toxin. The
rationale is the selective weakening of those cervical muscles
mediating the dystonic muscle contraction . The Bertrand’s
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procedure is based on the extraspinal denervation of the pri-
mary cervical musculature that participates in the abnormal
neck posture, leaving the uninvolved muscles to maintain
adequate neck movement. As this surgical procedure gained
experience, the effectiveness and safety became established1,7,15).
As well, other neurosurgeons have been developing modified
surgical procedures based on Bertrand’s method5,7,12,14,15). The
authors have performed Bertrand’s selective denervation for
the several cases of spasmodic torticollis and we hereby des-
cribe the details of the operative technique to determine the
effectiveness of the method.

Materials and Methods

Ten patients who had selective denervation at our insti-
tute and Severance university hospital for the spasmodic

torticollis from October 1997 to December 2003, were an-
alyzed retrospectively  including medical records, video tape
and the results of neck tonometry. The types of spasmodic
torticollis and operative results were analyzed by Bertrand’s
method1-3). There were 5men and 5women with a mean age
of  52.4±9years. The mean duration of symptoms was 31.4
±12.5months. Each patient’s neck posture at presentation was
characterized as one or a combination of two predominant
torticollis vectors. Pure rotational torticollis was identified in
4patients, 3patients were combined rotational and retrocollis
type and the rest 3patients were combined rotational and la-
terocollis type. The laterality of rotational type was 2 : 3 (left :
right). As the operative techniques were completely different
from type to type of spasmodic torticollis, the exact classifi-
cation of torticollis is very important. The pure rotational
torticollis was diagnosed easily by its typical symptomatic

presentation. But, the combined
rotational type torticollis must be
diagnosed carefully due to their co-
mplex clinical presentations(Fig. 1). 

All of the patients had been tre-
ated with anticholinergics, antic-
onvulsants, muscle relaxants and
analgesics before the surgery. Am-
ong them, 6patients were treated
with botulinum toxin injections
and 5patients were treated with
herb medicine and acupuncture.
All of these patients were taken el-
ectromyogram(EMG) and tonog-
ram of posterior neck muscles and
sternocleidomastoid(SCM) muscle
prior to surgery. These neck muscle
tonogram and electromyogram re-
sults proved to be very important
indications when selecting surgical
methods.

Surgical methods and
anatomical considerations

The basic concept is selective de-
nervation for the hyperactive indi-
vidual muscles. In accordance, the
muscles and nerves requiring sel-
ective denervation for various types
of spasmodic torticollis requires di-
fferent surgical methods(Table 1).
Patients preferred the sitting posi-
tion with a slight flexion of the ne-
ck. The sitting position minimized

Table 1. Operative procedures for each types of spasmodic torticoliis                                 

Type Operative procedure

Rotation Type Contralateral SCM denervation and myomotomy
+ ipsilateral post. neck muscle selective rhizotomy (C1,2) and post. 
Ramisectomy(C3-6)

Retrocollis Bilateral post. neck muscle selective rhizotomy (C1,2) and post. 
Ramisectomy(C3-6)

Laterocollis Ipsilateral SCM denervation and myomotomy
+ ipsilateral post. neck muscle selective rhizotomy (C1,2) and post.
Ramisectomy(C3-6)

Rotation + 
Contralateral SCM denervation 

Retrocollis
+ bilateral post. neck muscle selective rhizotomy (C1,2   and C3) and
ipsialteral post. ramisectomy(C4-6)

Rotation +
Bilateral SCM denervation and myomotomy 

Laterocolli+ 
ipsilateral post. neck muscle selective rhizotomy (C1,2)and post.
ramisectomy(C3-6)

SCM : sternocleidomastoid

A B C

D E F

Fig. 1. Schematic drawing of the types of torticollis, A : Rotational Type. B : Laterocollis, C : Retrocollis,
D, E : Rotational Type + Retrocollis, F : Rotational Type +Laterocollis
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the bleeding of the venous plexus, showing the merit of the
simultaneous advancement of accessory nerve denervation
and posterior neck muscle denervation. Surgery under general
anesthesia is performed with muscle relaxant injection only
in the induction stage for the intraoperative EMG monitoring.
Before draping, the muscles to be denervated are positioned
with EMG electrodes. In the authors’ cases, although the types
of spasmodic torticollis were different, the sternocleidomastoid
muscle, trapezius muscle, splenius capitis muscle, and semi-
spinalis capitis muscle were positioned with EMG electrodes.
The usage of longer electrodes was helpful for the accurate
EMG monitoring. Each denervation procedure was performed
under a microscope.

When the neck is rotated, the ipsilateral agonist and syner-
gist muscles are innervated by the posterior roots of the C1-8
nerves(mainly C1-6). Contralaterally, the agonist is the SCM
muscle which is innervated by the accessory nerve. When
the neck is extended, bilateral posterior neck muscles are the
agonists that are innervated by the posterior roots of the C1-8
nerves(Table 2). Accordingly, the main objectives of the den-
ervation procedure were the posterior roots of the C1-6 nerves
and accessory nerves.  

Operative procedures consist of two stages. The authors
preferred the simpler accessory nerve denervation prior to
posterior neck denervation. 

Accessory nerve resection and denervation
The incision for the spinal accessory nerve extends from the

base of the ear to the junction of the horizontal and vertical
portions of the trapezius, at the point where the main branch
to the trapezius enters the muscle. The SCM and trapezius
muscles were dissected carefully.
The branch to the trapezius is ea-
sily identified with stimulation in
the lower portion of the incision
and it is followed upward. Frequ-
ently, there is a U-shaped devia-
tion near the point where it joins
the branches to the SCM. It must
be dissected carefully at that point
to avoid injury of the main branch
to the trapezius as the posterior
portion of the SCM is gradually
sectioned. The spinal accessory n-
erve is then followed upward to
the level of styloid process. The
accessory nerve is isolated along
its entire course and all the bran-
ches to the SCM are clipped and
sectioned. Only the branch to the

trapezius is spared in order to avoid leaving any recurrent br-
anches to the SCM. After careful hemostasis, the aponeurosis
of the muscle is closed and the skin is sutured.

Posterior neck muscle denervation
The skin incision extends from the external occipital pro-

tuberance to the spinous process of C7. This facilitates the
exposure of C1 and the posterior primary divisions up to their
origin. In the case of surgery on only one side, the skin inci-
sion is made the shape of the roman numeral 7, while for
the bilateral operation skin incision is made the shape of the
alphabetic “T”. Due to the widened operative field with this
shape of incision, excessive retraction, which can produce
neurapraxia and hinder stimulation can be prevented. The
trapezius, the splenius, and the semispinalis are sectioned
just below the insertion. Under the EMG monitoring and sti-
mulation, the root of C1 is identified in the notch for vertebral
artery laterally on the posterior arch of atlas. The emergence
of C1 is noted underneath the vertebral artery. The vertebral
artery is elevated showing the C1 as divided into anterior and
posterior branches. Lower down, between the posterior arch
of C1 and C2, the root of C2 as it divides into its anterior
and posterior branch, the latter emerging between the arches
is seen. At each level, the posterior branches were dissected
and avulsed. Posterior rami of the C3-6 were visualized on
the emerging point of the intervertebral foramen with retrac-
tion. The nerve roots stimulations were helpful to identify
the posterior rami of C3-6. Careful resections were done at
the C3-6 level. After confirmation of denervation by the EMG,
surgery is completed by thorough hemostasis and suturing.
In circumstances when incisions are made bilaterally, careful

Table 2. Muscles involved in specific movements in spasmodic torticollis                               

Rotation Extension Inclination

Same side Opposite side

Splenius SCM (A) Splenius capitis (A) 

capitis/cervicis (A) XI, VR of C2, C3 PR of C1-C6

PR of C1-C6/ PR of
Splenius

Levator scapulae (A)

C4-C8
capitis/cervicis (A)

VR of C3 C4
PR of C1-C6/ PR of C4-C8

Trapezius (S)
Splenius capitis (A) 

XI, VR of C3, C
Obli. Capitis Inf. (S) Obli. Capitis Sup. (S) PR PR of C2-C6

PR of C1-C2 of  C1 Longissimus capitis  (A)

PR of C3-C8

Rectus capitis post.

major/minor,

Obli. Capitis Sup. (S)

PR of  C1

Longissimus capitis  (S) Semispinalis capitis (S)

PR of C3-C8 PR of C2-C6

(A) agonists, (S) synergists, SCM : sternocleidomastoid, Obli. : oblique, PR : posterior root  VR : ventral root, XI :
Accessory nerve



347

Denervation  for  Spasmodic  Torticollis｜R Huh, et al.

monitoring is required because the phrenic nerves can be
damaged(Fig. 2, 3). As suppressing pain is utmost important
after the surgery, the relatively weakened opposite muscles
must receive rehabilitation and physical treatment as quickly
as possible.

Results

The results of the neck muscle tonogram showed that
in the case of pure rotational spasmodic torticollis, the

ipsilateral posterior neck muscles on the side of rotation had
developed hyperactivity, accordingly, the contralateral SCM

muscle also developed hyperactivity. In cases of rotation com-
bined with retrocollis, patients developed bilateral posterior
neck muscle hyperactivity as well as contralateral SCM muscle
hyperactivity. Also, in cases of rotation combined with later-
ocollis, patients developed bilateral SCM muscle hyperactivity
as well as ipsilateral posterior neck muscle hyperactivity. 

Operative results were assessed by original Bertrand’s me-
thod2), with “excellent” condition applying to results with
absolutely no dystonia, “good” for results in which there was
slight inclination or movement in which no treatment was
required, “fair” for results in which there was symptom relief
but abnormal movements were present or continuous medical
treatment was required, and “poor” for results where there was
no effect or the condition was worsened. Under this classifi-
cation, 5patients were classified as excellent (50%), 4patients
classified as good (40%), and 1patient classified as fair (10%).
90% of the patients showed favorable results (Table 3). Typi-
cally, pure rotational cases yielded 1patient as excellent (25%),
2patients as good (50%), and 1patient as fair (25%), while
rotational combined with retrocollis cases yielded 2patients
as excellent (67%) and 1patient as good (33%), and rotational
combined with laterocollis cases yielded 2patients as excellent
(67%) and 1patient as good (33%). Although statistically not
significant, combined types yielded better results than pure
rotational cases. The patients’ age and symptom periods did
not affect the results of the surgeries significantly. Also, of the
6patients who received botulinium toxin injections, 5patients
showed good response in the early stages, of which 3patients
showed “excellent” classification results. The one patient that
did not show positive response developed “fair” classification
results. Although the effect of botulinium toxins and the
results of the surgeries were statistically insignificant, there
was some degree of proportional relationship(Table 3, Fig. 4).
All of the patients experienced reductions in aching, and
7patients did not require analgesics or muscle relaxants after
surgery, however overlapping pain from incisions in the early
postoperative periods had a tendency to aggravate aching. It
took about 2months(2.2±1.3months) for post-surgical pain
to completely disappear. The other 3patients required an-
algesics or muscle relaxants. After the surgery, the patients
were followed-up for about 36months(35.7±20.6months).
“Excellent” cases required a mean of 3.5±2.2months for
symptoms to completely vanish. The mean time period of
post-surgical physical treatment and rehabilitation was 4.2
±2.7months.

Post-surgical complications were not serious, but 2cases
of infection in the incision, 1case of delirium, and 1case of
generalized weakness developed. The most serious case of
infection of the incision required a skin transplant. Temporary
neuralgia at the occiput disappeared in 3months. Thus far,

Fig. 2. Schematic drawing of right C1, 2 rhizotomy. It shows the in-
verted 7 shaped skin incision and the emergence of C1 underneath
the vertebral artery on the right.  In the circle, the vertebral artery is
elevated showing the C1as divided into anterior and posterior
branches. Lower down, between the posterior arch of C1 and C2,
it shows the root of C2 as it divides into its anterior and posterior
branch, the latter emerges between the arches. A : Vertebral artery,
B : C1 Root, C : C2 Root.

A

C

B

Fig. 3. Schematic drawing of left C3-C6 posterior ramisectomy. The
sectioned splenius and semispinalis capitis are retracted laterally.
Posterior primary divisions (rami) emerge from the interverterbral
foramen, and they give rises to fine collaterals. A : Trapezius muscle :
sectioned, B : Splenius capitis muscle : sectioned. C : Semispinalis
capitis muscle, D : Splenius cervices muscle, E : Rectus capitis posterior
major muscle, F : Inferior oblique muscle.

A

F

E

B

C

D



there have been no cases of symp-
tom relapses which were classified
as “excellent” or “good” or dimi-
nished treatment effects. 

Discussion

As the initial treatment of sp-
asmodic torticolis, most hy-

pertonic muscles responded well
to the botulinum toxins. However,
there was limitation of botulinum
injection because of the antibody
production after repeated injecti-
ons. When the effects of repeated
injections diminished or when the
patient does not want repeated in-
jections, we can consider surgery.
When considering surgery, it will
require at least 1~2years to rule
out generalized dystonia1,4,5,7,12).  

There have been attempts of ac-
cessory nerve microvascular de-
compression, thalamotomy, and
spinal cord stimulation. As well,
the intradural or extradural pro-
cedures contributed significantly
to the development of denervati-
on procedures. In the early period,
having not yet established an ac-
curate understanding of patho-
physiology of spasmodic tortico-
lis, a variety of surgeries that were
destructive towards the intradur-
al central nervous system and the
peripheral nervous system were
conducted.  In the year 1923, Cu-
shing1) performed intradural high
cervical rhizotomy and accessory
nerve resection. In 1930, Dandy8)

performed bilateral C1-C3 rhizo-
tomy and accessory nerve resec-
tion simultaneously. Although di-
verse intradural procedures were
conducted after these procedures,
and although the effects of tor-
ticolis treatments were not satis-
factory, serious surgical compli-
cations such as cervical instability,
difficulty in swallowing, weakness
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A B

Fig. 4. Photograph showing a preopertative feature of a patient with rotational combined with
retrocollis (A) and 2months after selective rhizotomy and denervation feature that normalized
neck posture (B).  

Table 3. Types of spasmodic torticollis and operative procedures and results on each patients                          

Sex/Age Type Side Sx. Operation F/U(Mos) Result

Rt. 11th nerve denervation, myotomy 

F/41 R+L Lt. 40 +Selective rhizotomy on Lt. C1,2, Post. 64 E

Ramisectomy on C3-6

Bilat.11th nerve denervation, myotomy 

F/62 R+L Rt. 16 +Selective rhizotomy on Rt. C1,2, Post. 52 E

Ramisectomy on C3-6

Lt. 11th nerve denervation, myotomy 

M/67 R Rt. 22 +Selective rhizotomy on Rt. C1,2, Post. 50 G

Ramisectomy on C3-6

Rt. 11th nerve denervation, myotomy 

F/51 R Lt. 51 +Selective rhizotomy on Lt. C1,2, Post. 46 F

Ramisectomy on C3-6

Rt. 11th nerve denervation, myotomy 

F/42 R+R* Lt. 32 +Selective rhizotomy on Both C1,2, Post. 44 E

Ramisectomy on Lt. C3-6

Lt. 11th nerve denervation, myotomy 

F/45 R Rt. 62 +Selective rhizotomy on Rt. C1,2, Post. 40 G

Ramisectomy on C3-6

Lt. 11th nerve denervation, myotomy 

M/55 R+R* Rt. 25 +Selective rhizotomy on Both C1,2, Post. 36 G

Ramisectomy on Rt. C3-6

Lt. 11th nerve denervation, myotomy 

M/53 R Rt. 25 +Selective rhizotomy on Rt. C1,2, Post. 10 E

Ramisectomy on C3-6

Bilat.11th nerve denervation, myotomy 

M/68 R+L Rt 34 +Selective rhizotomy on Rt. C1,2, Post. 8 G

Ramisectomy on C3-6

Rt. 11th nerve denervation, myotomy 

M/40 R+R* Lt. 6 +Selective rhizotomy on Both C1,2, Post. 7 E

Ramisectomy on Lt. C3-6

Sx. : symptom duration , months, F/U : follow-up, months, M : male, F : female, R  : rotational type, R* : retrocollis,
L : laterocollis, Rt.: right, Lt.: left, E : Excellent ; showed no detectable abnormal movements, G : Good  ; showed
slight residual deviation or slight residual abnormal movement without treatment, F : Fair ; appreciable residual
abnormal movements
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in shoulder elevation, or phrenic nerve paresis have become
problems. This resulted from anterior high cervical rhizo-
tomy, and consequently the surgery could not be completed
on the C4-C6 rhizotomy because of the risk of phrenic nerve
damage. Also, because intraoperative EMG monitoring was
not properly carried out, the nerve root selection was not
accurate2,11,15).  

Under these historical backgrounds, Bertrand1-3) attempted
extradural selective rhizotomy in 1982 with reports of high
success rates and low complication rates. Afterwards, although
other institutes and neurosurgeons modified Bertrand’s me-
thod, they recognized it as the best surgical treatment for
spasmodic torticolis. The basic concept is selective denervation
of individual muscles of the hyperactive condition. As a result,
the denervation procedure requires different surgical incision
according to the involved muscles. The key points of success-
fully solving Bertrand’s method are : 1) proper patient selec-
tion, 2) meticulous and accurate denervation, and 3) intensive
and rigorous immediate post-surgical rehabilitation. Possible
post-surgical complications include hypesthesia on the C2
dermatome, occipital pain1,2,15).

Davis7), Braun, and Richter5) modified Bertrand's method
by making the incision in a straight vertical line. The purpose
of this was to be able to see both sides, however increased
retraction was required, which would in turn cause neurap-
raxia. Taira and Hori14) reported superior alternative processes
of Bertrand’s method in order to prevent hypesthesia on the
C2 dermatome and bleeding from the venous plexus. Waltz17)

and Dieckmann9) reported 60~70% symptom relief by spinal
cord stimulation, but this procedure could not improve the
physiological neck movement. Freckmann and his colleagues10)

performed microvascular decompression on accessory nerves
and reported several successful cases, but their concepts were not
suitable to the pathophysiology of spasmodic torticolis.  Chen
and his colleagues6) performed extensive myomectomy and
reported successful rates, however their method would cause
limitations of neck movement. 

Conclusion

The authors consider that diagnosis of accurate types of
spasmodic torticollis and selecting the most suitable

surgical procedure for each patients are the most important

factors for the surgical success. In order to these, preoperative
and intraoperative electrical monitoring is essential. Posto-
perative rigorous physical and rehabilitation therapy is an
another important factor. 

This study confirms that selective denervation for the trea-
tment of spasmodic torticollis is a very useful and safe surgical
technique.
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