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• Ultrasound for guided injection
• Ultrasound for diagnostic in cervical dystonia
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• Are you using ultrasound in diagnostic or treatment of
dystonia?

– Yes
– No
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• How many dystonia patients do you treat with
botulinumtoxin per week

– 0-1
– 2-10
– 10-20
– >20
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• Head tremor, high age (Misra VP; BMJ open. 2012)
• Psychiatric disease, severe  dystonic syndrom (Skogseid; 

Eur J Neurol. 2007)
• Side effects, high dosage, number of other treatments, 

neuroleptics (Ferreira; Movement Disord. 2013)
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• Wrong pattern
• Change of Injector
• Deep muscles involved
• Reproductively of the injection protocol

– Standardising of treatment
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Contarino MF, Van Den Dool J, et al. Frontiers in Neurology. 2017

TABLE 2 | Optimization of BoNT treatment for CD.

What is the recommended initial dose for 
treatment of CD with abobotulinumtoxinA?

500 IU (although other 
dosages might be used)

A

What is the recommended initial dose for 
treatment of CD with incobotulinumtoxinA?

120 IU B

What is the recommended initial dose for 
treatment of CD with onabotulinumtoxinA?

No recommendation U

What is the recommended initial dose for 
treatment of CD with rimabotulinumtoxinB?

2,500 or 5,000 IU
10,000 IU

B
A

Can prior polymyographic EMG (pEMG) 
and EMG guidance improve the treatment 
outcome in treatment-naïve patients?

Yes A

Can prior pEMG and EMG guidance 
improve the treatment outcome in patients 
with deterioration of treatment effect?

Yes C

Are multiple-points injections per muscle 
more effective than single-point injections?

Yes U

Can additional physiotherapy improve the 
effect of BoNT treatment?

No (motor improvement 
as measured by 
TWSTRS or Tsui score)

C

Yes (disability and pain 
and prolongs the effect 
of BoNT)

U

BoNT, botulinum neurotoxin; CD, cervical dystonia; EMG, electromyography; TWSTRS, 
Toronto Western Spasmodic Torticollis Rating Scale.
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CMAP data indicated a bioequivalence of 1 IU onabotulinum-
toxinA:1.57  IU abobotulinumtoxinA and a maximum dose-
equivalence ratio of 1:3.

In a comparative clinical study, 73 CD patients were 
randomized for onabotulinumtoxinA or abobotulinumtoxinA 
with a dose ratio of 1:3  IU (37). "e improvement of Tsui 
score, the duration of e#ect, and the rate of side e#ects were 
comparable.

Two di#erent conversion factors (1:3 and 1:4) between 
onabotulinumtoxinA and abobotulinumtoxinA were tested in 
a double-blind randomized three-period crossover study in 54 
CD patients (38). AbobotulinumtoxinA was signi$cantly more 
e#ective than onabotulinumtoxinA in reducing Tsui score, with 
no signi$cant di#erence between the two conversion ratios. "e 
adverse events were more frequent in the abobotulinumtoxinA 
group, but only signi$cantly for the 1:4 conversion.

A recent double-blind, randomized, crossover study using 
a conversion ratio of 1:2.5  IU showed comparable e%cacy and 
adverse e#ects (39).

Conclusion and Recommendations
It is recommended to use a conversion of 1 IU onabotulinum-
toxinA to 3 IU abobotulinumtoxinA (level A) (37, 38), although 
conversion ratios of 1:2.5 might be equally safe and e#ective 
(class I, level B) (39).

OnabotulinumtoxinA vs. IncobotulinumtoxinA
In an open label prospective crossover study, 40 patients initially 
treated with onabotulinumtoxinA were randomly assigned to 
treatment switch to incobotulinumtoxinA with a 1:1 ratio (33). 
Inter-injection intervals and treatment duration showed compa-
rable e%cacy for at least four injection cycles. Comparable e%-
cacy on TWSTRS and adverse-event pro$les for up to 16 weeks 
were also reported in a randomized, double-blind, parallel-group, 
non-inferiority trial, with CD patients randomized to incobotu-
linumtoxinA or onabotulinumtoxinA with the same conversion 
factor of 1:1 (40).

Conclusion and Recommendations
It is recommended to use a conversion of 1:1 IU onabotulinum-
toxinA to incobotulinumtoxinA (class I, level B).

Optimization of BoNT Treatment for  
CD (Table 2)
What Is the Recommended Initial BoNT Dose for 
Treatment of CD?
According to the respective summary of product characteristics 
(SPC—last accessed 08/04/2015), the suggested starting total 
dose is 500  IU in two-three muscles, for abobotulinumtoxinA 
(SPC last text revision 11/12/2013), and <200 IU (50 IU/injection 
and maximum 100 IU to the sternocleidomastoid) for onabotuli-
numtoxinA (SPC, 19/03/2015). For incobotulinumtoxinA, a total 
dose of 200 IU is mentioned, with doses up to 300 IU allowed 
(50 IU/injection—SPC, 16/11/2012). For rimabotulinumtoxinB, 
an initial dose of 5,000  IU may be considered, but a dose of 
10,000 IU divided between two and four muscles may be more 
e#ective (SPC, 26/02/2014).

In an RCT, 73 patients were randomized into four groups 
treated with placebo, abobotulinumtoxinA 250, 500, or 1,000 IU, 
divided between one splenius capitis and the contralateral sterno-
cleidomastoid muscle (21). "e greatest improvement was found 
in the group treated with 1,000 IU, although signi$cantly more 
side e#ects were reported. An initial dose of 500 IU abobotuli-
numtoxinA (divided into 100–200 IU in the sternocleidomastoid 
muscle, 250–350 IU in the splenius, 100–200 IU in the trapezius, 
and 100–200 IU in the levator scapulae) signi$cantly improved CD 
with respect to placebo in another RCT on 68 patients (41). Based 
on these results, an initial dose of 500 IU abobotulinumtoxinA 
is suggested. It is worth mentioning, however, that CD could be 
successfully treated using an average total dose of 200–400  IU 
abobotulinumtoxinA under electromyography (EMG) guidance, 
resulting also in fewer side e#ects (42).

A starting dose of 50–100  IU of onabotulinumtoxinA per 
muscle, with a maximum dose per session of 280 IU, was used in a 
study on 32 patients. A documented improvement in both subjec-
tive and objective parameters was observed in 75% of patients 
(43). "e mean total doses of original onabotulinumtoxinA injec-
tions, reported in 30 studies, as assessed by a systematic review, 
ranged from 60 to 374 IU in total (44).

In an RCT, both doses of 120  IU and 240  IU incobotu-
linumtoxinA signi$cantly improved the TWSTRS-total scores 
compared to placebo in previously treated and treatment-naive 
subjects, with mild side e#ects. Initial dose 120 IU of incobotu-
linumtoxinA has been suggested based on these results (26).

"ree double-blind, randomized, placebo-controlled studies 
(20, 22, 23) have shown that the e#ect of botulinum toxin B 

TABLE 4 | Side effects and contraindications of BoNT treatment for CD.

What is the most effective 
to avoid dysphagia?

The additional use of ultrasound may 
lessen recurrent dysphagia

U

What is the most effective 
strategy in case of neck 
muscles paresis?

The use of a soft collar can relieve the 
symptoms of neck extensor muscles 
paresis

U

What is the most effective 
strategy to prevent 
injection pain?

Skin cooling or local application of 
anesthetic cream reduce injection pain

U

Is BoNT treatment safe 
during pregnancy and 
lactation?

BoNT treatment during pregnancy and 
lactation is not recommended and should 
be avoided whenever possible

U

Is BoNT treatment safe 
for CD patients who use 
anticoagulants?

The risk of hematoma following BoNT 
treatment by concomitant use of coumarin 
derivatives is low

U

Is BoNT treatment safe 
for CD patients with 
concomitant neurological 
comorbidities?

Patients with concomitant impairment 
of neuromuscular transmission may 
experience clinical deterioration after BoNT 
treatment, although in selected cases 
treatment might be safe and bene!cial

U

BoNT, botulinum neurotoxin; CD, cervical dystonia.
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What Is the Most Effective Strategy in Case of Neck 
Muscles Paresis following BoNT Treatment?
Weakness of the neck extensors is a common side e!ect of BoNT 
treatment in these muscles. "e symptoms are usually mild and 
are generally resolved within a few weeks (54). According to a 
systematic review, this side e!ect was reported by 62/339 (18%) 
of the patients treated with onabotulinumtoxinA or abobotu-
linumtoxinA, compared with 9/266 (3%) of the patients in the 
placebo group (80). In an RCT on 233 patients, neck weakness 
was reported in 6–10% of patients treated with incobotuli-
numtoxinA 120 or 240 IU, respectively, as compared to 1% of 
patients treated with placebo (26).

"ere is no evidence to support the use of a so$ collar, although 
this measure can relieve symptoms of paresis (4).

Conclusion and Recommendations
"e use of a so$ collar can relieve the symptoms of neck extensor 
muscles paresis (class IV, level U).

What Is the Most Effective Strategy to Prevent Pain 
at the Injection Site?
In RCTs comparing BoNT-A treatment to placebo, injection pain 
occurs equally in both groups (4). "is pain is usually present for 
only a few days and is rarely a reason to terminate the BoNT-A 
treatment (54).

Skin cooling (with ethylchloride spray, dry cold, or ice) or local 
application of anesthetic cream decreases pain associated with 
limb or facial botulinum injections (81–83). As such, they may 
be bene%cial in patients for the treatment of CD too, although no 
speci%c studies were found.

Conclusion and Recommendations
Skin cooling or local application of anesthetic cream can reduce 
injection pain (class IV, level U).

Contraindications for  
BoNT Treatment (Table 4)
Is BoNT Treatment Safe during Pregnancy and 
Lactation?
OnabotulinumtoxinA is classi%ed as pregnancy Category C by 
FDA: “Animal reproduction studies have shown an adverse e!ect 
on the fetus and there are no adequate and well-controlled studies 
in humans, but potential bene%ts may warrant use of the drug in 
pregnant women despite potential risks. "is drug should be used 
during pregnancy only if the bene%t outweighs the risk to the fetus.” 
Animal studies have provided no indications of harm during preg-
nancy with doses of BoNT-A normally used in clinical practice (84).

Results of a survey on 396 doctors showed that a total of 
16 pregnant women had been treated with BoNT, primarily in 
the %rst trimester. One patient (8.3%) had a miscarriage, while 
the other patients gave birth to healthy children a$er full-term 
pregnancies (85)."e overall risk of miscarriage, regardless of 
the cause, is 15–20% (86). In the literature, up to 25 women are 
described who have been treated during each stage of pregnancy: 
two miscarriages were reported in women with previous history 
of miscarriage; the other cases reported uneventful pregnancy 
and healthy children (87).

No studies were found on the use of BoNT during lactation. 
Due to insu&cient data, the manufacturers do not recommend 
using BoNT during lactation, although it seems unlikely that 
BoNT may enter breast milk (84).

Conclusion and Recommendations
Although several cases have been reported of safe use of BoNT 
during pregnancy, the e!ect of BoNT on the unborn child has 
been insu&ciently studied in humans; therefore, BoNT treatment 
during pregnancy is not recommended and should be avoided 
whenever possible (class IV, level U).

No studies have been conducted on the e!ect of BoNT on the 
nursing child; to exclude side e!ects, BoNT treatment should be 
avoided during lactation (class IV, level U).

Is BoNT Treatment Safe for CD Patients Who Use 
Anticoagulants?
No reports of complications resulting from the use of coumarin 
derivatives or non-vitamin K antagonist oral anticoagulants by 
CD patients treated with BoNT were found. According to the SPC 
of coumarin derivates, intramuscular injections are discouraged 
(but not explicitly forbidden) because of the increased risk of 
hematomas, while no limitation is reported for subcutaneous 
injections. "e incidence of hematoma a$er BoNT injection was 
marginally increased in a group of 32 patients treated with phen-
procoumon (3%) with respect to 32 control patients (1.8%) (88).

Conclusion and Recommendations
"e risk of hematoma following BoNT treatment by concomitant 
use of coumarin derivatives has not been su&ciently studied but 
seems low (class IV, level U).

Is BoNT Treatment Safe for CD Patients with 
Concomitant Neurological Comorbidities?
Treatment with BoNT may exacerbate symptoms of coexist-
ent neuromuscular diseases (89, 90) or unmask subclinical 
cases (91, 92). Myasthenia gravis, amyotrophic lateral sclerosis, 
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The Accuracy of Needle Placement in Extremity Muscles:
A Blinded Study

Craig Goodmurphy,* Anthony Chiodo,† and Andrew Haig†

Summary: The authors evaluated the accuracy of EMG needle
placement using the methods of two common EMG reference
atlases. Fourteen cadavers were used to conduct needle placement
by two board-certified electromyographers with a blinded anatomist
completing the needle dissection. The two methods were found to be
similarly accurate. Certain muscles were particularly difficult to
sample by both methods. Certain muscles were uniquely difficult to
sample by one or the other method. Many inaccuracies were not
significant in that needle placement occurred in muscles of similar
root and nerve innervation. Generally, lower extremity, superficial,
and larger muscles were easier to sample than smaller or deeper
muscles. Typical diagnostic difficulties are discussed with means to
improve needle sampling accuracy with present technology and
future study. Muscle needle placement, as would be conducted for
electromyography, shows differential accuracy in needle placement
depending on muscle location, size, depth, and local anatomy.
Understanding these limitations allows the electromyographer to
recognize patterns of inaccuracy and make corrections for a more
accurate diagnosis.

Key Words: Needle electromyography, Cadaver study, Clinical
anatomy.

(J Clin Neurophysiol 2007;24: 366–378)

The needle examination is used in clinical medicine to
answer diagnostic questions concerning the peripheral

nervous system. To make a clinical diagnosis, the electro-
myographer chooses muscles to sample that will give the
most detailed and accurate determination of the clinical
problem that is being evaluated. Because the pattern of
electrodiagnostic abnormality is critical in making the correct
diagnosis, needle electromyography needs to be accurate in
sampling the muscles chosen.

The electromyographer relies on clinical and training
experience in selecting the best muscles and in accurately

locating them with the EMG probe. In training and in the lab,
atlases of needle localization are used as a reference tool in
needle localization. These methods were derived by experts
in the field of electromyography, where a lifetime of ana-
tomic training and study coupled with years of electrodiag-
nostic training and experience were coalesced into a clinically
valuable training and reference tool on methods to sample
muscles for needle electrodiagnostic testing. These methods
have not been evaluated previously in a blinded study to
evaluate their accuracy and safety. This study serves as an
empirical scientific investigation of the accuracy and safety of
these methods.

MATERIALS AND METHODS
Fourteen cadavers were used to complete bilateral ex-

tremity muscle injections. Five were female and nine were
male (mean age, 74.4 years; range, 42 to 86 years). All of the
cadavers were pressure embalmed. None of the recorded
causes of death were deemed to have affected the results of
this study with regard to needle placement or dissection.

Needle placement was accomplished by using 24-gauge
florist wire with a bend at the insertion end placed through an
18-gauge 4.5-inch sharpened and beveled cannula. The nee-
dle was placed in the assigned location by an American Board
of Electrodiagnostic Medicine certified physician. The can-
nula with the wire was inserted into the skin at the appropriate
place at which point the cannula was withdrawn, allowing the
wire to hook into the tissue. The wire was bent externally, and
on it was placed a numbered label that was also placed on the
dissection sheet. The anatomist would later dissect the nee-
dles and record his observations on the dissection sheet. The
anatomist would record hits and misses; dangers, defined as a
wire that passed through a significant nerve, blood vessel, or
organ; and cautions, defined as a wire that passed within 0.5
cm of a nerve, blood vessel, or organ. This method is detailed
elsewhere (Haig and Ruan, 1999). The dissector would also
record adjusted hits, defined as when a needle passes through
the intended muscle and then ended up in a deeper muscle.
This adjusted the result to the real-life situation in a patient,
when the EMG machine preamplifier would be turned on
after the needle enters the skin, allowing for recognition of
when the examiner enters the most superficial muscle.

Needle localization was conducted by the methods of
Delagi and Perotto (1980) and Geiringer (1999). Once needle
placement was accomplished, a label with a randomly as-
signed 6-digit number was placed on the wire, on a score

*Department of Anatomy, St. George’s University, St. George’s, Grenada,
West Indies; †Department of Physical Medicine and Rehabilitation,
University of Michigan Hospital, 325 E. Eisenhower Parkway, Ann
Arbor, Michigan, U.S.A.

Address correspondence and reprint requests to Dr. Chiodo, Department of
Physical Medicine and Rehabilitation, University of Michigan Hospital,
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tchiodo@umich.edu.
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METHODS: 

5 preselected women with 

subsequent dysphagia after 

electromyography-guided 

injections (N=98). 

Injections performed with 

ultrasound (N=27)

Effects on swallowing examined.

RESULTS: 

Dysphagia rate 

• EMG: 34.7%

• US plus EMG: guidance: 0%

Injection Details

Reduction of side effects
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Method: 

- Manual placement

- Electrostimulation

Target rates:

Gastrocnemius/Soleus 75%

Adductors 67%

Hamstrings 46%

Tibialis posterior 11% 

Biceps brachii 62%

Forearm and hand muscles 13%-35% 

EMG versus Electrostimulation

Chin TY, Nattrass GR, et al. J Pediatr Orthop. 2005
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Torticaput

Torticollis
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Obliquus capitis 
inferior
Semispinalis 
capitis
Splenius capitis

A. vertebralis

Torticollis / Torticaput
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2,1 cm Obliquus capitis
inferior

1,5 cm Semispinalis capitis
0,9 cm Splenius capitis
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Sternocleidomastoide

Semispinalis capitis

Splenius capitis

Obliquus capitis inferior

Trapezius
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• What is the most involde muscle in dystonic horizontal head
tremor (no-no-tremor)

• Splenius capitis
• Semispinalis capitis
• Sternocleidomastoid
• Levator scapulae
• Trapezius
• Obliquus capitis inferior
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Left Right

Splenius capitis

Obliquus capitis inferior
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Same Presentation – Different Pattern

0

2

4

6

8

10

12

14

only +	both	
SPL

+	 ips	SPL +	con	SPL only +	both	
SPL

+	 ips	SPL +	con	SPL only +	both	
SPL

+	 ips	SPL +	con	SPL only only only

both	OCI ips	OCI con	OCI both	SPL con	SPL ips	SPL

nu
m
er
	o
f	p

at
ie
nt
s

most	active	muscle involved	muscle



Institut für 
Systemische 
MotorikforschungMuscle movements in Torticollis



Institute
of Systems
Motor ScienceFocal Hand Dystonia



Institute
of Systems
Motor Science

Flexor pollicis longus

FCR
FDS

FPL

FD
P

Passiv movement Active movement
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Flexor digitorum

Passive movement FDP II Active movement

FDS

FD
P

Passive movement FDS II
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Torticollis since Childhood

Fibrosis of the
sternocleidomastoid

Reduced range of motion

SCM
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Since youth

Fibrosis of the
sternocleidomastoide

Shift to the right side

SCM
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• Ultrasound
– Diagnostic

• Identification of muscle asymmetry
• Identification of tremor (to some degree)

– Combined approach with EMG
• Other causes of head position anomalies

– Therapeutic
• Guided injection

– Deep muscles
– Small muscles
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Thank you
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Anatomy and Ultrasound Trainings

For regional, national and international 
training in Lübeck. 
Contact: tobias.baeumer@uni-luebeck.de


