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Objective  To compare the accuracy of ultrasound-guided and non-guided botulinum toxin injections into the 
neck muscles involved in cervical dystonia.
Methods  Two physicians examined six muscles (sternocleidomastoid, upper trapezius, levator scapulae, splenius 
capitis, scalenus anterior, and scalenus medius) from six fresh cadavers. Each physician injected ultrasound-
guided and non-guided injections to each side of the cadaver’s neck muscles, respectively. Each physician then 
dissected the other physician’s injected muscle to identify the injection results. For each injection technique, 
different colored dyes were used. Dissection was performed to identify the results of the injections. The muscles 
were divided into two groups based on the difficulty of access: sternocleidomastoid and upper trapezius muscles 
(group A) and the levator scapulae, splenius capitis, scalenus anterior, and scalenus medius muscles (group B). 
Results  The ultrasound-guided and non-guided injection accuracies of the group B muscles were 95.8% and 
54.2%, respectively (p<0.001), while the ultrasound-guided and non-guided injection accuracies of the group A 
muscles were 100% and 79.2%, respectively (p<0.05).
Conclusion  Ultrasound-guided botulinum toxin injections into inaccessible neck muscles provide a higher degree 
of accuracy than non-guided injections. It may also be desirable to consider performing ultrasound-guided 
injections into accessible neck muscles.
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INTRODUCTION

Cervical dystonia (CD) is a movement disorder charac-
terized by neck muscle contractions that cause abnormal 
postures or movements that may involve tremor and 
pain. This disorder is extremely distressing and may have 
a negative impact on a patient’s quality of life.

The treatment of CD is symptomatic. To improve the 
patient’s quality of life, treatment should include physi-
cal therapy, oral medication, botulinum toxin (BoNT) 
injections, and surgical therapies [1]. The effect of physi-
cal therapy is often temporary. None of the large-scale 
double-blind and placebo-controlled studies have dem-
onstrated its long-term effectiveness [2]. In the case of 
childhood-onset or combined dystonia, levodopa may 
be used first. However, there are currently no FDA (Food 
and Drug Administration)-approved oral medications. 
The systemic side effects should also be considered [3]. 
Surgery is usually selectively performed in patients who 
fail other less invasive treatments [1].

The current treatment guidelines recommend BoNT 
injections as the first-line treatment for CD. In 2000, the 
FDA approved the application of BoNT for CD treatment 
[4-6]. Approximately 50%–90% of patients with CD expe-
rience symptomatic improvement with BoNT injections 
[7].

Conventionally, BoNT has been injected through clini-
cal examination. Palpitation of target muscles, obser-
vation of muscle movement, knowledge of anatomical 
landmarks, and patient reporting of tenderness are also 
helpful. However, several studies have reported a low ac-
curacy of needle placement when using only anatomical 
landmarks [8-10].

Neck muscles are small, thin, and close to each other. 
In addition, several vital vessels and nerves pass through 
the neck. Examples of these are the carotid artery, jugular 
veins, vagal nerve, and brachial plexus. Therefore, accu-
rate muscular injections crucial [11,12]. In addition to di-
rect injury to adjacent tissue, other common side effects 
of BoNT injection in the neck muscles include dyspha-
gia and excessive muscle weakness [3]. The side effects 
caused by the drug itself depend mostly on local diffu-
sion from the injection sites. Since the extent of diffusion 
is dose-dependent, the probability of side effects would 
be reduced correspondingly with BoNT dose reduction 
achievable by increasing the accuracy of injection [13].

Electromyography (EMG) is also a common technique 
used in targeting the muscles for BoNT injections. How-
ever, because the actions of some neck muscles are not 
clearly distinguished and co-contraction of adjacent 
muscles may be falsely attributed to a target muscle, 
physicians cannot verify if the EMG needle tip is located 
in the specific muscle without imaging guidance. Fur-
thermore, other disadvantages of EMG-guided injection 
include increased discomfort due to the larger size of 
EMG needles and the inability to identify vital vessels and 
nerves [14].

Ultrasound allows fast, noninvasive, and real-time vi-
sualization of muscles and nearby structures. The needle 
position and overall BoNT injection procedure can be vi-
sualized, allowing accurate injection into target muscles 
and multiple sites along a single track.

Few publications have compared the accuracies of 
ultrasound-guided and non-guided injections into neck 
muscles [15,16]. In addition, some case reports and stud-
ies have used functional outcomes to assess accuracy. 
However, no studies have used direct visual confirma-
tion.

This study was conducted to compare the accuracy of 
ultrasound-guided and non-guided BoNT injections into 
neck muscles through confirmation by cadaveric dissec-
tion.

MATERIALS AND METHODS

Subjects
This study examined six muscles (sternocleidomastoid, 

upper trapezius, levator scapulae, splenius capitis, scale-
nus anterior, and scalenus medius) as the targets of injec-
tion for each of the six fresh cadavers. No deformities and 
changes due to surgery or trauma were presented in the 
neck of the six cadavers.

Methods
Two physicians participated in this study. One was a 

specialist with more than 10 years of experience in physi-
ology and ultrasound. The other was a physical medicine 
and rehabilitation resident with 2 years of training in 
musculoskeletal ultrasound. Each physician injected ul-
trasound-guided and non-guided injections to each side 
of the cadaver’s neck muscles, respectively. 

For each injection technique, different colored dyes 
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were used. Dissection was performed to identify the 
accuracy of the injection. The dye, mixed with oil and 
acrylic paint, was injected into the target muscle using 
a gauge-16, 1.5-inch needle. The muscles were divided 
into two groups according to the depth of the muscles 
and difficulty of access: group A consisted of the ster-
nocleidomastoid and upper trapezius muscles; group B 
consisted of the levator scapulae, splenius capitis, scale-
nus anterior, and scalenus medius muscles. The overall 
injection accuracies, the accuracy in each muscle, and 
the accuracy in each group were compared.

Non-guided injection based on anatomical landmarks
Sternocleidomastoid
The sternocleidomastoid was injected at the level of the 

thyroid cartilage while rotating the head to the opposite 
side and grasping the medial and lateral borders of the 
muscle [17].

Upper trapezius
The upper trapezius was injected at 70% of the line dis-

tance from the most lateral point of the external occipital 
protuberance to the most lateral point of the acromion 
while grasping the anterior and posterior borders of the 
muscle [18].

Levator scapulae
The levator scapulae was injected 4 cm cephalad and 2 

cm medial to the medial angle of the scapula [17].

Splenius capitis
The splenius capitis was injected at the apex of the pos-

terior cervical triangle where it is readily accessible as a 
surface muscle [19].

Scalenus anterior 
The scalenus anterior was injected in an anterior to 

posterior direction, 3 cm above the clavicle, through the 
lateral border of the sternocleidomastoid [19].

Scalenus medius
The scalenus medius was injected in a lateral to medial 

direction, 3 cm above the clavicle, posterior to the lateral 
border of the sternocleidomastoid [19].

Ultrasound-guided dye injection
Each muscle and the adjacent structures were identi-

fied under ultrasound guidance. A 3–12 MHz linear trans-
ducer (RS85; Samsung Medison, Seoul, Korea) was uti-
lized for ultrasonography. The needle was inserted into 
the sternocleidomastoid, scalenus anterior, and scalenus 
medius in the supine position. For the trapezius, levator 
scapulae, and splenius capitis, the needle was inserted in 
the prone position. After confirming the position of the 
needle, dye was injected and simultaneously visualized 
through the ultrasound (Fig. 1).

Sternocleidomastoid
After the head was rotated to the opposite side and the 

probe was positioned longitudinal to the muscle fibers at 
the level of C6, the sternocleidomastoid was injected in 
a caudal to rostral direction using an in-plane technique 
[11,20].

Upper trapezius
After the probe was positioned in the coronal plane 

midline between the spinous process of C7 and the ac-
romion, the upper trapezius was injected in a medial to 
lateral direction using an in-plane technique [11,20].

Levator scapulae
After the probe was positioned in the sagittal plane be-

tween the spinous process of C7 and the acromion while 
visualizing the superomedial border of the scapula on 
the screen, the levator scapulae was injected in a rostral 
to caudal direction using an in-plane technique through 

SCM

SA

BP
SM

Fig. 1. Ultrasound-guided injection into the scalenus an-
terior (SA) muscle. Intramuscular needle (arrow) is vis-
ible in this figure. SCM, sternocleidomastoid; BP, brachial 
plexus; SM, scalenus medius.
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the upper trapezius [11,20].

Splenius capitis
After the probe was positioned in the axial plane at the 

level of C2, the splenius capitis was injected in a medial 
to lateral direction using an in-plane technique [11,14].

Scalenus anterior 
After the head was rotated to the opposite side and the 

probe was positioned in the axial plane at the level of C7, 
the scalenus anterior was injected in a medial to lateral 
direction using an in-plane technique [11,20].

Scalenus medius
After the head was rotated to the opposite side and the 

probe was positioned in the axial plane at the level of C7, 
the scalenus medius was injected in a lateral to medial 
direction using an in-plane technique [11].

Assessment
The physicians dissected the six cadavers from the 

other side of the injection and checked whether the dye 
was injected correctly into the target muscle (Fig. 2). The 
injection was considered to be “accurate” when the dye 
was visualized in the target muscle and “inaccurate” 
when it was not visualized in the target muscle.

Statistical analysis
All data analyses were computed by using the IBM SPSS 

version 23.0 software (IBM, Armonk, NY, USA). Fisher ex-
act test was used to analyze the differences between the 
accuracies of the two injection techniques and the differ-
ence in the accuracy rates of the two physicians. The p-
values less than 0.05 were considered statistically signifi-
cant.

RESULTS

The results of all injections are presented in Table 1. 
The overall accuracies of the ultrasound-guided and 
non-guided injections into the six muscles were 97.2% 
and 62.5%, respectively (p<0.001). However, there was 
variability in the injection accuracies in individual 
muscles. Specifically, the accuracies of the ultrasound-
guided and non-guided injections were 100% and 83.3% 
(p=0.478) in the sternocleidomastoid muscle, 100% and 
75.0% (p=0.217) in the upper trapezius muscle, 91.7% 
and 50.0% (p=0.069) in the levator scapulae muscle, 100% 
and 58.3% (p=0.037) in the splenius capitis muscle, 91.7% 
and 58.3% (p=0.155) in the scalenus anterior muscle, and 
100% and 50.0% (p=0.014) in the scalenus medius mus-
cle, respectively.

The accuracies of the ultrasound-guided and non-guid-
ed injections into group B were 95.8% and 54.2%, respec-
tively (p<0.001). The accuracies of the ultrasound-guided 
and non-guided injections into group A were 100% and 
79.2%, respectively (p<0.05). Between the two physicians, 
there was no significant difference between the accura-
cies of the ultrasound-guided injections (p=0.305), the 
non-guided injections (p=0.490), and the injections into 
groups A and B (p=1.000 and p=0.238).

DISCUSSION

The overall accuracies of the ultrasound-guided injec-
tions into the six neck muscles were higher than that 
of the non-guided injections (p<0.001). However, it is 
unreasonable to speculate that ultrasound-guided injec-
tions are better for all neck muscles since each muscle 
has a different level of access. To obtain more meaningful 
information, in this study, the muscles were divided into 
two groups according to the difficulty of access. In group 
B muscles, the ultrasound-guided injections were sig-

SA
BP SM

SP

Fig. 2. Dissected cadaver with ultrasound-guided injec-
tion (blue and green dye, arrow) and non-guided injec-
tion (orange and purple dye, arrow head). The purple dye 
that targeted the scalenus medius muscle was misinject-
ed into the scalenus posterior muscle. SA, scalene ante-
rior; BP, brachial plexus; SM, scalene medius; SP, scalene 
posterior.
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nificantly more accurate than the non-guided injections 
(p<0.001). In group A muscles, both ultrasound-guided 
and non-guided injections were highly accurate. There 
was a significant difference between the two groups 
(p<0.05). Therefore, we found that ultrasound-guided in-
jections may be desirable when injecting into the acces-
sible—as well as the inaccessible—neck muscles.

The criteria for the selection of the six muscles in our 
study were determined from several studies. The most 
commonly injected muscles in patients with cervical dys-
tonia were selected [11,12,21]. Because very inaccessible 
neck muscles such as the longus colli/capitis, longis-
simus capitis/cervicis, and obliquus capitis inferior are 
generally not injected without guidance in a clinical set-
ting, these muscles were excluded. Furthermore, based 

on the anatomy of the deep cervical fascia, we divided 
the six muscles into two groups. Cervical fascia may be 
divided into the superficial and deep cervical fasciae. 
The deep cervical fascia consists of several layers. The 
investing layer that surrounds the sternocleidomastoid 
and trapezius muscles is the most superficial layer of the 
deep cervical fascia. The prevertebral layer is a deeper 
layer surrounding the deeper muscles of the neck. These 
include the prevertebral muscles, scalenus, levator 
scapulae, and splenius capitis muscles [22]. The exact 
location of the muscles categorized in group B were dif-
ficult to find using anatomical landmarks. Injections into 
these muscles carry a high risk of injecting neighboring 
muscles, nerves, or blood vessels. For example, errors in 
injections into the levator scapulae can result in injec-

Table 1. Accuracy of ultrasound-guided and non-guided injections

Muscles
Non-guided Ultrasound-guided

p-value
Correct injection Accuracy (%) Correct injection Accuracy (%)

Sternocleidomastoid

   Physician_1 5 (6) 83.3 6 (6) 100

   Physician_2 5 (6) 83.3 6 (6) 100

   Total 10 (12) 83.3 12 (12) 100 0.478

Upper trapezius

   Physician_1 5 (6) 83.3 6 (6) 100

   Physician_2 4 (6) 66.7 6 (6) 100

   Total 9 (12) 75.0 12 (12) 100 0.217

Levator scapulae

   Physician_1 4 (6) 66.7 6 (6) 100

   Physician_2 2 (6) 33.3 5 (6) 83.3

   Total 6 (12) 50.0 11 (12) 91.7 0.069

Splenius capitis

   Physician_1 4 (6) 66.7 6 (6) 100

   Physician_2 3 (6) 50.0 6 (6) 100

   Total 7 (12) 58.3 12 (12) 100 0.037

Scalenus anterior

   Physician_1 3 (6) 50.0 6 (6) 100

   Physician_2 4 (6) 66.7 5 (6) 83.3

   Total 7 (12) 58.3 11 (12) 91.7 0.155

Scalenus medius

   Physician_1 4 (6) 66.7 6 (6) 100

   Physician_2 2 (6) 33.3 6 (6) 100

   Total 6 (12) 50.0 12 (12) 100 0.014

Overall accuracy 45 (72) 62.5 70 (72) 97.2 <0.001

Numbers in the parentheses indicate number of attempts. 
The p-values were calculated as the difference between the accuracy of ultrasound-guided and non-guided injections.
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tions into the adjacent lung apex. The scalenus muscles 
are difficult to distinguish from each other. Injection into 
these muscles carries a risk of brachial plexus injury or 
external jugular vein puncture [12]. Therefore, when in-
jecting these muscles, it is very important to inject in the 
correct location. Considering the results of this study, ul-
trasound guidance must be used for injections, especially 
on the inaccessible neck muscles.

Another consideration is that the usefulness of ultra-
sound guidance may vary depending on the difference in 
the proficiency of physicians. In our study, physician_2 
had less clinical experience and tended to fail more in-
jections than physician_1 under non-ultrasound guid-
ance. The difference in injection accuracy between the 
two physicians tended to decrease under ultrasound 
guidance. However, the difference in the injection accu-
racy between the two physicians showed no statistically 
significant difference in all muscles—with or without 
ultrasound guidance. Further research may be needed to 
identify the differences in accuracy between physicians 
with more experience. 

One of the strengths of this study is that we confirmed 
the injection results using anatomical verification with 
fresh cadavers rather than with functional outcomes. 
Functional outcomes such as the incidence of dysphagia 
can be influenced not only by the accuracy of the injec-
tion, but also by various factors such as the injection 
dose, muscle volume, and timing of evaluation. There-
fore, the gold standard for determining the accuracy of 
any injection technique is an immediate post-injection 
surgical dissection in which the exact location of the in-
jectate can be directly visualized [23]. Second, we divided 
the muscles into two groups according to the difficulty 
of access. For the application of imaging guidance in 
cervical dystonia, most previous studies have referred to 
only the inaccessible muscles with the assumption that 
imaging-guided injections will be more effective in these 
muscles [15,24,25]. These studies do not attempt to verify 
whether imaging-guided injections would also be more 
accurate for the accessible muscles. On the other hand, 
in addition to reaffirming the effectiveness of the ultra-
sound-guided injections in the inaccessible muscles, this 
study provides a clue that ultrasound-guided injections 
may also be desirable for the accessible muscles.

Our study also has several limitations. First, the sample 
size was small due to the limited number of cadavers 

available for the study. In the sternocleidomastoid and 
upper trapezius, the injection accuracies tended to be 
higher under ultrasound guidance (100% and 83.3%, and 
100% and 75.0%, respectively). However, these results 
were not statistically significant. Contrarily, when the 
two muscles were combined with the accessible muscles, 
there was a significant difference. It is thought that the 
statistical significance increased correspondingly with 
the sample size. The small sample size may also affect the 
results of the levator scapulae and the scalenus anterior. 
These muscles showed accuracies as low as the splenius 
capitis and scalenus medius muscles in non-guided in-
jections. However, the statistical significance was not ob-
tained by failing only once under ultrasound guidance. 
Therefore, this is a consideration in accepting the results 
of injections for each muscle. Additional samples are 
required to increase the reliability of statistical analysis. 
Second, observation of muscle movement or confirma-
tion of tenderness would be possible if this study was 
performed on a living human. With the use of cadavers, 
the physical examination of the local injection site was 
limited. The skin and fat of the cadavers were harder 
and less distinguishable from the muscles. Therefore, 
the accuracy of non-guided injection may be underesti-
mated compared to the actual clinical situation. Third, 
a gauge-16 needle was used for injection in this study. 
The needle had a larger diameter than those often used 
for BoNT injections into the neck muscle. In our study, a 
lager-diameter needle was chosen because it was difficult 
to inject viscous dyes with a small-diameter needle. Us-
ing a needle with a larger diameter allowed better visual-
ization on the ultrasound. Therefore, this may have led to 
overestimation of the accuracy of the ultrasound-guided 
injections. Finally, we performed only quantitative 
analysis of the injection accuracy without a qualitative 
assessment. According to several reviews of BoNT injec-
tions, BoNT should be injected into the mid-portion of 
the muscle belly to allow homogenous distribution. This 
is possible with real-time visualization by ultrasound 
[11,26]. Further studies that can qualitatively assess the 
injections are needed. These may require identifying the 
difference in distance and depth between the injected 
dye and the midpoint of the muscle belly.

In conclusion, this study provides evidence that ultra-
sound-guided BoNT injections into the inaccessible neck 
muscles are more accurate than non-guided injections. 
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In addition, we believe that it may also be desirable to 
consider performing ultrasound-guided injections into 
the accessible neck muscles.
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