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Introduction

Scalenus syndrome is a unique clinical entity
and commonly occurred. This syndrome can be
classified into neurogenic thoracic outlet syndrome
(nTOS) on the interscalene triangle, which also related
to myofascial pain syndrome. There are only few
literatures specifically describing this entity, and it is

described similarly as nTOS.

Scalenus syndrome is a unique clinical
entity and commonly occurred. This syndrome can
be classified into nTOS on the interscalene triangle,
which also related to myofascial pain syndrome.
There are only few literatures specifically describing
this entity, and it is described similarly as nTOS. In
this review, we would like to explore the difference
syndrome
performed literature searching reporting scalenus
syndrome and we narratively describe the finding in

between scalenus

this review.

Abstract

Scalenus syndrome is often diagnosed as thoracic outlet syndrome (TOS). We performed literature searching
reporting scalenus syndrome and we narratively describe the finding in this review. Scalenus syndrome is a
unique clinical entity and commonly occurred. This syndrome can be classified into neurogenic TOS (nTOS) on
the interscalene triangle, which also related to myofascial pain syndrome. There are three factors that contribute
to scalenus syndrome, which are congenital anomaly, trauma, traumatic myositis, and hypertrophy of scalenus
anterior muscle. The symptoms of scalenus syndrome can be divided into two types, which are neurologic and
vascular symptoms. The neurologic manifestation can originate from the somatic and sympathetic nervous system.
There is microscopic evidence of inflammation, hypertrophy, degeneration, and fibrosis of scalenus anterior muscle
in scalenus syndrome cases. Scalenus syndrome can be treated surgically or conservatively. Non-surgical or
conservative treatment can be applied to mild scalenus syndrome, especially nTOS, in the initial phase. Surgical
management should be performed in persistent symptoms of nTOS or involving subclavian artery manifesting as
arterial TOS (aTOS). Scalenus syndrome has quite similar clinical manifestation as nTOS and aTOS. However, this
clinical syndrome should be considered as different entity because of different pathophysiology compared to TOS.
Scalenus syndrome is caused by dynamic pathology of anterior scalenus muscle.

Definition

Scalenus syndrome is a clinical entity
characterized by symptoms as the result of nerve
compression occurs within the scalene triangle. The
clinical manifestation could be a pain, numbness,
tingling, sensory changes, and upper extremity muscle
weakness [1], [2], [3]. The scalenus anterior muscle
spasms and cause secondary hypertrophy, which
compresses the neurovascular structure in the scalenus
triangle [4]. The muscle spasm is thought to be caused
by myositis of the muscle [5]. Hypertrophy of scalenus
anterior will cause pressure of lower brachial plexus and
subclavian artery and produces vascular changes and
brachial plexus neuritis [6]. Williams also reported that
the neurovascular structure in the triangle has a natural
tendency to slide ventrally [7]. The scalenus syndrome is
thought similar to TOS. However, we suggest that there
are several different between these two clinical entity.

and TOS. We

TOS is a collection of clinical symptoms related
to the shoulder and upper extremity region that caused
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pain, numbness, and tingling. TOS classifications
are classified based on the pathophysiology of which
symptoms consist of nTOS, venous TOS (vTOS), and
arterial (aTOS). Diagnosis of TOS depends on clinician
experience for evaluating the symptoms and patient risk
factors [8]. nTOS is caused by compression of nerve
roots C5-T1 brachial plexus and counts up to 90% of
all TOS cases. Compression of the nerve roots in nTOS
mostly occurs within the scalene triangle, subcoracoid,
or subclavicular space [1], [8].

Scalenus syndrome is considered as myofascial
pain syndrome. Myofascial pain syndrome is a term to
describe a disorder caused by a musculoskeletal system
characterized by motoric and sensory abnormalities in
a particular region of the body [9], [10]. Myofascial pain
syndrome can be distinguished from fibromyalgia by the
presence of a taut band, which formed irritable points
called trigger points caused by acute trauma or chronic
strain or sustained contraction of a specific muscle [9].
One of the most common types of myofascial pain
syndrome is caused by anterior and medial scalene
muscle, causing regional pain syndrome along the neck
region and radiating to the arm. Although this syndrome
already a well-known terminology, in daily practice,
clinicians often misdiagnosed or missed it because
of less awareness about soft-tissue problems, and it
mimics radiculopathy [11], [12]. Misdiagnosis will lead
to mistreatment, and progression becomes chronic
regional pain syndrome [12].

Anatomical Consideration

Understanding the basic concept of scalenus
syndrome requires clinicians to understand and be
familiar with thoracic outlet anatomy and its relationship
with the neurovascular structure around it. The thoracic
outlet is defined as space from the supraclavicular
fossa to the axilla between the clavicle and the first
rib [13], [14]. The name of thoracic outlet is considered
false because the opening at superior thoracic aperture
is called thoracic inlet while opening at inferior thoracic
aperture is called thoracic outlet [14]. The thoracic
outlet in this issue is actually superior thoracic aperture.

The thoracic outlet area consists of three
anatomic spaces which are interscalene triangle,
costoclavicular space, and retropectoralis minor
space [1], [13], [14], [15], [16]. The interscalene triangle
contains upper, middle, and lower trunk of the brachial
plexus and subclavian artery. This triangle is the most
medial thoracic outlet compartment. This triangle is
bordered by anteriorly by anterior scalene muscle,
posteriorly by middle scalene muscle, and inferiorly
by the first rib [1], [13], [15], [16]. There are three
anatomical structures around this triangle which are
subclavian artery, subclavian vein, and brachial plexus.

However, only the subclavian artery and brachial plexus
pass beneath this triangle (Figure 1). The compression
on interscalene triangle results in symptoms of nTOS
and aTOS [13], [15] which is also considered as
scalenus syndrome [17]. In this article, we only review
the anatomy of the scalenus triangle associated with
scalenus syndrome [1].

First Rib
Scalenus Anterior

8* Cranial Nerve

Subclavian Artery

1* Thoacic Nerve Second Rib

Sympathetic Chain

Figure 1: Anatomic diagram of scalene triangle [7]

The first ribs are the shortest and most curved
ribs. Their head attaches to T1 vertebral body, while the
tubercle attaches to T1 transverse process. Anterior to
the tubercle, the middle scalenus muscle is attached [14],
[16]. There are shallow grooves called anterior groove
and posterior groove, which are separated by bony
ridges. Medial to this groove, there is scalene tubercle
where anterior scalenus muscle, subclavius muscle, and
costoclavicular ligament are attached. The subclavian
artery runs between the anterior and middle scalenus
muscle, while the subclavian vein courses anterior to
the anterior scalenus muscle [14].

The scalenus muscle group consists of anterior,
middle, and posterior scalenus muscle, which originate
from the transverse process of C2 to C7 and insert into
the first and second ribs. The anterior scalenus muscles
are located beneath the sternocleidomastoideus muscle
and innervated by C5 and C6 rami [14].

Brachial plexus can be divided into
supraclavicular plexus, retrocalvicular plexus, and
infraclavicular plexus. The supraclavicular plexus
consists of three parts, which are the upper plexus (C5,
C6), middle plexus (C7), and lower plexus (C8, T1) [14].
In the lower brachial plexus, there is a lot of sympathetic
rami distribution. The primary sympathetic fibers of
the upper extremity are middle cervical and stellate
ganglion. The stellate ganglion is formed by the fusion
of cervical and first thoracic sympathetic ganglion which
is located about the level of the neck of the first rib
(Figure 2) [18].

Brachial plexus may be compressed within all
thoracic outlet compartments, but most nTOS involves
interscalene triangle area. This area may be narrow at
rest and become narrower on specific movements like
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Figure 2: Anatomic diagram of nerve plexus around scalene
triangle [7]

downward traction of the arm. Later on, cervical ribs,
fibrous band, and anomalous muscles may compress
this area further [7], [19].

Epidemiology

Scalenus syndrome is an entity that is not well
reported and usually reported as nTOS and aTOS. In
general, TOS may be classified into nTOS, vTOS, or
aTOS. nTOS is the most common one, presenting about
90-95% of all TOS cases. Later, nTOS can be divided
into true or disputed nTOS; both are more frequently
in women than men, middle decades of life are more
prone to this syndrome, and the right arm is more often
involved to the left [16], [20].

The shoulder girdle seems to have an
important issue in scalenus syndrome. The shoulder
girdle is gradually descending as the age progresses
and eventually forces the brachial plexus into the
interscalene triangle, making it prone to compression.
The shoulder on the right side usually drops lower in
adults, thus make the brachial plexus more involved
in this side. It is also suggested that women are more
frequently exhibit this syndrome because of their
posture, allowing lower shoulder girdle [3].

Etiology

There are three factors that contribute to
scalenus syndrome, which are congenital anomaly,
trauma, traumatic myositis, and hypertrophy of scalenus
anterior muscle [2]. The principle of scalenus syndrome
is similar to nTOS and myofascial pain syndrome. The
basic principle of NnTOS and myofascial pain syndrome
is a taut band leading to a trigger point. The development
of the trigger point remains unclear. The taut band is

commonly found in many asymptomatic individuals,
but it may produce initial symptoms like tenderness.
Muscle injury caused by trauma or repetitive strained of
the muscles may be the most common initiating factor
of scalenus syndrome [1], [11].

A traumatic event can lead to many basic
mechanisms, such as fracture around the scalene
area, hematoma, or hemorrhage that can directly
compress the nerve. Later on, after the primary insult,
soft-tissue healing that leads to fibrosis may develop,
caused compression within interscalene triangle, and
produce symptoms. Moreover, muscle injury due to
overuse can cause swelling, hemorrhages, and fibrosis
that can also impact individual symptoms. Repetitive
strain on scalene muscles leads to overuse that may
cause injury and hypertrophy on these muscle groups.
Apart from direct major or minor trauma to the muscle,
another medical morbidity such as complex regional
pain syndrome, osteoarthritis, and poor posture may
lead to this syndrome also [1], [11], [12], [19].

Baltopoulos et al. reported 12 cases of
scalenus syndrome in young professional athletes
induced by exercise. In the report, the symptoms were
numbness, tingling, early fatigue, muscle weakness,
and pain. All of the cases were confirmed suffering from
moderate to severe hypertrophy of scalenus anticus
muscle [21]. Repetitive use of the upper extremity can
cause scalenus syndrome, as seen in high-performance
athletes, especially baseball and swimming [22].

Clinical Presentation

In scalenus syndrome, the compression
occurs in a scalenus triangle, which bordered anteriorly
by anterior scalenus muscle, posteriorly by scalenus
medius, and the first rib inferiorly. The neurovascular
structures passing through this triangle are the brachial
plexus and the subclavian artery [3], [17]. In the
literature, the manifestation of scalenus syndrome is
identical to nTOS or aTOS because of the compression
of these structures. Based on this, scalenus syndrome
is also considered as mixed nTOS and aTOS.

The symptoms of scalenus syndrome can
be divided into two types, which are neurologic and
vascular symptoms. The neurologic manifestation
can originate from the somatic and sympathetic
nervous system. Symptoms involving somatic nervous
system includes pain in the shoulder, arm, forearm, or
extending into the hand; atrophy of intrinsic muscles of
the hand; and muscular twitching [3], [23]. Paresthesia
following ulnar nerve distribution, median nerve
distribution, or both is also reported as a scalenus
syndrome symptom. These neurological symptoms
can be classified further as upper and lower plexus
compression. Lower plexus represents a compression
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of C8 and T1, which manifests in the area of the ulnar
forearm, axillary, and anterior shoulder region. Upper
plexus compression involves C5—-C7 manifest in the
supraclavicular region [24].

The sympathetic nerve rami run surrounding
the subclavian artery [17], which we hypothesize
the sympathetic hypertonic occurrence in this
syndrome. Tension on the first thoracic nerve may
be transmitted to several sympathetic rami and
nerves of Kuntz, which is perhaps responsible for
vascular changes [7]. The sympathetic nervous
system’s involvement exhibits vasomotor spasm,
lack of capillary refill in fingers, and reduction of
temperature [3], [23]. In addition to the symptoms
above, Raynaud phenomenon may also present
because of overactive sympathetic activity since
these fibers run in proximity to the roots of the lower
brachial plexus [25].

The subclavian vein is passed posterior to the
clavicula, which explains the uncommon occurrence of
venousdistentioninthis syndrome[3],[17]. The vascular
compression manifestations are occurred because
of subclavian artery compression. It exhibits partial
or complete pulse reduction when the head is turned
ipsilaterally, and a deep inspirationis taken [3], [23], [24].
However, Winsor et al. did a research to determine the
occurrence of scalenus syndrome during the physical
examination and confirmed a reduction of blood flow
on the distal extremity with Doppler. They reported that
the distal extremity’s blood flow was lower when the
subject turned their head contralateral to the affected
side [17].

Scalenus tenderness is a constant finding of
scalenus syndrome [3], [24]. The pain is radiating in
ulnar distribution when the scalenus muscle above the
clavicle is compressed [3]. Extension and abduction of
the arm increased the pain [24]. Nishijima et al. reported
that vertigo could be happened in scalenus anterior
syndrome due to subclavian artery compression by
anterior scalenus muscle [26].

Similar with nTOS, scalenus syndrome
is diagnosed clinically and can be confirmed with
nerve conduction study (NCS), while aTOS can
be diagnosed with several maneuvers such as
Adson, Wright, and Roos stress. Adson maneuver
is performed with the shoulder in abduction and
extension; the neck is extended with the head rotated
toward the ipsilateral side of the symptoms. The
patient is instructed to inhales deeply, and positive
results are confirmed when the pulse is diminished.
Wright test is performed with hyperabduction and
external rotation of the affected arm, positive
result when the pulse diminishes. Roos stress test
is performed with the abduction and an external
rotation of shoulder 90 degrees with elbow flexion
at 90 degrees. The patient is told to open and close
their hand for several minutes, and a positive result

is interpreted as a reproduction of heaviness or
fatigue [27].

Diagnostic

Diagnosing scalene syndrome might be
particularly challenging because of the variety of
symptoms and mimics of symptoms from other
causes [28]. The diagnosis is made mainly from clinical
findings. However, further workup diagnostic can also
have a value in clinching the diagnosis.

Computed tomography (CT) imaging, while
having some value in evaluating bony abnormality in
TOS, has severe limitations in evaluating soft tissue
structure and anomaly of the fibromuscular band in
the area. This modality is also inadequate to evaluate
brachial plexus [29]. Despite these limitations, CT can
be used as a guidance to anterior scalene injection,
which can be performed as a diagnostic procedure and
as a part of non-surgical management [30]. Injection
of 1-2 mL of bupivacaine 0.25% into anterior and
middle scalene muscle can be done with significant
pain reduction and improvement in range of motion
motoric performance as a positive inclination toward
the diagnosis [30], [31]. CT-guided injection is superior
with an 82% rate of positive scalene block than
sonography and electromyography (EMG) guided
injection [30].

Ultrasonography may show evidence of
vascular compression in TOS, but less efficacy in
evaluating neuromuscular components in scalene
syndrome [31]. Ultrasonography also has limitation that
the result of this diagnostic procedure is depending on
the operator experience.

Magnetic resonance imaging (MRI) evaluation
with sagittal and coronal T1WI can be used to evaluate
abnormality in scalene muscle with high sensitivity
(81%) and specificity (82%) in the evaluation of anterior
scalene muscle hypertrophy but low sensitivity (39%)
for middle scalene muscle. Despite superiority in
the evaluation of soft tissue, MRI is found to be poor
in discerning fibrotic constituent of the muscle. Fat
saturated T2WI sequence can be used to show brachial
plexus neuritis [25], [28].

Electrophysiology study can be valuable in
the diagnosis of scalene syndrome. NCS of medial
antebrachial cutaneous (MABC) sensory nerve action
potential (SNAP) amplitude is found to be decreased
in 92% of the cases, even in a very early stage of
the disease [32]. Forestier et al. found an absence
of MABC SNAP in five out of six patients with true
nTOS [33]. Using needle EMG study, abnormalities in
abductor pollicis brevis muscle is found in 85% of the
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cases. ltis crucial to have an early diagnosis as muscle
weakness and atrophy might be difficult to return to
normal condition even after proper management [32].

Pathology

During the operation, it was reported that
anterior scalenus muscle was large and very tense in
scalenus syndrome patients. Beneath it, there was a
fibrous band which has been thickened that covering
the muscle [3], [24]. There is microscopic evidence
of inflammation, hypertrophy, degeneration, fibrosis
of scalenus anterior muscle in scalenus syndrome
cases [2], [3]. It was also reported that the subclavian
artery was small and sclerotic compressed by anterior
scalenus muscle [24].

Treatment

Scalenus syndrome can be treated surgically or
conservatively. Non-surgical or conservative treatment
can be applied to mild scalenus syndrome, especially
nTOS in the initial phase. Surgical management should
be performed in persistent symptoms of nTOS or
involving subclavian artery manifesting as aTOS [13].

The conservative treatment for scalenus
syndrome has shown promising results as an initial
treatment for nTOS. The typical conservative protocol
for scalenus syndrome typically started with education,
activity modification, and physical therapy [13]. The
education to the patient is focused on relaxation
techniques, postural mechanics, weight, and nutritional
control. Activity modification such as limiting repetitive
movement, limiting overhead stress, and changing
employment is encouraged to patients. The physical
therapy that can be done includes stretching, range-
of-motion exercises, and tendon and nerve gliding
techniques [34]. Elevating elbow with a sling is also
considered as a conservative treatment for scalenus
syndrome [3]. The pain can be controlled with
anti-inflammatory medications, muscle relaxants,
transcutaneous electrical nerve stimulation, and procaine
injections into anterior scalenus muscle [13], [20]. Local
anesthetic injection may relieve symptoms by increasing
the height of scalene muscle, and those who do not
show adequate response with the therapy have shown a
tendency to have a remarkably shorter anterior scalene
muscle [35]. Chemo-denervation of scalene muscle
can be achieved by image-guidance intramuscular
bupivacaine injection followed by 16—20 U of botulinum
toxin; this can significantly reduce pain and improve
range of motion [30].

There are several surgical techniques to
treat scalenus syndrome, which are ipsilateral first
rib resection and scalenotomy [27]. Several authors
reported good outcomes following first rib resection to
release the insertion of anterior scalenus muscle [20].
While uncommon, some complications can occur
following rib resection such as pneumothorax and
hemothorax or damage of nerve in proximity to the
surgical area [31]. Hagan et al. stated that with proper
decompression through scalenectomy, first rib resection
is unnecessary and may cause significant morbidity [36].
Other authors in their study comparing first rib resection
with scalenectomy combination of both procedures also
found no significant difference of functional outcome
between first rib resection and scalenectomy, with higher
complication rate, longer surgical time, and hospital
length of stay on the patient with rib resection [37], [38].

In bilateral cases, the scalenotomy should
be performed on one side at a time to prevent the
catastrophic effect of damaging both phrenic nerves
following the surgery [3].

Kallio and Rokkanen reported a good outcome
of scalenotomy performing to scalenus syndrome. It was
thought that the improvement of the handgrip is due to
vascular decompression, not neural decompression [39].
Spurling and Bradford also reported immediate recovery
of sensation and relief of pain after scalenotomy
procedure [3]. Another study by Donald and Morton also
reported good outcomes following scalenotomy [24].

Conclusion

Scalenus syndrome has quite similar clinical
manifestation as nTOS and aTOS. However, this
clinical syndrome should be considered as different
entity because of different pathophysiology compared
to TOS. Scalenus syndrome is caused by dynamic
pathology of anterior scalenus muscle.
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