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Most Common Work Comp Problems

• Carpal Tunnel

• Cubital Tunnel

• Thoracic Outlet syndrome 

• Chronic Headaches

• Tarsal Tunnel

• Chronic Joint Pain

• Painful Limb

• Chronic Groin Pain

• Neuroma ( r/o RSD)

• Hand Trauma
• Wrist Pain 

• Elbow : Epicondylitis
• Lacerations 

• Tendon Injury 

Peripheral 
Nerve 
Injuries

Injury
1. Cut / Laceration
2. Crushed / Contuse
3. Compressed
4. Neuroma

Peripheral Nerve Surgery

Tools
1. Decompression
2. Excise (Neurectomy)
3. Repair
4. Transfer

… whats in the tool belt
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Embracing Pain….

Understanding pain will make you a better 
Therapist, surgeon, care provider

Many times the final limiting factor is pain!

You need to understand 
the whole upper extremity

Compression NeuropathiesThoracic Outlet

Pectoralis M inor Syndrome

Radial Tunnel

Cubital Tunnel

Pronator SyndromeWartenberg 
Syndrome

Carpal Tunnel

Guyons Tunnel

There are 8 
compression neuropathies

that affect the hand

If you don’t know them all
…... Perhaps you shouldn’t 
treat any of them

Carpal Tunnel
• Keep it simple!

• Trial of conservative Mgt.

• Minimal Open Technique

• 17 mm incision (avg.)

• RTW 1 to 2 day
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Cubital Tunnel Syndrome

Stratified care
1. Insitu release
2. Sub cutaneous transposition
3. Sub muscular transposition

WHY TOS???.......WHO???

The trauma patient ……
The Whiplash patient ….
The Accosted patient …..
The headache patient…..
The carpal or cubital tunnel patient….
The lateral epicondilytis patient……
The shoulder pain patient…….
The rule out unknown arm pain patient…..
The neuroma patient …..

TOS
Surgeon

C-Spine
surgeon

Shoulder
surgeon

Common Interaction

Thoracic Outlet Syndrome

1. Neurogenic   (> 95%)
2. Venous          ( > 3%)
3. Arterial          (< 1 %)

(Peet, Coined term in 1956)
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Neurogenic.TOS … through the eyes of a peripheral nerve surgeon

Historically treated by vascular surgeons
Despite……..95% of TOS being neurogenic

Now done as an outpatient surgery and 
……focuses on the composite of nerves (and artery) 

emanating from the scalene triangle

Are we doing a vascular surgery for a nerve problem?

Reaching reasonable consensus on diagnostic criteria
and consistent reporting standards for each form of
TOS is a necessary first step toward conducting the types
of clinical research, including rigorous observational
studies and prospective controlled trials, that are needed
to replace the anecdotal reports and retrospective case
series that currently guide treatment of these conditions.
Copies of data collection instruments are provided as
Appendices I-XI. It is hoped that by using these, each
clinician can collect and report data that will be similar
to all others, with consistent terminology and reporting
definitions.

Finally, this document is designed to describe report-
ing standards, not to suggest practice patterns. At
appropriate points, broad therapeutic options will be
listed, but the reader may want to refer to recently
published texts for more detailed information regarding
treatment options.1

OVERVIEW OF THE PROBLEM

Classification

TOS is commonly considered to be one clinical
entity. However, there are three distinct types of TOS,

Fig 1. An overall view of the right thoracic outlet, examined from in front of and to the right of the subject. The
thoracic outlet area is made up of several distinct spaces. Nerve (yellow) compression can occur at the scalene triangle or
pectoralis minor space, whereas venous compression most often occurs at the costoclavicular space. Arterial injury is
most often due to bone trauma at the scalene triangle. (Modified from Sanders RJ, Haug CE. Thoracic outlet syn-
drome: a common sequela of neck injuries. Philadelphia: JB Lippincott; 1991. p. 34. By permission of Mayo Foun-
dation for Medical Education and Research. All rights reserved.)

JOURNAL OF VASCULAR SURGERY
e24 Illig et al September 2016

3 points of potential compression

1. Scalene Triangle

2. Costo-Clavicular Space

3. Pectoralis Minor Space

We believe that 95% have predominance of  
Scalene Triangle and Pectoralis Minor Syndromes
…..  This supports no rib resection in the majority  

Change in Nomenclature
Scalene Triangle Syndrome

ASMS

U

M

L

First Rib

DSN

SSN

SA

LTN

Anterior Scalene
Middle scalene
Brachial Plexus Trunks

Upper
Middle
Lower

Subclavian Artery
Dorsal Scapular Nerve
Suprascapular nerve
Long Thoracic Nerve
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Normal
Anatomy

Pectoralis Minor Contribution

Clavi-pectoral fascia
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Components of injury
Scalene fibrosis and contraction

Affects plexus
Traction point of accessory nerves
Primary pain from traction and elevation of first rib

Brachial plexus tethering and compression 
(the thickened rind)

Probable peri-neural bleeding/hematoma
Loss of nerve gliding surface
Shrink-wrapping of surrounding fibrosis

Pectoralis Minor Syndrome
Provides extension of the fulcrum
Anchors entire shoulder forward and 

internally rotated
Subclavian Artery tethering

Fibrosis and tethering of the artery

Scalene Fibrosis

muscle. Today it is regarded primarily as a neuro-
logic condition caused by neck trauma injuring
and scarring the scalene muscles.
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Fig. 2. Scalene muscle histology. (A) Control subject. (B) Patient with TOS. Note the increase in connective tissue
around each muscle fiber in the patient with TOS. Note too the equal distribution of light and dark staining fibers (Type
1 and Type 2 fibers, respectively) in the control subject compared with the reduction in number and pleomorphism of the
dark staining Type 2 fibers. Reproduced from Sanders RJ, Jackson CGR, Banchero J, Pearce WH. Scalene muscle
abnormalities in traumatic thoracic outlet syndrome. Am J Surg 1990;159:231–6; with permission.

Fig. 1. Variations in the scalene triangle. (A) The usual relations found in most cadavers. The triangle is wider and the
nerves emerge lower in the triangle than in most patients with TOS. (B ) A narrow triangle in which the nerves emerge
high and are touching the muscles as they emerge. Reproduced from Sanders RJ, Roos DB. The surgical anatomy of the
scalene triangle. Contemp Surg 1989;35:11–6; with permission.

25R.J. Sanders, S.L. Hammond /Hand Clin 20 (2004) 23–26

Anatomic Predisposition

The most commonly described anatomical relationship: 
brachial plexus (BP) lying between the anterior scalene (AS) 
and middle scalene (MS) muscles was found in only 60%

46% Scalenus minimus (bilateral in 14 cadavers).

Most common variation: penetration of the AS by the C5 
and/or C6 ventral rami. 
15% C5, C6 roots fuse before piercing AS (bilateral in 4) 
13%  C5 root alone pierce the AS (bilateral in 3). 
6%    C5, C6 roots independently pierce AS (bilateral in 1). 
3%, the C5 root was found to be completely anterior to AS.



3/15/19

8

Anatomic Predisposition

Rib Anomalies

CERVICAL RIB
NORMAL FIRST RIB

nerve did not pass above the band as commonly
depicted, but rather passed behind the band,
creating a potential site for tunnel syndrome.
Thus, the fibrous band consistently created a
tunnel with a mean maximal interspace length
of 0.60 cm through which the T1 nerve root
traveled. In all 35 instances, the band was noted
to cross below the C8 and above the T1 nerve
root, allowing the C8 nerve root to pass above
the band unaffected before joining with the T1
nerve root (Fig. 2).

In addition, the scalene minimus muscle,
classified as a type 5 band according to Roos, was
encountered on 11 first ribs, for an incidence of
11 percent. Although the band was distinct from
the scalene anterior muscle, when both were
present, they fused near the muscle’s insertion.
The type 5 band did not appear to impinge on
any nearby nerve structures, and thus its pres-
ence was noted but not further studied by
our team.

Fig. 2. Diagram of the type 3 band in relationship to the lower
brachial plexus nerve roots. The T1 nerve root travels under and
then behind the band, whereas C8 nerve root travels above the
band. The figure is not drawn to scale.

Fig. 1. (Above) Isolated first rib with a Roos’ type 3 band is shown.
Note the cut lateral insertion of the anterior scalenus muscle tendon.
(Below) Results summary depicts the type 3 band in relation to the first
rib. The band originates at a mean of 1.34 cm lateral to the head of the
rib and inserted at a mean of 0.59 cm from the lateral tubercle of the
anterior scalene muscle. It forms an interspace with a mean width of
0.60 cm. The figure is not drawn to scale.
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Type 3 Example
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Common Symptoms

1. Shoulder Pain
2. Peri-scapular Pain
3. Extremity Pain
4. Facial Pain
5. Ear pain
6. Jaw pain
7. Occipital Pain
8. Neck Pain
9. Tingling / Numbness
10.Pain at rest
11.Pain after activities
12.Increased with overhead activities 

or arm traction

Multiple symptoms = look proximal

Protocol
• Peripheral Nerve Consultation
• Specialty PT evaluation
• Electro-diagnostic Testing
• Radiology Studies
• MR neurography of plexus
• MR angiography of chest
• C-spine x-ray

• Diagnostic Blocks (U/S guided by surgeon)  
(scalenes, plexus, pectoralis minor)

Rule out coexisting shoulder or c-spine 
pathology when necessary………

Examination

MULTT
EAST
Adson
Allen
Wright
SC Pressure 

Neural tension or Provocative Maneuvers
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MRI/MRA and Ultrasound Modalities

Ultrasound used for diagnostic injections and mechanical hydro-dissection

Conservative Therapy

Physical Therapy Modalities

Medications

Blocks and Steroid Injections

Botox of anterior scalene muscle

Duration and Goals with these therapies vary with each patient…….

Indications for Surgery

1. intractable pain (variable….)
2. Failed supervised physical therapy program 
3. Significant neurological deficit 
4. Impending vascular catastrophe
5. Persistent symptoms after more distal 

decompressions. (when they exist…..)
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…..The Surgery

Neurolysis of Brachial Plexus
Anterior Scalenectomy
Middle Scalenectomy / Release
Decompression Subclavian artery

Neurolysis Dorsal Scapular Nerve
Neurolysis Long Thoracic Nerve
Neurolysis Suprascapular Nerve

Pectoralis Minor release

Scalene Triangle Syndrome + Pectoralis Minor Syndrome

(Dellon)

Novel Surgical Approach for Decompression of
the Scalene Triangle in Neurogenic Thoracic
Outlet Syndrome
Robert R. Hagan
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Thoracic outlet syndrome (TOS) is an uncommon problem
that presents with symptoms attributable to three causes:
arterial (aTOS), venous (vTOS), and neurogenic (nTOS); with
nTOS representing 95% of all cases.1 Patients may experience
symptoms including neck, shoulder, or extremity pain and
paresthesias, numbness, or weakness of the extremity.

Occipital headaches, facial pain, anterior chest wall pain,
scapular pain, or axillary pain are common with nTOS.2–4

Typically, nTOS occurs without bony or vascular anomaly;
theetiology is frequentlya combinationofvulnerable anatomy
(aberrant muscle slips or fascial bands) and an injury. Whi-
plash injury (i.e., motor vehicle accident [MVA] or falls) or
repetitive strain (i.e., throwing athletes or factoryworkers) are
some of the more common causes.5 Surgical resection of the
first rib can have significant morbidity; it may be helpful for

vTOS cases but is not necessary in most nTOS cases.6 In both
aTOS and vTOS, vascular intervention may also be necessary.7

We describe a minimally invasive, outpatient surgical
technique for the management of nTOS focused on the
decompression of the scalene triangle, a structure which
includes the anterior and middle scalene muscles, brachial
plexus, subclavian artery, dorsal scapular, and long thoracic
and suprascapular nerves (SSNs).

Methods

Treatment Algorithm
A thorough history focusing onmechanism of injury, distribu-
tion of symptoms, and severity of symptoms is collected
(►Table 1). Physical examination is centered on the shoulder

Keywords
► neurogenic thoracic

outlet syndrome
► peripheral nerve
► scalene triangle

syndrome

Abstract Thoracic outlet syndrome (TOS) is a cause of upper extremity and shoulder dysfunc-
tion. TOS can present with a wide range of symptoms due to compression of the
brachial plexus or its branches during their passage through the cervicothoracobrachial
region or scalene triangle. There are three types of TOS: arterial, venous, and
neurogenic. Neurogenic TOS (nTOS) is by far the most frequent type and represents
more than 95% of all cases. Historically, surgical intervention for all types of TOS has
evolved based on the treatment for a vascular etiology and has typically included a first
rib resection. Despite nTOS being by far the more common type, most previous
interventions have not considered treatment via peripheral nerve decompression.
We describe surgical treatment of nTOS, performed on an outpatient basis, which focuses
on the surgical decompression of the structures associated with the scalene triangle in
conjunction with release of the pectoralis minor insertion through limited incisions. The
procedure avoids the morbidity associated with first rib resection and is successful in
ameliorating nTOS symptoms. Further, wepropose a nomenclature shift to scalene triangle
syndrome (STS) to reflect the nerve and arterial compressions needing to be addressed.
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Why NO RIB resection……

incidence of leaks requiring re-exploration has
been 2%–3% [6].

Results

The authors’ success rates from 1965–1986 for
transaxillary first rib resection, anterior and
middle scalenectomy, and combined scalenectomy
and rib resection were approximately the same
(Fig. 3). The 5-year success rate, defined as
enough symptomatic improvement to believe that
the surgery was worthwhile, was 68% using life-
table methods. The results can be expressed
several percentage points higher by using short
to long ranges of follow-up [7].

In the early 1990s the authors compared our
results of scalenectomy with and without first rib
resection. It was noted that scalenectomy plus first
rib resection gave slightly lower failure rates than
scalenectomy without rib resection, although the
results were not statistically significant. Between
1999 and 2001, first rib resection was performed
with all scalenectomies. The 1–2-year results in
these 200 patients were no different than the
authors’ earlier results; in fact, in the automobile
accident group, failure rates were almost identical
following scalenectomy with versus without first
rib resection (28% versus 29%).

Etiology continues to be a significant variable
in failure rates. Patients whose TOS arose from
automobile accidents continue to have lower
failure rates than patients whose condition arose

from work-related causes. The difference in results
between automobile and work accidents has been
observed by others also [8,9].

Is first rib resection necessary?

Unless there is a cervical rib or anomalous first
rib and even when such ribs are present, the
pathology in the large majority of patients with
neurogenic TOS lies in the scalene muscles.
Excision of the first rib does not remove the cause
of the symptoms. Patients improve not because
the rib is gone, but rather because excision of the
rib requires division of anterior and middle
scalene muscles where they insert on the rib. Rib
resection thus includes anterior and middle
scalenotomy. Support for this opinion is the
observation that anterior and middle scalenec-
tomy without rib resection has achieved the same
improvement rate as scalenectomy with first rib
resection or transaxillary first rib resection as
reported by other investigators [6,9–13]. Further
support is the histology of the scalene muscles,
which consistently has demonstrated more fibrosis
in the muscles of patients with TOS than in those
of control subjects (see the article by Sanders et al
elsewhere in this issue).

First rib resection is accompanied by a little
higher morbidity and a slightly longer recovery
time. Because the authors cannot demonstrate
significantly better results by adding first rib
resection to scalenectomy, we have returned to

Fig. 3. Results of three primary operations for TOS. N = number of operations. (From Sanders RJ, Haug CE. Thoracic
outlet syndrome: a common sequela of neck injuries. Philadelphia: JB Lippincott Co.; 1991. p. 182; with permission.)

68 R.J. Sanders, S.L. Hammond /Hand Clin 20 (2004) 61–70

Patients improve not because the rib is gone, 
but rather because excision of the rib requires 
division of anterior and middle scalene muscles……
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Neurogenic THORACIC OUTLET SYNDROME

(nTOS) … Part of Scalene Triangle Syndrome (STS)

Intra-operative 
view of 
decompression

Upper

Middle

Lower

Artery

C5

C6

C7

Posterior

Distal

SCN

After Decompression ….

Scalene Triangle decompression

SSN

SC A

Lo w e r
T ru n k

M id d le
T ru n kU p p e r T ru n k

High
Anterior
Division
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Brachial Plexus Decompression
(with Suprascapular Nerve (SSN), high takeoff)

C5

C6

SSN
Anterior

Right side

R.AS

MS
C7

Brachial Plexus Decompression
( with Dorsal Scapular Nerve (DSN) decompression)

Upper  trunk

C5
C 6

C7

DSN

Left side

Anterior Posterior

Long Thoracic Nerve (LTN) decompression from middle scalene

R ig h t s id e

Anterior

Posterior

C5

C6,C7

distal

Proximal / superior

SSN

Upper
trunk

LTN
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Post-Operative Course and Outcomes

Highly variable due to when they presented for treatment
(severity of symptoms, deconditioning, type of job)

Standard goal is RTW full Duty in 12 to 16 weeks

Current rate of success between 82-87%
(Historical around 70% and significant more complications)

Higher Rate of success, Higher return to work, significant less cost as outpatient

Surgery when?
• If 3 Months of guided therapy have not helped…….. 

Practical? …Timing of DX? .. Severity of Symptoms?
• Mechanism of Injury has significant influence.
• When symptoms have persisted after more distal nerve 

decompressions…..(careful diagnostics)
• Mandates understanding of the entire extremity….. Compression 

neuropathies
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Anatomic Predisposition

1. Cervical Rib or First Rib Anomaly
2. Actual plexus / nerve anomaly
3. Variation of Scalene Triangle

1. Smaller size / Narrow triangle
2. Additional muscle slips
3. Variation in muscle morphology

Neurogenic 
Thoracic Outlet Syndrome

(nTOS)

Brachial plexus

Peripheral Compressions

Remember……… mechanism of injury

Look proximal and distal to the Shoulder joint

Etiology

believed to be a 
combination of neck trauma 
…….plus an anatomic 
predisposition.

TRAUMA + ANATOMY

Vulnerable anatomy……..
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Common Symptoms

1. Shoulder Pain
2. Peri-scapular Pain
3. Extremity Pain
4. Facial Pain
5. Ear pain
6. Jaw pain
7. Occipital Pain
8. Neck Pain
9. Tingling / Numbness
10. Pain at rest
11. Pain after activities
12. Increased with overhead activities 

or arm traction

Multiple symptoms = look proximal

n.TOS

The plexus is more vertical than 
would imagalwaysine …….. 

(D e llo n )


