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Accreditation Statement: The AANEM is accredited by the Accreditation Council for Continuing Medical 
Education (ACCME) to sponsor continuing medical education (CME) for physicians. The AANEM 
designates this educational activity for a maximum of 1 AMA PRA Category 1 CreditsTM. Physicians 
should only claim credit commensurate with the extent of their participation in the activity. This activity has 
been developed in accordance with the ACCME Essentials. 

Presenting Symptom: Unilateral hand weakness 

Case prepared by: Bryan Tsao, MD 

Affiliations: Loma Linda University 

Disclosures: No one involved in the planning of this CME activity had any relevant financial relationships 
to disclose. Authors / faculty had nothing to disclose.  

Please note: The opinions expressed in these cases reflect the view of the authors and do not reflect 
official views or positions of AANEM. The AANEM is not liable for decisions made or actions taken by you 
or any third party in reliance on any of the information contained herein. Reference to any products, 
services, hypertext link to the third parties, or other information by trade name, trademark, supplier, or 
otherwise does not constitute or imply endorsement, sponsorship, or recommendation by the AANEM. 
Finally, we encourage you to read AANEM’s Privacy Policy. 

Software Requirement(s): Each of the CME Application and Evaluation forms are online as PDF files, 
which can be viewed with Adobe Acrobat Reader software. Reader allows you to view, navigate, and print 
PDF files across all major computing platforms. To download a free copy of Reader, connect to the 
Adobe Acrobat site.   

Appropriate Audience: Residents, fellows, and practicing physicians. 

Learning Objectives: After completing this educational activity, participants will be able to:  

1) Formulate a differential diagnosis for asymmetric hand weakness  

2) Construct and perform an electrodiagnostic examination to assess lower trunk brachial plexopathies  

3) Identify the electrodiagnostic patterns associated with different lower trunk syndromes  

Level of Difficulty: Intermediate/Advanced. 
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True Neurogenic Thoracic Outlet Syndrome 

History 

A 53 year old otherwise healthy female presents with a 5-year history of progressive right hand 
weakness. Specifically, she notes difficulty grasping and holding onto objects with all her fingers and 
thumb. There is a mild aching sensation in her right little finger palmar surface and medial forearm but no 
numbness, neck or scapular pain. She denies weakness on the left.  

Commentary I 

The differential diagnosis for asymmetric hand weakness can be approached by various diseases as they 
affect each level of the peripheral nerve system i.e., from the anterior horn cell, nerve root, peripheral 
nerve, neuromuscular junction, and muscle. From proximal to distal, these include:  

Segmental anterior horn cell disease -- monomelic amyotrophy or Hirayama's disease, presents with 
weakness and muscle wasting within the cervical distribution, and is more common in young to mid-aged 
males of Asian or Indian descent. Amyotrophic lateral sclerosis may present as painless weakness in the 
lower cervical segments, although the presence of this patient's aching pain and duration of symptoms is 
against this diagnosis. Other intraspinal diseases include those within the spinal cord (intramedullary) i.e., 
cervical level syrinx or centrally located spinal tumors. These either present with sensory loss in a cape-
like distribution (not present in this case) and lower motor neuron signs in corresponding myotomes. This 
category of diseases is unlikely in this patient since she does not fit the demographic profile or manifest 
the appropriate sensory symptoms.  
Lower cervical or upper thoracic nerve roots -- the most common cause of C8 or T1 ventral nerve root 
compression is degenerative spine disease (spondylosis). Most of these are associated with significant 
radicular or periscapular pain. However, focal compression of the ventral nerve roots cannot be entirely 
excluded in this case.  
Lower trunk or medial cord brachial plexopathy -- true neurogenic thoracic outlet syndrome (NTOS) is a 
rare disorder with an estimated incidence of 1 per million. NTOS is more common in females and 
presents with slowly progressive weakness of the intrinsic hand muscles. Rarely, these patients may 
present in a subacute fashion with pain, but it is never the sole presenting feature. Other causes of lower 
trunk brachial plexopathies are metastatic spread from adjacent axillary lymph nodes or the apex of the 
lung (from a Pancoast tumor), trauma, and peripheral nerve sheath tumors. These conditions are different 
from NTOS in that they 1) usually equally affect motor and sensory nerves and 2) are associated with 
pain. One remote consequence of clavicular fracture is callus formation that obstructs neurovascular 
structures as they exit the thoracic outlet. This usually affects the medial cord more than lower trunk and 
is accompanied by signs and symptoms of vascular obstruction (not present in this case).  
Other brachial plexopathies – idiopathic brachial plexitis (Parsonage-Turner syndrome or neuralgic 
amyotrophy) is characterized by the abrupt onset of neck or scapular pain, followed by weakness and 
muscle wasting. Approximately one-half of all cases are preceded by a non-specific precipitating event. 
Typical motor nerves affected are the long thoracic, anterior interosseous, suprascapular, posterior 
interosseous, and occasionally cranial nerves. The absence of the typical pain and shoulder girdle 
distribution is against this diagnosis.  
Peripheral nerves -- multifocal motor neuropathy with conduction block (MMN) is an immune-mediated 
acquired demyelinating motor neuropathy. MMN presents with weakness due to focal demyelination 
along motor nerves along segments that are not typical sites for entrapment (e.g., ulnar or median nerves 
in the forearm or radial nerve in the proximal arm). The presence of sensory symptoms or pain in this 
patient is against MMN but does not entirely exclude it as a possible diagnosis.  
Mononeuropathy -- although an ulnar neuropathy, either located at or above the elbow, can potentially 
explain some of her symptoms, pain in her medial forearm points towards a more proximal lesion i.e., 
lower trunk or medial cord plexopathy. Carpal tunnel syndrome may present (particularly in the elderly) 
with significant wasting of the thenar eminence despite an apparently conflicting history of subacute 
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onset. However, the distribution of sensory symptoms in this patient is not within the median nerve 
territory.  
Any history of preceding trauma, primary cancer in the chest, axilla or neck region, or prior clavicular 
fracture would be helpful in differentiating between the various etiologies discussed  

History, continued 

The patient could not recall a precipitating event, history of pre-existing cancer, or clavicular fracture.  

Commentary II 

At this point the most likely diagnosis would be 1) a lower trunk or medial cord brachial plexus lesion 
(NTOS) or, 2) a primary motor neuropathy (MMN). Again, the absence of radicular pain and the peripheral 
distribution of her aching pain are against an intraspinal canal lesion or a peripheral mononeuropathy.  

   
The physical examination should provide clues as to whether we are dealing with a root, brachial plexus 
or peripheral nerve lesion. To localize a lesion of the ventral nerve roots or brachial plexus, the examiner 
should find weakness in muscles that differ in their peripheral nerve innervation but share a common 
nerve root supply. For example, weakness in the ulnar hand intrinsics (C8), the distal thumb flexors and 
abductors (median C8-T1), and radial-innervated finger or wrist extensors (C8) would point towards a C8 
or T1 nerve root or lower trunk plexus lesion. If weakness involved the ulnar and median innervated 
muscles and spared the radial-innervated C8 muscles, then a partial lower trunk or a medial cord lesion 
would be more likely. If abnormalities were confined to the ulnar hand or forearm muscles alone, then an 
ulnar mononeuropathy at or proximal to the elbow region would be likely (as an ulnar neuropathy at or 
distal to the wrist would not affect the forearm muscles palmar sensation)  

Back to Top 

Physical Examination 

On physical examination, the most prominent abnormality was severe atrophy of the right thenar muscles 
and marked but less severe atrophy of the remaining interosseous muscles. Strength (MRC) was graded 
0-1/5 in the right abductor pollicis brevis (APB) and opponens pollicis (OP), 2/5 in the flexor pollicis longus 
( FPL ), and 3/5 right first dorsal interosseous (FDI), abductor digiti minimi ( ADM ), extensor indicis 
proprius (EIP), and extensor digitorum communis (EDC). There was reduced light touch and pinprick 
threshold along the right ring and little fingers and medial surface of the hand and forearm. The vascular 
examination was normal. Spurling's sign was negative.  
   
These abnormalities point towards a lesion affecting the lower trunk of the brachial plexus where multiple 
C8-innervated muscles are conveyed via three different peripheral nerves (the median, ulnar, and radial) 
prior to their division into medial and posterior cords. Furthermore, the distribution of sensory loss 
corresponds to the lower trunk or medial cord level. The disproportionate involvement of thenar more than 
ulnar intrinsic hand muscles is nearly pathognomic for NTOS, but the differential could still include MMN 
affecting the median more than ulnar, and radial nerves. The sensory abnormalities exclude an anterior 
horn cell lesion or peripheral mononeuropathy and their distribution are against an intramedullary 
process.    

The electrodiagnostic (EDX) examination is the initial diagnostic procedure of choice. Neuroimaging can 
be used once localization is confirmed to either the brachial plexus or cervical spine level. Keep in mind 
the EDX evaluation of the brachial plexus requires additional nerve conduction studies ( NCS ) in addition 
to routine assessment of the median (index) and ulnar (little) sensory and median (thenar) and ulnar 
(hypothenar) portions. For lower trunk or medial cord lesions, additional NCS should include the medial 
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antebrachial cutaneous (MABC) sensory NCS and additional motor studies recording the first dorsal 
interosseous muscle and perhaps even the extensor indicis proprius. The needle electrode examination 
(NEE) should include additional muscles (in addition to the routine root search) in the lower cervical and 
upper thoracic myotomes, including the paraspinal muscles. 4  

Back to Top 

Electrophysiologic Data 
   
SENSORY NERVE CONDUCTION STUDIES  
   
NERVE  SIDE  

   
STIM SITE  RECORD  cm  AMPL  LAT  CV  

Median  R  Wrist  Index  13  29  2.8     
Ulnar  R  Wrist  Fifth  13  5  2.5     
Radial  R  Wrist  Dorsum  10  28  2.2     
MABC  R  Forearm  Elbow  12  NR        
Ulnar  L  Wrist  Fifth  13  23  2.5     
MABC  L  Forearm  Elbow  12  5  2.8     
NR = No response  
   
MOTOR NERVE CONDUCTION STUDIES  
   
NERVE  SIDE  

   
STIM SITE  RECORD  cm  AMPL  LAT  CV  

Median  R  Wrist  Thenar  7  NR        
Ulnar  R  Wrist  Hypothenar  7  5  2.0     
      A. Elbow     28  4.3  8.6  51  
Ulnar  R  Wrist  FDI  7  4  3.4     
      A. Elbow     29  3.7  9.0  51  
Median  L  Wrist  Thenar  7  8.7  2.8     
      Elbow     27  7.5  7.6  56  
   

NEEDLE ELECTROMYOGRAPHY  

   
INSERtional activity: N, sust, unsust 

FIB: 0, 1+, 2+, 3+, 4+ 
OTHer: 0 or fascic, myotonia, myokymia 

EFFort: N, decr 
RECruitment: N, inc or dec 1+, 2+, 3+, 4+ 

AMPlitude: N, inc or dec 1+, 2+, 3+, 4+ 
DURation: N, inc or dec 1+, 2+, 3+, 4+ 

POLyphasia: N, inc or dec 1+, 2+, 3+, 4+ 
R/L  MUSCLE  INSER  FIB  OTH  EFF  REC  AMP  DUR  POL  
R  ADM  N  0        Dec 3+ Inc 2+  Inc 2+  Inc  

2+  
R  APB  N  1+        Dec 4+ Inc 4+  Inc 4+  Inc 3+  
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R  EDC  N  0        Dec 1+    Inc 1+     
R  EIP  N  0        Dec 1+    Inc 1+     
R  FCU  N  0        Dec 1+ N  Inc 1+     
R  FDI  N  1+        Dec 3+ Inc 2+  Inc 2+  Inc  

2+  
R  FDP 4,5  N  0        N           
R  FPL  N  1+        Dec 2+    Inc 2+  Inc 2+  
R  Triceps  N  0        N           
R  Paraspinal  N                       
L  APB  N  0                    
L  FDI  N  0                    
  
The MABC nerve primarily derives its innervation from the T1 nerve root and an absent response denotes 
a post-ganglionic lesion at that root and lower trunk level. The ulnar sensory response was reduced > 
50% compared to the contralateral limb, which points towards substantial but less severe involvement of 
the post-ganglionic C8 sensory nerve fibers. These abnormal sensory responses are against a lesion 
affecting the ventral nerve roots. The median CMAP recording at the APB muscle was unelicitable on the 
symptomatic side while those recording at the ulnar intrinsic hand muscles were reduced but still present. 
The combination of sensory and motor NCS findings localize abnormalities of the T1 > C8 motor fiber at 
the level of the lower trunk. The NEE showed chronic neurogenic changes, most severe in the APB, FDI, 
ADM , and FPL with more moderate changes in the EIP, EDC, and FCU muscles. These muscles are 
derived from three different peripheral nerves (median, ulnar, and radial) that together traverse the lower 
trunk of the brachial plexus. This EDX pattern of chronic motor axon loss in the T1 > C8 distribution within 
the lower trunk region is virtually pathognomic for NTOS. 1-3  
In contrast, the EDX pattern of metastatic invasion to the lower trunk is usually more ulnar than median, 
the opposite of what was seen in this case. 1  
   
In summary, the EDX findings are compatible with a chronic lower trunk brachial plexopathy, axon loss in 
type, severe in degree electrically. The combination of T1 greater than C8 fiber involvement, while non-
specific, strongly supports the underlying clinical diagnosis of true NTOS. 

Back to Top 

Diagnostic Impression 

The other useful diagnostic study that should be performed when NTOS is suspected is plain cervical x-
rays. The presence of an elongated C7 transverse process or rudimentary cervical rib is invariably seen in 
all these cases – they may be asymmetric, despite unilateral symptoms, and it is not uncommon for the 
larger anomaly to be seen on the contralateral side.   

The mechanism of injury in NTOS is attributed to a taut congenital band that extends from an elongated 
C7 transverse process or cervical rib to the first thoracic rib – angulation of the proximal lower trunk of the 
brachial plexus over the sharp edge of the band results in disproportionate injury to the T1 > C8 elements 
at that juncture. Thus, it is the presence of the bony anomaly, but not the anomaly itself, that accounts for 
NTOS. 1,2  

Treatment for NTOS is surgical removal of this congenital band by the supraclavicular approach (with or 
without removal of the first thoracic rib) with the goal of preventing progression of weakness. 1 Most 
patients experience relief of pain, if present, but return of strength, especially in severely atrophic 
muscles, is less likely.  
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Commentary III  

The thoracic outlet syndromes are a confusing topic since this term describes a spectrum of disorders 
that affect the blood vessels, nervous system structures, or both, as they course between the base of the 
neck and the axilla. There are at least 5 different TOS subgroups – the most germane of these to 
neurologists and electrodiagnosticians is NTOS. 1 The chronicity of this disorder is reflected by the fact 
that gradual muscle atrophy is often first noted by a physician as an incidental finding, or even by a friend 
or family member. The presence of pain and sensory symptoms within the little finger, medial hand, and 
forearm, are commonly mentioned as an afterthought and are rarely, if ever, the primary presenting 
symptom. The EDX pattern of NTOS conforms to abnormalities in the lower trunk distribution, specifically 
the T1 greater than C8 nerve fibers – the MABC sensory and median motor response (recording the 
thenar muscles) are always either reduced or absent, while the ulnar 5 th and ulnar motor responses are 
affected to varying, but almost always to a lesser degree as illustrated in this case. 1, 3  

The NEE confirms the presence of chronic motor axon loss (reduced neurogenic motor unit potential 
(MUP) recruitment, and MUPs of increased duration, polyphasia, and amplitude) and may be 
accompanied by mild active motor axon loss (fibrillation potentials). Examination of the paraspinal 
muscles is invariably normal, which also reflects the chronicity of this disorder and the fact the lesion lies 
outside of the spinal canal. The diagnostic yield of the EDX examination is significantly increased if side-
to-side criteria are used for both sensory and motor NCS . 3 This case was typical in its presentation for 
NTOS; others may vary in that trauma may elicit more abrupt pain or sensory symptoms, but in those 
cases there is often evidence (by way of atrophy) of pre-existing chronic motor fiber abnormalities.  

NTOS should be distinguished from its more nebulous and controversial counterpart, disputed TOS . 
Disputed TOS is often diagnosed by surgeons where non-specific sensory symptoms and pain are 
confirmed by non-specific bedside maneuvers designed to provoke or reproduced symptoms. By 
definition, disputed TOS does not have abnormalities on EDX testing or genuine peripheral nerve 
involvement on examination. 1  
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