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Abstract
Objective: To summarize the literature on the electrophysiology of Cavanagh Syndrome (CS), to present a clinical
application and to propose an updated electrophysiologic protocol.
Methods: A systematic literature search for CS was carried out and a clinical application is presented.
Results: CS is characterized by congenital thenar hypoplasia and can be associated with other regional muscular
and vascular anomalies. The main electrophysiologic abnormality in patients with CS is a reduced amplitude median
compound muscle action potential (CMAP) to the thenar eminence, which is also seen in CTS. Radiographic, and
electrodiagnostic findings of a patient with co-morbid CS and CTS is presented. Evaluating the median CMAP to the
first lumbrical may assist with the diagnosis of CTS in patients with CS.
Conclusions: As CTS and CS can present with thenar atrophy and low amplitude CMAPs, electromyographers
should be aware of the clinical and radiographic characteristics of CS and consider electrophysiologic evaluation of
the first lumbrical.

Keywords: Electromyography; Electrophysiology; Carpal tunnel
syndrome; Cavanagh syndrome; Congenital thenar hypoplasia

Abbreviations: AANEM: American Association of Neuromuscular
and Electrodiagnostic Medicine; CMAP: Compound Muscle Action
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EMG: Electromyography; MRI: Magnetic Resonance Imaging; NCS:
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Introduction
This article presents a clinical application of a patient with comorbid Carpal Tunnel Syndrome (CTS) and Cavanagh Syndrome
(CS), and discusses how an electromyographer may approach this
particular diagnostic workup. CS is an uncommon disorder of the
upper extremities which presents with unilateral or bilateral hypoplasia
of the Thenar eminence. The clinical, radiological and electrodiagnostic
features were first described by Cavanagh et al. [1]. All five patients
studied had either unilateral or bilateral underdevelopment of the
muscles of the thenar eminence, with normal sensation in the median
nerve distribution. In addition, they also reported no response or a
weakened response in the muscles of the thumb, when the median
nerve at the wrist was stimulated.
A review of available literature did not reveal any estimates or
measures of the prevalence of CS. More generally, approximately 11.2%
of all birth deformities of the hand are congenital thumb anomalies,
with 4.6% consisting of thumb hypoplasia/aplasia [2-5]. Over a 19
year period, the overall prevalence of all congenital upper extremity
anomalies was reported as 27.2 cases per 10, 000 live births [6]. Due to
its rare characteristics, CS is often unrecognized or misdiagnosed. One
such misdiagnosis that clinicians tend to make with CS is CTS. CTS is a
common idiopathic, nerve entrapment disorder affecting the hand and
forearm. Due to combined compression and traction on the median
nerve at the wrist, or as a result of inflammation of nearby tendons and
tissues, individuals may feel pain, numbness, tingling, paresthesias or
weakness in the hand [7].
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Electromyographers commonly encounter small amplitude
compound muscle action potentials (CMAPs) when recording
over the thenar eminence. Most commonly, this is associated with
abnormal median sensory nerve studies and subsequently diagnosed
as CTS. However, when median sensory potentials are normal and
there is no clinical or electrophysiologic evidence of neurogenic
thoracic outlet syndrome, cervical radiculopathy, distal myopathy,
motor neuron disease or Lambert-Eaton Myaesthenic Syndrome,
the electromyographer must consider anomalous innervations and
congenital anomalies [8].
Cavanagh Syndrome (CS) is a rare congenital anomaly that
clinicians may overlook when investigating etiologies for low amplitude
median CMAPs. This article presents an overview of the literature on
CS, reports a case of a patient with both CS and CTS and proposes
an electrophysiologic protocol that can be applied to patients with CS
suspected of having CTS.

Literature Review
Methods
A systematic literature search was carried out in the PubMed,
CINAHL and Google Scholar databases, until January 2017. Included
were case studies, case series, cross-sectional studies and cohort
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studies using the search terms “Cavanagh,” “Cavanaugh,” “Congenital
Thenar Hypoplasia” and variants thereof. All cross-references were
checked. Exclusion criteria were articles that were not in English, those
discussing global developmental syndromes, and those not discussing
thenar atrophy [9,10].

Results
The search terms yielded 89 results (Figure 1). Five additional
articles were identified via cross-references. Ninty-four articles were
screened of which 69 were excluded due to the exclusion criteria. The
remaining 25 articles received full-text review of which 13 articles were
excluded as per the exclusion criteria. Twelve case series and reports
comprising 25 patients were included in the qualitative synthesis and
are summarized.
Based on the lack of high quality evidence, only qualitative analysis
of typical characteristics of CS is possible. Seven of the 12 articles
specified the individual muscles that were hypoplastic in CS, with
an absence of Opponens Pollicis (OP) in 80% of cases, the Abductor
Pollicis Brevis (APB) in 86.6% of cases, and the Flexor Pollicis Brevis
(FPB) in 57.1% of cases. The 5 remaining articles, which did not specify
the individual absent thenar muscles, only reported that there was
generalized hypoplasia of the thenar muscles. One hundred percent of
all reported cases presented with weakness, all but one case (95.8%) had
an absence of pain and paresthesias and all but one case (95.8%) had an
absence of neurologic signs [10].
These 2 apparently atypical presentations included (Table 1) an
11-year-old girl with a history of pain on writing and a 23-year-old
man with positive Tinel’s and Phalen’s signs. Additional findings of

CS included an absent Flexor Pollicis Longus (FPL) in 29%, ankylosis
of the interphalangeal joints in 29% of cases, thumb anomalies in 25%
of cases, adduction contractures in 16.6% of cases and radial deviation
in 8.3% of cases.
Seven out of 12 articles reported on radiographic abnormalities. A
slender or hypoplastic 1st metacarpal was the most common radiologic
finding with a frequency of 33.3%. An absent radial artery or impaired
radial circulation, determined through Doppler imaging and Allen’s
test, was present in 12.5% of cases.
Electrophysiologic results were reported in 9 of 12 studies (75%).
Three of these articles did not report detailed findings. Two reported
only that the median nerve was intact [11,12], and 1 reported only that
stimulation of the median nerve did not cause thumb movement.
The articles presenting more detailed electrophysiologic findings
reported 10 total patients with decreased or absent median CMAPs
in 100% of cases, and normal median sensory nerve action potentials
(SNAPs) in 80% of cases. There were no reports of abnormal median
F waves or denervation potentials. One series of 5 patients reported
volitional activity was absent or reduced in all cases. These reports
should be interpreted with caution due to the small sample sizes,
incomplete electrophysiologic assessments, and lack of controls [13].
Based on the literature review, CS seems to most commonly
present with an absence of APB (86.6%) and/or OP (80%), weakness
(100%), and a lack of pain, paresthesias and neurologic signs (95.8%).
Electrophysiologic findings include an absent or reduced CMAP (100%)
and a normal SNAP (80%). Other findings such as thumb hypoplasia,
impaired radial circulation, radial deviation, adduction contractures,
ankylosis, and absence of FPL are less likely to be part of the typical
presentation. Electrophysiologic findings seem to include decreased or
absent median CMAPs and normal SNAPs, although there is a paucity
of data from which to draw conclusions [14].

Clinical Application
A 59-year-old right-handed female presented to the
electromyography clinic for assessment of bilateral hand numbness,
paresthesias, and pain. She complained of gradually progressive,
bilateral paresthesias in both hands involving all 10 digits, with
medial radiation into the inferior forearm. Any activities with the
hands aggravated her symptoms [15]. She also noted erythema and
swelling with activities. Grip strength had subjectively decreased over
3 years. Her past medical history was positive for congenital right
thenar atrophy, hypothyroidism, osteopenia, dyslipidemia, shingles,
and B12 deficiency. Medications included levothyroxine, naproxen,
doxepin, cyclobenzaprine, pregabalin, and colesevalam. Neurological
examination revealed reduced right thenar bulk on the right (Figure 2).
There was no other focal atrophy in the hand or the extremities.
There were no involuntary movements seen. She had normal tone,
2+ upper extremity reflexes and negative Hoffman’s signs bilaterally.
Strength was 5/5 in the major and minor muscles of the upper and
lower extremities, with exception of grade 3/5 strength in right thumb
abduction. There was no loss of pinprick sensation in the median nerve
distribution, no splitting of the 4th finger, and no gradient distribution
sensory loss. Proprioception and vibration testing was intact. Tinel’s
and Phalen’s tests were positive on the right and negative on the left
[16-19].
Figure 1: PRISMA flow diagram.
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Electrophysiologic studies were performed
The median motor study of the right abductor pollicis brevis had
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Table 1: Cavanagh Syndrome: Review of available literature.

M: Months; Y: Years; +: Present; -: Absent; NS: Not Specified; OP: Opponens Pollicis; APB: Abductor Pollicis Brevis; FPB: Flexor Pollicis Brevis; FPL: Flexor Pollicis Longus; R: Right; L: Left; T:
Abbreviations: Tinel’s Sign; P: Phalen’s Sign; ↑: Increased; ↓: Decreased; N: Normal; MUAP: Motor Unit Action Potential; B: Bilateral; U: Unilateral; MC: Metacarpal; Ant: Anterior; Dist: Distal; SNAP: Sensory Nerve
Action Potential; MCPJ: Metacarpophalangeal Joint; Sup: Superficial
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a normal latency and conduction velocity with a reduced amplitude of
1.0 mV. (Table 2). Bilateral median motor NCS from the 1st lumbrical
showed a 49% decrease in the right lumbrical amplitude compared to
the left (3.2 mV vs. 6.3 mV) although still within normal limits (<0.7

mV and <59% difference; from Buschbacher and Prahlow as no lab
normal values are established) [20]. Sensory studies of the median
and ulnar nerves were performed in an antidromic manner and were
within normative values. The combined sensory index (CSI) [21] was
calculated as 0.8 ms, below the value of 1.1 ms for diagnosis of CTS.
Electromyography (EMG) was deferred due to thenar hypoplasia.
Plain radiography of the hands did not reveal any phalangeal
hypoplastic changes. Sonographic evaluation of the right forearm
measured cross-sectional median nerve area of 8 mm2. Dynamic
sonographic evaluation showed a freely moving median nerve within
the carpal tunnel. Interestingly, the right radial artery was absent distal

Figure 3: Axial T2 fat-saturated image of the right thenar eminence.

Figure 2: Picture of case showing mild relative right thenar atrophy.

Anti Sensory Summary Table
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NR
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Dist (cm)

Vel (m/s)

46.2
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54

Left Median Anti Sensory (2nd Digit)
Wrist

3.7

Right Median Anti Sensory (2nd Digit)
Wrist

4.3

10.9

12.19

2nd Digit

14.0

42

Wrist

4.3

13.7

15.43

2nd Digit

14.0

44

Motor Summary Table
Site

NR

Onset (ms)

O-P Amp (µV)

Neg Area (µV·ms)

Site1

Site2

Delta-0 (ms)

Dist (cm)

Vel (m/s)

Left Median Motor (Abd Poll Brev)
Wrist

3.5

8.9

38.70

Wrist

Abd Poll Brev

3.5

8.0

Elbow

7.1

8.6

36.50

Elbow

Wrist

3.6

20.0

Right Median Motor (Abd Poll Brev)
Wrist

4.1

1.0

2.09

Wrist

Abd Poll Brev

4.1

8.0
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7.4

0.8

2.10
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59

Left Median Motor (1st Lubrical)
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Right Median Motor (1st Lubrical)
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NR

2.7

3.2

9.0

Peak (ms)

Onset (ms)

P-T Amp (µV)

Site1

Site2

Delta-P (ms)

Median

Radial

0.5

Median Wr

Ulnar Wr

0.1

Median Palm

Ulnar Palm

0.2

Comparison Summary Table
Left Median/Radial Dig I Comparison (Digit 1-10 cm)
Median

2.8

2.2

23.8

Radial

2.3

1.9

16.1

Left Median/Ulnar Dig IV Comparison (Digit 4-14 cm)
Median Wr

3.2

2.5

25.4

Ulnar Wr

3.3

2.5

23.7

Left Median/Ulnar Palm Comparison (Wrist-8 cm)
Median Palm

2.3

1.6

94.6

Ulnar Palm

2.1

1.5

23.4
Table 2: Nerve conduction studies.
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to the brachial bifurcation. This was afterwards clinically correlated
with a positive right Allen’s test. Fatty infiltration and diffuse volume
was noted in the right thenar eminence, which made individual
assessment of the muscles difficult. An MRI of her right hand (Figure
3) showed marked atrophy of the abductor pollicis brevis, flexor
pollicis brevis, mild atrophy of opponens pollicis. The adductor pollicis
was normal. There was mild increased signal along the length of the
visualized median nerve. The overlying flexor retinaculum was normal.
The conclusion was no MRI evidence of carpal tunnel syndrome.

Discussion
Differential diagnosis of low thenar bulk or low amplitude
thenar cmap
Finding low thenar bulk or low amplitude motor potentials at the
thenar eminence is common in clinical practice. Typically, as with most
peripheral nerve or muscle findings, the differential diagnosis is first
driven by localization. Muscle, neuromuscular junction, peripheral
nerve, plexus, root and anterior horn cells are all possible localizations
of this finding. Neuromuscular junction disorders, myopathic
disorders and anterior horn cell disorders, discussed elsewhere, often
have numerous characteristic clinical and electrophysiologic findings
outside of the distribution of the thenar eminence. In cases where
sensory symptoms and findings are absent; root, plexus, and most
peripheral nerve localizations (excluding exclusively motor nerve
branches) are unlikely localizations, as typically motor symptoms and
electrophysiologic findings do not occur until more severe grades of
injury (i.e. after sensory findings are already present) [22]. Peripheral
nerve injuries may also show segmental slowing, and radiculopathies
are diagnosed in multiple muscles of the same myotome and can
include abnormal paraspinal muscle findings and late responses. If there
are no clinical or electrophysiologic features of the aforementioned
diagnoses, the only remaining possible localizations are anatomic
variation in nerve supply or congenital hypoplasia of thenar muscles.
Anatomic variation in nerve supply to the thenar eminence is tested
through stimulation of the ulnar nerve while recording over the
thenar eminence. It is important to stimulate the ulnar nerve in many
ascending locations to establish if the fibers supplying the thenar
eminence originate in the ulnar nerve (Riche-Cannieu anastomosis) or
originate in the median nerve and crossover to the ulnar nerve (MartinGruber anastomosis). CS and other congenital thenar hypoplasias
can be identified specifically by a normal first lumbrical despite low
amplitudes over the thenar eminence [23].

Diagnosis of cts in patients with cs
Clinically, thenar hypoplasia or low amplitude CMAPs may be
misinterpreted as neurogenic thenar atrophy as found in carpal tunnel
syndrome (CTS). However as noted above, patients with typical CS
do not have symptoms such as numbness, paresthesias, or nocturnal
pain. While both CTS and CS may have low-amplitude CMAPs,
electrophysiologic testing in CS thus far has shown normal sensory
potentials [24]. In CS, the median sensory supply to the hand is not
affected, with the skin over the thenar eminence being supplied by
the palmar cutaneous branch, and the volar thumb, index finger,
middle finger and lateral half of the ring finger supplied by the digital
cutaneous branches of the median nerve [1,25,26]. Other differences
include normal conduction velocity, normal distal latency, and normal
insertional activity in isolated CS, all of which may be abnormal in
CTS. If thenar muscles appear normal but low amplitude CMAPs are
present over the thenar eminence, anomalous branches of the median
nerve or an all-ulnar hand must also be considered [27-36].
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Difficulties arise diagnosing CTS in a patient with known or
suspected CS. Due to the absence of the thenar muscles (abductor
pollicis brevis, flexor pollicis brevis, and opponens pollicis (Table 1) in
CS, electrophysiologic testing of the median motor supply to the thenar
eminence is not a viable option to detect abnormalities.

Simultaneous diagnoses of cavanagh syndrome and carpal
tunnel syndrome
Clinical and radiographic characteristics suggestive of CS are
described in the literature review. The patient in the case report had
clinical findings of CS along with MRI findings of marked atrophy of
APB and FPB, and mild atrophy of OP. The ultrasound also showed
absence of the distal radial artery. However, this patient also had
symptoms suggestive of sensory impairment and progressive weakness
which suggested a concomitant lesion, proximal to the neuromuscular
junction.
The approach to patients with two suspected problems with
potentially overlapping signs and symptoms can be difficult. In this
case, it is ideal for the physician to first select specific findings that
indicate that a congenital disorder is clearly present. For the diagnosis
of CS, with or without CTS, we propose this finding is a difference in
motor CMAP amplitudes between the thenar eminence and the first
lumbrical, as the lumbrical is uninvolved in CS. In our patient, there
was a difference in amplitudes between the first lumbrical and the
thenar eminence, suggesting CS.
Once this congenital disorder has been identified, the remainder
of the assessment should assess for other differential diagnoses. In the
case of CS, measuring first lumbrical motor amplitudes in addition to
thenar CMAP amplitudes seemed to be helpful as there was a 49% sideside difference in the first lumbrical CMAPs. The subjective complaints
of sensory loss and progressive weakness, along with positive Tinel’s
and Phalen’s signs on examination suggested investigation for CTS.
Potential diagnostic investigations for CTS included an ultrasound
which showed a normal median nerve cross-sectional area of 8 mm
[37], and an MRI which did not show any evidence of compressive
median neuropathy. Thereby, in this patient with CS, electrophysiologic
studies seemed to be a complimentary and useful diagnostic tool for the
evaluation of co-morbid CTS.
Future high-quality studies are required in order to develop a
greater understanding of congenital hypoplasias with concomitant
peripheral nervous system disorders. In the interim, based on our
findings from the literature review and case study, we propose a
protocol for electrophysiologic studies in patients where CS is clinically
suspected (adapted from the AANEM protocol for CTS) [38,39].

Conclusion
Cavanagh Syndrome is characterized by a congenital hypoplasia
of thenar muscles. Evaluation of co-morbid carpal tunnel syndrome
can potentially be evaluated with an electrophysiologic protocol that
includes interpretation of the median motor nerve conduction studies
to the first lumbrical.
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