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Carpal and Cubital Tunnel and Other, 
Rarer Nerve Compression Syndromes
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SUMMARY
Background: Carpal tunnel syndrome is by far the most common peripheral 
nerve compression syndrome, affecting approximately one in every six adults 
to a greater or lesser extent. Splitting the flexor retinaculum to treat carpal 
 tunnel syndrome is the second most common specialized surgical procedure in 
Germany. Cubital tunnel syndrome is rarer by a factor of 13, and the other 
 compression syndromes are rarer still. 

Methods: This review is based on publications retrieved by a selective literature 
search of PubMed and the Cochrane Library, along with current guidelines and 
the authors’ clinical and scientific experience.

Results: Randomized controlled trials have shown, with a high level of evi-
dence, that the surgical treatment of carpal tunnel syndrome yields very good 
results regardless of the particular technique used, as long as the diagnosis 
and the indication for surgery are well established by the electrophysiologic 
and radiological findings and the operation is properly performed. The success 
rates of open surgery, and the single-portal and dual-portal endoscopic 
methods are 91.6%, 93.4% and 92.5%, respectively. When performed by 
 experienced hands, all these procedures have complication rates below 1%. 
The surgical treatment of cubital tunnel syndrome has a comparably low com-
plication rate, but worse results overall. Neuro-ultrasonography and magnetic 
resonance imaging (neuro-MRI) are increasingly being used to complement the 
diagnostic findings of electrophysiologic studies. 

Conclusion: Evidence-based diagnostic methods and treatment recommen-
dations are now available for the two most common peripheral nerve 
 compression syndromes. Further controlled trials are needed for most of the 
rarer syndromes, especially the controversial ones. 
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P eripheral nerve compression syndromes in-
volve chronic irritation and pressure lesions 

where nerves pass through anatomical bottlenecks 
and fibro-osseous canals. The characteristic tunnel 
syndromes are distinct from acute pressure injuries 
to a nerve caused by an external compression or 
blow at a site where a nerve courses superficially 
over a bony prominence, and from nerve stretching 
injuries across joints, although mixed injuries also 
arise. The main clinical manifestations of nerve 
 compression syndromes are paresthesiae, sensory 
impairment, and paresis (1). The diagnosis is estab-
lished by the history and physical examination, 
along with the findings of electrophysiologic studies 
and imaging (1). Nerve compression syndromes are 
not life-threatening and generally not disabling, yet 
they are nonetheless very disturbing for the affected 
patients.

Carpal tunnel syndrome is by far the most com-
mon and most important peripheral nerve compres-
sion syndrome. It can generally be diagnosed from 
the history and physical examination alone on the 
basis of its typical symptoms and signs. Nonetheless, 
in our experience, it is often misdiagnosed as a C7 
syndrome or as a “circulatory disturbance” such as 
Raynaud’s disease. Cubital tunnel syndrome, also 
called ulnar neuropathy at the elbow, is the second 
most common peripheral nerve syndrome; it is 13 
times rarer than carpal tunnel syndrome (2). It was 
once commonly called “sulcus ulnaris syndrome,” 
especially in the German-speaking countries, but this 
designation has been dropped because it described 
the site of the lesion too imprecisely and seemed to 
imply a justification for invasive transposition pro-
cedures that are now only rarely performed. The 
available S3 guidelines for these two conditions 
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Definition
Peripheral nerve compression syndromes in-
volve chronic irritation and pressure lesions 
where nerves pass through anatomical 
bottlenecks and fibro-osseous canals.
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serve as the basis for this review (2, 3). The other 
compression syndromes are much rarer, and some of 
them are controversial (Table 1). They are discussed 
in the second part of this review.

The topic of peripheral nerve compression syn-
dromes is dealt with in greater depth in a current 
monograph (3). A book including a thorough 
 discussion of all aspects of carpal tunnel syndrome 
was published in 2002 (4).

Learning objectives
This review article should enable readers to:
● diagnose carpal tunnel syndrome, determine 

whether surgery is indicated, and know the dif-
ferences between open and endoscopic surgery 
for carpal tunnel syndrome; 

● diagnose cubital tunnel syndrome and know 
what conservative and surgical treatments are 
available; 

● be aware of the neurogenic causes of sensory 
 disturbances and pain in the limbs, particularly in 
the feet, and their differential diagnosis.

Methods
Our search for pertinent literature on the carpal and 
cubital tunnel syndromes was based on the respective 
S3 guidelines for the diagnosis and treatment of these 
two conditions (2, 3), which are up to date as of 2014 
and have been extended to include discussion of the 
rarer compression syndromes. We searched for ran -
domized controlled trials (RCTs), systematic reviews, 
and guidelines in the Medline (PubMed) database, the 
Cochrane Library, guideline databases (the home-

pages of the German specialty societies and organi -
zations [AWMF and ÄZQ]), and the homepages of the 
following international specialty societies and orga -
nizations:
●  Guideline International Network (GIN),
● Scottish Intercollegiate Guideline Network 

(SIGN),
●  National Institute for Health and Care Excellence 

(NICE),
● National Guideline Clearinghouse (NGC). 

Carpal tunnel syndrome
Carpal tunnel syndrome is by far the most common 
 peripheral nerve compression syndrome (3, 4). Some 
300 000 operations to treat carpal tunnel syndrome are 
performed in Germany every year, 90% of them on an out-
patient basis (5). Carpal tunnel release is the second most 
common specialized outpatient surgical procedure in the 
country, after cataract surgery. Precise case numbers are 
unavailable, as the German Association of Statutory 
Health Insurance Physicians (Kassenärztliche Bundesver-
einigung, KBV) has not published any newer statistics 
on the frequency of operations since the introduction of 
the new Uniform Fee Scale (Einheitlicher Bewertungs -
maßstab, EBM). Carpal tunnel syndrome is due to 
(chronic) median nerve compression in the carpal tunnel 
(Figure 1).

Prevalence and incidence
In a study on the adult population of southern Sweden, 
the prevalence of typical symptoms of carpal tunnel 
syndrome was 14.8%, while that of electrophysiologi-
cally verified carpal tunnel syndrome was 4.9% (3). 

Carpal tunnel syndrome
Carpal tunnel syndrome is by far the most com-
mon peripheral nerve compression syndrome.

Incidence
The incidence of carpal tunnel syndrome is >3 
new cases per 1000 persons per year. Women are 
affected 3 to 4 times as commonly as men.

TABLE 1

Compression syndromes and focal nerve lesions (from [3])

Classic / typical 
compression syndromes 

Carpal tunnel syndrome
Supinator syndrome
Morton’s metatarsalgia
Meralgia paresthetica
Cheiralgia (Wartenberg syndrome)
Symptomatic tarsal tunnel syndrome

Combined forms 
(with pressure or stretch lesions)

Cubital tunnel syndrome
Loge de Guyon syndrome
Peroneal nerve compression 
 syn drome

Controversial and/or very rare 
compression syndromes

Pronator / anterior interosseous nerve
 syndrome
Idiopathic tarsal tunnel syndrome
Thoracic outlet syndrome (TOS)
Piriformis syndrome
Radial tunnel syndrome
Pudendal neuralgia
Suprascapular nerve compression 
 syndrome

Atypical syndromes / 
occupational palsies

Intraneural ganglion
Compartment syndrome
Nerve torsion
Nerve lesions in athletes, musicians, 
etc. 
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The incidence of the condition was more than 3 new 
cases per 1000 persons per year (3). Among affected 
persons, the female-to-male ratio is between three and 
four to one. Prevalence is associated with age; it is 
 highest in the fifth and sixth decades (4). Carpal tunnel 
syndrome usually arises bilaterally, but the dominant 
hand is somewhat more commonly affected, and 
usually more intensely. In our experience, carpal tunnel 
syndrome often runs in families (e1). It does not seem 
to be related to any particular hand position used while 
typing on a computer keyboard (e2).

The symptoms of carpal tunnel syndrome often arise 
in the setting of an episode of tenosynovitis or (perhaps 

occupational) overuse of the hand, or during pregnancy 
(3). Carpal tunnel syndrome is recognized as an 
 occupational disorder in persons who perform certain 
activities involving repetitive flexion and extension of 
the wrist (e.g., working on a conveyor belt, meat pack-
ing, gardening, playing a musical instrument) (5). 

The initial and main symptom of carpal tunnel syn-
drome is a painful pins-and-needles sensation in the 
hand(s), primarily at night (brachialgia paresthetica 
nocturna) (1, 3, 4). In more advanced cases, the patient 
may suffer from numbness of the thumb and middle 
three fingers and difficulty performing fine manual 
work. Thenar muscle atrophy is seen only in very 
 advanced cases. The diagnosis can be established by 
electrophysiology and imaging (Box 1).

Physical examination involves a search for sensory 
and motor deficits, as well as two clinical screening 
tests—the Hoffman–Tinel sign and the Phalen test. 
Even if the history and physical findings are entirely 
typical of carpal tunnel syndrome, an electrophysiologic 
study should be performed to confirm the diagnosis de-
finitively and to provide a baseline for follow-up 
studies.

Imaging studies—high-resolution neuro-
 ultrasonography and magnetic resonance imaging—are 
now coming into more common use but are not yet the 
diagnostic methods of first choice. A meta-analysis of 19 
clinical trials of these imaging methods yielded overall 
figures of 77.6% sensitivity and 86.8% specificity (6); in 
comparison, sensory neurography is 89% sensitive and 
98% specific (7). A current evidence-based guideline 
 includes a recommendation for imaging studies as a use-
ful complement to electrodiagnostic studies, particularly 
for the demonstration of structural changes at the wrist 
(8). 

The main differential diagnoses of carpal tunnel syn-
drome are C7 syndrome (occasionally, C6 syndrome) 
and polyneuropathy. The following criteria suggest that 
a radicular syndrome is present: 
● the paresthesiae cannot be “shaken out”;
● they extend beyond the median nerve distribution;
● they are present more or less continuously and are 

made worse by head movement, coughing, and 
Valsalva maneuvers.

Carpal tunnel syndrome is sometimes seen in 
combination with radiculopathy or diabetic 
 neuropathy. Carpal tunnel syndrome is more com-
mon in persons with diabetic neuropathy (30%) than 
in persons without it (14%) (9).

Initial symptom
The initial and main symptom of carpal tunnel 
syndrome is a painful pins-and-needles sensation 
in the hand(s), primarily at night (brachialgia 
 paresthetica nocturna).

Conservative treatment
In the early stage of the condition, nocturnal 
splinting of the wrist and local corticoid 
 infiltration can be recommended.

FIGURE 1

The carpal tunnel Topographical anatomy of the carpal tunnel and of the course of the 
median nerve under the flexor retinaculum (the dotted line marks the incision) (3).

superficial palmar 
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palmar branch of 
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median nerve

ulnar nerve
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has been confirmed in comparative randomized trials 
(12). 

The most commonly used endoscopic instrumen-
tation systems are the single-portal Agee system and 
the dual-portal Chow system. Endoscopically 
 assisted splitting of the flexor retinaculum is per-
formed with an instrument resembling a pistol (the 
Agee system) or with various knives introduced 
through guide tubes (the Chow system). Endoscopic 
carpal tunnel release has a longer learning curve than 
the open procedure; the surgeon must be adequately 
trained in endoscopic technique (16). According to a 

Ineffective treatments
Therapeutic ultrasound application, exercises, 
and mobilization techniques (including yoga) 
are only marginally superior to placebo and 
cannot be recommended as treatment options.

The surgical treatment of choice
The simplest and most common surgical treat-
ment, which is also the treatment of choice, is 
open splitting of the flexor retinaculum.

BOX 1

The diagnostic evaluation of carpal tunnel 
 syndrome (1)
● History

– hands “falling asleep”: typical and nearly pathognomonic early symptom
– paresthesiae improve or disappear when the hands are “shaken out”
– often, both hands are affected; therefore, commonly misdiagnosed as a 

 cervical spine syndrome, cervical myelopathy, or polyneuropathy 
– persistent numbness and a loss of fine motor control are late symptoms 

● Physical examination
– the neurological examination is usually normal in the early stage
– clinical tests such as the Phalen (hand flexion) test are unreliable as 

 screening methods for early median nerve compression 

● Neurography
– distal motor latency of median nerve >4.2 ms (distance, 7 cm); 

 recommended as a standard measurement because of its high specificity 
– prolongation of distal motor latency of median nerve compared to ulnar nerve 

when measured from the 2nd interdigital space, >0.4 ms
– sensory nerve conduction velocity (NCV) of the median nerve lower than 

that of ulnar nerve by more than 8 m/s (most sensitive method) (sensory 
neurography)

● Imaging
– demonstration of a pseudoneuroma proximal to the site of stenosis as 

 increased cross-sectional area in a high-resolution neuro-ultrasonogram 
– obtain an MRI if a tumor is suspected

Treatment
Carpal tunnel syndrome needs to be treated when its 
typical manifestations are present frequently or 
 persistently and are severe enough to impair the pa-
tient’s quality of life. On the other hand, a positive 
electrophysiologic finding without any correspond-
ing symptoms requires no treatment.
Conservative treatment—In the early stage of the 
condition, nocturnal splinting of the wrist and local 
corticoid infiltration can be recommended as 
 treatments whose efficacy has been documented in 
prospective randomized trials (10, e3). Splinting has 
been found effective over the long term; corticoid in-
filtration provides relief for four weeks at most (3). 
There is no evidence that treatment with nonsteroidal 
anti-inflammatory drugs brings any significant 
 lasting benefit (3).

Therapeutic ultrasound application, exercises, and 
mobilization techniques (including yoga) are only 
marginally superior to placebo (e3–e5) and cannot be 
recommended as treatment options.

The decision when to terminate conservative 
treatment and proceed to surgery largely depends on 
the patient’s degree of suffering, rather than on any 
objective finding. In general, surgery should be 
 performed before a persistent neurologic deficit 
arises.
Surgical treatment—The following are indications 
for surgery:
● persistent sensory impairment;
● intractable nocturnal pain and paresthesiae that 

keep the patient awake at night.
Multiple randomized controlled trials have docu-

mented the superiority of surgery (both open and 
 endoscopic) to conservative treatment, especially 
with respect to long-term results (11–15). Surgery 
must involve the complete splitting of the flexor 
 retinaculum. The operation is now performed on an 
outpatient basis in nearly all cases; it can also be per-
formed during pregnancy or on a patient who is very 
old, diabetic, or undergoing dialysis for end-stage 
renal failure (3). 

The available surgical techniques are summarized 
in Table 2. The simplest and most common treat-
ment, which is also the treatment of choice, is open 
splitting of the flexor retinaculum. 

Minimally invasive techniques are currently just 
as safe as open surgery when performed in experi-
enced hands (e6) and yield comparable results, as 
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current meta-analysis of pertinent publications, most 
of which contain relatively low-level evidence (17), 
endoscopic carpal tunnel release has the same com-
plication rate as open surgery but is associated with 
an earlier recovery of hand strength and a more rapid 
return to work. 

Patients should perform functional exercises 
 beginning in the first few days after surgery. On the 
other hand, patients who have undergone surgery 
without any complications do not need postoperative 
rehabilitation measures such as wrist orthoses, cold 
therapy, laser therapy, multimodal hand rehabili-
tation, electrotherapy, or scar desensitization. There 
is insufficient evidence for the efficacy of any of 
these treatments (18).

Timely surgery yields very good results, with 
documented success rates as follows: 
● open surgery, 91.6%;
● single-portal endoscopic surgery, 93.4%;
● dual-portal endoscopic surgery, 92.5%. 
The complication rate in experienced hands is less 

than 1% (4), over both the short and the long term (4, 
e6). Surgery is beneficial even in advanced cases 
with sensory impairment and muscle atrophy, and 
even in elderly patients (1); the pain and sensory 
 impairment tend to improve, but the muscle atrophy 
is generally irreversible (1, 4). True recurrence of 
carpal tunnel syndrome after initially effective 

The success rates of surgery are:
• open surgery, 91.6%
• single-portal endoscopic surgery, 93.4%
• dual-portal endoscopic surgery, 92.5%

Elderly patients
Surgery is beneficial even in advanced cases 
with sensory impairment and muscle atrophy, 
and even in elderly patients.

FIGURE 2

The most common site of ulnar nerve compression, where the nerve passes through the 
cubital tunnel under Osborne’s ligament (3)

arcade of 
Struthers

Osborne’s 
ligament

deep flexor fascia

TABLE 2

Surgical methods of retinaculum splitting (from [3])

Method

Open retinaculum splitting 
(normal incision, 3–4 cm)

Open retinaculum splitting 
(mini-incision, ca. 2 cm)

Single-portal endoscopy 
(Agee method)

Dual-portal endoscopy  
(Chow method)

Semi-open, endoscopically assisted 
techniques (Preissler, Krishnan, 
 Hoffmann, and others)

Advantages

Simple, inexpensive, safe

Smaller scar; possible earlier return to 
full wrist movement 

The pistol-like apparatus is easy to 
manipulate (one-hand technique)

Good control of the knife assures that 
the cut is in the intended direction; 
cheaper than single-portal technique

Relatively easy to learn, incision 
 somewhat smaller than with the 
 standard open methods

Disadvantages

Larger scar than other methods 

Risk of incomplete retinaculum split-
ting and of nerve injury

Costly; special training needed (learn -
ing curve) because of the (low) risk of 
neural and vascular injury

Special training needed (learning 
 curve) because of the risk of injury to 
the common digital nerve 

No particular disadvantages

Remarks

Standard method

An alternative to the standard method

No clear advantage over the standard 
open methods

No clear advantage over the standard 
open methods

No clear advantage, not widely used, 
application depends on the surgeon’s 
personal experience
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 treatment is rare. In our experience, true recurrence 
accounted for only 27% of reoperations and was 
usually seen in dialysis patients (e7).

Improper surgical technique and poor 
 intraoperative exposure may lead to incomplete 
splitting of the retinaculum and, in turn, to persistent 
or progressive symptoms that will necessitate a 
 second, corrective surgical procedure (e7, e8).

Cubital tunnel syndrome (ulnar neuropathy 
at the elbow) 
Cubital tunnel syndrome involves compression and 
irritation of the ulnar nerve at the elbow. It is the 
 second most common nerve compression syndrome 
and was previously called the sulcus ulnaris syn-
drome. Neurologists know it as ulnar neuropathy at 
the elbow (Figure 2).

Cubital tunnel syndrome involves compression in 
the cubital tunnel under Osborne’s ligament, often 
with a contributory component from nerve stretching. 
It is classified as either primary (idiopathic), includ-
ing anatomical variants such as ulnar nerve 
 subluxation or an epitrochleo-anconeus muscle, or 
secondary (symptomatic), including delayed ulnar 
paresis due to trauma or elbow arthrosis. Secondary 
cubital tunnel syndrome can also be caused by extra-
neural or, less commonly, intraneural masses, such as 
a lipoma or ganglion.

The incidence of cubital tunnel syndrome is 24.7 
cases per 100 000 persons per year, which is one-
 thirteenth that of carpal tunnel syndrome. It is roughly 
twice as common in men as in women (2). In our 
 experience, the left side is affected almost three times as 
often as the right, making a further contrast to carpal 
tunnel syndrome (3, 19) (Box 2). The most common 
 differential diagnoses are an acute pressure-related 
ulnar nerve palsy after prolonged lying on, or propping 
oneself up with, the elbow, and acute C8 or T1 radiculo-
pathy due to an irritative or compressive lesion.

Treatment
Mild cases with a recent history can be treated 
 conservatively at first. Nocturnal elbow splinting 
can markedly improve symptoms. According to a 
 recent clinical study, there is no consensus regard-
ing the optimal type or duration of splinting (e9). 
Surgery should be performed before the develop-
ment of muscle atrophy, which is largely irreversible 
(2).

Cubital tunnel syndrome
Cubital tunnel syndrome involves compression 
or irritation of the ulnar nerve at the elbow. 

Differential diagnosis
The most common differential diagnoses are an 
acute pressure-related ulnar nerve palsy after 
 prolonged lying on, or propping oneself up with, 
the elbow, and acute C8 or T1 radiculopathy due to 
an irritative or compressive lesion.

BOX 2

The diagnostic evaluation of cubital 
tunnel  syndrome (3)
● History

– onset often acute, with numbness or paresthesiae of 
the 4th and 5th fingers 

– aching pain in the forearm
– atrophy of the intrinsic muscles of the hand, often not 

noticed by the patient 
– delayed paresis after old elbow joint injury 

● Physical examination
– hypesthesia of the ulnar 1 1/2 digits, the ulnar side of 

the dorsum of the hand, and the hypothenar emi-
nence 

– positive Froment sign
– incomplete or absent adduction of the little finger
– tenderness and (often) thickening of the ulnar nerve 

at the elbow / in the sulcus ulnaris 
– less commonly, subluxation of the ulnar nerve 
– atrophy of the intrinsic muscles of the hand inner -

vated by the ulnar nerve, with abnormal claw posture 
of the 4th and 5th fingers 

● Neurography
– lowering of the motor nerve conduction velocity in the 

elbow segment of the ulnar nerve by more than 16 
m/s compared to its forearm segment 

– significantly lowered amplitude (by at least 40%) of 
the motor response potential after stimulation 
 proximal to the cubital tunnel, compared to stimula -
tion distal to it 

– prolonged proximal latency (can be followed longitu-
dinally over the patient’s further course)

● Imaging
– with high-resolution neuro-ultrasonography, demon -

stration of changes in the size and position of the 
 ulnar nerve at the elbow (also of changes in the echo 
texture of the nerve) 

–  magnetic resonance neurography (MRN) enables the 
visualization of structural changes of the ulnar nerve 
and its environment 
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Surgery is indicated in case of (2, 19):
● progressive symptoms,
● sensorimotor deficits,
● lack of clinical and electroneurographic 

 improvement, or
● worsening of the objective findings on follow-

up several weeks after the initial visit. 
Surgical treatment—A variety of surgical methods 
can be used to treat cubital tunnel syndrome. There 
has been a paradigm shift over the past decade: ac-
cording to representative statistics from the USA, the 
percentage of treatments by nerve transposition has 
declined from 49% to 38%, while the overall number 
of surgical procedures has increased by 47% (20). 
The method of choice is a simple decompression in 
which the cubital tunnel retinaculum is completely 
opened in an open surgical procedure through an 
 incision measuring 4 to 6 cm in length (19). 
 Endoscopically assisted decompression is now being 
increasingly performed. The initial findings in a 
prospective, blinded trial have not revealed any clear 
superiority of endoscopy over open surgery (person-
al communication from Prof. Schroeder, Neuro -
surgery, Greifswald). The long-term results of 
 anterior transposition (63.1 months of follow-up) are 
identical to those of decompression (52 months of 
follow-up) (21). Primary subcutaneous transposition 
of the ulnar nerve, perhaps accompanied by a partial 
epicondylectomy, should be considered or preferred 
in cases with marked anatomical changes in the 
elbow joint (2) (Table 3).

Results
Multiple meta-analyses and systematic reviews have 
not revealed any statistically significant difference 
between the outcomes of simple decompression and 
anterior transposition (whether subcutaneous or sub-
muscular) (2). The transposition procedures had 
more frequent complications. 

For milder cases, the findings of a randomized 
controlled trial suggest that conservative treatment is 
best, with avoidance of unfavorable arm positions 
and movements (22, 23).

Minimal medial epicondylectomy is an alternative 
to subcutaneous anterior transposition of the ulnar 
nerve (e10). No predictive factors for the success of 
the latter procedure could be identified in either of 
the two studies in which this was tried (24, 25). The 
second study (25) concerned painful cubital tunnel 
syndrome.

Overall, the results of surgery for cubital tunnel 
syndrome are not as good as those of surgery for car-
pal tunnel syndrome (23). Muscle atrophy of more 
than one year’s duration is generally only partly re-
versible, if at all. The rate of recurrence of cubital 
tunnel syndrome after endoscopic or open decom-
pression is 12.2% (e11).

Rarer and controversial compression 
 syndromes
An overview of these compression syndromes, 
which affect the upper and the lower limbs, is found 
in Tables 4 and 5.

Surgery for cubital tunnel syndrome
The method of choice is a simple decompres -
sion in which the cubital tunnel retinaculum is 
completely opened in an open or endoscopic 
surgical procedure.

Treatment outcomes
Multiple meta-analyses and systematic reviews 
have not revealed any statistically significant 
difference between the outcomes of simple 
 decompression and anterior transposition 
(whether subcutaneous or submuscular).

TABLE 3

Advantages and disadvantages of surgical methods of treating cubital tunnel syndrome (from [3])

Method 

Open decompression

Endoscopically assisted (in situ) 
decompression

Subcutaneous (or submuscular)
 transposition

Epicondylectomy (with decompression 
and/or transposition), partial/minimal 
epicondylectomy

Advantages 

Simple technique, low risk

Small incision, low risk, possible over 
a long distance

Indicated in cases of cubitus valgus 
and severe post-traumatic conditions

Less traumatic than deep submuscu-
lar transposition

Disadvantages

Note exceptions

Occasionally, subcutaneous hemato-
ma in a wide area; rarely, nerve injury

Endangerment of blood supply, opera-
tive risks (kinking of the nerve)

Risk of joint instability; this risk is 
 lower if the epicondylectomy is only 
partial or minimal

Remarks

Now the standard method for most 
cases, including with luxation and 
subluxation

Competes with the open method

Requires extensive
operative experience

Less commonly used in the German-
speaking countries than in the USA 
and elsewhere
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What is known about the rarer compression syndromes, and 
what remains uncertain?
Here we will briefly characterize and assess, as well 
as we can, this mixed group of focal compressive 
nerve lesions, some of which are still inadequately 
explained and controversial (see also Table 1).

In the supinator tunnel syndrome (syndrome of the 
posterior interosseous nerve, PIN), the deep radial 
nerve is compressed under the arcade of Frohse. A 
systematic review of the treatment of this condition 
revealed that controlled clinical trials are scarce, but 
two observational studies provide evidence that sur-

gical decompression of the PIN may be effective in 
cases of idiopathic compression (26). A space-oc-
cupying lesion such as a lipoma or ganglion that 
causes symptomatic compression of the PIN is a 
clear indication for surgery. This syndrome is associ-
ated with weakness and is not to be confused with 
the so-called painful supinator tunnel syndrome (also 
called “tennis elbow”). Studies to date have not 
 revealed a neurogenic origin for the pain in the latter 
condition, which is its only symptom.

 Meralgia paresthetica is pain due to compression 
of the lateral femoral cutaneous nerve under the 

Supinator tunnel syndrome
In the supinator tunnel syndrome (syndrome of 
the posterior interosseous nerve, PIN), the deep 
radial nerve is compressed under the arcade of 
Frohse.

Meralgia paraesthetica 
Meralgia paresthetica is pain due to compres sion 
of the lateral femoral cutaneous nerve under the 
inguinal ligament. Only weak evidence exists to 
support any treatment recommenda tion because 
of a lack of randomized controlled trials.

TABLE 4

Synopsis of the rarer compression syndromes and neuropathies of the shoulder girdle and the upper limb

AIN, anterior interosseous nerve; CTS, carpal tunnel syndrome; CUTS, cubital tunnel syndrome; DD, differential diagnosis; EMG, electromyography; MRI, magnetic resonance imaging;   
MRN, magnetic resonance neurography; RCT, randomized and controlled trial

Cause

Symptoms

Physical 
findings

Electro -
physiology

Imaging

Treatment

Neurogenic thoracic 
outlet syndrome 
(TOS)

Anomalies (including 
fibromuscular) of the 
upper thoracic 
aperture, cervical rib

Pain and paresthe-
siae, particularly 
when carrying heavy 
loads and working 
above the head

Hoffmann–Tinel sign 
in the supraclavicular 
fossa, sometimes 
weakenss and atro-
phy of the small mus-
cles of the hand

For the exclusion of 
CTS, CUTS, etc.

Magnetic resonance 
neurography of the 
brachial plexus; x-ray 
for cervical rib

Patient exercises;
surgery not recom-
mended, as the 
 evidence base is
 inadequate

Suprascapuluar 
nerve syndrome

Ganglia, normal 
 anatomic variants, 
traction injuries in 
 athletes  

Shoulder pain, 
 weakness of external 
rotation of the arm

Atrophy of the supra- 
and infraspinatus 
muscles

EMG

MRI to demonstrate 
ganglia

Infiltration to treat 
pain, surgery to 
remove ganglia; 
no RCTs available 

Supinator tunnel 
 syndrome

Compression of the 
deep radial nerve 
under the arcade of 
Frohse, lipomas, and 
other mass lesions

Weakness of finger 
extensors (DD rup -
tured extensor 
 tendon); if painful, DD 
tennis elbow

Weakness of finger 
extensors and of 
 ulnar (but not radial) 
wrist extensor; no 
sensory deficit

EMG, neurography of 
the deep radial nerve

Demonstration of 
compression and 
mass witn US and 
MRI

Usually surgical; no 
RCTs available

Pronator teres / 
anterior inter -
osseous nerve 
 syndrome

Possibly inflammatory 
in lesions of the 
anterior interossous 
nerve or nerve fasci-
cle torsion 

Uncharacteristic in 
pronator syndrome; in 
AIN lesion, weakness 
of thumb and of 
 flexion of the distal 
phalanx of the index 
 finger

Pathological pinch 
grip

EMG 

Potential demonstra -
tion of fascicle torsion 
by MRN or neuro-
 ultrasonography

Controversial; 
no RCTs

Wartenberg syn-
drome (cheiralgia)

Idiopathic 
compression of the 
superficial radial 
nerve 

Pain and paresthe-
siae in the thumb 
and dorsum of the 
hand

Positive Finkelstein 
test, hypesthesia 
may be absent

Sensory 
neurography

Ultrasound

Usually conserva -
tive, no RCTs

Loge de Guyon    syn-
drome (distal ulnar 
nerve compression)

Subacute compression 
(handlebar palsy, 
crutch palsy), ganglia

activity-induced pain 
(more common if a 
ganglion is the under-
lying lesion), weak key 
grip

Froment sign, atrophy 
of adductor pollicis; no 
hypesthesia in exclu -
sive involvement of the 
deep branch of the 
 ulnar nerve

Sensory and motor 
neurography, EMG

Ultrasound

From expectant 
to surgical;
 no RCTs
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 inguinal ligament. Only weak evidence exists to 
 support any treatment recommendation because of a 
lack of randomized controlled trials. In the best ob-
servational studies performed to date, similar results 
were observed after treatment with injections, after 
surgical treatment (by decompression or nerve 
 transection), and without any treatment (27).

Suprascapular nerve syndrome arises both in an 
idiopathic form, mainly in high-performance athletes 
(e.g., volleyball and basketball players), and in a 
symptomatic form, caused by a ganglion. The indi-
cation for surgery is intractable pain along with 
atrophy of the supra- and infraspinatus muscles, if 
the presence of a ganglion is confirmed by an im-
aging study. The surgical treatment can be either 
open or endoscopic (28, e12). No controlled trials of 
treatment have been performed to date.

Thoracic outlet syndrome (TOS) is one of the 
more controversial nerve compression syndromes. 
The diagnosis is hard to make in patients who have 
pain but no clear-cut neurologic deficit (so-called 
atypical TOS). It may be that magnetic resonance 
neurography will bring greater diagnostic certainty 
in the future (29). A randomized double-blind trial 
revealed no improvement of pain or paresthesiae after 
conservative treatments such as botulinum toxin in-
jections in the anterior and medial scalene muscles 
(30). In the absence of evidence-based  criteria for 
surgical indications, the decision to operate can only 
be made on a case-by-case basis (31).

Wartenberg syndrome, also called cheiralgia par -
esthetica, is a rare condition in which compression of 
the superficial branch of the radial nerve causes pain 
and paresthesiae on the radial side of the  dorsum of 

Thoracic outlet syndrome
Thoracic outlet syndrome (TOS) is one of the 
more controversial nerve compression 
 syn dromes. The diagnosis is hard to make in 
 patients who have pain but no clear-cut 
 neurologic deficit (so-called atypical TOS).

Wartenberg syndrome
Wartenberg syndrome is a rare condition in 
which compression of the superficial branch of 
the radial nerve causes pain and paresthesiae 
on the radial side of the dorsum of the hand, 
and in the thumb.

TABLE 5

Synopsis of rarer peripheral nerve compression syndromes of the lower limb

 RCT, randomized and controlled trial; NCV, nerve conduction velocity; EMG, electromyography

Cause

Symptoms

Physical
findings

Electro -
physiology

Imaging

Treatment

Meralgia paresthetica

Compression of the lateral 
femoral cutaneous nerve 
under the inguinal liga-
ment 

Hypesthesia and dyses-
thesia on the ventrolateral 
aspect of the thigh

Tenderness medial to the 
anterior superior iliac spine

Sensory neurography 
 optional

Ultrasonography difficult

Initially conservative (corti-
coid injection), surgical in 
case of intractability; no 
RCTs available

(Posterior) tarsal tunnel 
syndrome

Compression of the tibial 
nerve or plantar nerves in 
the tarsal tunnel or distally; 
unequivocal only with a 
 tumor

Paresthesia, dysesthesia, 
and numbness of the sole 
and toes

Local tenderness and 
Hoffmann–Tinel sign

Not definitive (Patel 2005); 
sensory NCV in a compari-
son of the two sides

Demonstration of extra- 
and intraneural mass 
 lesions in the symptomatic 
form 

Unclear for idiopathic 
 origin; generally operative 
when caused by a mass; 
no RCTs available

Morton’s metatarsalgia

Compression of digital 
 nerves between metatar-
sal heads, accompanying 
bursitis

“I can’t wear tightly fitting 
shoes any more”

Tenderness in the inter -
digital space, usually 
D3/4 (Mulder test); in 
 some cases, hypesthesia 
of the adjacent sides of 
 toes

Not applicable

Ultrasonography as 
method of 1st choice, 
otherwise MRI

Generally operative by a 
plantar or dorsal approach; 
no RCTs

Peroneal nerve 
compression

Unknown in most cases; 
work in squatting position, 
extra- and intraneural 
ganglia

Pain radiating into the leg, 
weakness of dorsiflexion 

Weakness of tibialis ante-
rior and extensor digitorum 
muscles, tenderness over 
fibular head, hypesthetic 
dorsum of foot

Neurography, EMG

Ultrasonography, 
demonstration of 
a ganglion

Expectant or operative 
(ganglion); no RCTs 

Anterior tarsal tunnel 
syndrome

Compression of the deep 
peroneal nerve in the 
 dorsum of the foot; cause 
often unknown; shoes

Pain in the dorsum of the 
foot

Tenderness in the dorsum 
of the foot,  atrophy of the 
extensor digitorum brevis, 
hypesthesia on the dor-
sum of the hallux

Neurography, EMG

Unknown

Expectant or operative; no 
RCTs
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the hand, and in the thumb (3). Sensory deficits are 
rare, and neurography is reliable only if there is a 
pathological finding. There have been only sporadic 
case reports of ultrasonographic findings and treat-
ment outcomes, and there have not been any con-
trolled clinical trials on which to base decisions 
about surgery. External pressure lesions of the 
 cutaneous nerve are more common and are often 
caused by bracelets with sharp edges.

The symptoms of loge de Guyon syndrome and of 
distal ulnar nerve compression at the wrist vary 
 depending on the site of the lesion. Isolated com-
pression of the deep branch is more common. It is 
characterized by a positive Froment sign and by 
atrophy of the first dorsal interosseous muscle, 
 without any accompanying sensory deficit. It is com-
monly caused by a ganglion or by external pressure 
(thus the term “cyclist’s palsy” or “handlebar 
palsy”). Because of the rarity of this condition, no 
controlled therapeutic trials have been performed. A 
ganglion causing progressive neurologic symptoms 
should be surgically removed. Pressure lesions 
usually improve spontaneously.

Pronator syndrome, caused by compression of the 
median nerve just below the elbow, and anterior in-
terosseous nerve syndrome, caused by compression 
of this nerve, are rare and controversial conditions 
(32). There are no large cases series or controlled 
therapeutic trials for either. These entities clinically 
resemble Kiloh-Nevin syndrome, which is presumed 
to be a form of neuritis. They have been provision-
ally attributed to fascicle torsion, of uncertain patho-
genetic significance, in the main stem of the median 
nerve and proximal to the origin of the anterior inter-
osseous nerve (33). According to a recently 
 published study, these entities may be related to 
 immunological mononeuropathies such as multifocal 
motor neuropathy (MMN) (34).

Morton’s metatarsalgia is due to compression of 
the interdigital nerves by displacement of the neuro -
vascular bundle, usually in the space between the 
third and fourth toes, and usually with accompany-
ing bursitis. A “spot diagnosis” can often be made on 
clinical grounds alone if the patient has typical 
symptoms (“I can’t wear tightly fitting shoes any 
more”) and a positive Mulder sign. Local infiltration 
of alcohol has been found ineffective (e13), while 
local corticoid infiltration has been found effective, 
but only for a limited time (35). Success rates of 

70% to 90% have been reported for surgical excision 
of the pseudoneuroma through a dorsal (or plantar) 
approach (36, e14, e15). 

Tarsal tunnel syndrome is a controversial entity, at 
least in cases that cannot be attributed to a mass 
lesion (ganglion, schwannoma) or prior trauma. The 
very rare idiopathic type is overdiagnosed (37); this 
diagnosis is particularly inappropriate when it is not 
supported by either electrophysiology or imaging. A 
mass lesion is the only clear indication for surgery. 
In other cases, no evidence-based treatment recom-
mendation can be made. 

Anterior tarsal tunnel syndrome, i.e., idiopathic 
compression of the distal portion of the deep 
 peroneal nerve under the extensor retinaculum, has 
been only rarely described and remains poorly diag-
nosed (e16). Proximal, focal peroneal neuropathy 
near the fibular head is more common; it is often due 
to external pressure (e.g., faulty positioning for sur-
gery) or a stretch injury. Surgery for a peroneal nerve 
palsy is generally indicated where ultrasound reveals 
an intra- or extraneural ganglion cyst originating 
from the tibiofibular joint (38).

Multiple decompressions of the tibial nerve and its 
branches in the tarsal tunnels, and of the peroneal 
nerve at the knee, were recommended at one time as a 
putative means of preventing ulcers in patients with 
diabetic polyneuropathy. It was concluded in a sys-
tematic review (39) that there is no evidence from 
randomized controlled trials, or from well-
 documented prospective studies, to support the 
 efficacy of this treatment. Further studies have been 
published since then, some of them with large 
numbers of cases (e17–e19); nevertheless, the benefit 
of decompressive surgery of this type cannot be 
 definitively assessed at present. 

Piriformis syndrome, another controversial com-
pression syndrome, is said to be due to compression 
of the sciatic nerve in the infrapiriform foramen. 
There is no validated diagnostic or therapeutic 
 procedure for piriformis syndrome (e20). Attempts 
have been made to treat it with local infiltration of 
local anesthetic agents, corticoids, and botulinum 
toxin, usually under imaging guidance (computed 
 tomography or ultrasound) (e21, e22).

Compression syndromes of the ilioinguinal and 
iliohypogastric nerves are rare. They can arise as 
the result of a traumatic hematoma, or else 
 iatrogenically after inguinal hernia repair, urologic 

Morton’s metatarsalgia
Morton’s metatarsalgia is due to compression 
of the interdigital nerves by displacement of the 
neurovascular bundle, usually in the space 
 between the third and fourth toes, and usually 
with accompanying bursitis.

Controversial compression syndromes
Piriformis syndrome is a controversial com-
pression syndrome said to be due to compres-
sion of the sciatic nerve in the infrapiriform 
 foramen. There is no validated diagnostic or 
therapeutic procedure for piriformis syndrome.
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proce dures, laparoscopy, vascular puncture, or iliac 
crest biopsy.

Diagnostic and therapeutic nerve blocks are 
 ineffective in the management of pain after inguinal 
hernia repair (e23).

The clinical experience with pudendal neuralgia 
as a putative cause of pain in the perineal region is 
similarly problematic. Electrophysiologic studies 
have only limited sensitivity and specificity for this 
condition, which is diagnosed on clinical grounds 
(e24). Surgical decompression has been reported to 
be of limited efficacy in two-thirds of cases (e25). 
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Please answer the following questions to participate in our Continuing Medical Education program. 
Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
What is the most sensitive test for the early diagnosis of 
carpal tunnel syndrome? 
a) distal motor latency
b) sensory neurography
c) electromyography
d) neuro-ultrasonography
e) neuro-MRI

Question 2
What is absolutely essential in the surgical treatment of 
carpal tunnel syndrome?
a) The motor branch must be exposed.
b) An epineurotomy must be performed.
c) The retinaculum must be completely split.
d) The wrist must be immobilized in a cast.
e) A synovectomy must be performed.

Question 3
What syndrome has a positive Phalen test?
a) loge de Guyon syndrome
b) pronator syndrome
c) carpal tunnel syndrome
d) Wartenberg syndrome
e) Morton syndrome

Question 4
What is the typical site of ulnar nerve compression?
 a) in the loge de Guyon
b) under Osborne’s ligament
c) under the arcade of Struthers
d) in the sulcus ulnaris
e) in the supinator tunnel

Question 5
What is the most likely diagnosis if a male patient 
 complains of painful “falling asleep” of the hands? 
a) syringomyelia
b) impaired circulation
c) cervical spondylosis 
d) carpal tunnel syndrome
e) peripheral neuropathy

Question 6
What condition is associated with isolated atrophy of the first dorsal 
interosseus muscle without any sensory disturbance? 
 a) C8 radiculopathy
b) distal ulnar nerve compression
c) neural muscular atrophy
d) posterior interosseous nerve syndrome
e) thoracic outlet syndrome (TOS)

Question 7
Which of the following is typical in supinator tunnel syndrome?
a) arm pain at night
b) sensory impairment on the dorsum of the hand and thumb
c) weak wrist extension
d) weak finger and thumb extension
e) loss of the brachioradialis reflex

Question 8
What diagnosis is most likely when a female patient complains that 
she can no longer wear tightly fitting shoes? 
a) intermittent claudication
b) sciatica
c) Morton’s metatarsalgia
d) flat feet
e) tarsal tunnel syndrome

Question 9
What syndrome characteristically manifests weakness of key grip? 
a) anterior interosseous nerve syndrome
b) neurogenic thoracic outlet syndrome
c) supinator tunnel syndrome
d) Wartenberg syndrome
e) loge de Guyon syndrome

Question 10
What is the usual cause of Morton’s metatarsalgia?
a) interdigital nerve compression by displacement of the neurovascular 

bundle 
 b) compression of the deep radial nerve under the arcade of Frohse
 c) compression of the lateral femoral cutaneous nerve under the inguinal 

ligament
 d) subacute compression by a ganglion
e) a hereditary normal anatomical variant
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eFIGURE 1

Supinator tunnel syndrome. The deep branch of the radial nerve is usually compressed 
under the arcade of Frohse (3)
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eFIGURE 2

Morton’s metatarsalgia. A pseudoneuroma develops between the 
3rd and 4th (and between the 2nd and 3rd) metatarsal heads (3)

eFIGURE 3

Exposure of the neurovascular bundle after opening the posterior tarsal tunnel (3)
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