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Carpal tunnel syndrome: clinical features, diagnosis, and
management
Luca Padua, Daniele Coraci, Carmen Erra, Costanza Pazzaglia, Ilaria Paolasso, Claudia Loreti, Pietro Caliandro, Lisa D Hobson-Webb

Carpal tunnel syndrome is the most common peripheral nerve entrapment syndrome worldwide. The clinical
symptoms and physical examination ﬁndings in patients with this syndrome are recognised widely and various
treatments exist, including non-surgical and surgical options. Despite these advantages, there is a paucity of evidence
about the best approaches for assessment of carpal tunnel syndrome and to guide treatment decisions. More objective
methods for assessment, including electrodiagnostic testing and nerve imaging, provide additional information
about the extent of axonal involvement and structural change, but their exact beneﬁt to patients is unknown. Although
the best means of integrating clinical, functional, and anatomical information for selecting treatment choices has not
yet been identiﬁed, patients can be diagnosed quickly and respond well to treatment. The high prevalence of carpal
tunnel syndrome, its eﬀects on quality of life, and the cost that disease burden generates to health systems make it
important to identify the research priorities that will be resolved in clinical trials.

Introduction
Entrapment neuropathies are the most frequent
mononeuropathies encountered in clinical practice. In
these neuropathies, the nerve is damaged at sites where it
passes through narrow, restricted spaces.1 Although
entrapment neuropathies aﬀect only a small portion of the
nerve, they can have substantial physical, psychological,
and economic (eg, loss of earnings) consequences.2–4 The
exact cause of these neuropathies is largely unknown and a
multifactorial origin is presumed; in such cases, the
entrapment syndromes are deﬁned as idiopathic.
Carpal tunnel syndrome is the most common and
widely studied nerve entrapment syndrome.5 It is caused
by compression of the median nerve at the wrist as it
passes through a space-limited osteoﬁbrous canal. This
canal, known as the carpal tunnel, contains the wrist
bones, transverse carpal ligament, median nerve, and
digital ﬂexor tendons. Oedema, tendon inﬂammation,
hormonal changes, and manual activity can contribute to
increased nerve compression and sometimes cause pain,
as in the case of tendon inﬂammation. In more severe
cases, weakness of median nerve innervated muscles can
occur, resulting in hand weakness.
The diagnosis and treatment of carpal tunnel syndrome
has been approached from diﬀerent perspectives and
with diﬀerent methods. This variation has occurred
because of the high incidence of the syndrome, its
tendency to be symptomatic even in mild cases, the
availability of sensitive electrophysiological measures,
the development of patient-centred measures and novel
nerve imaging techniques, and the availability of several
therapies ranging from non-surgical to surgical
management. In this Review, we will present up-to-date
information about carpal tunnel syndrome, focusing on
the most common and controversial clinical topics.

Epidemiology
The reported prevalence and incidence of carpal tunnel
syndrome vary widely according to the diagnostic criteria
used in diﬀerent studies. Overall, it is thought that,
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clinically, one in ten people develop carpal tunnel
syndrome at some point.6 The use of clinical criteria in
diagnosis results in a higher estimate than does the use of
electrophysiological criteria (table 1). Even when clinical
presentation alone is used to deﬁne carpal tunnel
syndrome, the choice of broad (history or Phalen’s test) or
strict (sensory or motor deﬁcits) criteria leads to variability
in the prevalence ﬁndings.7–9
Carpal tunnel syndrome has been reported to aﬀect
mostly women (with mean age of diagnosis about
50 years), but these data are based on patients who selfreferred to a neurophysiological laboratory or clinic and
so are intrinsically biased.10,11 Results of a postal survey of
3000 individuals randomly selected from the general
population register of southern Sweden showed that the
prevalence of carpal tunnel syndrome was similar in
men and women (male:female ratio 1:1·4). However,
prevalence was highest in older women; by age
65–74 years, the prevalence in women was almost four
times higher than in men (5·1% vs 1·3%, respectively).7
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Risk factors and causes
Suspected risk factors of carpal tunnel syndrome include
diabetes mellitus, menopause, hypothyroidism, obesity,
arthritis, and pregnancy.12–15 Because hypothyroidism,12
menopause,8,13 and pregnancy13 are risk factors, there is a
strong suspicion that hormonal changes might be
causative; however, no evidence exists to support this
hypothesis.
Recent research provides evidence in support of
established risk factors for carpal tunnel syndrome. A
comprehensive meta-analysis12 focusing on the relation
between hypothyroidism and carpal tunnel syndrome
showed a modest association, but the investigators
concluded that confounding factors (eg, rheumatoid
arthritis and overweight) and publication bias might
account for part of the increased risk. Pregnancy probably
increases the risk of carpal tunnel syndrome by a
combination of oedema and hormonal alterations;
epidemiological data show that the incidence of
1273
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Study
Atroshi et al (1999)

Factor assesssed
7

Prevalence (%) or incidence (per 100 000 person-years)

Population prevalence of pain, numbness, or tingling in the
median nerve distribution area

14·4%

Atroshi et al (1999)7

Prevalence of median nerve neuropathy

4·9%

Atroshi et al (1999)7

Prevalence of clinically and electrophysiologically conﬁrmed carpal
tunnel syndrome

2·7%

Mondelli et al (2002)8

Standardised incidence

276

Bland et al (2003)9

Incidence corrected to the WHO European standard population

180; 120·5 for women and 60·0 for men in east Kent, UK,
61·5 for women and 35·0 for men in Huddersﬁeld, UK

Table 1: Prevalence and incidence of carpal tunnel syndrome

pregnancy-related carpal tunnel syndrome is high
(7–43% when diagnosed electrophysiologically, and
31–62% when diagnosed on the basis of history and
clinical examination ﬁndings only). Acute onset with
striking symptoms and motor weakness is not
infrequent,16 and symptoms often persist after delivery.13
Onset of symptoms in the ﬁrst trimester is associated
with impaired quality of life during pregnancy and after
delivery, and long-term persistence of symptoms.13 Strict
monitoring is recommended because treatment before
delivery can avoid post-partum diﬃculties in treatment.13
Strong evidence supports both type 1 and type 2 diabetes
mellitus as risk factors for carpal tunnel syndrome
(pooled odds ratio for the association between diabetes
and carpal tunnel syndrome or carpal tunnel release
1·97).14 Similarly, being overweight increases the risk of
carpal tunnel syndrome by 1·5 times and obesity
increases the risk by two times.15 However, no evidence
exists for a speciﬁc mechanism by which diabetes or
obesity increase the risk of carpal tunnel syndrome.
The association between computer (keyboard or
mouse) use and carpal tunnel syndrome is still
controversial. Available evidence suggests that at most,
excessive computer use is a minor risk factor, probably
resulting from the mechanical stress of the nerve caused
by contact with overused surrounding tendons. However,
ﬁndings from two recent meta-analyses did not show an
association between modest computer use and carpal
tunnel syndrome, although some work circumstances
might be associated with the syndrome.17,18 So-called
occupational carpal tunnel syndrome is beyond the scope
of this Review.
Tobacco smoking is a suspected risk factor for
development of carpal tunnel syndrome and, over the
years, cross-sectional studies have reported an association
between current smoking and the syndrome,19 but
investigators of a recent comprehensive meta-analysis20
reported that there is insuﬃcient evidence to prove an
association.
Although suspected because of wrist bone and joint
deformity impacting the carpal tunnel space, the
association between osteoarthritis and carpal tunnel
syndrome is unproven. Results of a randomised controlled
trial in a large sample of 192 men and 176 women older
than 65 years showed that the prevalence of carpal tunnel
1274

syndrome is similar in patients with and without
radiographic ﬁndings of basal joint arthritis of the thumb.21

Clinical features
The importance of the clinical presentation of carpal
tunnel syndrome is demonstrated by the fact that the
long-accepted gold standard for diagnosis is a
comprehensive and accurate clinical history, along with
the exclusion of other possible causes. The syndrome is
characterised ﬁrst by intermittent, nocturnal paraesthesias
and dysaesthesias that increase in frequency and occur
during waking hours.22 Subsequently, loss of sensation
develops along with weakness and thenar muscle atrophy
later in the disease course, which result from extensive
axonal degeneration.22 This sequence of symptoms is
quite typical, rarely occurring in disorders other than
carpal tunnel syndrome.
Carpal tunnel syndrome is usually characterised by
symptoms in the hand that, in severe cases, can spread
proximally to the forearm, upper arm, and sometimes
shoulder. When patients with carpal tunnel syndrome
are asked speciﬁcally where their pain and sensory
symptoms are, they usually report that the proximal
symptoms are characterised by pain and not by
numbness, tingling, or other sensory abnormalities. For
many years, sensory diagnostic criteria in the literature
were limited to symptoms occurring in the median nerve
territory of the hand. Yet, in clinical practice, broader
sensory criteria were used, not limiting symptoms to the
ﬁrst three digits but rather including the entire palmar
surface. This frequently observed pattern of sensory
abnormalities might be secondary to a peripheral or
central nervous system mechanism (simultaneous ulnar
involvement or central sensitisation, respectively), or
both.23–26 Evidence suggests that symptoms being limited
to the ﬁrst three digits might indicate more severe
median nerve involvement (ie, distribution of the
symptoms in the area innervated by the median nerve is
associated with more severe changes in nerve conduction
velocity).27 Hence, the symptom distribution must be
deﬁned as precisely as possible and strongly considered
when deciding the treatment strategy and determining
prognosis.23 However, assessment of sensory function is
not useful unless performed carefully with speciﬁc tools
(eg, monoﬁlament or static two-point discrimination).
www.thelancet.com/neurology Vol 15 November 2016
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Although pain is a common symptom in patients
presenting with carpal tunnel syndrome in clinical
practice, it is not widely studied and is often considered
only one of a wide range of symptoms. Pain is not always
present, but is an important symptom, and must not be
confused with neuropathic sensory abnormalities (eg,
paraesthesias, numbness, or tingling) that might also be
reported. The presence of chronic pain can modify the
cortical hand somatotopy diﬀerently from paraesthesias.24
In a multicentre study of 1123 patients with carpal tunnel
syndrome, pain was present in 52% of cases.22
Tinel’s sign and Phalen’s manoeuvre are popular
diagnostic tests for carpal tunnel syndrome. Results are
deemed positive when symptoms are evoked by
percussion of the median nerve at the wrist or by forced
compressive wrist posture for 1 min, respectively.28
Although these tests are widely used because of ease of
performance, their sensitivity and speciﬁcity are widely
debated. Sensitivity ranges from 42% to 85% for Phalen’s
manoeuvre and from 38% to 100% for Tinel’s test;
speciﬁcity ranges from 54% to 98% and from 55% to
100%, respectively.28
The strength of the abductor pollicis brevis muscle can
provide useful information about functional impairment
caused by carpal tunnel syndrome, but assessment by
clinical examination alone is not reliably quantiﬁable.29
Hand dynamometry might be a better method than
clinical examination, but is not commonly used in
clinical practice because of limitations of time and of the
need for specialist equipment.30 Additionally, hand
dynamometry requires standardisation and age-adjusted
and sex-adjusted normative values to provide meaningful
results.30,31 The best method for assessing hand muscle
strength after carpal tunnel surgery is still a matter of
debate.31

Diagnosis
If we were to ask physicians what test should be used to
diagnose carpal tunnel syndrome, the answer would vary
widely, depending on their specialty and clinical
experience. As previously mentioned, in both clinical
and research settings, clinical assessment is considered
the gold standard and, in absence of motor and sensory
deﬁcits, taking an accurate history is crucial.
Controversies exist regarding the need for conﬁrmatory
testing and the role of nerve conduction studies,
electromyography, and nerve ultrasonography in
treatment decision making. Most of these questions have
no deﬁnite answer or, more precisely, there is a paucity of
evidence to support any particular conclusion.
Electrophysiological assessment (ie, nerve conduction
studies) is very sensitive11 in examining median nerve
dysfunction caused by damage to the nerve; these tests
can deﬁne the degree of demyelination and axonal loss
that has occurred.11 For this reason, when diagnosing
carpal tunnel syndrome, it is useful to assess nerve
function and quantify the nerve damage, because the
www.thelancet.com/neurology Vol 15 November 2016

ﬁndings could have implications for prognosis. Sensory
and motor nerve conduction studies that assess the ability
of the nerve to conduct an electrical stimulus are
commonly used, whereas needle electromyography is not
particularly useful in most patients.11 Current practice
guidelines consider needle electromyography to be an
optional test, better suited to exclude concurrent causes of
the patient’s symptoms (eg, cervical radiculopathy), than
for improving diagnostic sensitivity.11 Needle electromyography can document axonal loss, but this information
can often be inferred by assessing abductor pollicis brevis
atrophy on clinical examination.32,33 A decrease in
conduction velocity of sensory ﬁbres in the digital
segments of the nerve can be detected earlier than in
motor ﬁbres or the nerve as a whole.11 The reasons for
earlier involvement of the sensory ﬁbres are unknown.11
Since entrapment of the median nerve causes focal
slowing of nerve conduction velocity in cases of mild
demyelination, the following conditions might reduce the
sensitivity of electrophysiological testing: averaging of
nerve conduction slowing along the wrist–ﬁnger segment
(the short length of the involved nerve segment results in
an overall normal conduction velocity); inter-individual
variability of nerve conduction velocity; and inter-nerve
variability that limits the possibility to assess normality or
abnormality by comparing diﬀerent nerves in the same
patient. Moreover, since bilateral carpal tunnel syndrome
is common, side-to-side electrophysiological (or imaging)
comparisons do not increase diagnostic sensitivity.
Extensive work by three US scientiﬁc societies (the
American Academy of Neurology, the American
Association of Electrodiagnostic Medicine [now known
as the AANEM], and the American Academy of Physical
Medicine and Rehabilitation) have provided physicians
with recommendations for electrophysiological testing.
These recommendations suggest performing median
sensory and motor nerve conduction studies across the
wrist and, if these tests are normal, performing
comparative, segmental, or comparative and segmental
tests, which have been shown to have high sensitivity
and speciﬁcity (80–90% and >95%, respectively;
ﬁgure 1).34 When clinical signs are present, but no
electrophysiological abnormalities, then the disease is
functionally mild, although there might be severe
symptoms.
Validated patient-centred measures (eg, the Boston
Carpal Tunnel Syndrome Questionnaire [BCTQ ]) are
able to quantify symptoms and disability.22 Level of
disability is correlated with both clinical ﬁndings and
nerve conduction ﬁndings.22
Recent technical advances, including the development
of aﬀordable high-frequency probes, have allowed
ultrasonography to reach the resolution required (<1 mm)
to be useful in the diagnosis of carpal tunnel syndrome.
Ultrasonography is now capable of faithfully reproducing
nerves (fascicles, epineurium, and perineurium), and
surrounding structures (ﬁgure 1). Morphological changes
1275
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Figure 1: Electrophysiological and ultrasound features of carpal tunnel syndrome
(A) Nerve conduction study. 1=radial nerve, ﬁrst digit to wrist, normal latency of sensory response. 2=median
nerve, ﬁrst digit to wrist, delayed latency of sensory response (small arrow). 3=median nerve, third digit to wrist,
very delayed latency and reduced amplitude of sensory response (long arrow). 4 and 5=repeated stimulation to
check the reproducibility of sensory response in 3. 6=ulnar nerve, ﬁfth digit to wrist, with normal latency of sensory
response. (B) Transverse ultrasound image of biﬁd median nerve (arrow). (C) Longitudinal ultrasound image of
median nerve (arrows). The delayed median nerve sensory response (ie, decreased nerve conduction velocity)
indicated involvement of the median nerve but with atypical presentation: much more severe involvement of the
third digit compared with the ﬁrst digit. Ultrasound ﬁndings explained the non-uniform involvement,
demonstrating a biﬁd median nerve.

of the median nerve are expected in carpal tunnel
syndrome, as the compression of the surrounding nonrigid structures alters its shape. This eﬀect results in a
reduction of nerve volume at the site of compression and
increased size proximal (and sometimes distal) to the
compression. Traditionally, the clinical diagnosis of carpal
tunnel syndrome was conﬁrmed with electrophysiological
demonstration of decreased focal nerve conduction
velocity at the site of entrapment. Now, ultrasonography
can show an increased cross-sectional area of the nerve
just before it is ﬂattened at the site of compression. A
recent meta-analysis35 concluded that the technique has a
sensitivity of 77·6% and a speciﬁcity of 86·8% for
diagnosis of carpal tunnel syndrome, when clinical
presentation is used as the gold standard. Moreover,
evidence-based guidelines state that ultrasound
measurement of the median nerve cross-sectional area at
the wrist probably adds value to electrodiagnosis and
might be used as a complementary diagnostic test, which
should be considered in screening for structural
abnormalities at the wrist (ﬁgure 1).36 Despite promising
diagnostic sensitivity and the potential for other
applications in the assessment of nerve function, it is not
clear whether ultrasonography is a potential alternative to
electrophysiology. Methodological discrepancies among a
plethora of studies restrict the ability to identify speciﬁc
diagnostic thresholds for each approach and the two
approaches have not been exhaustively tested in a head-tohead study.37
An emerging technique for nerve imaging is now
available: MRI tractography. This technique can provide
1276

details on morphological damage and inﬂammation,
with early studies showing that fractional anisotropy and
the apparent diﬀusion coeﬃcient agree with the results
of nerve conduction studies.38,39 Although providing
excellent imaging capabilities, use of the technique is
limited by cost and, as with ultrasonography, research
must prove that its added clinical value justiﬁes the cost.

Few disorders have to be considered in the diﬀerential
diagnosis of carpal tunnel syndrome. Besides history,
neurological assessment, and nerve conduction studies
can help to distinguish between carpal tunnel syndrome
and these other disorders. Cervical radiculopathy is the
primary disorder that might be confused with carpal
tunnel syndrome. Cervical radiculopathy is usually
characterised by pain in the neck with radiation (often
with positive sensory symptoms [eg, paraesthesia or
dysaesthesia], sometimes exacerbated by rotation,
ﬂexion, or extension of the head) to the upper limb often
with typical dermatomal distribution. Reduced or
abolished deep tendon reﬂexes are typical of
radiculopathy. Needle electromyography and cervical
spine imaging can also be useful in diﬀerentiating
cervical radiculopathy from carpal tunnel syndrome, if
the clinical presentation and history are atypical. Other
diseases that must be considered in the diﬀerential
diagnosis of carpal tunnel syndrome are polyneuropathies, in which symptoms usually aﬀect distal
regions of lower limbs, and osteoarthritis, in which pain
is the main symptom, and paraesthesias and other
neuropathic symptoms are not usually present.

Non-surgical treatment
Various non-surgical treatments are available for the
management of carpal tunnel syndrome (table 2). The
ﬁrst-line management approach should include
education of the patient.40 Changes in habits (eg,
limitation of wrist movement and reduction of heavy
work activities) should be considered as a ﬁrst-line
approach and the use of ergonomically friendly work
tools can be useful in reducing median nerve stress.
However, there is little adequate evidence about the
success of this approach. For example, the eﬀectiveness
of ergonomic keyboards in the treatment of carpal
tunnel syndrome is unknown.41,42 Apart from these
interventions, patients should be informed about the
standard surgical and non-surgical strategies for
treating carpal tunnel syndrome.40

Laser therapy
Low-level or low-power laser therapy, which exposes
tissue to low levels of red and near-infrared light (referred
to as low level because of the use of light at energy
densities lower than that used in other forms of laser for
surgical procedures), is one of the non-surgical options
for treatment of carpal tunnel syndrome. Diﬀerent
www.thelancet.com/neurology Vol 15 November 2016
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Study type
Patient education

Evidence for use

Comments and recommendations

1 systematic review A guideline reports the usefulness of education

Low cost, high efficacy, and non-invasive;
recommended as ﬁrst-line therapy

40

Ergonomic tools

2 meta-analyses

Unknown eﬀectiveness41,42

These tools might reduce median nerve oedema

Laser therapy

6 RCTs

More eﬀective than placebo, even at 3 months, in some RCTs,43,44 but other trials did
not show laser therapy to be more eﬀective than placebo45,46 or than TENS,47 and can
have similar eﬀectiveness to magnetic ﬁeld therapies48

Laser therapy seems to be useful for the treatment
of carpal tunnel syndrome, but further studies are
needed

Local corticosteroid

13 RCTs

Corticosteroid injection, using palmar needle
Corticosteroid injection was more eﬀective than placebo in an RCT;49 other RCTs
insertion and ultrasound guidance, seems to be
showed that palmar needle insertion was better than wrist needle insertion50 and
51–54
useful for the treatment of carpal tunnel syndrome
ultrasound guidance was very useful; phonophoresis seemed to be an eﬀective
55,56
method of non-invasive corticosteroid administration in two RCTs; corticosteroid
injection seemed more eﬀective than non-steroidal anti-inﬂammatory drugs in several
RCTs;57–60 one RCT61 showed that corticosteroid injection had similar eﬀectiveness to
extracorporeal shock wave therapy

Palmitoylethanolamide

1 RCT

More eﬀective than placebo in an RCT62

Gabapentin

1 RCT

No more eﬀective than placebo in an RCT63

Local lidocaine injection

1 RCT

A single RCT showed symptom reduction and electrophysiological improvement

Further studies are needed

Therapeutic ultrasound

3 RCTs;
2 meta-analyses

RCTs and meta-analyses did not show increased efficacy compared with placebo or
other non-surgical therapies,65–68 but therapeutic ultrasound seemed better than
paraffin therapy in an RCT69

There is no clear evidence regarding therapeutic
ultrasound in the treatment of carpal tunnel
syndrome

Splints

4 RCTs;
1 meta-analysis

This technique might reduce oedema70 and was eﬀective when used for 8 weeks in
an RCT,71 but sufficient evidence does not exist, even when investigated in
combination with muscle stretching in a meta-analysis and RCTs72–74

Use of splints seems to be useful, but further
studies are needed

Musculoskeletal manipulation

2 RCTs;
1 meta-analysis

Madenci massage seems to be more eﬀective than splints,75 but a meta-analysis
concluded that there is limited evidence;76 tendon gliding exercises seem to be
better than median nerve gliding exercises77

Massage, exercise, and mobilisation of the wrist
joint seem to be useful, but further studies are
needed

Linseed oil

1 RCT

A single RCT showed improvements (BCTQ and median nerve conduction velocity)78 Further studies are needed

Acupuncture

2 RCTs;
No diﬀerences compared with placebo,79 but better than prednisolone;80 however, a
1 systematic review systematic review did not demonstrate clear beneﬁt81

Further studies are needed
Further studies are needed
64

Encouraging, but not convincing, results regarding
acupuncture beneﬁts

Eremostachys laciniata ointment 1 RCT

A single RCT showed improvements in pain and function82

Further studies are needed

Interferential current therapy

Improvement in function, symptom severity, and electrophysiological measures
compared with TENS and splint use83

Further studies are needed

Improvement in pain and function compared with sham therapy84

Further studies are needed

1 RCT

Local microwave hyperthermia 1 RCT

RCT=randomised controlled trial. TENS=transcutaneous electrical nerve stimulation.

Table 2: Non-surgical treatments for carpal tunnel syndrome

methods of laser therapy exist, so this term encompasses
several approaches. Laser therapy is able to improve
function, symptoms, and electrophysiological measures
in the short term; results of a randomised controlled
study showed that laser treatment is more eﬀective than
placebo, especially if it is used in patients with mild to
moderate disease.43 In another study, use of the galliumaluminium-arsenide laser with wrist splint showed
higher eﬃcacy than placebo laser therapy with wrist
splint, especially in improvement of hand grip strength,
even up to 3 months after treatment.44 Not all studies are
in agreement, however; results of another randomised
trial45 showed that laser therapy was no more eﬀective
than placebo (in terms of visual analogue scale, grip
strength, symptoms severity and functional scores, and
median nerve cross-sectional area) in patients with carpal
tunnel syndrome; only sensory nerve conduction was
improved with laser treatment.
Several studies have compared laser therapy with other
non-surgical treatments. In a randomised controlled
trial comparing laser therapy with fascial manipulation,
www.thelancet.com/neurology Vol 15 November 2016

laser therapy provided transient, short-term pain relief,
whereas fascial manipulation showed an improvement
in pain (by visual analogue scale) and function (by
BCTQ), over a longer time period (>3 months).46 In
another study, high-intensity laser therapy was compared
with transcutaneous electrical nerve stimulation (TENS),
which stimulates large-diameter A sensory ﬁbres;
ﬁndings showed that laser therapy was more eﬀective
than TENS, in terms of pain, paraesthesias, median
nerve sensory conduction velocity, and distal motor
latency.47 In a study comparing low-level laser therapy
with magnetic ﬁeld therapies, the eﬀectiveness of the
techniques in reducing pain was shown to be similar.48

Pharmacotherapy
Local corticosteroid injections are commonly used to treat
carpal tunnel syndrome. The rationale for the use of this
treatment is the ability of corticosteroids to reduce
oedema, improving the spatial relation between the carpal
tunnel and the median nerve and tendons. In a
randomised trial of 111 patients,49 methylprednisolone
1277
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(80 mg or 40 mg) injection into the carpal tunnel was
more eﬀective than placebo, reducing symptoms severity
and rate of surgery at 1 year. However, the eﬀectiveness of
corticosteroid injections for halting disease progression
was limited, because in this study three-quarters of
patients had surgery within 1 year. The preferred site for
local corticosteroid injection has been assessed; in a
comparison of distal (palmar) needle insertion with
proximal (wrist) needle insertion, the palmar approach
proved less painful only from the perspective of patients
(pain measured by visual analogue scale); no diﬀerence
was observed in objective measures, such as nerve
conduction ﬁndings.50 Furthermore, corticosteroid
injection with the use of ultrasound guidance is better
than blind administration and reduces the time to
symptom resolution, even if it is more expensive.51–54
Regarding non-invasive methods of local corticosteroid
administration, a comparison of phonophoresis and
iontophoresis of dexamethasone sodium phosphate
showed that phonophoresis was more eﬀective in
improving
symptoms
and
hand
function.55
Phonophoresis with dexamethasone combined with
splint use has been shown to provide better symptom
relief than iontophoresis with dexamethasone combined
with splint use or splint use alone.56
Corticosteroid therapy has been compared with other
drugs. By use of phonophoresis for local administration,
corticosteroids led to greater reductions in nerve
dimensions than did non-steroidal anti-inﬂammatory
drugs and splint use alone in patients with carpal tunnel
syndrome.57 Triamcinolone acetonide injection and
procaine hydrochloride injection were more eﬀective than
placebo, and the eﬀectiveness of procaine hydrochloride
was similar to that of triamcinolone acetonide.58,59 A
comparison between 17-α-hydroxyprogesterone caproate
and corticosteroid showed that both treatments
were eﬃcacious, but only patients treated with
17-α-hydroxyprogesterone caproate continued to have
symptom relief after 3 months.60 Corticosteroid injection
has also been compared with extracorporeal shock wave
therapy, which uses acoustic waves to produce transient
pressure increases in tissues with no damaging eﬀects.
No diﬀerence in symptoms or electrophysiological
outcomes was seen between the two treatments.61
Non-steroidal drugs have been assessed as an
alternative treatment for carpal tunnel syndrome.
Palmitoylethanolamide, a nuclear factor agonist,
improved median nerve motor latency, reduced the
proportion of patients with positive Tinel’s sign, and
reduced symptoms of discomfort compared with placebo;
however, further studies are needed to substantiate these
results.62 Gabapentin was no more eﬀective than placebo
in reducing pain, numbness, paraesthesia, weakness or
clumsiness, or nocturnal awakening in a randomised
controlled trial.63 Repetitive local injection of lidocaine
resulted in symptom reduction and electrophysiological
improvement compared with single injection.64
1278

Therapeutic ultrasound
Therapeutic ultrasound is a treatment approach based on
the hypothesis that mechanical waves interacting with
the tissues of the carpal tunnel (including the median
nerve) will reduce inﬂammation. No clear evidence about
the eﬀectiveness of therapeutic ultrasound exists, but the
reported results are similar to those obtained with
placebo and other non-surgical therapies (splint,
exercises, oral pharmacotherapy).65–68 However, ﬁndings
from a randomised trial69 suggest that ultrasound therapy
is more eﬀective than paraﬃn therapy, a deep heat
treatment that ameliorates local blood ﬂow.

Musculoskeletal manipulation and splinting
Musculoskeletal manipulation is widely used. This
approach includes massage, exercise, and mobilisation of
the wrist joint. Another important non-surgical approach
is the use of devices such as splints. These methods are
designed to reduce the mechanical stress due to the
contact between the median nerve and the surrounding
tissues of the carpal tunnel. The possible mechanism of
splinting and gliding exercises is oedema reduction.70 The
use of a splint for 8 weeks combined with a formal
education programme, improved hand function and
reduced symptom severity compared with no
intervention.71 However, a meta-analysis has shown that
suﬃcient evidence does not yet exist to conﬁrm the
clinical usefulness of splints, its eﬃcacy in comparison
with other treatments, or the eﬃcacy of nocturnal
splints.72 A combination of splints and lumbrical stretches
was shown to be more eﬀective than splints and general
stretches in terms of symptom severity and functional
score, but further studies of this combination are
needed.73 Although the use of stretches and splints might
temporarily improve muscle deﬁcits, residual strength
impairments can remain 4 weeks later.74 The Madenci
massage technique (30–60 s cycles of eﬄeurage, friction,
petrissage, shaking, and repeated eﬄeurage), has been
shown to be more eﬀective than use of splints alone in a
single study.75 However, little evidence exists about the
eﬀectiveness of exercise and mobilisation of carpal tunnel
structures.76 A combination of tendon gliding exercises
(moving hand ﬂexor tendons through ﬁve diﬀerent ﬁnger
positions: straight, hook, ﬁst, table top, and straight ﬁst)
and splint and paraﬃn therapy (deﬁned as “conventional
treatment”) might be better than conventional treatments
alone or in combination with median nerve gliding
exercises (grasp, ﬁnger extension, wrist extension, thumb
extension, forearm supination, and soft stretch of the
thumb by contralateral hand).77

Complementary therapies
Other non-surgical treatments have been assessed in
patients with carpal tunnel syndrome. Linseed oil might
provide mild or moderate improvement in symptoms
severity and functional scores and median nerve
conduction velocity, as assessed in a randomised trial.78
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Acupuncture was not better than placebo for treatment of
carpal tunnel syndrome, but it has been shown to improve
electrophysiological measures and reduce symptom
severity compared with prednisolone.79,80 The eﬀect of
acupuncture was assessed in a systematic review that
showed encouraging, but not convincing, results.81
Eremostachys laciniata ointment, an extract of a plant in the
Lamiaceae family used in Persian traditional medicine as
an anti-inﬂammatory and analgesic, was compared with
placebo ointment (splints were used in both groups).
Treatment with E laciniata ointment resulted in
improvements in pain perception and palmar prehension,
but further studies are needed to conﬁrm these ﬁndings
and to understand the long-term eﬀects of this treatment.82
Interferential current therapy (ie, a low frequency electrical
stimulation of nerves) resulted in improvement in
function, symptom severity, and electrophysiological
measures compared with TENS and splint use.83 Local
microwave hyperthermia, a type of thermotherapy used in
diﬀerent musculoskeletal diseases, was more eﬀective
than sham therapy (treatment simulation with warm
water, with microwave generator on stand-by) at providing
short-term improvements in pain and function in patients
with carpal tunnel syndrome.84

Surgical treatment
Surgical treatment, consisting of release of carpal tunnel
content by transection of the transverse carpal ligament,
is considered the most eﬀective treatment to alter the
relation between content (the median nerve and tendons)
and container (the carpal tunnel; ﬁgure 2).
Surgical decompression can be done by a traditional
open technique (long longitudinal wrist incision and direct
visualisation of transverse carpal ligament); by a minimally
invasive approach (short wrist incision); or by an
endoscopic technique. Studies have shown that, in terms
of long-term functional outcome, there is no signiﬁcant
diﬀerence between open and endoscopic release.85–91
However, some other diﬀerences exist. The endoscopic
technique shows a shorter postoperative recovery period,
reduced scar tenderness, and allows earlier return to work
than the open technique.85–91 However, endoscopic release
is more expensive92 and is associated with higher rates of
transient and nerve damage.86 Findings from a metaanalysis88 suggest that endoscopic release is associated
with fewer minor complications (such as scar pain and
infection) compared with open carpal tunnel release, with
similar rates of major complications (mainly complex
regional pain syndrome).88 Diﬀerences in outcome might
be dependent on the expertise of the performing surgeon.92
In one study,87 the two techniques were compared in
patients with bilateral carpal tunnel syndrome; each
patient received both techniques, one in each hand.
Although there were no diﬀerences between techniques in
terms of functional outcomes, patients preferred the
endoscopic approach, as shown by signiﬁcantly higher
overall satisfaction scores.
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Figure 2: Open carpal tunnel release
(A) Subcutaneous layer dissection. (B) Transverse carpal ligament partially released (arrows). (C) Median nerve
(triangle) showing the site of previous nerve compression (arrow).

Diﬀerent open carpal tunnel release techniques are
available (limited open release with direct vision and
tunnelling technique or standard open carpal tunnel
release,93 or open-ﬁeld surgical release followed or not by
a longitudinal epineurotomy) and have shown similar
eﬀectiveness.94 Z-type lengthening of the transverse
carpal ligament results in signiﬁcant improvement in
function and satisfaction score compared with a standard
open technique.95 Minimally invasive techniques,
compared with the standard open approach, seem to
provide better outcomes (fewer complications; higher
patient satisfaction; improvement in symptoms, results
of Tinel’s, Phalen’s, and compression tests, electrodiagnostic assessment, grasp strength assessment, and
time to recover ability to perform personal tasks).91,96,97 A
meta-analysis98 showed that the minimally invasive
approach versus open carpal tunnel release allowed an
early return to work. Further investigations are needed to
recommend the best approach.
Surgical complications of carpal tunnel release are
reported to occur in 1–25% of patients.99 The incidence of
serious complications consisting of structural damage to
nerves, arteries, or tendons is no more than 0·5% (0·49%
for open carpal tunnel release and 0·19% for endoscopic
methods).100 One potential severe complication of carpal
tunnel operations is complex regional pain syndrome,
which presents as hand pain, increased sweating, and
vasomotor instability. Complex regional pain syndrome
complicates recovery, delays return to work, causes
deterioration of health-related quality of life, and
increases the probability of poor outcomes and litigation.
Its incidence after carpal tunnel release varies from 2·1%
to 5%. Early diagnosis and treatment of complex regional
pain syndrome is essential for optimising patient
outcomes.101,102 Other complications of carpal tunnel
release are scar tenderness, pillar pain (tenderness close
to the ligament release), transient neuropraxia, and
reoperation (with little diﬀerence between open and
endoscopic carpal tunnel release).86
Regarding the postsurgical phase, there is limited lowquality evidence for the beneﬁt of postoperative
rehabilitation interventions.103 In patients requiring
repeat carpal tunnel release after failure to improve,
decompression with the use of vascularised ﬂap coverage
seems to have a higher success rate than simple repeat
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decompression (although it is more complex and time
consuming).99,104 Regarding timing, the authors of a metaanalysis99 reported a small sample of patients in whom
recurrent symptoms began from 3 months to 4 years
after surgery and the mean time between ﬁrst and
revision surgery was 31 months.99
Long-acting
intraoperative
local
anaesthesia
(ropivacaine) has been shown to provide longer duration
of postoperative analgesia than short-acting local
anaesethesia (lidocaine); however, it might also result in
a poorer ﬁrst night’s sleep after surgery.105 Local
anaesthesia is also associated with less severe postoperative pain compared with general anaesthesia.106 No
association between anaesthetic technique and incidence
of complex regional pain syndrome has been recorded.102

Surgical versus non-surgical treatment
As previously described, the literature shows that both
non-surgical therapies and surgical intervention have
clinical beneﬁt in carpal tunnel syndrome.107–109 In a
randomised trial comparing local corticosteroid injection
with surgical decompression, both treatments were
similarly eﬀective at alleviating symptoms, with
corticosteroids being more eﬀective in short-term followup (3 months), and surgical release having additional
beneﬁt for symptom resolution in the long term (2-year
follow-up).108 There is evidence that clinical outcomes
signiﬁcantly improve after decompressive surgery and
several non-surgical treatments (eg, splints and low-level
laser therapy), but decompressive surgery shows a higher
long-term eﬀectiveness.109 Surgery is also more eﬀective
than non-surgical treatment at improving electrophysiological measures.107 Futhermore, a systematic
review reported in 2011 that surgical carpal tunnel release
is two times more likely to result in normal nerve
conduction ﬁndings and resolution of symptoms after
6 and 12 months than non-surgical treatment.109

Conclusion and future directions
Although carpal tunnel syndrome is a well studied nerve
entrapment syndrome, several important questions
remain unanswered. Is conﬁrmation by diagnostic
testing necessary? Does clinical assessment provide
enough information to guide the choice of treatment? Is
electrophysiology needed? Is ultrasonography a potential
alternative to nerve conduction studies?
The roles of electrophysiology and ultrasonography in
diagnosis are well known, but their roles in management
and treatment decision making are unclear. Until
ultrasonography and electrophysiology can be done with a
simple device simultaneously, the advantages and
disadvantages of each technique should be considered (eg,
ultrasonography is non-invasive but does not provide
functional information, whereas electrophysiology
provides functional data but does not allow visualisation of
the nerve and surroundings). The pathway for assessment
of carpal tunnel syndrome is still a matter of debate. In the
1280

absence of evidence, we believe that general practitioners
should be the ﬁrst point of contact for patients. Neurologists
and neurophysiologists have training in the specialty care
of patients with carpal tunnel syndrome and are more
likely to have experience managing a range of severities.
They often have access to more resources that allow a
comprehensive diagnostic approach (clinical, electrodiagnostic, and ultrasonographic). However, there are, of
course, fewer specialists than general practitioners.
Until a single diagnostic method is able to accurately
diagnose carpal tunnel syndrome, guide therapy, and
assess prognosis, we believe that a comprehensive
diagnostic investigation is needed. However, the
economics of health care require careful consideration
before recommending such investigations.
Regarding management of carpal tunnel syndrome,
both surgical and non-surgical interventions can be
beneﬁcial. Surgical treatment has been shown to have
longer lasting eﬀects, with patients reporting reduced
symptoms and improved function 6 and 12 months after
surgery. Patients undergoing surgical release are twice as
likely to have normal post-treatment nerve conduction
ﬁndings, but also have risks of surgical complications.
The diﬀerent surgical techniques have been compared,
but it is not clear whether one surgical treatment is more
eﬀective or safer than another. In view of the treatment
diﬀerences and the potential for surgical adverse events,
initial non-surgical management is supported by
evidence, with surgical release then being considered for
patients with severe or persistent symptoms. Further
studies of non-surgical approaches are also needed,
particularly for pharmacotherapy.
Researchers should examine when and for whom nonsurgical care is an eﬀective choice. Although carpal
tunnel syndrome is very common, only a few randomised
controlled trials addressing these issues have been done.
A crucial part of developing any high-quality clinical trial
is the use of validated outcome measures.110 Diﬀerent
perspectives in methods of assessment of carpal tunnel
syndrome provide diﬀerent results that vary in consistency, but are all useful. Patient-centred measures (eg,
BCTQ) are crucial for quantifying symptoms and
disability, whereas the functional (electrodiagnostic) and
morphological (ultrasound) measures are essential for
assessing nerve involvement and progression. We believe
that all these outcome measures should be included in
clinical trials. A unique composite outcome measure,
assessing the clinically meaningful change, could be
used to provide high-quality evidence and allow proper
comparison in meta-analysis.
With regard to outcomes of treatment, crucial
questions remain. What is more important in the
treatment of carpal tunnel syndrome: palliation of
symptoms or modiﬁcation of the course of the disease so
that axonal degeneration is avoided? Should we measure
patient satisfaction with treatment or should we measure
eﬀect on objective measures of nerve function? These
www.thelancet.com/neurology Vol 15 November 2016
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Search strategy and selection criteria
We searched PubMed, Cochrane, Embase, Web of Science, and
Google Scholar for articles published in English between
Jan 1, 2011, and Aug 1, 2016, using “carpal tunnel syndrome”
as MeSH term in PubMed. We ﬁltered the search for
“randomised controlled trial”, “meta-analysis”, and
“systematic review”. 119 articles were identiﬁed. After
excluding inappropriate papers, we selected 79 articles
(20 meta-analyses, 52 randomised controlled trials, and seven
systematic reviews). Because of the paucity of evidence-based
data for epidemiology, clinical features, and risk factors of
carpal tunnel syndrome, we did not exclude any article types.
Moreover, because most studies on epidemiology and clinical
features were published before 2011, we extended the search
for this topic from Jan 1, 1996, to Aug 1, 2016. We then
selected those papers that were most relevant to this Review
on the base of the size of the studied cohort and the number
of Scopus citations. We attempted to avoid referencing review
articles if possible.

topics deserve attention. We believe that treatment goals
change depending on the aﬀected individual and how
the disorder aﬀects daily life. For example, in an old
patient with thenar atrophy and striking sensory
symptoms, the preferred aim might be to reduce
symptoms. In a young patient, preserving hand function
might be essential for maintenance of current lifestyle.
The introduction of a stricter concept of outcome
measures must be associated with proper use of statistical
tests. Carpal tunnel syndrome requires an often overlooked speciﬁc methodological and statistical approach
because it is frequently bilateral, preventing the use of an
intrapatient contralateral control.111,112
The academic literature is full of assertions about
short-term, mid-term, or long-term outcomes, but there
is no set deﬁnition of these terms. We recommend that a
multidisciplinary group establish and deﬁne common
data elements for future studies of carpal tunnel
syndrome, as advocated for other disorders by the US
National Institutes of Health.113
Carpal tunnel syndrome is often deﬁned as idiopathic,
but this deﬁnition can be misleading. A debate should be
started on the topic of idiopathic carpal tunnel syndrome,
and its risk factors, causes, and associated disorders.
Finally, although challenging, neurobiological research
should be attempted to allow a better understanding of
the disease and how to prevent it.
Contributors
LP designed the Review, did the literature search, and contributed to the
writing of the Review, production of the ﬁgures, and the ﬁnal editing of
the Review. DC contributed to the literature search, the writing of the
Review, and editing of the ﬁgures. CE contributed to the literature search
and the writing of the Review. IP, CP, and PC contributed to the
literature search. CL contributed to the literature search and editing of
the Review. LDH-W contributed to the literature search, the writing of
the Review, language editing, and drafting of revisions.

www.thelancet.com/neurology Vol 15 November 2016

Declaration of interests
We declare no competing interests.
Acknowledgments
We thank Chiara Cambise and Filippo Maria del Tedesco for their
support in writing this Review.
References
1
England JD. Entrapment neuropathies. Curr Opin Neurol 1999;
12: 597–602.
2
Atroshi I, Gummesson C, Johnsson R, Sprinchorn A.
Symptoms, disability, and quality of life in patients with carpal
tunnel syndrome. J Hand Surg Am 1999; 24: 398–404.
3
Wilson d’Almeida K, Godard C, Leclerc A, Lahon G. Sickness absence
for upper limb disorders in a French company. Occup Med (Lond)
2008; 58: 506–08.
4
Foley M, Silverstein B, Polissar N. The economic burden of carpal
tunnel syndrome: long-term earnings of CTS claimants in
Washington State. Am J Ind Med 2007; 50: 155–72.
5
Olney RK. Carpal tunnel syndrome: complex issues with a “simple”
condition. Neurology 2001; 56: 1431–32.
6
Quality Standards Subcommittee of the American Academy of
Neurology. Practice parameter for carpal tunnel syndrome
(summary statement). Neurology 1993; 43: 2406–09.
7
Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J,
Rosén I. Prevalence of carpal tunnel syndrome in a general
population. JAMA 1999; 282: 153–58.
8
Mondelli M, Giannini F, Giacchi M. Carpal tunnel syndrome
incidence in a general population. Neurology 2002; 58: 289–94.
9
Bland JDP, Rudolfer SM. Clinical surveillance of carpal tunnel
syndrome in two areas of the United Kingdom, 1991–2001.
J Neurol Neurosurg Psychiatry 2003; 74: 1674–79.
10 Stevens JC. AAEM minimonograph #26: the electrodiagnosis of
carpal tunnel syndrome. American Association of Electrodiagnostic
Medicine. Muscle Nerve 1997; 20: 1477–86.
11 Jablecki CK, Andary MT, So YT, Wilkins DE, Williams FH.
Literature review of the usefulness of nerve conduction studies and
electromyography for the evaluation of patients with carpal tunnel
syndrome. AAEM Quality Assurance Committee. Muscle Nerve
1993; 16: 1392–414.
12 Shiri R. Hypothyroidism and carpal tunnel syndrome:
a meta-analysis. Muscle Nerve 2014; 50: 879–83.
13 Padua L, Di Pasquale A, Pazzaglia C, Liotta GA, Librante A,
Mondelli M. Systematic review of pregnancy-related carpal tunnel
syndrome. Muscle Nerve 2010; 42: 697–702.
14 Pourmemari MH, Shiri R. Diabetes as a risk factor for carpal tunnel
syndrome: a systematic review and meta-analysis. Diabet Med 2016;
33: 10–16.
15 Shiri R, Pourmemari MH, Falah-Hassani K, Viikari-Juntura E.
The eﬀect of excess body mass on the risk of carpal tunnel
syndrome: a meta-analysis of 58 studies. Obes Rev 2015; 16: 1094–104.
16 Seror P. Pregnancy-related carpal tunnel syndrome. J Hand Surg Br
1998; 23: 98–101.
17 Shiri R, Falah-Hassani KJ. Computer use and carpal tunnel
syndrome: a meta-analysis. Neurol Sci 2015; 349: 15–19.
18 Mediouni Z, de Roquemaurel A, Dumontier C, et al. Is carpal
tunnel syndrome related to computer exposure at work? A review
and meta-analysis. J Occup Environ Med 2014; 56: 204–08.
19 Shiri R, Heliovaara M, Moilanen L, Viikari J, Liira H,
Viikari-Juntura E. Associations of cardiovascular risk factors, carotid
intima-media thickness and manifest atherosclerotic vascular
disease with carpal tunnel syndrome. BMC Musculoskelet Disord
2011; 12: 80.
20 Pourmemari MH, Viikari-Juntura E, Shiri R. Smoking and carpal
tunnel syndrome: a meta-analysis. Muscle Nerve 2014; 49: 345–50.
21 Shin CH, Paik NJ, Lim JY, et al. Carpal tunnel syndrome and
radiographically evident basal joint arthritis of the thumb in elderly
Koreans. J Bone Joint Surg Am 2012; 94: e1201–06.
22 Padua L, Padua R, Lo Monaco M, Aprile I, Tonali P. Italian CTS
Study Group. Multiperspective assessment of carpal tunnel
syndrome: a multicenter study. Neurology 1999; 53: 1654–59.
23 Stevens JC, Smith BE, Weaver AL, Bosch EP, Deen HG Jr,
Wilkens JA. Symptoms of 100 patients with electromyographically
veriﬁed carpal tunnel syndrome. Muscle Nerve 1999; 22: 1448–56.

1281

Review

24

25

26

27

28

29

30

31

32
33

34

35

36

37

38

39

40

41

42

43

44

1282

Tecchio F, Padua L, Aprile I, Rossini PM. Carpal tunnel syndrome
modiﬁes sensory hand cortical somatotopy: a MEG study.
Hum Brain Mapp 2002; 17: 28–36.
Zanette G, Marani S, Tamburin S. Extra-median spread of sensory
symptoms in carpal tunnel syndrome suggests the presence of
pain-related mechanisms. Pain 2006; 122: 264–70.
Ginanneschi F, Dominici F, Milani P, Biasella A, Rossi A.
Evidence of altered motor axon properties of the ulnar nerve in
carpal tunnel syndrome. Clin Neurophysiol 2007; 118: 1569–76.
Caliandro P, La Torre G, Aprile I, et al. distribution of paresthesias
in carpal tunnel syndrome reﬂects the degree of nerve damage at
wrist. Clin Neurophysiol 2006; 117: 228–31.
Brüske J, Bednarski M, Grzelec H, Zyluk A. The usefulness of the
Phalen test and the Hoﬀmann-Tinel sign in the diagnosis of carpal
tunnel syndrome. Acta Orthop Belg 2002; 68: 141–45.
Brandsma JW , Schreuders TA. Sensible manual muscle strength
testing to evaluate and monitor strength of the intrinsic muscles of
the hand: a commentary. J Hand Ther 2001; 14: 273–78.
Maﬁ P, Maﬁ R, Hindocha S, Griﬃn M, Khan W. A systematic
review of dynamometry and its role in hand trauma assessment.
Open Orthop J 2012; 6: 95–102.
Geere J, Chester R, Kale S, Jerosch-Herold C. Power grip, pinch
grip, manual muscle testing or thenar atrophy—which should be
assessed as a motor outcome after carpal tunnel decompression?
A systematic review. BMC Musculoskelet Disord 2007; 8: 114.
Werner RA, Andary M. Electrodiagnostic evaluation of carpal tunnel
syndrome. Muscle Nerve 2011; 44: 597–607.
Balbierz JM, Cottrell AC, Cottrell WD. Is needle examination always
necessary in evaluation of carpal tunnel syndrome?
Arch Phys Med Rehabil 1998; 79: 514–16.
Jablecki CK, Andary MT, Floeter MK, et al. Practice parameter:
electrodiagnostic studies in carpal tunnel syndrome. Report of
the American Association of Electrodiagnostic Medicine,
American Academy of Neurology, and the American Academy of
Physical Medicine and Rehabilitation. Neurology 2002;
58: 1589–92.
Fowler JR, Gaughan JP, Ilyas AM. The sensitivity and speciﬁcity of
ultrasound for the diagnosis of carpal tunnel syndrome:
a meta-analysis. Clin Orthop Relat Res 2011; 469: 1089–94.
Cartwright MS, Hobson-Webb LD, Boon AJ, et al. Evidence-based
guideline: neuromuscular ultrasound for the diagnosis of carpal
tunnel syndrome. Muscle Nerve 2012; 46: 287–93.
Roll SC, Case-Smith J, Evans KD. Diagnostic accuracy of
ultrasonography vs. electromyography in carpal tunnel syndrome:
a systematic review of literature. Ultrasound Med Biol 2011;
37: 1539–53.
Brienza M, Pujia F, Colaiacomo MC, et al. 3T diﬀusion tensor
imaging and electroneurography of peripheral nerve:
a morphofunctional analysis in carpal tunnel syndrome.
J Neuroradiol 2014; 41: 124–30.
Barcelo C, Faruch M, Lapègue F, Bayol MA, Sans N. 3-T MRI with
diﬀusion tensor imaging and tractography of the median nerve.
Eur Radiol 2013; 23: 3124–30.
Huisstede BM, Fridén J, Coert JH, Hoogvliet P, European
HANDGUIDE Group. Carpal tunnel study syndrome: hand
surgeons, hand therapists, and physical medicine and rehabilitation
physicians agree on a multidisciplinary treatment guideline—
results from the European HANDGUIDE Study.
Arch Phys Med Rehabil 2014; 95: 2253–63.
Buchan S, Amirfeyz R. Cochrane corner: ergonomic positioning or
equipment for treating carpal tunnel syndrome.
J Hand Surg Eur Vol 2013; 38: 580–81.
O’Connor D, Page MJ, Marshall SC, Massy-Westropp N. Ergonomic
positioning or equipment for treating carpal tunnel syndrome.
Cochrane Database Syst Rev 2012; 1: CD009600.
Lazovic M, Ilic-Stojanovic O, Kocic M, Zivkovic V, Hrkovic M,
Radosavljevic N. Placebo-controlled investigation of low-level laser
therapy to treat carpal tunnel syndrome. Photomed Laser Surg 2014;
32: 336–44.
Fusakul Y, Aranyavalai T, Saensri P, Thiengwittayaporn S. Low-level
laser therapy with a wrist splint to treat carpal tunnel syndrome:
a double-blinded randomized controlled trial. Lasers Med Sci 2014;
29: 1279–87.

45

46

47

48

49

50

51

52

53

54
55

56

57

58

59

60

61

62

63

64

Tascioglu F, Degirmenci NA, Ozkan S, Mehmetoglu O. Low-level
laser in the treatment of carpal tunnel syndrome: clinical,
electrophysiological, and ultrasonographical evaluation.
Rheumatol Int 2012; 32: 409–15.
Pratelli E, Pintucci M, Cultrera P, et al. Conservative treatment of
carpal tunnel syndrome: comparison between laser therapy and
fascial manipulation. J Bodyw Mov Ther 2015; 19: 113–18.
Casale R, Damiani C, Maestri R, Wells CD. Pain and
electrophysiological parameters are improved by combined 830-1064
high-intensity LASER in symptomatic carpal tunnel syndrome
versus transcutaneous electrical nerve stimulation. A randomized
controlled study. Eur J Phys Rehabil Med 2013; 49: 205–11.
Dakowicz A, Kuryliszyn-Moskal A, Kosztyła-Hojna B, Moskal D,
Latosiewicz R. Comparison of the long-term eﬀectiveness of
physiotherapy programs with low-level laser therapy and pulsed
magnetic ﬁeld in patients with carpal tunnel syndrome. Adv Med Sci
2011; 56: 270–74.
Atroshi I, Flondell M, Hofer M, Ranstam J. Methylprednisolone
injections for the carpal tunnel syndrome: a randomized,
placebo-controlled trial. Ann Intern Med 2013; 159: 309–17.
Kamanli A, Bezgincan M, Kaya A. Comparison of local steroid
injection into carpal tunnel via proximal and distal approach in
patients with carpal tunnel syndrome. Bratisl Lek Listy 2011;
112: 337–41.
Lee JY, Park Y, Park KD, Lee JK, Lim OK. Eﬀectiveness of
ultrasound-guided carpal tunnel injection using in-plane ulnar
approach: a prospective, randomized, single-blinded study.
Medicine (Baltimore) 2014; 93: e350.
Makhlouf T, Emil NS, Sibbitt WL Jr, Fields RA, Bankhurst AD.
Outcomes and cost-eﬀectiveness of carpal tunnel injections using
sonographic needle guidance. Clin Rheumatol 2014; 33: 849–58.
Ustün N, Tok F, Yagz AE, et al. Ultrasound-guided vs. blind
steroid injections in carpal tunnel syndrome: a single-blind
randomized prospective study. Am J Phys Med Rehabil 2013;
92: 999–1004.
Kim DH, Jang JE, Park BK. Anatomical basis of ulnar approach in
carpal tunnel injection. Pain Physician 2013; 16: E191–98.
Bakhtiary AH, Fatemi E, Emami M, Malek M. Phonophoresis of
dexamethasone sodium phosphate may manage pain and symptoms
of patients with carpal tunnel syndrome. Clin J Pain 2013; 29: 348–53.
Gurcay E, Unlu E, Gurcay AG, Tuncay R, Cakci A. Assessment of
phonophoresis and iontophoresis in the treatment of carpal tunnel
syndrome: a randomized controlled trial. Rheumatol Int 2012;
32: 717–22.
Soyupek F, Yesildag A, Kutluhan S, et al. Determining the
eﬀectiveness of various treatment modalities in carpal tunnel
syndrome by ultrasonography and comparing ultrasonographic
ﬁndings with other outcomes. Rheumatol Int 2012; 32: 3229–34.
Karadaş Ö, Tok F, Akarsu S, Tekin L, Balaban B. Triamcinolone
acetonide vs procaine hydrochloride injection in the management
of carpal tunnel syndrome: randomized placebo-controlled study.
J Rehabil Med 2012; 44: 601–04.
Karadaş O, Tok F, Ulaş UH, Odabaşi Z. The eﬀectiveness of
triamcinolone acetonide vs. procaine hydrochloride injection in the
management of carpal tunnel syndrome: a double-blind
randomized clinical trial. Am J Phys Med Rehabil 2011; 90: 287–92.
Ginanneschi F, Milani P, Filippou G, et al. Evidences for
antinociceptive eﬀect of 17-α-hydroxyprogesteronecaproate in carpal
tunnel syndrome. J Mol Neurosci 2012; 47: 59–66.
Seok H, Kim SH. The eﬀectiveness of extracorporeal shock wave
therapy vs. local steroid injection for management of carpal tunnel
syndrome: a randomized controlled trial. Am J Phys Med Rehabil
2013; 92: 327–34.
Conigliaro R, Drago V, Foster PS, Schievano C, Di Marzo V. Use of
palmitoylethanolamide in the entrapment neuropathy of the median
in the wrist. Minerva Med 2011; 102: 141–47.
Hui AC, Wong SM, Leung HW, Man BL, Yu E, Wong LK.
Gabapentin for the treatment of carpal tunnel syndrome:
a randomized controlled trial. Eur J Neurol 2011; 18: 726–30.
Akarsu S, Karadaş Ö, Tok F, Levent Gül H, Eroğlu E. Single versus
repetitive injection of lignocaine in the management of carpal
tunnel syndrome—a randomized controlled trial.
J Hand Surg Eur Vol 2015; 40: 179–83.

www.thelancet.com/neurology Vol 15 November 2016

Review

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Bakilan F, Ozgen M, Mehmetoglu O, Oner S. Eﬀects of
placebo-controlled continuous and pulsed ultrasound treatments on
carpal tunnel syndrome: a randomized trial. Clinics (Sao Paulo)
2014; 69: 524–28.
Page MJ, O’Connor D, Pitt V, Massy-Westropp N.
Therapeutic ultrasound for carpal tunnel syndrome.
Cochrane Database Syst Rev 2013; 3: CD009601.
Page MJ, O’Connor D, Pitt V, Massy-Westropp N.
Therapeutic ultrasound for carpal tunnel syndrome.
Cochrane Database Syst Rev 2012; 1: CD009601.
Yildiz N, Atalay NS, Gungen GO, Sanal E, Akkaya N, Topuz O.
Comparison of ultrasound and ketoprofen phonophoresis in the
treatment of carpal tunnel syndrome. J Back Musculoskelet Rehabil
2011; 24: 39–47.
Chang YW, Hsieh SF, Horng YS, Chen HL, Lee KC, Horng YS.
Comparative eﬀectiveness of ultrasound and paraﬃn therapy in
patients with carpal tunnel syndrome: a randomized trial.
BMC Musculoskelet Disord 2014; 15: 399.
Schmid AB, Elliott JM, Strudwick MW, Little M, Coppieters MW.
Eﬀect of splinting and exercise on intraneural edema of the median
nerve in carpal tunnel syndrome—an MRI study to reveal
therapeutic mechanisms. J Orthop Res 2012; 30: 1343–50.
Hall B, Lee HC, Fitzgerald H, Byrne B, Barton A, Lee AH.
Investigating the eﬀectiveness of full-time wrist splinting and
education in the treatment of carpal tunnel syndrome:
a randomized controlled trial. Am J Occup Ther 2013; 67: 448–59.
Page MJ, Massy-Westropp N, O’Connor D, Pitt V. Splinting for
carpal tunnel syndrome. Cochrane Database Syst Rev 2012;
7: CD010003.
Baker NA, Moehling KK, Rubinstein EN, Wollstein R,
Gustafson NP, Baratz M. The comparative eﬀectiveness of
combined lumbrical muscle splints and stretches on symptoms
and function in carpal tunnel syndrome. Arch Phys Med Rehabil
2012; 93: 1–10.
Baker NA, Moehling KK, Desai AR, Gustafson NP. Eﬀect of carpal
tunnel syndrome on grip and pinch strength compared with
sex-and age-matched normative data. Arthritis Care Res (Hoboken)
2013; 65: 2041–45.
Madenci E, Altindag O, Koca I, Yilmaz M, Gur A. Reliability and
eﬃcacy of the new massage technique on the treatment in the
patients with carpal tunnel syndrome. Rheumatol Int 2012;
32: 3171–79.
Page MJ, O’Connor D, Pitt V, Massy-Westropp N. Exercise and
mobilisation interventions for carpal tunnel syndrome.
Cochrane Database Syst Rev 2012; 6: CD009899.
Horng YS, Hsieh SF, Tu YK, Lin MC, Horng YS, Wang JD.
The comparative eﬀectiveness of tendon and nerve gliding exercises
in patients with carpal tunnel syndrome: a randomized trial.
Am J Phys Med Rehabil 2011; 90: 435–42.
Hashempur MH, Homayouni K, Ashraf A, Salehi A, Taghizadeh M,
Heydari M. Eﬀect of Linum usitatissimum L (linseed) oil on mild
and moderate carpal tunnel syndrome: a randomized, double-blind,
placebo-controlled clinical trial. Daru 2014; 22: 43.
Yao E, Gerritz PK, Henricson E, et al. Randomized controlled trial
comparing acupuncture with placebo acupuncture for the treatment
of carpal tunnel syndrome. PM R 2012; 4: 367–73.
Yang CP, Wang NH, Li TC, et al. A randomized clinical trial of
acupuncture versus oral steroids for carpal tunnel syndrome:
a long-term follow-up. J Pain 2011; 12: 272–79.
Sim H, Shin BC, Lee MS, Jung A, Lee H, Ernst E. Acupuncture for
carpal tunnel syndrome: a systematic review of randomized
controlled trials. J Pain 2011; 12: 307–14.
Eftekharsadat B, KazemShakouri S, Shimia M, et al.
Eﬀect of E. laciniata (L) ointment on mild and moderate carpal
tunnel syndrome: a double-blind, randomized clinical trial.
Phytother Res 2011; 25: 290–95.
Koca I, Boyaci A, Tutoglu A, Ucar M, Kocaturk O. Assessment of
the eﬀectiveness of interferential current therapy and TENS in the
management of carpal tunnel syndrome: a randomized controlled
study. Rheumatol Int 2014; 34: 1639–45.
Frasca G, Maggi L, Padua L, et al. Short-term eﬀects of local
microwave hyperthermia on pain and function in patients with
mild to moderate carpal tunnel syndrome: a double blind
randomized sham-controlled trial. Clin Rehabil 2011; 25: 1109–18.

www.thelancet.com/neurology Vol 15 November 2016

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

Atroshi I, Hofer M, Larsson GU, Ranstam J. Extended follow-up of
a randomized clinical trial of open vs endoscopic release surgery for
carpal tunnel syndrome. JAMA 2015; 314: 1399–401.
Sayegh ET, Strauch RJ. Open versus endoscopic carpal tunnel
release: a meta-analysis of randomized controlled trials.
Clin Orthop Relat Res 2015; 473: 1120–32.
Michelotti B, Romanowsky D, Hauck RM. Prospective, randomized
evaluation of endoscopic versus open carpal tunnel release in
bilateral carpal tunnel syndrome: an interim analysis.
Ann Plast Surg 2014; 73 (suppl 2): S157–60.
Vasiliadis HS, Georgoulas P, Shrier I, Salanti G, Scholten RJ.
Endoscopic release for carpal tunnel syndrome.
Cochrane Database Syst Rev 2014; 1: CD008265.
Chen L, Duan X, Huang X, Lv J, Peng K, Xiang Z. Eﬀectiveness and
safety of endoscopic versus open carpal tunnel decompression.
Arch Orthop Trauma Surg 2014; 134: 585–93.
Larsen MB, Sørensen AI, Crone KL, Weis T, Boeckstyns ME.
Carpal tunnel release: a randomized comparison of three surgical
methods. J Hand Surg Eur Vol 2013; 38: 646–50.
Aslani HR, Alizadeh K, Eajazi A, et al. Comparison of carpal tunnel
release with three diﬀerent techniques. Clin Neurol Neurosurg 2012;
114: 965–68.
Sabesan VJ, Pedrotty D, Urbaniak JR, Aldridge JM 3rd.
An evidence-based review of a single surgeon’s experience with
endoscopic carpal tunnel release. J Surg Orthop Adv 2012; 21: 117–21.
Suppaphol S, Worathanarat P, Kawinwongkovit V,
Pittayawutwinit P. The comparison between limited open carpal
tunnel release using direct vision and tunneling technique and
standard open carpal tunnel release: a randomized controlled trial
study. J Med Assoc Thai 2012; 95: 532–36.
Crnković T, Bilić R, Trkulja V, Cesarik M, Gotovac N, Kolundžić R.
The eﬀect of epineurotomy on the median nerve volume after the
carpal tunnel release: a prospective randomised double-blind
controlled trial. Int Orthop 2012; 36: 1885–92.
Xu L, Huang F, Hou C. Treatment for carpal tunnel syndrome by
coronal Z-type lengthening of the transverse carpal ligament.
J Pak Med Assoc 2011; 61: 1068–71.
Elsharif M, Papanna M, Helm R. Long-term follow up outcome
results of Knifelight carpal tunnel release and conventional open
release following a departmental randomized controlled trial.
A prospective study. Pol Orthop Traumatol 2014; 79: 67–70.
Tarallo M, Fino P, Sorvillo V, Parisi P, Scuderi N. Comparative
analysis between minimal access versus traditional accesses in
carpal tunnel syndrome: a perspective randomised study.
J Plast Reconstr Aesthet Surg 2014; 67: 237–43.
Sanati KA, Mansouri M, Macdonald D, Ghafghazi S, Macdonald E,
Yadegarfar G. Surgical techniques and return to work following
carpal tunnel release: a systematic review and meta-analysis.
J Occup Rehabil 2011; 21: 474–81.
Soltani AM, Allan BJ, Best MJ, Mir HS, Panthaki ZJ. Revision
decompression and collagen nerve wrap for recurrent and
persistent compression neuropathies of the upper extremity.
Ann Plast Surg 2014; 72: 572–78.
Benson LS, Bare AA, Nagle DJ, Harder VS, Williams CS,
Visotsky JL. Complications of endoscopic and open carpal tunnel
release. Arthroscopy 2006; 22: 919–24, 924. e1–2.
Li Z, Smith BP, Tuohy C, Smith TL, Andrew Koman L.
Complex regional pain syndrome after hand surgery. Hand Clin
2010; 26: 281–89.
da Costa VV, de Oliveira SB, Fernandes Mdo C, Saraiva RÂ.
Incidence of regional pain syndrome after carpal tunnel release.
Is there a correlation with the anesthetic technique.
Rev Bras Anestesiol 2011; 61: 425–33.
Peters S, Page MJ, Coppieters MW, Ross M, Johnston V.
Rehabilitation following carpal tunnel release.
Cochrane Database Syst Rev 2016; 2: CD004158.
Soltani AM, Allan BJ, Best MJ, Mir HS, Panthaki ZJ. A systematic
review of the literature on the outcomes of treatment for recurrent
and persistent carpal tunnel syndrome. Plast Reconstr Surg 2013;
132: 114–21.
Chan ZH, Balakrishnan V, McDonald A. Short versus long-acting
local anaesthetic in open carpal tunnel release: which provides
better preemptive analgesia in the ﬁrst 24 hours? Hand Surg 2013;
18: 45–47.

1283

Review

106 Sørensen AM, Dalsgaard J, Hansen TB. Local anaesthesia versus
intravenous regional anaesthesia in endoscopic carpal tunnel
release: a randomized controlled trial. J Hand Surg Eur Vol 2013;
38: 481–84.
107 Andreu JL, Ly-Pen D, Millán I, de Blas G, Sánchez-Olaso A.
Local injection versus surgery in carpal tunnel syndrome:
neurophysiologic outcomes of a randomized clinical trial.
Clin Neurophysiol 2014; 125: 1479–84.
108 Ly-Pen D, Andréu JL, Millán I, de Blas G, Sánchez-Olaso A.
Comparison of surgical decompression and local steroid injection
in the treatment of carpal tunnel syndrome: 2-year clinical results
from a randomized trial. Rheumatology (Oxford) 2012; 51: 1447–54.
109 Shi Q, MacDermid JC. Is surgical intervention more eﬀective than
non-surgical treatment for carpal tunnel syndrome? A systematic
review. J Orthop Surg Res 2011; 6: 17.

1284

110 Hobart JC, Cano SJ, Zajicek JP, Thompson AJ. Rating scales as
outcome measures for clinical trials in neurology: problems,
solutions, and recommendations. Lancet Neurol 2007; 6: 1094–105.
111 Page MJ, O’Connor DA, Pitt V, Massy-Westropp N. Reporting of
allocation method and statistical analyses that deal with bilaterally
aﬀected wrists in clinical trials for carpal tunnel syndrome.
Am J Phys Med Rehabil 2013; 92: 1012–19.
112 Padua L, Pasqualetti P, Rosenbaum R. One patient, two carpal
tunnels: statistical and clinical analysis—by hand or by patient?
Clin Neurophysiol 2005; 116: 241–43.
113 National Institute of Neurological Disorders and Stroke.
Common data elements. Project overview. https://
commondataelements.ninds.nih.gov/ProjReview.
aspx#tab=Introduction (accessed Aug 3, 2016).

www.thelancet.com/neurology Vol 15 November 2016

