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A Concise Review of Carpal Tunnel Syndrome: Anatomy, Epidemiology, Pathophysiology,
Diagnosis and Management.

Abstract

Carpal tunnel syndrome (CTS) is the most common peripheral nerve entrapment syndrome,
accounting for approximately 90% of all focal entrapment neuropathies. CTS is caused by
compression of the median nerve as it travels through the wrist’s carpal tunnel. Traditionally,
patients with CTS experience pain, numbness, and paresthesia along the distribution of the
median nerve. CTS costs the United States billions of dollars annually. Therefore, it is vital that
the primary care physician fully understands this syndrome, so they can diagnose it and guide
proper treatment. This review provides an overview of CTS with emphasis on anatomy,
epidemiology, pathophysiology, diagnosis, and management.

1. Introduction

Carpal Tunnel Syndrome (CTS) is a common medical disorder affecting the general patient
population. It is the most common peripheral nerve entrapment syndrome, accounting for
approximately 90% of all focal entrapment neuropathies!-2. CTS occurs when the median nerve
is compressed as it travels though the wrist, leading to decreased function of the nerve at that
level. The syndrome is associated with early symptoms like pain, numbness, and paresthesia in
the distribution of the median nerve, namely the thumb, index finger, middle finger, and the
radial half of the ring finger (Figure 1). Pain can also radiate up the involved arm. With further
advancement of the disease, weakness and clumsiness of the hand, poor grip strength, decreased
fine motor coordination and thenar muscles atrophy can occur. Earlier, symptoms tend to be
more common at night, but they become more constant with further progression. In the United
States, CTS is the most expensive upper extremity musculoskeletal disorder, with costs
exceeding $2 billion yearly?. Most patients with CTS are industrial workers, females and elderly
who are presenting to their general practitioners or primary care physicians for the first time.
Consequently, it is important for such practitioners to fully understand the syndrome so they can
diagnose it and guide proper treatment. This review article discusses anatomy, epidemiology,
pathophysiology, diagnosis, and management of CTS.



Figure 1. The palmar distribution of the median nerve.

2. Anatomy of the carpal tunnel

The carpal tunnel is located at the proximal palmar area of the wrist where it serves as a
passageway that connects the forearm to the hand. Superiorly, it is bounded by a sheath of tough
connective tissue, the flexor retinaculum. The floor of this tunnel is formed by carpal bones. The
eight carpal bones are arranged in two transverse rows (proximal and distal) and form an arch
which is convex on the dorsal side and concave on the palmar side. From the lateral to the medial
side of the hand, the four carpal bones on the proximal row are scaphoid, lunate, triquetrum, and
pisiform. In a similar order, the four carpal bones on the distal row are trapezium, trapezoid,
capitate, and hamate. The flexor retinaculum is attached to the tubercle of the scaphoid bone and
the ridge of the trapezium on the radial side of the hand while on the ulnar side it is attached to
the pisiform bone and the hook of the hamate. Running through this tunnel from the forearm to
the hand are ten structures: nine long flexor tendons (flexor pollicis longus, four tendons of
flexor digitorum superficialis and four tendons of flexor digitorum profundus) and the median
nerve. The median nerve is one of the major peripheral nerves of the upper limb. It lies just
below the flexor retinaculum as the most superficial structure of the carpal tunnel (Figure 2 &
3). It journeys from the anterior compartment of the forearm through the carpal tunnel into the



wrist, where it forms branches to provide motor innervation to the thenar muscle group (abductor
pollicis brevis, flexor pollicis brevis and opponens pollicis) and sensory innervation to the
palmar surface of the thumb, index, middle and radial half of the ring finger (Figure 1). CTS
results from any lesion that significantly narrowed the size of the carpal tunnel or that causes the
swelling of the synovial sheaths of the long flexor tendons. This significant constriction of the
carpal tunnel leads to compression of the median nerve, producing early symptoms like pain,
numbness, and paresthesia in the distribution of the median nerve. With further progression of
the disease, weakness and clumsiness of the hand, poor grip strength, decreased fine motor
coordination and thenar muscles atrophy can occur.
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Figure 2. Anatomical diagram of the carpal tunnel in transverse section.




SIEMENS

Carpal bones

SIEMENS

Scaphoid

Lunate

Triquetrum

Figure 3. Ultrasound imaging of the normal carpal tunnel at the volar aspect of the wrist. (A)
Transducer placement technique for longitudinal imaging. (B) On this longitudinal scan, the
median nerve (Q) is seen overlying the relatively hyperechoic superficial (*) and deep (**) flexor
tendons of the wrist. The median nerve, like tendons, appears as a hyperechoic fibrillar structure.



(C) On this transverse scan, the hyperechoic median nerve is located deep to the hyperechoic
flexor retinaculum and has a characteristic cyst-like appearance’.

3. Epidemiology

The estimates of the prevalence and incidence of CTS vary widely in the literature. Worldwide,
an estimated 4-5% suffers from CTS and the most liable population being elderly individuals
aged between 40 and 60 years*>. The UK General Practice Research Database in 2000 reveals
that the prevalence of CTS was 88 per 100,000 in males and 193 per 100,000 in females showing
that CTS is more common amongst women as compared to men®’. CTS is a work-related
musculoskeletal disorder (WMSD) caused by strain and repeated movement thus it is quite
common amongst manual workers. The associated work absence and healthcare cost is a
significant socioeconomic burden to the UK economy?®. In the United States, the incidence of
CTS is 1-3 persons per 1000 subjects per year, with a prevalence of 50 cases per 1000 subjects in
the general population?. CTS most commonly affects whites and appears to be rare in some racial
groups (e.g., nonwhite South Africans)®. In North America, the rate of CTS is 2-3 times more
common among the white US Navy personnel compared to their black counterparts’.

4. Etiology and Risk Factors

Most cases of CTS are idiopathic!®. Several risk factors and diseases associated with this medical
condition have been identified. These include female gender (peak age 45-54 years), genetic
predisposition, aging, obesity, alcoholism, drug toxicities and exposure to toxins>”!!"12 Ifa
woman has not experienced the symptoms of CTS in her middle age years, she is less likely to
experience them for the first time in old age. Contrastingly, the incidence in men seems to
increase with age. Hormonal factors play a role in the gender differences observed in CTS.
Accordingly, the incidence of CTS is higher in pregnancy, breastfeeding women, women in their
first menopausal year, women on oral contraceptives pills or hormone replacement therapy!!!>-
14, However, oophorectomy reduces the incidence of CTS!!. Obese individuals are 2.5 times
more likely to be diagnosed with CTS compared to non-obese ones'>. Some CTS cases are linked
with endocrine disorders such as hypothyroidism, acromegaly, diabetes mellitus!!. In
hypothyroidism, the resulting myxedema can cause the deposition of mucopolysaccharides and
water within both the perineurium of the median nerve and the tendons of the carpal tunnel. With
acromegaly, the hypersecretion of growth hormones causes excessive growth of the soft tissues
and bones around the carpal tunnel leading to compression of the median nerve. Trauma (like
fracture of the wrist) and diseases that cause inflammation may increase the volume within the
carpal tunnel and thus lead to CTS!!. A good example is rheumatoid arthritis, where the resulting
pannus formation or synovitis can lead to an increase in carpal tunnel pressure. Additionally,
space occupying lesions in the carpal tunnel like tumor, lipoma, ganglion cysts, infection and
scar tissue can lead to compression of the median nerve!'2,

A lot of studies have been carried out to show the association between CTS and occupational
activities. A review of these studies reveals a positive association between CTS and occupations
involving highly repetitive wrist motion, use of vibratory tools, increased hand force, and
prolonged or repetitive flexion/extension of the wrist'161, Most patients have often associated



the onset of CTS with excessive computer keyboarding and mouse use. Surprisingly, up to date,
the literature shows no clear evidence to support this association?*-2!, In the systematic review
published by Thomsen et al in 2008 and Mediouni et al in 2014, it was concluded that some
certain work circumstances involving computer mouse use may increase the incidence of CTS
and although, carpal tunnel pressure does increase with computer keyboarding and mouse use,
however, the pressure was still below harmful levels?*-2!. Thus, keyboarding and mouse use
should be viewed as aggravating factors for CTS rather than as a risk factor.

5. Pathophysiology

As discussed in the section above, CTS is associated with many epidemiological risk factors,
including genetic, social, occupational, medical, and demographic. An interplay between these
factors eventually leads to the development of CTS.

The pathophysiology of CTS is related to a merger of two processes, compression, and traction
mechanisms. The compression mechanism results from an increase in carpal tunnel pressure.
Normally, in a healthy subject, the pressure in the carpal tunnel ranges between 2.5 to
13mmHg!%?2. However, in CTS patients, the pressure may rise to critical levels above 20-
30mmHg!¢. The abnormally high carpal tunnel pressure leads to obstruction to venous outflow,
back pressure, increasing local edema, and eventually, ischemia of the median nerve. The latter
results due to the compromise to the blood flow to the endoneurial capillary system. The
resulting alteration in the blood-nerve barrier interferes with the structural integrity of the median
nerve, leading to demyelination and axonal degeneration. The traction mechanism is due to the
repetitive traction and wrist movements. Flexion and extension of the wrist can cause eight and
ten times increase in the carpal tunnel’s fluid pressure respectively?®. Thus, repetitive wrist
movements will further worsen the nerve damage in CTS patients. Accordingly, splinting of the
wrist to hold it in a neutral position is widely considered the first line of treatment for mild to
moderate CTS cases.

6. Diagnosis

The diagnosis of CTS involves a combination of thorough history and physical examination in
conjunction with adjunctive tests like electrodiagnostic studies and ultrasonography.

6.1 History

A detailed history is a very vital component of the diagnostic workup towards the identification
of CTS in a patient. With regards to the symptoms, the clinician should ask the patient about its
duration, frequency, location, character, radiation (e.g., Do symptoms radiate from the
shoulder?), progression (better, worse, or stable?), timing (night, day, or both), frequency,
severity, aggravating factors (certain positions or movements), relieving factors (ice, rest,
shaking/flicking the hand and wrist or use of splints). The shaking or flicking of the hands to
provide relief from CTS symptoms is known as the flick sign. The flick sign is 93% sensitive and
96% specific?*. Additionally, the clinicians should ask about the patients’ lifestyle/activities,
whether they use vibratory tools for their tasks, predisposing factors and any comorbidities such
as diabetes, obesity, pregnancy, or inflammatory arthritis. History may reveal the classic features



of CTS, that is, pain, numbness, and paresthesia in the distribution of the median nerve, namely
the thumb, index finger, middle finger, and the radial half of the ring finger. Numbness existing
in the fifth finger or extending to the dorsum of the hand should suggest other diagnoses (Table
1). Additionally, there can be associated history of decreased strength with pinching or grip with
patients reporting that their hands fall asleep, or things slip through their fingers unintentionally.
Patients may describe difficulty in holding objects, buttoning a shirt, or opening jars. They may
also report that the symptoms are worse at night and are associated with certain activities that
fully flex/extend the wrist, such as driving, holding a telephone, reading newspapers or painting.

Table 1. Differential Diagnosis of Carpal Tunnel Syndrome
e Cervical radiculopathies at C6-C7
e  Arthritis of the wrist
e Carpometacarpal arthritis of the thumb
e de Quervain tendinopathy
e Peripheral neuropathy
e Pronator syndrome
e Raynaud syndrome
e Ulnar compressive neuropathy
e Tendonitis
e Tenosynovitis

6.2 Physical Examination

This involves a complete examination of the upper limb, including neck, shoulder, elbow, and
wrist, to exclude other neurologic or musculoskeletal diagnoses (Table 1). Initial inspection of
the hand and wrist may reveal evidence of precipitating factors such as arthritic changes and
other signs of prior injuries like abrasions, ecchymosis, deformities, swelling and other skin
changes. Inspection can also reveal wasting and atrophy of the muscles of the thenar eminence.
Sensory examination may show lack of two-point discrimination and abnormalities in sensation
on the palmar aspect of the first three digits and radial one half of the fourth digit of the affected
hand. This will help to localize the symptoms to the median nerve distribution. Motor
examination may reveal wasting of the thenar eminence muscle groups and weakness of thumb
abduction and opposition.

In clinical practice, the physical examination includes some special provocative tests with
varying degrees of sensitivities and specificities>*. Nevertheless, these tests are easy to perform,
and a combination of positive findings from them can increase the possibility of CTS?*2°,

e Median nerve (Carpal tunnel) compression test: It is considered the best of all the
provocation tests for CTS?!2, Examiner applies firm pressure directly over the carpal
tunnel for 30 seconds. A positive test is demonstrated when the symptoms (pain,
numbness, and paresthesia) are reproduced in the distribution of the median nerve.



e Phalen’s maneuver: Patient fully flexes both wrists to 90 degrees by placing dorsal
surfaces of both hands together for 60 seconds. A positive test is demonstrated when the
symptoms are reproduced in the distribution of the median nerve.

e Reverse Phalen’s maneuver (Prayer test): Patient extends both wrists by placing palmar
surfaces of both hands together for 60 seconds (as if praying). Again, a positive test is
demonstrated when the symptoms are reproduced in the distribution of the median nerve.

e Tinel sign: Examiner percusses/taps the volar surface of the patient wrist over the carpal
tunnel. A positive test is demonstrated when the symptoms are reproduced in the
distribution of the median nerve.

6.3 Adjunctive Tests

In a classic case of CTS, diagnosis is clinical (History and Physical Examination). Nonetheless,
electrodiagnostic studies can assist in confirming the diagnosis, especially in atypical cases.
Ultrasonography has been shown to be useful in diagnosing CTS.

6.3.1 Electrodiagnostic studies

Electrodiagnostic or electrophysiological studies involve nerve conduction studies (NCS) and
electromyography (EMG). With NCS, you can measure the speed and strength of impulses
propagated through the length of a peripheral nerve. Thus, it can confirm CTS by revealing an
impaired conduction through the median nerve. EMG records and analyzes electrical activity in
the muscles. It can reveal pathological changes in the muscles innervated by the median nerve.
However, electrodiagnostic studies have their limitations. For CTS, electrodiagnostic studies
have a sensitivity and specificity of 56% to 85% and 94% to 99% respectively®. False positives
and negatives have been reported with electrodiagnostic studies. Witt JC et al in 2004 reveals
that NCS results were normal in up to one-third of patients with mild CTS?. Thus,
electrodiagnostic studies are not a perfect gold standard for the diagnosis of CTS and cannot
replace the clinical examination. However, in combination with clinical examination, they can
serve as a powerful confirmatory tool for the diagnosis of CTS. Most importantly,
electrodiagnostic studies can help in ruling out other neurologic diagnoses and to determine the
severity of CTS. Limited evidence exists in support of a correlation between findings from
electrodiagnostic studies alone and functional recovery from CTS following carpal tunnel release
surgery?®. This limits the prognostic use of electrodiagnostic studies. However, if a repeat NSC
test after the carpal tunnel release surgery shows improvement in median nerve function, this can
help to reassure the patient. The American Academy of Orthopedic Surgery (AAOS) guidelines
for diagnosing CTS recommend that physician obtain electrodiagnostic studies if clinical
examination and/or provocative tests are positive and surgical management is being considered®.

6.3.2 Ultrasonography

Recently, ultrasonography has gained more popularity in the diagnosis of CTS. An increase in
the cross-sectional area of the median nerve has been correlated with the diagnosis of CTS. In
their meta-analysis study, Tai et al reveals that a cross-sectional area of 9 mm? or more of the
median nerve is 87.3% sensitive and 83.3% specific for CTS?. Ting et al reveals a positive
association between ultrasound measurement and electrodiagnostic studies in CTS patients?!.



Additionally, Wessel et al reveals a positive association between the severity of CTS and
increased cross-sectional area of the median nerve®2. The advantages ultrasonography offers
include patient comfort; lower cost; non-invasiveness; and its ability to rule out etiologies like
mass lesion, tendinopathies etc. However, local expertise is a requirement since ultrasound
imaging is highly-operator dependent. Additionally, ultrasound cannot determine the severity of
CTS or rule out etiologies such as polyneuropathies®*.

7. Management

Following the suspicion or the establishment of the diagnosis of CTS, primary care physicians
should refer their patients to an orthopedic hand specialist. The management of CTS will depend
on the severity of the disease. In mild and moderate cases of CTS, conservative treatment options
are recommended. These include wrist splinting, local and systemic corticosteroids, non-
steroidal anti-inflammatory drugs (NSAIDs), physical therapy, therapeutic ultrasound, and
yoga?*, Conservative management options encourage improved symptoms in two to six weeks
and reaches maximal benefits at three months®**3, Initially, patients are instructed on how to
reduce their symptoms by modifying their movement at the wrist. Patients should practice proper
hand ergonomics. Repetitive wrist movements should be avoided if possible.

A properly fitted splint that holds the wrist in a neutral position is widely recommended.
Splinting is even more advisable for use in reversible cases of CTS, such as pregnancy, where it
can be used to supplement other treatment options. Splints are low cost, tolerable, simple, and
effortless. A Cochrane review conducted in 2012 found nighttime wrist splinting to be more
effective than placebo®*. Additionally, the review found insufficient evidence to endorse one
splint design over another or compare effectiveness of splinting to another conservative
treatment options.

Oral and local corticosteroids may be recommended for patients with mild to moderate CTS. An
oral prednisone at a dosage of 20 mg daily for 10 to 14 days (about 2 weeks) was shown to be
effective for the symptomatic treatment of CTS compared with placebo, with its improvement
lasting up to eight weeks?*3>-36, However, oral corticosteroids are associated with some serious
side effects, and they are less effective than corticosteroid injection. A 2007 Cochrane review
reveals that local carpal tunnel corticosteroid injection produced symptomatic benefit for up to
one month compared with placebo?>-”. Ultrasound-guided injections are more effective and safer
than blind injections®®. Although local carpal tunnel corticosteroid injections are safe, misplaced
injections can lead to median nerve injury and tendon rupture. Other medications like non-
steroidal anti-inflammatory drugs, diuretics, and vitamin Bg are not effective and evidence does
not support their use?>3%40,

Another conservative treatment option for mild to moderate CTS is physical therapy. Physical
therapy includes carpal bone mobilization, therapeutic ultrasound, and nerve glide exercises.
There is limited evidence to show that physical therapy is effective in the treatment of CTS*!42,
Therapeutic ultrasound and carpal bone mobilization require an experienced therapist and several
sessions*?, Nerve glide exercises are quite simple and easy to learn exercises that can be done at
home. A video showing the demonstration of these exercise techniques is available at



https://www.youtube.com/watch?v=B5g0XA9MqCA. Garfinkel et al reveals that yoga offers
some benefits in CTS compared to wearing a wrist splint*3.

7.1 Carpal tunnel release (CTR) surgery

Patient with severe CTS (such as when there is wasting of the thenar muscles or weakness of
thumb opposition) or nerve damage (axonal degeneration) on nerve conduction studies should be
offered surgical intervention with carpal tunnel release (surgical decompression). Patients should
also be referred for surgical treatment when conservative measures fail or if the symptoms
persist. CTR is usually performed by a neuro/orthopedic/plastic surgeon or hand surgeon. The
procedure involves cutting the transverse carpal ligament or flexor retinaculum, thus opening
more space in the carpal tunnel, and reducing the pressure on the median nerve. CTR has a
lasting, good outcome in 70% to 90% of cases**. Furthermore, studies have shown that surgery is
more effective and beneficial than conservative, non-surgical management options*#64’_ The
surgical procedure can be performed either with an open approach, or endoscopically. Although
open CTR remains the traditional, and most popular method of CTR, endoscopic CTR is gaining
more popularity due to its more rapid recovery and improved safety profile*. Studies have
shown that open and endoscopic CTR are equally effective; however, patients who had
endoscopic CTR are able to return to work on average a week earlier than with open surgery*->.

8. Conclusion

CTS is the most common compressive neuropathy of the upper limb. It costs the United States
billions of dollars annually. The hallmark of typical CTS is pain, numbness, and paresthesia
along the distribution of the median nerve. Conservative management and limitation of repetitive
wrist movements is warranted in mild and moderate cases of CTS. Surgical decompression is
effective for severe CTS, and it involves the release of TCL to reduce the pressure on the median
nerve within the carpal tunnel. Primary care physicians must understand this syndrome, so they
can diagnose it and guide proper treatment.



References

1.

10.

11.

12.

13.

14.

15.

16.

Rosario NB, De Jesus O. Electrodiagnostic Evaluation of Carpal Tunnel Syndrome. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; September 10, 2021.

Sevy JO, Varacallo M. Carpal Tunnel Syndrome. In: StatPearls. Treasure Island (FL):
StatPearls Publishing; September 10, 2021.

Dale AM, Harris-Adamson C, Rempel D, et al. Prevalence and incidence of carpal tunnel
syndrome in US working populations: pooled analysis of six prospective studies. Scand J
Work Environ Health. 2013;39(5):495-505. doi:10.5271/sjweh.3351

Chammas M, Boretto J, Burmann LM, Ramos RM, Dos Santos Neto FC, Silva JB.
Carpal tunnel syndrome - Part I (anatomy, physiology, etiology and diagnosis). Rev Bras
Ortop. 2014;49(5):429-436. Published 2014 Aug 20. doi: 10.1016/j.rboe.2014.08.001
Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosén I. Prevalence of
carpal tunnel syndrome in a general population. JAMA. 1999;282(2):153-158.
doi:10.1001/jama.282.2.153

Burton C, Chesterton LS, Davenport G. Diagnosing and managing carpal tunnel
syndrome in primary care. BrJ Gen Pract. 2014;64(622):262-263.
doi:10.3399/bjgp14X679903

Genova A, Dix O, Saefan A, Thakur M, Hassan A. Carpal Tunnel Syndrome: A Review
of Literature. Cureus. 2020;12(3): €7333. Published 2020 Mar 19.
doi:10.7759/cureus.7333

Goga IE. Carpal tunnel syndrome in black South Africans. J Hand Surg Br.
1990;15(1):96-99. doi:10.1016/0266-7681(90)90058-c

Garland FC, Garland CF, Doyle EJ Jr, et al. Carpal tunnel syndrome and occupation in
U.S. Navy enlisted personnel. Arch Environ Health. 1996;51(5):395-407.
doi:10.1080/00039896.1996.9934428

Sternbach G. The carpal tunnel syndrome. J Emerg Med. 1999;17(3):519-523.
doi:10.1016/s0736-4679(99)00030-x

Newington L, Harris EC, Walker-Bone K. Carpal tunnel syndrome and work. Best Pract
Res Clin Rheumatol. 2015;29(3):440-453. doi:10.1016/j.berh.2015.04.026

Wright AR, Atkinson RE. Carpal Tunnel Syndrome: An Update for the Primary Care
Physician. Hawaii J Health Soc Welf. 2019;78(11 Suppl 2):6-10.

Nordstrom DL, Vierkant RA, DeStefano F, Layde PM. Risk factors for carpal tunnel
syndrome in a general population. Occup Environ Med. 1997;54(10):734-740.
doi:10.1136/0em.54.10.734

Solomon DH, Katz JN, Bohn R, Mogun H, Avorn J. Nonoccupational risk factors for
carpal tunnel syndrome. J Gen Intern Med. 1999;14(5):310-314. doi:10.1046/j.1525-
1497.1999.00340.x

Werner RA, Albers JW, Franzblau A, Armstrong TJ. The relationship between body
mass index and the diagnosis of carpal tunnel syndrome. Muscle Nerve. 1994;17(6):632-
636. d0i:10.1002/mus.880170610

Cranford CS, Ho JY, Kalainov DM, Hartigan BJ. Carpal tunnel syndrome. J Am Acad
Orthop Surg. 2007;15(9):537-548. doi:10.5435/00124635-200709000-00004



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Palmer KT, Harris EC, Coggon D. Carpal tunnel syndrome and its relation to occupation:
a systematic literature review. Occup Med (Lond). 2007;57(1):57-66.
doi:10.1093/occmed/kql125

van Rijn RM, Huisstede BM, Koes BW, Burdorf A. Associations between work-related
factors and the carpal tunnel syndrome--a systematic review. Scand J Work Environ
Health. 2009;35(1):19-36. doi:10.5271/sjweh.1306

Barcenilla A, March LM, Chen JS, Sambrook PN. Carpal tunnel syndrome and its
relationship to occupation: a meta-analysis. Rheumatology (Oxford). 2012;51(2):250-261.
doi:10.1093/rheumatology/ker108

Thomsen JF, Gerr F, Atroshi I. Carpal tunnel syndrome and the use of computer mouse
and keyboard: a systematic review. BMC Musculoskelet Disord. 2008;9:134. Published
2008 Oct 6. doi:10.1186/1471-2474-9-134

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(2):204-208. doi:10.1097/JOM.0000000000000080

Luchetti R, Schoenhuber R, De Cicco G, Alfarano M, Deluca S, Landi A. Carpal-tunnel
pressure. Acta Orthop Scand. 1989;60(4):397-399. do0i:10.3109/17453678909149305
Werner RA, Andary M. Carpal tunnel syndrome: pathophysiology and clinical
neurophysiology. Clin Neurophysiol. 2002;113(9):1373-1381. doi:10.1016/s1388-
2457(02)00169-4

Wipperman J, Goerl K. Carpal Tunnel Syndrome: Diagnosis and Management. Am Fam
Physician. 2016;94(12):993-999.

MacDermid JC, Wessel J. Clinical diagnosis of carpal tunnel syndrome: a systematic
review. J Hand Ther. 2004;17(2):309-319. doi:10.1197/j.jht.2004.02.015

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(11):1589-1592.
doi:10.1212/wnl.58.11.1589

Witt JC, Hentz JG, Stevens JC. Carpal tunnel syndrome with normal nerve conduction
studies. Muscle Nerve. 2004;29(4):515-522. d0i:10.1002/mus.20019

Azar FM. Campbell’s: Operative Orthopaedics. Vol One. 13" Edition Ed. Philadelphia:
Elsevier; 2017.

Keith MW, Masear V, Chung KC, et al. American Academy of Orthopaedic Surgeons
Clinical Practice Guideline on diagnosis of carpal tunnel syndrome. J Bone Joint Surg
Am. 2009;91(10):2478-2479. doi:10.2106/JBJS.1.00643

Tai TW, Wu CY, Su FC, Chern TC, Jou IM. Ultrasonography for diagnosing carpal
tunnel syndrome: a meta-analysis of diagnostic test accuracy. Ultrasound Med Biol.
2012;38(7):1121-1128. doi:10.1016/j.ultrasmedbio.2012.02.026

Ting BL, Blazar PE, Collins JE, et al. Median Nerve Ultrasonography Measurements
Correlate With Electrodiagnostic Carpal Tunnel Syndrome Severity. J Am Acad Orthop
Surg. 2019;27(1):e17-e23. doi:10.5435/JAAOS-D-17-00557



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Wessel LE, Marshall DC, Stepan JG, et al. Sonographic Findings Associated With Carpal
Tunnel Syndrome. J Hand Surg Am. 2019;44(5):374-381. doi:10.1016/j.jhsa.2018.07.015
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 Apr 11;6:17.
doi: 10.1186/1749-799X-6-17. PMID: 21477381; PMCID: PMC3080334.

Page MJ, Massy-Westropp N, O'Connor D, Pitt V. Splinting for carpal tunnel syndrome.
Cochrane Database Syst Rev. 2012 Jul 11;2012(7):CD010003. doi:
10.1002/14651858.CD010003. PMID: 22786532; PMCID: PM(C7389822.

Huisstede BM, Hoogvliet P, Randsdorp MS, Glerum S, van Middelkoop M, Koes BW.
Carpal tunnel syndrome. Part I: effectiveness of nonsurgical treatments--a systematic
review. Arch Phys Med Rehabil. 2010 Jul;91(7):981-1004. doi:
10.1016/j.apmr.2010.03.022. PMID: 20599038

O'Connor D, Marshall S, Massy-Westropp N. Non-surgical treatment (other than steroid
injection) for carpal tunnel syndrome. Cochrane Database Syst Rev.
2003;2003(1):CD003219. doi: 10.1002/14651858.CD003219. PMID: 12535461;
PMCID: PMC6486195.

Marshall S, Tardif G, Ashworth N. Local corticosteroid injection for carpal tunnel
syndrome. Cochrane Database Syst Rev. 2007 Apr 18;(2):CD001554. doi:
10.1002/14651858.CD001554.pub2. PMID: 17443508.

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 Dec;93(29):e350. doi:
10.1097/MD.0000000000000350. PMID: 25546691; PMCID: PMC4602597.

Piazzini DB, Aprile I, Ferrara PE, Bertolini C, Tonali P, Maggi L, Rabini A, Piantelli S,
Padua L. A systematic review of conservative treatment of carpal tunnel syndrome. Clin
Rehabil. 2007 Apr;21(4):299-314. doi: 10.1177/0269215507077294. PMID: 17613571.
Graham B. Nonsurgical treatment of carpal tunnel syndrome. J Hand Surg Am. 2009
Mar;34(3):531-4. doi: 10.1016/j.jhsa.2009.01.010. PMID: 19258153.

Page MJ, O'Connor D, Pitt V, Massy-Westropp N. Exercise and mobilisation
interventions for carpal tunnel syndrome. Cochrane Database Syst Rev. 2012 Jun
13;(6):CD009899. doi: 10.1002/14651858.CD009899. PMID: 22696387.

Page MJ, O'Connor D, Pitt V, Massy-Westropp N. Therapeutic ultrasound for carpal
tunnel syndrome. Cochrane Database Syst Rev. 2013 Mar 28;2013(3):CD009601. doi:
10.1002/14651858.CD009601.pub2. PMID: 23543580; PMCID: PMC7100871.
Garfinkel MS, Singhal A, Katz WA, Allan DA, Reshetar R, Schumacher HR Jr. Yoga-
based intervention for carpal tunnel syndrome: a randomized trial. JAMA. 1998 Nov
11;280(18):1601-3. doi: 10.1001/jama.280.18.1601. PMID: 9820263.

Turner A, Kimble F, Gulyas K, Ball J. Can the outcome of open carpal tunnel release be
predicted?: a review of the literature. ANZ J Surg. 2010;80(1-2):50-54.
doi:10.1111/5.1445-2197.2009.05175.x

Gerritsen AA, de Vet HC, Scholten RJ, Bertelsmann FW, de Krom MC, Bouter LM.
Splinting vs surgery in the treatment of carpal tunnel syndrome: a randomized controlled
trial. JAMA. 2002;288(10):1245-1251. doi:10.1001/jama.288.10.1245



46.

47.

48.

49.

50.

51.

Ly-Pen D, Andréu JL, de Blas G, Sanchez-Olaso A, Millan 1. Surgical decompression
versus local steroid injection in carpal tunnel syndrome: a one-year, prospective,
randomized, open, controlled clinical trial. Arthritis Rheum. 2005;52(2):612-619.
doi:10.1002/art.20767

Verdugo RJ, Salinas RA, Castillo JL, Cea JG. Surgical versus non-surgical treatment for
carpal tunnel syndrome. Cochrane Database Syst Rev. 2008;2008(4):CD001552.
Published 2008 Oct 8. doi:10.1002/14651858.CD001552.pub2

Tulipan JE, Ilyas AM. Carpal Tunnel Syndrome Surgery: What You Should Know. Plast
Reconstr Surg Glob Open. 2020;8(3):€2692. Published 2020 Mar 20.
doi:10.1097/GOX.0000000000002692

Vasiliadis HS, Georgoulas P, Shrier I, Salanti G, Scholten RJ. Endoscopic release for
carpal tunnel syndrome. Cochrane Database Syst Rev. 2014;(1):CD008265. Published
2014 Jan 31. doi:10.1002/14651858.CD008265.pub2

Scholten RJ, Mink van der Molen A, Uitdehaag BM, Bouter LM, de Vet HC. Surgical
treatment options for carpal tunnel syndrome. Cochrane Database Syst Rev.
2007;2007(4):CD003905. Published 2007 Oct 17.
doi:10.1002/14651858.CD003905.pub3

Tshibwabwa ET, Oomen G, Mernagh J, Coblentz C, Wainman B. Ultrasound anatomy:
an imaging resource for medical students in their journey through the Medical
Foundations. Education Program in Anatomy, Faculty of Health Sciences, McMaster
University, Hamilton, Canada. (Second Edition) 104 pages. 2011.



