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Abstract

Carpal Tunnel Syndrome (CTS) is the most common entrapment neuropathy of the upper limb. Diagnosis of
CTS was rare before middle of the nineteenth century but in recent years it continues to be made with
increasing frequency by the virtue of wide spread public awareness and highly specific diagnostic tests.
Individuals engaged in repetitive works which involves flexion and extension of the wrist, strong grip or
exposure to vibration are particularly at risk of developing the disease. It is now accounted amongst the

common work related claimed disabilities in our country.
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Introduction

CTS, the most common focal peripheral neuropathy, results
from compression of the median nerve at the wrist.' The most
common finding in CTS is an increased carpal tunnel
pressure.” It used to be unclear whether this was due to a
reduction of the size of the carpal tunnel or an increase of its
content, but several authors have stated that the increase in
volume is caused by a non-inflammatory synovial fibrosis of
the connective tissue within the carpal tunnel.’ The syndrome
affects an estimated 3 percent of adult Americans and is
approximately three times more common in women than in
men.* Patients complains of paresthesia in the hand along the
distribution of the median nerve and often pain radiates to the
arm. The syndrome intensified at night and the patient tries to
get relief by shaking the hand in the air.
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Synonyms

CTS have some special synonyms. They are:
® Tardy median nerve palsy’

® Acroparesthesia®

® Median neuritis

©® Median thenar neuritis

® Occupational median neuritis

® Thenar neural atrophy

Historical Background

Sir James Paget first described the symptoms of CTS in 1854
and in 1911 Ramsey Hunt described this neuropathy.” Phalen
wrote several article on CTS since 1950.°
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Incidence and Epidemiology

A recent study shows that the mean annual crude incidence
was 329 cases per 100,000 person-years, and the standardized
incidence was 276. The sex-specific incidences were 139 for
men and 506 for women. The mean annual incidence for men
increased moderately but significantly during the study period,
whereas that for women remained constant. The age-specific
incidence for women increased gradually with age, reaching a
peak between 50 and 59 years, after which it declined. In men,
there was a bimodal distribution with peaks between 50 and 59
years and between 70 and 79 years. Rural and industrial areas
had higher crude and age- and sex-specific incidences than did
urban areas.’

Anatomy and Etiology

The carpal tunnel consists of the flexor tendons and the
median nerve. These structures are surrounded by the sub-
synovial connective tissue (SSCT), which consists of multiple
layers of fibrous tissue that are interconnected by collagenous
fibers.'*'""” Guimberteau reported that blood and lymphatic
vessels, which irrigate the tendons, are also present in the
SSCT.” The SSCT is surrounded by a radial and ulnar
bursa.'*'>'*'"%1 A non-inflammatory synovial fibrosis of the
connective tissue is the most common finding in carpal tunnel
syndrome.”*"*** but the reason why this fibrosis develops
remains unclear.

Pathophysiology

CTS is the classic example of a chronic compression
neuropathy. The entrapment neuropathy combines phenomena
of compression and traction. Nerve compression and
traction may cause disorders of the intra neural
microcirculation, lesions in the myelin sheath and the axon,
as well as alterations in the supporting connective tissue.
The entrapment of a peripheral nerve occurs as a result
of its passage through an anatomical compartment that
has become too tight, resulting in altered function within the
nerve and dysfunction/damage of the nerve from the site
of compression and beyond.** The pathophysiology of CTS
is complex and results from interactions of many mechanisms
like increased carpal tunnel pressure”, Median nerve

microcirculation injury®’, Median nerve connective tissue
alteration”™” synovial tissue hypertrophy*>® has been
proposed.

Presentation

® Fullness of the wrist

® Poor dexterity of the fingers and droping of items

® Paresthesia and numbness of the fingers and nocturnal
dysesthesia

® Pain worsening at night which is relived by shaking the hand
in the air.”!

Clinical Findings

The median nerve is accessible in front of the wrist flexion
crease and behind the long palmar tendon or in the middle of
the wrist.

® Tinel sign: The sensitivity is between 26 and 79% and the
specificity is between 40 and 100%.*

® Phalen sign: The sensitivity is between 67 and 83% and the
specificity is between 47 and 100%.*>”

® Paley and Mc Murphy test: the sign is positive if manual
pressure close to the median nerve (between 1 and 2 cm
proximally to the wrist flexion crease) triggers pain or
paresthesia. The sensitivity is 89% and the specificity is
4500.32434

® Compression test with wrist flexed: pressure is applied
using two fingers on the median region of the carpal tunnel,
with the wrist flexed at 60°, elbow extended and forearm
supinated. The test is positive if paresthesia appears in the area
of the median nerve. Tetro et al. found sensitivity of 82% and
specificity of 99%.”'

Diagnosis

The diagnosis of CTS is based on the history and physical
examination. Nerve Conduction Study (NCS) is recognized as
the diagnostic standard for it.”” NCS considered positive when
the median nerve sensory latency exceeds the standard radial
and ulnar nerve sensory latency by more than 0.4 millisecond.
MRI of wrist proves both sensitive and specific in detecting
CTS.”

Management

Non surgical management with rehabilitation of the affected
condition in the department of Physical Medicine and
Rehabilitation is popularly known as Physiatric management.
A trial of physiatric or conservative management can be
pursued after diagnosis.”*

A) Drug management

1) NSAIDs: NSAID have little effect in relieving the
symptoms and night pain but are recommended as primary
treatment by some authors.***'

2) Diuretics: Chang et al found that Trichlorthiazide 2mg daily
for 4 weeks is less effective than NSAIDs and Prednisolone.*

3) Vitamin B6: Vitamin B6 is effective in selected cases of
CTS and help in relieving symptoms earlier.”

4) Oral Steroid: A significant improvement shown by using
prednisolone 25 mg/day with two and four weeks of
treatment.>*+**

B) Interventional Physiatry

Corticosteroid injections are used frequently to treat CTS as it
is considered to be both safe and effective for short term
management.** Pathology specimens from carpal tunnel
release have revealed chronic synovial inflammation, and it is
suggested that corticosteroid injections are effective by
decreasing the swelling of the flexor synovialis. A common
belief is that corticosteroid injections can relieve the early
symptoms of CTS.* Intra lesional corticosteroid injection
improves VAS scores and Boston carpal tunnel
questionnaire (BCTQ) either the symptom severity or
functional capacity for mild to moderate CTS.*
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Ultrasound-guided hydrodissection has recently been proposed
to treat nerve entrapment. Hydrodissection leads to improved
nerve mobility, greater reduction in symptoms, or decreased
recurrence rate in comparison with regular ultrasound-guided
injections.*”'

C) Physical Modalities

Iontophoresis is a method of transdermal administration of
ionized drugs in which electrically charged molecules are
propelled through the skin by an external electrical field.”
Advantages of steroid iontophoresis include being painless,
noninvasive, sterile and providing local and little systemic
concentration of the drug.”

Therapeutic ultrasound is a modality that produces acoustical
high-frequency vibrations with both thermal and non thermal
effects.” Deep, pulsed ultrasound over the carpal tunnel for 15
min for 20 treatments decreases pain and paresthesia
symptoms, reduces sensory loss, and improves median nerve
conduction and strength when compared with sham
ultrasound.’**

D) Therapeutic Splinting

Splinting is a relatively inexpensive, non operative treatment
for CTS. As CTS has been associated with forceful, repetitive
hand and wrist activities, one purpose of splinting is to
minimize motion at the wrist and subsequently decrease
symptoms of pain and/or numbness.””** Splinting is helpful for
the common symptom of nocturnal paresthesias by limiting
prolonged periods of excessive wrist flexion or extension
during sleep. Positions of wrist flexion and extension causes
increased pressure within the carpal tunnel, similar to the
findings of increased pressure in the carpal tunnel with CTS,
and is associated with changes in nerve structure.”* Neutral
wrist position results in lower carpal tunnel pressures
compared with flexion or extension. *"*

E) Exercise

Mobilization exercises (e.g., tendon gliding and nerve gliding)
are commonly employed for symptoms of CTS and are felt to
improve axonal transport and nerve conduction.” Tendon and
nerve gliding exercises may maximize the relative excursion
of the median nerve in the carpal tunnel and the excursion of
the flexor tendons relative to one another.*

F) Acupuncture
Acupuncture may be useful as an adjunct treatment or an
acceptable alternative for managing CTS.”

G) Activities of daily living (ADL)

Changing the workstation and design of tools to eliminate the
stimuli for cumulative trauma can be both preventive and
curative.

H) Occupationat therapy
Job modification decreases the incidence of CTS.%

Conclusion

CTS is a frequent genesis of pain and impairment throughout
the population. Nonsurgical interventions are regularly used
for CTS and include medications, splinting, exercises,
modalities and alternative therapies. Although there is no
absolute satisfactory conservative management available at
present, trials suggest that physiatric management which
encompasses pharmacological, non-pharmacological and
rehabilitation aspects seems to offer clear advantages over
surgical options.

Acknowledgment
We would like to thank our esteemed institutions and our
collegues for their support.

References
1. Viera AJ. Management of carpal tunnel syndrome.
American family physician. 2003 Jul 15;68(2):265-272.

2. Cobb TK, Cooney WP, An KN. Aetiology of work-related
carpal tunnel syndrome: the role of lumbrical muscles and
tool size on carpal tunnel pressures. Ergonomics. 1996 Jan
1;39(1):103-107.

3. Lluch AL. Thickening of the synovium of the digital flexor
tendons: cause or consequence of the carpal tunnel
syndrome?. Journal of Hand Surgery. 1992 Apr;17(2):209
211.

4. Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam
J, Rosen I. Prevalence of carpal tunnel syndrome in a
general population. Jama. 1999 Jul 14;282(2):153-158.

5. Phalen GS. The Carpal tunnel syndrome. J Bone Joint Surg
1996; 48 A: 211

6. PfefferGelberman RH, Boyes JH, Rydevic B. The history
of Carpal Tunnel Syndrome. J Hand Surg 1998; 13 B: 28

7. Dell PC, Guzewich RM. A typical Peripheral neuropathies.
Hand Clin 1992; 8: 275

8. Phalen GS. Spontaneous compression of the median nerve
at the wrist. JAMA 1951; 145: 1128-1132

9. Mondelli M, Giannini F, Giacchi M. Carpal tunnel
syndrome incidence in a general population. Neurology.
2002 Jan 22;58(2):289-294.

10.Cobb TK, Dalley BK, Posteraro RH, Lewis RC. The carpal

tunnel as a compartment. An anatomic perspective. Orthop
Rev 1992 ; 21 : 451-453.

208



KYAMC Journal 11 [] O O O 0

Vol. 10, No.4, January 2020

11.Ettema AM, Amadio PC, Zhao C et al. Changes in the
functional structure of the tenosynovium in idiopathic
carpal tunnel syndrome : a scanning electron microscope
study. PlastReconstrSurg2006 ; 118 : 1413-1422.

12.Rotman MB, Donovan JP. Practical anatomy of the carpal
tunnel. Hand Clin 2002 ; 18 : 219-230

13. Guimberteau JC. New ideas in hand flexor tendon surgery.
The sliding system. Vascularized flexor tendon transfers.
Forestier, Bordeaux, France : Aquitaine Domaine ; 2001

14. Biesalski K, Mayer L. Die physiologische Sehnenverp
lanzung. Berlin : Springer ; 1916.

15. Ettema AM, Amadio PC, Zhao C, Wold LE, An KN. A
histological and immunohistochemical study of the
subsynovial connective tissue in idiopathic carpal tunnel
syndrome. J Bone Joint Surg Am 2004 ; 86-A : 1458-1466.

16. Ettema AM, Zhao C, An KN, Amadio PC. Comparative
anatomy of the subsynovial connective tissue in the carpal
tunnel of the rat, rabbit, dog, baboon, and human. Hand (N
Y) 2006 ; 1 : 78-84.

17. Frohse F, Friankel M. Die Muskeln des menschlichen
Armes. Kv Bardelebens Handbuch der Anatomie des
Menschen. Jena : G. Fischer ; 1908

18. Kanavel AB. Infections of the hand. 7t ed. Philadelphia :
Lea &Febiger ; 1939.

19. Kuhlmann JN, Guérin-Seville H, Baux S. Les
gainesséreusescarpiennes et leurvascularisation. Bull Ass
Anat1992 ; 76 : 27-34.

20. Lluch AL. Thickening of the synovium of the digital flexor
tendons : cause or consequence of the carpal tunnel
syndrome ? J Hand Surg Br 1992 ; 17 : 209-212.

21. Nakamichi K, Tachibana S. Histology of the transverse
carpal ligament and flexor tenosynovium in idiopathic
carpal tunnel syndrome. J Hand Surg Am 1998 ; 23 : 1015-
1024.

22. Neal NC, McManners J, Stirling GA. Pathology of the
flexor tendon sheath in the spontaneous carpal tunnel
syndrome. J Hand Surg Br 1987 ; 12 : 229-232.

23. Tucci MA, Barbieri RA, Freeland AE. Biochemical and
histological analysis of the flexor tenosynovium in patients
with carpal tunnel syndrome. Biomed Scilnstrum1997 ; 33
:1246-251.

24. Werner RA, Andary M. Carpal tunnel syndrome:
pathophysiology and clinical neurophysiology. Clinical
Neurophysiology. 2002 Sep 1;113(9):1373-1381.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

209

Millesi H, Zock G, Rath T. The gliding apparatus of
peripheral nerve and its clinical significance. Ann Chir
Main Memb Super 1990; 9: 87-97.

MacDermid JC, Doherty T. Clinical and electrodiagnosting
testing of carpal tunnel syndrome: a narrative review.
J Orthop Sports PhysTher 2004: 34: 565-588.

Wehbe MA, Schlegel JM. Nerve gliding exercise for
thoracic outlet syndrome. Hand Clin 2004; 20: 51-55.

Lundborg G, Dahlin LB. Anatomy, function and
pathophysiology of peripheral nerves and nerve
compression. Hand Clin 1996; 12: 185-193.

Phalen GS. The Carpal tunnel syndrome, seventeen years'
experience of diagnosis and treatment of six hundred fifty
four hands. J Bone Joint Surg Am 1966; 48: 211-228.

Sud V, Tucci MA, Freeland AE, Smith WT, Grinspun K.
Absorptive properties of synoviumhervested from carpal
tunnel. Microsurgery 2002; 22: 316-319.

Tetro AM, Evanoff BA, Holstein SB, Gelberman RH. A
new provocative test for carpal tunnel syndrome:
Assessment of wrist flexion and nerve compression. J
Bone Joint Surg. Br 1998; 80: 493-498.

Palumbo CF, Szabo RM. Examination of patients for
carpal tunnel syndrome sensibility, provocative, and motor
testing. Hand Clin. 2002;18(2):269-277.

Buch-Jaeger N, Foucher G Correlation of clinical signs
with nerve conduction tests in the diagnosis of carpal
tunnel syndrome. J Hand Surg Br. 1994;19(6):720-704.

Paley D, McMurthry RY. Median nerve compression test
in carpal tunnel syndrome diagnosis reproduces signs and
symptoms in affected wrist. Orthop Rev. 1985;14(1):41-
45.

Jablecki CK, Andary MT, Floeter MK, Miller RG, Quartly
CA, Vennix MJ, et al. Second AAEM literature review of
the usefulness of nerve conduction studies and needle
electromyography for the evaluation of patients with
carpal tunnel syndrome. Muscle Nerve. 2002;2:6.

Contatore FP, Dell Accio F, Lapadual G. Carpal tunnel
syndrome: A review. Clinical Rheumatology 1997; 16:
596-603.

Ahmed SM, Salek AKM, Khan MM, Rizvi AN, Shakoor
MA, Al Hasan S. Carpal Tunnel Syndrome: A review.
Journal of Chittagong Medical College
teachers'Association. 2007; 18(2): 32-36.

Kulick RG. Carpal tunnel syndrome. OrthopClin N AM.
1996; 272.



KYAMC Journal 11 [] O O O 0

Vol. 10, No.4, January 2020

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Slater RR Jr, Bynam DK. Orthop Rev 1993; 22: 1095-1111

Tubiana R. Carpal tunnel syndrome: some views on its
management. ANN Hand Surg. 1990; 9: 325-330.

Kaplan SJ, Glickel SZ, Eaton RG. Predictive factors in the
non-surgical treatment of Carpal tunnel syndrome. J hand
Surg 1990;15B: 106-108.

Chang MH, Chiang HT, Lee SSJ. Oral drug of choise in
Carpal tunnel syndrome. Neurology 1998; 51: 990-393.

Franzblad. Vitamin B6 in Carpal tunnel syndrome. J
OccupEnv. Med 1996;38:961-969.

Herskovitz S, Bergh AR, Lipton RB. Low dose short term
oral prednisolone in the treatment of Carpal tunnel
syndrome. Neurology 1995;45: 1923-1925.

Hwi ACF, Wong SM, Wong KS, Li E. Oral steroid in the
treatment of Carpal tunnel syndrome. Annals of the
Rheumatic diseases 2001; 60(8):813-814.

Armstrong T, Devor W, Borschel L, Contreras R.
Intracarpal steroid injection is safe and effective for short-
term management of carpal tunnel syndrome. Muscle
Nerve. 2004;29:82-88.

Boyer MI. Corticosteroid injection for carpal tunnel
syndrome. J. Hand Surg. Am. 2008;33:1414-1416.

Hasan MI, Ahmed SM. Intralesional steroid and ultrasound
therapy in patients with carpal tunnel syndrome
Bangabandhu Sheikh Mujib Med Univ J. 2019; 12: 177-
181

Malone DG, Clark TB, Wei N. Ultrasound-guided
percutaneous injection, hydrodissection, and fenestration
for carpal tunnel syndrome: description of a new
technique. J Appl Res. 2010;10:116-123.

DeLea SL, Chavez-Chiang NR, Poole JL, Norton HE,
Sibbitt WL, Jr, Bankhurst AD. Sonographically guided
hydrodissection and corticosteroid injection for
scleroderma hand. Clinical rheumatology. 2011;30(6):805-
813.

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. 2014;93(29):e350.

Banta CA. A prospective, nonrandomized study of
iontophoresis, wrist splinting, and antiinflammatory
medication in the treatment of early-mild carpal tunnel
syndrome. J. Occup. Med. 1994;36:166-168.

Osterman AL, Whitman M, Porta LD. Nonoperative carpal
tunnel syndrome treatment. Hand Clin. 2002;18:279-289.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

210

. O'Connor D, Marshall SC, Massy-Westropp N. Non-

surgical treatment (other than steroid injection) for carpal
tunnel syndrome. Cochrane Database Syst. Rev. 2003;1
CD003219.

Muller M, Tsui D, Schnurr R, Biddulph-Deisroth L, Hard
J, MacDermid JC. Effectiveness of hand therapy
interventions in primary management of carpal tunnel
syndrome: a systematic review. J. Hand Ther.
2004;17:210-228.

Ebenbichler GR, Resch KL, Nicolakis P, et al. Ultrasound
treatment for treating the carpal tunnel syndrome:
randomised "sham" controlled trial. BMJ. 1998;316:731-
735.

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

Maghsoudipour M, Moghimi S, Dehghaan F, Rahimpanah
A. Association of occupational and non-occupational risk
factors with the prevalence of work related carpal tunnel
syndrome. J. Occup. Rehabil. 2008;18:152-156.

McCabe SJ, Uebele AL, Pihur V, Rosales RS, Atroshi 1.
Epidemiologic associations of carpal tunnel syndrome and
sleep position: is there a case for causation? Hand (NY)
2007;2:127-134.

Gupta R, Rummler L, Steward O. Understanding the
biology of compressive neuropathies. Clin. Orthop. Relat.
Res. 2005;436:251-260.

Gelberman RH, Hergenroeder PT, Hargens AR, Lundborg
GN, Akeson WH. The carpal tunnel syndrome. A study of
carpal canal pressures. J. Bone Joint Surg. Am.
1981;63:380-383.

Weiss ND, Gordon L, Bloom T, So Y, Rempel DM.
Position of the wrist associated with the lowest carpal-
tunnel pressure: implications for splint design. J. Bone
Joint Surg. Am. 1995;77:1695-1699.

Butler D, Gifford L. The concept of adverse mechanical
tension in the nervous system, part 2; examination and
treatment. Physiotherapy. 1989;75:629-636.

Rempel D, Manojlovic R, Levinsohn DG, Bloom T,
Gordon L. The effect of wearing a flexible wrist splint on
carpal tunnel pressure during repetitive hand activity. J.
Hand Surg. Am. 1994;19:106-110.

NIH Consensus Conference. Acupuncture. JAMA.
1998;280:1518-1524.

Kristensen K. Clinical chiropractic orthopedics. Dubuque:
Education division foot leveler's ING. 1984: 267-268.



