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Abstract
Carpal Tunnel Syndrome is a neuropathic condition that results from the 

entrapment of the median nerve within the carpal tunnel space of the wrist. Pressure 

forces within the carpal tunnel are exacerbated by repetitive microtrauma to the synovial 

sheaths, often incurred through frequent use of the wrist. Typical symptoms of Carpal 

Tunnel Syndrome include paresthesia, numbness, and possible muscle atrophy, 

depending on the magnitude of pressure forces. The severity of the patient’s symptoms 

influences whether surgical or non-surgical interventions are prescribed for treatment. 

Non-surgical interventions typically consist of splinting, steroid injections, and patient 

education, while surgical intervention is carpal tunnel release surgery. The two primary 

types of carpal tunnel release surgery are endoscopic carpal tunnel release, which is 

highlighted in this paper, and open carpal tunnel release. Endoscopic carpal tunnel 

release uses minimally invasive methods to completely incise the transverse carpal 

ligament, which decreases pressure within the carpal tunnel. Post-surgery, patients 

undergo an average of six weeks of rehabilitation. A three-phase protocol is presented 

here that physical therapists can follow to gradually progress the patient to a pain-free 

full range of motion. This protocol largely aims to decrease the patient’s pain level, 

increase strength and range of motion, and allow the patient to return to prior functional 

capacity without symptoms. As a common neuropathic condition, Carpal Tunnel 

Syndrome can be treated effectively through surgical intervention and physical therapy 

rehabilitation.
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Background

Carpal Tunnel Syndrome (CTS) is an overuse disorder that involves the 

entrapment of the median nerve within the carpal tunnel. CTS is the most common 

upper extremity neuropathy, which affects 10 million Americans every year and costs 

billions in health care dollars and thousands in lost wages.1 CTS is often categorized as 

an overuse injury caused by repetitive trauma to the carpal tunnel, however, other 

injuries or conditions such as rheumatoid arthritis, osteoarthritis, carpal fracture, or 

pregnancy can also cause CTS.2  Along with the median nerve, the carpal tunnel 

encloses the nine tendons of the extrinsic digit flexors—the four of the flexor digitorum 

profundus, the four of the flexor digitorum superficialis, and the one of the flexor pollicis 

longus. These structures are often involved in the etiology of CTS. This syndrome is 

characterized by sensory loss, progressive muscle weakness or atrophy, and pain with 

repetitive motions in the wrist and lateral areas of the hand innervated by the median 

nerve. Depending on the severity of the syndrome, ability to oppose the thumb may be 

difficult or impossible.

Precipitating Mechanical Factors in Carpal Tunnel Syndrome

A decrease in the space within the carpal tunnel can cause compression of the 

median nerve. This compression directly results in the symptoms of CTS.3 Compression 

usually occurs at one of two locations—at the level of the hook of the hamate, where the 

carpal tunnel is smallest, or at the proximal edge of the transverse carpal ligament 

(TCL).3 Several anatomical abnormalities can decrease the space within the carpal 

tunnel. The most common cause is synovial hypertrophy of the extrinsic finger flexors.3
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Repetitive, prolonged, or extreme wrist positions, involved in many hand activities such 

as keyboard typing, can irritate and injure the flexor tendons and their synovial 

sheaths.4 This results in decreased gliding of the tendons through the carpal tunnel.5

Increases in shear forces within the carpal tunnel then lead to continued injury to the 

sheaths. This cycle of injury causes fibrosis of the membranes, culminating in 

hypertrophy of the synovial sheaths and compression of the median nerve.4 Other 

space-occupying lesions that can compress the median nerve include cysts, congenital 

abnormalities, and hypertrophy of the lumbricals, though these are less common.6

All of these abnormalities can also increase the pressure within the carpal tunnel, 

which can be drastic. The pressure within the carpal tunnel at a resting position in 

healthy adults is 14.3mmHg.3 This triples to 43.0mmHg in patients with CTS.3 The 

increased pressure limits the motion of the median nerve during wrist movements. This 

predisposes the median nerve to compression by the proximal edge of the TCL during 

wrist flexion.3, 5 Pressures in patients with CTS increase to 191.9mmHg during passive 

wrist flexion.3 This Phalen’s test, which puts the wrist into extreme flexion, illustrates this 

effect. Patients with CTS experience increased pressures within the carpal tunnel, 

compression of the median nerve, and reproduced symptoms when performing the test. 

Resultant higher shear forces during active wrist flexion can also cause further 

hypertrophy of the tenosynovium and an increase in median nerve compression and 

symptoms.5 Similar pressures have been recorded during both active grip (206.2mmHg) 

and passive wrist extension (222.4mmHg).3 These pressures represent a fivefold 

increase during simple wrist movements as compared to healthy adults. These high 

pressures further compress the median nerve, which aggravates symptoms.
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Diagnosis and Treatment of Carpal Tunnel Syndrome

When patients present with the signs and symptoms of CTS, a thorough 

examination and several tests are performed to confirm the diagnosis. Other areas, 

such as the neck and shoulder, are also examined to confirm that the pain is not being 

referred from another area.2 The patient’s grip strength, sensation in the palm and 

fingers, and range of motion in the wrist and hand are also examined. Valid and reliable 

special tests, such as Tinel’s test and Phalen’s test, are performed to try to recreate 

symptoms. Symptom reproduction suggests a diagnosis of CTS.  

If the diagnosis is confirmed, the severity of the syndrome is then determined. 

Patients are often asked to complete the Boston Carpal Tunnel Questionnaire 

(Appendix C), which aids in determining the severity of the symptoms and the effects of 

symptoms on daily function. The questionnaire is divided into two parts: the symptoms 

severity scale, which assess pain, numbness and tingling, and the functional status 

scale, which evaluates the impact of symptoms on activities of daily living.1 This 

measure is used to monitor patient responsiveness to interventions and can serve as an 

outcome measure pre- and post-operatively. 

The severity of a patient’s symptoms aids in determining the course of treatment. 

The pathophysiology of the nerve entrapment is evaluated on a grading of I-III. A grade 

I is the grade most commonly seen in CTS patients and is the most mild.7 There is no 

nerve damage; however there is a conduction block, resulting in paresthesia and altered 

sensation to touch, the most common symptoms of CTS.7 Function is completely 

recoverable in this stage.7 A grade II is moderate to severe and involves damage to the 

nerve. This results in more pronounced sensory loss with less paresthesia and more 
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numbness, and more evident loss of strength.7 Complete recovery of function from this 

stage is also possible.8 A grade III is the most severe and involves nerve damage due 

to some degree of scar tissue within the tunnel.7 Symptoms are most pronounced. A 

complete recovery is not likely, though some function can be regained.7 In patients with 

mild to moderate symptoms, grade I or II, conservative treatment is more likely to be 

prescribed. In patients with severe symptoms, grade II or III, surgery is likely the 

prescribed intervention. If a patient’s symptoms progress from mild to severe or do not 

respond to conservative treatment, surgery is performed. 

CTS is often treated one of two ways: conservatively or surgically. Often the 

conservative route is taken first, though course of treatment is dependent on the 

severity of symptoms. For patients who have mild symptoms or transient CTS (e.g. 

during pregnancy), conservative treatment is often sufficient. Conservative therapy 

consists of patient education regarding wrist position and posture, adjustment of 

environment so to not aggravate symptoms, splinting, steroid injections, or stretching 

and strengthening exercises.8, 9 Research on the effectiveness of these treatments 

suggests that they are most effective in mild cases of CTS or for a short period of time.8, 

9 Often, patients who receive conservative treatment eventually undergo surgery.1

Baker and Livengood report that patients often undergo surgery within six to twelve 

months after receiving conservative treatment, suggesting that the surgery is the most 

effective intervention1. 

Surgical Interventions: Endoscopic Carpal Tunnel Release
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There are  two primary surgical methods for treating CTS: open carpal tunnel 

release surgery (OCTR), and endoscopic carpal tunnel release surgery (ECTR). There 

are a number of benefits and risks associated with each type of treatment. Ultimately, 

the type of treatment that is selected depends on the patient’s injury severity, desired 

outcomes, goals, and finances.10

ECTR is a surgical treatment for CTS that is beginning to grow in popularity. 

ECTR can be performed with single-portal (one incision) or two-portal (two incisions) 

devices. Location and length of incisions can vary depending on which technique is 

used by the surgeon. The distal single-incision, scope-assisted carpal tunnel release is 

one technique of ECTR used to treat CTS. 

With the patient’s hand secured in neutral, a 1.5 cm incision is made 0.5 cm 

proximal to the intersection of a longitudinal line drawn from the third web space and a 

transverse line drawn from the web space of the fully abducted thumb. A mark is made 

between drawn lines over the palmaris longus and flexor carpi ulnaris, which will allow 

the cannula a pathway between the median nerve and ulnar neuromuscular structures. 

Once the incision is made, the palmar fascia is retracted and the median nerve, 

superficial palmar arch, and distal border of the TCL are exposed. Assistants use 

retractors to pull the skin and fascia away during insertion of the cannula.11

The cannula is inserted underneath the TCL and superficial to the flexor tendons, 

traveling alongside the median nerve. The slot of the cannula is faced towards the TCL 

in a slight ulnar direction to avoid the median nerve. An endoscope is then inserted 

through the cannula to visualize the deep surface of the TCL, using a rasp to remove 

tissue of the tenosynovium. With the cannula placed properly under the TCL, and the 
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median nerve and flexor tendons away from the slot, the endoscope is removed from 

the cannula and a scope mounted blade is attached. The endoscope with the attached 

scope mounted blade is reinserted through the cannula and an incision is made through 

the TCL in a proximal direction. The endoscope allows the surgeon to see the incision 

being made.11

The division of the TCL is verified by removing the blade from the endoscope and 

reinserting the endoscope into the cannula. The surgeon should clearly see the divided 

TCL and rotate the cannula to view and ensure the integrity of the median nerve and 

flexor tendons. If the interthenar fascia was preserved during surgery, it will be visible 

between the divided TCL. The endoscope is then removed, and an obturator is inserted 

into the cannula to guide the removal of the cannula. The wound is closed via a 

subcuticular technique and covered with non-compressive dressing.11

Although OCTR has been considered the “gold standard” for surgical treatment 

of CTS, recent research has supported the assertion that ECTR may provide more 

beneficial outcomes in patients receiving the surgery. The results of a systematic review 

with meta-analysis revealed that ECTR showed significantly superior outcomes in 

paresthesia relief, scar tenderness, two-point discrimination, thenar weakness, 

Semmes-Weinstein monofilament testing, return to work time, grip strength, and pinch 

strength12. The only parameter that had a significantly worse outcome than OCTR was 

complications. Additionally, ECTR is a more expensive surgery than OCTR, perhaps 

because it is a relatively new procedure that fewer surgeons perform. However, under 

skilled care and with sufficient funds, ECTR may provide greater outcome benefits in 

patients than OCTR.12
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Mechanical Effects of Carpal Tunnel Release

        Release of the TCL essentially reverses the mechanical etiology of CTS. The 

surgery results in an immediate decrease in pressure to 6.2mmHg in resting position 

and 88.0mmHg in active grip (as compared to 43.0mmHg and 206.2mmHg pre-surgery, 

respectively).3 Therefore, patients undergoing carpal tunnel release have lower 

pressure in the carpal tunnel at resting position than healthy adults (14.3mmHg). 

Pressures during wrist movements decrease more than twofold. The pressure in 

Guyon’s tunnel is also reduced, alleviating any potential ulnar nerve symptoms. With the 

decreases in pressure, increases in median nerve motion and decrease in shear forces 

result.5 The entire TCL (proximal to distal) must be released to ensure this decrease in 

pressure and to alleviate all symptoms.3

        Releasing the TCL, however, can lead to adverse mechanical consequences. 

Functions of the TCL include: providing transverse stability to the carpus, anchoring the 

thenar and hypothenar musculature, and acting as a pulley for the extrinsic flexor 

tendons.3 The surgery thus affects the stability of the carpus by increasing the carpal 

width. A small decrease in grip strength can result.3 The ligament’s role in anchoring the 

thenar and hypothenar musculature may also play a role in this grip weakness. 

Releasing the TCL can also result in slight bowstringing of the finger flexors, however, 

research has shown that this effect is not clinically significant.3 Therefore, the 

mechanical benefits of the surgery in symptom alleviation far outweigh the potential  

adverse changes in wrist mechanics.

Rehabilitation Protocol
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*Note: Any further information was provided by Nathan Loughlin, PT (email communication, October, 
2014). 

Rehabilitation from ECTR must begin with a thorough examination. During this 

time, the physical therapist should gather baseline data on the patient’s range of motion 

and strength, as well as check for any signs of complications of the surgical site. This 

includes checking the integrity and healing progress of the incision site and looking for 

any signs of inflammation or infection. 

Tests and measures that should be performed during an initial examination 

consist of active range of motion with light overpressure and light strength testing, 

performed within the patient’s pain tolerance. Tests of strength include grip/pinch 

strength and light manual muscle testing. It is also important to check the patient’s 

sensation, to ensure no nerve damage occurred during the surgery. Additionally, the 

clinician should perform a brief screening of the patient’s cervical spine and upper 

extremity.

There are certain tests that should be avoided during the initial examination. In 

particular, the physical therapist should not perform any passive range of motion or full 

manual muscle testing, as this will likely lead to significant pain. The patient’s pain and 

tolerance is the best guide when performing any tests during the initial post-surgical 

examination. 

Once the clinician has evaluated the patient, a rehabilitation protocol can be built 

in coordination with the patient. A detailed six-week protocol from the American Society 

of Hand Therapists can be found in Appendix A.13 The three phases are summarized 

here. Phase 1 begins immediately after surgery. Goals during this phase include 

promoting wound healing, reducing inflammation, and gently improving active range of 
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motion. Physical therapy interventions would include wound and bandage care, icing 

the wrist to reduce any surgical pain, bruising, and swelling, and gentle range of motion 

exercises, as long as they do not increase pain.

Phase 2 begins around Week 2 and lasts for two weeks. Goals in Phase 2 aim to 

increase range of motion, strength, function, and scar mobility. Interventions during this 

phase include: progressing the range of motion exercises, massage, and gentle 

strengthening/functional exercises. Forceful wrist flexion should be avoided. Icing 

should be continued if the patient continues to present with significant pain and swelling. 

Phase 3 beings around Week 3 and lasts until the patient can return to work (or 

any other prior level of participation prior to surgery) at about Week 6. Progressing 

strength is the primary goal during this phase. Depending on the patient’s upper 

extremity strength, strengthening exercises can be prescribed for all upper extremity 

joints. Exercises should focus on functional activities, especially as they apply to the 

wrist and hand. Patient education and a home exercise program based on the 

interventions in each phase are significant during the entire rehabilitation period. 

Teaching the patient proper wrist and hand mechanics is critical for returning to full 

function. 

Conclusion

Carpal Tunnel Syndrome is the most common upper extremity neuropathy and 

affects 10 million Americans each year. Increases in pressure within the carpal tunnel 

compress the median nerve and cause paresthesia, pain, and weakness. Carpal tunnel 

release is a surgical intervention that can repair these issues by reducing the pressure 
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within the carpal tunnel. Post surgical rehabilitation lasts about six weeks and 

progresses from pain management to full range of motion and strength training. Once 

rehabilitation is complete, the patient should be able to return to normal functioning and 

participation without symptoms. 
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Appendix A: Rehabilitation Protocol13

Carpal Tunnel Release – ASHT, 1998

Weeks 1 2 3 4 5 6

Phase 1: Weeks 0-2
Goals:
· Promote wound healing
· Promote tendon excursion
· Increase digit ROM
· Decrease edema
· Decrease pain
· Independence with home exercise program

Wound care and sterile bandage change X

ROM:
· Digit AROM (differential tendon gliding)
· Nerve glides via wrist flexion & extension in 
relaxed hand posture or in upper limb tension test 
position

X X

Edema control (as needed):
· Compression sleeve/wrap
· Retrograde massage
· Elevated composite fisting

X X

Pain control:
· Gentle wrist AROM
· Elevation

X X

Patient education:
· All above exercises given as a home exercise 
program

X X

Phase 2: Weeks 2-3
Goals:
· Promote scar remodeling
· Decrease hypersensitivity and pain
· Increase wrist ROM
· Strengthening hand and grip

Scar Management:
· Scar massage
· Gel sheets

X

Carpal Tunnel Release – ASHT, 1998
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Weeks 1 2 3 4 5 6

Desensitization:
· Massage
· Desensitization techniques (tapping, stroking, 
textures)

X X

ROM:
· Digit, wrist and forearm
· Full median nerve glides

X X

Strengthening:
· Gentle hand grip and pinch
· Light functional activities with the hand
· Avoid forceful resistive wrist flexion

X X

Pain & edema control (as needed) X X

Patient education:
· Above treatment as home exercise program
· Instruction on risk and prevention factors
· Appropriate body mechanics

X X

Phase 3: Weeks 3-6
Goals:
· Increase strength & endurance in hand and UE
· Prepare for return to work

Strengthening; initiate progressive strengthening 
for:
· Grip, pinch, wrist flexion and extension
· Elbow, shoulder and scapula

X X X X

Patient education:
· Stretching program to be performed before, 
during and after work activities

X X X

Home program should include all of the following:
· Wrist and digit stretches
· Wrist and digit ROM
· Scar management

X X X
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Appendix B: Boston Carpal Tunnel Questionnaire14

SYMPTOM SEVERITY SCALE:
The following questions refer to your symptoms for a typical twenty-four-hour period 
during the past two weeks (circle one answer to each question).

1. How severe is the hand or wrist pain that you have at night?
1 I do not have hand or wrist pain at night.
2 Mild pain
3 Moderate pain
4 Severe pain
5 Very severe pain

2. How often did hand or wrist pain wake you up during a typical night in the past 
two weeks?
I Never
2 Once 
3 Two or three times 
4 Four or five times 
5 More than five times 

3. Do you typically have pain in your hand or wrist during the daytime?
1 I never have pain during the day. 
2 I have mild pain during the day. 
3 I have moderate pain during the day. 
4 I have severe pain during the day.
5 I have very severe pain during the day.

4. How often do you have hand or wrist pain during the daytime?
1 Never 
2 Once or twice a day
3 Three to five times a day
4 More than five times a day
5 The pain is constant. 

5. How long, on average, does an episode of pain last during the daytime?
1 I never get pain during the day. 
2 Less than 10 minutes 
3 10 to 60 minutes 
4 Greater than 60 minutes 
5 The pain is constant throughout the day. 

6. Do you have numbness (loss of sensation) in your hand?
1 No
2 1 have mild numbness. 
3 I have moderate numbness. 
4 I have severe numbness. 
5 I have very severe numbness.
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7. Do you have weakness in your hand or wrist?
1 No weakness
2 Mild weakness
3 Moderate weakness
4 Severe weakness
5 Very severe weakness

8. Do you have tingling sensations in your hand?
1 No tingling 
2 Mild tingling
3 Moderate tingling
4 Severe tingling
5 Very severe tingling

9. How severe is numbness (loss of sensation) or tingling at night?
1 I have no numbness or tingling at night.
2 Mild
3 Moderate 
4 Severe
5 Very severe 

10. How often did hand numbness or tingling wake you up during a typical night 
during the past two weeks?
1 Never
2 Once
3 Two or three times 
4 Four or five times 
5 More than five times 

11. Do you have difficulty with the grasping and use of small objects such as keys or 
pens?
1 No difficulty
2 Mild difficulty
3 Moderate difficulty
4 Severe difficulty
5 Very severe difficulty

FUNCTIONAL STATUS SCALE:
On a typical day during the past two weeks have hand and wrist symptoms caused you 
to have any difficulty doing the activities listed below? Please circle one number that 
best describes your ability to do the activity.
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Activity No 
Difficulty

Mild 
Difficulty

Moderate 
Difficulty

Severe 
Difficulty

Cannot Do at All Due
to Hand or Wrist 

Symptoms

Writing 1 2 3 4 5

Buttoning of 
Clothes

1 2 3 4 5

Holding a book 
while reading

1 2 3 4 5

Gripping of a 
telephone handle

1 2 3 4 5

Opening of jars 1 2 3 4 5

Household 
chores

1 2 3 4 5

Carrying of 
grocery bags

1 2 3 4 5

Bathing and 
Dressing

1 2 3 4 5


