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REHABILITATION IN CARPAL TUNNEL SYNDROME
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Abstract
Carpal Tunnel Syndrome (CTS) is a common condition where compression of the median nerve in the wrist leads to symptoms like pain,
numbness, and weakness in the hand and wrist. Effective rehabilitation for CTS involves a comprehensive approach aimed at reducing
symptoms and enhancing wrist function. Physical therapists play a crucial role in this process by tailoring treatment plans based on the
severity of the condition, patient preferences, and any contraindications. Early diagnosis and intervention are pivotal to prevent irreversible
nerve and muscle damage. Physical therapy strategies include targeted exercises, manual therapy, and possibly electrotherapy to alleviate
pain and sensory disturbances while improving muscle strength and coordination. Patient education on ergonomic practices and lifestyle
modifications further supports symptom management and reduces recurrence risk. By adopting evidence-based practices and personalized
care, physical therapists optimize outcomes for individuals with CTS, aiming for sustained symptom relief and improved quality of life.
Individualized rehabilitation programs are recommended to address the specific needs of each patient, promoting long-term functional
recovery and overall well-being
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INTRODUCTION

Carpal tunnel syndrome is a common peripheral entrapment neuropathy that occurs when the median
nerve, which passes over the lower part of the palmaris longus tendon and above the flexor tendons in
the carpal tunnel, is compressed at the level of the transverse carpal ligament. While the upper part of
the tunnel is formed by the flexor retinaculum, the palmar cutaneous sensory branch separates from the
proximal side and receives the sensation of the thenar region of the hand, while the motor branch
advances in the distal palm and innervates the 1st and 2nd lumbrical muscles (Cirakoglu & Kurt,2016).
Although there are many causes that can cause CTS, most of the cases encountered are idiopathic.
While an increase in the volume of the structures in the carpal tunnel or a decrease in the size of the
carpal tunnel causes CTS, these two possibilities can also be seen together.. While it is thought that
idiopathic cases may be caused by tenosynovitis seen in the transverse carpal ligament, there are very
few signs of inflammation in the examinations. While its prevalence varies between 1% and 5%, it is
mostly seen in women between the ages of 40-50. While the prevalence in women is between 3.0% and
3.4%, it varies between 0.6% and 2.1% in men (Ostergaard et al.,2020; Seven & Dogan,2017).

Symptoms of CTS include paresthesia, pain, humbness, thenar atrophy and loss of muscle strength,
which are seen in the area of the hand innervated by the median nerve and can wake you up at night,
while vasomotor problems such as sweating and loss of reflexes may occur due to the effects of the
symptoms. These symptoms that occur during CTS manifest themselves mostly on the radial side of
the thumb, middle finger, index finger and ring finger, in other words, in the distribution of the median
nerve. Risk factors include female gender, diabetes, obesity, repetitive wrist movements, rheumatoid
diseases (osteoarthritis-rheumatoid arthritis...) Ecological risk factors include strains in wrist flexion or
extension and monotonous use of flexor muscles. Repetitive wrist movements have made carpal tunnel
syndrome a common problem among manual workers (Seven & Dogan,2017; Genova et al. ,2020).

CTS is graded in 3 groups: mild, moderate and severe, depending on the decrease in the conduction
velocity of the nerve fibers containing myelin sheath as a result of chronic or regional deformation of
the median nerve. While conservative treatment is applied since the risk of denervation is not high in
the mild form of CTS, our first treatment option is conservative treatment in moderate cases. In more
advanced and severe forms where axon loss occurs, surgical treatment known as median nerve release
is applied (Seven & Dogan, 2017; Sucher & Schreiber,2014) A good anamnesis is required during the
diagnosis of CTS. It should be questioned whether there are any factors that predispose to CTS,
whether the symptoms occur at night or during the day, and whether repeated hand and wrist
movements cause the symptoms. In the first stage of clinical diagnosis of CTS, pain and numbness are
felt without swelling in the hand, and this may wake the patient from sleep. The patient may experience
numbness and tingling in the hands and fingers, along with pain that can spread from the wrist to the
shoulder. In the second stage of the clinical diagnosis of CTS, symptoms begin to appear during the
day when an activity involving repetitive hand or wrist movements is performed or when the hand and
wrist are held in a certain position for a long time. At the same time, weakening of comprehension
skills occurs. In the final stage of CTS, atrophy in the thenar region and an accompanying sensory

symptom are also observed (Genova et al. ,2020).
33



SANITAS MAGISTERIUM

During diagnosis, sensory examination can be performed along with the patient's complaints. Pain
sensation examination is a subjective examination. Monofilament testing can be used to map sensory
loss while adding objectivity to the examination. 2-point discrimination is used to examine those with
more severe nerve damage (Sucher & Schreiber, 2014). Tests used for carpal tunnel syndrome include
Tinel's sign, phalen test and Durkan test. The Phalen test is performed by keeping the elbow in full
extension, providing extra pressure to the median nerve and bending the palms at the wrist level for one
minute. Tinel test is performed by percussing in the direction of the median nerve over or proximal to
the carpal tunnel of the affected side. The test is positive if symptoms are seen in the median nerve
distribution. The Durkan test is performed by the examiner using both thumbs and applying pressure on
the carpal tunnel for 30 seconds. The test is positive if symptoms occur along the distribution of the
median nerve. Some studies support the view that the Phalen test and Tinel test used alone for the
diagnosis of CTS are insufficient.. Evaluation of these tests together with clinical history and nerve
conduction studies (NCS) reveals more reliable results. NCSs have high sensitivity to confirm the
diagnosis of CTS. NCSs have high sensitivity to confirm the diagnosis of CTS. Sensitivities range from
49% to 84% and specificity ranges from 95% to 99% (Kiigiikakkas & Yurdakul,2019).

Conservative approaches to CTS treatment include non-steroidal anti-inflammatory drugs, steroid
injections, splint applications with the wrist in neutral position, physical therapy agents, and nerve and

tendon exercises. Surgical median nerve release is also applied (Seven & Dogan,2017).

Treatment Methods in Carpal Tunnel Syndrome

While conservative treatment is preferred as the primary option for individuals diagnosed with mild
and moderate CTS, surgical treatment is favored to relieve symptoms in those diagnosed with severe
CTS (Karjalanen et al., 2022). Conservative treatment generally shows improvement in symptoms
within 2-6 weeks, with its maximum benefit achieved by 3 months. If there is no improvement after 6
weeks, alternative methods should be considered (Wipperman & Goerl, 2016).

In cases where CTS symptoms persist for less than a year, there is no atrophy or weakness in the thenar
region, and no denervation findings are observed on needle electromyography (EMG), conservative
treatment should be considered initially. The effectiveness of conservative treatment is observed in
thenar atrophy, objective weakness in the abductor pollicis brevis muscle, symptoms persisting for
more than a year, two-point discrimination above 6 mm, presence of fibrillation potentials in EMG in
thenar muscles innervated by the median nerve, and may be lower in uncooperative patients (Burton et
al., 2016; Ertiirk, 2018).

The Place of Splinting in the Treatment of Carpal Tunnel Syndrome

The most commonly used non-surgical treatment worldwide today is splinting the wrist with a rigid
splint, typically at night and sometimes combined with other treatments. Wrist splinting aims to

prevent wrist flexion, which increases pressure in the carpal tunnel (Atroshi et al., 2019). The purpose
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of splinting in CTS, often exacerbated by challenging and repetitive hand and wrist movements, is to
alleviate pain and numbness by restricting wrist movements. It specifically targets reducing nocturnal
paraesthesia, a common symptom, by preventing excessive wrist flexion and extension during sleep.
Although immobilizing the wrist in a splint to prevent excessive flexion and extension is widely used,
the specific type of splint to use remains unclear. Neutral wrist splints are often recommended because
studies have shown lower carpal tunnel pressure in the neutral position compared to flexion and
extension. Therefore, wearing neutral wrist splints at night is recommended in addition to other
conservative treatments, particularly in patients experiencing significant nocturnal symptoms
(Crrakoglu & Kurt, 2016).
Despite being a straightforward and safe treatment option, wrist splinting has some drawbacks. Patients
often find wearing a splint uncomfortable and limiting for certain work or daily activities, or both.
Additionally, the costs associated with splints and therapy visits can be considerable (Korthals et al.,
2006). For splinting to be effective, it should typically be worn for more than 4 weeks; however,
studies indicate that 6 weeks of use is generally sufficient, with no additional benefit observed from
using splints for longer durations (Gatheridge et al., 2020).
In a study comparing ultrasound-guided pulsed radiofrequency with nightly wrist splinting over 12
weeks, the mean symptom severity score in the splint group (n = 18) decreased from 3.0 at baseline to
2.0 at 12 weeks. Thus, although studies evaluating wrist splinting alone have reported conflicting
results, most indicate modest improvements in symptom severity scores, even with splinting beyond
typical clinical practice durations (Chen et al., 2015).
In a randomized controlled trial by Shikha et al. (2024), 44 patients were randomized using the sealed
envelope method and divided into two groups: group A received a static volar wrist splint for 12
weeks, while group B received local injection and a static volar wrist splint for the same duration. The
study observed significant effects of both treatment methods (splinting alone and splinting plus
corticosteroid injection) in improving symptoms and enhancing functional and nerve conduction status.
Notably, splinting plus corticosteroid injection showed slightly superior outcomes during the follow-up
periods.
Khosrawi et al. conducted a randomized controlled clinical study involving patients with severe CTS
who were randomly assigned to two intervention groups. Group A was instructed to use a full-time
neutral wrist splint, while Group B received a full-time neutral wrist splint along with a 40 mg Depo-
Medrol injection (local steroid injection) for 12 weeks. The study concluded that combining splinting
with local steroid injection resulted in greater long-term functional improvement in CTS (Khosrawi et
al., 2016).
In another study, 24 female patients diagnosed with mild to moderate CTS were divided into
experimental and control groups. Both groups received routine rehabilitation treatment, while the
treatment group additionally used a limited dynamic wrist splint for approximately six to eight hours
daily. Evaluation included the Boston questionnaire, Purdue pegboard test, manual dexterity
assessment for grip and pinch strength, and sensory conduction velocity with distal sensory latency.
Results indicated that the dynamic wrist splint significantly improved function, manual dexterity, and
pinch strength in CTS patients (Jaladat et al., 2017).
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The Place of Kinesiobanting in the Treatment of Carpal Tunnel Syndrome

The mechanism of action of kinesiotape remains incompletely understood. Clinical studies suggest that
it may enhance joint mobility and muscle activity, promoting optimal muscle function early on and
improving overall performance (Cai et al., 2016).

Kinesiology taping has emerged as a conservative treatment method, encompassing various techniques
such as neural, mechanical correction, fascia correction, ligament/tendon correction, functional
correction, lymphatic correction, and field correction. In the treatment of CTS, techniques like neural
and field correction are used to alleviate pressure on the median nerve by lengthening the transverse
carpal ligament. Additionally, it aids in reducing lymphatic edema, which hinders blood circulation,
thereby facilitating tendon and fascia movement and reducing pain (Zinnuroglu, 2017; Aktiirk et al.,
2018).

A prospective randomized single-blind study involving 44 CTS patients (58 hands, 38 women and 6
men) aged 20-65, divided them into two groups. The first group (28 hands) received kinesiotaping and
exercise therapy, while the second group (30 hands) received splinting and exercise therapy. The study
concluded that Kinesiotaping demonstrated positive effects on electrophysiological changes and
physical examination findings in patients with mild to moderate CTS, suggesting potential for halting
disease progression (Aktiirk et al., 2018).

In another study, Kinesiotaping was applied to 25 out of 42 patients with mild-to-moderate CTS for 4
weeks, while the remaining 17 patients wore static wrist rest splints for the same duration. The study
concluded that both kinesiotaping and static wrist rest splints improved symptoms, activities of daily
living, and hand grip strength in patients with mild-to-moderate CTS (Calis et al., 2021).

Another study involving 80 individuals with CTS (16 men, 64 women) randomly divided them into
two groups. The S group (40 patients) received only splint treatment, while the SKB group received
both splint and kinesiotaping treatments. Both groups were prescribed a home program including
median nerve and tendon shifting exercises. Significant improvements were observed in both groups,
with no significant difference detected between them (Sen et al., 2020).

Park et al. divided 20 participants aged 20-40 with mild and moderate CTS symptoms into
experimental and control groups. The experimental group received kinesiotaping twice a week for four
weeks, while no intervention was applied to the control group. The study found that kinesiotaping
reduced pressure on the median nerve and improved symptoms in the carpal area (Park et al., 2017).

In another randomized controlled study investigating the effects of kinesiotaping on pain levels, range
of motion, and patient functionality, 32 participants (38 hands in total) were divided into experimental
and control groups. The experimental group received kinesiotaping from the medial epicondyle to the
wrist with 40 tension, while no treatment was applied to the control group. The study did not find any
significant difference in outcomes between the kinesiotaping group and the control group (Nadgarstka
& Kocjan, 2016).

Kurniawti et al. conducted a study comparing the effectiveness of kinesiotaping with joint

mobilization. Twenty patients participated, with the first group (n=10) receiving joint mobilization and
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the second group receiving Kinesiotaping. The results indicated that joint mobilization was more

effective than kinesiotaping in reducing pain (Kurniawti & Hasbia, 2020).

The Place of Tendon and Nerve Slide Exercises in the Treatment of Carpal Tunnel Syndrome

Flexor tendon and nerve gliding exercises are commonly prescribed in the treatment of carpal tunnel
syndrome (CTS) due to their ability to reduce synovial edema, promote venous return within nerve
bundles, nourish tissues, and enhance axonal conduction velocity (Kuran, 2014). These exercises
involve a distal-proximal sliding movement of tendons and the median nerve, mobilizing surrounding
soft tissues and alleviating dynamic ischemia (Rozmaryn, 1998). By increasing the mobility of the
median nerve and flexor tendons, these exercises also stretch adhesions, expand longitudinal contact
area, and reduce intra-tunnel pressure, thereby improving symptoms (Dolhanty, 1986).

In a randomized controlled study by Wulandari et al. involving 30 participants, both nerve gliding and
tendon gliding exercises significantly alleviated pain compared to nerve gliding exercises alone,
highlighting their effectiveness (Wulandari & Ariyanto, 2024). Similarly, a study by Minhas et al.
divided 32 participants into two groups, applying carpal bone mobilization to one group and tendon
gliding exercises to the other three times a week for four weeks. The group receiving tendon gliding
exercises showed a greater reduction in pain severity and improvement in functional ability (Minhas et
al., 2023).

Ying et al., in their study with 32 participants (23 women, 9 men), found significant improvements in
pain scores, pinch strength, and grip strength following nerve gliding exercises (Ying & Singh, 2022).
Moreover, Vaidya et al. randomized 60 hands diagnosed with moderately severe CTS into two groups,
applying ultrasound, neural mobilization, and night splint to one group and ultrasound, nerve and
tendon gliding exercises, and night splint to the other. Their findings suggested that neural mobilization
was more effective than nerve and tendon gliding exercises in terms of recovery (Vaidya & Nariya,
2020).

Maneesha et al. (2021) conducted a study involving 30 participants whom they divided into two
groups. Group A (n = 15) received conventional exercises (including tendon gliding exercises, median
nerve stretching, and strengthening of intrinsic muscles) for 3 weeks. Group B (n = 15) underwent
treatment using the C-TRAC machine for the same duration. The study concluded that there was no
significant difference in terms of pain scores between both groups, but it suggested that the C-TRAC

machine was more effective than conventional exercises.

The Place of Physical Therapy Modalities in the Treatment of Carpal Tunnel Syndrome

Ultrasound: Sound waves with a frequency range above 17,000-20,000 Hz, which can be used in
imaging as well as in physical therapy modalities, are called ultrasound. While the frequency of the
ultrasound devices we use in treatment is in the range of 1-3 Hz, they have two different mechanisms
of action: thermal and non-thermal (mechanical). While those applied with high frequency are

absorbed by the tissues, they provide heating of the deep tissues and the emergence of heat energy.
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Thermal effect is seen. While the desired effect of non-thermal is increased regeneration and increased
cell membrane permeability, the most important of its undesirable side effects is cavitation that may
occur with non-thermal effect. It may cause serious problems such as cavitation formation in the tissue,
bleeding and tissue necrosis. To avoid cavitation, constant application should not be made and high
doses should be avoided. Ultrasound is used in CTS due to its regenerative and analgesic effects on
nerves (Mark et al. ,2005).

In a randomized controlled study conducted by Alam et al., 48 CTS patients were divided into two
groups, Group 1 and Group 2. Group 1 received neural mobilization, while Group 2 underwent
ultrasound therapy. The study found that neural mobilization was more effective than ultrasound
therapy in reducing pain intensity and functional limitations (Alam et al., 2018).

In a study by Lazovic et al., it was observed that ultrasound therapy combined with exercise had short-
term positive effects on improving clinical and electrodiagnostic findings in patients with carpal tunnel
syndrome (Lazovic et al., 2018).

In another randomized controlled study by Ansar et al., one group received therapeutic ultrasound and
tendon gliding exercises, while the other group received local steroid injection and tendon gliding
exercises. The study concluded that therapeutic ultrasound was more effective in reducing symptom
severity, whereas patients treated with local steroid injections showed better healing outcomes (Ansar
etal., 2017).

Low Dose Laser Therapy (LDLT): Laser light, which does not exist naturally in nature, is an
artificial light that can be defined as concentrated light and has properties that natural light does not
have. Laser beam has positive effects such as increasing metabolic activity, accelerating cell division,
providing an analgesic effect and wound healing. (Uchiyama et al. ,2010)Low-dose laser therapy
(LDLT) is thought to have photobiotic effects. While its anti-inflammatory and analgesic effects have
been shown in experimental studies, it has been said that these effects may be due to selective
inhibition of nociceptive activation in peripheral nerves. It also has effects such as accelerating
collagen synthesis, activating angiogenesis and increasing microcirculation (ikbali &
Yalbuzdag,2014).

In a study conducted by Bartkowiak et al., 70 mild and moderate CTS patients were divided into two
groups, and while group 1 was applied nerve and tendon gliding exercises in addition to ultrasound
treatment, group 2 was applied nerve and tendon gliding exercises in addition to LDLT. While
improvement was observed in both groups after treatment, no significant difference was found between
the groups. (Bartkowiak et al. ,2019).

In a study conducted by Asadi et al., 45 patients diagnosed with CTS were divided into 3 groups. The
combined treatment of laser and ultrasound was applied to one group, ultrasound treatment was applied
to the other group, and low-level laser treatment was applied to the last group. As a result, ultrasound
and laser treatment were individually effective in reducing pain and providing mild pain relief. -
Although it was found to be effective in providing functional recovery in moderate CTS patients, it was

thought that combined treatment may be more effective (Asadi et al. ,2021).
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In a study by Badawy et al., 35 mild and moderate CTS patients were randomized into two groups.
LDLT was applied to 18 patients in group 1, while nerve gliding exercises were applied to 17 patients
in group 2. In addition, all patients were given a neutral wrist splint. As a result, it has been observed
that LDLT is more effective than nerve gliding exercises when applied together with wrist splint
(Badawy,2017).

In a study conducted by Saffan et al., 40 patients were divided into two groups. While LDLT and
nerve-tendon shifting exercises were applied to one group, phonophoresis and nerve-tendon shifting
exercises were applied to the other group. As a result, LDLT plus nerve shifting exercises were applied
to patients with mild and moderate CTS. -Phonophoresis with tendon gliding exercises plus tendon-
nerve gliding exercises were effective in the 4-week follow-up and were superior to phonophoresis
with exercises aimed at improving the pain level (Saffan et al. ,2017).

Extracorporeal shock wave therapy (ESWT): Extracorporeal shock wave therapy (ESWT) is a
treatment method based on high-amplitude sound waves focusing on the desired area of the body and
performing the treatment function there. (Baloglu et al.,2005) The first use of shock waves was in
urology to break up ureteral stones. This procedure, called lithotripsy, is routinely used in urology.
Shock waves are generated by three principles. These are electrohydraulic, electromagnetic and
piezoelectric techniques.. Electrohydraulic system is a system used in shock wave machines.. In the
electromagnetic system; An electromagnet is used, which can create a strong magnetic field on the
aluminum plate and cause movement.. In piezoelectric technique; A large number of crystalline
materials with contraction-expansion properties inside the elliptical-shaped generator create shock
waves with this contraction and expansion feature as a result of electrical loading (Schmitz et al. ,2015;
Wang, 2012).

There are two types of shock wave therapy: focused shock wave therapy (FSWT) and radial shock
wave therapy (RSWT). In focused ESWT, waves are focused on the target area to be treated, while
radial extracorporeal shock wave therapy shock wave technology is used effectively (Kivrak &
Oral,2005).

In a study by Paoloni et al., 25 patients with mild to moderate CTS were randomized to receive
ultrasound (US), cryo-US, or ESWT. As a result, improvements in pain and functionality were
observed in all groups, while patients in the ESWT group showed more significant improvements in
pain (Paoloni et al. ,2015).

Seok et al. They compared ESWT and local corticosteroid injection in 36 patients, and while the
ESWT group showed a significant decrease in symptom severity after 1 and 3 months, a significant
decrease occurred in the local steroid injection group after 3 months. While no significant improvement
was observed in the ESWT group in terms of nerve conduction parameters, local steroid injection A
significant improvement was observed in the group (Seok & Kim, 2013).

In a randomized controlled study conducted by Xu et al., ESWT was applied to 30 patients and local
corticosteroid injection was applied to 25 patients, and while significant improvements were seen in the
ESWT group, the results supported that ESWT provided a better recovery than local corticosteroid
injection (Xu et al. ,2020).
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In a randomized controlled study conducted by Gesslbauer et al., 30 patients were divided into two
groups and ESWT was applied to the experimental group, while sham therapy was applied to the
control group. Significant improvements were observed in the experimental group in terms of pain,
hand grip strength and nerve conduction velocity. As a result, ESWT treatment was mild and moderate.
It has been found to be an effective, noninvasive treatment method for CTS patients (Gesslbauer et al.
,2021).

Conclusion

Conservative treatment options for Carpal Tunnel Syndrome are typically the first line of management
before considering invasive measures. Physical therapy is integral to the comprehensive treatment of
this condition. Physical therapists employ various interventions aimed at alleviating symptoms and
improving functional outcomes for individuals with CTS. These interventions often include exercises
designed to enhance wrist and hand flexibility and strength, thereby alleviating pressure on the median
nerve.

Wrist splinting, a commonly prescribed conservative treatment, reduces median nerve pressure by
maintaining the wrist in a neutral position. Exercises play a crucial role in strengthening and improving
flexibility in the hand and wrist, which can relieve CTS symptoms. These conservative approaches not
only alleviate symptoms but also promote long-term functional recovery.

Physical therapy also educates patients on proper body mechanics and ergonomics to prevent symptom
flare-ups. Electrotherapy methods such as transcutaneous electrical nerve stimulation (TENS) and
neuromuscular electrical stimulation (NMES) are used to manage pain and enhance muscle function in
CTS patients. Integrating physical therapy and electrotherapy underscores a holistic approach to
rehabilitation, focusing on both symptom management and functional recovery.

Studies evaluating physical therapy interventions in CTS patients have demonstrated improvements in
pain relief, grip strength, and functional abilities. Long-term follow-up studies confirm sustained
benefits, including reduced symptom severity and prevention of recurrence. By emphasizing a holistic
treatment approach that integrates physical therapy and rehabilitation, individuals with CTS can
achieve optimal outcomes and improved quality of life.

Implementing evidence-based interventions and personalized treatment plans allows physical therapists
to effectively manage CTS symptoms and enhance long-term recovery. The integration of physical
therapy and rehabilitation is essential in the comprehensive care of individuals with Carpal Tunnel

Syndrome, addressing the underlying causes and tailoring treatment plans to individual needs.
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