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Abstract  
Carpal tunnel syndrome (CTS) is a condition when median nerve, located in the carpal tunnel, is being suppressed 
by the surrounding structure. In 1854, the first clinical narration of median nerve compression in a carpal tunnel was 
found. CTS causes pain, tingling, and weakness in the half ring finger, middle finger, index finger, and thumb. These 
complaints lead the patients to seek medical help by a visiting doctor. CTS has become the major cause of upper 
extremity chronic neuropathic pain. CTS affects women 3.6 times more than men. This would cause high costs in 
medical treatment, rehabilitation, work hours lost compensation, initial pension costs, and new worker training. This 
makes CTS as a major problem in the field of employment. Carpal tunnel syndrome occurs as a result of chronic 
repetitive forceful work and other risk factors such as sex, age, heredity, hormonal, and weight. Knowledge of the 
diagnosis and comprehensive management of CTS are important to the doctor. Recent management based on the 
newest guidelines are important for clinician knowledge update. Correct diagnosis will lead to appropriate 
management based on recent CTS guidelines, which in turn will improve the quality of life for patients with CTS. This 
article will comprehensively discuss the diagnosis and recent management. 

Abbreviations:  CTS - Carpal tunnel syndrome; NHIS - National Health Interview Study; EDX - Electrodiagnostic 
studies; SCT - Scratch Collapse Test; CSA - Cross-sectional area; PRP - Platelet-rich plasma; LLLT - Low-Level Laser 
Therapy; US – Ultrasound; DN - Dry needling; ECTR - Endoscopic carpal tunnel release; PDI - perineural dextrose 
injection; BCTQ - Boston Carpal Tunnel Questionnaire 
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1. Introduction 
The carpal tunnel is an osteofibrous canal linking the 

inside part of the palm and forearm. 1 Carpal tunnel 

syndrome (CTS) is a neuropathic syndrome related to the 

compressed median nerve in the carpal tunnel, under the 

transverse carpal ligament. 2 The median nerve gives 

innervation to the small muscles of the hand and sensory 

innervation to the fingers, which control the touch 

sensation and reflexes for the right motor function, 

especially the hand grip. 3 CTS is the most prevalent 

neuropathic entrapment in the upper extremity. 4 The 

symptoms are recognized by pain, numbness, and 

tingling in the median nerve’s division in the hand. 5 CTS 

occurs due to chronic repetitive forceful work involving 

vibration, extreme postures of the wrist, or a combination 

of them, such as typing or repetitive wrist movement. It 

is also determined by sex, age, heredity, hormonal, 

weight, diabetes mellitus, pregnancy, and autoimmune 

disorders such as rheumatoid arthritis. 6–8 Male patients 
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are more prone to go for surgery than the female patients. 

CTS is a work-related illness for both sexes. CTS female 

patients are more sensitive than men based on their 

reported manifestations. Older age, diabetics, and those 

with higher BMI are more prone to have bilateral CTS. 

Age and BMI are separately related to bilateral CTS. 

There is also a relation between CTS and cardiovascular 

risk factors in youthful society and with carotid intima-

media widening.8 

In 1854, the initial clinical narration of median nerve 

compression in the carpal tunnel was found when Paget 

published two cases of median nerve compression inside 

the carpal tunnel, one idiopathic and one post-traumatic. 
9 Putnam published the case histories of 37 patients, most 

of them women, who all had the same symptoms of 

change of skin sensitivity or numbness. It is recurrent and 

periodic especially during the night or in very early 

morning. In some cases, they let the arm hang up from 

the bed or swing it for a while, then it would make the 

numbness go away. Phalen published articles containing 

epidemiology, clinical picture, diagnostic tests, and 

recommended surgical treatment. Gilliatt and Wilson 

published the tourniquet test in 1953, which is a 

supporting diagnosis of CTS and the first article of 

electromyography for this appeared in 1956. In the end, 

CTS was characterized in the 1950s, and now the 

research on it has become very extensive. 9 

Neuropathic pain (NP) is a persistent weakening pain 

induced by a somatosensory system disorder.10 CTS 

is the major reason for chronic neuropathic pain in the 

upper extremity. 2 The National Health Interview Study 

(NHIS) estimates the prevalence of CTS in the adult 

population to be 1.55% (2.6 million); 3.6 times more 

common in women than in men, and in the age range 

between 25 and 64 y, with the highest prevalence being 

in women older than 55 y. 11 CTS usually begins at the 

age of 20-60 y, the prevalence increasing comparably 

with the age. 12 Overall, the frequency of CTS is higher 

in the age range of 25-34 y (89.2%). The high prevalence 

rate incurs high costs on medical treatment, 

rehabilitation, lost working hours, initial pension costs, 

and for new workers training. This makes CTS a major 

problem in the field of employment.13 

Knowledge of the diagnosis and treatment of CTS is 

important for the clinicians. The right diagnosis will lead 

to the right treatment, resulting in a better quality of life 

for the patients. There have been many studies on CTS, 

but until now its treatment remains a challenge in the 

medical world. This article will discuss the diagnosis, 

starting from the history taking, physical examination 

(including specific examination for CTS), supporting 

tests, and recent treatments (including non-

pharmacological and pharmacological therapy) of CTS 

based on the recent research and the guideline. 

2. Pathophysiology 
The pathophysiology of CTS generally results from a 

combination of traction and compression mechanisms.  A 

chronic high pressure, venous outflow obstruction, local 

edema, and median nerve's intraneural microcirculation 

compromise are the main elements. When the nerve 

function becomes disturbed, the changed environment 

produces the lesions of the myelin sheath and the axons. 

Inflammation occurs in the surrounding connective 

tissues, which start to lose their normal supportive and 

protective function. Wrist compression and repetitive 

traction aggravate the negative environment, then 

starting injury to the nerve. Inflammation and nerve 

compression occur in the flexor tendons and median 

nerve under the carpal tunnel. 7 Increased carpal tunnel 

pressure (CTP) leads to median nerve sensory, motor, 

and pathological transformations. 14 

Brain and colleagues reported the symptoms of unforced 

median nerve compression inside the carpal tunnel. The 

theory of microvascular insufficiency states that the 

reduced blood supply causes the lack of oxygen and 

nutrients to the nerves, so they lose the ability of the 

nerve impulse transmission. The ischemia probably plays 

an important part in the pathogenesis of CTS. The 

development of ischemia depends on the blood supply to 

the nerve and the systolic blood pressure. Based on the 

theory of vibration, the CTS symptoms might respond to 

the vibrating tools used on the median nerve in the carpal 

tunnel. Some changes recorded were in unmyelinated 

nerve fibers that serve the sympathetic activity and might 

lower the flow of micro-vascular blood supply to the 

median nerve. This leads to disturbance of the myelin 

sheath and lessen motor conduction speed.15 

Penetration of the transverse carpal ligament by amyloids 

(such as in multiple myeloma and amyloidosis) or 

solidification of the connective tissue in 

mucopolysaccharidosis, acromegaly, rheumatoid 

arthritis, and hypothyroidism are less common causes. In 

an older patient, the cause of CTS remains unclear. 

Dysesthesia and pain in the fingers, known for years as 

acroparesthesia, are common in old age and were 

recognized as symptoms of median nerve compression in 

the early 1950s. 

3. Diagnosis 
CTS is diagnosed by the history taking, physical 

examination (including specific tests for CTS), and 

supporting examinations.  

3.1. History Taking 

Patients usually complain of tingling, numbness, and 

pain that exacerbates at night. Weakness, stiffness, and 

the change in temperature are also frequent. Fingers that 

are usually affected are the thumb, digits 2 and 3, and the 
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radial half of the digit 4, but the little finger is seldomly 

involved because of the ulnar nerve innervation. 15 

Pathology of the median nerve affects every nerve 

function from distal to the site of the lesion, with potential 

soreness in the proximity of the shoulder. 16 CTS patients 

are usually positive on the "flick sign” test. This means 

that the symptoms increase when the patient flicks his 

hand and wrist. Patients frequently feel relieved with ice, 

rest, and night splints. 7 In the middle of the night, many 

patients report that they are often woken by pain and 

usually hang their hand up from bed or swing it 

strenuously so that their pain can be relieved. The 

symptoms vary depending on the severity.15 

CTS has three stages based on their symptoms. 5 Patient 

with the first stage probably wake up from sleep and feel 

numbness or swelling on his hand, without any 

noticeable swelling. The patient feels an extremely 

irritating sensation from the wrist upto the shoulder, 

alongwith a tingling sensation in the hand and fingers, 

this is usually called brachialgia paresthetica nocturna. 

Patients with the second stage may feel the symptoms 

during the day especially when they engage with a 

monotonous activity implicating the wrist or hand or if 

they maintain a fixed position for long times. Patients 

might also complain of clumsiness while using hands to 

hold objects and leading them to falling. The terminal 

stage happens when the thenar eminence starts 

hypotrophy or atrophy. This stage also compromises the 

patient's sensory abilities.  

3.2. Physical Examination 

Mild to moderate CTS patients mostly do not show any 

findings on physical examination. To exclude other 

causes, clinician needs to perform a comprehensive 

examination on the whole upper extremity; from the 

wrist, elbow, shoulder, and up to the neck. In advanced 

disease there can be constant sensory and motor loss. A 

decreased pain sensation (hypoalgesia) can be found on 

the palmar side of the index finger and it contrasts with 

the ipsilateral little finger on the effected hand. The 

absence of two-point discrimination in the hypoalgesia 

area shows the inability to discriminate among points less 

than 6 mm distant from each other. 17 Two-point 

discrimination test is performed by giving stimulation to 

the patient at two points far apart, then slowly 

approaching each other until the patient makes a mistake. 

The normal distance to sense two points is 1 mm on the 

tip of the tongue, 2-3 mm on the lips, 2-4 mm on the 

finger tips, 4-6 mm on the back of the fingers, 8-12 mm 

on the palms, 20-30 mm on the dorsum of the hand, and 

30-40 on the dorsum of the feet. 18  

Thenar eminence is innervated by palmar cutaneous 

branch of the median nerve which branches off proximal 

to the carpal tunnel and it gives the sensory sensation. 

That’s why a decreased sensation on the thenar eminence 

shows a lesion in the median nerve proximal to the carpal 

tunnel. In advanced CTS, signs that can be found are the 

weakness of thumb abduction and apposition and the 

thenar eminence atrophy. 17 Figure 1 shows the atrophy 

of the right thenar muscles in a CTS patient.  

 

  

Figure 1: Atrophy of right thenar muscle 

The two provocative tests commonly used to diagnose 

CTS are Phalen’s test and Tinel’s test. In Phalen’s test, 

the patient is commanded to bend their wrist and maintain 

it for one minute. If a patient feels any soreness or 

paresthesia in the median nerve distribution, it is called a 

positive response. Phalen’s test sensitivity is 

approximately 67% – 83% and its specificity is 40% - 

98%. Tinel’s test is performed by knocking the volar side 

of the wrist. If a patient feels pain or paresthesia in the 

radial side of the ring finger, middle finger, index, and 

thumb, which are innervated by the median nerve, it is 

called a positive response. Tinel’s test has approximately 

48% – 73% sensitivity with 30% – 94% specificity.19 

There are few more tests to diagnose CTS. The Scratch 

Collapse Test (SCT) evaluates the claudication of 

shoulder external rotation to a stimulus by carpal tunnel 

scratching. Sensory stimuli such as finger swipe, scratch, 

blown air, and deep pressure must generate a response in 

the particular region of the nerve injury. This is a 

subjective physical examination so that it is hard to 

decide how large resistance is applied on the external 

rotation of the patient’s shoulder and how it measures 

their collapse. 20 

3.3. Supporting Examination  

The diagnosis of CTS used to be a clinical one. However, 

nowadays, electrodiagnostic studies (EDX) are generally 

used for diagnosis, since they provide objective 

parameters for prediction and causal evaluation. It also 

serves the diagnostic confirmation and grade severity for 

CTS. EDX, particularly nerve conduction studies (NCS), 

is currently being observed as the standard of reference 
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for CTS. 21 EDX is the most common diagnostic test 

consisting of NCS and electromyogram (EMG). 22 

NCS is judged as the gold standard in the CTS diagnosis 

since it provides information about the median nerve's 

physiological health over the carpal tunnel. The 

comparison of the latency and amplitude between the 

median nerve section over the carpal tunnel to different 

nerves that do not go through the carpal tunnel, such as 

the ulnar or radial nerve, is the basic method. A 

transcutaneous pulse of electricity stimulates the nerve, 

inducing an action potential. A recording electrode is 

placed to detect the wave of depolarization passing by the 

surface of electrode. This is the most susceptible and 

precise way with 80% – 92% as sensitivity and 80% – 

99% as specificity. 9 

Ultrasonography (USG) is an easily accessible yet non-

invasive diagnostic tool. It also provides spatial 

information and is helpful in patients who need local 

steroid injection. It helps clinician to exclude external 

median nerve compression by ganglia, tumors and 

tenosynovitis. Postoperative complications like scarring, 

hematoma, and insufficient resection of the retinaculum 

can be visualized by USG.9 This modality has become 

more popular because of its efficiency, low expense, and 

diagnostic precision like EDX. In spite of the various 

limitations, US allows the clinician to lower the water 

content in the tissue and to diagnose nerve swelling. 3 

Cross-sectional area (CSA) of the median nerve is one of 

the useful USG parameters, indicative of CTS. USG 

measured CSA has been the strongest predictor of CTS 

severity compared to other variables tested. A recent 

study showed that USG is more precise for the prediction 

of severe CTS in younger patients. 21 A study conducted 

in 2018 established that CSA gives a sensitivity of 75% 

and specificity of 87.5% in diagnosing CTS. Nerve CSA 

can be calculated at different areas around the forearm 

and wrist by a lineal trace method inside the hyperechoic 

rim of the nerve sheath. USG can also be used to evaluate 

median nerve and carpal tunnel dimensions, median 

nerve location within the tunnel (palmar shifting), and 

flexor retinacular (volar) bowing and thickness. 12 

Magnetic resonance imaging (MRI) is an alternative 

diagnostic tool for CTS. A study conducted in 2002 

using NCS and diagram of hand pain as the gold standard 

showed that MRI gives a sensitivity of 96% for the CTS 

detection, but only 33% for specificity. A study 

conducted in 2019 compared USG and MRI in healthy 

volunteers and CTS patients, and established that CSA is 

specific and sensitive with 0.874–0.997 as the receiver 

operator curve area (statistically identical with USG-

measured CSA. 22 MRI is helpful for detecting rare 

pathological causes of CTS such as ganglion, 

hemangioma, or a bone deformity. Sagittal images are 

also helpful in displaying the accurate site and serving the 

grade of nerve compression severity with 96% 

sensitivity, yet the specificity is low at 33% - 38%. MRI 

may help in predicting patients who will need surgery 

because of the anomalous nerve signal length on T2-

weighted MRI; the median-ulnar sensory latency 

distinction are preferable predictors for the outcome of 

the surgery. 9 The surgeons may think about taking MRI 

as CTS detailed evaluation if there are symptoms but no 

proof of nerve conduction test. 23 

3.4. Grading based on electrodiagnostic 
studies 

Grading of CTS is divided into four groups based on its 

electrodiagnostic findings, which are CTS without 

median neuropathy at wrist, mild, moderate, and severe. 

Table 1 shows the CTS grading and the chosen 

interventions. 24 

Table 1: Grading based on electrodiagnostic 
findings 

Severity 
of CTS 

Findings on 
Electrodiagnostic  

Intervention 

CTS with 
no median 
neuropathy 
at the wrist 
(MNW) 

No Treat the 
symptoms 

Mild Abnormality in 
comparison 
studies or median 
sensory nerve 

Treat the 
symptoms 

Moderate Prolonged distal 
motor latency to 
the abductor 
pollicis brevis with 
normal amplitude 
of APB CMAP 

Injections/surgery 
with progressivity 

Severe Criteria on the 
above plus either 
decrement of 
median to APB 
CMAP amplitude 
and/or needle 
EMG abnormality 
in the thenar 
muscles 

Surgery if no 
contraindication 

4. Differential diagnosis 
CTS can be distinguished from the following: 17,25 

• Cervical radiculopathy (especially C6–C7)  

Neck pain, lack of sensation only on the thumb and 

index finger, positive result of Spurling test. The pain 

is usually reduced when the neck is rested and 

increases when the neck is moved. The distribution of 

sensory disorders is according to the dermatome. 
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• CNS disorders  

Such as multiple sclerosis and small cerebral 

infarction 

• Peripheral neuropathy  

Diabetes mellitus history and the involvement of both 

lower extremities  

• Pronator syndrome (the compression of median 

nerve at the elbow)  

Forearm suffering; lack of sensation on top of the 

thenar eminence; weakness in the flexion of thumb, 

extension of wrist, and pronation of forearm. The pain 

on the palm of the hand is more prominent complaint 

than in CTS, because the median nerve branch to the 

skin of the palm does not pass through the carpal 

tunnel.  

• Carpometacarpal arthritis of the thumb  

Soreness in thumb movement, positive result of grind 

test, findings on radiographic studies  

• Wrist arthritis  

Soreness in wrist motion, radiographic findings  

• de Quervain tendinopathy  

Tenosynovitis of the abductor pollicis longus tendons 

and extensor pollicis brevis muscles is usually due to 

repetitive hand movements. The symptoms are pain 

and tenderness in the distal radial styloid area. 

Finkelstein's test: palpation of thumb abductor muscle 

during passive abduction of thumb, positive result if 

pain increases. 

• Raynaud syndrome  

Manifestations correlated to cold exposure, specific 

color changes 

• Ulnar compression neuropathy  

Paresthesia’s on the ring and little fingers; positive 

result of Tinel sign and compression tests at the elbow 

or wrist (Guyon canal)  

• White finger vibration 

Usage of vibrant hand power tools, Raynaud 

phenomenon manifestations  

5. Prevention  
A systematic review states that workplace plans can 

incorporate interventions concentrating on education, 

workout, ergonomics, physiotherapy, and 

epidemiological surveillance. Ergonomic interventions 

such as keyboard, mouse, and wrist rest modifications 

can be merged with education about ergonomic 

principles in postural hygiene, participative ergonomics, 

musculoskeletal disorders, working subject co-

responsibility, behavioral changes, and exercise. Ulnar 

drift reduction or maintaining a neutral position with 

interventions such as accessory composition 

modifications (mouse, keyboard, wrist rest, and 

workstation) may also lower the CTS risks. 26 

6. Management 
CTS management includes non-invasive therapies, such 

as non-pharmacological and pharmacological therapies, 

and invasive therapies such as surgery. 

6.1. Non-invasive therapies 

6.1.1. Non-Pharmacological Management 

The first-line for CTS management is education. The 

patient needs to be educated about changing some habits 

including limiting heavy work and excessive wrist 

movements and using ergonomic work tools to reduce 

median nerve stress. 9 

For patients with mild CTS symptoms, the modest 

treatment is a wrist splint at night. This method is known 

as an inexpensive therapy and has a minimal 

complication rate. It helps patient avoid the extreme 

position of the wrist, reduce the pressure on carpal tunnel, 

refine hemodynamic parameters, lower the edema, and 

narrow nerve friction and compression. 27 Splint therapy 

is one of the most common complementary interventions. 

The use of a wrist splint is more beneficial than any other 

intervention. 28 

Ultrasound (US) therapy produces localized heat on joint 

capsules, tendons, ligaments and muscles, and can 

produce an increased cellular activity and localized 

vasodilation, thus increasing the supply of nutrients and 

oxygen, and removing the metabolic waste.  This 

decreases the irritating nociceptive nerve endings and 

therefore, lowers the pain. The US will not influence the 

nerve tissue repair process, but it speeds up the fibrotic 

tissue repair by accelerating the inflammatory substances 

induction. A combination of US and neural mobilization 

is more potent to lower the hand dysfunction than a 

combination of US and passive stretching for CTS 

patients. 29 US therapy produces a sound frequency 

greater than 20,000 MHz. Generally, it has a 

frequency between 0.7 to 3.3 MHz, to maximize the 

energy that enters the soft tissue. The purpose of the US 

is to reduce pain and stimulate the healing process in the 

tissue collagen. The tissue stimulation can facilitate the 

recovery of median nerve compression. 11, 27 A study 

conducted in 2017, comparing Low-Level Laser Therapy 

(LLLT) and US for the therapy of CTS, showed that both 

LLLT and US are equally effective for the therapy of 

mild to moderate CTS patients. 30 

Mobilization exercises are used to refine the axonal 

transport and nerve conduction, usually performed by 

tendon gliding and nerve gliding exercises. Tendon and 

nerve gliding practices could maximize the median nerve 
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movement in the carpal tunnel, as well as the movement 

of the flexor tendons relative to each other. The practices 

include median nerve gliding by moving the wrist and 

fingers, and tendon gliding by moving a sequence of 

fingers. 27 Tendon gliding is an exercise that is often 

recommended to prevent tendon adhesions. 11 Patients 

must exercise for ten times in repetitions, three to five 

times each day. Every position is held for five seconds. 27 

One of the nerve gliding movements is when the hand is 

in a fist position, it pushes the superficial flexor 

digitorum tendon and the flexor digitorum profundus 

tendon, so it reduces the compression on the median 

nerve. Nerve mobilization also helps the process of nerve 

oxygenation to reduce ischemic pain. 11 

6.1.2. Pharmacological Management 

Pain is often an overlooked symptom, still a worldwide 

problem and continues to be the commonest and 

strongest motivation for the patients to seek medical help. 
2, 31–33 As a first line pharmacological management, 

clinicians can give nonsteroidal anti-inflammatory drugs 

(NSAIDs) to relieve pain in CTS patients. Oral steroids 

and vitamin B6 can be given as second line therapy. 34 A 

guideline states that oral drugs are not effective in 

treating CTS patients. 35 The recommended dose of 

pyridoxine is 100-300 mg/day for 3 months. 34 Daily dose 

of 20 mg prednisone orally improves the symptoms and 

functions as compared to placebo and its relief is 

sustained for approximately 8 weeks. 5 Oral steroids are 

less potent than a steroid injection. NSAIDs, diuretics, 

and vitamin B6 are not potent for the CTS therapy. 17 

Analgesic drugs may not be effective if administered 

alone, without combining with other drugs, e.g., 

gabapentin, amitriptyline, diazepam, and vitamins, 

including B1, B6, and B12 for chronic pain. Combination 

of analgesic drugs will remarkably lower the adverse 

effect. 2 Tricyclic and other antidepressant drugs are 

frequently used as the neuropathic pain therapy, 36 

including that of CTS. 37 Amitriptyline gives better 

results as treatment for sensory symptoms in early CTS. 
38 Gabapentin gives notable analgesia in some 

neuropathic pains such as trigeminal neuralgia and 

peripheral diabetic neuropathy. It modulates voltage-

dependent calcium channels and glutamate uptake. 39 A 

study review recommends no significant advantage of 

gabapentin use for symptomatic relief or power strength 

improvement in mild-to-moderate CTS patients. 40 

Pregabalin has been recommended as first- and/or 

second-line drug for neuropathic pain in several 

guidelines. Pregabalin is started at 150 mg daily and 

titrated up to the maintenance daily dose range. In Japan 

and USA, pregabalin dose range is 300–600 mg for 

neuropathic pain. 41 

Wrist steroid injections are often successful to treat 

patients with CTS. This therapy has been known as a 

well-studied and potent intervention for mild and 

moderate CTS patients. 42 A guideline states that this 

therapy can be administered after oral therapy. 34 Another 

study stated that the wrist steroid injection combined with 

a wrist splint is preferred as first line treatment. 35 It may 

lead the symptoms to deteriorate tentatively but generate 

necessary pain comfort in 60% - 70% of patients for 

weeks to years. Steroid treatment is effective in reducing 

inflammation and edema. 19,43 Dexamethasone 1 – 4 mg 

or hydrocortisone 10-25 mg or methylprednisolone 20-

40 mg is injected into the carpal tunnel using a 23 or 25G 

needle at 1 cm proximal to the wrist crease medial to the 

palmaris longus tendon at an angle of 30o. The injections 

can be repeated in 7 to 10 days for a total of three or four 

injections. Injections should be used with caution in 

patients under 30 y of age. The limitations of collagen 

and proteoglycan synthesis are the major side effects. It 

limits the tenocytes and lowers the tendon mechanical 

force. This leads to more decay.19 The most secure 

location for injection is still unclear. The local steroid 

injection was more preferable than decompression 

surgery for relieving nocturnal paresthesia at 3 and 6 

months. Follow up on 12 months proves that local steroid 

injection was as effective as decompression surgery. 15 

Ultrasound guided injection might be more effectual than 

blind injection because it permits direct visualization to 

confirm the precise and safe needle insertion. 27, 44–46 A 

study conducted in 2021 stated that US-guided injection 

was better than landmark-guided injection with a higher 

success rate, and lower side effects for CTS. 47 A study 

conducted in 2018 compared local steroid injection with 

night time splinting. It indicated that a single injection of 

20 mg methylprednisolone acetate at 6 weeks was more 

beneficial in alleviating pain and improving function than 

night wrist splints.48 

Injection of one dose of 5% dextrose, also called 

prolotherapy, has been indicated to be effective in 

improving the function in CTS. The mechanism of hypo-

osmolar 5% dextrose injection has been postulated 

to produce the analgesic effect on sore peripheral nerves 

and central nervous system by osmotic effect in regional 

cells. 49 Recent studies compared perineural dextrose 

injection (PDI) and steroid, and expressed significant 

improvement in pain and disability in CTS patients. 49 A 

trial conducted to study the effect of different injectate 

volumes of PDI on US parameters and the association 

with the results. PDI with higher volume produced better 

nerve movement and decreased median nerve CSA, but 

did not alter nerve elasticity. 49 

Another therapy, which is getting well known, is platelet-

rich plasma (PRP) injection. This is an alternative option 

to surgical therapy because of the regenerative result in 

CTS patients with demyelination and axonal 

degeneration. PRP is likely to be more potent three 

months post-injection based on manifestation, function, 

electrophysiological, and clinical parameters than 
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methylprednisolone injection. 28 A trial study enrolled 

PRP injection in 71 moderate CTS patients and stated that 

it's efficacious for mild-to-moderate CTS. Some factors 

like lower body weight, distal motor latency, and cross-

sectional area values of median nerve gives finer results 

post-PRP perineural injection in moderate CTS at the 3 - 

6 months follow-up. 50  

A case report gives another innovative therapy for CTS 

disability, named ultrasound-guided PRP injection with 

median nerve hydrodissection followed by active tendon 

and nerve gliding exercises in prompt post-injection 

phase. The therapy improved the pain and disability in 

CTS, as well as median nerve function, similar to surgical 

release and gives better results than non-surgical 

therapies. 51 

Surgery should be considered if the symptoms persist and 

there is no relief, or if the motor or sensory deficiency 

persists. Surgery might be indicated when the symptoms 

persist for more than six months without any relief with 

non-surgical treatment. 5 It is also recommended for 

patient with severe grade of electrodiagnostic studies 

finding. Surgical option in CTS patients is on an increase 

because of the increment of evidence stating that this 

therapy is potent and more durable. 52. It produces an 

additional space for tendons and median nerve to pass 

through the carpal tunnel. It frequently eases pain and 

rectifies the function. The risks of surgery are infections, 

bleeding, sensitive wounds, nerve injuries to the branches 

of the median nerve, and trauma to the surrounding blood 

vessels. The healing after surgical therapy varies from 

weeks to months. It hinges on the time span of the median 

nerve compression. Wrist splints and physical therapy are 

recovery plans aiming to cure and reinforce hand and 

wrist.5 Surgical decompression outcome is better in 

compromised median nerve distal motor latencies and 

sensory nerve conduction speed. 15 The long-term results 

in about 70% - 90% of patients are good to excellent. 19 

6.2. Invasive therapy 

One of the surgical techniques is carpal tunnel release 

(CTR) consisting of open surgery and endoscopic 

techniques. Endoscopic carpal tunnel release surgery 

(ECTR) has considerably gained popularity during the 

last two decades because of speedy recovery and less pain 

with no negative outcomes. It can produce potent 

decompression for both ulnar and median nerves at wrist. 

The detachment of transverse carpal tunnel ligament 

decompresses Guyon’s canal and the carpal tunnel. A 

study showed that the reported results and two-point 

discrimination test related to ulnar nerve symptoms 

showed improvement after open carpal tunnel release 

(OCTR). 53 ECTR and OCTR, both offer satisfactory 

results in pain relief, patient satisfaction, relief duration, 

and adverse effects. There is growing evidence about the 

benefits of endoscopic technique. Some studies 

established faster return-to-work and resumption of daily 

activities with endoscopic technique. 54 A study 

conducted in 2019 compared the efficacy of modified 

ECTR and OCTR. The authors concluded that modified 

ECTR for CTS treatment gave better patient satisfaction, 

shorter surgery and hospitalization time, earlier return-to-

work time, and less postoperative scar soreness. Thus, 

they recommended modified ECTR as an efficacious 

method for idiopathic CTS. 55 Pillar pain is a prevalent 

postoperative complication of CTR. The cause of pillar 

pain remains unclear. One of the most common theory is 

a damage of small palmar cutaneous branches of median 

nerve after surgical incision. A retrospective study 

describes a simple change of standard CTR technique in 

order to decrease neuroma formation and pillar pain. It 

concludes that modified CTR shows significantly lower 

incidence and duration of pillar pain, higher rate of 

patient satisfaction, and earlier return-to-work compared 

to the standard CTR. 56 

6.3. Alternative therapy 

Now a days, acupuncture is said to be one of CTS 

management modalities. A study states that acupuncture 

is more potent than regular therapies, such as anti-

inflammatory drugs. Acupuncture effectively relieves 

pain, numbness, inflammation, and returns motor 

function. Electromyography established good results, 

including noticeable improvements in some parameters, 

such as sensory nerve conduction velocity, sensory 

amplitude, median nerve sensory latency, motor latency, 

motor nerve conduction pace, and motor amplitude. The 

acupuncture mechanism in CTS is the activation of some 

brain areas including the primary somatosensory cortex, 

secondary somatosensory cortex and prefrontal cortex. 

This brain area gives a role in the sensory perception as 

CTS main manifestations such as paresthesias and pain. 

Acupuncture rectifies CTS symptoms based on CTS 

questionnaire - BCTQ (Boston Carpal Tunnel 

Questionnaire). Acupuncture also improves NCS 

examination outcomes, such as sensory conduction 

velocity and motor latency. The most regularly used 

points are PC7, TE5, PC6, and LI11. PC7 can be found 

in the middle of the wrist crease among the palmaris 

longus and flexor carpi radialis tendons. TE5 is located 

on the dorsal of the forearm at the interosseous space 

midpoint among radius and ulna which is 2 cun proximal 

to the dorsal wrist crease. PC6 is located 2 cun above the 

wrist crease between the palmaris longus and flexor carpi 

radialis tendons. LI11 point is on the lateral end of the 

transverse cubital crease when the elbow is flexed. The 

point selection is based on the anatomy and the 

abnormality location in median nerve. Acupuncture 

modalities frequently utilized are manual acupuncture 

and electro acupuncture. 57 Acupuncture therapy can be 

considered as an alternative management for patients 

who can’t go through for early decompression surgery. 58 
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Cupping therapy has been used to reduce pain. 10, 31, 59 

This is also one of the new breakthrough in the 

management of CTS. It is the oldest medical practice and 

alternative method for applying fast, powerful, and 

rhythmic force to escalate blood supply. It is used for 

several neuropathic disorders, 10, 60 and is one of the cost-

effective and traditional treatment options. Cupping is 

differentiated as dry and wet cupping. In dry cupping, the 

skin is pinched into the cup through vacuum pressure, 

while in wet cupping, scarification is performed to attract 

blood into the cup. 60 Taking cupping therapy as a regular 

physical therapy can offer symptomatic relief and 

improve sensory conduction distal to median nerve. It is 

recommended that cupping is a convenient and cheap 

methods to be used as a complementary CTS treatment. 
61 

Dry needling (DN) is useful for overcoming pain. 62 Dry 

needling is usually utilized as a treatment for any neuro-

musculoskeletal pain syndromes involving ligaments, 

muscles, tendons, subcutaneous fascia, peripheral nerves, 

scar tissue, and neurovascular bundles. 63 Dry needling at 

specific points under ultrasound guidance is potent 

therapy for CTS and myofascial hand pain. 64 This 

therapy works on CTS by stimulating non-TRP channels.  

7. Future direction 
CTS is one of the disorders in postmenopausal women 

with estrogen receptor-positive breast cancer receiving 

hormone therapy. A trial was conducted in order to study 

its pathophysiology and encourage the new therapeutic 

strategies. 65 The research compared the results of 

cervical manual therapy plus conservative physical 

therapy and conservative physiotherapy in CTS patients. 

The authors stated that by treating cervical spine can 

decrease the manifestations distally to carpal tunnel. The 

outcomes proved that conservative physiotherapy 

merged with cervical manual therapy, was more potent 

for refining functional capabilities, pain, median nerve 

motor distal latency, and median sensory nerve 

conduction pace in CTS patients. 66 

8. Prognosis 
The prognosis can be predicted by using 

electrodiagnostic techniques. In mild cases, conservative 

therapy generally has a good prognosis. In general, the 

prognosis of surgery is also good, but as the operation is 

only performed on patients who have long suffered from 

CTS, the postoperative recovery is gradual. Conjoint 

therapy might be more helpful than any singular therapy. 

A short course of NSAIDs can ease any symptoms but 

several does not find it is as sufficient advantages.7 

Although the prognosis of CTS with conservative or 

operative therapy is quite good, the risk of recurrence 

does exist. If recurrence occurs, either conservative or 

operative therapeutic procedures can be repeated. 67 

9. Conclusions 
CTS is the most prevalent neuropathic entrapment of the 

upper extremity. It results from the median nerve 

compression as it passes through the carpal tunnel. 

Patients usually grumble some soreness and paresthesias 

in the median nerve division. It radiates to the palmar 

aspect of radial side of the ring finger, middle finger, 

index, and the thumb. Mostly it is caused by repetitive 

traction and wrist compression. The diagnosis can be 

based on the symptoms and signs, and electrodiagnostic 

modalities such as nerve conduction studies, as well as 

radiologic techniques such as ultrasonography, CT scan 

or MRI. CTS management includes non-pharmacological 

and pharmacological therapy. Surgery is only considered 

when patient is in moderate to severe stage of the disease.  
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