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ABSTRACT

Introduction

Carpal tunnel syndrome (CTS) is a common condition that results from the
compression of the median nerve within the carpal tunnel in the wrist. Both
surgical and non-surgical treatments are used to manage CTS. While surgery is
necessary in some cases, many patients can be treated effectively with
conservative methods. This review compares the efficacy of surgical treatment for
CTS against various conservative approaches.

Aim

The study aims to evaluate and compare the outcomes of surgical versus
conservative treatments for CTS, focusing on symptom relief, patient outcomes,
and long-term prognosis.

State of Knowledge

The carpal tunnel is a narrow passage in the wrist formed by carpal bones and the
flexor retinaculum. Compression of the median nerve within this tunnel leads to
CTS, which can be caused by anatomical variations or systemic conditions like
diabetes. Symptoms include pain, numbness, and tingling in the hand, which may
worsen at night or with repetitive movements.
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Summary (Conclusions)

Surgical treatment, especially decompression, offers superior symptom relief and
functional improvement but carries risks of complications. Conservative
treatments like wrist immobilization and anti-inflammatory medications are
effective for many patients, supporting their use as initial treatment. Further
research is needed to optimize CTS management.

Keywords :Carpal tunnel syndrome, surgical management, surgical repair,
minimally invasive surgery, wrist, non-pharmacological interventions

INTRODUCTION

Carpal tunnel syndrome (CTYS) is the most prevalent peripheral nerve entrapment
condition, arising when the median nerve is compressed as it traverses the rigid
carpal tunnel. Activities that involve repeated flexion and extension of the wrist,
common in daily tasks and certain occupations, can lead to thickening of the
transverse carpal ligament, thereby compressing the median nerve. Additionally,
factors such as synovial hyperplasia, ganglion cysts, or schwannomas can increase
the content within the carpal tunnel, exacerbating nerve compression. Early
symptoms typically include abnormal sensations or numbness in areas innervated
by the median nerve (the thumb, index finger, middle finger, and the radial side
of the ring finger), with nocturnal numbness being a frequent initial complaint.
As the condition progresses, it can lead to thenar muscle atrophy and impaired
thumb opposition, significantly impacting sleep quality, daily activities, and
mental health.(Chammas et al., 2014)

In the initial stages of CTS, conservative treatments may be effective. These
include physical therapy to reduce inflammation and the use of wrist splints to
limit movement. However, if conservative treatments fail, persistent compression
can cause irreversible damage to the median nerve, necessitating surgical
intervention. Traditional open nerve decompression surgery can fully relieve the
compression but often involves a long incision and extended recovery period.
Postoperative complications such as scar tissue formation can limit wrist
movement, and in severe cases, additional surgery may be required.



Recently, minimally invasive techniques, such as neurolysis of the median nerve
using wrist arthroscopy or endoscopy, have gained popularity. These methods,
however, require significant surgical expertise and carry a risk of damaging the
median nerve and its branches. An alternative approach involves a mini-open
incision to cut the transverse carpal ligament, which offers effective
decompression with less trauma and scarring, and faster recovery.

Definition, Epidemiology, and Characteristics

Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy,
affecting 1% to 3% of the population, with incidence peaking in the late 50s.
Certain occupational groups, such as meatpackers, poultry processors, and
automobile assembly workers, have a higher prevalence due to repetitive manual
tasks. CTS is also associated with systemic conditions like rheumatoid arthritis,
hypothyroidism, diabetes mellitus, gout, and pregnancy.(Bicha et al., 2024; Cupi
etal., 2023; Omole et al., 2023)

Treatment Approaches

Both conservative and surgical treatments are employed in CTS management.
Non-surgical options include splinting, steroid injections, activity modification,
non-steroidal anti-inflammatory drugs. Among these, only splinting and steroids
have strong supporting evidence. Surgical release is typically reserved for patients
who do not achieve relief with conservative treatments or those with moderate to
severe symptoms. Although surgical intervention is definitive, it is not the first
line of treatment. Conservative management is preferred for transient cases, such
as those associated with pregnancy, or for partial relief while awaiting surgery.

Anatomy(Honis et al., 2023)

The carpal tunnel is formed by the carpal bones and the transverse carpal ligament
(TCL), which is a thick, fibrous band. The median nerve, along with the flexor
tendons, passes through this tunnel. Variations in individual anatomy and wrist
movements can affect the tunnel's structure and size, impacting CTS symptoms.
The TCL's laminar structure and its attachments to surrounding bones and tissues
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are crucial for understanding CTS and its treatment, particularly surgical
interventions.

The carpal tunnel is a narrow, rigid passageway composed of carpal bones and
the transverse carpal ligament (TCL), a dense fibrous band. Within this tunnel,
the median nerve and flexor tendons travel, and individual anatomical variations
and wrist movements can influence the tunnel's dimensions, thereby affecting
carpal tunnel syndrome (CTS) symptoms. Understanding the TCL's layered
structure and its connections to adjacent bones and tissues is essential, particularly
for surgical treatments of CTS.

Boundaries

The carpal tunnel is a fixed osteofibrous channel, located between the flexor
retinaculum (forming the roof) and the carpal sulcus (forming the floor). It is
bordered on the ulnar side by the hook of the hamate, triquetral, and pisiform
bones, and on the radial side by the scaphoid, trapezium, and the tendon of the
flexor carpi radialis (FCR) muscle. The base consists of the joint capsule and
anterior radiocarpal ligaments that cover parts of the scaphoid, lunate, capitate,
hamate, and trapezium.

Contents

Within the carpal tunnel, the median nerve is accompanied by four tendons from
the superficial flexors of the fingers, four from the deep flexors, and the tendon of
the flexor pollicis longus (the most radial element). At the tunnel's entry, the
median nerve lies dorsally relative to the palmaris longus muscle or between the
FCR and the palmaris longus. In a neutral wrist position, the median nerve is
situated anterior to the superficial flexor tendon of the index finger or between the
flexor pollicis longus and the superficial flexor of the index finger, or in front of
the superficial flexor of the middle finger. Distally, the median nerve splits into
six branches: the motor or thenar branch; three proper palmar digital nerves (to
the thumb and index finger); and the common palmar digital nerves of the second
and third interdigital spaces. In 56% of cases, the thenar branch travels through a
separate tunnel before reaching the thenar muscles.



Anatomical Variations

Anatomical differences can influence symptom presentation and surgical risks.

Variations in the Median Nerve

A bifid median nerve, caused by an early division, occurs in 1-3.3% of cases and
may coincide with a persistent median artery or an accessory branch of the
superficial flexor of the third finger. In such instances, the radial segment is more
significant.

Variations of the Motor Branch of the Median Nerve

Lanz identified five types of origins and pathways for the thenar branch: the
extraligamentous form (most common at 46%), subligamentous (31%), and
transligamentous (23%). Kozin found that 4% of cases had two motor branches
crossing the flexor retinaculum. Typically, the thenar branch nerve bundles are
radial to the median nerve in 60% of cases, anterior in 20%, and central in 18%.
Variations in the thenar branch's pathway can affect motor function in severe
median nerve compression cases.

Variations of the Palmar Cutaneous Branch of the Median Nerve

The palmar cutaneous branch generally originates 4-7 cm above the wrist crease,
traveling alongside the median nerve for 1.6-2.5 cm before entering a fascial
tunnel at the FCR’s medial edge, emerging 0.8 cm above the wrist flexion crease
to innervate the skin of the thenar eminence. This branch may cross the transverse
carpal ligament or pass to the median nerve's ulnar side.

Intratunnel Positioning of the Ulnar Nerve

It is exceedingly rare for the ulnar nerve to be inside the carpal tunnel. This
anomaly presents with symptoms of both median and ulnar nerve compression.



Areas Innervated by the Median Nerve

The median nerve innervates the palmar surface of the thumb, index, middle, and
radial half of the ring fingers. On the dorsal side, it innervates the distal phalanges
of the first three fingers and the radial half of the fourth finger. The median nerve's
motor functions include the short abductor of the thumb, opponens pollicis
muscle, superficial head of the flexor pollicis brevis, and the first two lumbricals.
There are sensory anastomoses with the ulnar nerve on the palmar side (Berrettini)
and motor anastomoses on the dorsal side (Martin-Gruber in the forearm and
Riche-Cannieu in the hand).

Berrettini’s Palmar Sensory Anastomosis

This anastomaosis, present in 67-92% of cases, is situated below the superficial
palmar arch and explains the variations in the sensory area of the ulnar border of
the third and fourth fingers and the radial border of the fifth finger, between the
median and ulnar nerves.

Riche and Cannieu’s Motor Anastomosis

This frequently observed anastomosis (77-100%) is responsible for innervation
variations of the thenar muscles between the median and ulnar nerves, taking
several forms, including communication between the thenar branch of the median
nerve and the deep branch of the ulnar nerve.

Martin-Gruber and Marinacci’s Median-Ulnar Anastomosis in the Forearm

Described by Martin and Gruber, these anastomoses occur in 5-40% of cases and
involve connections from the median nerve or anterior interosseous nerve to the
ulnar nerve, often coexisting with hand anastomoses and containing fibers that
innervate deep flexors and intrinsic muscles.

Leibovic and Hastings’ Anastomoses

These are classified into four types based on their continuation into the hand and
the specific muscles they innervate, ranging from muscles typically innervated by
the median nerve to those usually innervated by the ulnar nerve.



Vascular Variations

Persistence of the median artery, a remnant from embryonic development, is
observed in 1-16% of cases and may contribute significantly to the superficial
palmar arch, sometimes accompanied by a bifid median nerve. Complications
such as thrombosis can lead to acute CTS. The ulnar artery is superficially
positioned, beneath the fascia but above the muscle.

Muscle and Tendon Variations

The palmaris longus muscle can vary, sometimes extending into the tunnel as the
deep palmaris longus, potentially compressing the median nerve. The flexor
digitorum superficialis can also extend into the tunnel, with muscle variations
more common in women (46%) than in men (7.8%). Lumbrical muscle variations,
such as abnormal insertion, may also compress the median nerve.

Characteristic Features of Pain

CTS symptoms can vary, including localized wrist pain, hand pain, and pain
radiating up the forearm. As CTS progresses, patients may experience hand
weakness, reduced fine motor skills, and thenar muscle atrophy. Initially,
symptoms often occur at night but can become persistent with time, especially
during repetitive activities.(Ashour et al., 2023; Liu et al., 2022)

Risk Factors

Risk factors for CTS include previous wrist fractures, rheumatoid arthritis,
osteoarthritis, obesity, diabetes, and certain medications. Smoking and hormone
therapies have not been strongly linked to CTS. Understanding these risk factors
is essential for early diagnosis and effective management of CTS.(Bicha et al.,
2024; Cupi et al., 2023; Demissie et al., 2023)



Systematic Review Objective

This study builds on previous systematic reviews by adopting broader inclusion
criteria and incorporating recent trials. The objective is to conduct a meta-analysis
to quantitatively synthesize evidence comparing surgical and non-surgical
treatments for CTS.

Tabl. 1 Comparison of Treatment Methods
(Ashour et al., 2023; Carmo, 2020; Chen et al., 2021; Fernandes et al., 2022;
Graesser et al., 2023; Jiménez-del-Barrio et al., 2022; Karjalainen et al., 2023; Ku
etal., 2023; Li et al., 2020; Liawrungrueang et al., 2023; Lo et al., 2021; Ng et al.,
2021; Pripotnev & Mackinnon, 2022; Scalise et al., 2021; Schifer et al., 2022;
Sveva et al., 2024; Tumpaj et al., 2022; Wade et al., 2018; Wielemborek et al.,
2022; Wu et al., 2022; Yang et al., 2024; Yoshii et al., 2020; Yu et al., 2023; Zeng
etal., 2023; Zheng et al., 2023; Q. Zhou et al., 2023; T. Zhou et al., 2023)

Treatment DESCRIPTION EFFECTIVENESS PROS CONS
Method
Wrist Splinting | Wearing a splint  Effective for mild Non- May not
to keep the wrist to moderate invasive, effective
in a neutral symptoms inexpensive,  severe cases
position can be used
at night
Nonsteroidal Medications like Provides temporary Easily May
Anti- ibuprofen to relief accessible, gastrointestinal
inflammatory reduce can reduce issues with
Drugs inflammation pain and long-term use
(NSAIDs) swelling
Corticosteroid Injection of Effective for Quick Potential side
Injections steroids to reduce temporary relief reduction in effects, not a
inflammation




Physical
Therapy

Activity
Modification

Oral Steroids

Ultrasound
Therapy

Surgery (Carpal
Tunnel Release

Alternative
Therapies

Exercises and
stretches to
improve wrist
strength and
flexibility
Changing
hand/wrist
positions and
avoiding

repetitive tasks

Systemic steroids

to reduce
inflammation
Use of sound

waves to reduce
inflammation and
pain

Surgical
procedure to
relieve pressure

on the median
nerve

Acupuncture,
chiropractic, yoga

Can help reduce
symptoms and
prevent worsening

Helps
symptom
exacerbation

prevent

Effective for short-
term relief

Some evidence of
effectiveness

Highly effective for
severe cases

Varies widely in
effectiveness

10

pain and
inflammation

Non-
Invasive,
improves
overall hand
function

Non-
invasive,
cost-free

Reduces
inflammation
and pain

Non-invasive

Permanent
solution,
high success
rate

May provide
relief for
some
individuals

long-term
solution

Requires time
and consistent
effort

May require
significant
changes to
daily habits

Side  effects
with long-term
use, not a
permanent
solution

Limited
evidence, may
require
multiple
sessions
Invasive, risk
of
complications,
requires
recovery time

Limited
scientific
evidence, varies
by practitioner



Endoscopic
Median Nerve
Decompression

High-Intensity
Laser Therapy
(HILT)

Percutaneous
Ultrasonic
Tenotomy

Collagen
Injections

Biological
Therapy (PRP -
Platelet-Rich
Plasma)

Radiofrequency
Therapy (RF
Therapy)

Minimally
invasive procedure
using an
endoscope to cut
the transverse
carpal ligament.

Use of a laser for
deep tissue
penetration to
reduce pain and
inflammation.

Technique using
ultrasound to cut
the transverse
carpal  ligament
through a small
incision.

Injections in the
wrist area to
improve tissue
structure and
reduce nerve
compression.
Injection of
platelet-rich

plasma into tissues
around the median
nerve.

Use of radio waves
to heat tissues to
reduce
inflammation and
pain.

CONCLUSION

High, similar to
traditional surgery,
but with shorter
recovery time.
Promising in
reducing pain
symptoms and
improving hand
function.

Initial studies
indicate
effectiveness in
symptom relief.
Promising initial

results in improving
hand function.

May support
regenerative
processes and
reduce
inflammation.
Effective in

reducing pain for
some patients.
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Smaller scars, Requires

faster
to
activities.

return
daily

Painless, non-

invasive.

Minimally
invasive,
shorter
recovery
time.

Minimally

invasive, can

be repeated.

Natural
healing
method,
minimally
invasive.

Non-invasive,

can
repeated.

be

specialized
equipment and
skills.

Requires
multiple
Sessions,
limited long-
term studies.

New technique
requiring
further
research.

Further clinical
trials needed.

Expensive,
requires further
research.

Requires
multiple
sessions,
variable
effectiveness.



Both conservative and surgical treatments are beneficial for CTS, with surgery
providing superior symptom relief and functional improvement at six and twelve
months. Given the potential for adverse effects with surgery, initial conservative
management is supported, followed by surgical intervention for severe or
persistent symptoms. Ongoing research into new treatments is crucial for
advancing CTS management.

This document provides a comprehensive overview of carpal tunnel syndrome,
including its definition, anatomy, characteristic features, risk factors, and
treatment approaches. It compares the efficacy of surgical and conservative
treatments, concluding with a recommendation for initial conservative
management followed by surgery if necessary.

Disclosure
Author's contribution

Conceptualization: Julia Szatajska; Methodology: Natalia Wierzejska; Software:
Barbara Kopczynska and Oliwia Czyzniewska; Check: Karina Otrgba; Formal
analysis: Barbara Kopczynska; Investigation: Maria Wojcieszek; Resources:
Karolina Czuprynska and Maria Wojcieszek; Data curation: Barbara Kopczynska
and Mikotaj Domanski; Writing - rough preparation: Julia Szatajska; Writing -
review and editing: Karolina Czuprynska; Visualization: Oliwia Czyzniewska and
Maria Wojcieszek; Supervision: Natalia Wierzejska; Project administration:

Karina Otrgba; Receiving funding - no specific funding.

All authors have read and agreed with the published version of the manuscript.

Financing statement
This research received no external funding.
Institutional Review Board Statement

Not applicable.

12



Informed Consent Statement
Not applicable.

Data Availability Statement
Not applicable.

Conflict of interest

The authors deny any conflict of interest.

REFERENCES

1. Chammas M, Boretto J, Burmann LM, Ramos RM, Neto FC dos S, Silva
JB. Carpal tunnel syndrome — Part | (anatomy, physiology, etiology and
diagnosis). Rev Bras Ortop (Sao Paulo) 2014; 49: 429.

2. Omole AE, Awosika A, Khan A et al. An Integrated Review of Carpal
Tunnel Syndrome: New Insights to an Old Problem. Cureus 2023;

3. Cupi B, Sarac I, Jovanovié¢ JJ et al. Occupational and non-occupational risk
factors correlating with the severity of clinical manifestations of carpal tunnel
syndrome and related work disability among workers who work with a computer.
Arh Hig Rada Toksikol 2023; 74: 252-272.

4, Bicha N, Gashaw M, Chanie ST, Mekie M, Yalew ES. Burden of carpal
tunnel syndrome and its associated factors among construction industry workers
in Gondar town, Ethiopia. Front Public Health 2024; 12.

5. Honis HR, Gruber H, Honold S et al. Anatomical considerations of US-
guided carpal tunnel release in daily clinical practice. J Ultrason 2023; 23: E131-
E143.

6. Liu Y, Zhuang Y, Wei R, Tan Z, Chen C, Yang D. Comparison of
characteristics between neuropathic pain and non-neuropathic pain in patients
with diabetic carpal tunnel syndrome: A cross-sectional study. Front Surg 2022;
9.

7. Ashour AA, Yehia RM, EIMeligie MM, Hanafy AF. Effectiveness of high
intensity laser therapy on pain, grip strength and median nerve conductivity in
pregnant women with carpal tunnel syndrome: A randomized controlled trial.
Journal of Hand Therapy 2023; 36: 536-545.

13



8. Demissie B, Yenew C, Alemu A et al. Carpal tunnel syndrome and its
associated factors among computer user bankers in South Gondar Zone,
Northwest Ethiopia, 2021: a cross sectional study. BMC Musculoskelet Disord
2023; 24.

Q. Tumpaj T, Potocnik Tumpaj V, Albano D, Snoj Z. Ultrasound-guided
carpal tunnel injections. Radiol Oncol 2022; 56: 14-22.

10.  Pripotnev S, Mackinnon SE. Revision of Carpal Tunnel Surgery. J Clin
Med 2022; 11.

11. Ng AWH, Griffith JF, Tsoi C et al. Ultrasonography findings of the carpal
tunnel after endoscopic carpal tunnel release for carpal tunnel syndrome. Korean
J Radiol 2021; 22: 1132-1141.

12.  Scalise V, Brindisino F, Pellicciari L, Minnucci S, Bonetti F. Carpal tunnel
syndrome: A national survey to monitor knowledge and operating methods. Int J
Environ Res Public Health 2021; 18: 1-27.

13.  Schéfer L, Maffulli N, Baroncini A, Eschweiler J, Hildebrand F, Migliorini
F. Local Corticosteroid Injections versus Surgical Carpal Tunnel Release for
Carpal Tunnel Syndrome: Systematic Review and Meta-Analysis. Life 2022; 12.

14. LiY, LuoW,Wu G, Cui S, Zhang Z, Gu X. Open versus endoscopic carpal
tunnel release: A systematic review and meta-analysis of randomized controlled
trials. BMC Musculoskelet Disord 2020; 21.

15.  Ku YC, Gannon M, Fang W, Norcini RC, Woodberry KM. Management of
Acute Carpal Tunnel Syndrome: A Systematic Review. J Hand Surg Glob Online
2023; 5: 606-611.

16. Wielemborek PT, Kapica-Topczewska K, Pogorzelski R, Bartoszuk A,
Kochanowicz J, Kutakowska A. Carpal tunnel syndrome conservative treatment:
A literature review. Postepy Psychiatrii i Neurologii 2022; 31: 85-94,

17.  Yang FA, Wang HY, Kuo TY et al. Injection therapy for carpal tunnel
syndrome: A systematic review and network meta-analysis of randomized
controlled trials. PLoS One 2024; 19.

18. Liawrungrueang W, Wongsiri S, Sarasombath P. Endoscopic carpal
surgery in carpal tunnel syndrome: A systematic review. SAGE Open Medicine
11 2023.

19. Wade RG, Wormald JCR, Figus A. Absorbable versus non-absorbable
sutures for skin closure after carpal tunnel decompression surgery. Cochrane
Database of Systematic Reviews 2018; 2018.

14



20. Zhou Q, Shen Y, Zhu X et al. Ultrasound-guided percutaneous release
procedures in the transverse carpal ligament by acupotomy: A cadaveric study.
Front Surg 2023; 9.

21. Carmo JD. ‘INSIGHT-PRECISION’: a new, mini-invasive technique for
the surgical treatment of carpal tunnel syndrome. Journal of International Medical
Research 2020; 48.

22. Zeng Z, Lin N, Chen CX. Comparison efficacy of ultrasound-guided needle
release plus corticosteroid injection and mini-open surgery in patients with carpal
tunnel syndrome. Front Neurol 2023; 14.

23. Fernandes CH, Santos JBG Dos, Schwartz-Fernandes F, Ostermann AL,
Faloppa F. Failure factors for carpal tunnel syndrome surgical treatment: When
and how to perform a revision carpal tunnel decompression surgery. Rev Bras
Ortop (Sao Paulo) 2022; 57: 718-725.

24. Yoshii Y, Tung WL, Yuine H, Ishii T. Postoperative diagnostic potentials
of median nerve strain and applied pressure measurement after carpal tunnel
release. BMC Musculoskelet Disord 2020; 21.

25. Wu YT, Lam KHS, Lai CY et al. Novel Motor-Sparing Ultrasound-Guided
Neural Injection in Severe Carpal Tunnel Syndrome: A Comparison of Four
Injectates. Biomed Res Int 2022; 2022,

26. Karjalainen T V., Lusa V, Page MJ, O’Connor D, Massy-Westropp N,
Peters SE. Splinting for carpal tunnel syndrome. Cochrane Database of
Systematic Reviews 2023; 2023.

27. Jiménez-del-Barrio S, Ceballos-Laita L, Bueno-Gracia E, Rodriguez-
Marco S, Caudevilla-Polo S, Estébanez-de-Miguel E. Diacutaneous Fibrolysis
Intervention in Patients with Mild to Moderate Carpal Tunnel Syndrome May
Avoid Severe Cases in Elderly: A Randomized Controlled Trial. Int J Environ
Res Public Health 2022; 109.

28. Chen SR, Ho TY, Shen YP et al. Comparison of short-and long-axis nerve
hydrodissection for carpal tunnel syndrome: A prospective randomized, single-
blind trial. Int J Med Sci 2021; 18: 3488-3497.

29. YulL,JiaJ, Lakshminarayanan K, Li Y, Gan Y, Yao Y. A finite element
analysis of the carpal arch with various locations of carpal tunnel release. Front
Surg 2023; 10.

30. Zheng D, Wu Z, Li L, Chen S, Chang J. Research advances and trends in
the surgical treatment of carpal tunnel syndrome from 2003 to 2022: A CiteSpace-

based bibliometric analysis. Front Neurol 2023; 14.
15



31. Graesser EA, Dy CJ, Brogan DM. Future Considerations in the Diagnosis
and Treatment of Compressive Neuropathies of the Upper Extremity. J Hand Surg
Glob Online 2023; 5: 536-546.

32. Lo IN, Hsu PC, Huang YC, Yeh CK, Yang YC, Wang JC. Dynamic
Ultrasound Assessment of Median Nerve Mobility Changes Following
Corticosteroid Injection and Carpal Tunnel Release in Patients With Carpal
Tunnel Syndrome. Front Neurol 2021; 12.

33. Sveva V, Fari G, Fai A et al. Safety and Efficacy of Ultrasound-Guided
Perineural Hydrodissection as a Minimally Invasive Treatment in Carpal Tunnel
Syndrome: A Systematic Review. J Pers Med 2024; 14.

34. Zhou T, Wu Z, Gou X, Xia H, Ding J, Ai S. Local injection therapy for
carpal tunnel syndrome: a network meta-analysis of randomized controlled trial.
Front Pharmacol 2023; 14.

16



