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Carpal tunnel syndrome is the most common peripheral nerve entrapment 
encountered worldwide. The aetiology can be related to repetitive exposure to 
vibrations or forceful angular motions, genetic predisposition, injury and spe-
cific conditions, such as diabetes, pregnancy and morbid obesity. This entity is 
observed with increased frequency in females and the elderly. The diagnosis is 
largely clinical and suspected when patients present with typical symptoms such 
as numbness, tingling, nocturnal paraesthesia and/or neuritic “pins-and-needles” 
pain in the radial 3.5 digits. Certain provocative manoeuvres can be employed to 
evoke the symptoms of the disease to guide the diagnosis. Further testing such as 
electrodiagnostic studies, ultrasound or magnetic resonance imaging is required 
in the case of diagnostic uncertainty or if there is a need for objective evaluation 
whether or not more invasive surgical intervention is required. If the presenting 
symptoms are mild and discontinuous, non-surgical measures are indicated. 
However, if the symptoms are moderate to severe, further testing modalities such 
as nerve conduction studies or needle electromyography are used to determine 
whether carpal tunnel syndrome is acute or chronic. If significant evidence of 
axonal injury is identified, surgical treatment may be indicated. Surgical release 
of the carpal tunnel has evolved over time to become the most common hand 
surgery procedure. (Folia Morphol 2022; 81, 4: 851–862)

Key words: carpal tunnel syndrome, entrapment neuropathy, median 
nerve, open carpal tunnel release

INTRODUCTION
Carpal tunnel syndrome (CTS) is the most frequent-

ly occurring entrapment neuropathy encountered by 
plastic, hand and upper extremity surgeons [57]. The 
aetiology of CTS can be related to work, lifestyle, 
injury, or genetic predisposition. Repetitive exposure 
to vibrations or forceful angular motions are thought 
to be the most common causes of CTS and specific 
diseases, such as diabetes, pregnancy and morbid 
obesity may also be associated with an increased risk 
for the development of CTS [25, 28]. However, it is 

also seen with increased frequency in females and the 
elderly population [80]. The diagnosis of CTS is largely 
clinical and is suspected when patients present with 
typical symptoms such as numbness, tingling, noctur-
nal paraesthesiae and/or neuritic “pins-and-needles” 
pain in the radial 3.5 digits [8]. Further testing is 
required when there is uncertainty in the diagnosis 
or an objective measure is required to gauge the 
need for more invasive interventions such as surgery. 
Examples of these tests include the electrodiagnostic 
studies (EDX) such as nerve conduction studies (NCS) 
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and electromyography (EMG) [32]. Moreover, certain 
manoeuvres can be employed to provoke the symp-
toms of CTS to guide the diagnosis [48]. The first step 
in the management of CTS is to ascertain whether 
surgical or non-surgical, more conservative treatment 
is required. If the presenting symptoms are mild and 
discontinuous, non-surgical measures are indicated. 
However, if the symptoms are moderate-to-severe 
further testing, such as NCS or needle EMG are used 
to determine whether CTS is acute or chronic and if 
there is significant evidence of axonal injury. Surgical 
decompression of the carpal tunnel and its contents 
was first described by Galloway in 1924 [3] and was 
later made more popular by Phalen. Over time carpal 
tunnel decompression has evolved to become the 
most common hand surgery procedure.

ANATOMY OF THE CARPAL TUNNEL
Carpal tunnel is a restricted, rigid passage locat-

ed on the palmar surface of the wrist. It is formed 
anteriorly by the flexor retinaculum with its central 
segment measuring 2–4 mm in thickness that is often 
referred to as the transverse carpal ligament (TCL). 
The posterior aspect is limited by the volar surface of 
the carpus, which is concave and forms the so called 
carpal sulcus. The lateral border of the carpal sulcus is 
formed by the radio-carpal eminence which consists 
of the tubercles of the scaphoid and trapezium bones 
and the medial border is formed by the tubercles of 
the pisiform and hook of the hamate bones; the so-
called ulnar carpal eminence. The most proximal part 
of the carpal tunnel begins on the volar surface of the 
wrist crease and then runs distally extending from the 
lateral border of the thumb in abduction to the level 
of the hook of the hamate; a landmark that is often 
referred to as Kaplan’s cardinal line [71]. The carpal 
tunnel protects the median nerve and 9 tendons that 
act to flex the fingers: 1 tendon of flexor pollicis lon-
gus (FPL), 4 tendons of flexor digitorum profundus 
(FDP) and 4 tendons of flexor digitorum superficia-
lis (FDS) muscles. The nerve is the most superficial 
structure and overlies the FDS and FDP tendons to 
the index finger (Fig. 1). The median nerve enters the 
volar surface of the hand through the carpal tunnel 
which runs under the flexor retinaculum. In the palm 
of the hand, the median nerve branches off into mus-
cular branches which supply the thenar muscles (the 
abductor pollicis brevis muscle, the opponens pollicis 
muscle and superficial head of the flexor pollicis brevis 
muscle) and the two lateral lumbricals, finally termi-

nating as three common palmar nerves to the digits, 
which subsequently divide further into the proper 
palmar digital cutaneous nerves innervating the volar 
surface of the index finger, middle finger, and one-half 
of the ring finger [30]. The palm of the hand receives 
sensory innervation by the palmar cutaneous branch 
of the median nerve (PCBMN). PCBMN branches off 
the median nerve approximately 6 cm proximal to the 
TCL, then passes superficially to the ligament which 
means this branch is independent of any pressure 
fluctuations within the carpal tunnel. When divid-
ing the transverse carpal ligament to approach the 
deep structures in the carpal tunnel, the median 
nerve and its branches deserve special attention. The 
motor branch of the median nerve usually becomes 
recurrent at the distal margin of the transverse carpal 
ligament before entering the thenar musculature, i.e. 
regular recurrent thenar branch (extraligamentous). 
Anatomical variations involving the take-off of the 
median nerve motor branch (recurrent motor branch 
[RMB]) were first described by Lanz in 1977 [41] on 
246 hands during a variety of surgical interventions. 
These anatomical variations can be categorized as 
follows (Fig. 2):

	— Standard branching of the median nerve (extra-
ligamentous);

	— Thenar branch leaving the median nerve within 
the carpal tunnel (subligamentous);

	— Transligamentous course of RMB;
	— RMB leaving median nerve at its ulnar aspect;
	— RMB crosses over the top of the transverse carpal 
ligament;

	— Doubled RMB;
	— High division of the median nerve with a persistent 
median artery (PMA) between the two parts;

Figure 1. Anatomy of the carpal tunnel.
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Figure 2. Anatomical variations of the median nerve in carpal tunnel. Redrawn from Lanz [41]. 

	— High division of the median nerve with a thinner 
ulnar part;

	— High division of the median nerve with a thicker 
ulnar part.
Poisel described three subtypes of RMB: 46% of 

cases were extraligamentous, 31% were subligamen-
tous, and 23% were transligamentous [61]. Dan-
gerous varieties of the RMB occur very rarely in the 
population, but does not reduce from the fact that 
in each case special attention must be given [85]. 
Elsaftawy et al. [20] conclude that, at the minimally 
open carpal tunnel release procedure, the TCL should 

be released rather from the line of radial border of 
the 4th finger to minimise the risk of injury to the 
recurrent motor branch of median nerve. 

The presence of a PMA is another important con-
sideration for plastic and orthopaedic surgeons who 
frequently perform open carpal tunnel release; mostly 
due to mechanical compression of the median nerve. 
Osiak et al. [54] identified PMA in 36 out of 1285 
(2.8%) operated hands. The observed PMAs were 
identified in 15 (2.0%) cases out of 750 right upper 
limbs and in 21 (3.9%) cases out of the 535 left up-
per limbs. Osiak et al. [54] along with Dickinson and 
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Kleinert [17] unanimously recommend resection of 
a PMA if the perfusion of the hand remains normal 
after clamping the median artery and releasing the 
tourniquet.

EPIDEMIOLOGY AND RISK FACTORS  
OF CTS

Sir James Paget [59] first described compression 
of the median nerve at the wrist following a distal ra-
dius fracture in 1854. CTS is today the most common 
peripheral nerve entrapment syndrome worldwide 
[53, 57]. It is defined as a compression of the median 
nerve at the level of the wrist joint associated with 
decreased function of the nerve at that level [80]. CTS 
is a largely idiopathic condition and affects 7–16% of 
the adult population [21]. It accounts for about 90% 
of all nerve compression syndromes. CTS is generally 
reported to be more common in females and increas-
es with age with higher prevalence between 45 and 
64 years of age. Occupational risk factors include 
forceful gripping, repetitive flexion and extension at 
the wrist and vibration exposure [43]. There is also  
a plethora of extrinsic and intrinsic factors that evoke 
secondary CTS. Of these factors; pregnancy, meno-
pause, obesity, renal failure, hypothyroidism, the use 
of oral contraceptives, and congestive heart failure 
can contribute to CTS through increasing the volume 
of the synovial sheath within the tunnel [19]. CTS is 
among one of the most common musculoskeletal clin-
ical presentations of mucopolysaccharidosis, reported 
in mucopolysaccharidosis types I, II, IV, and VI [60]. 
Direct fractures of the distal radius, posttraumatic 
arthritis and tumours, ganglion cysts or a persistent 
median artery can also alter the contour of the tunnel. 
Neuropathic factors, such as diabetes, alcoholism, 
vitamin toxicity or deficiency and exposure to toxins 
may elicit symptoms of CTS. This is due to the fact 
that these factors directly injure the median nerve 
without necessarily causing any spikes in the pressure 
within the carpal tunnel. The other causative factors 
include the morphological and mechanical changes 
(i.e. hypertrophy and stiffening) of the TCL which 
may lead to a significant reduction of carpal tunnel 
space and compliance. B-mode ultrasound imaging 
has proven to be a reliable method of measuring 
the thickness of the TCL at the distal portion of the 
carpal tunnel, noting increased ligament bowing or 
curvature, as well as pathological variations of TCL 
thickness [50, 67]. Acoustic radiation force impulse 
imaging is a sonoelastographic another method of 

objectively measuring changes in the TCL by mechan-
ically exciting the tissues with a localized impulsive 
radiation force that results in measurable shear wave 
propagation, in terms of shear wave velocity (SWV). 
SWV has been correlated with tissue stiffness and is 
used to quantify the localized stiffness of the TCL as 
it rises in individuals with CTS [51]. 

Carpal tunnel syndrome is an early red-flag symp-
tom of amyloidosis and is present in 10.2% of men 
aged 50 years and older and women aged 60 years old 
and older undergoing surgery for idiopathic CTS [18]. 
Carpal tunnel syndrome classically presents bilaterally, 
years before cardiac and multisystem involvement. 
Early diagnosis is paramount and consists of a simple 
biopsy of the tenosynovium, TCL, or fascia during 
carpal tunnel release surgery.

PATHOPHYSIOLOGY
Carpal tunnel syndrome occurs due to an increased 

interstitial pressure within the carpal tunnel ultimately 
resulting in compression and injury of the median 
nerve. The pathophysiology is not fully explained. How-
ever, it is hypothesized that due to the mechanical 
compression of the median nerve, ischaemia develops 
locally resulting in demyelination of  both the small and 
large fibres of the median nerve; evoking character-
istic symptoms (Fig. 3). Normal pressure in the carpal 
tunnel is recorded to vary between 2 and 10 mmHg. 
Repetitive motions of the wrist may result in significant 
fluctuations of the pressures within the carpal tunnel. 
Furthermore, extension at the wrist results in a ten-fold 
increase in the pressure, whilst wrist flexion is estimat-
ed to cause an eight-fold increase [79]. Subsequently, 

Figure 3. The area of sensory symptoms in the carpal tunnel syn-
drome.
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due to local compression, demyelination of the nerve 
develops and spreads to the internodal segment where 
the axons are left intact. With continuous compres-
sion, blood flow to the endoneurial capillary system is 
compromised, causing alterations in the blood-nerve 
barrier and the development of endoneurial oede-
ma. Rapid symptom reversal is often noted following 
surgical decompression; supporting the theory that 
mechanical compression causes reversible, local is-
chaemia [56]. Sensory fibres are usually affected first 
before the motor fibres. This rise in pressure within 
the carpal tunnel results in a compartment syndrome 
that causes dramatic drop in epineurial perfusion and 
ischaemia. Moreover, this leads to swelling of the neu-
ral tissue and this further exacerbates the delays in 
nerve conduction already caused by the demyelination 
of the nerve fibres as discussed above. The possibility 
of damage reversal is dependent on the duration of 
ischaemia; a shorter duration of compression is readily 
reversible whereas longer periods increase the risk of ir-
reversible neural damage [27]. The intraoperative view 
shows a thinned nerve in the region of compression 
and subsequent swelling of the nerve just proximal to 
the entrapment. It is hypothesized that this oedema 
is largely due to the build-up of axoplasm and chronic 
inflammatory fibrotic processes in the neural tissue. 
Inflammation often occurs due to increased release 
of prostaglandin E2 and other pro-angiogenic factors 
such as vascular endothelial growth factor [63]. The 
ultimate result is axonal degeneration and neuritis of 
the median nerve that causes slow nerve conduction 
and increased latency [19].

Zyluk [84] reviewed the role of genetic factors in 
CTS aetiology. Genetic predisposition to the develop-
ment of CTS is based on some potential pathomech-
anisms that involve the synthesis and breakdown of 
collagen compounds as well as certain proteins which 
may protect against oxidative stress. Many different 
groups of genes (COL1A1, COL5A1 and COL11A1 
genes) have been identified and are seen to play a role 
in the predisposition to CTS. These collagen-related 
genes govern the production of minor collagen com-
pounds. Another family of genes was identified called 
the matrix metalloproteinases (MMPs). Subtypes of 
these MMP genes encode enzymes that function to 
remodel collagen whereas other subtypes are respon-
sible for the production of glutathione S-transferase 
(GST) synthesis; a very well-established family of de-
toxification enzymes which work to defend against 
the toxic effects of oxidative stress. Therefore, lack 

of the products of these genes may result in some 
individuals being predisposed to the development of 
CTS due to their genetic makeup.

Li et al. [45] also revealed the critical roles of 
ECM proteins in the cellular stress response in the 
pathogenesis of CTS with identification of two caus-
ative mutations in cartilage oligomeric matrix protein 
(COMP). The genetic predisposition to CTS develop-
ment is suspected with: early onset of CTS in young 
individuals, repeated disease occurrence in the same 
family as well as an increased incidence of CTS in 
relatives than in the general population. Genetic pre-
disposition to the condition is also suspected where 
bilateral symptoms of CTS occur [62]. 

SYMPTOMS
The clinical presentation typically reveals irregularly 

occurring nocturnal paraesthesias that become more 
frequent when the patient is awake. Furthermore, 
there is loss of sensation in the thumb, index, middle, 
and radial side of the ring finger which coexists with 
weakness and ultimately atrophy of the thenar muscle 
as the disease progresses due to widespread axonal 
damage. The thenar area has normal sensation as 
the palmar cutaneous sensory branch innervates it, 
which does not pass through the carpal tunnel. This 
sequence of symptoms is quite typical and rather 
unique to CTS [57]. Patients’ symptoms tend to worsen 
at night or during the hand’s repetitive movements, 
especially those requiring prolonged wrist flexion [63]. 

Three stages of CTS can be distinguished based on 
the clinical symptoms. In the earliest stage, the patient’s 
sleep is disturbed due to an overwhelming feeling of 
hand numbness and a swelling-like sensation although 
no swelling can be observed grossly. The patient may 
experience brachialgia paraesthetica nocturna; pain 
from the wrist radiating to the shoulder accompanied 
by tingling in the hand and digits. Oftentimes, patients 
observe that repetitive shaking of the hand may serve to 
alleviate the pain, the so called flick sign. In the second 
stage of clinical symptoms, patients may experience 
symptoms during the day and may also complain of 
frequent clumsiness when grasping an object with their 
hands. The third stage ensues when there is hypotrophy 
or atrophy of the thenar eminence. Sensory symptoms 
sometimes diminish in this third stage [82].

Another issue is the so called acute carpal tunnel 
syndrome (ACTS). It is well established that ACTS is  
a common sequela of trauma to the hand and/or wrist 
such as fractures of the distal radius. However, ACTS is 
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also seen in many cases that do not involve trauma to 
this region. Patients generally lose two-point discrimi-
nation and may have elevated compartment pressure 
on measurement. Complete TCL release is indicated 
emergently in ACTS and any concomitant fractures 
should also be attended to appropriately [27].

CLINICAL EXAMINATION
In the diagnosis of CTS, the history (including type 

and characteristics of the symptoms, their distribution 
in the hand, and the presence or absence of other 
concurrent arm symptoms) is of utmost importance; 
however, it should be confirmed by electrophysio-
logical testing and/or imaging evaluation, including 
magnetic resonance imaging and ultrasonography.

Furthermore, provocative tests are often employed 
in which different mechanical manoeuvres are used 
in attempt to reproduce the symptoms of CTS experi-
enced by the patients. Among these, Tinel and Phalen 
tests are most commonly used in the clinical setting. 
Tinel sign is positive when repetitive tapping along 
the carpal tunnel produces symptoms in same distri-
bution of the median nerve. In the Phalen manoeuvre, 
a patient is asked to flex their wrist to 90 degrees.  
A positive Phalen test is recorded when this manoeuvre  
produces symptoms in the median nerve distribution.

Sensitivity ranges from 0.28 to 0.73 for the Tinel  
test and from 0.46 to 0.80 for the Phalen test; spec-
ificity ranges from 0.44 to 0.95 and from 0.51 to 
0.91, respectively [16]. The scratch collapse test is  
a novel test originally developed by Susan Mackinnon, 
it is performed by applying a stimulus over an area of 
nerve compression while the patient is exerting bilat-
eral external shoulder rotation [13, 35]. A positive test 
is noted if there is transient loss of muscle resistance 
resulting in the arm collapsing [29]. 

BOSTON CARPAL TUNNEL SYNDROME 
QUESTIONNAIRE

Validated patient-centred measures (e.g. the Bos-
ton Carpal Tunnel Syndrome Questionnaire [BCTQ]) 
are able to quantify symptoms and disability [58]. Lev-
el of disability is correlated with both clinical findings 
and nerve conduction findings. The BCTQ is widely 
used for assessment of patients with CTS and has 
been translated into many different languages [75]. 

ELECTRODIAGNOSTIC TESTING
Electrodiagnostic studies (EDX) include nerve con-

duction studies and electromyography. NCS confirm 

CTS by detecting impaired median nerve conduction 
across the carpal tunnel, the so called median neu-
ropathy at the wrist (MNW) with normal conduction 
elsewhere [55, 70]. Every patient with suspected CTS 
should undergo NCS before invasive treatment to 
confirm the diagnosis. The NCS are valid and relia-
ble in confirming the clinical impression of CTS with  
a sensitivity of > 85% and a specificity of 95% [2]. EMG 
assesses pathologic changes in the muscles innervated 
by the median nerve, typically the abductor pollicis 
brevis muscle. In cases with longstanding and severe 
compression, there is evidence of denervation on EMG 
needle sampling of the abductor pollicis brevis muscle. 
The minimum requirements for the EDX evaluation of 
CTS outlined in the AANEM Practice Parameters and 
in Clinical Quality Measures published by the Carpal 
Tunnel Quality Group are testing of median sensory la-
tency, testing of median distal motor latency, another 
sensory and motor nerve study in the same extremity, 
and, if these results are normal, followed by compar-
ison short segment studies [33, 64, 83]. EDX study  
can augment the clinical diagnosis of CTS, assess its 
severity, determine its pathophysiology (demyelination 
vs. axon loss) and rule in/out coexistent conditions 
such as: cervical radiculopathy (especially C6-C7), coin-
cidental ulnar nerve disease or polyneuropathy. It can 
also lead to identification of an alternative diagnosis: 
brachial plexopathy (especially of the upper trunk), 
neuropathy of the proximal median nerve (particularly 
at the level of the pronator teres muscle), thoracic 
outlet syndrome and a myriad of CNS disorders such 
as stroke or multiple sclerosis. Moreover, preoperative 
EDX ensures the acquisition of an objective baseline 
for comparison in cases of postoperative persistence 
or recurrence of symptoms [23, 24].

ULTRASOUND
The use of ultrasound has been implicated in the di-

agnosis of CTS because thickening of the median nerve, 
flattening of the nerve within the tunnel and bowing 
of the flexor retinaculum are all features diagnostic of 
CTS. Ultrasound may reveal an increased cross-sectional 
area (CSA) of the nerve, measured at the level of the 
pisiform, just before it is flattened at the site of com-
pression. A meta-analysis found that a cross-sectional 
area of 9 mm2 or more is 87.3% sensitive and 83.3% 
specific for CTS [73]. CSA of the median nerve is a highly 
reproducible parameter and has demonstrated accept-
able reliability indicative of carpal tunnel syndrome. 
According to Fowler et al. [24] this technique has sen-
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sitivity and specificity 77.6% and 86.8% respectively 
regarding CTS diagnosis. Thus, ultrasound adds value 
to EDX diagnosis and can be used as a complementa-
ry diagnostic modality that also allows screening for 
structural abnormalities at the wrist.

MAGNETIC RESONANCE IMAGING
Magnetic resonance reliably images the flexor reti-

naculum and carpal bones and thus defines the borders 
of the carpal tunnel. The median nerve is seen as an 
ovoid structure of moderate signal intensity and is easily 
distinguished from the flexor tendons of the hands 
running in the carpal tunnel. Magnetic resonance im-
aging serves as an extremely useful tool for evaluation 
of primary nerve pathologies and for the assessment 
of space-occupying lesions leading to its compression 
such as haemangioma, ganglion or bony deformity 
that may alter the range of surgical intervention [39].

NON-SURGICAL TREATMENT
Initial treatment for mild and moderate CTS is non-

surgical and includes wrist splinting, local corticos-
teroid injections, and oral medications. Non-surgical 
management should be also considered if symptoms 
can reverse spontaneously (e.g. during pregnancy). 
The rationale for wrist splinting is based on observa-
tions that CTS symptoms improve with rest and aggra-
vate with activity [78]. The use of a rigid neutral splint 
immobilising the wrist, usually during night-time, for 
6 weeks results in better clinical improvements in pa-
tients with untreated mild and mild to moderate CTS. 
There is no additional benefit in extending splinting 
for additional 6 weeks [7]. 

Local corticosteroid injections into carpal tun-
nel decrease pressure within the tunnel by reduc-
ing inflammation and oedema of the tenosynovi-
um passing through it [56]. This management for 
severe CTS provides symptomatic advantage at  
1 month as compared to placebo; however, in mild 
and moderate cases the advantage beyond 1 month 
remains uncertain [5]. The main adverse effect of 
local corticosteroids injection is suppression of colla-
gen and proetoglycan synthesis in tenocytes evoking  
a decrease in the mechanical strength of the tendon 
and its further degeneration. The use of oral steroids, 
i.e. prednisone, has shown some benefit only in the 
short-term treatment of CTS.

Non-steroidal anti-inflammatory drugs (NSAIDs) 
and diuretics have proved no clear benefit and are not 
recommended in the treatment of CTS [56]. 

The conservative approach may be effective during 
the initial phase of the disease and delay the surgical 
intervention [11].

SURGICAL TREATMENT
Strong scientific evidence supports the opera-

tive treatment of CTS [4, 26, 31, 34, 46, 47]. Simple 
decompression of the median nerve by longitudinal 
division of TCL is the treatment of choice. This can be 
done either with an open approach or endoscopically. 
In terms of long-term functional outcome, there is no 
significant difference between open and endoscopic 
release [12, 42, 52, 66, 72]. 

Open carpal tunnel release (OCTR) is generally 
accepted method, and reported high success rates 
with minimal complications, although in the worst 
case scenario, some wound related symptoms may 
persist for 2 years postoperatively [36]. This surgery 
is indicated and feasible for CTS with any type of 
pathology, such as CTS due to any space occupy-
ing lesion, deformity or even in revision surgeries. 
Endoscopic release is more expensive and is asso-
ciated with higher rates of transient nerve damage 
[68]. Appropriate patient selection is important for 
successful outcomes. Patients with known anatomic 
anomalies, fracture history, previous CTS surgery, or 
inflammatory tenosynovitis are probably best served 
with an open or mini-open approach (limited open 
release with direct vision and tunnelling technique) 
which may or may not be followed by a longitudinal 
epineurotomy. 

AUTHORS’ PREFERRED SURGICAL 
TECHNIQUE

Open carpal tunnel release remains the authors’ 
preferred surgical method for treatment. Patient is 
positioned supine with the operative arm extended 
onto a hand table. A nonsterile tourniquet on the 
upper arm is applied to those undergoing regional 
anaesthesia, whereas no tourniquet is applied in the 
wide-awake local anaesthesia group. The patient 
undergoes preparation and draping. A standard open 
(extensile) Tanzer’s skin incision is performed 2–3 mm  
ulnar to the thenar crease in line with the third 
web space from just distal to Kaplan’s oblique line  
(a line drawn from the apex of the interdigital fold 
between the thumb and index finger to the ulnar side 
of the hand, running parallel to the proximal palmar 
crease) to the distal wrist crease (Fig. 4). The incision 
is then extended 0.5 cm proximal to the ulnar side 
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at a 45° angle. Thus, PCBMN can be protected but if 
severed care should be taken that its proximal end 
does not become incorporated into the scar, since 
this may result in bothersome postoperative dysthe-
sias. The superficial palmar fascia is cut in line with 
the skin incision. The transverse carpal ligament is 
identified and released longitudinally until complete 
decompression of the median nerve is confirmed 
(Fig. 5). Our experience confirms the necessity for 
approaching the median nerve from the ulnar side 
when opening the carpal tunnel in order to avoid 
lacerations of variant branches. Following section of 
the ligament, scissors may be used to spread beneath 
the subcutaneous tissues, and the forearm fascia is 
split proximally for a distance of about one inch. The 
nerve is usually inflamed and it may be constricted 
beneath the mid-portion of the ligament (Fig. 6). 
Surgical release of the tunnel reduces pressure, al-
lows for restoration of the intraneuronal blood flow 
and physiological function. The open-field approach 
allows for manipulations that could additionally im-
prove the outcomes. Long-lasting nerve compression 
may result in fibrotic changes generating further 
mechanical pressure and narrowing of the nerve. In 

such cases, longitudinal epineurotomy of the nerve 
as described by Foulkes et al. [22] and Leinberry et 
al. [44] has been suggested as an option that could 
convey a greater pressure release, a more prominent 
nerve volume recovery and better outcomes [15]. If  
a thickened epineurium is present, it should be incised. 
Usually the flexor synovialis is inflamed, oedematous 

Figure 4. Tanzer’s skin incision for open carpal tunnel release, 
crossing Kaplan’s cardinal line, which runs parallel with the middle 
crease of the hand. 

Figure 5. Longitudinal division of transverse carpal ligament.

Figure 6. Median nerve exposed in the carpal tunnel after trans-
verse carpal ligament division.
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and of greater bulk than the usual filmy synovial cov-
ering. As much as possible of this abnormal synovium 
should be removed. The floor of the canal should 
be completely inspected since other lesions such as 
carpal ganglia may encroach upon the contents of 
the canal. Before closure the tourniquet is released, 
and when this is done it is interesting to note the 
segmental hyperaemia which is present in the portion 
of the median nerve lying beneath the ligament. The 
drain is placed and the skin incisions are closed with 
4-0 nylon horizontal mattress sutures followed by 
application of soft sterile compression dressing. The 
cast immobilisation with wrist in dorsiflexion (5 to 
10 degrees) is applied for 10 days. Finger and thumb 
motion is emphasized to the patient in the postoper-
ative period. After removal of the immobilisation and 
sutures, all patients undergo the same rehabilitation 
protocol (cryotherapy, exercises of hand mobility, grip 
strength and limb circulation). 

COMPLICATIONS
Carpal tunnel decompression appears to be a safe 

operation in most patients, with an overall serious 
complication rate (requiring admission to hospital 
or further surgery) of less than 0.1% [40]. Serious 
complications include surgical site infection or dehis-
cence, or neurovascular or tendon injury. Fortunately, 
injury to major neurovascular structures during carpal 
tunnel release is exceedingly low. Permanent nerve 
injury more commonly occurs to the branches of the 
median nerve, including the PCBMN (0.03%), the RMB 
(0.01%), or the common digital nerves (0.12%), com-
pared with injury to the median nerve itself (0.06%) 
[65]. Injuries to adjacent structures, including flexor 
tendons (0.1%), superficial palmar arch (0.1%), and 
the ulnar nerve (0.03%) have been also described  
[9, 69]. Endoscopic techniques may result in a slightly 
higher rate of subsequent nerve repair (0.13–0.3%) vs. 
open techniques (0.10–0.2%) [74]. Frequent postop-
erative problems include persistent weakness, pillar 
pain (deep-seated ache or pain over the thenar or 
hypothenar region, or both), and scar tenderness, 
which contribute greatly to patient dissatisfaction 
and time lost from work [10]. Preserving PCBMN 
during open surgery may overcome these complica-
tions in some patients [1]. Evaluation of pillar pain 
can be evoked with the “table test” in which the 
patient stands approximately 40 cm from the foot of 
the table, then with elbows straight, leans over and 
places both hands on the edge of the exam table. 

Pain elicited with this test is considered pillar pain. 
Burning discomfort, pillar pain, scar tenderness, and 
even Tinel’s sign can be expected in a small number 
of patients after OCTR surgery, even after follow-up 
of almost 2 years. Although rarely causing dissatisfac-
tion, it is important to inform the patient regarding 
the potential complications related to OCTR.

The failure rate of surgical treatment for CTS rang-
es from 3% to 20%, regardless the surgical technique 
used. Wulle defined recurrent CTS [81] as the reap-
pearance, after a symptom-free period of at least  
3 months, of the initial symptoms after surgical re-
lease. There are several contributing factors such as 
secondary causes, scar adhesions and perineural fibro-
sis, along with incomplete opening of the TCL anterior 
to the carpus, especially in its distal portion. Surgical 
revision may be required for persistent, recurrent, 
or new symptoms [77]. In those with persistent or 
recurrent symptoms, scarring of the median nerve to 
the flexor retinaculum and incomplete release were 
the most common findings. In those with new symp-
toms, nerve injuries were a common finding [76]. The 
vascularised coverage for the median nerve is often 
recommended. Coverage methods include Strickland’s 
hypothenar fat flap, an abductor digiti minimi flap or 
a radial artery perforator fascial flap [6, 14, 49]. 

Krzesniak et al. [37] proposed the use of autol-
ogous fat transfer during secondary carpal tunnel 
revision. The benefits of fat grafting have been previ-
ously observed with other applications for skin qual-
ity improvement, tissue regeneration and scarring 
inhibition [37]. Fat tissue deposited in the carpal 
tunnel directly around the nerve forms a pad for 
regeneration, and the multipotent stem cells from 
the fat  may influence and even stimulate nerve fibre 
regeneration. A small amount of fat can be easily har-
vested from the abdomen or thighs and transferred 
into carpal tunnel tissues. The procedure is minimally 
invasive and may easily replace other proposed meth-
ods. Simultaneous nerve release with adipose-derived 
stromal/stem cells support is also a promising method 
in patients who need secondary nerve release after 
nerve reconstruction. This method can constitute an 
alternative procedure in patients experiencing recov-
ery failure and allow improvement in cases of limited 
nerve regeneration [38].

CONCLUSIONS
Carpal tunnel syndrome remains one of the most 

well-known and frequent forms of median nerve 
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entrapment, and accounts for 90% of all entrap-
ment neuropathies. Strenuous use of the hand is  
a risk factor. Comorbidities associated with the de-
velopment of CTS include diabetes and obesity. Initial 
management is non-operative, with the evidence to 
support the efficacy of neutral wrist splints. Strong 
evidence supports operative treatment, regardless of 
technique, as superior to non-operative management. 
Complications are infrequent and most are minor 
and transient.
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