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‘‘Hands are an instrument, as the lyre is the instrument of the musician . . . every soul has
through its very essence certain faculties, but without aid of instruments is helpless to
accomplish what is by nature disposed to accomplish’’

(Galen)

Abstract

Purpose. To provide a comprehensive review of the management of carpal
tunnel syndrome.

Methods and results. A systematic literature review is provided of the history,
anatomy, pathophysiology, epidemiology, diagnostic criteria, investigative surgi-
cal techniques, results and complications for carpal tunnel syndrome.

Conclusion. Surgery for carpal tunnel syndrome requires meticulous atten-
tion to history-taking, investigation, counseling, training and surgical technique
if unsatisfactory results and complications are to be avoided.

Keywords: Carpal tunnel syndrome; median nerve; neurophysiology; magnetic reso-
nance imaging; microsurgery; endoscopy; systematic review.

Median nerve entrapments

Introduction

Entrapment means, ‘‘To be caught in a trap’’. Therefore entrapped nerves
involved in nerve compression syndromes are treated by increasing the free
space surrounding the nerve with the intention of lowering the presumed
pressure on and in the nerve.

One of the most common symptoms when a peripheral nerve is compressed=
pinched is paraesthesia. Paraesthesia is unfortunately a purely subjective phe-
nomenon that is only experienced by the patient. Consequently – Medical
Doctors (MD) – when patients complain of paraesthesia (tingling) – consult anat-
omy books seeking for a plausible diagnostic solution to their diagnostic problem.
If a nerve pierces a membrane or turns around a muscle in the anatomy book,
many surgeons assume that this is ‘‘in accordance with the symptomatology’’.
Based on this purely hypothetical and non-valid scientific conclusion, they may
suggest to the patient to ‘‘decompress’’ the nerve. This may result in a relief of
symptoms but is also often followed either by no change in symptoms (because
the nerve was not compressed), or by deterioration due to surgical trauma.

Surgical intervention is a kind of agreement between patient and surgeon.
The patient wants to be healthy if surgery is performed, patients tend to be
somewhat biased when being questioned regarding the surgical result at follow-
up. I have personally met many patients who according to Hospital records
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were better after surgery, but when carefully questioned, in reality no change
had occurred. If the surgical intervention has introduced a complication, the
patient may develop both psychological and social dysfunction. Pain is the most
typical complication of most operative procedures, including ‘‘simple’’ median
nerve decompression.

Any nerve can be compressed but some nerves are specifically prone to
entrapments. The most common nerve with entrapment symptoms is the
median nerve at the wrist, resulting in the so-called carpal tunnel syndrome
(CTS). [7, 28, 38, 39, 48, 58, 68, 93, 128].

History of peripheral nerve surgery for CTS

Paget mentions CTS in his original paper from 1865 followed by Marie and
Foix who in 1913 suggested that the transverse carpal ligament could be the
compressive agent resulting in proximal neuromas of the median nerve [48].
Brain discussed in 1947 – immediately after World War 2 – the pathophysiol-
ogy of CTS [58, 93]. This was the time when standards of peripheral nerve
surgery evolved rapidly [48, 58, 117] with the introduction of operative micro-
scopes, microsutures, fibrin glue, intraoperative neurophysiology and nerve
grafting whereby the concept of how to treat an injured nerve changed [29, 39].

Peripheral nerve anatomical structure

A peripheral nerve comprises nerve cells e.g. conducting axons, insulated by
Schwann cells and surrounded by connective tissue (Fig. 1).

The neuronal structures are bounded together and bundled in fascicles by
the perineurium. These fascicles have patterns that vary longitudinally in the
nerve [117]. There is a natural sliding between fascicles and nerves can stretch
10–20% before structural damage occurs. Endoneurium encircles each myeli-

Fig. 1. Cross section of a peripheral nerve
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nated axon and groups of non-myelinated axons. Schwann cells provide the
axons with lipoprotein coverage and some unknown trophic factors [120].
Outside the Schwann cells a basal lamina layer is found serving as a road
for growing nerve fibers [66]. The cross section in Fig. 2 shows the micro
histology of a peripheral nerve.

Connective tissue constitutes 50% component of a peripheral nerve. It
consists of an external layer – the epineurium and an internal layer called
the interstitial epineurium. Nerves close to a joint often have up to 85% con-
nective tissue and only few fascicles. The connective tissue is made up of
fibroblasts, fat, macrophages and blood vessels [117]. The vasculature of a
nerve comprises both regional vessels entering the nerve obliquely at intervals
along its course and an extensive longitudinal network of anastomotic vessels.
Vessels traverse the perineurium and their sleeves close to the vascular walls of
the nerve and thereby create a connecting channel. The major blood=nerve
barrier is through the tight junctions of the perineurium [117, 120].

Carpal tunnel anatomy

Major anatomical variations exists within the carpal tunnel area [63]. Never-
theless, a general conception of this anatomy is important for surgeons.

An illustration of the wrist region is found in Fig. 3, where the skin has
been removed. The transverse carpal ligament (TCL), the palmar aponeurosis,
the tendon of the different flexor muscles and the nervous structures are
outlined.

If we look further into the carpal tunnel it has a floor and walls created by
the Navicular, Trapezius, Scaphoid, Hook of Hamate and Pisiform wrist bones
as shown in Fig. 4.

Fig. 2. Peripheral nerve histology
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Transverse carpal ligament (TCL)

From the surface of the hand it is our surgical task to visualize the structures of
our surgical target – the transverse carpal ligament (TCL). The TCL attaches to
the Pisiform, Hamate, Scaphoid, and Trapezium bones and creates the carpal
tunnel. Different lines, and landmarks will guide us to this TCL. One of these

Fig. 3. View of wrist region with skin removed (a, b). 3D image courtesy of Primal
Pictures Ltd., www.primalpictures.com
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are Kaplan’s cardinal line that is drawn from the apex of the first web space
(between the thumb and index finger) toward the ulnar side of the hand,
parallel with the proximal palmar crease (Fig. 3). The recurrent motor branch
of the median nerve emerges at the intersection of Kaplan’s cardinal line and a
line through the axis of finger 2. The mean distance from the distal edge of the
TCL to the recurrent motor branch of the median nerve is 2.7mm (range 0–
4.1mm). The palmar cutaneous branch of the median nerve passes over the
tubercle of the Scaphoid bone that can be felt in normal hands.

Entrance to the carpal tunnel is proximal and distal by the rim of the TCL.
The size of the carpal tunnel can vary from 2 to 5 cm in length and is in a
recent cadaver measurement a mean of 41mm (35–45mm) [49]. It is 2–3 cm
wide and has a roof that is 0.5 cm thick with major variations [32, 33, 47, 49].

The mean distance from the radial aspect of the Pisiform bone to the radial
border of Guyon’s canal and the ulnar edge of the long palmar muscle tendon
is 10.3mm (range 9–12mm) and 16.1mm (range 12–22mm), respectively.
The mean distance from the distal portal of the carpal canal to the superficial
vascular palmar arch and the ulnar artery is 10.4mm (range 5–15mm) and
7.6mm (range 4.5–9mm), respectively. The carpal tunnel has a rather steep
descent into the palm as seen in Fig. 5.

The TCL serves as a trolley for the flexor tendons [58, 81]. The median
nerve and the nine long flexor tendons of the digits pass through the carpal
tunnel in synovial sheets. When we move our fingers or bend the wrist the
tendons move up to 5 cm provided they are well lubricated. The eight super-
ficial flexor- and the deep flexor tendons are in the same synovial sheet,
whereas the long flexor tendon to the thumb has its own sheet radially placed
in the carpal ligament (Fig. 6).

Fig. 4. TCL, wrist bones and ligaments
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Superficial to the TCL lies the palmar aponeurosis. Deeper transverse
fibers of this fascial plane (volar carpal ligament), continues into the ante
brachial fascia of the forearm that on the ulnar side of the wrist constitutes
the roof for Guyon’s canal. The radial edge of Guyon’s canal contains the ulnar
nerve and artery limited by the cooptation of the palmar aponeurosis with the
TCL. The superficial longitudinal fibers of the palmar aponeurosis are in prox-
imal continuity with the tendon of the long palmar muscle (Fig. 3). The ab-
ductor brevis muscle inserts from the radial side upon the TCL.

The median nerve

Variations in the anatomy of the median nerve at the wrist are of importance
to the surgeon preparing to divide the TCL. The median nerve passes in the

Fig. 6. Carpal tunnel, cross section, wrist bones, tendons and median nerve

Fig. 5. Carpal tunnel, cadaver demonstration with instrument inside the tunnel
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forearm radially to emerge between the tendons of the superficial long flex-
ors and the radial flexor carpi (Fig. 6). It enters the carpal tunnel under the
radial edge of the long palmar muscle tendon (Fig. 3). The median nerve
consists of sensory and motor fibers to the radial part of the hand. The
motor fibers are mainly located in one or two fascicles volar located in the
median nerve [117]. The nerve passes through the carpal tunnel located volar
close to the TCL and radial to the superficial flexor tendons between those
to the middle finger and the radial flexor carpi tendon (Fig. 6). The median
nerve dips under the TCL usually after having given off a cutaneous palmar
branch that lies radial to the tendon of the long palmar muscle. This branch
may also pierce the TCL and great variations of this superficial cutaneous
branch exist. On the ulnar side of the palmar minimal muscle tendon the
ulnar nerve gives off some smaller branches that can be found in the majority
of variations.

The median nerve divides into five sensory branches at the distal end of the
TCL. These five branches include:

1) A proper digital nerve to radial side of the thumb;
2) A short common digital nerve to the first web space that quickly divides

into a proper digital nerve to the ulnar side of the thumb;
3) A proper digital nerve to the radial side of the index finger; and
4, 5) Two common digital nerves to the second and third web spaces [32, 119].

Within the carpal tunnel the median nerve gives off a recurrent motor
branch radially and distally to the abductor brevis muscle with many variations.
It is in 46% of patients leaving the median nerve freely extra ligamentous distal
to the TCL. In 31% it is placed subligamentous and in 23% it passes through
the TCL. In these two situations it is easily possible to injure this nerve during

Fig. 7. Cadaver presentation of the median nerve with the TCL cut
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surgery [32, 49]. Branches from the median nerve at the same level may also
innervate the first interdigital- and lumbrical muscles.

Distal to the TCL the communication branch between ulnar- and median
nerves (Berrettini branch) is found among 84%, always closely related with the
distal vascular communication vessels [49].

The median nerve changes size and format according to the position of the
wrist joint and with movements and elongation of the TCL. It is oval becoming
more elliptical at the level of the Hamate bone. With the wrist extended it is
found more anterior and deep to the TCL whereas it in flexion is pressed
towards the TCL. It may move up to 2 cm during flexion=extension [53].
The median nerve is seen in the carpal tunnel in Fig. 7.

Cutaneous innervations of the palm

The palm derives its cutaneous sensation from branches of both the median
and ulnar nerves. The cutaneous branch from the median nerve – already
mentioned – is found 3–11 cm proximal to the wrist crease following
the radial flexor carpi tendon, with penetration of the superficial layers of
the TCL at the level of the Scaphoid bone [119]. The cutaneous branch from
the ulnar nerve is found up to 16 cm proximal to the wrist crease. It in-
nervates skin at the thenar eminence in approximately 50% of the patients.
Short palmar branches originate proximal to the wrist crease penetrating
the fanning fibers of the long palmar muscle tendon and terminate in the
TCL [32].

The distal edge of the TCL

The superficial palmar arch lies in soft fat 2–26mm from the distal edge of the
TCL. It consists of the communicating branch between the ulnar and median
nerves (Berettini branch), and the common digital nerve to the adjacent long
and ring fingers. The superficial vessel connection between radial- and ulnar
arteries lies together with these nerves. The hook of the Hamate marks the
ulnar edge of the distal TCL, and the deep motor branch of the ulnar nerve
passes around this hook (Fig. 6).

Carpal tunnel size – imaging

There is a great difference between measuring anatomical structures on cada-
vers and in the living [63]. Therefore with the introduction of Magnetic Reso-
nance Imaging (MRI) we have received better information regarding the carpal
tunnel. MRI is used to measure the transverse dimension of the carpal tunnel
in neutral, flexed and extended positions among 16 normal subjects. In wrist
extension the anterior–posterior (A–P) dimension and cross-section area (CA)
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decreased compared to neutral. Similar the transverse dimension (TD) increased
at the level of the Pisiform bone and CA at the Hamate level. In flexion TD
and CA decreased at Pisiform level. With wrist extension, the median nerve
may be subject to significant pressure at the Pisiform level [131]. A plain
radiographic study of 21 uninjured wrists in 12 volunteers defined the position
of the distal wrist flexion crease (DWC) with respect to the hand. In 19 of the
21 wrists the DCW was within 2mm of the proximal pole of the Capitate bone.
Newer studies prove that the distal part of the tunnel is the narrowest in all
these situations [49, 94]. The cross-sectional area of the carpal canal proximal
and distal to the wrist flexion crease demonstrates on MRI a gradual increase in
the area of the carpal canal moving proximal from its distal narrowest point.
There is no significant increase in area until approximately 23mm proximal to
the narrowest point [78].

The dimensions of the carpal tunnel are slightly but not significantly smaller
among patients with symptoms indicating CTS. These have thus a normal mean
distal cross section of the carpal tunnel of 2.857mm2 [94].

Important to note is that this volume depends on the wrist position and
decreases with wrist extension. The volume of a 400mm long TCL is thus
2,857�400¼ 114.280mm3. The size of CTS symptomatic and abnormal car-
pal tunnels is a mean of 238,9mm2�400¼ 95.560mm3. The difference is
114.280� 95.560¼ 16%. When cutting the TCL the size of the carpal tunnel
should increase. In one series it changed only 6%, whereas other series have
shown up to 24% increase [123].

The ulnar nerve and artery is located ulnar to the hook of the Hamate
(Fig. 6). Radial flexion of the wrist joint causes in 30% the ulnar artery to move
inside of Guyon’s canal whereas ulnar flexion causes it to move radial toward
the carpal tunnel [49].

What is a carpal tunnel syndrome?

‘‘The Danish poet and storyteller Ludvig Holberg used in his play Erasmus Montanus
the following circular argument – said to his mother by the clever student (Erasmus) that
returned to Denmark from studies in a University abroad: ‘‘A stone cannot swim, You –
mother – cannot swim – therefore You are a stone’’.

Despite what has been written in thousands of papers, we do not have a golden
standard for what a CTS is [7, 79, 128].

In a patient with ‘‘symptoms’’ of Diabetes Mellitus, we will monitor
blood–glucose levels and find them elevated. We know from pathophysiology
that he lacks insulin. Now providing him with insulin he will feel better. His
primary symptoms are soon relieved and simultaneously his blood–glucose
level is lowered. Then we are now confident that the primary diagnosis was
correct.
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With CTS it is partly the same. We suspect CTS if patients are having
certain ‘‘symptoms’’. Our problem here is that we do not know what para-
meters to monitor to find the ‘‘glucose’’ of CTS. When we surgically decom-
press the median nerve, and for example increase the volume of the carpal
tunnel, most patients will recover. From that it is deducted that it is because the
carpal tunnel volume was too small. We know from experimental science that
an irritated median nerve will result in symptoms like paraesthesiae. Then we
begin to look for pressure in the canal to prove our point. However it is still
the neuropractic dysfunction of the median nerve that is the cause of the
symptoms. Instead of monitoring pressure we seek simpler methods such as
a better description of symptomatology (Hand-Diagrams). We start also to
monitor nerve dysfunction with electrophysiology, and in both case we find
many false positive and false negative results. We must evidently be careful in
comparing results of treatment of CTS as the majority of papers describe
‘‘typical symptoms’’ of CTS and uses these ‘‘typical symptoms’’ in a circular
argument, that when these symptoms are present, the patient harbours CTS –
just like Ludvig Holberg did.

We have to add information on the population our patient is living in to
decide which diagnostic tests we can rely on in the actual population. How to
document an entrapment is therefore still today open to much debate – and
often a very heated debate. How can we define CTS? Which test shall be used
to diagnose a CTS? How shall we treat CTS? All these questions are some of
the major issues for us as neurosurgeons. Most important for the future is that
we try to answer our questions in evidence based way, and not just by ‘‘personal
opinion’’ [104]. Following a personal screening of>2500 scientific papers deal-
ing with CTS, I believe it is necessary to understand part of epidemiological
basic statistics if we are to draw any conclusions regarding the true value of
diagnostic and screening tests.

If one is interested, a check-up at the Cochrane Library [18] can be valuable
for the understanding of how many unnecessary papers have been written on
CTS problems through out the years.

For the remainder of this chapter we will accept that:

‘‘The most plausible reason is, that the median nerve is compressed in the carpal tunnel and
that this is leading to the symptomatology of a CTS’’,

and remember that the CTS based on symptoms alone are not just ‘‘one’’
disease, but possibly a combination of many [79, 97].

Pathophysiology of CTS

When a peripheral nerve is compressed this leads to immediate biochemical
changes of the nerve and subsequent anatomical changes. The metabolism of a
peripheral nerve was thoroughly studied by the Swedish scientist Lundborg
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[66] and the deeper understanding of peripheral nerve biology gave a signifi-
cant input to our understanding of entrapment treatment policies.

The carpal tunnel is to be considered as a closed hydrostatic space. An
Italian group proved by continuous pressure monitoring, that daily fluctuating
pressures occurs with a peak at 6 am – the time most patients are awakened
shaking their hand. Lundborg [66] confirmed in his important work on blood
circulation and vessels in peripheral nerves that a pressure of 30mmHg leads
to the first neurophysiologic changes and that a total blocked nerve conduction
was found with pressures >50mmHg. The normal pressure in the carpal
tunnel is 2.5–15mmHg and is highest distally [33]. The most compressed point
is 10mm distal to the wrist crease, with a pressure of 44.9� 26.4mmHg. The
correlation coefficient between the highest canal pressure and the latency was
0.393 and between highest canal pressure and duration of symptoms was
0.402. The most compressed part of the median nerve found in the carpal
canal is 10mm distal to the wrist crease and is related to the distal motor
latency and to the duration of symptoms [51, 87]. Flexion=extension in the
wrist reduces the carpal tunnel volume and increases consequently the pressure
to around 30–50mmHg – even up to 200mmHg especially by wrist extension.
Pressures measured with the wrists in three positions: neutral, full passive
flexion and full passive extension showed that at each wrist position, the mean
pre-operative pressures in a study group were significantly higher than in the
control group. In both groups, the pressures were maximal with full passive
extension and minimal in the neutral wrist position [33, 106].

The thick, myelinated fibres are more sensitive to hypoxia than the small
thinner fibres [66]. An incremental loss of motor and sensory function of the
median nerve occurs with increasing pressure [33] and a direct linear relation is
found between electrical nerve conduction velocity and pressure in the tunnel.

This elevated pressure results at the same time in a slowing of the capillary
circulation leading to a slight venous engorgement and further to hypoxia of
nerve structures [66, 68].

A physical compression of the median nerve results also in further anato-
mical changes as distal axoplasmic flow is disturbed if the compression is static.
Axonal membrane excitability is also altered and if the compression is contin-
ued, polarized distortion of the internodes is developed. The myelin lamella
slips away from the site of compression and telescope through the node of
Ranvier first described by Ochoa [3, 66]. Local demyelisation is found as a
result of stretching and increased pressure, whereby blood flow is reduced and
ischemia the result, but is reversible and recovery begins within hours. In cases
of nerve compression, the proximal axons are distended and a decreased
transport of nutritive substances and enzymes are found distally [66, 98]. A
pseudoneuroma of the median nerve with distended vessels and cyanosis is
developed and in 14% of operated CTS hands an hourglass deformity of the

188 J. HAASE



median nerve has been encountered [3]. The oedematous tissue facilitates
proliferation of fibroblasts and in later phases internal long lasting compression
of the median nerve even with scarring inside the fascicles. Fibrotic changes of
the circumferential and interstitial epineurium are always found later in this
process [66]. The longer the duration of=and amount of pressure – the more
neural dysfunction is found.

The intermittent compression, stretching or dislocation of the nerve dic-
tated by anatomical factors leads to development of an additional axon cylinder
constriction [98]. These fibrotic changes affect the degree of free neural gliding
[68]. The restricted nerve sliding may lead to increased strain, and possibly
contributing to symptoms. Both among CTS patients and control patients
longitudinal movements of the median nerve fascicles in the forearm averaged
2.62mm. The nerve strain is thus not increased and should not contribute to
symptoms. The CTS patients have in contrast to this a 40% reduction in
transverse nerve movement at the wrist.

Tensile strength of a peripheral nerve is mainly determined by the perineur-
ium and allows the nerves to stretch up to 20% before structural changes
occurs [66].

When Fibrotic changes increases axonal degeneration will occur. Wallerian
degeneration of the distal part of the axons is seen in the most severe degrees
of compressions [117]. The neurophysiologic correlation to these changes is
that only fast nerve conduction velocity will be reduced in the phases of
documented clinical presenting CTS e.g. the more severe cases. Sensory fibers
predominates in the median nerve, and therefore we find mostly sensory find-
ings but we have no clues to why sensory fibers are more selectively injured
following a compression of peripheral nerves [117]. Sensory nerve fiber dys-
function seems to start at larger fibers and gradually extend to smaller fibers
[82]. The autonomic median nerve dysfunction not caused by vasoconstriction
but increased sweating is often the first signs of CTS [88].

It is thus a combination of ischemic and mechanical factors that are
involved in compression neuropathy. This suggests two mechanisms of the
nerve entrapment, one with reversible dysfunction in nerve fibers due to simple
lipid=myelin changes associated with some ischemia and one with more slowly
developed structural changes in nerve fibers due to pressure.

In summary, the peripheral nerve reacts to pressure in a standard scenario.
First stage is called neuropraxia being the physiologic, reversible functional
disruption of a neuron. This first-degree injury is a reversible local nerve
conduction block at the site of compression. In the second degree injury
axonotmesis with loss of continuity of some axons is found with the endo-
neurium sheet being intact. These lesions tend also to recover but in a slower
rate with axons sprouting from 0.7–2.7mm per day. If fibrosis increases,
further Wallerian degeneration develops and fixed nerved lesions is the result.

Carpal tunnel syndrome – a comprehensive review 189



After denervation the muscle fibres undergoes fibrosis that will be maximal
and permanent after 2 years [28, 117, 120].

Definition of carpal tunnel syndrome (CTS)
for epidemiological purposes

The fact is that it is subjective symptoms that lead us neurosurgeons to vali-
date patients. CTS is currently anticipated to be the most common peripheral
nerve compression neuropathy affecting an estimated 1% (or more) of a given
population so it seems important to develop a system that can be used for
screening=diagnosing [4, 38, 39, 44, 72, 85, 93, 124, 128]. The golden standard
for CTS diagnosis exists only if by consensus [38].

This consensus has not yet been achieved despite attempts [97].
How do we diagnose CTS in a scientific way?
Appropriate patient selection is extremely important for a successful out-

come and inaccurate diagnosis of CTS is one of the most common causes of
treatment failure of CTS [38, 39]. We know from history and experience, that a
majority of patients claiming CTS-hand-symptoms will benefit from surgical
decompressive treatment. As this treatment is linked with increasing the
volume of the carpal tunnel we assume that the volume of the carpal tunnel
plays a role. Anything that can decrease the size e.g. volume of the carpal
tunnel or increase the contents of the carpal tunnel structures, may thus lead
to increased pressure on and in the median nerve [4, 128]. Nervous structure
size changes is not related to bodyweight as could be expected. The median
nerve cross-sectional area was found to be equal in an obese and a thin groups
(9.3 vs. 9.4mm2), as was the carpal canal pressure (16.2 vs. 15.5mmHg), re-
spectively [78].

We must as a consequence of this experience describe precisely how and when
reduction of volume and increase of pressure in the carpal tunnel causes a func-
tional reaction in the median nerve. Only then can we to make a firm objective
diagnosis of CTS. Therefore we need to be able to screen know the population to
be able to discuss prevalence or incidence of a specific disease e.g. CTS.

There are three types of anatomical problems in this context: The carpal
tunnel is decreased in size due to:

1) External factors.
2) Intrinsic factors.
3) The carpal tunnel is smaller than ‘‘normal’’.

In all three situations, the possibility of developing symptoms from the median
nerve is possible. To this anatomical information, we may add further scientific
documentation of an actual median nerve injury at the wrist level using elec-
trophysiology.
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Incidence, prevalence and diagnostic epidemiology –
important facts for diagnosing CTS

We use the terms specificity and sensitivity when we introduce a diagnostic
procedure or disease [75, 79, 85]. These are linked with the terms incidence
and prevalence used to compare groups of patients and are often mentioned in
scientific papers. In many papers, quoted ‘‘incidence rates’’ are in reality pre-
valence rates. Thereby misunderstandings can easily occur because they relate
to totally different populations.

Specificity and sensitivity of diagnostic procedures

‘‘Description of a disease’’ is also called nosographic. Therefore a nosographic
description of CTS differs from that being used when describing CTS by
clinical evaluation. The nosographic specificity and sensitivity are irrelevant
for clinical practice, but both terms are too often used in the literature called
simply: ‘‘specificity=sensitivity’’. It is only valid to discuss the true value of a
clinical test e.g. neurophysiology, if we know the clinical population we are
dealing with.

Incidence

The number of new cases of a disease (CTS) that develop within a specified
population over a specified period of time. The crude incidence is thus the
mean number of cases found per year in e.g. Denmark per 100,000 inhabi-
tants¼ the number of CTS-entrapment cases divided by number of person-
years under risk, multiplied by 100,000. Incidence is therefore obviously depen-
dent on the composition of what is usually a continuously changing population
and that of the diagnostic parameters used.

Prevalence

Prevalence is in contrast the ratio (for a given time period) of the number of
occurrences of a disease (CTS) to the number of people ‘‘at risk’’ for having the
disease in the population. Therefore an entrapment syndrome like CTS must
have a higher prevalence among patients with any type of e.g. polyneuropathy.

The prevalence should only be referred to in a well defined, and stable
population – and this is usually not the case in our global world. In 1961–65
the prevalence of CTS in Rochester, USA was 88=100,000 and in 1976–80 it
rose to 125=100,000 [114]. Either the frequency of the disease has increased in
this part of the US or the diagnostics and general interest in the disease have
increased or – perhaps (?) – the diagnostic criteria are not the same in the two
time periods. An electrophysiological CTS prevalence study in the Netherlands
showed that it was 5.8% among women and only 0.6% among males.
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Scandinavian figures show almost equal representation with a marginal tendency
of having more females harbour CTS than males [4, 68, 128]. Both statements
cannot be true demonstrating this basic problem. The influence of diagnostic
interest and general knowledge among Physicians may be found in the figures
from Denmark. With a population of 5.3 million, we treated in year 2001: 7500,
in 2002: 8860 and in 2003 10,700 patients with the diagnosis of CTS.

Diagnostic methods – and their validity

Diagnosing CTS is like asking, ‘‘What is a Duck?’’ My good friend and colleague James
Steers often uses the following: We all know that a duck is a bird. If we add that it also has
large feet, that it waddles, further that it can swim and finally that it quarks we are very
close to have identified a duck and not a sparrow.

Carpal tunnel syndrome (CTS), or compression neuropathy of the median
nerve at the wrist, is the one of the most common conditions encountered
and is diagnosed with increasing frequency in the general population and
among certain occupational groups [4, 85]. CTS is a frequent cause of mor-
bidity in western societies and can have a profound impact on an individual’s
ability to perform their daily activities. There are a wide variety of predispos-
ing factors and conditions that are associated with the development of CTS
symptoms [68].

We may agree that clinical signs of median nerve neuritis e.g. paresthesia,
sensory deficits, nightly painful paresthesia (‘‘screening’’), often leads to our pro-
posed surgical interventions. Too often Medical Doctors assume that this symp-
tomatology is synonymous with a true compression of the median nerve [104].

From a scientific point of view it is irrelevant to define CTS caused by
compression from ‘‘clinical subjective symptomatology’’ alone, unless we know
precisely the population structure – and then search for reasons hereafter.
However this is generally the case when you review the literature.

The clinical picture alone is not sufficient to predict the diagnosis of CTS.
A compressive lesion of the median nerve at the carpal tunnel can be present
both among patients with no typical symptoms of CTS (asymptomatic indivi-
duals) and among symptomatic patients in which neurophysiologic studies are
negative. In a general population a 0.7% prevalence of undiagnosed CTS is
found. These patients have all symptom-severity similar to that of patients
undergoing surgery. Therefore variable numbers of this group may be drawn
into a ‘‘medical system’’ and thus account for variations in the rate of surgery
performed [4, 37].

In this review I try to look at the history, anatomy, epidemiology, diagnosis
and the key issues in the management of CTS.

CTS are usually diagnosed based on a combination of history taking that
includes subjective signs combined with objective findings and objective mea-
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surable ‘‘imaging’’ of carpal tunnel and nerve [6, 30, 125]. The predominant
classic symptoms are nocturnal painful paraesthesiae of the hand, and sensory
disturbances within the distribution of the median nerve, both of which are
characteristically relieved by hand movements (hand shaking). Ancillary tests are
used to objectively document the problems at the carpal tunnel. These include
imaging techniques and nerve conduction studies. Imaging tests (ultrasound=
sonography and MRI) are useful for demonstrating the structure of the carpal
tunnel. In cases with persistent symptoms following surgical relief of the
median nerve they may explain the reasons. These methods are still consid-
ered to have a lower diagnostic accuracy than neurophysiology, Neurophy-
siology with nerve conduction studies are specific less accurate in the early
stages of CTS and among younger patients. Development of these imaging
modalities and supplementary tests of small nerve fiber function and techniques
of measurement the intra carpal pressure, may in the future improve early re-
cognition of CTS [126].

Our present diagnostic methods includes a combination of the following:
1. History taking, e.g. symptomatology or ‘‘subjective’’ signs.
2. Clinical evaluation e.g. ‘‘objective’’ examination by a MD.
3. Diagnostic tests, by tradition but only partly objective and reliable.
4. Imaging of the median nerve and carpal tunnel.
5. Electrophysiology.

1. History taking – symptomatology

The following general medical conditions may often lead to a peripheral nerve
symptomatology mimicking CTS. They can both be a part of the syndromes
and by reducing the carpal tunnel volume lead to median nerve pressure.

A prominent example is thus rheumatoid arthritis, which reduces the carpal
tunnel volume and simultaneously gives structural disturbances inside the med-
ian nerve. Obesity results in normal median nerve and carpal tunnel sizes, but
endoneural oedema is found together with reduced SNCV [123]. Synovial
engorgement is the result of fluid retention seen in pregnancy, and post meno-
pause (PMS) with water retention and through increase of contents causes
nerve symptoms simulating CTS. Renal failure and long-term haemodialysis,
high blood pressure, and congestive heart failure may be associated with the
build up of amyloid in the median nerve and increase in size.

Hormonal disorders such as acromegaly and hypothyroidism are com-
monly related to CTS for the same reasons.

CTS has been described together with persistent median artery, lipomato-
sis, gout, anomalous hand muscles, vascular tumors, collagen vascular diseases,
inflammatory or septic tenosynovitis, lepra, tuberculosis, Fungal infection,
Gout, De Quervain’s disease, wrist fractures and dislocations including wrist
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bone luxations. Hemorrhages during anticoagulation therapy are another well-
known cause of CTS [7, 58, 68, 93, 128].

Peripheral neuropathies (polyneuropathy) associated with Diabetes Mellitus,
cancer and alcoholism are diseases that easily mimic CTS symptomatology.
5–25% of diabetic patients with polyneuropathy, may also have a ‘‘true’’
CTS¼with a compression of the median nerve. Hereditary neuropathy with
liability to pressure palsies (HNPP) is an autosomal-dominant peripheral neu-
ropathy that results from deletion of a 1.5-Megabase pair (Mb) segment of the
short arm (p) of chromosome 17. It should increase susceptibility of peripheral
nerves to pressure and trauma and can be associated with symptoms at multi-
ple anatomic entrapment sites. There is no evidence for an association between
HNPP and patients who have multiple surgical releases for upper-extremity
entrapment neuropathies [25, 105].

Significant vascular ischemia usually provoked by cold with subsequent
Raynaud’s phenomenon also causes paresthesia of the fingers [128].

More proximal upper extremity Median Nerve entrapment can also result
in CTS symptoms. This has lead to a discussion on the possibility of a so-
called double-crush syndrome. Cervical disc herniation, proximal median nerve
entrapment and Dystonia are possibilities of entities with a Double-crush.
According to this idea, nerve fibers that are injured proximal close to the spinal
cord should become more sensitive to supplementary distal lesions [122]. The
frequency and electrophysiological data of CTS analyzed according to cervical
radiculopathy level do not support a neurophysiologic explanation of double
crush syndrome so that it must be considered a highly hypothetical idea but not
an actual existing entity [60]. If palsy of thumb flexion is found on clinical ex-
amination it is often caused by affection of the median nerve more proximal
than the wrist. In this situation we will find sensory disturbances in the palm.
Supplementary entrapments of other nerves exist and an ulnar nerve entrap-
ment in conjunction with CTS is not uncommon.

We also know that patients often complain of nightly painful paresthesia. If
this symptom is added to the previous, we are further tempted to conclude that
the patient has CTS. Which weight we shall add to each symptom is difficult
to assess. This has been tried by expert groups and in situations using Bayes
theorem [38, 75, 84].

From a large case-control study using the UK General Practice Research
Database [34] the relative contributions of the common risk factors for carpal
tunnel syndrome (CTS) in the community were quantified. Cases were patients
with a ‘‘diagnosis of CTS’’ and for each, four controls were individually matched
by age, sex and general practice. The dataset included 3391 cases, of which
2444 (72%) were women, with a mean age at diagnosis of 46 (range 16–96)
years. Multivariate analysis showed that the risk factors associated with CTS
were previous wrist fracture (OR¼ 2.29), rheumatoid arthritis (OR¼ 2.23),
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osteoarthritis of the wrist and hand (OR¼ 1.89), obesity (OR¼ 2.06), diabetes
(OR¼ 1.51), and the use of insulin (OR¼ 1.52), sulphonylureas (OR¼ 1.45),
metformin (OR¼ 1.20) and thyroxine (OR¼ 1.36). Smoking, hormone repla-
cement therapy, the combined oral contraceptive pill and oral corticosteroids
were not associated with CTS. The results were similar when cases were re-
stricted to those who had undergone carpal tunnel decompression [34].

With history taking we need to know more details as shown in the following:

1) Age and family history?

From literature studies it is concluded that CTS is most common in age group
30–60 years and with preponderance for the female gender [68, 128]. A family
history is found among 20% of ‘‘proven’’ CTS patients especially if they have
bilateral symptomatology [2]. Other authors have in contrast found an equal
distribution among gender suggesting differences in screened populations.
Interestingly it is shown that 14.4% of the Swedish population without any
other signs of CTS complains of pain, numbness and=or tingling in the median
nerve distribution [4, 5]. Increased occurrences of CTS near menopause and
during last months of pregnancy emphasizes that secure information of the
population screened is needed for a global discussion of gender preponder-
ance. Male gender is not associated with poor outcome but many male pa-
tients are involved in heavy manual work activities, which is a poor prognostic
indicator [5].

2) Is the history of symptoms short- or long lasting
and work-related?

Did the symptoms start abrupt or were they as expected more continuous?
Did we find a work history of force-presence, sustained or extreme vibration,
awkward posture or repetition in work duties? A combination of personal and
occupational risk factors is according to modern ideas the major determinant
of CTS [12, 44, 100, 101]. Workers in cold environments e.g. butcher and
poultry workers have higher frequencies of CTS than others [4, 101]. If the
industrial work situation includes repetition, high force, awkward joint pos-
ture, direct pressure, vibration and prolonged constrained posture, including
recently prolonged keyboard work, the risk for developing CTS is high. The
diagnosis is best established using a combination of history and symptom
distribution for screening for CTS in the industrial setting has questionable
benefit [124]. Among blue-collar workers psychosocial factors seems more
pronounced [5, 12]. By improving the consistency of the diagnosis of CTS
these consensus criteria could lead to a more effective treatment and a better
understanding of the effect of e.g. work place exposures in the development
of this condition [38].
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3) Does the history include subjective symptoms like numbness,
tingling and=or burning sensations of the hand involving
the distal median nerve distribution?

Sensory problems progressing gradually over months should be typical for CTS.
They are affecting at least two of the first three digits and not involve dorsal-
and palmar aspects of the hand should be typical for CTS [39, 58, 128]. Despite
the fact that these first symptoms of a CTS may be pain in the wrist and hand
and paraesthesia of the 3–4 radial fingers they can also involve the 5th finger.
An explanation today is that extra-median spread of sensory symptoms is asso-
ciated with higher levels of pain and paresthesia suggesting that central nervous
system mechanisms of plasticity may underlie the spread of symptoms [133].

From a clinical history including 8223 patients with suspected CTS these
were compared with the results with neurophysiologic findings [7]. Symptoms
from the radial part of the hand and nocturnal exacerbation of symptoms
showed the strongest individual correlations with positive nerve conduction
studies. The regression model derived from the complete questionnaire achieved
an overall sensitivity of 79% and specificity of 55% for the diagnosis of carpal
tunnel syndrome. A simple regression model for evaluating the history com-
pares favorably with the widely used clinical signs in its ability to predict the
findings of nerve conduction studies. Similar fifty-seven clinical findings asso-
ciated with CTS have been ranked previously in order of diagnostic importance
using Delphi as a method of establishing consensus among a panel of expert
clinicians. The 8 most highly ranked criteria were then placed into all possible
combinations to create 256 unique case histories. Two new panels of experts
rated these case histories. One panel made a binary evaluation as to whether
the case history did or did not represent CTS. This allowed the development of
a logistic regression model that had the probability of carpal tunnel syndrome
as the dependent variable and the weighted diagnostic criteria as the indepen-
dent variables. This model then was validated against the judgments of the
second panel of clinicians who estimated the probability of CTS for each of the
same case histories. The correlation between the probability of CTS predicted
by the model and the panel of clinicians was 0.71. A methodology that empha-
sizes a rigorous approach to item generation and item reduction through expert
consensus, followed by validation, may represent a template for establishing
consensus among experts on controversial clinical issues [38].

4) What is the distribution and character of symptoms
and are they worse with activity or at night?

Nocturnal painful paresthesia disrupting sleep being relieved by manipulation
such as shaking of the hand should be linked with CTS [20, 118]. Patients with
arthritis may also have the same symptoms but during daytime. The use of
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neurodynamic tests for CTS is perhaps able to differentiate the diagnosis from
other wrist and hand pathologies [19].

5) Does the patient feel a weakness of the hand?

The patients note that they often drop items and sense that the hand is swollen.
Hand clumsiness is thus a frequent symptom and many females may have
stopped knitting or sewing, as symptoms increase with wrist=finger move-
ments [128]. Decreased muscle power e.g. grip strength due to changed long
flexor tendon pulley function is seldom described in neurosurgical literature but
plays an important role in orthopedic literature [81, 128].

6) Is there a trauma?

If a history includes earlier fractures of the arm, wrist or hand, pain during
daytime, other atypical symptoms (polyneuropathy), a Swedish study advocates
a supplementary neurophysiologic examination [41].

7) Hand-diagrams – self-assessment

Median nerve neuropathy creates paresthesia (subjective information) that we
as physicians try to convert into objective signs. Many attempts have been
made to categorize symptoms [55, 62, 118]. Among these are the best known
‘‘Katz Self-administered Hand Symptom Diagram’’ [56]. Similar has been
developed ‘‘Michigan Hand Outcomes- and Disabilities of the Arm, Shoulder
and Hand’’ (DASH) questionnaire, Patient Evaluation Measure questionnaire
(PEM) [46] and the Boston – Self Administered Score System (BO) being a
disease-specific questionnaire [96].

‘‘The Katz Hand-Diagram’’ [56] is a personal patient screening procedure
that documents the distributions of (subjective) symptoms for the Physician
rather than one used for diagnosing the disease [55]. A correlation between
PEM and DASH shows that the combination of subjective information and
objective measures are high in PEM and DASH [46]. In a prospective series of
323 hands undergoing surgery for CTS a Boston self-administered question-
naire was used 1 and 6 months after CTS surgery. By grading the clinical and
electrophysiological severity, it was found to obtain a valid, precise, reliable, and
straightforward comparison of results from different patient series and differ-
ent operating techniques [96].

Szabo et al. [118] validated three groups of patients. One group with CTS
based on history, clinical presentation and with improvement following CTS
surgical release. Group two included a variety of upper extremity disorders.
Group three were normal healthy volunteers. All were submitted for a self-
administered Hand-Diagrams, including validation of nocturnal pain, symptom
duration, Phalen, sign, Tinel sign, Durkan test and monofilament testing before
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and after a Phalen manoeuvre for 5 minutes. A uni-variate analysis of the first
two groups showed that the most sensitive symptom predictor was the noc-
turnal pain. With a multivariate equation the probability to diagnose the CTS
was 86% and that if all tests were normal there is only a 0.7% chance of having
a CTS [118]. Patients under 40 years of age with normal or questionable Hand-
Diagram ratings have thus a low risk of CTS [56].

A prospective study evaluated the DASH questionnaire by comparing it
with the disease-specific Boston questionnaire (BQ). To measure responsive-
ness (sensitivity to clinical change), 57 patients with a clinical diagnosis of carpal
tunnel syndrome completed the DASH and BQ preoperatively and again 3
months after open carpal tunnel decompression. A second group of 31 patients
completed the questionnaires in the outpatient clinic and again 2 weeks later
to assess test-retest reliability. The time to complete all questionnaires was
recorded. Responsiveness of the DASH is comparable with the BQ with stan-
dardized response means of 0.66, 1.07 and 0.62 for the DASH, BQ-symptoms
and BQ-function, respectively. Test-retest data show both questionnaires are
reliable. Mean times to complete questionnaires were 6.8 minutes (DASH) and
5.6 minutes (BQ). The DASH questionnaire is thus a reliable, responsive and
practical outcome instrument in carpal tunnel syndrome [40]. A combination
of symptom diagrams, hypalgesia and thumb abduction strength testing were
most helpful in diagnosis of CTS. All other signs (nocturnal paresthesia, Phalen
and Tinel signs, thenar atrophy, 2-point-, vibratory- and monofilament sensory
test) had little or no diagnostic value [20].

2. Clinical evaluation, ‘‘objective’’ signs

The clinical examination is linked with physicians evaluating the objective doc-
umentation of median nerve compression. Use of decreased sensibility findings
will indeed increase the specificity of the disease CTS, but we will at the same
time under diagnose CTS and exclude many patients with moderate CTS, who
would benefit from treatment [79].

Clinical examination by an experienced medical doctor seems sufficient for
screening purposes, if symptoms of CTS are found. Unfortunately many
reports do not include methodology, which makes the results difficult to repro-
duce and thereby to apply to other populations [73]. It is in this context es-
sential to standardize the clinical diagnostic criteria and develop a consensus for
this testing [73, 92].

What are the most important objective signs?

1) Anatomical deformity of wrists and range of motion

Looking at the wrists, we may suggest that they are ‘‘square’’ meaning with
an increased antero-posterior to medio-lateral wrist dimension, or long and
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thin. None of these mean anything significant for the diagnosis of CTS.
Do we see a swelling or masses e.g. tumours, ganglia, arthritis at the wrist?
How is the perfusion state of hand? Does the wrist present with visible
erythema? When we touch the wrist is it warm, do we feel crepitus [132]?
We are now as investigators close to be subjective. We need to define what
tests we use for these and how to demonstrate them, otherwise they are only
for personal use?

2) How is the sensibility?

Sensibility changes involves sensory loss=reduction to pin prick, light touch,
Semmes-Weinstein monofilament evaluation [117] and reduced two-point dis-
crimination [4] are all modalities of interest in this context. How do we com-
pare them is our major problem.

Two statisticians (A and B) were at scientific meeting small talking. A’s wife stands 20
meters away. B says to his friend: ‘‘What a beautiful wife you have’’. A responds: Compared
to whom?

Bear in mind that distribution of sensory symptoms may vary in many as-
pects [111] and can have several degrees of seriousness including, intermittent
subjective paresthesia in the median nerve territory, to severe lasting sensibility
disturbances. The literature suggests that 2-point discrimination has low sensi-
tivity for diagnosing CTS. If a decreased sensation in the median nerve dis-
tribution is the most helpful finding in making the diagnosis, it will mainly help
to diagnose the more advanced CTS cases. Similar hypalgesia to pin prick is
important in the more advanced cases [20]. Sensibility reduction at finger 1–3
is often biased, as the technique of investigation may not be the same from one
Physician to the other [117]. It should be stressed that the position of the
hand=wrist is essential during the examination. If the sensibility testing is car-
ried out subsequent to a Phalen test with flexion of the wrist it tends to be
more abnormal.

We need to customise our sensory sense tests and carry them out with the
patients blinded [112]. Many patients with open eyes will try to please the
examining Physician by saying: ‘‘Yes – I feel a difference’’ in the area of
‘‘paresthesia’’. The cortical representation of the sensory functions of hands
is not symmetric, however a distinct difference between 3rd finger and 5th
finger is demonstrable. There may also be differences between left and right
(dominant) hand based on cerebral function. Many studies do not have suffi-
cient detail or include methodology to allow repetition of the protocol by other
researchers. The sensitivities and specificities reported for each can be com-
pared with the quality criteria ratings they each received [73].

We can thus perhaps increase the specificity, but not the sensitivity of a
CTS diagnosis by simple clinical sensibility examination.
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3) Muscle function

Thenar atrophy

The abductor pollicis brevis muscle may be congenitally absent and can also be
difficult to assess in thick hands. It is a sign only seen in connection with severe
long-lasting cases of CTS.

Motor paresis

Thumb abduction strength test is maybe a useful indicator for ruling out CTS
[20]. Weakness of abductor pollicis brevis muscle is tested by pressing the
palms together and then tests the abductor strength of the thumbs. This is a
very biased investigation.

Grip and Pinch strength measurements

Measurement of grip strength may be influenced by pain. Monitoring grip
strength is not generally accepted by neurosurgeons as a diagnostic tool. It
serves mostly as a method to follow the individual patients course. It is widely
used by hand surgeons because they are much focused on the hand move-
ments. For the postoperative evaluation it is essential to know that testing with
the wrist in a flexed position decreases the strength further due to tendon
bowing. A consensus on how to monitor muscle function is badly needed.

3. Objective diagnostic tests – by tradition – but only
partly objective

If we look more detailed into the different objective signs we may receive
further information for our personal diagnostic scenario:

Neuro-provocative tests

We also use provocative tests in our clinical work where we try to induce e.g.
sensibility disturbances as an objective sign. Through Medline, Current Con-
tents, and related readings a critical review were undertaken [73]. The use of
clinical diagnostic tests for CTS was further compared with the results of neu-
rophysiology. Criteria for systematically reviewing the studies were developed,
tested for reliability, and applied to the studies. Many studies did not have suf-
ficient detail to allow repetition of the protocol by other researchers. The sen-
sitivities and specificities reported for each could be compared with the quality
criteria ratings they each received. This literature review supports that the use
of the wrist flexion (Phalen-test) and carpal compression test (Durkan-test) has
a low sensitivity for diagnosing CTS [95].
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The goal in recommending a clinical examination technique for the diag-
nosis of CTS is both high specificity and sensitivity. The carpal compression
tests (Durkan- or Phalen test) is therefore not a markedly better way to achieve
this goal. The more severe the nerve compression is, the less sensitive these
provocative tests seem to be [77]. By validating the 5 clinical tests Tinel, Phalen,
reverse Phalen, carpal compression and vibration sense none of these had a
degree of specificity that they could serve as an indicator of a CTS.

The efficacy of provocative tests for diagnosing CTS was evaluated in
a Dutch study. Each test and them all in combinations did not show the
probability of patients harbouring CTS. The authors recommends as a con-
sequence of this to use neurophysiologic examination to increase diagnostic
specificity [21].

Phalen sign=test

Phalen himself stated: ‘‘Positive sign is pain and paresthesia in the median
nerve distribution with prompt exacerbation of symptoms when the wrist is
held in a flexed position and the production of tingling in the fingers by
percussion over the Carpal tunnel’’ [45, 117]. Is this how all of you have been
taught to interpretated this test? I guess is that the answer is: No!!. Phalen-test
is positive in among 20% of normal people [4]. One of the reasons may also be
that the test is not performed in a standard fashion by different clinicians. It is
highly questionable whether a test that does not harbor a strong positive cor-
relation among different investigators can be used for diagnosing a disease –
also in our situation with CTS.

Tinel sign

Originally it is called Hoffman=Tinel sign as it was first described by Hoffman
[117]. It is elicited by careful percussion on the nerve starting distally and mov-
ing the tapping centrally. Almost everyone can have a positive Tinel sign; it only
depends on the degree of percussion. It can thus in the literature range from
being positive in 8–100% and in control patients it is positive from 6 to 45%.
So the same questions as with Phalen sign can be applied here.

Durkan test

Carpal compression test where the examiner applies direct pressure on the
carpal tunnel leading to symptoms of pain and paresthesia. Durkan’s compres-
sion test had a sensitivity of 89% in diagnosing CTS – but it is suggesting
rather than diagnosing [118].

Closed fist test

Holding fist closed for 60 seconds reproducing median nerve paresthesia [128].
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Positive signs from the contra lateral wrist

Is also considered to suggest CTS in this situation as some 20% have bilateral
symptomatology [2].

Complementary findings

Myofascial findings

A common finding among these patients. Many CTS patients have been treated
for cervical spondylosis for long periods of time. The pain is believed to be a
referred pain from the median nerve and may resemble a C5 or C6 radiculo-
pathy [122].

Psychological evaluation

These testing are used if a result of treatment is not turning out as expected
and if the symptomatology and clinical findings are not clearly linked.

The psychological testing must include history of employment, interperso-
nal relationships, leisure activities current perception of the medical system,
results of current treatment, perceive locus of control and childhood history
including abuse and family history of disability [2].

Laboratory tests

Serum rheumatoid factor
TSH for hypothyroidism
Fasting glucose and=or loading test
Serum protein electrophoresis
SR
Serum calcium, phosphorus, uric acid, alkaline and acid phosphates
Liver and kidney function profiles

A combination of the above-mentioned self assessment tests (Hand-
Diagrams), history taking and a thorough clinical examination and laboratory
tests are best to exclude those patients without median nerve compression e.g.
for screening.

For categorizing our diagnosed CTS patients, we must use imaging and=or
neurophysiology.

4. Imaging of the median nerve and carpal tunnel

Mainly four methods are being used to evaluate the carpal tunnel size and
contents using imaging such as: – Radiography=Computerized Tomography,
MRI, Bone-scan and Sonography [6, 30, 94, 131].
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Radiography and computerized tomography

An additional part of a general evaluation is radiographic imaging of joints.
Axial x-ray with the hand in maximal dorsal flexion and with the beam parallel
to 4th metacarpal bone and 30 degrees off a perpendicular line of the film have
been used to demonstrate the size of the carpal tunnel and signs of previous
fractures. Standard X-ray imaging is hardly used routinely anymore in Europe
and has widely been replaced by CT scanning techniques [15, 132]. In the hand-
surgeons outpatient clinic painful wrists diseases are common and it is there-
fore in these situations suggested to use a systematic approach including use of
imaging modalities such as bone scans and CT imaging, when diagnosing
painful wrists [132]. Standard CT scan will not reveal many of the soft tissue
abnormalities. Helical CT is in this situation more sensitive and can give us
information of minor bony trauma and 3-D models of the carpal tunnel.

These methods have no value for a general ‘‘diagnostic’’ screening for CTS
among a normal population. However they are still important in the Hand
Surgeons Outpatient clinic.

Magnetic resonance imaging (MRI)

With MRI we can measure the volume of the Carpal Tunnel and visualize in-
trinsic structures related to it. Pierre-Jerome et al. [94] tested two groups of pa-
tients with rheumatoid arthritis (thirty one) and carpal tunnel syndrome (sixty
two), and a group of asymptomatic controls (fifty four). All underwent bilateral
MR axial wrist imaging from the metacarpal bases to the distal radio carpal
joint. The imaging techniques included spin echo (SE), turbo spin echo (TSE)
and fast field echo (FFE) sequences, using 3mm-slice thicknesses. Different
anatomical variants including hypoplasia of the Hamulus or hook of the Hamate
bone (4 cases), anomalous muscles (lumbricals) inside the carpal tunnel (2 cases),
unusual location (5 cases) and double branching of the median nerve (14 cases),
and aberrant median artery (one case) were detected. These variants, if unfa-
miliar to MR readers and neurosurgeons, may be misinterpreted as pathological
features [94].

Quantitative MRI is a valuable method for assessing the anatomic charac-
teristics of the carpal tunnel [94]. Carpal tunnel areas are largest in neutral and
smallest at the distal end with wrist flexion. An extended wrist resulted in the
smallest carpal tunnel and content volumes as well as the smallest carpal tunnel
content volume to carpal tunnel volume ratios. While men had significantly larg-
er areas and volumes than women for both the carpal tunnel and it contents,
there were no differences in ratios between the contents and tunnel size [10].

Earlier papers have concluded that nerve compression in CTS is proximal
located in the carpal tunnel. This is in contrast with our present knowledge,
where we show that it is in the distal part of the tunnel that the compression
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takes place. Twenty-seven female patients with CTS and 28 asymptomatic
female controls were examined with MRI of the wrists [94]. On the MRI axial
images, the volume of carpal tunnels, the wrists and the thenar muscles were
calculated bilaterally in all subjects. The values for the signal intensity of the me-
dian nerve from all wrists were also quantified. The carpal tunnel volume (CTV)
and the wrist volume (MV)=CTV ratio were almost identical in both groups
(p¼ 0.36 and p¼ 0.45, respectively). The focal narrowest point of the tunnel was
located at its distal third, about 8mm from the tunnel distal outlet. The median
nerve in the patients were hyper-intense compared with the controls, p¼ 0.037.
In another study bilateral MRI axial wrist images were obtained by means of
turbo spin echo (TSE) and fast field echo (FFE) sequences. The mean (SD)
length of the carpal tunnel, from inlet to outlet was 36.3mm (SD¼ 3.4) [94].
The tunnel has a cone shape, with the proximal inlet constantly larger than the
outlet distal in all subjects. The mean (SD) cross-sectional area of the tunnel inlet
was found to be larger among women >45 years of age, compared to women
<45 years of age (p¼ 0.029). The calculated mean (SD) volume of the tunnel
also appeared significantly larger in the older group (p¼ 0.023) [10, 94].

MRI findings in 23 cases of CTS demonstrated perfect correspondence
with MRI findings and operative views. Misalignment of the tendons was
found in 20 cases and fibrous tissue deposits in 20 of a smaller series [13, 94].

What type of MRI images should be used? This is the decision for our
Radiologists. The neurosurgeon must nevertheless be familiar with the differ-
ent options. Inflammation of the Synovial sheets can be seen as low signal
intensity on T1-weighted images and increased signal intensity on T2-weighted.

T1-weighted imaging with planes parallel and transverse along the nerve
using phased-array coils defines the bony structures and the detailed anatomy
of tendons and nerves (Fig. 6). Gadolinium enhanced T1 weighted imaging is
used if we suspect nerve tumors. T2-weighted imaging defines pathology such
as edema and ischemia of the median nerve [30].

The MR Neurography (MRN) is performed with high-resolution fast spin
echo (FSE) and T2 imaging technique and often with suppression of the
normal high signal intensity of fat (FLAIR chemical shift selection or inversion
recovery). Flow sensitive sequences or dynamic contrast-enhanced MRI can
detect circulatory disturbances within the median nerve where marked
enhancement of the nerve is found with hypervascular edema and lack of
enhancement if nerve ischemia. In later phases of CTS the internal nerve
fibrosis will be shown as decreased intensity on both T1 and T2 images. Wrist
flexion=extension can alter these patterns due to mechanical obstruction of
blood flow. MRI imaging makes it a potential useful diagnostic tool for initial
evolution and management but also for postoperative evaluation of patients
with CTS [30]. If the patient is still symptomatic, we may see residual increase
T2 signals of the median nerve and lack of complete section of the TCL.
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MRI shows important changes in synovial tissue, excessive fat and lesions
in the abductor pollicis muscle. In muscles that by electromyography have un-
dergone severe denervation changes similar severe changes in the thenar mus-
cles can be found using short tau inversion recovery sequences of MRI [13].
When dealing with apparent significant nerve dysfunction, the T2 weighted
imaging of muscle fibers can be of interest, as they will remain normal if the
lesion is neuropractic and show atrophy if we are dealing with axonotmesis.

Comparison with the other hand is not valid as bilateral CTS are common.
MRI documented disturbances and movements of tendons and median

nerve can be found among patients with CTS. Patients with CTS will show
proximal swelling, distal flattening and increased signal intensity of the median
nerve combined with palmar bulging of the TCL at the level of the hook of the
Hamate and Pisiform bone.

A Scandinavian study discussed the problems of validity and consistency of
evaluations of MRI’s in CTS. The conclusion was that better validated diag-
nostic criteria must be used in the future [91]. Modern techniques make it
possible to specify location of nerve entrapments and muscle disturbances
and it is only a question of time before MRI will be introduced in our diag-
nostic scenario.

Magnetic Resonance Imaging (MRI) is today less accurate than standard
electro diagnostic testing as a diagnostic specificity test and is so far not directly
recommended for diagnosing CTS in 2007 [13, 30, 57].

Nuclide bone scans

This includes injection of radionuclide that is absorbed by inflamed tissue e.g.
connective=cartilage. It is sometimes used in the more complicated cases, but
plays no role for the primary simple diagnosis or screening.

Sonography

The technique is simple, low-cost, non-invasive and easy to use (walker) with
update equipment that include a high frequency transducer with a frequency of
7–13MHz [6]. It may be an excellent adjunct in the diagnostic scenario. It can
show exactly where the median nerve is placed which can be of interest for
surgeons using endoscope methods for cutting the transverse carpal ligament.
Transverse normal elliptical median nerve is visualized becoming more and
more flat when moving distally. Sonography and MRI images were compared
and it is concluded that sonography is acceptable for screening the carpal tunnel
contents especially the shape of the median nerve was found to be equal dem-
onstrable with sonography and MRI [15]. High-resolution ultrasound shows
enlargement of the median nerve at the distal wrist crease in symptomatic
patients and is a reliable modality for imaging the wrist in patients with CTS.
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Nerve flattening in the distal tunnel, nerve swelling at the level of the distal ra-
dius and palmar bowing of TCL with a nerve cross sectional area greater than
9mm2 proximal is the best criterion for the diagnosis of CTS.

Median nerve cross-sectional areas were found to be larger in arthritic
patients with CTS than in RA patients and healthy persons without CTS.
This supports previous studies of idiopathic CTS in which increased cross-
sectional areas have been found. Thus, as with idiopathic CTS, arthritic
patients may be examined by US of the median nerve when CTS is suspected.
Still today, sonography is mainly used for detecting space-occupying lesions in
the tunnel [6].

Wrist arthroscopy

When the surgeon cannot identify where the wrist pain comes from it is pos-
sible to visualize inflammation and cartilage damages, to remove debris, gang-
lion cysts etc through minor endoscopes. This is a specialist investigation for
Hand surgeons, not neurosurgeons.

5. Electrophysiology – neurophysiology

Neurophysiology serves both as a diagnostic categorizing factor and allows a
possible prognostic validation for the neurosurgeon. It is a method that solely
expresses the functional state of the median nerve alone within CT.

An electro physiologic or neurophysiologic examination consists of

1) Electromyography (EMG) testing muscle cell and end-plate zone function,
2) Electroneurography (ENG) testing nerve conduction and
3) Distal Motor Latency (DML)

For details the reader should consult textbooks on neurophysiology [61, 64].

1) Electromyography (EMG)

Describes the functional state of muscle cells. This is obtained by insertion of
fine electrodes into the appropriate muscles. This may reveal a normal muscle
cell function or show ‘‘Denervation potentials’’. These small size denervation
potentials are normally clear signs of previous or ongoing neurogenic lesions
with axonal loss¼Wallerian degeneration.

Following relief of nerve compression, a typical reinnervation pattern is
found often earlier than that by clinical examination [64].

Muscle fatigue can mimic a CTS. Compound Muscle Action Potentials
(CMAP) can occasionally be used when screening between occupational and
primary care cases of CTS [5].
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2) Electroneurography (ENG)

This is the most important for the CTS diagnosis. It consists of electric stim-
ulation of the median nerve at one site and recording the traveling potential at
another place along the nerve across the potential lesion site. Sex, diurnal
variations and handedness have no significant influence on conduction velo-
cities [61, 64]. For clinical work, males present with milder symptoms but often
more severe electrophysiological changes than females.

This nerve stimulation may be carried out with needles or as today surface
electrodes [61] (Fig. 8).

Knowing the distance between the electrodes, the spreading speed of po-
tentials¼ conduction velocity, can be estimated and measured in m=s [61, 64].
We can monitor both motor nerve conduction velocity (MNCV) and sensory
nerve conduction velocity (SNCV). Sensory neurography responses have much
smaller amplitudes measured in microvolt compared with the larger motor
responses measured in millivolt (mV).

Slowing of median nerve conduction is due to demyelization of neurons.
With this focal nerve lesion demyelinization a temporal dispersion of the sti-
mulus response is found. It includes a fall in signal amplitude, an increase in its
latency or a drop in conduction velocity. Axonal loss is very likely to be present
if the recorded signals have reduced amplitudes. Amplitudes of both sensory
and motor responses also tell us something about the number and synchrony
of the fibers being tested. Most important for the diagnosis of CTS is measure-
ment of the sensory nerve conduction velocity (SNCV). Our problems here are
that in many instances we cannot detect the sensory potentials. Electronic noise
may be a problem when recording the small amplitude sensory nerve action
potentials (SNAP’s). It is heavily influenced by electrode placements, especially
if they are too close to each other.

Therefore practicing neurologists=neurosurgeons often rely on DML mon-
itoring. We know that in 25% of cases with abnormal sensory nerve conduction

Fig. 8. Surface electrode set up for electrophysiological investigation of CTS
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studies the motor studies are normal [61, 64]. It has been suggested that the
following should be used as criteria for CTS syndrome: SNAP<45ms, how-
ever if conduction distance is >8 cm and SNCV is normal turn to new mea-
surement over a shorter distance or compare with radial nerve SNCV or ulnar
nerve SNCV [52]. Further the neurophysiology defines the median nerve
involvement (A-fibres) more precisely and we can compare our neurophysiol-
ogy-investigated patients in controlled prospective studies. Hand=arm tempera-
ture plays an important role as a change in temperature of 1 degree Celsius may
lead to a change in sensory nerve conduction velocity of 1.2–2.4m=s per
degree Celsius [64]. Age also influences the nerve conduction velocity, which
decreases after 60 years of age with 0.5–1.8m=s per decade. Discussions on
thresholds for abnormalities are different, but important for consensus [82].

Norwegian scientists uses photoplethysmography and laser Doppler flux-
metry in order to monitor autonomic nerve function [88]. They have showed
that the micro vascular perfusion in fingertip skin and skin temperature are
significantly reduced among patients with CTS in contrast to normal subjects.

Polyneuropathy is diagnosed by abnormalities in multiple nerves (ulnar
nerve) and the presence of late F reflexes. F-waves monitoring occurs when
a motor nerve is stimulated and impulses travel from the stimulation point to
the neuron and back to the muscle. F-wave measurements reflect conduction
along the entire nerve and are of general interest for diagnosing polyneuro-
pathy and proximal lesions [61].

3) Distal motor latency (DML)

Distal motor latency (DML) estimates the traveling time of a stimulus potential
from the site of stimulus to an electrode in=on a muscle. Therefore it includes
measurement of the delay of impulses in the end-plate zones. Changes in DML
can be found already as soon as one hour following operative decompression
of a median nerve and it seems therefore to be a sensitive parameter.

In CTS cases DML is measured to the abductor brevis muscle. If DML
preoperatively is>6ms, the surgical results are good and fast. A mild improve-
ment can be expected if DML is between 4–6ms whereas nothing happens if
it is<4ms [102]. DML values in CTS cases have often been given with upper
limits of 4.5ms=8 cm, but the influence of distance between electrodes gives
rise to a problems and interested readers should consult [64, 102] for further
information.

Motor fibers are affected in CTS even when conventional electro diagnostic
tests show normal motor conduction. Altered recruitment of motor axons
could mainly be due to impairment of energy-dependent processes that affect
temporal dispersion of the compound volley or axonal conduction block. In
mild CTS, motor fibers are more often affected than was originally thought of.
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If submaximal stimulus intensities are used, the sensitivity of wrist-to-APB
motor conduction studies may be increased and used to document a begin-
ning CTS.

Benefits and critical observations obtained
from the use of neurophysiology

Clinical neurophysiologic investigations play a role in describing, defining and
document whether a nerve irritation exists or not! – the latter perhaps being
the most important. If a patient claims persisting symptoms following CTS
decompression, the neurosurgeon can only deal with the question of po-
tential insufficient operation if a preoperative electrophysiological evaluation
is present.

Neurophysiology may – depending on who is referring physician – pri-
marily be used for differential diagnostic purposes. When General Practitioners
are referring patients it is mainly for diagnostic purposes, while neurological
specialists are more interested in whether they may deal with polyneuropathy.

Additionally the correct (consensus) tests should be used [52, 62]. It is
suggested that over 1=3 of Medicare patients treated for CTS in Washington
State, US had an inappropriate electro diagnostic workup before surgery [115].

Single electrodiagnostic findings are therefore not recommended for rou-
tine use [97, 98].

Supporters of routine preoperative neurophysiologic investigations forget
their shortcomings: lack of standardization, absence of population-based refer-
ence intervals, and lack of sensitivity and specificity. Only controlled trials, in
which patients are randomized to receive treatment either with or without
nerve conduction studies, will determine whether this investigation improve
the outcome in patients with a firm clinical diagnosis of carpal tunnel syn-
drome. The influence of demographics is huge. The value of electro diagnosis
has been challenged by Lee Dellon who stated: ‘‘There is no reason to deny
surgery to a patient with a normal preoperative electrical study or to require all
patients to have such a study, if the history and physical examination of the
patient are themselves consistent with . . . . ‘The dispute between WF Brown –
a devoted neurophysiologist- and Lee Dellon, can be consulted in the discus-
sion about the ‘‘WOG’’ syndrome (Word of God Syndrome) [14]. Therefore, if
the neurosurgeon asks the neurophysiologist: ‘‘Do we have neurophysiologic
indication for ‘‘surgery’’? – They can only answer: ‘‘Yes and No’’.

In a patient group of normal youngsters we may not need neurophysiology
to document a clinical CTS while it must be demanded if we are dealing with
an outpatient clinic of hand surgery. 504 people from a ‘‘general population’’
were tested and it was found that 50 (10%) of these were awakening by noc-
turnal paresthesia in 93 hands (bilateral symptoms) [21]. Only 44 (47%) of these
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hands had neurophysiologic signs of CTS. So with these false negative results
we have again to accept that we have no precise definition of what the ‘‘general
population’’ was.

Why use electroneurography at all the reader may ask faced with series of
papers on the great value of Hand-Diagrams etc? The answer is clear; we need
to document objectively what the causes of CTS symptoms are.

Our electrophysiological results can only be used in conjunction with the
clinical situation [17]. The highly myelinized fibre lesions are rather easy to
document. Neurophysiologic changes are definitely not significant nor specific
in the milder cases of CTS unless special techniques are used [110, 115].

One of the key features of using neurophysiology is to make it possible to
monitor median nerve function. Problems are also that all electrophysiological
values obtained are based on local laboratories, local equipment and may occa-
sionally include=exclude monitoring of hand temperature [64].

With this in mind, it must be accepted that a testing of the same person will
show a 5% deviation by interpreter bias alone. For a given nerve conduction
test value, post-test probability of CTS can be determined from the estimated
pretest probability (derived from clinical data), interval likelihood ratios, and
Bayes theorem [75].

Neurophysiology is possibly not needed if the chances of harbouring CTS
are high. This in contrast to the situation where it is doubtful or low. Electro-
physiological test data should be interpreted in a Bayesian context using the
output of the diagnostic instrument as an estimate of pretext probability. The
ability to report the electro diagnostic test results as a post-test probability may
improve their precision beyond the current standard of establishing the CTS
diagnosis based on comparison with a threshold for nerve conduction velocity
[38]. Nerve conduction (NC) tests, using rigid cut-offs separating normal from
abnormal test values, are commonly used to confirm CTS.

The authors [84] studied patients with clinically defined mild CTS and a
normal median DML to determine: 1) How much sensory mixed NC test
results increase (or decrease) the probability of CTS and 2) The NC test values
required to confirm (or exclude) CTS for the range of pretest probabilities of
CTS. Palmar, digit 4 (D4), and digit 2 (D2) median NC tests were reviewed
in 125 hands with mild carpal tunnel syndrome (CTS) and 100 control hands
with musculoskeletal pain. Receiver operating characteristic curves and interval
likelihood ratios were plotted for the three tests. Using Bayes theorem, post-
test probability of CTS was then determined for the range of pretest probabil-
ities and NC test values. Receiver operating characteristic curves showed that
for a set specificity of 97%, palmar and D4 studies had higher electrodiagnostic
utility than D2 studies with cut-off test values (sensitivities of 0.3ms, 64.0%;
0.4ms, 71.2%; and 50m=s, 44.8%). However, Bayesian analysis showed that
to confirm CTS more conservative cut-off values (palmar 0.5ms, D4 0.7ms,
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D2 44m=s) were required for pretest probabilities 50%, whereas borderline
abnormal values (palmar 0.4ms, D4 0.5ms, D2 48m=s) sufficed when pretest
probabilities were 75%. Conversely, normal test values could exclude CTS only
for pretest probabilities<25%. For a given NC test value, post-test probability
of CTS can be determined from the estimated pretest probability (derived from
clinical data), interval likelihood ratios, and Bayes theorem. Use of rigid cut-off
values to confirm CTS is problematic, because more conservative cut-offs are
required for low pretest probability. Conversely, NC tests with sensitivity<95%
cannot exclude CTS when pretest probability is high [84].

In a British study a scored questionnaire was used and an electrophysio-
logical assessment given by two independent observers assessing a group of
patients. The patients with CTS on either one or on both type evaluations were
operated upon and the result e.g. symptom relief used as a standard for having
treated a ‘‘true CTS’’. The predictive positive value of the questionnaire was
90% and for nerve conduction 92% [55].

Hand-diagram from questionable patients may witch an added positive
nerve conduction velocity study, make the diagnosis more likely. Combined
with a negative nerve conduction velocity-study there can remain a high per-
centage of possible minor CTS syndromes as we do not monitor the thin
c-fibres [50].

How MRI data are correlated with pressure increase and neurophysiology
is not yet completely solved, except for the fact that the more electro diagnostic
abnormalities is found in CTS cases, the more severe disease can be expected
in the nerve using MRI [30, 94].

Many attempts have been made for classification of types of CTS and
include neurophysiologic findings, usually without lasting effect on our global
discussion:

A mild CTS is often said to include a prolonged median sensory or mixed
action potential distal latency. This may be so – but is not to me an absolute
indication for surgery. However these are often operated upon because the
results will be ‘‘good’’.

A moderate CTS includes usually abnormal median sensory latencies and
prolongation of median motor distal latency both in both absolute- and relative
values, comparing these with the asymptomatic ‘‘normal’’ hand. With clear-cut
symptoms this supports the surgical indication because we have documented a
nerve lesion.

Severe CTS shows both prolonged median motor and sensory distal latencies
with absent sensory or palmar potentials and or low amplitude or absent thenar
motor action.

Similar to this, CTS patients were described and combined with neuro-
physiologic values [59]. It was suggested that four degrees or stadiums of
‘‘CTS-disease’’ exists.
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Summarized they are as follows:

Stadium 1

From a pathophysiological point of view, intermittent ischemia of sensory
neurons is the basic feature of this initial stage of the disease.

Clinically these patients experience acroparesthesia, nightly painful par-
esthesia and pain provoked by handwork. By clinical examination and neuro-
physiologic investigations, we find no abnormalities. These are the so-called
symptomatic but neurophysiologic negative cases!

Stadium 2

Clinical it is found that these patients’ presents with added minor hypoesthesia.
If the decreased capillary flow continues for longer periods of time more
permanent changes of the endothelium will develop with secondary protein
leakage from the capillaries, resulting in oedema within the nerve fascicles. The
intra fascicular pressure will therefore increase, leading to a further internal com-
pression to the nerve structures and a circulus vicious has developed. Chronic
ischemia of sensory highly myelinized axons is the bases. This will result in a
focal reduction of sensory nerve conduction velocity (SNCV) due to paranodal
demyelization.

Direct mechanical distortion is the major factor underlying these more
severe long lasting forms also seen following tourniquet paralyses.

In these early stadiums (1 & 2) of entrapment it is thus probably mainly a
biochemical lesion caused by a shock like injury that leads to anatomical
changes. Recent evidence suggests that ischemia may be primarily responsible
for the milder type of reversible entrapment nerve lesions.

These findings suggest a stadium 3 leading into a stadium 4 with more
significant structural disturbances inside the median nerve mainly involving the
highly myelinized fibres.

Stadium 3

Clinical examinations reveal sensory disturbances and beginning of muscle
atrophy and palsy of abductor pollicis brevis muscle and in the thenar muscle
denervation potentials in the abductor pollicis brevis muscle is present. The
developed axonal degeneration resulting in both decreased amplitude of sen-
sory nerve potentials and a reduced SNCV. The painful paraesthesias are less
pronounced in this stadium.

Stadium 4

Clinical examination reveals a persistent hypoesthesia=anesthesia in the distal
median nerve distribution. Consistent with this less clinical pain and lack of the
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nightly painful paresthesia is found. The loss of many axons and subsequent
a significant reduced SNCV may end in a stadium with no functioning fibers
at all.

Accepting these suggestions makes it even more confusing and difficult to
make comparisons.

Conclusion

The neurophysiological investigation is a concrete attempt to monitor electric
function in peripheral nerves. Use of electro diagnosis remains an important
part of the objectification and evolution of peripheral nerve injuries [52]. It is
not valid for screening patients with clinical symptoms of CTS unless very
special information is needed.

We have to very carefully describe our findings and use them based on
a universal consensus. Only in that case can we compare different patient
groups. If we compare operations among patients with specific documented
neurophysiologic disturbances with groups of patients with clinical ‘‘typical’’
symptomatology, it is not two populations defined the same way and it is
like comparing apples and pears and no firm conclusions on treatment efficacy
can be drawn.

Among patients presenting with hand paresthesia – the most common
symptom – they must therefore for scientific purposes be divided in two
groups of patients:

1) A neurophysiologic positive-group and
2) A neurophysiologic negative-group.

So when is neurophysiology needed? First and foremost neurophysiology is
used for differential diagnostic purposes e.g. to document or exclude poly-
neuropathy. Secondly it serves for the clinician to be able to grade the degree
of nerve affection both pre- and postoperatively.

Combination of electro diagnostic study findings and symptom character-
istics provides us the most accurate information for classification of CTS
syndromes as it may document the median nerve involvement [97] and thereby
compare valid groups of CTS patients in the future.

Treatment of CTS

‘‘We may discus glioma treatment and aneurysm surgery but whenever you try to discuss the
carpal tunnel, however, people get up and start hitting each other over the head with chairs.
As always, this kind of emotionalism denotes a lack of data. If there is clear-cut data, there
is no need to get emotional ’’.

Allan Hudson
Toronto Canada
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1. Non-operative or conservative treatment

What is ‘‘conservative treatment of CTS’’?
This is usually not clearly outlined in the literature, nor is the effects pro-

ven. From a Dutch Cochrane study it is evident that very little is known about
the efficacy of most conservative treatment options and that high quality trials
are needed to show their benefits [36]. By adding a conservative treatment such
as splinting or rest or ‘‘wait and see’’ to a treatment protocol, the fluctuating
symptomatology of CTS may ‘‘cure’’ the patient spontaneously through time.
Another problem is that roughly 50% of CTS may be occupational and related
to forceful grasping of pinching tools, awkward position of wrist, and vibrating
hand-held tools [35, 72, 100, 101, 124].

The most important conservative treatment is therefore perhaps simply to
avoid situations that provoke symptoms – prevention. Prevention is important
if symptoms evidently are provoked by use of vibrating tools, or other working
conditions that should of course be changed first. If a patient stops using e.g.
vibrating tools¼ prevention, and simultaneously add another ‘‘conservative
treatment modality’’ e.g. yoga or splinting at the same time, it is difficult to
tell which these that is the essential. Among patients treated conservatively
only 40% remained free of symptoms after 12 months [33]. Similar among
milder cases – but all with an abnormal SNCV – only 35% were symptom free
after 6 months.

In a resent Cochrane review [33] it was shown that patients did not obtain
effect on their disease course from steroids, splinting, ultrasound, yoga or
carpal bone mobilization [86].

Which are the conservative treatment options?

Job site alterations

Occupation with forceful grasping of pinching tools, awkward position of wrist,
vibrating hand-held tools relates in approximately 50% of CTS. If vibrating
tools is the cause, it is easy to reduce the use of them. If bicycling (Mountain
Bike) with compression on the wrist is the cause, change posture so that the
wrists are not loaded on the handlebar.

Ergonomics

Many CTS patients claim they have shoulder and arm pain too developed while
they perform repetitive work tasks. Therefore it has often been advised that
frequent break periods should be benefited but it has never been documented.
Among normal people changing the sequence of active muscle fibres carries
out these repetitive movements. Some patients cannot change their sequences
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as normal persons do and this leads to muscle-fatigue and pain. They are the
so-called ‘‘Repeaters’’ and they tend to use the same muscle pattern for the
repetitive movements, whereas normal persons the ‘‘Replacers’’ change pattern.
Much of the pain these patients develops based on repetitive movements is
thus caused by changes in the muscles and not within the median nerve.

The frequency of carpal tunnel syndrome among computer users at a
medical facility was 10.5% if they had the clinical diagnosis of CTS, which is
almost the same as in a normal population [114]. When discussing CTS this
fact may also influence our figures, as those patients that come to evaluation
could easily be overrepresented by ‘‘Repeaters’’.

Nerve gliding promotion exercises

Athletes and swimmers seem to have a lower risk for developing CTS. There-
fore it has been suggested that exercises may be benefited in preventing symp-
toms of CTS. These exercises include isometric- and stretching for both hands,
and exercises for neck and rest of the upper extremity. They involve wrist
circles, finger exercises are thus advocated but randomized trials are lacking
and we have no scientific proof of its value.

Manual therapy

Can be used providing there is no contraindication. No controlled series exists.

Orthotics

Immobilization with splinting may have a short-term effect in milder cases of
CTS [33, 86]. Splinting including nighttimes splints seems of some initial ben-
efit. However this could also be a documentation of the known fluctuation of
symptomatology among patients with CTS.

Yoga techniques

A group of patients treated with yoga were compared with a control group
treated with simple splinting. The yoga group improved grip strength, reduced
the wrist pain and normalized the Phalen sign whereas nothing happened in the
control group. However the set up was not scientifically acceptable and there is
still no scientific proof that yoga helps [60].

Medications

Vitamin B6 has often been advocated but no documented benefit is found.
NSAID medication is also without scientific proven effect. In a CTS book you
can find advises on how cream=jelly may help, just documenting how unscien-
tific much of the actual advises on the Internet are.
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Ultrasound

In a prospective trial ultrasound were CTS patients were compared with ‘‘sham’’
patients showed a possible short-term significant benefit. However we need
more investigation before we can use ultrasound routinely. The effect postu-
lated can easily be pure placebo function.

Acupuncture

Acupuncture with and without electrical stimulation has been suggested for
treating CTS. How acupuncture functions is still not clearly understood. It
influences central ‘‘pain’’ perception and this is therefore possibly the reason
for some success for this treatment. We need controlled studies in the future
for documentation.

Biofeedback

No scientific documentation of its value.

Micro-current TNS

Similar there exists no scientific proof of benefit.

Botulinum A (Botox+, Dysport+) injections

Resent information seems to indicate a direct effect on the muscle function,
but a controlled study is needed before it can be recommended. If muscles are
tense and painful it may be a choice. However we need again controlled studies
to prove this point.

Corticosteroid injections

Local steroid injections are said to be effective and affordable as early treatment
of CTS. Best results are obtained among mild cases whereas hands with severe
symptoms will not respond sufficiently [33, 38]. With a follow up of 6–26
months, 22% were symptom free at the end after steroid injections and splint-
ing for three weeks at best. Local injection of corticosteroids is better than oral
intake and gives a 1–3 month benefit [71]. The major complication is direct
injection of corticosteroids into the median nerve leading to severe axonal and
myelin degeneration. Avoiding repetitive movements in combination with ster-
oid injections helps less than 50% and relapse rate is 60% e.g. an overall
efficacy <20% – but which one is the key to this effect?

Local anaesthetics injections

The most severe complication is direct injection on the nerve, which can lead
to nerve necrosis.
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2. Surgical – operative treatment

In the US with 285 million inhabitants a total of 400,000 CTS hands are op-
erated upon each year equivalent to figures from Scandinavia [4, 5, 24, 38, 80,
107, 114]. These high figures make it therefore relevant to discuss the surgical
techniques, as complications are possible with all types of surgery.

The aim of surgery consist – in our cases of documented median nerve
compression – of the following:

‘‘There is only one step in surgery for carpal tunnel syndrome – cut the trans-
verse carpal ligament completely – and do not injure the nerve in any way’’ [48].

During a trip to Europe Allan Hudson observed that many of the surgical
details he thought of as being mandatory was not that in Europe – so he
concluded that we are all biased by traditions [48].

This TCL cutting can be obtained by three different methods e.g.

1) Open surgery with and without the use of magnification (OCTR), or by
2) Using an endoscope to cut the TCL (ECTR) or by
3) Performing TCL section blindly=openly.

The major surgical problem is not whether the surgeons use an endoscope or
not. Most important to all kinds of surgery is the question: ‘‘Will the procedure
relieve symptoms and are the complication rate low and insignificant’’?

The major difference between an OCTR and ECTR procedure is that
with microsurgical techniques we cut the TCL from outside the carpal tunnel
viewing all structures in a normal 3-Dimentional (3-D) fashion. This is in con-
trast to the endoscope method where we cut the TCL from inside the carpal
tunnel viewing it in a new 3-D fashion that first must be learned through
regular practice.

Fundamentally all surgical methods lead to the same result, but the com-
plications of the methods are different apparently being more severe among the
endoscope- or blind methods. The complication rate and severity is essential
when evaluating any surgical technique [1, 3, 7, 8, 16, 23, 109, 116, 121, 122].
When carrying out surgery we need some kind of anaesthesia and complica-
tions to this must be added to the surgical technique.

In surgery, the surgical-methods and the education of the surgeons are
closely linked to each other. If the surgeons have been working with the micro-
scope he=she may suggest the use of microsurgical techniques because he is
used to it. If he=she works with endoscopes e.g. for knee surgery, a tendency to
test how endoscope techniques apply to CTS is equally natural. Many OCTR
series have proven the benefit of with a success rate of close to 95–99%. The
general problems of the ECTR techniques are that we do not always visualize
the nerve perfectly in the tunnel during surgery, and that we only partly view
the TCL. No endoscope surgeon can therefore be 100% confident to cut the
ligament completely with these techniques [122].
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My biggest concern – being educated in a Scandinavian country – is that if
the surgeon is working in a private scenario he=she may be tempted to operate
more than if he=she is in a community hospital.

So before we look into the different surgical techniques, we shall focus on
the neurosurgeon and his=her level of education.

Surgical training for handling CTS surgery

Although we all may believe that we (personally) do know what a good neurosurgeon is, it
cannot be commented further than to: ‘‘A healthy, intelligent, tenacious, dynamic, psycholo-
gically intact and sincere candidate with manual dexterity, resistant to psychological and
psychiatric stress’’ (Gilsbach, personal note).

Learning curves and the importance of learning
surgical techniques

Anatomical knowledge of the region is naturally mandatory for the success
of surgical procedures. Primarily the senior experts must therefore first dwell
on anatomy and neurophysiology techniques so called declarative knowledge.
That mistakes in interpretation of anatomy do occur is clear even from well-
established journals ( J Hand Surgery (Br)) demonstrating, for example, e.g.
a drawing of the TCL erroneously being placed proximal to the hand wrist
creases [27].

Secondly the seniors must also teach our residents to obtain the skills
of surgery [65]. This includes in most curricula that we seniors supervise this
‘‘simple CTS operation’’ being carried out by our trainees. The trainee fills out
a logbook and documents in this way that he=she has performed e.g. 5 or
10 CTS cases.

The serious complications must be regarded as the result of: ‘‘Careless
or inexperienced surgery and the established principle of surgery under di-
rect vision has provided reliable protection against disaster’’. In a non-
published series from the Department of Neurosurgery, Aalborg University
Hospital from 1997 we tried to document our departmental complication rate.
We found to our surprise several complications in all operated by junior staff.
Among 85 openly operated CTS hands we had 11 complications ¼13%, with
the majority of complications being incomplete sectioning of the distal part of
the TCL.

Proper formal training in both open and endoscope techniques must
be obtained [27, 43, 65]. Steep learning curves within both microsurgery and
endoscopy. The endoscope surgeon needs to become thoroughly familiar with
the actual anatomy and anatomical relationships viewed within the carpal tun-
nel through the endoscope. The 3-D Vision in an endoscope is different from
that of obtained from the operative microscope that is like normal 3-D vision.
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Part of the endoscope training may take place in a virtual scenario [42] be-
sides using cadavers. Two groups of endoscope surgeons were examined, the
one being trained in a virtual environment. The experienced virtual trained
group completed the procedures faster (p>0.001). Similar they had less errors
(p¼ 0.006) and a higher score on economy of movements (p¼ 0.005) than
the inexperienced group. A 17% complication rate for 12 hand surgeons
learning the endoscope technique on cadaver specimens illustrates these
problems.

‘‘Endoscope surgical technique requires rigorous training in order to
avoid dangerous pitfalls: it must be performed by experienced hand surgeons’’.
Chow and Papachristos [16] emphasizes that we need well-trained surgeons
to perform these endoscopy operations. Many of the potential complications
that occur during CTS surgery can be avoided if the surgeon has a good grasp
of the anatomy of the carpal tunnel and its possible anomalies. The learning
curve is important and the fact that one great Endoscope surgeon or similar
micro neurosurgeon can carry out CTS without a complication does not in-
variably indicate that the rest of the younger lesser experienced surgeons will do
the same.

Surgical techniques are being developed through training and time [43]. For
microsurgery fatigue is important and some of us may be able to operate for
hours without fatigue, others will not.

The more experienced surgeons ‘‘seniors’’ giving lectures and writing papers
telling young trainees about new techniques – because we ‘‘invented’’ them.
Many published surgical series are thus ‘‘personal’’ by neurosurgical experts and
are thus not suited for generalizing – which is always happening even today.
Complication rates for both open (OCTR) and endoscopy carpal tunnel release
(ECTR) procedures are usually low in these ‘‘expert’’ papers.

Training courses in endoscope decompression are many – in open surgery
few, probably because ‘‘it is so simple’’. Release of the median nerve for the
treatment of carpal tunnel syndrome (CTS) can be one of the most straightfor-
ward and satisfying procedures performed by a neurosurgeon.

The new UEMS charter [113] emphasizes this and training surgical tech-
niques is soon an integrated part of all surgical programs and is today part of
the formal EANS training courses today (www.EANS.org).

Anesthesia used for CTS surgery

Performing surgery to day demands some type of anesthesia.
Anesthesia may be

1) Local infiltration anesthesia (LA),
2) LA or intravenous (IV), with and without use of tourniquet and
3) General anesthesia (GA).
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1) Local anesthesia

Where the skin cut is to be made 4–5 cc Lidocain 1% infiltration is used. Be
careful not to inject the anesthetics directly into the nerve as this may result in
interstitial nerve necrosis [45]. Applying topical anesthetic cream reduces the
pain of infiltration if patients are nervous.

During surgery haemosthasis is obtained by the local anaesthetics and by
using bipolar coagulation [70]. All bleeding vessels must be carefully occluded
whereby postoperative blood oozing is very seldom experienced. Using LA, the
patient and surgeon can communicate during surgery and any abnormal feeling
from the patient’s side alerts the surgeon on a potential complication [16].

Postoperatively a small bandage will be sufficient and active movement of
fingers instituted.

It is standard in hand surgery to recommend that the patients should keep
the hand high e.g. above the heart for the first days but there is no documented
proof of its value.

2) Intravenous anesthesia, or local anesthesia eventually
combined with tourniquet

Hand surgeons traditionally use intra venous anesthesia combined with extre-
mity exsanguinations necessary for a bloodless field. An Esmarch bandage is
used to empty the extremity of blood, followed by inflation of a tourniquet
above systolic pressure. This method is absolutely mandatory for dissecting
tendons and synovial tissue. Regarding dissection of nerves, it is – to me – a
lesser good idea. Why? The nerve will appear pale during surgery with the same
color as the tendons and vessels. Thereby cyanotic color changes of the nerve
or distended vessels on the nerves caused by the entrapment cannot be
visualized. Mauer et al. [74] found by Visual impression of the median nerve
among 1.420 open CTS operations that 1.312 (92.4%) had a clear nerve com-
pression and that 85 (34.2%) of these had color changes¼ cyanosis of the
nerve (Fig. 9).

As with the development of a neuropathy, bear in mind that tourniquet also
leads to ischemic disturbances in nervous tissue, changes that increase with the
time tourniquet is used. It is suggested that a tourniquet should only be main-
tained for 30–60 minutes¼ the ‘‘safe-time period’’. If the patient harbors a
polyneuropathy this ‘‘safe time period’’ may not apply and reperfusion will not
always lead to restoration of nerve damage caused by the tourniquet [76, 83].
Patients with significant increased pressure in the carpal tunnel before the op-
eration and patients with polyneuropathy have therefore a greater chance that
tourniquet lead to a secondary iatrogenic nerve lesion.

Postoperative hemorrhages in the operative field are more common fol-
lowing use of tourniquet. If the tourniquet pressure drops during the operation,
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venous blood oozing may be a problem especially with endoscope techniques.
Comparing blood oozing by the use of tourniquet and local adrenaline infiltra-
tions simple infiltration of skin with adrenalin was superior to tourniquet [11].

So for neurosurgeons – a personal view – please forget all about using
tourniquet. Our micro neurosurgical techniques and use of bipolar coagulation
are sufficient for all types of open CTS surgery.

3) General anesthesia

‘‘Virgin’’ operations can be carried out with simple local anaesthesia, but gen-
eral anaesthesia may be indicated in cases of re-operations with significant
scarring or if the patients are very nervous.

It is perhaps wise to begin with general mask anesthesia (Propofol+ only)
before attempting to perform the procedure with the patient receiving a local
anesthetic as a supplement. Dealing with endoscopy surgery, the patients sense
a certain degree of discomfort (and occasionally arm movement) when the ob-
turator (endoscope) is inserted into the carpal tunnel. For this reason, many
hand surgeons prefer general anesthesia with endoscope approaches.

Surgical techniques

1a) Open surgery (OCTR)

Many types of open surgery exist although they are traditionally thought of and
classified as ‘‘one’’ in most clinical papers.

When correlating published surgical series, open surgery is often by mistake
considered to consist of only ‘‘one procedure’’ despite that there is significant
enough variation to classify open surgery as being several different procedures.
Similar we always believe that patients with CTS are a uniform category. As you

Fig. 9. Cyanosis of a compressed median nerve in the carpal tunnel
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understand from the previous this is not the case. Open surgical section of the
TCL has been the gold standard surgical treatment for patients with carpal
tunnel syndrome over the past 50 years. Cutting the TCL with a scalpel under
direct vision produces reliable symptom relief in the vast majority of cases.
However – despite this high clinical success rate – transient post-operative
symptoms such as ‘‘pillar pain,’’ scar tenderness, or hand weaknesses are known
to occur [45, 48, 99, 109].

1b) The minimal open technique – ‘‘Safeguard’’

Limited open techniques with single and double incisions were introduced in
1993=1994 [134]. They involve both simple types and those with supplemen-
tary instruments to secure safe division of the TCL. A prospective study
revealed that the single incision method gave better results in respect of grip
and pinch strengths, whereas functional and symptom scores were not differ-
ent. The Safeguard method seems promising. Another type of minimal open
technique is the ‘‘Carpaltone’’ method. Basically this is just an OCTR with
smaller skin incisions [134].

Before we discuss the different techniques please see my personal open
technique description:

1c) The author’s personal surgical technique
(learned and developed through a period of 40 years)

The goal for the surgery is viewed in Fig. 10.
The author uses local infiltration of the skin distal to the wrist creases with

4–5 cc of 1% Lidocain with noradrenalin. A 3–4 cm long incision is made with
a 15 blade from the distal crease of the hand=wrist towards the interdigital
space 3=4 (Fig. 11).

Fig. 10. ‘‘My incision’’ for CTS

222 J. HAASE



Using the operative microscope and with a small self-retaining retractor,
the palmar aponeurosis is visualized (Fig. 12).

Do not use too much power to spread the skin edges. The ‘‘safe zone’’ for
incision of the aponeurosis and TCL is the ulnar part of the aponeurosis as the
motor branch to the abductor brevis muscle usually leaves the median nerve
from the radial side. The aponeurosis is cut longitudinally at the ulnar area. The

Fig. 11. Size of ‘‘my incision’’

Fig. 12. The cadaver demonstration of the incision for CTS

Carpal tunnel syndrome – a comprehensive review 223



TCL is now found with its white transverse fibers. The TCL is opened with a
fresh 15 blade.

When the contents of the carpal tunnel is encountered, the incision is
carried further distally to the rim of the ligament whereby the normal fat in
the hollow of the hand is visualized (Fig. 12). I do not touch the median nerve
and do not try to se the recurrent branch of the median nerve. When the distal
rim of the TCL is cut the palmar fat will protrude further and occasionally you
may see the transverse vascular arcade pulsating. Then the proximal part of the
ligament is cut and eventually part of the ante brachial aponeurosis – still
keeping ulnar to the midline. You may lift the skin to observe this part of the
cutting better (Fig. 13).

The palmar cutaneous branch of the median nerve is usually never seen
with this approach. The palmar cutaneous branches of the ulnar nerve may be
found and spared. Cyanosis of the median nerve is often visible where it is
compressed (Fig. 9).

The use of internal neurolysis of the median nerve is to be abandoned.
Movements of the flexor tendons and the median nerve are then tested and

observed. The end of operation is seen in Fig. 7.
The ligament edges are coagulated with low current bipolar coagulation and

the skin closed in one layer with single 5–0 nylon sutures. There is no sig-
nificant difference between using non-absorbable and nylon sutures for any of
our outcome measures at the final follow-up. The wound is covered with a

Fig. 13. The end of the operation, a hook is lifting the distal skin edge for better

visualization of the antebrachial fascia
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band-aid and the hand bolstered leaving the fingers free for immediate active
movements after surgery. The patient is instructed in using finger movements
from day one. Skin sutures are removed after 12–14 days and movements of
wrist begun after this, as early mobilization seems relevant.

End-result of CTS is not influenced whether immobilization or no-immo-
bilization is used in the immediate post-operative period.

The scar will be minimal after 6 months as demonstrated in Fig. 14.
In a non-published consecutive series of 96 hands operated upon by two

senior neurosurgeons at Aalborg University Hospital, Denmark in 1998, no
complication was encountered with this technique.

2. Endoscope techniques (ECTR)

Application of endoscopy techniques to CTS treatment has not decreased
operative expense, increased operative efficiency, or improved intraoperative
visualization (compared with conventional OCTR). Despite these shortcom-
ings, ECTR has many proponents who cite the potential benefits of faster
patient recovery time, less incision pain, and improved grip strength recupera-
tion [1, 14, 16, 24, 26, 45, 54, 80, 87, 90, 103, 108].

The first endoscope procedure for transecting the TCL was introduced in
1987 and many modifications have been described since that [16, 48].

Single-portal techniques are those in which a single skin incision is made in
the proximal wrist crease. Dual-portal techniques are those in which a second
small incision is made in the palm when the endoscope=obturator has reached
this area. Both methods require some degree of hyperextension and fixation of
the hand during surgery.

Visualization of anatomical structure is of course of paramount importance
when performing endoscope procedures. Blood obscures vision and extremity

Fig. 14. Scar following OCTR after 6 months
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exsanguinations with an Esmarch bandage followed by inflation of a tourniquet
above systolic pressure is necessary to obtain a bloodless field. Even with
perfectly planned endoscope surgery the surgeon must be prepared to change
to an open type of surgery if anatomical landmark identification is not possible.
If synovial tissue is prominent it may also hinder endoscope technique. As
mentioned previously, the learning curve for endoscope surgery is very steep
and it takes relatively long training to obtain mastery of endoscopes. Detailed
knowledge of the complex anatomy of the anatomy of the carpal tunnel with
respect to the related neurovascular structures is essential to perform safe
endoscopy carpal tunnel release. Staying at the ulnar side of the long palmar
tendon keeps the superficial palmar branch of the median nerve at a safe
distance from the instruments. The ‘‘fat drop sign’’ is also a useful guide for
the placement of the distal margin of the transverse carpal ligament, keeping
the distal portal away from the superficial palmar arch. Synovial adhesions can
usually cover the inferior surface of the transverse ligament, and they need to
be removed for clear endoscopy identification of the transverse fibers before
the ligament is cut [130].

We are basically dealing with 2 types of endoscope surgery (ECTR):

a) One-port technique includes those described by Okutsu, Agee,
Menon, Worseg, and Jimenez [1, 16, 54, 80, 90, 121]

The original Okutsu technique was modified in 1989 so that the endoscope
was inserted directly in the carpal tunnel on the ulnar side of the long palmar
muscle tendon instead of starting extrabursal. A retrograde hook knife is intro-
duced alongside the ulnar aspect and used – under direct visualization – to
incise the TCL cutting from distal to proximal. Agee et al. [1] introduced in
1990 a technique with a pistol grip endoscope seen in Fig. 15.

Fig. 15. 1 pistol grip one-port endoscope
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A window near the tip of the system made it possible to view the under-
surface of the transverse carpal ligament through the endoscope when in-
serting it. A small 2 cm transverse skin incision is used positioned ulnar to
the palmar tendon at the distal wrist crease. The ante brachial fascia is incised
and the endoscope is passed into the carpal tunnel till the distal edge of the
ligament is viewed. A cutting blade is then inserted and cutting of the liga-
ment takes place from distal to proximal viewing the ligament but not the
median nerve with this technique, the cutting blade cannot always be visua-
lized when cutting [1].

The success rate of one-port techniques reported in published papers was
96.2%, with a complication rate of 1.83% and a failure rate of 1.44% [90].

b) Two-port technique: includes lesser different types

With the two portal techniques the introducer=obturator is passed somewhat
blindly through the carpal tunnel through a similar small transverse cut in the
skin crease and a supplementary contra incision is made in the hand palm
where the tip of this introducer pushes the skin from the inside. The ori-
ginal Chow technique included an extrabursal approach to the carpal tunnel
with gentle retracting the flexor tendons. The canal is visualized and it is se-
cured that no tendons or nerve are in the field view. Then the endoscope and
a probe are inserted in the inserter from the distal end of the carpal tunnel
in order to cut the ligament with a forward movement. The custom designed
instrumentation protects the median nerve and flexor tendons, and position-
ing of the slotted cannula through the two portals ensures a stable surgical
environment [16]. This technique was modified so that the surgeon inserts a
hook knife via the proximal port and advances it behind the distal end of the
TCL. The TCL is caught by the knife and the ligament is cut in a backwards
pull [14].

The option for all types of CTS operations is to reduce pressure in the
carpal tunnel by increasing its size. In order to obtain e.g. a 6% increase of
carpal tunnel volume [94], you introduce an endoscope. The size of an abnor-
mal carpal tunnel (length 4 cm) is 238.9�400¼ 95.560mm3. A 6% change in
this volume is 5.734mm3. The size of this endoscope of 3mm diameter is:
400�2�3.14�1.50¼ 3.768mm3. So we actually introduce a devise that has a
volume close to what we want to obtain in reduction and we do that in a si-
tuation where the pressure in the canal is increased. How will pressure in the
canal be influenced by ECTR? 20 patients had surgery for idiopathic CTS by
one-portal Agee endoscopy section of the TCL (MicroAire, Charlottesville, VA).
With a special transducer pressures were measured and were all elevated
initially. The pressures were maximal (mean 93mmHg) with full passive wrist
extension. Peaks of high pressures, on average 97mmHg, were recorded
with the Agee endoscopy device in the canal. Release of the endoscopy TCL
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resulted in a marked decrease of the pressures [108]. The single-portal ECTR
does not seem to influence the median nerve excursion for the wrist positions
studied in patients with carpal tunnel syndrome. The results from an in vivo
study showed longitudinal gliding of the median nerve being twice as great as
in vitro studies.

Although the potential decreased palmar tenderness, better preservation of
grip strength, and earlier return to work associated with ECTR are very note-
worthy, these advantages may still be negated by the risk of neurovascular and
tendon injury. Many surgeons remain skeptical about the safety and reliability
of ECTR. Today >5.000 patient hands have been treated with the 2-port
technique with an average success rate reported of 98.3%, a complication rate
of 1.87% and a failure rate of 1.44%.

If the surgeon is unfamiliar with the actual technique or the anatomy he=she
may easily injure the nervous structures and create severe failures [27] According
to recent studies, the overall complication rate is in the range of 1–2% in
experienced hands for both ECTR and OCTR surgery [122, 127, 129].

For the author it is still philosophically difficult to accept that despite we
base our surgical indication on an increased pressure in the tunnel (small space).
We add hyperextension e.g. reduces this carpal tunnel volume and simulta-
neously increase pressure even more performing endoscope surgery.

3. The blind ‘‘Paine’’ retinaculum technique

This was introduced with the purpose of cutting the TCL without opening the
skin in a broad manner. After opening the ante brachial fascia ulnar to the
palmar tendon, a retinaculatome instrument is blindly passed down the carpal
tunnel with its foot under the ligament cutting the ligament simultaneously [89].
Its movement leads to a ‘‘characteristic sound’’ telling the surgeon when the liga-
ment is cut. In 0.3% of cases an incomplete divisions of the TCL was found. In
another 4 cases a palmar haematoma were discovered. Supplementary techni-
que is – after having cut the ligament – to pass a light source down the carpal
tunnel and watch light passing through the skin indicating whether a complete
cutting has been achieved. This method is hardly in use to day in Europe.

Complications to surgical treatment of CTS

Complications to CTS surgery are frequent [1, 7, 14, 45, 67, 90, 96, 99, 122].
Despite that the complication rates sited in the literature seems significantly
underestimated. Complications are many and rank from simple postoperative
wound infections to median nerve laceration. The main advantages of the
ECTR techniques are considered to be minor postoperative pain and a more
rapid postoperative recovery. The rate of other complications (reflex sympathetic
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dystrophy, haematoma, wound problems, etc.) was about the same with endo-
scopy as with open release [8].

Disadvantages are thought to be the impossibility of a direct median nerve
neurolysis and a higher and more severe surgical complication rate, including
injury to the median nerve and vascular structures with profound physical and
psychological sequel [32, 45].

The frequency and severity of complications have increased since endo-
scope release began [24]. This is not based on the technique used, but mainly
on the lack of education in new surgeons.

Most common complications are incomplete release of the TCL or post-
operative scarring with both OCTR and ECTR [23].

A survey of the most common and serious complications
to open surgery (OCTR)

The operative mistakes=complications using open surgery are mainly:
1) Recurrent CTS due to inadequate cut of the transverse ligament.
2) Erroneous decompression of the ulnar nerve instead of median nerve.
3) Direct surgical lesion of the median nerve.
4) Direct surgical lesion of the recurrent motor branch of median nerve.
5) Lesion of the palmar cutaneous branch of median nerve.
6) Reflex Sympathetic Dystrophy (RSD).
7) Hypertrophy scar.
8) Hypersensitive scar.
9) Pillar pain.
10) Dysaesthesia.
11) Injury to superficial vascular arch.
12) Wound infection.
13) Decreased grip strength.
14) Decreased wrist movements.

Supplementary complications to the endoscope methods (ECTR)

The same as with the open method þ
15) Lesion of the motor branch of ulnar nerve,
16) Lesion of ulnar nerve in Guyon’s canal.
17) Lesion of the Berrettini branch between ulnar and median nerves.
18) Pseudo aneurysm on superficial arch.
19) Cutting of median nerve.
20) Significant lesions of digital nerves.
21) Lesions of tendons to the superficial digital flexor 4–5 muscle.
22) Deep hand space infections.
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Discussion on surgical techniques

Many reasons for inadequate surgical results are found – incorrect diagnosis,
inadequate decompression, iatrogenic compression or direct nerve injury. Most
clinical papers on CTS results are unfortunately typical retrospective studies
without necessary precise pre- and postoperative information. They simply do
not give us a possibility to neither validate results by time nor by precision of
the used operative techniques. When we read these papers information is found
regarding ‘‘good’’ results.

What is a ‘‘good’’ result?

When we discuss results of CTS operative treatment we must decide what we
in fact mean by a ‘‘good’’ result?

Most patients will be operated upon due to significant painful paraesthe-
siae. Relief of these will be ‘‘a good result’’. Shapiro [109] found that the mean
time before patients returned to work was 6 weeks e.g. also good results, just
a different way of looking upon results.

How do we handle information of transient paraesthesiae as the referral
symptom?

If symptoms disappear fast the overall prognosis is ‘‘good’’. However, if
this result is based on a lesion of the median nerve with subsequent absent
sensibility, it seems to be a ‘‘good result’’ with some reservations. Total relief of
pain and nightly paresthesia is generally obtained within the first postoperative
24 hours in close to 90% of cases.

If the patient becomes free of pain very fast, but that these returns 6
months later? So we also need exact information on follow-up periods. Among
patients with hard hand labour postoperative problems are found in up to
80% – but it is important to remember that ‘‘time heals’’. After 6 months only
2% had pain and hypersensitive scars and 5% pain in hand and wrist after
OCTR. Pagnanelli and Barrer [89] found what he called good results among
90% of patients operated upon but only 81% among a group of diabetic
patients. Again we lack information on the demographics in this paper.

What about age? ‘‘The surgical results among elderly patients had signifi-
cant better results among men >70 years of age compared to non-surgical
treatment’’. What shall we do with a statement like this?

If the primary symptom is atrophy of thenar muscles, is it the normal-
ization of muscle function? Patients in later states of CTS with significant loss
of sensation due to axonal injury cannot expect full recovery in years [3, 4, 8,
16, 24, 67, 74, 99, 103, 109, 121, 122].

So, we must accept that the multitude of symptoms and dysfunction makes it
very difficult to decide what a good result is e.g. we need a consensus, and we
need well designed prospective studies in the future to deal with these questions.
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Similar we may ask:

What is a surgical ‘‘failure’’?

Surgical failure rates are reported to be from 2–31% and in conservative series
from 1–50%. These huge variations indicate to me that we have no firm con-
sensus definition of what a failure is.

Major, if not devastating, complications can and do occur with both OCTR
and ECTR [90]. Surgically treated CTS complications of endoscopy and
open carpal tunnel release over a 5-year period were sent to members of the
American Society for Surgery of the Hand to assess and compare major com-
plications of the 2 procedures [24]. The 708 respondents treated a total of
455 major complications from ECTR. These included a total of 100 median
nerve lacerations, 88 ulnar nerve lacerations, 77 digital nerve lacerations, 121
vessel lacerations, and 69 tendon lacerations. There were similar 283 major
complications from OCTR treated by 616 respondents, including 147 median
nerve lacerations, 29 ulnar nerve lacerations, 54 digital nerve lacerations, 34
vessel lacerations, and 19 tendon lacerations. The conclusion was: That there
is no difference in complication rate between open and endoscope surgery.
Although this is a retrospective voluntary study with resultant methodological
flaws, the data support the conclusion that carpal tunnel release, be it endoscopy
or open, is not a safe and simple procedure. Only 15% OF CTS operations in
this 5-year time periode in New York were ECTR. Never the less they resulted
in 46% of the nerve laceration complications in the whole series. This implies
that ECTR surgery in fact had more severe complications than OCTR [50].

A surgical failure is it just a situation where an expected result is not reached?
Have we in all these cases before treatment was instituted defined the symptoms
and the expected result? I doubt it. Is it a so-called ‘‘bad result’’? or is a failure a
case with a direct complication? – Something unexpected happening?

In a prospective series of 378 patients 97% improved their motor weakness
and only one patient showed worsening [109]. Is this worsening a failure or a
complication? If the recurrent motor branch was cut resulting in the worsening
of muscle power it is a surgical complication and not a failure of the operation.

Two large, prospective, randomized, multicenters, clinical trials compared
OCTR and ECTR methods emphasize the potential benefits of ECTR [1, 14].
Agee et al. [1] showed in a randomized, prospective, multicenter study of 147
hands (65 OCTR patients vs. 82 ECTR patients) that the median time to return
to work was 21 days shorter in the ECTR group than the OCTR group. In this
series it was said that the best predictors of return to work were lack of incision
tenderness and good return of grip strength. In the ECTR group three com-
plications were found: one incomplete release of the ligament and two transient
ulnar nerve neuropraxia. In the OCTR group four complications were de-
scribed: two wound dehiscence, one bowstringing of the flexor tendons, and
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one injury to the deep motor branch of the ulnar nerve. Brown et al. [14] found
in his randomized, prospective, multicenter study of 160 hands (82 OCTR pa-
tients vs. 78 ECTR patients) that the median return to work time was 14 days
shorter in the ECTR group than the OCTR group [45, 90, 121, 127].

An analysis of 54 publications, reporting a total of 9516 endoscopy and 1203
open releases showed the rate of irreversible nerve damage to be 0.3 and 0.2%,
respectively. Reversible nerve problems were more common after ECTR [8].

How can we scientifically compare these results? We lack besides demo-
graphics with precise definition of working conditions, information on social
structures, and consensus on what we base our ‘‘good’’ results on.

How to avoid the most common and serious complications?

Direct complications can be related to the skin incisions, inadequate sectioning
of TCL and injuries to tendon, nervous and vascular structures. There may also
develop scar tissue in and around the median nerve. Pain symptoms may
develop locally or as part of a RSD.

Problems with skin incisions

What type of skin incision should be used?

The skin incision used in order to reach the TCL, can have many shapes and
lengths [45, 48]. Most important is that it allows full visualization of the entire
carpal tunnel contents and the whole TCL ligament. The length of the skin
incisions may vary between 2 and 8 cm. The skin incision can be located from
the forearm crossing the distal wrist crease and end at the midpalm. The
incision is positioned along the axis of the third web space, towards the third
or fourth finger or along the thenar crease. The most common longitudinal
incision is aiming towards the interspace between the 3rd finger, and 4th finger.
The shape of the incision may be curved, straight, sigmoid, or any combination
thereof. The skin incision should not cross the wrist flexion creases as this may
lead to hypertrophy scarring. Six months postoperatively only 2% have hyper-
sensitive scars. If a painful hypertrophic scar should occur a complicated revi-
sion with a Z-plasty may be needed.

If the incision is placed towards the ulnar territory of the hand, the surgeon
can easily by mistake enter Guyon’s canal with the ulnar nerve and artery. If it
is placed too radial a lesion of the palmar cutaneous branch of the median
nerve may happen and severe neuromas pain and reflex sympathetic dystrophy
(RSD) may be the result. The Palmar cutaneous branch of the median nerve
emerges some 6 cm proximal to the wrist and runs parallel and on the radial
side with the median nerve and the long palmar tendon, some 2 cm proximal
to the proximal border of the transverse carpal ligament [119] (See Fig. 3). With
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any incision made in the palm it is likely to injure the small terminal cutaneous
branches of the palmar cutaneous nerves. Even though an incision based on
the axis of the ring finger may reduce the incidence of this nerve lesion, there
is no true ‘‘inter-nervous plane’’ that will completely avoid all cutaneous palm-
er branches, whether of median or ulnar origin. Injury to the large palmar
cutaneous branch is probably the second most commonly cited complica-
tion in OCTR. After section of this nerve a subsequent neuroma formation
occurs. The result is a reduced sensibility in palm and persistent neuromas.
We are now faced with inferior treatment options, burying the neuromas in
the forearm muscles or to cut it. Neither of these options have had a high
success rate [67].

Hands are very different and very large, bulky hands are found among
acromegalics and hard working people. In this context, the Kaplan Cardinal
Line is used by hand-surgeons for identification of the distal part of the TCL.
Testing hand-surgeons knowledge of this line it was shown that it varied where
they thought it to be. Kaplan’s cardinal line does not locate the deep structures
of the hand accurately but may assist in making palmar incisions. Before the
surgeon reaches the TCL the palmar aponeurosis and palmar minimal muscle
tendon is found and cut longitudinally. Persistent minimal incision tenderness is
present in 61% of OCTR patients versus 36% of ECTR patients at 12 weeks
follow-up.

Transverse incisions are abandoned as the surgeon will injure the palmar
cutaneous branch and give an inferior view of the operative field. It was
popular many years ago but forces the surgeon to cut the TCL blindly and in-
juries to vessels and nerves were common. Analysis of the OCTR CTS litera-
ture reveals thus great variability regarding the location, length, and shape of
the skin incision [45, 48].

The incisions used for ECTR are as invalidating as the small used for open
surgery. The proximal incision for the 1-port techniques may also injure cuta-
neous branches. Its length is roughly 1.5–2 cm. In the 2-port technique we
must ad the distal incision of 1.5 cm so the total length is 3–3.5 cm. The length
of the standard incision I use for OCTR is about 3–4 cm (Fig. 11) and it cannot
be seen after 6 months (Fig. 14). In an attempt to minimize openings, a short
(approximately 2 cm) incision may be used as part of a mini OCTR operation
technique [134]. No statistical difference in scar length, scar tenderness, rate of
complications, or length of time before return to work was found in a pro-
spective series of 71 patients undergoing OCTR surgery through an average
2.1-cm incision versus 66 patients in whom an ECTR two-portal technique was
used. The minimal-incision OCTR technique can thus achieve the same low
incidence of incision tenderness [47, 134].

These historical types of incisions have all been discussed in details by
Hudson et al. [48].
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Visualization of carpal tunnel – use of magnification

With a long microsurgical experience I cannot understand why all surgeons
performing CTS do not use magnification. Even loupes are better than normal
vision. I always use an operative microscope as seen in Fig. 16. The use of
visual magnification during the operative procedure is optional to prevent
complications occurring due to anatomical variations of the recurrent motor
branch. Chances for recognizing a wrong dissection, aberrant nerve structures
and vessels are greater using an operative microscope and lesions of larger
cutaneous nerves are seldom found with microsurgical techniques.

In addition to general better vision it is far easier to make precise bipolar
coagulations and thus obtain perfect haemostasis.

The better visualization has the benefit of demonstrating the TCL far better
before we cut it. The main reason for incomplete operations with postoperative
pain and unchanged symptoms is from all series incomplete sectioning of the TCL
distally. Because of the potential for neurovascular and tendon injury, most endo-
scopy surgeons agree that if the transverse fibres of the TCL cannot be visualized
along its entire length, the endoscopy procedure should be converted into an open
one. Inferior visualization of the anatomical structures leads to a similar problem.

Haemostasis

Blood oozing is controlled by bipolar coagulation at a low setting. Postopera-
tive hemorrhage is virtually never seen [70]. Whether this is a problem or not

Fig. 16. Möller-Wedel operative microscope HiR 700; www.moeller-wedel.com
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can be discussed, but the hand surgical wide use of exanguation working in a
bloodless field is not only a tradition but also serves to reduce blood oozing.
Braithwaite et al. [20] examined the use of tourniquet and local adrenaline
infiltrations and found that simple adrenalin was much better than tourniquet
to prevent blood oozing from skin. Postoperative hemorrhages are more com-
mon following use of tourniquet. If the tourniquet pressure drops during the
operation, venous blood oozing may be a problem [11]. A lesion of vascular
structures may lead to wound haematomas and in one OCTR series 1.4%
haematomas was found [14]. The major problem besides inferior surgical
vision is that blood can result in tendon and median nerve adhesions.

TCL cutting

Most common complication in all types of CTS surgery is inadequate cutting
of the TCL. The cut in the TCL is usually straight [48]. It is appropriate to
transect the ligament over 4mm apart from the lateral margin of the hook of
the Hamate without placing the edge of the scalpel toward the ulnar side. We
would also recommend not transecting the TCL in the ulnar flexed wrist po-
sition to protect the ulnar neurovascular structure [53]. A cut like a flap with
secondary reconstruction of the ligament has been tried but failed. Similar there
is no identifiable benefit in lengthening the TCL when decompressing the carpal
tunnel. The TCL can then be cut by a knife or by scissors. Many surgeons insert a
Mickey probe in the carpal canal and cuts the TCL using this probe as a protec-
tion of the median nerve. In some cases an injury to the recurrent motor branch
to the abductor muscle can occur especially if the distal part of the ligament is cut
‘‘blindly’’ with scissors [67]. Cut of the vascular arcade by mistake is also possible
if the cut is made blindly. If, in an attempt to avoid the median nerve, the surgeon
cuts through the ulnar side of the TCL, the motor branch of the ulnar nerve may
be injured. Similarly, if the surgeon blindly cuts the distal fibres of the TCL in a
radial direction, the third common digital nerve may be injured.

Immediately after surgical release of the TCL, there is a marked decrease of
the carpal canal pressure. During the second postoperative month and persist-
ing after 12 months the pressure arises again but stay inside normal ranges.
These findings suggest that the TCL reconstitutes by normal scar formation,
but with some lengthening [106]. This is also visualized on MRI where the
carpal tunnel contents may show significant postoperative alterations including
displacement of flexor tendons [94].

The potential for neurovascular and tendon injury, most endoscopy sur-
geons agree that if the transverse striations of the TCL cannot be visualized
along its entire length, the endoscopy procedure should be converted to an open
one. This is in accordance with the fact that incomplete section of the TCL is
the most common complication to OCTR and ECTR. With OCTR twelve cases
of incomplete release of the ligament, constituting 35% of the total 34 com-
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plications were found in 186 patients [67]. In another series 67% of patients
with persistent symptoms had incomplete section of the TCL. Two hundred
patients with recurrent symptomatology were reoperated during a 2 years
follow-up period. In 108 cases (54%) the TCL had been incompletely sectioned
and among these 46 (43%) the median nerve was fixed by simple scar tissue
and with circumferential scarring among 17 (16%) of these [116].

With ECTR we are dealing with three types of incomplete release:

1) release of Guyon’s canal,
2) incomplete distal ligament release (as in OCTR), and
3) incomplete central (superficial) ligament release.

It is thus somewhat more complicated to cut the TCL with ECTR than the
simple OCTR. Incomplete ligament release in ECTR ranges from 5% to as
high as 50% in cadaver studies.

Infection

Superficial skin infections occur as in all types of surgery and should be treated
accordingly. They are seldom constituting some 0.5% to 6%. Deep infections is
also found especially if surgical drainage is used, with prolonged operative time
and if attempts to perform tendon synovectomy is undertaken. In the endo-
scope surgery, deep infections are serious and have been reported.

Pillar pain

Linked with the skin incision is ‘‘Pillar pain’’ an ill-defined pain in the thenar
and hypothenar eminences aggravated by gripping.

Its etiology remains obscure. Cutting of the sensory nerve fibers supplying
the palmar brevis fascia and resulting micro neuroma formation is one expla-
nation. Other possible mechanisms include widening of the carpal arch and
realignment of the carpal bones. It has been stated that pillar pain is more
common if incising openly in the palm but has never been proven in a rando-
mized prospective trial. Moderate or severe pillar and scar pain is common in
literature, occurring in 25% of hands after surgery, but only in 4% by the 12th
week and 2% by the 25th week of follow-up [96]. Sometimes this pillar pain
may hinder functions among workers with heavy hand loading jobs. Among
patients with hard hand labour postoperative problems are thus in some series
found in up to 80% – but it is important to remember that ‘‘time heals’’.

Tendon adhesions

Tendon adhesions are not common in a neurosurgical practice. Tendon adhe-
sions may result from poor haemostasis or bleeding from tenosynovectomy.
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Resection of the synovium is usually only indicated in cases of extremely bulky
synovium as we see it with Rheumatoid Arthritis.

Physical therapy with range-of-motion exercises and dynamic splinting
rather than tenolysis surgery is the best treatment, but not randomized, pro-
spective studies exists.

Lesion of vascular structures

It is most common with ECTR and among untrained surgeons. The lesions are
of the superficial arch distal to the TCL and the ulnar neurovascular bundle
injured at the proximal port by inadvertent entry into Guyon’s canal. Similar
occasional lesion of the ulnar artery has been published by failed OCTR dis-
section of Guyon’s canal. Proper use of open surgery with microscope magni-
fication and avoidance of working in a bloodless field reduces the chances of
injuring the vessels during surgery.

Nerve lesions

A skin incision directly over the median nerve rather than toward the ulnar side
may result in postoperative nerve adherence to the skin.

Intra- and perineural median nerve scarring may be the results of long term
CTS and of surgery. It leads often to disabling dysaesthesias, severe local pain,
and hypersensitivity of the skin. Proper haemostasis is as already stated, im-
portant to prevent perineural scarring. Internal neurolysis, epineurotomy or
epineurectomy is not indicated and no series has proved benefit from such
attempts.

Two hundred and seventy-three patients with CTS without advanced neu-
rophysiologic changes (DML below 11ms) were randomized to treatment by
OCTR with – or without – epineurotomy. Patients were examined clinically
and by nerve conduction studies preoperatively and at 3, 6 and 12 months
postoperatively. No statistically significant difference between simple decom-
pression and decompression combined with epineurotomy with regard to
either the clinical or the neurophysiologic outcome were found [9].

If a median nerve adhesion is encountered it may be isolated from the skin
using:

1) Rotation of a hypothenar fat-pad flap or
2) Rotation of local muscle pedicle with a pronator quadratus=abductor digiti

5 flap.

A Z-plasty with underlying temporary silicone sheeting to prevent scar adher-
ence has also been advocated, but is not used today.

Direct cutting of the recurrent motor branch of the median nerve results in
thenar atrophy and loss of opposition. Due to the many variations of the
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median nerve and its branching all surgery performed without perfect visua-
lization carries a risk of nerve-branch lesions. Especially with ECTR lesions of
the ulnar nerve and other nerve branches have been reported. Most common
nerve branch lesions are: Injury to the: median nerve, ulnar nerve, digital
nerves, communicating branch between ulnar and median nerve (Berretini
branch). The radial digital nerve of the fourth finger can be injured at the distal
port [14, 45]. Lesions of the common digital nerve to the adjacent long and
ring fingers have all been reported using ECTR techniques but very seldom
with OCTR [32]. Irreversible nerve damage is uncommon in either technique;
however, there is an increased susceptibility to reversible nerve injury that is
three times as likely to occur with endoscopy carpal tunnel release than with
open carpal tunnel release.

The ulnar nerve and artery lie radial to the hook of the Hamate and volar
to the ulnar aspect of the TCL in 15% of individuals something that predis-
poses them to injury during inadvertent release of Guyon’s canal.

Grip and Pinch strength

We are dealing with the general ‘‘Grip of the whole hand’’ and the ‘‘Pinch grip’’
where we use our thumb and index finger [128].

One of the drawbacks of normal open technique is that we cut both skin
and the palmar aponeurosis in order to reach the transverse carpal ligament.
The subsequent volar displacement of the long flexor tendons leads to bow
stringing. This may thus change the whole grip strength as the pulley function
of the ligament is reduced. In the endoscope technique the palmar aponeurosis
is kept intact and prevents perhaps the bowstringing of the flexor tendons to
some degree. Bowstringing of the flexor tendons is found with clinical symp-
toms in a limited frequency. Postoperative evaluation showed that grip strength
was reduced to some extent among 35% of patients. Some immediate post-
operative loss of grip strength can be anticipated in all patients persisting in up
to one-third of patients. Grip strength is most decreased in wrist flexion than in
wrist extension. It normalizes fully only in 47%. In another series grip strength
was 28% of normal 3 weeks postoperatively. It was 73% by 6 weeks and
became as preoperative by 12 weeks. After cutting the TCL we may therefore
anticipate a possible changed grip strength that normalizes after at least 12
weeks. Grip strength is less in wrist flexion possible due to prolapsed flexor
tendons out of the carpal tunnel. Grip and pinch strengths were measured in
different groups with and without ligament transposition. At 6 weeks after sur-
gery in the group that underwent transposition flap repair exceeded preoperative
grip strength values. All groups surpassed preoperative grip strength mea-
surements at 12 weeks. By 6 weeks after surgery, all pinch measurements for
3 groups equalled or exceeded preoperative pinch measurements [81]. Grip and
thumb key pinch strength were measured pre- and immediately postoperatively
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in another 30 patients with CTS. It was estimated both while the wrist was in
flexion and when in extension. The CTS was performed under local infiltration
with 1% lidocaine. Grip strength decreased postoperatively more in wrist flex-
ion than in wrist extension. No difference was found in thumb pinch strength.
The authors conclude that some of the immediate postoperative loss of grip
strength in wrist flexion can be attributed to bow stringing of prolapsed flexor
tendons out of the carpal tunnel in this position [58]. In these cases reconstruc-
tion of the TCL with lengthening may be considered and undertaken.

Pain

Long-term persistent ‘‘pain’’ is a major determinant of the success or failure
of the open CTS release. The pain-complications of long-term persistent pain
may arise from any of the following causes: hypertrophy skin scarring, intra-
and perineural scarring, adherence of the nerve to the skin, subcutaneous ten-
der nerve secondary to superficial position, adhesions between flexor tendons
and the median nerve, Pillar pain at the thenar and hypothenar eminences,
and reflex sympathetic dystrophy (RSD). It is considered a nociceptive pain in
most cases. The median nerve carries approximately 70% of the sympathetic
nerves to the hand. With every CTS operation nervefibres (skin, TCL) are cut
and will result in some nociceptive pain. RSD is thus a possible complication of
CTR but in most series it is very infrequent. In one serie [67] it was surprisingly
found in 12% of cases. Here again we miss a precise definition=and common
understanding of what we are discussing as RSD has many stages.

RSD develops through three stages. The first stage is characterized by
swelling, hyperesthesia, skin that is warm and dry, and movement aggravates
persistent pain. In the second stage proximal spread of pain and edema is
found and a cool and pale shiny skin with atrophic changes, and joint stiffness.
In the third stage a progressive degree of atrophy with joint contractures is
found and the patient claims ‘‘intractable pain’’.

Treatment in the first stages is physical therapy and corticosteroids.
Many attempts have been made to solve the patient’s problem including use
of sympatectomy. All papers on sympatectomy are based on a blend of poor
quality, lack of evidence, being uncontrolled studies and based on ‘‘personal
experiences’’ and have no evidence-based effects [69].

Failed tract – false road

Optimal clinical outcomes are obtained in ECTR when attention is paid to
critical technical aspects with correct positioning of the portals, familiarization
with the endoscopes and endoscopy carpal anatomy, and maintenance of clear
visualization into the carpal canal [16]. The small openings for endoscope
surgery carry higher risks of introducing false tracts especially if the patient
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has big hands. We can easily reach the Guyon’s canal and injure the ulnar nerve=
artery by mistake [49, 83]. A 35% complications rate is found with the trans-
bursal endoscope approach compared to 3.7% with the extrabursal endoscope
technique [26].

With open surgery it occurs if the surgeon cuts the TCL too ulnar. Hereby
the surgeon can easily slip into the Guyon’s canal and will eventually release
the ulnar artery – by mistake. Again it is benefited to be able to view our op-
erative field with pulsating vessels. The size of the ulnar artery is so large that
it will be obvious that you are in the wrong position for the more experienced
surgeons.

The neurosurgeon who perform ECTR section of TCL must be aware of
all the iatrogenic complications that potentially occur because of inadequate
training or experience. Conversion of an ECTR procedure to an open proce-
dure should be done whenever either an anatomic variation or a technical
difficulty occurs [16].

Conclusion

For detailed validation of the generally used open surgical techniques, the reader
is referred to the review in Surgical Neurology regarding ‘‘Carpal Tunnel’’ [48].

The fact is that populations from which we find our patients vary and the
diagnostic methods that should only be used for screening are also used –
erroneously – for diagnosing CTS. We can use the Hand-Diagram to validate
the subjective symptoms and add our own ‘‘objective’’ tests in order to better
categorize the patients.

Most important still is that we need a valid information about the carpal
tunnel structure and the degree of nerve involvement. Neurophysiology adds
to this latter if used in a scientific way. The simple DML monitoring favoured
by many surgeons, as a screening method performed by surgeons is possibly
completely unnecessary as the same information is obtained through Hand-
Diagram and questioning.

The patients have today access to the Internet. They prepare their visit in
the MD’s office by consulting the www. The quality of Internet information
about CTS obtained e.g. from ‘‘Google’’ is still today rather poor with much
non-evidenced information¼ ‘‘Gaff ’’ [31]. When we as neurosurgeons have to
decide the operative technique we will be faced with numerous question from
the Internet! Commercial views promote newer techniques e.g. use of endo-
scope and sales techniques and advertisement may have the surgeon feel that it
is necessary to use the new method to ‘‘keep abreast of modern developments’’.
Further a warning: ‘‘We should be wary about yielding to pressure to use en-
doscope carpal tunnel release from instrument makers, medical supply houses,
insurance companies and patients’’ [22].
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Are there situations where endoscope is favored or not? Endoscope
technique with wrist extension is neither ideal for 78-year-old women with
severe degenerative wrist arthritis nor for a patient with significant synovial
reactions or for a patient with polyneuropathy? May be endoscope techniques
are not suited for thin wrists or big hands? Similarly the preservation of
handgrip is more important for some patients working with heavy handwork
than others.

We must validate these problems in the future, instead of fighting between
‘‘endoscope versus open surgery’’ issues.

What about costs of the two methods? The ECTR is more costly if the
complication rate of endoscopy surgery exceeds 6.2% (best case estimate,
5.0%). The ECTR is also more costly if the risk of career ending injury exceeds
0.001 (best case estimate, 0.0004) and if the average works absence following a
complication exceeds 15.5 months (best case estimate, 12 months) [129].

Return to work is also important for estimation of costs. Return-to-work
status followed in 291 cases (199 non-worker’s compensation cases and 92
worker’s compensation cases) showed that the worker’s compensation patients
returned to work in an average of 57 days, compared with 22 days for non-
worker’s compensation patients [80]. In these cases the ECTR technique would
be in favor compared to the OCTR? With the endoscope technique [121] and
double open incision technique [134], the palmar aponeurosis is left intact and
prevents perhaps this bowstringing to some degree? Loss of grip strength, scar
tenderness, and persistent pillar pain are late sequel of the OCTR procedure
and has provided much of the impetus to switch to the alternative of ECTR.
However, long-term satisfaction seems lower in an ECTR group, attributable
to a 5% (or more?) rate of re-operation. Potential benefits of ECTR predomi-
nate in the 1st several postoperative weeks but diminish significantly beyond
this time period.

In many series social function e.g. compensation is a strong indicator for
the development of complications. Patients treated with endoscope techniques
seem to recover strength faster. It is also stated that following endoscope
decompression the time until return to work is shorter than with the open
techniques. However no controlled series exist to prove that statement. In a
recent review the problems of return was found related to type of work and
eventual workers compensation [72]. In a US series no differences could be
found while in Scandinavia workers tend to stay longer out of the work than
blue-collar people [5]. This may indicate a difference in society cultural struc-
ture that makes it difficult to compare series from different countries.

The increasing very high number of operative procedures carried out in
the US and Scandinavia may indicate that our diagnostic criteria are uncertain
and used without critically accepting the epidemiological factors. As we as-
sume that changes in the carpal tunnel are responsive for some of the CTS we
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need to agree on the final diagnostic methods for evaluation of the tunnel,
which include MRI and sonography. Neurophysiology is in this scenario used
to confirm the degree of neuronal degeneration and for differential diagnostic
purposes.

It seems unethical to accept a complication rate above 1% with these
operations – whatever technique being used. Proper endoscope or microsur-
gical training in techniques is a must. It is likely that most of the nerve injuries
incurred during endoscope release have remained unreported, but sooner or
later the medical defense associations will become aware of them [30].

We can now conclude that carpal tunnel release seems to be a widely
underestimated procedure and revision surgery could be largely avoided by
reducing technical errors during the primary operation [116].

What we need for the future is a protocol with a systematic prospective
validation of symptoms and tests – a protocol to be used universally.

The optimal CTS operative technique would be one, which incorporates
the decreased incision tenderness, increased preservation of grip strength, and
earlier return to work provided by ECTR with the lower incidence of serious
neurovascular and tendon injuries found in OCTR. According to a Cochrane
review there is no evidence to support that endoscope surgery (ECTR) is better
that open surgery (OCTR) [107].

The Year 2005 was the year of H. C Andersen, the famous Danish storyteller. Every
one knows the story about the ugly duckling that turned into a beautiful swan. The ducks
treated the ugly duckling badly despite they thought it was one of their own and only because
it looked ‘‘ugly’’ e.g. different. They did not realise their mistake until very late when the
young unhappy swan saw its brothers and sisters and understood that he himself was a swan
and not a duck and suddenly he felt great and happy.

It is close to the same story that has happened with neurophysiology contrary to hand-
diagrams or endoscopy surgery contrary to open surgery.

The goal of this chapter was to give the readers the possibility to achieve
better results in the future remembering that this – for us neurosurgeons –
simple operation for the patient is still a major event in life. The neurosurgeon
treating these patients should be as cautious as if it were patients with com-
plicated intracerebral aneurysms being treated.

The statement

‘‘I have had to cope with damage, inexperienced surgeons have caused by doing, what I
consider to be an unnecessary operation’’ (Allan Hudson, Toronto, Canada)’’,

tells me how we should treat these patients in the future. It also encourages
us to take training of surgical techniques up to a review and increase global
collaboration in designing prospective studies.
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