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Carpal tunnel syndrome has become the most common clinical
entity seen by hand surgeons. It has reached epidemic propor-
tions in the United States and costs more than $2 billion annu-
ally. Its pathophysiology is multifactorial and its work-related is-
sues are controversial. The method of detection, surgical
treatment, complications, and methods of surgical revision of
carpal tunnel syndrome are outlined. Appropriate treatment
can be rendered in carpal tunnel syndrome only by using a
cautious approach.
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Carpal tunnel syndrome (C'T'S), which is associated with
compression of the median nerve at the wrist, is the most
common form of compressive neuropathy in the hand. It
is classified as a subtype of “cumulative trauma disorder”
or overuse syndrome. Untreated, C'TS can lead to severe
or irreversible disability. With treatment, however, an
excellent prognosis can be expected. Over the past
decade there has been a virtual epidemic of this condi-
tion, which raises the following questions: What are the
main factors influencing this meteoric rise in CTS? How
can CTS be prevented? What are the optimal non-surgi-
cal methods for dealing with C'T'S so that operative mor-
bidity, along with its attendant absence from work may
be avoided altogether? If surgery is unavoidable, what
arc the best techniques to relieve pressure inside the
carpal tunnel so that the earliest return to full function
with minimal residual disability can be achieved? This
review addresses these issues and formulates a compre-
hensive diagnostic treatment approach to CTS based on
a review of the current clinical and experimental litera-
ture.

Epidemiology

The annual incidence of carpal tunnel surgery in the
United States is now estimated at 400,000 to 500,000
cases, at a cost in excess of $2 billion per vear [1]. ‘The
costs incurred in workman's compensation cases are
three times those of noncompensation cases and three
times those of nonworkers, with total costs reaching
$10,000 per case. Direct costs include physician reim-
bursement, electrophysiologic screening, and physical
therapy. Indirect costs include loss of productivity, litiga-
tion, vocational rehabilitation, and permanent impair-
ment awards [2]. In a study of prevalence and work-relat-
edness of CTS among 127 million US workers [3]. 1.47%
(1.87 million) reported CTS. Industries with the highest
incidence of CTS were mail service, health care, con-
struction, garment, electronics assembly, and food and
meat processing. The risk factors seen most often in-
cluded exposure to repetitive bending and twisting of
the hands, white race, female gender, and the use of vi-
brating hand tools. The peak incidence is between 30
and 50 years of age [4]. The whole concept of work-relat-
edness, which formerly was accepted without question,
is now coming under intense scrutiny.

In order to determine work-relatedness, a detailed work
and social history must be obtained. Patients often have
avocational activities that may be repetitive, such as gar-
dening, home improvement, crocheting, or quilting. Ac-
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cording to the literature [5], there is also a much higher
incidence of C'T'S in obese workers with poor fitness pro-
files and sedentary lifestyles. Many older workers need
to be shifted to less-demanding tasks. T'here is no guar-
antee that a given worker can continue a manual job un-
til 65 vears of age.

Many patients are highly motivated to use workman’s
compensation as their “insurance” because their regular
health insurance will not pay for lost wages. T'hese pa-
tients will try to paint a picture of work-relatedness, thus
overestimating the incidence of occupational CTS.
Among such patients, it is critical #of to consider surgery
unless there is compelling objective evidence. It is also
necessary to differentiate between CTS cansed by work
and C'T'S agggravated by work. Patients should never be
encouraged to file for workman’s compensation simply
because work aggravates their symptoms. These patients
do poorly following surgery. The emphasis must be di-
rected toward worksite evaluation, ergonomic interven-
tion, surveillance, general fitness programs, and nerve
mobilization exercises.

All this considered, it is clear from well-constructed epi-
demiologic studies that occupational C'TS is more preva-
lent in workers involved in tasks that require extremes of
wrist flexion and extension. In this setting, ergonomic
modification has had significant impact. Using tool re-
design, stressful postures can be minimized [6]. Other
risk factors involve forceful use of the hand, repetition,
and vibration. Clearly, the etiology is multifactorial, and I
have seen patients with C'I'S in the nondominant hand
when the dominant hand does most of the work.

Historical background

In 1854, Sir James Paget first described the symptoms of
carpal tunnel compression caused by wrist trauma. In
1913, Marie and Foix described compression of the me-
dian nerve in an autopsy specimen. It was not until 1938
that the symptoms of CTS were correlated with
pathoanatomy. Until that time, nerve compression by a
cervical rib was thought to be the cause. In that year,
Learmonth performed the first carpal tunnel release
(C'T'R) in a symptomatic patient. Beginning in the 1950s,
Phalan [7] began a series of studies encompassing over
1200 hands that brought this syndrome into the main-
stream of modern medicine [7].

Anatomy

The carpal tunnel is a narrow channel that forms the
volar entrance to the hand for nine digital flexors and the
median nerve. It is virtually inelastic and bound by
carpal bones dorsally, radially, and ulnarly, and, by the
transverse carpal ligament (‘T'CL), volarly. The i B PRt
attached on the radial side to the tuberosity of the
scaphoid and on the ulnar side to the pisiform and the

hamate. The ligament varies in thickness from 2.5 to 3.5
mm normally and is 3 to 4 em wide. This ligament coa-
lesces with muscular origins of the thenar and hy-
pothenar muscles. The TCL is about 3 mm thick and 4
cm wide. Proximally, the ligaments are attached to the
deep fascia of the forearm. The distal palmar crease is
the skin landmark for the proximal border of the liga-
ment. Nine flexor tendons, their tenosynovium, and the
median nerve traverse the tunnel on their way to the
hand and must be allowed to move freely through it.

The median nerve lies superficial to the flexor digitorum
superficialis tendons and lies immediately under the lig-
ament. Four centimeters proximal to the ligament, the
median nerve gives off a palmar cutaneous branch that
innovates the skin over the thenar eminence. It enters
the hand through its own tunnel adjacent to the flexar
carpi radialis muscle and superficial to the TCL. This
branch can easily be injured during surgery and be a
cause of postoperative pain. The median nerve has its
terminal branches at the distal edge of the TCL. There,
the nerve gives off two main trunks: The lateral trunk
branches into the motor branch, the proper digital nerves
of the thumb, and the radial side of the index finger; the
medial trunk becomes the common digital nerves to the
ulnar aspect of the index finger, the middle finger, and
the radial side of the ring finger. The first branch to exit
is the motor branch to the thenar eminence. It follows
one of three courses. The usual position of the motor
branch is the extraligamentous recurrent course, where
the motor branch leaves the main nerve trunk at the dis-
tal edge of the TCL, turns back, and innervates the
thenar muscles. The next most common variation is the
subligamentous course, where the motor branch leaves
while under the 'T'CL. The least common variation is the
transligamentous course, where the motor branch takes
oft under the ligament and pierces the ligament itself.
Endoscopic C'TR puts the motor branch at risk with this
variation [8]. Superficial and ulnar to the TCL lies the
volar carpal ligament, which forms the roof of Guyon’s
canal, (which holds the ulnar artery and nerve.) A recent
study showed Guyon’s canal to overlap the carpal tunnel
by as much as 28%; with wrist extension, it slides even
more radially [9*]. This places the ulnar nerve at special
risk during endoscopic CTR. Volar to both ligaments lies
the superficial palmar fascia, which extends distally to
the digits.

Studies by Wilgis and Murphy [10] describe the normal
movement of the median nerve through the carpal tun-
nel. With digital flexion, the median nerve slides proxi-
mally into the forearm and, when the fingers extend, it
slides distally toward the hand. Extension of the fingers
and wrist is the position in which the median nerve is dis-
placed farthest under the TCL in to the hand. Tts maxi-
mal excursion is 15 mm relative to a fixed point on the



TCL. Longitudinal sliding prevents local stretching and
traction injury to the median nerve that would otherwise
occur during wrist and finger movement [11°]. The flexor
tendons move through the carpal tunnel with a 5 to 7-cm
excursion. Szabo e a/. [12] described a linear relationship
between motion of the nerve and tendons so thar for any
fixed motion of a digit, for example, there will be consis-
tent motion of the tendon and overlying nerve.

The carpal tunnel itself is a relatively inelastic tube that
is unable to accommodate changes in the volume or pres-
surc of the carpal canal. Recent dynamic magnetic reso-
nance imaging studies have revealed significant changes
in the cross-sectional area of the tunnel with extremes of
flexion and extension [13]. This has been corroborated
by pressure studies in the carpal canal that reveal a 10-
fold increase in pressure when the wrist is flexed or ex-
tended as opposed to being in the neutral position [14].
There may also be gender differences in the “volume”
of the carpal tunnel, which may explain in part the in-
creased prevalence of C'T'S in women [15].

Pathophysiology

There is normally ample room in the carpal tunnel for all
the structures to move through comfortably. Although
the carpal tunnel 1s open at both ends, it functions as a
confined space. The flexor tendons may move across this
area 20,000 times in the course of a workday (eg, in a
clerk typist keyboarding at 60 words a minute). There is
minimal relative friction between the tendons and the
nerve because of the investing tenosynovium. Some
shear forces are generated, however. With chronic, repet-
itive use of the fingers, it is believed thar shearing may
result in localized hyperplasia and fibrosis of the invest-
ing tenosynovium and mesoneurium about the median
nerve [16]. This tissue reaction fills the carpal tunnel and
causes compression about the nerve. Studies have shown
that the resting pressure across the carpal tunnel is about
2.5 mm Hg at rest and about 32 mm Hg with wrist flex-
ion and extension. This is well below the filling arterial
pressure. In CTS, the resting pressure is 32 mm Hg and
will increase to 100 mm Hg with flexion and extension
[17]. Arteriolar and venular smooth muscle hypertrophy
have also been noted in the vessels going to and from the
nerve in patients with CTS. Lundborg e a/. [18] also
have described a miniature compartment syndrome in
the nerve inside the perineural sheaths. T'his syndrome
is believed to be caused by increased pressure in the in-
traneural vasculature secondary to venous outflow ob-
struction. This causes intraneural ischemia.

In addition, compression retards the normal gliding func-
tion of the nerves. Nakamichi e @/ [19] demonstrated
that there is significantly diminished sliding in patients
with C'TS as compared wtih those with normal wrists. If
the nerves are unable to glide with normal limb move-
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ment, a traction injury occurs with subsequent diminu-
tion in electrical conduction. During carpal surgery, an
hourglass deformity is commonly seen in the nerve. This
is believed to be caused by displacement of axoplasm
and telescoping and shearing away of myelin from the
center of compression. ‘I'he above postulates are used to
explain the mechanism of CTS in “overuse” syndromes.

In reality, however, anything that will increase the vol-
ume of the contents in this relatively inelastic canal will
increase the pressure on the nerve. Neurofibromas, lipo-
mas, myelomas, ganglion cysts, hypertrophic “inflamma-
tory” synovitis (such as that seen in rheumatoid arthritis),
Reynaud’s disease, infection or gout, aberrant muscle
bellies (72, proximal origin of the lumbricals) persistent
median arteries, hemophiliac hematomas, Colles’ frac-
tures, and malunions and carpal instabilities form a partial
list. Peripheral neuropathy such as that seen in diabetics
and alcoholics may have a superimposed compressive
neuropathy. Here, the median nerve is already compro-
mised by the systemic disease, so it is more susceptible to
the effect of localized compression. Additionally, alter-
ations in fluid balance can increase the pressure inside
the canal. Conditions such as pregnancy, eclampsia,
myxedema, renal failure, amyloid deposition, obesity,
and even fluid shifts seen during recumbence at night
can create symptoms. Szabo and Chidgey [17] have
shown that after repeatedly flexing and extending the
WIISt, recovery to resting pressures took longer in patients
with CTS than in normal control. Prolonged fine finger
movements with the wrist hyperflexed or hyperextended,
such as those seen in musicians or computer operators, or
use of the hands for weightbearing functions such as that
seen in paraplegics and long-distance cyclists, will elicit
the same symptoms. Another clinical entity is double-
crush syndrome, which is essentially CTS with a proximal
compressive lesion along the course of the median nerve.
There may be a compression at the level of the cervical
roots (C-5, C-6), the thoracic outlet, or the pronator inlet.
It has also been observed that there may be a cumulative
cffect of compression at multiple sites, meaning that the
compression at one site may not be severe enough to reg-
ister on an electrodiagnostic test, but in total, the cumula-
tive compression may be pronounced.

Persistent low-grade compression can cause endoncural
edema, which interferes with endoneural blood flow and
ionic axonal conduction. In addition, compression has
been shown to slow both orthograde and retrograde ax-
onal transport, Local ischemia stimulates fibroblast acriv-
ity and if compression is left untreated, local demyelin-
ization and intraneural fibrosis occurs. These changes
may be irreversible even after definitive treatment [20].

Clinical presentation
Patients with C'TS will commonly complain of numb-
ness, tingling, or pain in the thumb, index, and middle
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fingers—which classically corresponds to the anatomic
sensory distribution of the median nerve in the hand.
This presentation can vary, however, from one finger (¢g,
the middle finger) to the whole hand. Symptoms fre-
quently are aggravated by repetitive exertion and often
will awaken patients at night. Relief is sought by shak-
ing, massaging, immersing the hand in warm water,
hanging the hand over the side of the bed, or exercising
the hand until the symptoms subside. Motor symptoms
follow, including diminished dexterity of fine move-
ments such as sewing, writing, or playing a musical in-
strument. The hand begins to feel “swollen,” and pa-
tients have difficulty holding objects. Activities that call
for raising the hand, such as holding a telephone or news-
paper or manipulating a steering wheel, can aggravate
symptoms. The dominant hand is affected often and the
pain and paresthesias can radiate up the arm to the
shoulder. In some reported series, 56% of patients had
bilateral symptoms that more commonly affect women.
Finally, the patient notes thenar atrophy. It is critical to
determine the extent of proximal symptoms so that the
possibility of a coexistent cervical disk or neurogenic
thoracic outlet obstruction can be determined. There
may also be a double-crush syndrome.

Physical examination
Physical examination should consist of sensibility evalu-
ation and provocative testing, Tests of sensibility include
sharp/dull, tactile discrimination; two-point discrimina-
tion; threshold sensibility; vibration testing; and quanti-
rative sensorimotor testing.

Sharp/dull, tactile discrimination—measures of pain and
temperature—can remain normal until late in the dis-
ease. Two-point discrimination is the ability to distin-
guish berween one and two points at the fingertips. This
is a reflection of the enervation density of slowly reacting
fibers in the static test and rapidly reacting fibers in the
moving two-point discrimination test, which is the ability
to distinguish between one and two points at 6 mm apart.
More than 6 mm is considered delaved, and more than
10 mm represents loss of protective sensation. The sensi-
tivity of this test in C'I'S is low, and two-point discrimi-
nation may remain apparently normal until late in the
disease.

Threshold sensibility tests the patient’s ability to detect
fine tactile sumulation with pressure on the fingertips
made by fine monofilaments, testing the threshold of
slowly adapting sensory fibers. This is an array of fila-
ments of progressive thickness and skin pressure, known
as the von Frey or Simms-Weinstein monofilament, that
is sensitive in early impairment (83% positivity).

The threshold ability to detect vibration of fixed fre-
quency (128 to 256 Hz) and variable amplitude is helpful

in early disease. Vibration testing assesses the threshold
of rapidly adapting fibers. Its use as a preemployment
screening measure is controversial. Werner ez 2/, [21] per-
formed serial vibrograms on a cohort of manual laborers
and found that threshold values changed over the course
of the work week. (In 1995, Gerr et al. writing in the
Journal of Occupational and Environmental Medicine found
that the sensitivity of vibrometry was twice as high after
10 minutes of wrist flexion than before for the detection
of CTS.) Werner ez /. [21], however, maintained that vi-
brometry threshold perception does not correlate with
median sensory latency delay and is not a good early
warning screen for CTS.

Quanritative sensorimotor testing is a computer data-
base—driven screening array that determines impulse and
sustained pinch and grip strength, as well as the precise
psi threshold perception for one- and two-point discrimi-
nation for a given dermatome using fine transducers.
Early results show that this test may be quite sensitive in
early disease [22].

There are four provocative tests for CT'S: (1) Tinel’s sign
can be elicited by lightly percussing the skin along the
course of the median nerve. Distally radiating pain or
paresthesias will result when the site of compression is
tapped (70% sensitivity). (2) Phalen’s test is executed by
the patient actively flexing the wrist maximally. This ef-
fect can be augmented by the examiner pressing a finger
against the patient’s proximal palm at the same time.
Shooting paresthesias into the median nerve distribution
within 60 seconds is a positive test (91% specificity). (3)
Muscle weakness is tested subjectively by resisted pal-
mar abduction of the thumb against the examiner’s fin-
ger, feeling for the abductor pollicis brevis tension or at-
rophy. (4) Injection of a small amount of 1% lidocaine
into the carpal tunnel that relieves the pain in the palm
or volar forearm can confirm the diagnosis and predict a
positive outcome of possible surgical release.

Electrodiagnostic studies

Electrodiagnostic studies, including electromvography
and nerve conduction studies, form the benchmark for
the objective diagnosis of CTS, despite reports of false-
negative results. While there are reports in the literature
of excellent results with C'TR in symptomatic patients
with negative tests, for the most part these studies are
the gold standard for diagnosis.

Electromyography

Electromyography tests the electrical activity of the ab-
ductor pollicis brevis muscle after motor nerve stimula-
tion. Reduced recruitment of motor units is seen most
frequently (35% of cases). Fibrillation potentials and
positive waves, which signal median nerve denervarion
from axon loss, may only be seen in 20% of cases. The



likelihood of a positive electromyographic study is much
higher in patients with longstanding motor symptoms.
The main utility of electromyography is its ability to de-
tect the more severe cases of CTS and to distinguish
CTS from more proximal lesions along the median
nerve, ulnar nerve compression, and cervical root com-
pression. Thus, intrinsic muscles that are enervated by
the ulnar nerve and forearm musculature need to be
evaluated at the same time.

Nerve conduction studies

Nerve conduction studies can be either motor or sensory.
Mortor conduction involves stimulation of the median
nerve at the wrist and antecubital fossa while recording
from electrodes overlying the abductor pollicis brevis
muscle. The nerve is stimulated, causing an action po-
tential to travel orthodromically down the nerve and
chemically across the neuromuscular junction, resulting
in a compound motor action potential recorded from skin
electrodes overlving the muscle. The time (in millisec-
onds) it takes the impulse to travel from the stimulation
point to the recording point is called the motor latency.
Subtracting the distal motor latency from the proximal
motor latency and dividing the result into the distance
between the two stimulation points is the motor conduc-
tion velocity in meters/second. This measures conduc-
tion across the largest and fastest conducting fibers and 1s
sensitive to focal demyelinization at the compression
site. Other nerves need to be checked at the same time
to exclude polyneuropathy such as in diabetes, to com-
pare the velocities between the motion of ulnar nerves in
the absence of an absolute standard. It can document the
level of severity of motor fiber involvement across the
carpal tunnel in 70% of cases. Using the “inching tech-
nique,” in which the stimulator electrode is moved in 1-
cm segments across the wrist, is more sensitive but has
been far less specific (70% false-positive results) in some
series.

Sensory conduction or sensory nerve action potential can
be determined by orthodromic (distal to proximal) or an-
tidromic (proximal to distal) stimulation. It records from
the largest (15%) myelinated axons in the sensory nerve
bundles. These are summations of hundreds of axons fir-
ing at the same time, and the amplitude of sensory con-
duction depends on the number of axons firing and their
synchronicity. These nerves need to be measured over
short distances and in nerve segments near the skin; oth-
erwise, the amplitude drops off significantly. This is oth-
erwise a very sensitive indicator of focal nerve compres-
sion. It is noteworthy that the percentage of true-positive
results (60% to 100%) may vary with the finger stimu-
lated and may represent the relative position of a given
fiber bundle to the TCL. Truly, compression at any
given cross-sectional point in the nerve is uneven. It may
be wise to record from the most symptomatic digit. Pal-
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mar sensory latencies are measured by stimulating the
median nerve in the midpalm at a point 8 em distal to the
recording electrodes at the wrist. This should be less
than 2.2 ms and should not differ from the ulnar sensory
nerve action potential by 0.2 ms. This test is sensitive in
87% of CTS cases.

There are pitfalls in the overreliance on electrodiagnos-
tic tests. Many physicians who see CTS regularly have
seen patients with a classic presentation but normal tests.
If only a small number of medium or small fibers is
blocked, there may be no delay seen in conduction, as
these tests measure readings in the most rapidly con-
ducting fibers. In addition, ischemia and mechanical
nerve irritation seen in early CTS may not exhibit a con-
duction block. Prolonged latencies may not revert to nor-
mal even 1 year after surgery, although patients may be
clinically improved. The results are operator dependent,
and even the sequence of testing can alter the results.
Underlying double-crush syndrome or peripheral neu-
ropathy can obscure the results, and there has been poor
correlation between the severity of the disease and the
magnitude of the numbers. | belicve that these tests
serve as a useful adjunct to a careful history and physical
examination and should be viewed as such [23].

Conservative management

Unless there is obvious thenar atrophy, all patients pre-
senting with C'T'S should be treated nonsurgically. Non-
surgical treatment generally consists of splinting, non-
steroidal anti-inflammatory drugs, cortisone injections
into the carpel tunnel, and vitamin Bg.

Splinting

A forearm-based wrist splint is widely used as the pri-
mary initial treatment. There is controversy, however,
about whether the brace should be worn all the time or at
night only. I prefer nighttime splinting. While the under-
lving concept is that splinting will prevent extremes of
flexion and extension, which have been shown to in-
crease carpal tunnel pressure, most people rarely place
their wrists into these positions while awake. If made
aware of the risks of keeping their hands in these posi-
tions, most people can avoid doing so voluntarily, even in
the workplace. With computer operators, ergonomic
workplace adjustment should guide the wrist into a neu-
tral position naturally. In addition, there is evidence that
trying to use the splint during daily activities will shift
stresses higher up on the arm, causing overuse-type pain
farther up.

It has been stated that splints serve to reduce inflamma-
tion in the region of the carpal tunnel. I know of no study
that documents this claim objectively, and all studies
that have examined the histology of the tenosynovium in
the carpal tunnel in chronic cases show it to be devoid of
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inflammation. I believe that full-time splinting immobi-
lizes the median nerve and interferes with its normal
gliding pattern. Hence, the same segment of compressed
median nerve sits under the TCL at the point of maxi-
mal compression all the time. One must be careful with
the use of splints because many come from the factory
cocked up into extension as much as 30°. I routinely
bend splints back to neutral before giving them to a pa-
tient. Weiss er @/. [24] reported that the neutral position
of flexion will cause the least intratunnel pressure.

Several studies have examined the symptom remission
rate after splinting. Those with the shortest latency had
the best results from splinting. However, all studies
showed a significant relapse rate. T'he study with the
best results showed that only 40% of patients were
symptom-free after 2 years [25].

Nonsteroidal anti-inflammatory agents

Nonsteroidal anti-inflammatory drugs are used as a first-
line agent in the treatment of CTS. With the possible ex-
ception of C'T'S caused by inflammatory arthritis (such as
rheumatoid disease), the environment of the carpal tun-
nel is not inflammatory. So it is not clear what effecr, if
any, these agents have locally. Empirically, I have not
seen any effect from the use of these agents. For pure
analgesia, there are other drugs such as acetominophen
that will relieve pain with less risk.

Cortisone injections

Clinicians who treat CTS nonsurgically generally recom-
mend cortisone injection into the carpal tunnel. This is
accomplished by mixing a 1-mL solution of betametha-
sone, triamcinolone, or methylprednisolone with 1mL of
1% lidocaine and 1mL of 0.25% bupivacaine. A 27-gauge
needle is angled 45° distal relative to the palm and intro-
duced at the distal wrist crease in line with the ring fin-
ger. As the needle punctures the T'CL, a “pop” is felt
and the patient is asked to move his or her fingers. If the
flexor tendons are pierced, this movement will be
painful. The needle is then withdrawn until movement
is possible. Injecting the steroid into the tendons ex-
poses the patient to the risk of tendon rupture. If sudden
paresthesia is felt by the patient, the needle must imme-
diately be withdrawn because this signals possible punc-
ture of the median nerve. While puncture alone will not
injure the nerve, steroid injection into nerve fascicles is
highly toxic and must be avoided. With proper place-
ment of the solution, numbness of the hand in the me-
dian distribution should result. Care must also be taken
not to inject Guyon’s canal because it may overlap the
carpal tunnel by as much as 30% and be superficial to it.

All series examining the effect of steroid injection have
demonstrated significant pain relief in as manv as 80% of
patients. After 10 months, however, 80% to 90% of these

patients report symptom recurrence [25]. It is therefore
recommended that injections be reserved for those pa-
tients who for some reason cannot undergo surgery over
the short term but are otherwise quite symptomatic or
for pregnant women whose symptoms should resolve
shortly after childbirth [26].

Vitamin Bg

Use of vitamin Bg (pyridoxine) has been widely publi-
cized in the lay press. This stems from studies dating
back to the mid-1970s that described the coexistence of
vitamin Bg deficiency and CT'S and the resolution of
symptoms with Bg administration [27]. Most of these
studies were descriptive and anecdotal, however, and all
were retrospective in nature with small patient popula-
tions. It is unclear whether these patients had CTS or Bg
deficiency with peripheral neuropathy that improved
with “rreatment.” More recent studies have shown that
in large series of patients with CT'S, no vitamin B¢ defi-
ciency was found; and those patients who received Bg as
part of their treatment showed no added benefit over
those who did not, including the placebo group [28].
This included both clinical measures and electrodiagnos-
tic markers. At this time, vitamin Bg administration can-
not be recommended for the treatment of CTS.

Diuretics

There is a subset of patients whose CTS is caused by lo-
calized edema (7e, pregnancy), and there are reports of
the use of diurertics as an adjunct in these patients. How-
ever, there are no studies to date comparing the use of
diuretics alone with other treatment modalities [26].

Exercise

Although most classic articles dealing with the manage-
ment of C'T'S do not discuss exercise as a viable option,
there has been a recent upsurge of interest in this modal-
ity. This is due to the large percentage of patients who
fail to improve with standard therapy, to the high cost
(both direct and indirect) of surgical care (ie, lost work
days and productivity) and to the explosive rise in the in-
cidence of CTS over the past 10 years.

The underlying goal of exercise therapy is restoration of
the normal gliding function of the flexor tendons and the
median nerve that has been disturbed by the compres-
sion and adhesions that have developed in the carpal
canal as a result of tenosynovial hyperplasia. Seradge e#
al. [29] have shown that intermittent exercise can actu-
ally diminish the pressure inside the canal and that this
effect persists for some time. Recently, a large retrospec-
tive study comparing conservative treatment programs
with and without an exercise program showed a signifi-
cant diminution of symptoms in exercising patients over
non-exercisers. In addition to night splinting, patients

move their hands through a series of positions designed



to maximize excursion of the nerves and tendons (Fig. 1
and 2). Each position is held for 7 seconds and is re-
peated five times daily. The hands are soaked in hot wa-
ter for 4 minutes prior to the exercises and in cold water
for 1 minute afterward. This may be tried for 4 to 6
weeks prior to the consideration of surgery [30].

Miscellaneous treatments

In 1995, Monge ez al. [31] reported a series of 45 patients
with type 2 diabetes treated for 12 months with tolrestat,
an aldose reductase inhibitor, who showed improvement
in pain and paresthesias as well as improvement in sen-
sory nerve conduction velocity between the forefinger
and the wrist,

Surgical technique

It is estimated that 50% of patients with CTS will be
treated surgically. After induction of intravenous regional
or local anesthesia, a tourniquet is inflated to approxi-
mately 250 mm Hg. A longitudinal midpalmar incision is
created in the line of the ring finger from Kaplan’s cardi-
nal line to the wrist flexion crease. Rarely does the wrist
crease need to be crossed. The subcutaneous far at the
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proximal end of the incision is preserved, as this layer has
been shown to contain the crossing terminal fibers of the
palmar cutaneous branch of the median nerve. Cutting
these nerves will predispose patients to postoperative
scar tenderness. Instead, this layer is undermined. The
fibers of the palmar fascia are spread, and the distal trans-
verse fibers of the 'T'CL are seen. These fibers are then
undermined with blunt dissection with a hemostat and
Freer clevator. The distal end is then incised, with the
blade staying closer to the ulnar side of the ligament and
working distal to proximal. Under the fat layer, scissors
will complete division of the ligament. The median
nerve is thus exposed and will frequently exhibit an
hourglass deformity (Fig. 3). Care is taken to inspect the
median nerve for any anomalies, notably the transliga-
mentous motor branch, for it may become injured during
this stage. The wound is checked distally to find the su-
perficial palmar arterial arch, and any distal fibers of the
TCL are incised. The floor of the carpal tunnel may be
inspected at this time in search of ganglia or other
masses. Tenosynovectomy is not necessary in routine
cases but may be helpful in patients with gout, rheuma-
toid arthritis, or infections such as tuberculosis. Neither

Fig. 1. Five exercises for tendon gliding
(A through E), in which each position is
held for 7 seconds and is repeated five
times per day.
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Fig. 2. Six exercises for nerve gliding (A
through F), in which each position is
held for 7 seconds and is repeated five
times per day. Care must be taken to
maintain wrist hyperextension during
the exercises in D, E, and F.

internal neurolysis nor epineurotomy is indicated, be-
cause they have not been shown to yield any benefits
and may actually be harmful and promote postoperative
fibrosis [32]. Simultaneous release of Guyon’s canal is
not routinely recommended because the pressure inside
appears to diminish after C'I'R [33].

Z-plasty of the TCL has been proposed in young pa-
tients, but further study is necessary to validate this
method and to justify a much more extensive dissection

[34].

Magnetic resonance imaging studies have compared the
morphology of the carpal tunnel before and after surgery.
These studies reveal consistent alterations after open re-
leasc. There is a change in shape from oval to circular,
with a mean increase in volume of 24% [33]. Osterman
[35] has shown symptom resolution in 96% of patients,
with 84% returning to their original employment. How-
ever, postoperative pinch and grip strengths may take up
to 6 months to return to normal, and some never do. Katz
et al. [36] showed that Tinel’s and Phalen’s tests can be
positive even at 2 years. Nancollas ¢7 @/. [37] showed that
up to 30% of patients complain of weakness and scar ten-

derness postoperatively. This is due in part to loss of at-
tachment of the thenar and hypothenar musculature
[38]. The dysesthesias and pain experienced preopera-
tively usually disappear quickly, although many patients
will complain of persistent tingling. While the early is-
chemic changes are reversed rapidly by the release, sce-
ondary and more chronic changes take much longer to
resolve (if at all) in severe, chronic cases. Higgs ez a/. [39]
compared workman’s compensation with non-work-
man’s compensation patients and showed significantly
poorer results in the compensation group.

Postoperatively, a soft dressing is placed on the surgical
site for 10 days, and early motion is begun. Some sur-
geons cast the patient following surgery to prevent
“bowstringing” of the flexor tendons at the carpal tun-
nel. I believe this consideration to be theoretical only
and less of a concern than postoperative adhesion of the
median nerve and flexor tendons. In 1995, Bury ez /. [40]
found no benefit from postoperative splinting over a sim-
ple bulky dressing. Cook e @/. [41] demonstrated that
splinting postoperatively can be detrimental, with a de-
lay in return to activities of daily living, increased pain,
and diminished grip and pinch strength compared with



patients who mobilized their hands and wrists early. 1
therefore do not cast but encourage early wrist and finger
movement. Generally, patients can perform the same
nerve and tendon exercises that they did preoperatively.
However, I discourage purposeful use of the hand for 4
weeks. After 10 davs, the sutures are removed and scar
massage with vitamin E is begun.

Alternatives to the standard open approach

In 1989, Chow [42] described a two-portal endoscopic re-
lease and has since described several refinements to this
technique. The proponents of endoscopic CTR claim
that this method produces less tissue trauma and hence
requires a much shorter recovery time and quicker return
to work. In 1992, Agee er /. [43] compared open and en-
doscopic release in a prospective multicenter study.
These authors showed greater pinch and grip strength
and less wound scarring and pillar tenderness early in the
recovery period following endoscopic release. There was
also an early return to work for this group. In workman’s
compensation patients, however, there was a marked de-
lay in return to work in both groups [43].

There are also many concerns with the technique of en-
doscopic release. Equipment is costly, the learning curve
is steep, and complications occur even with experienced
surgeons [44]. The complication rate has been reported
as high as 11% in patients in whom an intrabursal ap-
proach was used and 2.2% in patients in whom a subliga-
mentous extrabursal method was used [45°]. Complica-
tions include transection of the median nerve or its
branches, the superficial palmar arch, or the ulnar nerve;
incomplete release of the TCL; and ulnar neuropraxia
[46]. Because of these complications, various “mini-
open” techniques using specialized instruments have
been described. These techniques have not been with-
out complication, however [47]. Recent studies have
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Fig. 3. The typical intraoperative appearance of the me-
dian nerve showing the hour-glass deformity in carpal
tunnel syndrome.

suggested that the differences between the open and en-
doscopic techniques have focused on the wide-open
classic approach, yet when the mini-open techniques
were compared with the endoscopic approach, the post-
operative courses were nearly identical [48]. It is clear
that endoscopic CTR should be practiced by experi-
enced surgeons with a thorough knowledge of local
anatomy. It should not be regarded as a trivial procedure
simply because the skin incision is smaller. Intensive
training and practice on cadavers is required. Clear-
sighted postoperative follow-up is necessary to respond
carly to potential complications.

Complications of surgical treatment

When performed for appropriate indications, CTR is
generally a reliable operation with high success and low
complication rates. Complications do occur, however,
and a national survey conducted by the American Soci-
ety for Surgery of the Hand showed that 16% of respon-
dents had performed more than six or more reoperations
for failed C'TR [49].

There are many reported reasons for failed CTR. The
most common cause of recurrent or persistent symptoms
is incomplete release of the TCL. Patients with recur-
rence may have a symptom-free period. However, pa-
tients with incomplete TCL release usually have no
relief postoperatively. Other reasons for persistent
symptoms include an incorrect diagnosis, which can in-
clude a proximal compressive lesion such as pronator or
double-crush syndrome; nerve adhesion with traction
neuropathy; regrowth of the TCL; median nerve sub-
luxation or bowstringing; infection; or technical errors
during surgery, such as injury to the palmar cutaneous
branch of the median or ulnar nerve or the main trunk of
the median nerve. Nerve injury will frequently result in
reflex sympathetic dystrophy that can be extremely re-
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sistant to treatment [50°*]. If the sensory nerve is in-
jured, an obvious neuroma results at the proximal wrist
crease. It is better to cut the nerve end distally and flip
it back proximally and bury it under the superficialis
muscle [50**]. Inadvertent entry into Guyon’s canal is
not harmful, but needs to be recongnized immediately
or the ulnar nerve will be released instead of the median
nerve.

Hypertrophic scarring and pillar pain may be unavoid-
able (the incidence may reach 20%) [50**]. I have seen
this subcutaneously even during endoscopic CTR. Key
elements are avoidance of an incision that crosses the
wrist crease, good intraoperative hemostasis, and disal-
lowance of any resistive activity with the hand during
the first month. In the past, proximal transverse incisions
were emploved and the ligament was sectioned blindly,
but this method was associated with a high incidence of
accidental injury to the superficial arterial palmar arch. It
is safer to open distally and release proximally, under-
mining the TCL first and staying in the line of the ring
finger. Most importantly, if patients return after surgery
with persistent complaints, they must be taken seriously
and not be thought of as malingering or suffering from
“compensationitis.”

Techniques for reoperation

A whole genre of surgical procedures has arisen to “re-
construct” failed CTR. The incidence of these recon-
structions is reported to be 3% of all CTRs [51°]. These
include procedures to “cover” or “wrap” the median
nerve [52], free up the nerve from the surrounding scar,
and reconstruct the TCL [53]. Procedures that are de-
signed to cover the nerve include turning down muscle
flaps using the palmaris brevis, pronator quadratus [52],
and abductor digiti minimi muscles [54]. Fat grafts such
as the hypothenar fat pad turndown [52] or free dermal
fat graft [55] have been used with success. Hunter [53]
described extensive neurolysis of the median nerve with
actual reconstruction of the TCL for what he termed
“traction neuropathy.” This procedure is designed to re-
store nerve gliding and has met with considerable suc-
cess [53].

Conclusions

It has become clear that C'T'S is one of the easiest med-
ical conditions to detect and treat and at the same time
extremely difficult to evaluate properly and treat com-
prehensively. Treatment plans need to be individual-
ized, and knee-jerk reactions followed by cookie-cutter
treatments must be avoided. Such approaches have
proved to be expensive failures and will only continue to
be. Every step in the treatment algorithm must be rea-
soned our and carcfully followed if we are to fulfill our
patient’s expectations. First, do no harm.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:

. Of special interest
- Of outstanding interest

1 Palmar DH, Hanrahan LP: Social and economic costs of carpal tunnel
surgery. In Edited by Jackson DW. Instructional Course Lectures. Park
Ridge, IL: AAOS; 1995, 44:167-172.

2, Brown RA, Gelberman RH, Seiler JG lll: Carpal tunnel release: a
prospective randomized assessment of open and endoscopic meth-
ods. J Bone Joint Surg Am 1993, 75:1265-1275.

3. Tanaka 5., Wild DK, Seligman PJ, Behrens V, Cameron L, Putz-Anderson
V: The U.S. prevalence of self-reported carpal tunnel syndrome: 1988
National Health Interview Survey data. Am J Public Health 1994,
84:1846-1848.

4, Phalen GS: The carpal tunnel syndrome: clinical evaluation of 598
hands. Clin Orthop 1972, B3:29-40.

5. Mathan PA, Keniston RC: Carpal tunnel syndrome and its relation to
general physical condition. Hand Clin 1993, 9:253-261.

6. Harber P, Bloswick D, Beck J: Supermarket checker motions and cu-
mulative trauma risk. J Occup Med 1993, 35:805-11.

g Phalan GS: Spontaneous compression of the median nerve at the
wrist. JAMA 1951, 145:1128-1132.

8. Tountas C, Bihrle D, MacDaonald C: Variations of the median nerve in
the carpal canal. J Hand Surg [Am] 1987, 12:708-712.

9.  Netscher D, Palsen C. Thornby J: Anatomic delineation of the ulnar

. nerve and ulnar artery in relation to the carpal tunnel by axial mag-
netic resonance imaging scanning. J Hand Surg [Am] 1998,
21:273-278.

This cross-sectional magnetic resonance imaging study shows that Guyon's
canal may overlap the carpal tunnel by as much as 28% and may be a particular
risk during endoscopic CTR.

10. Wilgis EFS, Murphy R: The significance of longitudinal excursion in pe-
ripheral nerves. Hand Ciin 1986, 2:761-766.

11.  Wright TW, Glowczewski F, Wheeler D, Miller G, Cowin D: Excursion
. and strain of the median nerve. J Bone Joint Surg Am 1996,
78:1897-1903.

This anatomic study measured the excursion and strain of the entire median nerve
with various arm positions.

12.  Szabo RM, Bay BK, Sharkey NA, Gaut C: Median nerve displacement
through the carpal canal. J Hand Surg [Am] 1994, 19:901-906.

13. Yosioka S, Okuda Y, Tamai K: Changes in carpal tunnel shape during
wrist joint motion: MRI evaluation of normal volunteers. J Hand Surg
[Br] 1993, 18:620-623.

14, Gelberman RH, Hergenroeder PT, Hargens AR: The carpal tunnel syn-
drome: a study of carpal tunnel pressures. ./ Bone Joint Surg [Am]
1981, 63:380.

15. Schuind F, Ventura M, Pasteels JL: ldiopathic carpal tunnel syndrome:
histologic study of flexor tendon synovium. J Hand Surg [Am] 1990,
15:497-503.

16. Armstrong TJ, Castelli WA, Evans FG, Diaz-Perez R: Some histological
changes in carpal tunnel contents and their biomechanical implica-
tions. J Occup Med 1984, 26:197-201.

17. Szabo RM, Chidgey LK: Stress carpal tunnel pressure in patients with
carpal tunnel syndrome and normal patients. J Hand Surg [Am] 1989,
14:624-627.

18. Lundborg G, Myers R, Powell H: Nerve compression injury and in-
creased endoneural fluid pressure: a “miniature compartnemt syn-
drome.” J Neurol Neurosurg Psychiatr 1983; 46:1119-1124.

19. Makamichi K, Tachibana 5: Restricted motion of the median nerve in
carpal tunnel syndrome. J Hand Surg [Br] 1995, 20:460-464.

20. Sunderland S: The nerve lesion in carpal tunnel syndrome. J Neurol
Neurosurg Psychiatr 1976, 39:615-626.

21. Werner RA, Franzblau A, Johnston E: Comparison of multiple frequency
vibrometry testing and sensory nerve conduction measures in screen-
ing for carpal tunnel syndrome in an industrial setting. Am J Fhys Med
Rehabil 1995, 74:101-1086.



22,

23.

24,

25.

26.

27.

28.

29,

30.

31.

32,

33.

34,

35,

36.

37.

38.

39.

Dellon ES, Keller K, Moratz V: The relationships between skin hardness,
pressure perception and two point discrimination in the fingertip. J
Hand Surg [Br] 1995, 20:44-48.

Hilburn J: General principles and use of electrodiagnostic studies in
carpal and cubital tunnel syndromes. Hand Clin 1996, 12:205-211.

Weiss ND, Gordon L, Bloom T: Position of the wrist associated with the
lowest carpal tunnel pressure: implication for splint design. J Bone
Joint Surg 1995, 77:1695-1699.

Gelberman RH, Aronson D, Weissman MH: Carpal tunnel syndrome: re-
sults of a prospective trial of steroid injection and splinting. J Bone
Joint Surg Am 1980, 62:1181-1184,

Wand JS: Carpal tunnel syndrome in pregnancy and lactation. J Hand
Surg [Br] 1990, 15:93-85.

Ellis JM, Folkers K, Watanabe T: Clinical results of a cross-over treat-
ment with pyridoxine and placebo of the carpal tunnel syndrome. Am
J Clin Nutr 1995, 32:2040-2046.

Spooner GR, Desai HB, Angel JF: Using pyridoxine to treat carpal tun-
nel syndrome. Can Fam Physician 1993, 39:2122-2127.

Seradge H, Jia YC, Owens W: In vivo measurement of carpal tunnel
pressure in the functioning hand. J Hand Surg [Am] 1995,
20:855-859.

Rozmaryn LM, Dovelle S, Rothman ER: Nerve and tendon exercises and
the conservative management of carpal tunnel syndrome. J Hand
Ther, in press.

Monge L, De Mattei M, Dani F: Effect of treatment with an aldose-re-
ductase inhibitor on symptomatic carpal tunnel syndrome in type 2 di-
abetes. Diabet Med 1995, 12:1097-1101.

Mackinnon S. McCabe S, Murray J: Internal neurolysis fails to improve
the results of primary carpal tunnel decompression. J Hand Surg [Am]
1991, 16:211-218.

Richman J, Gelberman RH, Rydevik B: Carpal tunnel syndrome: mor-
phologic changes after release of the transverse carpal ligament. J
Hand Surg [Am] 1989, 14:852-857.

Jakab E, Ganos D, Cook F: Transverse carpal ligament reconstruction
in surgery for carpal tunnel syndrome: a new technique. J Hand Surg
[Am] 1991, 16:202-206.

Osterman A: The double crush syndrome: cervical radiculopathy and
carpal tunnel syndrome. Orthop Clin North Am 1988, 19:147—155.

Katz JN, Fossel KK, Simmons BP: Symptoms, functional status, and
neuromuscular impairment following carpal tunnel release. J Hand
Surg [Am] 1995, 20:545-555.

Nancollas MP, Peimer CA: Long-term results of carpal tunnel release. J
Hand Surg [Br] 1995, 20:470-474.

Gartsman GM, Kovach JC, Crouch CC: Carpal arch alteration after
carpal tunnel release. J Hand Surg [Am] 1986, 11:372-374,

Higgs PE, Edwards D, Martin DS: Carpal tunnel surgery outcomes in
workers: effect of worker's compensation status. J Hand Surg [Am]
1995, 20:354-360,

Carpal tunnel syndrome: a comprehensive review Rozmaryn 43

40. Bury TF, Akelman E, Weiss AP: Prospective randomized trial of splint-
ing after carpal tunnel release. Ann Plast Surg 1995, 35:19-22,

41. Cook AC, Szabo RM, Birkholz SW: Early mobilization following carpal
tunnel release: a prospecitve randomized study. J Hand Surg [Br]
1995, 20:228-230.

42.  Chow JCY: Endoscopic release of the transverse carpal ligament: a
new technique for carpal tunnel syndrome. Arthroscopy 1988, 5:19-24,

43. Agee M, McCarroll HR, Tortosa RD: Endoscopic release of the carpal
tunnel: a randomized prospective multicenter study. J Hand Surg [Am]
1992, 17:987-905.

44.  Murphy RX, Jennings JF, Wukich DK: Major neurovascular complica-
tions of endoscopic carpal tunnel release. J Hand Surg [Am] 1994,
19:114-118,

45. Nagle DJ, Fischer TJ, Harris GD: A multicenter prospective review of
. 640 endoscopic carpal tunnel releases using the transbursal and ex-
trabursal Chow techniques. Arthroscopy 1996, 12:139-143.

In this prospective study, 640 patients undergoing endoscopic CTR showed
complication rates of 119 with the transbursal technique and 2.2% with the ex-
trabursal technique.

46. Kelly CP, Pulisetti D, Jamieson AM: Early experience with endoscopic
carpal tunnel release, J Hand Surg [Br] 1994, 19:18-21.

47. Lee WPA, Plancher KD, Strickland JW: Carpal tunnel release with a
small palmar incisions. Hand Clin 1998, 12:271-284,

48. Hallock GG, Lutz DA: Prospective comparison of minimal incision
“open” and two-portal endoscopic carpal tunnel release. Plast Recon-
struct Surg 1995, 96:941-947.

49. Duncan KH, Lewis RC, Foreman KA: Treatment of carpal tunnel syn-
drome by members of the American Society for Surgery of the Hand:
results of a questionnaire. J Hand Surg [Am] 1987, 12:384-391.

50. Urbaniak JR, Desai SS: Complications of nonoperative and operative
.- treatment of carpal tunnel syndrome. Hand Clin 1996, 12:325-335.

This review outlines the 14 most commenly encountered complications of treat-
ment of CTS. Prevention and management are discussed.

51. Cobb TK, Amadio PC: Reoperation for carpal tunnel syndrome. Hand

. Clin 1986, 12:313-323.

This review discusses the indications for reoperation in CTS and the risk factors
for failure.

52, Plancher KD, Idler RS, Lourie GM: Recalcitrant carpal tunnel: the hy-
pothenar fat pad flap. Hand Clin 1996, 12:337-349,

53. Hunter JM: Reconstruction of the transverse carpal ligament to restore
median nerve gliding. Hand Clin 1996, 12:365-378.

54.  Spokevicius S, Kleinert HE: The abductor digiti minimi flap: its use in
revision carpal tunnel surgery. Hand Ciin 19986, 12: 351-355.

55. McClinton MA: The use of free dermal fat grafts, Hand Clin 1996,
12:357-364.



