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Radial tunnel syndrome is a disease which we should consider it in elbow and forearm pains. It is diagnosed with

lateral elbow and dorsal forearm
in with the age of 30 to 50 years old. It occu
head to the inferior border of the supinator muscle,
happen i
diagnosis radial tunnel syndrome, cl

t

the wrist and dorsum of the fingers. The disease is more prevalent
rs by intermittent compression on the radial nerve from the radial
*Jbvious extensor muscle weakness. Compression could
different sites but the arcade of Frose is the most common area that radial nerve is compressed. To
n is more important than paraclinic tests such as electrodiagnsic

test and imaging studies. The exact site of the pain which can more specified by rule of nine test and weakness of
lﬂist extension are valuable physical exams to diagnosis—a

or atrophy along the distribution of the posterior interosseous nerve. Although non-surgical treatments such as rest,
NSAIDs, injections and physiotherapy do not believe to have permanent relief, but it is justify undergoing them before
surgery. Surgery could diminish pain and symptoms in 67 to 93 percents of patients completely.
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Introduction

ntermittent compression of the radial nerve through
Ithe radial tunnel is thought to be the pathological

basis for radial tunnel syndrome (RTS). The condition
is not associated with extensor muscle weakness and
due to the fact that the diagnosis is mostly clinical so,
the existence of RTS remains controversial (1). However,
those authors who support the diagnosis have identified
a number of potential etiologies including compression
of the nerve due to the bands of fascia, radial recurrent
vessels, edge of supinator and rarely a haemangioma,
lipoma, dislocated head of radius, inflamed synovium or
accessory muscles (1-3).

Radial Tunnel Syndrome controversy
Thoﬁo not support the diagnosis note
that the only constant symptom is pain. Yet if thought to be

a compressive neuropathy of the posterior interosseouus
nerve, why would the EMG universally be negative. To
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an provide pain
stimuli and unmyelinated an myelinated fibers
are not generally assessed with the EMG. Moreover, the

existence of define anatomic space, definitive tenderness
inanterior and distal of elbow and the fact motor nerve can
provide pain stimuli support the PIN as the responsible
factor in RTS.

History

The presentations and proposed pathologies of RTS
have had multiple nomenclatures over time. Michelle
and Krueger first described the RTS in 1954 as “radial
pronator syndrome” (4). In 1972, Roles and Maudsley
reported an association between pain and compression
of the posterior interosseous nerve (PIN) which they
referred to as “ elbow with a nerve
entrapment” (3, 5). e terminology, “Radial Tunnel
Syndrome” was used by Eversmann in 1993 to describe
the effect of the nerve compression by the supinator
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Figure 1. Leash of Henry and arcade of Frohse are two possible
sites of radial nerve compression.

brevis muscle (6). Subsequent articles adapted the
nomenclature of RTS to describe the physiological
symptoms due to the compression of the radial nerve
in the radial tunnel (in the elbow) by varying sources
such as the bands of fascia, radial recurrent vessels,
and the inferior edge of the supinator muscle (2, 7).
Table 1 summarizes the historical development in the
understanding of RTS as defined today.

Anatomy

The radial nerve originates from the posterior cord
of the brachial plexus to innervate the triceps muscle,
extensors of the wrist, and the extensors of the fingers

and thumb (8). The nerve divides in to the superficial
and hy proximal to the
superior border of superficial layer of supinator muscle
(the arcade of Frohse). m
(group IV) afferent fibers from wrist capsule and small
myelinated (group I1A) afferent fibers from muscle alon

it distribution. m
muscles have been associated with nociception and pain

which may explain the patient sensory complaints in
pure PIN engagement.

The anatomic radial tunnel extends from the radial
head to the inferior border of the supinator muscle (2).
the boundaries is formed by the supinator, extensor

carpi radialis longus, extensor carpi radialis brevis,
and brachioradialis muscles (9). Table 2 and Figure
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1 demonstrate the potential compression sites of the
radial nerve.

Prevalence

The Fe of the posterior interosseous
nerve compression is estimated 0.03% while the
rate for superficial radial nerve (SRN) compression
is 0.003% (10, 11). In comparison, the most common
neuropathy, carpal tunnel syndrome, has an annual
incidence between 0.1% and 0.35% in the general
population (11, 12).

The entrapment of the radial nerve and its deep branch
can occur at five different sites within the radial tunnel

[Table 2] and most have identified it to be due to the
[Figure 1] (13). The reported female
to male occurrence ratios vary from 1:1 to 6:1 (1, 2).

a
The patients are typically between 30 to 50 years old at
the time of diagnoses of RTS (1-3, 14, 15). RTS usually
involving the c*side. In the study by Roles et al,
35 patients out of the 36 with the diagnosis of RTS were
right hand dominant (3). Bilateral involvement in a RTS
patient is rare. Sarhadi et al only report one bilateral
RTS out of 26 patients (7). History of previous surgical
procedure is a common finding in RTS. Bolster et al.
reported 5 out of 12 patients with the diagnosis of RTS
had previous surgical intervention on the ipsilateral
upper extremity for various pathologies such as
shoulder instability, trigger finger, osteoarthritic finger
joint, and carpal tunnel syndrome (1). In the study
performed by Dean et al, 7 out of 35 patients with the
diagnosis of RTS had previous surgical treatments for
carpal tunnel syndrome, carpal tunnel syndrome with
cuncurrent cubital tunnel syndrome, or DeQuervain’s
tenosynovitis on the same side (15). Other contributing
factors of RTS occurrence may include trauma and
heavy manual labor (13, 16). 13 out of 35 patients in
Dean's study had history of elbow or forearm trauma
(15). Roquelaure et al,, proposed an increased risk for
RTS in factory workers in their study with patients
who perform effort intensive forearm extensions in
pronation or supination (16).

Sign and symptoms

Determining the exact location of the pain in the
forearm, is the primary step in evaluating for RTS. The
main clinical feature of

e.
Patients typically report aggravated pain at nights that
may interfere with sleeping. The pain can also become
more severe when increased traction is applied to the

Table 1. Historical developments in the definition of Radial Tunnel Syndrome (RTS)

Year Researcher Event

1955 Michelle & Krueger
1972 Roles & Maudsley

1979 Lister et al

Referred to Radial Tunnel Syndrome (RTS) as ‘radial pronator syndrome’

Identified the association between pain and compression of the PIN, and termed the condition Radial Tunnel
Syndrome or resistant tennis elbow. The patients were treated via surgical decompression of the nerve

Identified the pain with resisted middle finger extension as a pathognomonic sign of Radial Tunnel Syndrome
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Figure 2. Volar side of left proximal forearm,
distal to elbow crease is divided to nine pressure points in three
columns. Tenderness over two proximal lateral circles (red circles)
indicates radial nerve irritation while tenderness over pressure
points of 5 and 6 (yellow circles) indicates proximal median nerve
irritation. Three medial points are control area.

nerve by extending the elbow, pronating the forearm, or
flexing the wrist. Two accepted clinical tests to confirm
the diagnosis include exacerbation of the pain with
resisted supination with the other being increased pain
in the proximal radial forearm and over the radial tunnel
when the wrist is hyperextended against resistance
1, 17). Studies have concluded the pain elicited with

. However, other studies note
the pain is rarely induced during resisted extension of
the middle finger (17). Electromyography (EMG) and
nerve conduction velocity (NCV) studies in patients with
RTS are typically negative (18, 19).

The Rule of Nine [Figure 2] is another valuable test

al nerve compression sites that may lead to RTS

RADIAL TUNNEL SYNDROME

4 =i | . b
Figure 3. Physical tests for Radial Tunnel Syndrome. A and B:
Different sites of pain in RTS and lateral epicondylitis. Tenderness
in lateral epicondylitis is directly on the lateral epicondyle while
in RTS the tenderness is 5 cm distal to the epicondyle. C: Increased
pain in the proximal radial forearm and over the radial tunnel,
on hyperextension of the wrist against resistance. D: Pain during
resisted extension of the middle finger is a valuable test in
diagnosis of RTS.

in diagnosis of RTS. Developed by Loh et al, the Rule
of Nine is utilized when evaluating patients with non-
specific elbow and proximal forearm pain (20). The test
is administered by subdividing the anterior, proximal
forearm just distal to the elbow crease in to nine circular
regions arranged in a 3x3 grid. The grid is about the size
ofahalfdollar [Figure 3]. Patients are asked to determine
each place as painful, uncomfortable, or nothing when
pressure is applied to the individual areas. Three medial
pressure circles are the control areas and expected to
be free of pain and discomfort. Tenderness on the two
proximal circles at the lateral column indicates radial
nerve irritation. The posterior interosseous branch
of radial nerve lies more distally and between the two
heads of supinator muscle. Thus, pressure on the third
distal circle would not irritate the radial nerve and it
could be used as a control site for RTS in addition to
the medial column (8, 20). In the middle column, the

Order Location

Basis for compression

Sensory involvement

1 Lateral elbow joint in radial head

Osteoarthritis or fibrous bands anterior to the radiocapitellar
joint or synovitis of the radiocapitellar joint.

An arcade of anastomosing branches of the recurrent radial

The leading (medial proximal) edge of the extensor carpi radialis

The proximal edge of the superficial layer of supinator muscle

2 Leash of Henry artery at the radial neck
3 Fibrous edge of the ECRB .
brevis
4 The arcade of Frohse
5 Distal edge of radial tunnel The distal edge of supinator muscle

May engage sensory area

May engage sensory area

May engage sensory area

Does not engage sensory area

Does not engage sensory area
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two distal circles overlie the route of median nerve, and
pain and tenderness in this area indicates a high level of
median nerve irritation (8).

Imaging studies

MRI studies of patients with RTS usually show no
pathology but in some cases they may show muscle
edema or atrophy along the distribution of the radial
and posterior interosseous nerves (finger extensors,
supinator and less, pronator muscles) but the validity of
the MRI findings is controversial (21). Ferdinand et al.

enervation along the posterior interosseous nerve
distribution within the supinator muscle (22). However
some studies stated that MRI imaging does not have a
key role in the RTS diagnosis and workup (21).

EMG and NCV tests

Electromyography (EMG) and nerve conduction
velocity (NCV) results are typically in
patients diagnosed with RTS. Previously, studies have
been performed to demonstrate nerve conduction
abnormality after different active maneuvers. Rosén et
al compared the motor latency at rest and with active
resisted supination but they could not find difference
in these two different conditions (23). Kupfer et al.
measured differences in motor latency in forearm
neutral, supination, and pronation positions. In the study,
patients who previously had a confirmed diagnose of RTS
had a greater average differential latency compared with
controls which formed the basis for the recommended
differential latency of 0.30 ms or greater as diagnostic
criteria for RTS (11, 24).

Differential Diagnosis
Pain on the dorsal forearm tha

no . However
these symptoms are not specific to RTS and diagnosing
of RTS based on the presentation is difficult (1, 6).
Another confounding factor in diagnosis of RTS is the
lack of confirmatory clinical tests. Therefore, RTS is a
diagnosis of exclusion and is dependent on clinical signs
and symptoms.
The preliminary step in evaluation of RTS requires

the exclusion of proximal nerve pathology such as
inflammation or trauma of the ﬁ})lexus. Brachial
plexus injuries can present as pain in the shoulder and

# muscle and its tendon

upper limb. In addition,
may induce elbow pain that can be mistaken for RTS.
Tendinopathy is a commonly associated with a rotator
cuff tear or shoulder disorders (25).

Ultrasound, magnetic resonance imaging (MRI), and
electromyography can be utilized to rule out other
pathologies that can underlie lateral elbow pain. Lateral
epicondylitis, PIN syndrome, osteoarthritis of the
radioapitellar joint, impingement of the articular branch
of the radial nerve, synovitis of the radiocapitellar joint,
a muscle tear of the extensor carpi radialis brevis, and
posterior plica impingement are diseases that can
present with lateral elbow pain (8).

RADIAL TUNNEL SYNDROME

? epicondylitis, which is differentiated from RTS
by the tenderness directly on the lateral epicondyle, has
been identified concurrently in several studies to 21 -

y. . We believe that in some patients the
pain associated with lateral epicondylitis is because
the ECRB lies next to the PIN and the fact that the PIN
carries afferent impulses may explain the pain from the
degenerated ECRB tendon.

Motor signs such as digital and thumb extensor motor
weakness distinguish PIN syndrome from RTS. Even
in complete PIN palsy, the function of the extensor
carpi radialis longus muscle and the ability to extend
and radially deviate the wrist are preserved (10). PIN
syndrome also does not present with pain, which is the
predominant complaint in patients with RTS (5).

The pain due to the irritation of the superficial branch
of the radial nerve can be mimicked by De Quervain’s
tenosynovitis syndrome (8).

Treatment

The goals of treatment in RTS management are pain
resolution and encouraging the patient to return to
work and previous activities (29). Both surgical and
non-surgical treatments are available for management
of RTS (25).

Non-surgical treatment

Common non-surgical methods include immobilization
of the wrist with splinting or casting, anti-inflammatory
medication, ultrasound massage, and

hysical thera

a partial or complete resolution of the symptoms.
Activity modifications such as avoiding prolonged
elbow extension, forearm pronation, and wrist flexion
are recommended as a part of the non-operative
management. However, the success rate of conservative
treatments is in doubt. Steven et al report only 4 out of
15 patients with the diagnosis of RTS had improvement
with non-surgical treatments (30). Jui-Tien Lee reports

Surgical treatment

In 1983, Steven H reported the first series of patients
with RTS treated surgically with the success rate of
14 out of 15 patients (93.4%) (30). A patient whose
symptoms do not respond to the non-surgical treatment
is a good candidate for the surgical decompression (1).
The decompression is performed for the radial nerve
and both of its branches: the posterior interosseous
nerve (PIN) and the superficial branch of the radial nerve
(SBRN). The success rate for decompressing of patients
suffering from RTS was estimated between 10 to 95%
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(1). Regardless of the surgical approaches, release of the
nerve from the arcade of Frohse and ligating the radial
recurrent blood vessels is essential (13).

Transbrachioradialis and anterior approaches are the
more frequently used approaches used today among
the several known approaches to surgical release of
the radial nerve. Bolster et al. demonstrated in a study
involving 12 patients that 11 patients (91.6%) were
satisfied with the transbrachioradial approach.

Dorsal approach between mobile wad and finger
extensors (Thompson): The forearm is positioned in
pronation and the incision is made one inch distal to the
lateral epicondyle and extended along the midpoint of
the wrist. The posterior cutaneous nerve of the forearm,
usually located anterior to the incision, should be
identified and protected. Then, the mobile wad, formed
by the muscle bellies of the brachioradialis, extensor carpi
radialis longus and brevis, is identified and dissected
from the rest of the extensor muscles. A well-defined
yellowish fascial which is more prominent at distal is
the landmark which separates extensor carpi radialis
berevis and extensor digitorom commonis mucles from
each other. After separating the two muscles bluntly,
the underlying supinator muscle, with its characteristic
shiny oblique fibers, is identified. The arcade of Frohse
is identified as a tendinous band at proximal side of
supinator muscle. Initially the radial recurrent blood
vessels (leash of Henry) should be ligated just proximal
to the arcade of Frohse. The arcade of Frohse is released,
and the superficial head of the supinator muscle is
divided totally to ensure that the inferior margin of the
supinator is completely released. If surgical treatment of
associated lateral epicondylitis is desired, the incision
can be extended proximally.

Dorsal approach between brachioradialis and
wrist extensors: The skin incision is similar to dorsal
(Thompson) approach. Unlike the previous approach,
the interval between the brachioradialis and extensor
carpi radialis longus is selected. The posterior cutaneous
nerve of the forearm should be identified and protected.
After identification of fascial interval between the two
muscles, there belies divided from each other and the
supinator mascle is exposed. The rest of the dissection
can be continued bluntly to expose the arcade of Frohse.
Some investigators advocate the release of the extensor
carpiradialis brevis tendon at the lateral epicondyle from
its origin to treat any associated lateral epicondylitis as
well.

Anterior approach: While the forearm is in supination,
a curvilinear incision is chosen; beginning before the
lateral epicondyle and extending distally along the
groove between the brachioradialis muscle and the
biceps. The incision is extended between the mobile wad
and Brachioradialis where the radial nerve exists. After
identification of the radial nerve, the nerve is followed
distally as it bifurcates into the superficial radial nerve
and the posterior interosseous nerve (PIN). The arcade
of Frohse is released and the radial recurrent blood

RADIAL TUNNEL SYNDROME

vessels are ligated. The entire length of the supinator
muscle is visualized and completely released.

Since an anterior approach has the capability of
exposure of the radial nerve both proximal and distal
to the elbow, it is more useful in cases with probable
compression of the radial nerve proximal to the elbow.

Transmuscular brachioradialis-splitting approach:
In this approach, the incision is slightly anterior to
the previous incision described with Thompson. After
skin incision, the Brachioradialis fascia is released
longitudinally and the muscle fibers are split along the
muscle fibers bluntly until the radial nerve is exposed.
The arcade of Frohse and the superficial head of the
supinator muscle are divided completely.

Outcomes

Although non-surgical treatment shows a reliable
outcome, surgical treatment is more promising. PIN
release alone showed a 39% to 95% success rate while
this amount in release of both PIN and SBRN was equal
t0o 67%t092% (2,3,7,9,14,15,17,19, 26,27, 30-33).In
the Stanley et al. study, they concluded that if the patient
could not recover completely over the period of 9
months, the surgery should be considered unsuccessful
(8). Some studies emphasized at decompression of both
PIN and SBRN together for better outcome.

pain which may radiate to the wrist and dorsum of
fingers. The disease is more common amongst women
aged 30 to 50 years old. A painful point exists one inch
distal to the lateral epicondyle and over the radial tunnel
which exacerbates with resisted active extension of the
wrist and third finger could confirm the diagnosis.

Although non-surgical treatments such as rest, NSAIDs,
injections, and physiotherapy do not believe to have
permanent relief, it is justified employing them before
the decision for surgery. Surgery has been reported to
have completely diminished the symptoms in 67% to
93% of patients.
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