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Preface

There has been an evolution in the diagnosis and management of compres-
sive neuropathies of the upper extremity over the past few decades. However,
the ideal treatment is not yet established, and management of complications
remains a challenge. Given the high incidence and the socioeconomic con-
sequences of compressive neuropathies, especially in young and active
patients, this book is intended to serve as a modern reference and practical
resource for the orthopedic, plastic, or general surgeon interested in treating
these unique maladies providing our patients with the most effective and
highest quality care.

This book presents the current state of the art in the diagnosis and surgical
management of compressive neuropathies of the upper extremity by experts
in the field. It provides new and comprehensive coverage of diagnosis of pri-
mary and recurrent compressive neuropathies of the upper extremity includ-
ing electrodiagnostic and ultrasound findings in correlation with the clinical
findings. The chapters describe the latest, cutting-edge management of carpal
tunnel syndrome, cubital tunnel syndrome, ulnar nerve syndrome, radial tun-
nel syndrome, pronator teres syndrome, thoracic outlet syndrome, and supra-
scapular nerve entrapment as well as revision carpal and cubital tunnel
surgical treatment options. A step-by-step description of the surgical proce-
dures along with intraoperative photos and detailed illustrations allows/helps
the operating surgeon to successfully perform these techniques for primary or
revision treatment. Surgical pearls, pitfalls, and controversies are discussed to
enhance reader comprehension and learning promoting optimal outcomes
and minimizing complications.

We would like to express our deep appreciation to all contributing authors
for their efforts sharing their time and expertise. We are grateful to Kristopher
Spring, senior editor, for his support and advice, and we wish to thank all of
those who helped to put this project together.

Pittsburgh, PA, USA Dean G. Sotereanos
Loukia K. Papatheodorou
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The Basics of Electrodiagnostic
Testing Carpal Tunnel and Cubital
Tunnel Syndrome

George A. Small

Though carpal tunnel syndrome and cubital tun-
nel syndrome are the thrusts of this chapter, it is
worth reviewing the basic anatomy of nerve to
understand the types of pathology that give way
to these syndromes, and determine prognosis for
recovery. Endoneurium, perineurium and epineu-
rium surround the axons of somatic peripheral
motor and sensory nerves (Figs. 1.1 and 1.2).
Endoneurium is the direct supporting structure
around individual axons. Perineurium forms a
looser tissue barrier over bundles of nerve fibers.
Epineurium, the outermost surrounding nerve
structure, envelops multiple nerve bundles itself.
Diffusion of chemical constituents can occur
across perineurium more readily than across
endoneurium.

The spinal nerve roots can merge with the out-
ermost supporting structure of peripheral nerves,
but the lack of endoneurial collagen at the nerve
root level can explain why some disease pro-
cesses selectively involve the root. in some dis-
ease states, contributing to cubital tunnel
syndrome and carpal tunnel syndrome. This is
quite important, as chemical processes that affect
the nerve roots via chemical diffusion from the
cerebrospinal fluid through which the roots ini-
tially traverse will generally not occur directly

G. A. Small (>)

Department of Neurology, Allegheny General
Hospital, Pittsburgh, PA, USA

e-mail: George.Small @ahn.org; gsmall @wpahs.org

© Springer Nature Switzerland AG 2020

across named peripheral nerves more caudally,
where the ‘blood nerve barrier’ resists many
extracellular tissue constituents.

Nerve trunks contain myelinated and unmy-
elinated fibers. In myelinated fibers, individual
Schwann cells envelop their thick, fatty-rich cell
membranes around axons to form the myelin
sheath. The nodes of Ranvier, located between
adjacent Schwann cells, represent gaps along the
myelinated fibers on myelinated axons. This
structure facilitates myelinated nerves conduct-
ing action potentials with high velocity. Many
cases of cubital tunnel syndrome and carpal tun-
nel syndrome occur in patients with diffuse
demyelinating processes that render the anatomi-
cal distinction between unmyelinated and
myelinated fibers important. Both cubital tunnel
syndrome and carpal tunnel syndrome are much
more prevalent in patients with primary diffuse
disorders of axons or myelin themselves, such as
those who suffer from severe kidney failure,
uncontrolled diabetes, or chronic alcoholism and
inherited myelin disorders such as the family of
Charcot-Marie-Tooth (CMT) diseases. Such indi-
viduals are much more likely to suffer from cubi-
tal or carpal tunnel syndrome, particularly with
any extra traumatic provocation.

If myelin is damaged alone, it can readily
regenerate (neuropraxia). If axon continuity is
transgressed completely (axontmesis); how-
ever, reinnervation of muscle served by nerve is
less reliably predicted- and therefore the focal

D. G. Sotereanos, L. K. Papatheodorou (eds.), Compressive Neuropathies of the Upper Extremity,

https://doi.org/10.1007/978-3-030-37289-7_1
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Fig. 1.2 View of basic anatomy of the nerve

demyelination which occurs with traumatic
entrapment of nerve which does not involve the
axon but does compress myelin has a much bet-
ter prognosis. This reversible type of pathology
causes ‘conduction block’ of nerve action
potentials. This is true of any entrapment syn-
drome in any nerve throughout the body, and is
especially true of cubital tunnel syndrome and
carpal tunnel syndrome.

The carpal tunnel, through which the median
nerve passes at its distal extent, is surrounded by
tendons, bones and connective tissue. The dorsal

Epineurium

—— Perineurium

A\ )

. T Endoneurium
11
|

surface is bounded by the tendons of the muscles
to the extensor digitorum communis, extensor
indicis proprius, extensor pollicis longus and
extensor carpi radialis brevis muscles. On the
ventral, or palmar boundary is the abductor pol-
licis longus muscle (APL) laterally, and the trans-
verse carpal ligament, and muscles to the little
finger. Within the carpal tunnel, which is bounded
itself by a sheath of connective tissue is the
median nerve itself and the tendons of the flexor
pollicis longus, flexor digitorum profundus, as
well as flexor digitorum sublimis muscles. The
bones on the dorsum of the hand surrounding the
carpal tunnel include the hamate, capitate, trape-
zium and trapezoid. This entire area, subject to a
lifetime of chronic flexion and extension as well
as crowding of tendons and connective tissue is
the site of median nerve compression resulting in
the carpal tunnel syndrome.

The median nerve arises from the lateral and
medial cords of the brachial plexus. It is a mixed
nerve (meaning it contains motor and sensory
fibers). These fibers are derived from the C6, C7,
C8, and T1 roots. It supplies muscles of the the-
nar eminence of the hand, but also cutaneous
sensory fibers of the skin over the lateral aspect
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of the thenar eminence, and the index and mid-
dle fingers, as well as the tips of the terminal
phalanges. It also serves sensation on the medial
half of the ring finger. The sensory fibers of the
middle finger are derived from the C7 nerve root,
the lateral cord of the brachial plexus, as well as
the middle trunk. The surface of the index finger
receives sensory fibers from the C6 and C7 nerve
roots through the lateral cord and upper and mid-
dle trunk of the brachial plexus. There is much
variance to the sensory innervation of the fingers
mentioned. There are no muscles in the proximal
arm innervated by the median nerve proper. It
traverses the arm alongside the humeral bone
and enters the forearm between the heads of the
pronator teres muscle- which it supplies with
motor fibers along with the flexor carpi radialis,
palmaris longus and flexor digitorum superficia-
lis muscles. It gives rise to a pure motor branch,
the anterior interosseous nerve, which innervates
the flexor pollicis longus, pronator quadratus,
and flexor digitorum profundus muscles to digits
one and two. The remainder of the median nerve
descends in the forearm and goes through the
carpal tunnel along with the tendons previously
mentioned. It first branches off a recurrent thenar
nerve, and then branches to the lumbrical 1 and
2 muscles of the hand. The recurrent thenar
nerve innervates the abductor pollicis brevis and
the lateral half of the flexor pollicis brevis and
opponens pollicis muscles. Generally, although
carpal tunnel syndrome results in sensory abnor-
malities, the symptoms do not include such
abnormalities of the lateral portion of the thenar
eminence, as the sensory branch to that area does
not go through the carpal tunnel. This is why
anesthesia of the lateral portion of the thenar
eminence, along with other sensory symptoms,
may suggest a more proximal process, either in
the median nerve or at the plexus or root levels,
or even the brain or spinal cord. Other entrap-
ment syndromes of the proximal median nerve at
the antecubital fossa and in the forearm, result-
ing in an almost pure motor anterior interosseous
nerve syndrome exist, but are not the subject of
this chapter.

As in all medical issues, history is paramount.
Carpal tunnel syndrome usually presents with

nocturnal paresthesias in any combination of the
lateral 3 digits of either hand, more commonly
the dominant one [1]. Causes of the nocturnal
predominance is not clear, but may relate to the
patient being more aware of the symptoms when
the distractions of the day are at a minimum.
Occurring frequently upon awakening in the
morning and although the patient may insist he
does not sleep on the arm in question- ALL peo-
ple twist and turn at night and may compress the
forearm, upper arm, or wrist during sleep, thus
increasing the risk of compressing the median
nerve in the narrow carpal tunnel. Weakness
alone is rarely the presenting symptom of carpal
tunnel syndrome, as sensory nerve fibers are
more prone to chemical and physical injury than
motor nerves. Many an amyotrophic lateral scle-
rosis (ALS) victim has been referred to the elec-
tromyographer’s attention with a wasted, atrophic
hand, without sensory symptoms. Carpal tunnel
syndrome occurs in the dominant hand in the vast
majority of cases and electrophysiologically can
found to be bilateral in 15% of the time, even if
the side not in question is asymptomatic. This is
why bilateral electrophysiologic testing for car-
pal tunnel syndrome is so important, both to
delineate the severity of the process on the side
which is the subject of the patient’s complaint,
and as a baseline for further potential therapy in
the less, or non-symptomatic side.

As alluded to above, history of glucose intol-
erance, uremia, hypothyroidism and hand or
wrist trauma is of paramount importance to know.
Some patients suffer from carpal tunnel syn-
drome, denying a history of diabetes, are found
on examination to have it by their surgeon or neu-
rologist, even prior to their PCP or endocrinolo-
gist making the diagnosis. Diabetes is the most
common accompanying medical problem occur-
ring when carpal tunnel syndrome is diagnosed.
Diabetes causes both hypoxemic damage to
nerves in the body as well as direct hyperglyce-
mic damage to both axon and myelin. A glucose
tolerance test or hemoglobin Alc should be tested
in all patients with carpal tunnel symptoms, as
well as tests of thyroid and renal function.

Along with a detailed history of any accompa-
nying medical problems, as well as determining
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that the predominant symptoms affect the lateral
portion of the hand up to and perhaps including
the medial 4th digit, examination of the patient
with carpal tunnel syndrome generally begins
with inspection. Isolated atrophy of the lateral
thenar eminence is a clinical key that the problem
is originating in the median nerve at its distal
extent at the carpal tunnel. Accompanying fore-
arm atrophy can be seen with more proximal
median nerve problems. If indeed there is atro-
phy of the lateral thenar eminence (abductor pol-
licis brevis [APB] muscle), then inspection of
other C8 and T1 innervated muscles is paramount
to rule out a lesion at these nerve root levels or
the lower trunk of the brachial plexus.

Weakness of the distal tips of digits 2 and 3
and of the thumb along with weakness of forearm
pronation can point to a pure anterior interosse-
ous nerve lesion in the forearm.

EMG/NCV

This test is upwards of 85% sensitive for carpal
tunnel syndrome and more than 95% specific for
it [2]. A basic understanding of the technique
follows.

Motor nerves carry large myelinated fibers
which conduct electrical impulses at 40-50 m/s.
Sensory nerves carry large, medium, small and
unmyelinated nerves which conduct electricity
at anywhere from 50 m/s down to 2-3 m/s.
Standard EMG nerve conduction study testing
evaluates the large, fast conducting fibers of

motor and sensory nerves. Electrical studies for
entrapment neuropathy involve testing mixed
motor and sensory nerves, isolated motor nerves,
and isolated sensory nerves. The standard proto-
col for evaluating a patient with carpal tunnel
syndrome is to place a recording electrode over
the abductor policies brevis muscle (Fig. 1.3). A
reference electrode is placed at a local, bony,
non-electrically active reference area. A separate
ground wire is applied to the skin for electrical
safety. The median nerve is stimulated in the
antecubital fossa and at the wrist with a hand-
held stimulation device. If one were to measure
the distance between the stimulating and the
recording electrode on the APB muscle, and
divide that distance by the time it takes an elec-
trical impulse generated from the stimulating
electrode to the recording electrode, a falsely
low velocity for motor nerve conduction would
result. This is because one is measuring not only
the conduction in nerve fibers, but also across the
neuromuscular junction and across the muscle
membrane, which conduct at extremely low
velocities. Therefore the technique of measuring
velocity in motor nerves involves stimulating the
nerve at two separate points, recording at one
particular point, and subtracting the distance
from the distal stimulation point to the recording
electrode, from that of the proximal stimulus
point to the recording electrode, and dividing
that by the difference in time it takes the impulse
that is generated from the initial point of stimu-
lation from the distal point of stimulation. This
results in deriving a conduction velocity along

Fig. 1.3 Median motor study. (a) Distal stimulation site over median nerve at wrist, recording abductor pollicis brevis.
(b) Proximal stimulation site at antecubital fossa
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the forearm segment of the median nerve itself,
subtracting out the time it takes the impulse to go
from the distal stimulating point to the recording
electrode, which is adulterated by neuromuscu-
lar junction and muscle membrane influences.
This results in an accurate conduction velocity in
the median motor nerve itself. This concept is
also applied to stimulating all other motor nerves
such as the ulnar nerve and other motor nerves in
the body. Sensory nerve conduction velocities
are a more simple practice. Since the nerve
impulse does not traverse a neuromuscular junc-
tion or muscle membrane substance, simply
stimulating a sensory nerve at one point, record-
ing at another point, and dividing the distance
between the two points by the time it takes the
impulse to go from one point to the other results
in measuring conduction velocity in the sensory
nerve. The examiner must always be attentive to
the effects of temperature on conduction veloci-
ties, and even on the amplitude of both sensory
and motor responses. A surface skin temperature
of 30 ° C generally reflects a normal body tem-
perature which reflects the true parenchymal
nerve temperature itself. A rule of thumb is that
for every degree Celsius below body tempera-
ture measured for a nerve, there is a 2 m/s
decrease in conduction velocity. Too many stud-
ies in general neurological practice reveal low
conduction velocities which are due to low sur-
face skin temperature and not to true pathology,
frequently rendering a false positive diagnosis of
peripheral neuropathy, resulting in inappropriate
patient management.

In addition to velocities, the resulting wave-
form generated on the oscilloscope results in an
amplitude measured from the baseline to the
electrical peak of a biphasic waveform in units of
microvolts, in the case of a motor nerve referred
to as a compound motor action potential (CMAP),
and in the case of a sensory nerve referred to as a
sensory nerve action potential (SNAP). Each of
these potentials is the algebraic sum of the num-
ber of either the number of sensory nerves
recorded or muscle cells depolarized, measured
within the nerve bundle itself or the muscle being
tested. Any electromyography laboratory must
have a reference set of normal values from which

clinical test results are compared. It is impractical
for each laboratory to determine its own normal
values, which historically had been painstakingly
measured. Historical normal values for amplitude
and velocity in motor and sensory nerves can be
applied as long as the EMG/NCV machine is set
to the same filter settings, and the same type of
electrodes and stimulators are used as were used
to derive the original normative textbook values.
One cannot overemphasize the importance of
controlling skin temperature in providing accu-
rate results, as mentioned above. A paradoxically
slow conducting nerve with large amplitude
should be a clue to that the test was done with
inadequate temperature control. The study may
then need to be repeated. Other than amplitude
and velocities, the parameters measured in stan-
dard nerve conduction studies, include other data
points - the “distal latency”, and the “F response”.
Historically the F response, (which stands for
“foot”), where the measure was first derived, is a
method of stimulating motor nerves distally at a
very high level of stimulus duration and amper-
age, and doing so repeatedly with recording over
the muscle innervated by the nerve in question,
and deriving approximately 10-20 responses
which occur because of “back firing” of motor
nerves near or in the anterior horn cell. The
amplitude of these responses are very low nor-
mally, and appear much later on the oscilloscope
than the CMAP, however when the latency of
these responses is measured, it provides a general
overview of the most myelinated nerves conduct-
ing along the proximal, middle, and distal seg-
ments of the motor nerve, and if very prolonged,
can be a clinical sign of severe demyelination
proximal to the point of stimulation. For entrap-
ment neuropathies, this particular test has less
use than the regular recording of amplitude,
velocity and distal latency. Distal latency refers
to the time it takes an electrical impulse from
normal stimulation of a motor nerve at the point
closest to its recording electrode to reach its
innervated muscle. This value is usually on the
order of less than 10 ms, and there are normative
values for each motor nerve tested. Prolongation
of distal latencies suggests distal demyelinating
pathology in a nerve.
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For sensory nerve action potentials, merely
the recording of the amplitude of the SNAP and
the velocity are adequate for the clinical report to
the referring physician. Thus, an electrical study
for any entrapment neuropathy or even for
peripheral neuropathy, myopathy radiculopathy,
or plexopathy should contain a data sheet which
lists the amplitude and velocity of any sensory
nerve tested as well as the amplitude, distal
latency, F response latency and conduction veloc-
ity along any motor or sensory nerve measured.

The most sensitive indicator electrically of
carpal says tunnel syndrome is a slowing in the
conduction velocity and or decreased amplitude
of the sensory nerve action potential of the
median sensory branch to digits 1 or 2 [3].
Electrodes are placed at the distal end of digit
two as well as at the wrist. Stimulation of the sen-
sory nerve can be accomplished either at the fin-
ger, with recording at the wrist, or at the wrist
with recording at the finger. Stimulating the nerve
in its physiologically “correct” or orthodromic”
direction or stimulating the mixed median nerve
at the wrist with recording at the finger “anti-
dromic” direction will result in a waveform rep-
resenting the sensory nerves to the finger tested.
The antidromic method may result in muscle arti-
fact; however, it is a more sensitive method for
recording sensory nerve action potentials. Either
method is reasonable in practice as long as arti-
fact is controlled for. The next most sensitive
indicator of carpal tunnel syndrome is a pro-
longed distal latency when measuring the motor
conduction as described above. Frequently, elec-
trical studies will reveal some combination of
sensory nerve slowing to digit 2 and a prolonga-
tion of the median motor distal latency. The nor-
mal median motor distal latency is <4.5 ms. The
normal median sensory conduction is 50 m/s.
Generally no median motor nerve conduction
slowing is noted in the forearm in carpal tunnel
syndrome, but it may occur as an artifact of an
extremely prolonged distal latency (greater than
10 ms) as retrograde demyelination can occur
from severe damage to the nerve within the car-
pal tunnel. In this case the sensory nerve action
potential to digit 2 is usually found to be absent.
In cases of extremely mild carpal tunnel syn-

drome the entire electrical study is normal- how-
ever, with the patient reporting typical carpal
tunnel syndrome symptoms a more sensitive test
that can be performed is to stimulate the median
mixed motor and sensory nerve directly in the
palm and recording over the median nerve at the
wrist and determining the conduction velocity in
that short segment of this median mixed motor/
sensory nerve. If it is decreased, and all other data
are normal, there is clear evidence of carpal tun-
nel syndrome. This portion of the study should be
performed when the patient’s symptoms are typi-
cal for carpal tunnel syndrome as mentioned, and
the remainder of the test is normal. As part of a
general electrical study for carpal tunnel syn-
drome, the ulnar motor nerve and ulnar sensory
nerves should also be evaluated. When a general-
ized neuropathic process is not present, a normal
ulnar motor and sensory nerve set of values
serves as a nice control when median neuropathy
at the wrist is electrically noted. This provides
more confidence for the electromyographer to
present to the surgeon of the lesion truly being at
the carpal tunnel and not being part of a more
generalized peripheral neuropathic process not
requiring surgical intervention.

After the median and ulnar motor and sensory
responses are recorded, needle EMG is then
performed.

EMG or electromyography, is the process of
inserting a needle electrode in a muscle and
recording electrical impulses on an oscilloscope
either at rest or while directing the patient to per-
form a muscle contraction. Normal muscle gen-
erally does not reveal unusual electrical potentials
at rest. With activation of any muscle tested a
number of motor units can be assessed to that
muscle for any variance from normality. Motor
unit action potentials (MUAPs), are representa-
tive of the algebraic sum of individual muscle
cell action potentials representing the sum of all
voltage changes from all muscle cells innervated
by the nerve activated. No externally applied
electrical shocks are required. The duration,
amplitude and number of phases of the visualized
potentials can determine whether a process
resulting in weakness or spasm is on a neuro-
genic or a myogenic basis.
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Individual muscles are innervated by a num-
ber of different motor nerves. The motor unit is
defined as a motor nerve and all the muscle cells
it innervates. If there is damage to a particular
nerve, other nerves innervating other muscle
cells within the muscle itself eventually will
take over innervation of those muscle cells. The
resulting motor unit action potential generated
by a voluntary contraction will then appear
larger than normal on the electromyography
oscilloscope, since any individual surviving
motor nerve will innervate more muscle cells
than it usually does. Therefore, a chronic neuro-
genic process can be defined as an increased
amplitude in motor unit potentials seen. In addi-
tion, the surviving motor neurons fire at a fre-
quency which is faster than usual in order to
maintain a specific force since other motor
nerves are damaged and cannot do so. This
denervation and reinnervation process is time-
dependent, and a nerve conduction study per-
formed immediately after nerve injury will not
reflect this. Reinnervation of muscle cells which
have been “abandoned” by their damaged motor
nerves occurs approximately after 2 weeks for
arm innervated muscles and 3 weeks for leg
innervated muscles and 1 week for facial inner-
vated muscles. This reflects the time it takes for
reinnervation to occur as the axons of the rein-
nervating nerves must grow to innervate the
muscle cells which have been denervated.
Reinnervation may not be complete process.
After mechanical trauma to the carpal tunnel,
when weakness ensues, one may perform a
baseline nerve conduction study near the time of
trauma, however it is more important to perform
a study more than 2 weeks after the trauma to
determine what reinnervation has occurred. In
addition, proper localization of the process to
the carpal tunnel can only occur after such rein-
nervation occurs. In moderate to severe cases of
carpal tunnel syndrome, the APB muscle will
show changes of acute and/or chronic neuro-
genic change, such as increased amplitudes of
the motor unit action potentials (MUAPs), and
if the process is subacute to acute, spontaneous
electrical discharges from denervated APB mus-
cle cells will occur and are easily noted with the

patient’s muscle at rest (fibrillations and posi-
tive sharp waves) and the EMG electrode
inserted into the APB muscle. All these changes
require at least 2 week’s delay in performing the
electrical test after any particular acute inciting
event thought to cause carpal tunnel syndrome
has occurred. If the patient has had carpal tunnel
symptoms for weeks, months, or years- then
certainly the electrical study can be accom-
plished at any time.

Ulnar neuropathy most commonly occurs at
the ulnar sulcus or at the cubital tunnel [4, 5].
When occurring at the ulnar sulcus historically
the problem was referred to as the “tardy ulnar
palsy”, as it frequently was observed with some
delay after some form of direct inciting trauma to
the area had occurred [6]. Constant flexion and
extension of the elbow is a clear risk factor for
this process as well as the above-mentioned gen-
eralized peripheral neuropathic risk factors, dis-
tal humerus fracture, and olecranon fracture. The
cubital tunnel is a virtual structure in the forearm
through which the ulnar nerve passes after tra-
versing the ulnar sulcus, piercing the aponeurosis
between the two main heads of the flexor carpi
ulnaris muscle. Compression of the nerve by
these portions of the flexor carpi ulnaris muscle
can result in the process referred to as the cubital
tunnel syndrome. Although worth mentioning,
but not the subject of this particular chapter, ulnar
neuropathy may also occur at Guyon’s canal at
the wrist where the distal ulnar nerve enters the
hand. Each of these processes is distinguishable,
if not by clinical examination, then by nerve con-
duction study and electromyography.

The ulnar nerve is derived from the C8, T1
nerve roots and the lower trunk of the brachial
plexus. The motor axons of the ulnar nerve to the
flexor carpi ulnaris muscle generally branch from
the main ulnar nerve trunk proximal to the cubital
tunnel, and therefore in cases of cubital tunnel
syndrome, examination via EMG of the flexor
carpi ulnaris muscle is normal. Branches of the
ulnar nerve to the flexor digitorum profundus
muscles to digits four and five in the hand are
generally not spared in cubital tunnel syndrome,
and the finding of typical ulnar neuropathic
symptoms with preserved flexor carpi ulnaris
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function via EMG and abnormal EMG examina-
tion of the FDP muscle and other distal muscles
via EMG can help localize the process.
Stimulation of the ulnar nerve in the electro-
myography laboratory with recording over either
the 1Ist dorsal interosseous muscle or the abduc-
tor digiti minimi muscle of the hand, generally is
carried out recording at 3 points, above the elbow,
below the elbow, and at the wrist. As described
for the median nerve, the segmental velocities of
the ulnar nerve in the above-elbow to below-
elbow segment, and the below-elbow segment to
wrist are derived via the method mentioned above
to filter out the effects of muscle membrane and
neuromuscular junction slowing, which adulter-
ate calculated nerve velocity values. Both the
above- elbow to below- elbow segment and the
below- elbow to wrist segment should conduct at
50 m/s. When performing ulnar motor nerve con-
duction studies (Fig. 1.4) the forearm should be
bent at a 45° angle, which more closely approxi-
mates its normal anatomic course. Performing
ulnar motor nerve conduction studies with the

Ground

_ .

elbow joint at 180° can result in “telescoping” of
the nerve and its myelin upon itself, resulting in a
falsely low conduction velocity being recorded.
The ulnar nerve, in addition to innervating the
flexor carpi ulnaris and flexor digitorum profun-
dus muscles, innervates the abductor digiti min-
imi as well as a portion of the flexor pollicis
brevis muscles and all the interosseous muscles
of the hand. The sensory nerve action potential of
the ulnar nerve is generally derived by either
orthodromic stimulation of the digit 5 sensory
nerve with recording over the ulnar nerve at the
wrist, or antidromically as described for the
median sensory nerve.

Ulnar neuropathy at the ulnar sulcus is read-
ily demonstrated by revealing slowing in the
ulnar motor nerve segment in the above- elbow
to below- elbow segment, with relative preser-
vation of the conduction velocity in the motor
ulnar nerve in the below- elbow segment to
wrist. In addition there is usually abnormality
of the ulnar sensory nerve action potential
from digit 5 noted. Usually an absent sensory

G1

Ground

Ground

Fig. 1.4 Ulnar motor study. (a) Distal stimulation site over ulnar nerve at wrist. (b) Proximal stimulation site below
elbow. (¢) Proximal stimulation site above elbow. (d) Proximal stimulation site under upper arm
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potential or low amplitude sensory potential
accompanies ulnar neuropathy at the ulnar sul-
cus. In cubital tunnel syndrome, slowing in the
ulnar motor nerve may not be readily percep-
tible. If ulnar neuropathy in general is sus-
pected, then in addition to stimulating the ulnar
motor nerve at the above elbow, below elbow
and wrist segments, the ulnar nerve is serially
stimulated at 1 cm intervals along the below-
elbow to wrist segment in a separate graphical
array available on any standard EMG nerve
conduction study machine along perhaps 7-8
points. The conduction velocity along any of
these 1 cm points can readily be derived, and a
precise localization of pathology to a particular
area in the below-segment to wrist may be
identified, thus localizing in the process to the
cubital tunnel. In addition, the ulnar sensory
nerve action potential would be abnormal, and
needle EMG of the flexor carpi ulnaris muscle
(FCU) would be normal, with abnormalities
seen in the needle examination via EMG of the
flexor digitorum profundus muscle to digits 4
and 5, the abductor digiti minimi (ADM) mus-
cle and the first dorsal interosseous (FDI) mus-
cle. Thus, a combination of electromyography
and ulnar nerve conduction studies, both motor
and sensory, can be utilized to more precisely
localize an ulnar nerve process.

One complicating factor in the electrophysio-
logic examination of patients with entrapment
neuropathies is that there are fairly common vari-
ations in nerve innervation of voluntary muscle,
particularly median and ulnar innervated mus-
cles, by anomalous median to ulnar nerve con-
nections in the forearm. In a study of cadavers,
the anatomist Martin found anastomoses in 15%
of patients, and another anatomist Gruber did as
well. The former in 1763 and the latter in 1870.
These common anastomoses of median to ulnar
nerves, complicating, at times proper diagnosis
of ulnar neuropathy and median neuropathy, have
become to be known as the Martin-Gruber anas-
tomoses. There are three main types. Upwards of
15-20% of patients with carpal tunnel syndrome
may have this anastomosis, and approximately
20% of normal controls do as well. The anasto-
moses involve axons leaving the main trunk of

the median nerve or anterior interosseous nerve
and crossing through the forearm to join the main
trunk of the ulnar nerve, ultimately innervating
intrinsic hand muscles. Although a significant
number of axons may participate in the anasto-
mosis, all of the axons of the median nerve are
not involved. The most common anastomosis is a
median-to-ulnar anastomosis with innervation
eventually of the 1st dorsal interosseous muscle.
This is the type 2 Martin-Gruber anastomosis. It
can be inherited as an autosomal dominant trait.
In routine nerve conduction studies this most
common Martin-Gruber anastomosis may not be
found because the ADM muscle is usually the
routine site of ulnar nerve recording. The type 1
Martin-Gruber anastomosis exists as the median
crossing fibers to the ulnar nerve terminating in
the abductor digiti minimi muscle. This can be
noted on routine nerve conduction studies as a
low ulnar CMAP amplitude with above-elbow
stimulation and a larger CMAP with below-
elbow and wrist stimulation, simulating an ulnar
neuropathy at the ulnar sulcus. When this is noted
on a routine nerve conduction study, the electro-
myographer should simply, as a general check for
the crossover, stimulate the median nerve at the
elbow and record over the abductor digiti minimi
muscle. Without the anastomosis, there should be
no CMAP found. If the anastomosis exists to the
ADM muscle, then a small CMAP would be
seen. This simple test can avoid over diagnosing
ulnar neuropathy at the elbow potentially avoid-
ing unnecessary surgery. The most common type
of Martin-Gruber anastomosis of median nerve
fibers crossing to the ulnar nerve, innervating the
FDI muscle, will not present on routine nerve
conduction studies. If one were to test specifi-
cally for a deep ulnar branch neuropathy which
characteristically causes interosseous wasting
and pain from palmar compression (i.e. often in
cyclists from handlebar pressure) the recording
electrode is purposely placed on the FDI muscle,
this type of Martin-Gruber anastomosis will
reveal itself as a larger CMAP from the FDI upon
wrist stimulation than upon elbow stimulation.
The least common type of Martin Gruber anasto-
mosis (Type 3) may manifest on routine median
motor conduction studies with the recording
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electrode on the APB muscle. It should be sus-
pected when the CMAP of the thenar muscle is
unusually larger after elbow stimulation than
with wrist stimulation of the median nerve. In
addition, if both carpal tunnel syndrome and this
type of anastomosis co-exist, then not only will
the median nerve stimulation at the elbow evoke
a large CMAP with an unusual deflection pattern,
but there would be and erroneously normal motor
latency from the median nerve at the elbow with
a prolongation of the distal motor latency and a
factitiously high velocity noted in the forearm
segment of the median nerve. The details of these
anomalies can be left to the electromyographer,
as well as the design of the study when such an
anastomosis is present. These studies should be
clearly explained in the summary portion of the
electromyography report, not only for accurate
documentation, but to avoid leading the surgeon
down the path of over-diagnosing ulnar neuropa-
thy at the ulnar sulcus and underdiagnosing
median neuropathy at the wrist when the type 3
anastomosis occurs.

Conclusion

Electromyography and nerve conduction stud-
ies supplement the patient history, physical and
neurological examination, and radiographic

data to help the examining surgeon properly
localize nerve entrapment processes, particu-
larly when upper extremity median and ulnar
nerve entrapments are suspected. These elec-
trophysiological tests serve the patient and sur-
geon as well as to the correct place and timing
of surgery in the management of these highly
prevalent, uncomfortable, and often disabling
conditions.
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Ultrasound Anatomy
of the Median and Ulnar Nerves

Antonios Kerasnoudis, Min-Suk Yoon,
Georgios Barmpalios, and Aaron I. Venouziou

Introduction

Neuromuscular ultrasound is a well estab-
lished, imaging method of the peripheral ner-
vous system. It offers a holistic approach to
peripheral nerve disease, adding valuable,
diagnostic information to physical examina-
tion, nerve conduction studies and magnetic
resonance imaging.

High frequency resolution ultrasound is com-
monly used in everyday practice to detect struc-
tural, peripheral nerve changes, especially in cases
of entrapment, autoimmune, traumatic and neo-
plastic neuropathies [1-3]. The main advantages
of nerve ultrasound are the non-invasive technique
of examination, the good tolerance from the
patients’ point of view and the relative low cost.

The aim of this chapter is to present the basic
topographic, ultrasound anatomy of the median
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and ulnar nerves and to describe the examina-
tion technique, following the example of the
median and ulnar nerve, with a series of ultra-
sound images.

Imaging Technique
of Peripheral Nerves

General Requirements

The American Academy of Electrodiagnostic
Medicine (AANEM) published in 2009 and
updated, reapproved in 2014 a position statement,
indicating the prerequisites for the performance
and interpretation of neuromuscular ultrasound
[4]. Among those requirements, the most signifi-
cant are: the knowledge of the peripheral nerve
and muscle anatomy, the distribution patterns of
myopathic and neurological diseases and the risks
and benefits of surgical and medical treatment of
nerve and muscle diseases. In addition, the ability
to correlate ultrasound imaging with clinical find-
ings, including genetic, serological, histopatho-
logic, radiographic, and electrodiagnostic tests, to
understand and recommend appropriate correla-
tive studies or to modify the examination based on
real time findings are also required. Last but not
least, a deep knowledge of the ultrasound equip-
ment, ultrasound physics, technique and common
artifacts are the key points for proficiency in neu-
romuscular ultrasound.
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Optimization of Sonographic
Imaging

The ultrasound beam originates from mechanical
oscillations of numerous crystals in a transducer,
which is excited by electrical pulses (piezoelec-
tric effect). The transducer converts one type of
energy into another (electrical <> mechanical/
sound). The resonance frequency is the one fre-
quency at which the piezoelectric transducer is
most efficient in converting electrical energy to
acoustic energy and vice versa and it is deter-
mined by the thickness of the piezoelectric
element.

The ultrasound waves (pulses of sound) are
sent from the transducer, propagate through dif-
ferent tissues, and then return to the transducer as
reflected echoes. The returned echoes are con-
verted back into electrical impulses by the trans-
ducer crystals and are further processed to form
the ultrasound image presented on the screen.
Ultrasound waves are reflected at the surfaces
between different density tissues and the reflec-
tion is proportional to the difference in imped-
ance. If the difference in density is increased then
the proportion of reflected sound is also increased,
and the proportion of transmitted sound is respec-
tively decreased.

If the difference in tissue density is very dis-
similar, then the sound is completely reflected,
resulting in total acoustic shadowing. Acoustic
shadowing is present behind bones, calculi
(stones in kidneys, gallbladder, etc.) and air
(intestinal gas). Echoes are not produced if there
is no density alteration in a tissue or between tis-
sues. Homogenous fluids like blood, bile, urine,
contents of simple cysts, ascites and pleural effu-
sion are seen as echo-free structures.

The optimal visualization of peripheral nerves
requires the use of a high frequency (>12 MHz)
linear transducer. Modern linear transducers are
designed to generate more than one frequency
(broad band width), so that the examiner has the
opportunity to adjust the frequency of the probe
for optimal visualization of the area of interest.

Imaging of superficial structures (for example
superficial sensory branch of the radial nerve)

requires the application of high frequency trans-
ducers (>12 MHz), taking always into consider-
ation, that the depth of penetration is often limited
to 2-3 cm below the skin surface. On the other
hand, visualization of deeper structures (for
example brachial plexus in the infraclavicular
region) demands the use of lower frequency
transducers (<8 MHz), because they offer ultra-
sound penetration of 4-5 cm or more below the
skin surface. However, the image resolution is
often inferior to that obtained with a higher fre-
quency transducer [5].

Additionally, the application of newest tech-
nology, such as tissue harmoning imaging or
speckle reduction, improves significantly the
visualization of the peripheral nerves. Another
important aspect, is the evaluation of the vascular-
ity of the nerves and their surroundings tissues,
usually using color coded sonography (color
Doppler or power Doppler). Color coded sonog-
raphy is also helpful in localizing nerves that are
often accompanied by vessels (e.g. sural nerve
accompanied by lesser saphenous vein). For color
Doppler, a small-flow-setting of the ultrasound
device is recommended (pulse repetition fre-
quency 500 Hz, band-pass filter 50 Hz) [5].

Imaging of Healthy Peripheral Nerves

A peripheral nerve is composed of multiple nerve
fibers and connective tissue. The endoneurium is
a layer of delicate connective tissue around the
myelin sheath of each myelinated nerve fiber.
The role of endoneurium is to supply blood capil-
laries to each nerve fiber. Multiple nerve fibers,
targeting the same anatomical location, are bun-
dled together and form a fascicle, which is
wrapped in a fibrous perineurium. Several fasci-
cles may be in turn bundled together with a blood
supply and fatty tissue within yet another sheath,
the epineurium. This grouping structure is
analogous to the muscular organization system of
epimysium, perimysium and endomysium.

In view of the fact that the basic unit of the
peripheral nerve (neuron) is too thin to reflect an
ultrasound beam, only groups of nerve fibers
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may be pictured with this imaging technique. On
the other hand, the fibrous perineurium contains
collagen, fibroblasts, blood and lymphatic ves-
sels, and thus forms a layer, sufficiently thick to
reflect ultrasound beam (hyperechogenic). The
group of nerve fascicles are surrounded by the
epineurium, that can be also easily seen clearly
in ultrasound as a hyperechogenic layer.

The examiner evaluates peripheral nerves
using two different planes, the transverse and
longitudinal. In the longitudinal plane, the
peripheral nerve is seen as several parallel hyper-
echogenic lines — representing the perineurium —
between two more prominent and also
hyperechogenic layers of the epineurium (“elec-
tric cable” pattern) (Fig. 2.1a). On the other hand,
in the transverse plane, the nerve is seen as mul-
tiple hypoechogenic areas (nerve fascicles) with
hyperechogenic rims of the epineurium (“honey-
comb” pattern) (Fig. 2.1b).

In everyday practice, usually the examiner
visualizes the peripheral nerve applying the
transverse plane and using the so-called “elevator
technique”. The “elevator technique” consists of
finding the nerve of interest at a characteristic
anatomic point and “tracking it” either proxi-
mally or distally. In this way it is possible to eval-
uate at the same time multiple characteristics of
the nerve, such as diameter, cross sectional area,
vascularity, shape, echogenicity and its anatomic
relation to the surrounding tissues. In cases of
entrapment, sometimes additional longitudinal
images are taken, in order to document in detail
the exact anatomic point of interest.

A second important aspect is the change of
echogenicity of a peripheral nerve, when mov-
ing from more proximal to distal segments. In
concrete terms, the echogenicity of the nerve
changes from hypo- to hyperechogenic, when
followed more peripherally distally, due to the
continously, increasing amount of connective
tissue between the nerve bundles. In addition,
the echoes received from musculoskeletal struc-
tures depend on the angle of insonation (anisot-
ropy), therefore structures with highly fribrillar
echostructure, such as tendons and ligaments,
are more sensitive to transducer manipulation,

than peripheral nerves. However, the property of
anisotropy is seen in cases of nerves with large
cross-sections [6] (Fig. 2.1c, d).

Median Nerve (C6-T1)
Introduction

The median nerve is one of the five terminal
divisions of the brachial plexus. It provides
motor innervation, not only to the flexors of the
forearm and hand, but also to the flexion,
abduction, extension and opposition of the
thumb. In addition, its sensory innervation
includes the dorsal aspect (nail bed) of the dis-
tal first two digits of the hand, the volar aspect
of the thumb, index, middle, and half of the ring
finger and the palm.

Innervation

The median nerve gives off no muscular
branches until it reaches the elbow. In the ana-
tomical space between the two heads of the pro-
nator teres muscle, it innervates the following
muscles

1. Pronator Teres (C6—C7): forearm pronator.

2. Flexor carpi radialis (C6—C7): radial flexor of

the hand.

Palmaris longus (C7-T1): flexor of the wrist.

4. Flexor digitorum superficialis (C7-T1): flexor
of the middle phalanges of the second, thirs,
fourth and fifth fingers.

et

After it passes through the pronator teres, it
gives off the anerior interosseous nerve, which
innervates the following muscles:

1. Flexor pollicis longus (C7-C8): flexor of the
terminal phalanx of the thumb.

2. Flexor digitorum profundus I and IT (C7-C8):
flexor of the terminal phalanges of the second
and third fingers.

3. Pronator quadratus (C7-C8): forearm pronator.
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Fig. 2.1 Overview of the echogenicity of a peripheral
nerve. (a) Longitudinal image of the median nerve
showing several, parallel, hyperechogenic lines (peri-
neurium), between two more prominent and also hyper-
echogenic layers of the epineurium (arrows), forming
the so called “electric cable” pattern. (b) Transverse
plane of the median nerve, showing multiple, hypoecho-
genic areas (nerve fascicles), with hyperechogenic rims
of the epineurium (arrows), forming the so called “hon-
eycomb” pattern. (¢) Transverse image of the median
nerve and flexor tendons in the carpal tunnel. The

echoes received from musculoskeletal structures depend
on the angle of insonation (anisotropy), therefore struc-
tures with highly fribrillar echostructure, such as ten-
dons, are more sensitive to transducer manipulation,
than peripheral nerves. In this image tendons are visual-
ized hyperechoic, when compared to the median nerve
(star). (d) Same transverse image of the median nerve
and flexor tendons in the carpal tunnel, after changing
the angle of insonation. Now tendons (arrows) are visu-
alized hypoechoic, when compared to the median nerve
(star)
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At the distal end of the carpal tunnel the
median nerve divides into its terminal branches,
innervating thenar and lumbrical muscles:

1. Abductor pollicis brevis (C8-T1): abductor of
the metacarpal of the thumb.

2. Opponens pollicis (C8-T1): a muscle that
brings the metacarpal of the thumb into
opposition.

3. Superficial head of the flexor pollicis brevis
(C8-T1): flexor of the proximal phalanx of
the thumb.

4. Lumbricals I and II (C8-T1): flexors of the
proximal and extensors of the two distal pha-
langes of the second and third finger.

Topographic Ultrasound Anatomy

The median nerve is formed in the axilla, arising
from the lateral (spinal segments C6—-C7) and the
medial cord (spinal segments C8-T1) of the bra-
chial plexus. These roots joined in a form of letter
‘Y’ and embrace the third part of axillary artery
[7]. Then, the nerve enters the axilla laterally to the
brachial artery and crosses over to the medial side
of the same vessel, descending medially to the
coracobrachialis muscle down to the cubital fossa
(Fig. 2.2a). Just proximally to the nerve fossa, the
nerve is located posterior to the bicipital aponeuro-
sis and anterior to the brachialis muscle (Fig. 2.2b).

The entrance of the nerve to the forearm is
located between the humeral and the ulnar head
of the pronator teres muscle. Exactly at this
height the median nerve provides its first branch,
the anterior interosseous nerve (AIN) (Fig. 2.2¢).
It then travels to the distal forearm, lying poste-
rior and adherent to the flexor digitorum superfi-
cialis and anterior to the flexor digitorum
profundus muscle (Fig. 2.2d). In the majority of
individuals, about 5 cm proximal to the flexor
retinaculum, it emerges behind the lateral margin
of the flexor digitorum superficialis and becomes
superficial just proximal to the wrist, lying
between the tendons of flexor digitorum superfi-
cialis and flexor carpi radialis [7]. Just before
passing deep to the flexor retinaculum at the
wrist, it gives off the palmar cutaneous branch

(Fig. 2.2e). It then passes through the carpal tun-
nel lying underneath the flexor retinaculum and
above the flexor tendons of the digits (Fig. 2.2f).
Distally to carpal tunnel it divides to its terminal
branches for the thenar muscles and to the palmar
digital nerves, which innervate the skin of the
palmar aspect of the thumb, the second, the third
and half of the fourth finger, the palm overlying
the corresponding metacarpophalangeal joints
and the posterior middle and distal phalanges of
the second, third and half of the fourth finger.

Carpal Tunnel Syndrome
Fornage and Rifkin described for the first time
the pathological ultrasound findings of CTS,
opening the way for an innovative diagnostic
approach to peripheral nerve disease. The most
common pathological findings seen in symptom-
atic CTS patients are: (1) enlarged CSA of the
median nerve proximal to the edge of the flexor
retinaculum, (2) increased wrist to forearm swell-
ing ratio (3) hypoechogenity and disturbed fas-
cicular echostructure, (4) reduced slippage of the
nerve and (5) increased vascularity (Fig. 2.3a—d).
Nerve conduction studies are traditionally
used as the confirmatory test for the diagnosis
of CTS; however, ultrasound has increasingly
gained interest as an alternative diagnostic test
for CTS. The diagnostic sensitivity and speci-
ficity of nerve ultrasound in the diagnosis of
CTS varies among literature reports (sensitiv-
ity 77.6-91%, specificity 86.8-93%) [8-10],
mainly depending on the reference standard
used for the diagnosis. The cross-sectional area
of the median nerve at the inlet of the carpal
tunnel (at the level of the pisiform) is the most
sensitive and specific ultrasound finding in
patients with CTS [11]. While ultrasound will
not replace electrodiagnostic testing in the
diagnosis of CTS, especially in complicated or
unclear cases, ultrasonography seems to pro-
vide significant improvement in the diagnostic
accuracy according to a recently published evi-
dence based guideline [12—14]. On the other
hand, both the CSA enlargement and the hyper-
vascularity detected with the Doppler tech-
nique seem to correlate with the clinical and
electrophysiological severity of CTS [15].



A. Kerasnoudis et al.

Fig. 2.2 Transverse ultrasound images of the median nerve
in the axilla and upperarm. (a) Transverse image of the
median nerve in the axilla. The median nerve (MN) is located
between the axilary artery (AA) and axillary vein (AV),
together with the radial (RN) and ulnar nerves (UN). The
median nerve is descending medially to the coracobrachialis
muscle (CB) down to the cubital fossa. BIC = biceps brachi
muscle, TR = triceps brachi muscle. (b) Transverse image of
the median nerve (MN) at the upperarm. Just proximally to
the nerve fossa, the nerve is located next to the brachial
artery (BA), posterior to the bicipital aponeurosis (BIC)
and anterior to the brachialis muscle (BR). (¢) Transverse
image of the median nerve (MN) at the proximal forearm.
The entrance of the nerve to the forearm is located between
the humeral and the ulnar head of the pronator teres muscle
(PT). The nerve is accompanied by the anterior, interosseous
vessels (AIV). Exactly at this height the median nerve pro-
vides its first branch, the anterior interosseous nerve (AIN).
RAD = radius, ULN = ulna, BRD = brachioradialis muscle,
BR = brachialis muscle. (d) Transverse image of the median
nerve (MN) at the mid-forearm. Here the nerve lies posterior

and adherent to the flexor digitorum superficialis (FDS) and
anterior to the flexor digitorum profundus muscle (FDP).
RAD =radius, RA =radial artery, FCR = flexor carpi radialis
muscle. (e) Transverse image of the median nerve (MN) at
the distal forearm. Just before passing deep to the flexor reti-
naculum at the wrist, it gives off the palmar cutaneous branch
(PCB). At this height the median nerve lies also posterior and
adherent to the flexor digitorum superficialis (FDS) and ante-
rior to the flexor digitorum profundus muscle (FDP).
RAD =radius, RA =radial artery, FCRT = flexor carpi radia-
lis tendon, FCUT = flexor carpi ulnaris tendon, UA = ulnar
artery, UN = ulnar nerve, SC = scaphoid, LN = lunateTrans-
verse image of the carpal tunnel. (f) Transverse image of the
median nerve (MN) in the carpal tunnel. The nerve lies
underneath the flexor retinaculum (RFL) and above the
flexor tendons of the digits (FDST, FDPT). FDST = flexor
digitorum superficialis tendon, FDPT = flexor digitorum pro-
fundus tendon, FCRT = flexor carpi radialis tendon,
FPLT = flexor pollicis longus tendon, UA = ulnar artery,
TRAP = trapezoid, CAP = capitatum, HAM = hamate
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Fig. 2.2 (continued)
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Fig. 2.3 Overview of the ultrasound findings in a patient
with carpal (CTS) and cubital tunnel syndrome (CUTS).
(a) Axial scan of the median nerve just proximal to the car-
pal tunnel, showing a pathological cross sectional area
enlargement (CSA = 0.20 cm?, normal values <0.11 cm?)
with relatively preserved fascicular echostructure, (b) axial
scan of the median nerve in the middle forearm (between
the flexor digitorum superficialus and profundus), showing
the pathological wrist to forearm ratio = 0.20/0.09 = 2.22
(normal values <1.4), (c) longitudinal scan of the median
nerve just proximal to carpal tunnel showing the site of
entrapment, (d) colour duplex mode showing the hyervas-
cularity of the median nerve in the carpal tunnel (dotted

med rel

arrow) and the ulnar artery located near the nerve (continu-
ous arrow), (e) Axial scan of the ulnar nerve in the cubital
tunnel, showing a pathological cross sectional area enlarge-
ment (CSA =0.20 cm?, normal values <0.11 cm?). The dis-
turbed fascicular echostructure and the increase of the
echogenicity of the epineurium, as sign of possible luxation
are also noteworthy (f) longitudinal scan of the ulnar nerve
in the cubital tunnel showing the pathological enlargement
and the increase of the echogenicity of the epineurium, as
sign of possible luxation, (g) axial, colour dupplex assess-
ment of the ulnar nerve, showing absent signs of increased
vascularity (h) longitudinal scan of the ulnar nerve in the
cubital tunnel, showing the exact point of entrapment
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Fig. 2.3 (continued)

Ulnar Nerve (C7-T1)
Introduction

The ulnar nerve is an extension of the medial
cord of the brachial plexus. It is a mixed nerve,
that supplies innervation to forearm and hand
muscles, but also provides sensation over the
medial half of the fourth digit and the entire fifth
digit (the ulnar aspect of the palm) and the ulnar
portion of the posterior aspect of the hand (dorsal
ulnar cutaneous distribution).

Topographic Ultrasound Anatomy

The ulnar nerve is the terminal branch of the
medial cord, from the nerve roots of C8-T1
and sometimes C7. The nerve enters the axilla
and descends along the medial aspect of the
arm, being located medial to biceps brachii and
anterior to brachialis muscles (Fig. 2.4a).
Directly at the height of the coracobrachialis
muscle, the ulnar nerve pierces the medial
intermuscular septum and enters the posterior
compartment of the arm. Here, the nerve lies
on the anterior aspect of the medial head of the
triceps, together with the superior ulnar collat-
eral artery (Fig. 2.4b). The medial intermuscu-
lar septum extends from the coracobrachialis
proximally, where it is a thin and weak struc-
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ture, to the medial humeral epicondyle, where
it is a thick, distinct structure [16].

In the majority of individuals the ulnar
nerve passes under the arcade of Struthers. At
this point, it must be clarified, that the
Struthers’ ligament and the arcade of Struthers
are two different anatomical structures, that are
often confused. The Struthers’ ligament was
first described by the anatomist John Struthersin
1854 [17]. It is a fibrous band, which is found
in 1% of the population and extends from the
supracondylar process and to the medial
humeral epicondyle. From an anatomical point
of view, it usually passes over the median nerve
and the brachial artery, sometimes causing
entrapment of these structures. It may be
observed even in the absence of the supracon-
dylar process; even when present, it may not
cause the compression of these structures [17].
On the other hand, the arcade of Struthers was
first described in 1973 by Kane et al. [18]. This
arcade normally derives from the brachial fas-
cia, but in rare cases it can appear as an apo-
neurotic or musculoaponeurotic structure
extending from the medial intermuscular septa
to the medial head of the triceps brachii mus-
cle, at a variable distance above the medial
humeral epicondyle [19] (Fig. 2.4c). This area
is not usually a site for constriction of the
nerve, however it can become so if an anterior
transposition of the nerve is performed, in
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Fig. 2.4 Transverse ultrasound images of the ulnar
nerve in the axilla and upperarm. (a) Transverse image
of the ulnar nerve in the axilla. The nerve enters the
axilla and descends along the medial aspect of the arm,
being located medial to biceps brachii (BIC) and anterior
to brachialis muscles (BR). Directly at the height of the
coracobrachialis muscle (CB), the ulnar nerve pierces
the medial intermuscular septum and enters the posterior
compartment of the arm. AA = Axilary artery, AV = axil-
lary vein, RN = radial nerve, MN = median nerve (M),
TR = triceps brachi muscle. (b) Transverse image of the
ulnar nerve (UN) in the posterior compartment of the
upper arm. Here, the nerve lies on the anterior aspect of
the medial head of the triceps (TR), together with the
superior ulnar collateral artery (SUCA).
HUM = Humerus, BV = basilar vein. (¢) Transverse
image of the ulnar nerve (UN) in the arcade of Struthers
(SA). The arcade of Struthers normally derives from the

brachial fascia, but in rare cases it can appear as an apo-
neurotic or musculoaponeurotic structure extending
from the medial intermuscular septa (MIS) to the medial
head of the triceps brachii muscle (TR). HU = Humerus.
(d) Transverse image of the ulnar nerve (UN) in the
cubital tunnel. The deep forearm investing fascia of the
flexor carpi ulnaris and the arcuate ligament of Osborne
(arrows), also known as the cubital tunnel retinaculum,
form the roof of the cubital tunnel. EM = medial epicon-
dyle, ON = olecranon. (e) Transverse image of the ulnar
nerve (UN) in the proximal forearm. The ulnar nerve
enters the forearm in the anatomical space between the
two heads of flexor carpi ulnaris (FCU) and crosses the
oblique ulnar collateral ligament. The ligament of
Spinner (LS) is an additional aponeurosis between the
flexor digitorum superficialis (FDS) of the ring finger
and the humeral head of the flexor carpi ulnaris.
FDP = flexor digitorum profundus, UA = ulnar artery
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Fig. 2.4 (continued)
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which case the surgeon should release the
arcade if it appears under tension.

Then, the ulnar nerve enters the cubital tunnel,
an anatomical space consisting of the following:
the medial epicondyle (medial border), the olec-
ranon (lateral border), the elbow capsule at the
posterior aspect of the ulnar collateral ligament
(floor), the Osborne ligament (roof). In the major-
ity of the cases, both the deep forearm investing
fascia of the flexor carpi ulnaris and the arcuate
ligament of Osborne, also known as the cubital
tunnel retinaculum, form the roof of the cubital
tunnel. In addition, in 9% of the people undergo-
ing cubital tunnel surgery an aberrant muscle,
called anconeus epitrochlearis, may be found
[17]. During elbow flexion, this muscle may
insert on the olecranon, causing narrowing of the
cubital tunnel and therefore entrapment of the
ulnar nerve (Fig. 2.4d).

The ulnar nerve enters the forearm in the ana-
tomical space between the two heads of flexor
carpi ulnaris and crosses the oblique ulnar col-
lateral ligament (Fig. 2.4e). It gives articular
branches to elbow joint and passes through the
cubital tunnel bordered by the medial epicondyle
of the humerus, the olecranon process of ulna and
tendinous arch joining the two heads of flexor
carpi ulnaris. The ligament of Spinner is an addi-
tional aponeurosis between the flexor digitorum
superficialis of the ring finger and the humeral
head of the flexor carpi ulnaris. This septum is
independent of the other aponeuroses and
attaches directly to the medial epicondyle and the
medial surface of the coronoid process of the
ulna. With anterior transposition of the ulnar
nerve, it is important to recognize and to release
this structure to prevent kinking.

In the forearm, the ulnar nerve gives motor
branches to the flexor carpi ulnaris and the flexor
digitorum profundus of the ring and small fingers
(Fig. 2.5a). The ulnar nerve may give as many as
4 branches to the flexor carpi ulnaris, ranging
from 4 cm above to 10 cm below the medial epi-
condyle. Proximal dissection of the first motor
branch to the flexor carpi ulnaris from the ulnar
nerve may be performed up to 6.7 cm proximal to
the medial epicondyle, facilitating anterior trans-
position of the nerve.

Posterior branches of the medial antebrachial
cutaneous nerves cross the ulnar nerve anywhere
from 6 cm proximal to 4 cm distal to the medial
epicondyle. These branches are often injured dur-
ing cubital tunnel release, creating an area of dys-
esthesia or resulting in neuroma formation.

As the ulnar nerve courses down the forearm
toward the wrist, the dorsal ulnar cutaneous nerve
arises from the main branch (Fig. 2.5b). A little
further down, the palmar cutaneous branch takes
off. Neither of these two branches go through the
Guyon'’s canal. The remainder branch of the ulnar
nerve enters the canal at the proximal portion of
the wrist. This is bounded proximally and distally
by the pisiform and the hook of the hamate
(Fig. 2.5b). It is covered by the volar carpal liga-
ment and the palmaris brevis.

The deep terminal branches innervate the vast
majority of intrinsic hand muscles. These include
all the interossei (3 palmar and 4 dorsal), the
medial two lumbricals, and adductor pollicis.
Hence, when considering the ulnar and median
nerve, they should be considered a pair, with the
median nerve doing the majority of the innerva-
tion in the forearm, and the ulnar nerve doing the
majority of the innervation in the hand.

The superficial branch of the ulnar nerve sup-
plies the palmar aspect of the little finger and the
ulnar half of the ring finger and medial palmar
skin. The dorsal cutaneous branch supplies the
medial half of the dorsal surface and one and a
half ulnar fingers dorsally. The palmar sensation
is provided by the palmar cutaneous branch,
which also supplies palmar aponeurosis.

Cubital Tunnel Syndrome

Cubital tunnel syndrome (CUTS) remains the
second most common entrapment neuropathy
after CTS. Although nerve conduction studies
offer a 78% diagnostic sensitivity in cases with
CUTS, the addition of nerve ultrasound may
increase this to 98% [20]. The main ultrasound
findings of CUTS are: (1) increased CSA of the
ulnar nerve between olecranon and medial epi-
condyle and (2) increased elbow-to upper arm
swelling ratio, showing a sensitivity of 80% [20,
21] (Fig. 2.3e-h). In addition, nerve ultrasound
has been shown to make the diagnosis of CUTS
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Fig. 2.5 Transverse ultrasound images of the ulnar nerve
at the forearm and Guyon’s canal. (a) Transverse image of
the ulnar nerve (UN) at the proximal forearm. The nerve
lies just next to the ulnar artery (UA), between the flexor
carpi ulnaris (FCU) and the flexor digitorum profundus
(FDP) of the ring and small fingers muscles. FDS = flexor
digitorum superficialis muscle. (b) Transverse image of
the ulnar nerve (UN) in Guyon’s canal. The ulnar nerve
enters the Guyon’s canal at the proximal portion of the

possible in cases with typical clinical signs, but
normal  electrodiagnostic ~ findings  [22].
Considering the classification of severity, CSA
seems to correlate significantly with the severity
of CUTS, as defined via nerve conduction studies
[23, 24]. According to a recent study from Simon

wrist, lying next to the ulnar artery (UA). This is bounded
proximally and distally by the pisiform (PIS) and the hook
of the hamate. It is covered by the volar carpal ligament
(small blue line) and the palmaris brevis. MN = median
nerve, FDST = flexor digitorum superficialis tendon,
FDPT = flexor digitorum profundus tendon, FCRT = flexor
carpi radialis tendon, FPLT = flexor pollicis longus ten-
don, SC = scaphoid, CAP = capitatum, RA = radial artery

et al, ulnar nerve CSA and hypoechoic fraction
were significantly increased in patients with
CUTS immediately distal and proximal to the
medial epicondyle [25] The authors highlighted
also, that CSA and hypoechoic fraction of indi-
vidual segments did not correlate with corre-
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sponding latencies on inching studies. In view of
these findings, the authors concluded, that ultra-
sound abnormalities may not be maximal at the
site of electrophysiological nerve dysfunction
and may reflect secondary pathophysiological
changes in segments adjacent to regions of nerve
compression [25].

Furthermore, neuromuscular ultrasound often
highlights the underlying cause of ulnar neuropa-
thy, such as structural abnormalities, ganglia or
osteophytes [20], while increased intraneural
vascularity has been reported in 15% of patients
with CUTS [26]. The incidence of luxation/sub-
luxation seems not to differ among patients with
CUTS and normal subjects and therefore no etio-
logical association between these two entities is
documented yet [27].

Conclusion

New challenges continuously arise on how to
obtain the best static and dynamic imaging of the
pertinent nerve structures in different types of
immune-mediated and entrapment nerve disor-
ders, aiming to provide a complementary and
holistic approach to nerve impairment. A detailed
knowledge of the normal, ultrasound findings in
the median and ulnar nerves, is a prerequisite for
understanding peripheral nerve disorders of the
upper extremity. This chapter describes in detail
the basics to understand the topology and the
basic principles of ultrasound neuroimaging in
healthy individuals.
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Diagnosis and Clinical
Presentation of Carpal Tunnel

Syndrome

John R. Fowler

Introduction

Carpal tunnel syndrome (CTS) is the most com-
mon entrapment neuropathy with a bimodal age
distribution of 50-54 and 7584 years of age [1,
2] The majority of cases are idiopathic and
genetic predisposition has been found to be the
strongest predictor for development of carpal
tunnel syndrome [3].

Carpal tunnel syndrome, by definition, is a
constellation of signs and symptoms. However, it
is unclear how many or what combination of signs
and/or symptoms a patient must have in order to
make the diagnosis. Expert physicians may rea-
sonably disagree on the presence or absence of
CTS in some cases. The lack of a clear reference
standard makes research on the diagnosis and out-
comes of carpal tunnel syndrome more difficult.

Symptoms may include paresthesia and/or
anesthesia of the radial three and a half fingers,
weakness of the thenar muscles, and nocturnal
symptoms. Signs may include a Tinel sign,
Phalen test, compression test, increased two-
point  discrimination, increased Semmes-
Weinstein monofilament testing, atrophy and/or
weakness of the thenar musculature, and many
other physical examination findings. It is impor-
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tant to recognize that any one sign or symptom,
in isolation, has a low sensitivity and specificity
for diagnosis of carpal tunnel syndrome [4].
Multiple studies have demonstrated that addi-
tional diagnostic testing in cases of ‘“classic”
carpal tunnel syndrome adds little additional
value [5, 6].

The purpose of this chapter is to review the
clinical presentation of carpal tunnel syndrome
and to review the clinical and diagnostic tests that
are commonly utilized to make the diagnosis of
carpal tunnel syndrome.

Clinical Presentation

The classic presentation of carpal tunnel syn-
drome is numbness and paresthesias in the
radial three and a half fingers. The symptoms
are often exacerbated at night and with activi-
ties that require wrist flexion such as driving,
knitting, etc. As the syndrome becomes more
advanced, patients may experience weakness of
the thenar muscles and clumsiness of the hand.
Pain is not typically considered to be part of
classic carpal tunnel syndrome, although the
“pins and needles” sensation can certainly be
interpreted as painful. In addition, in patients
where the main driver of nerve compression is
flexor tendonitis/tenosynovitis, these patients
may complain of radiating pain into the fore-
arm and/or hand.
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Compression of the median nerve within the
carpal tunnel results in decreased epineural blood
flow, edema, and changes in nerve conduction [7,
8]. The majority of cases are idiopathic, meaning
there is not an identifiable systemic, anatomic, or
traumatic etiology [7]. Systemic conditions with
known associations with carpal tunnel syndrome
include amyloidosis, renal failure, diabetes,
hypothyroidism, congestive heart failure, obesity,
rheumatologic conditions (rheumatoid arthritis,
lupus, scleroderma), vitamin deficiencies, and
alcoholism [7, 9]. Anatomic causes can include
space occupying lesions such as ganglions, lipo-
mas, neurofibromas, schwannomas and other rare
tumors. Anomalous muscles may be present in
the carpal tunnel and include the palmaris pro-
fundus, extra slips of the flexor pollicis longus,
and a more proximal origin of the lumbricals. A
persistent median artery is also described as a
potential anatomic variation that can result in car-
pal tunnel syndrome. Traumatic etiologies
include median nerve contusion from a distal
radius fracture and/or perilunate dislocation, dis-
tal radius malunion, and post-traumatic arthritic
changes [7].

Certain activities have been postulated as
contributing to carpal tunnel syndrome. Typing
is probably the most widely cited in the lay
press, however, several large studies have failed
to find a difference in the rates of carpal tunnel
syndrome in patients who type and those who
do not [10, 11]. Occupations with vibrational
exposure and those which require a high vol-
ume of repeated heavy grasp appear to have
more clear associations with carpal tunnel syn-
drome [10, 11].

Physical Examination

The physical examination shoulder should start
with inspection. The entire arm should be
inspected for signs of atrophy, color changes, and
differences in skin moisture. The cervical spine is
evaluated for range of motion, tenderness to pal-
pation, and a Spurling’s maneuver is performed
to determine if cervical radiculopathy is present.
Examination for thoracic outlet syndrome should

also be considered. This may include shoulder
abduction, external rotation, and asking the
patient to inhale deeply (Wright’s test) and hav-
ing the patient extend his/her neck, look toward
the affected side, and take a deep breath (Adson’s
test). A positive test would be reproduction of the
patient’s symptoms with the maneuver.

Sensation in the digits is evaluated using
Semmes-Weinstein monofilament testing and
2-point discrimination. Semmes-Weinstein is a
threshold sensory test and has been shown to
have a sensitivity of 91% and specificity of 80%
for CTS [12, 13]. Numerous provocative maneu-
vers have been described for carpal tunnel syn-
drome. It is important to note that, individually,
the provocative maneuvers have low specificity
and sensitivity for CTS [4]. Percussion of the
median nerve resulting in radiating paresthesias
to the median nerve distribution represents a pos-
itive Tinel’s sign. Flexion of the wrist for 60 sec-
onds that results in paresthesias in the median
nerve distribution represents a positive Phalen’s
test. Durkan’s compression test involves com-
pression of the median nerve within the carpal
tunnel for 30 seconds. A positive test is reproduc-
tion of paresthesias in the median nerve distribu-
tion. MacKinnon described the scratch collapse
test, where the examiner asks the patient to bilat-
erally externally rotate the shoulder with the
shoulder abducted, elbow flexed to 90°, wrist in
neutral, and shoulder in neutral rotation while the
examiner applies an internal rotation force. The
examiner then scratches over the carpal tunnel on
the affected side and repeats the internal rotation
force against patient resistance [14]. In patients
with carpal tunnel syndrome, the patient “col-
lapses” against the internal rotation force on the
affected side, but not the unaffected side.
Follow-up studies have questioned the diagnostic
ability of this test [15].

Clinical Diagnostic Tools

In an effort to standardize the physical examina-
tion and to determine which combination of his-
tory and physical examination findings were
most predictive of carpal tunnel syndrome, a
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number of diagnostic tools have been developed.
The Katz hand diagram was one of the first
attempts to standardize findings from the history
and physical examination and to compare the
constellation of these findings to the results of
EMG/NCS [16]. Subjects were provided with a
hand diagram and asked to mark the areas on the
diagram corresponding to their symptoms.
Subjects also underwent moving 2-point discrim-
ination testing, assessment for thenar atrophy,
thumb abduction strength testing, Phalen test,
Tinel sign, and EMG/NCS. After multivariate
regression, only the Tinel sign and hand diagram
were significant predictors in the model. The
authors found that subjects older than 55 with a
positive Tinel sign had a positive EMG/NCS in
89% of cases while subjects young than 40 with
a positive Tinel sign had a positive EMG/NCS in
71% of cases [16]. Levine et al. developed a self-
administered questionnaire, now known as the
Levine-Katz or Boston Carpal Tunnel
Questionnaire [17]. This questionnaire assesses
both functional and symptom severity. The ques-
tionnaire has been shown to be reproducible,
internally consistent, and sensitive to change
after treatment [17].

The CTS-6 was developed by Graham and
colleagues to determine the probability of carpal
tunnel syndrome based on the presence or
absence of 6 criteria (Table 3.1). The authors
started with 57 signs and symptoms associated
with carpal tunnel syndrome and an expert panel
ranked them in order of importance. The top 8
criteria were then used to create 256 unique case
presentations. An expert panel made a binary
decision as to whether each case represented car-
pal tunnel syndrome. A logistic regression model
was created and it was determined that only 6 of

Table 3.1 CTS-6

Finding Points
Numbness predominately or exclusively in 3.5
median nerve territory
Nocturnal numbness

Thenar atrophy and/or weakness
Positive Phalen test

Loss of 2-point discrimination

Positive Tinel sign

RTINS

the criteria contributed to the model. A CTS-6
score of 12 represents an 80% probability for a
diagnosis of carpal tunnel syndrome. The CTS-6
was found to have a higher sensitivity and speci-
ficity than EMG/NCS using latent class analysis
[18] and has been used as the reference standard
in a prospective study comparing EMG/NCS and
ultrasound for diagnosis of carpal tunnel syn-
drome [19].

Several other clinical diagnostic tools have
been developed. Lo et al. developed a clinical
prediction rule which included the following
components: gender, duration of symptoms, noc-
turnal symptoms, neck pain, wrist pain, median
nerve sensory symptoms, abductor pollicis brevis
(APB) weakness, thenar atrophy, and pinprick
sensation [20]. Point values were assigned to
each component, some with negative points (neck
pain, wrist pan, and female gender), and a higher
total point score was found to have a higher prob-
ability of having a positive electromyogram
(EMG)/nerve conduction study (NCS). Wainner
and colleagues developed a clinical prediction
rule which included five variables: hand shaking
improves symptoms, a wrist-ratio >0.67 (calcu-
lated by dividing the anteroposterior diameter of
the wrist by the mediolateral diameter of the
wrist), a symptom severity score (from Levine-
Katz Carpal Tunnel Questionnaire) >1.9, dimin-
ished sensation in the thumb, and age >45 years
[21]. The authors found that when all five vari-
ables were present, EMG/NCS was positive in
90% of cases. When at least four out of five vari-
ables were present, EMG/NCS was positive in
70% of cases [21]. Kamath et al. used a nine
question assessment based on patient symptoms
and found that a score of 5 or more on the assess-
ment would allow it to replace EMG/NCS as a
screening tool [22].

EMG/NCS

Electrodiagnostic testing, a combination of NCS
and EMG, has historically been the most widely
utilized diagnostic test for carpal tunnel syn-
drome. NCS involves placing electrodes along
the path of the nerve being tested. The proximal
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electrode sends an electrical impulse along the
nerve and the more distal electrode measures the
result. NCS evaluation of a pure motor nerve pro-
duces a motor nerve action potential (MNAP)
and evaluation of a pure sensory nerve produces
a sensory nerve action potential (SNAP).
Evaluation of a mixed nerve results in a com-
pound nerve action potential (CNAP). Latencies
and nerve conduction velocity (NCV) are calcu-
lated using the distance between the electrodes.
Factors such as age, height, and weight can affect
the latencies and NCV [23].

Large, myelinated fibers are most affected in
chronic compressive neuropathies such as carpal
tunnel syndrome [24]. As the myelin is damaged
(demyelination), the electrical impulse is able to
“leak” into surrounding tissues, resulting in
increased latency [25]. As compression becomes
more chronic, axonal degeneration occurs.
Sensory fibers are more sensitive to compression
and therefore SNAP values typically decrease
before MNAP/CNAP values [25].

EMG evaluates the muscle contraction through
either surface or intramuscular electrodes. There
has been much interest in using surface electrodes
to reduce patient pain and discomfort, however,
intramuscular needle EMG remains the reference
standard. When stimulated with a needle, normal
muscle exhibits brief activity and then quickly
returns to electrical silence. This is called inser-
tional activity. If the tip of the EMG needle
approaches a motor end plate, miniature endplate
potentials (MEPPs) may be recorded. Voluntary
muscle contraction is also recorded and termed
the muscle unit action potential (MUAP) [26].
Muscle denervation leads to membrane instabil-
ity, spontaneous depolarization, and cyclical acti-
vation of muscle fibers. If these depolarizations
occur due to needle movement, they are called
fasciculations. Positive sharp waves are similar to
fasiculations, but are monophonic waveforms of
larger amplitude [27].

The American Association of Neuromuscular
and Electrodiagnostic Medicine (AANEM) prac-
tice parameters for electrodiagnostic studies
reports a high sensitivity (>85%) and high speci-
ficity (>95%) for the diagnosis of carpal tunnel

syndrome [28, 29]. Sensitivity and specificity are
highly dependent on the cut-off values used for
diagnosis and one often sacrifices sensitivity to
increase specificity and vice versa. There has
been an anecdotal trend to lower the absolute cut-
off values for distal motor latency and distal sen-
sory latency and to include other comparisons
such as relative sensory latencies and the com-
bined sensory index [30]. The effect of these
changes has been to increase the sensitivity of
nerve conduction studies by detecting “early” or
“very mild” cases of CTS, but it also likely leads
to an increase in the number of false positive
EMG/NCS tests in patients without clinical signs
and symptoms of CTS [31]. A recent systematic
review of EMG/NCS for diagnosis of carpal tun-
nel syndrome found only three studies that met
criteria for inclusion in the review and those stud-
ies found cut-off values of 3.3 ms for peak sen-
sory latency and 4.5 ms for distal motor latency
[32]. These values are much higher than those
used by my local EMG/NCS laboratory and have
the effect of lowering the specificity of the test.
The use of EMG/NCS for diagnosis of carpal
tunnel syndrome has several potential benefits,
including grading the severity of carpal tunnel
syndrome, identification of additional or unex-
pected causes of nerve compression (cervical
radiculopathy, pronator syndrome, polyneuropa-
thy), and documenting recovery of the nerve after
intervention [6, 18, 33, 34]. Several different
grading schemes have been proposed. The sim-
plest scales classify CTS as mild, moderate or
severe using absolute cut-off values for distal
motor and sensory latencies [35-37]. Bland
developed a 7-point scale ranging from “no abnor-
mality” to “no recordable sensory or motor poten-
tial” [38]. There is conflicting evidence regarding
whether or not EMG/NCS is a predictor of out-
come after carpal tunnel release. Bland et al.
found that EMG/NCS was the best predictor of
successful outcome after CTR [35, 39]. In con-
trast, Braun et al. and Grundberg found no corre-
lation between EMG/NCS and outcome after
CTR [40, 41]. These studies are hampered by
arbitrarily chosen delineations between groups
and confounding factors such as age and gender.
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Recent studies have questioned the benefit of
EMG/NCS in the diagnostic workup when com-
pared to other commonly used diagnostic tests
and/or clinical diagnostic tools [5, 18, 19, 34, 39].
Glowacki and colleagues found no differences in
outcomes between patients who underwent carpal
tunnel release with pre-operative EMG/NCS and
those who had the diagnosis based on the history
and physical examination alone [6]. In addition,
several studies document and high rate of false
positives and false negatives for EMG/NCS [42,
43]. Atroshi et al. noted that 18% of patients in
their series had a positive EMG/NCS despite no
clinical signs and symptoms of CTS and 30% of
patients had negative nerve tests despite “clini-
cally certain” CTS based on clinical signs and
symptoms [42]. Buch-Jaeger and Foucher found
EMG/NCS was positive in only 61% of patients
with clinical signs and symptoms of CTS [44].
Additionally, most studies have found a poor cor-
relation between patient reported symptoms and
function and the results of nerve conduction stud-
ies. Levine et al. reported a correlation coefficient
of 0.11 between median nerve sensory latency
and symptom severity and a correlation coeffi-
cient of 0.12 between median nerve sensory
latency and functional severity [17].

Ultrasound

Ultrasound has emerged as a viable alternative to
NCS for diagnosis of CTS. Median nerve com-
pression within the carpal tunnel results in nerve
swelling proximal and distal to the location of the
compression. Nerve swelling is likely multifacto-
rial; however, compression of the nerve leads to
changes in the permeability of the blood-nerve
barrier. Based on animal models, the epineurium
is the first layer to experience changes and the
result is isolated swelling in this layer. The endo-
neurium than becomes involved, resulting in
changes in nerve conduction. Chronic nerve
compression may lead to fibrosis of the intrafa-
sicular tissues [25-27, 45-47]. Nerve swelling
results in an increased in the cross-sectional area
(CSA) of the nerve. If the CSA exceeds a pre-

Proximal

Fig. 3.1 Photograph demonstrating the technique and
location for the short axis measurement of the cross-
sectional area of the median nerve at the level of the
pisiform

defined cut-off, then the diagnosis of carpal tun-
nel syndrome is confirmed (Figs. 3.1 and 3.2).
While MRI is widely considered the most
accurate diagnostic modality to evaluate and mea-
sure soft-tissue structures such as nerve, obtaining
an MRI to evaluate patients with CTS is not a
cost-effective strategy. Musculoskeletal ultra-
sound was proposed as a lower cost modality and
Buchberger et al. demonstrated that ultrasound
measurements of the median nerve were compa-
rable to MRI measurements [48]. Nakamichi
et al. compared CSA measurements in the distal
forearm, carpal tunnel inlet (level of pisiform),
middle of carpal tunnel, and carpal tunnel outlet
(level of hook of hamate [49]. The authors found
that the most sensitive and specific level to mea-
sure the CSA was at the carpal tunnel inlet/level
of the pisiform [49]. Various cut-off values have
been utilized in the literature for a positive diag-
nosis of carpal tunnel syndrome, ranging from 10
to 14 mm? [19, 50-53]. Fowler and colleagues
used a cut-off of 10 mm? and demonstrated that
US had a similar sensitivity and greater specificity
that EMG/NCS in patients with a clinical diagno-
sis of carpal tunnel syndrome [19]. However,
Cartwright et al. has suggested an upper limit of
14.6 mm? as being 2 standard deviations above
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Transverse carpal

ligament

Flexor pollicis
longus

Fig. 3.2 Ultrasound image demonstrating the view obtained from Fig. 3.1

the mean in their study of 100 arms [54]. Age,
gender and ethnicity may play a role in the base-
line values used for cross-sectional area.

Numerous studies have been performed in an
attempt to compare the sensitivity and specificity
of EMG/NCS and US for diagnosis of carpal tun-
nel syndrome. A systematic review of these stud-
ies demonstrated similar sensitivity and
specificity between US and EMG/NCS when
clinical diagnosis was used as the reference stan-
dard [55]. Ziswilier and colleagues found a 98%
probability of CTS in a prospective study of 110
wrists using a cut-off CSA of 12 mm? [56]. A
meta-analysis of high quality studies concluded
that US “as accurate as” EMG/NCS with respect
to sensitivity, specificity, and accuracy for diag-
nosis of CTS [57].

Some authors have criticized the use of abso-
lute CSA values when using US for diagnosis of
CTS and have proposed the use of ratios to
account for differences in nerve size and mor-
phology. Hobson-Webb and colleagues [58]
described the wrist-to-forearm ratio (WFR), a
ratio between the CSA of the median nerve at the
wrist crease and CSA of the median nerve 12 cm
proximal to the wrist crease. In this series, if the
WEFR was >1.4, there was 100% sensitivity for
CTS. Buchberger et al. described bowing of the

flexor retinaculum, calculated by drawing a line
on the short axis ultrasound from the trapezium
to the hamate and then measuring from that line
to the most volar part of the transverse carpal
ligament. The authors noted the amount of pal-
mar displacement of the transverse carpal liga-
ment in normal controls was 2.1 mm, compared
to 3.7 mm in patients with carpal tunnel syn-
drome [48]. The flattening ratio of the median
nerve is determined on the short axis ultrasound
by dividing the nerve’s medial-lateral diameter
by the anterior-posterior diameter. The flattening
ratio is typically greatest at the level of the hamate
in patients with carpal tunnel syndrome [48].
Ultrasound may be a useful adjunct in patients
with normal nerve conduction studies despite
signs and symptoms consistent with carpal tunnel
syndrome. Al-Hashel and colleagues found that
nearly 50% of the patients in their series with
normal nerve conduction studies but clinically
certain carpal tunnel syndrome had an elevated
CSA of the median nerve at the level of the pisi-
form [59]. Aseem et al. found 92% of wrists with
clinical evidence of CTS and normal NCS had an
increased CSA and 100% had an elevated WFR
[60]. At a minimum, ultrasound should be
considered an alternative test to EMG/NCS in the
correct clinical scenario. Fowler and colleagues
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demonstrated that ultrasound as a first line test is
a cost-effective strategy for diagnosis of carpal
tunnel syndrome [61].
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Standard Open Carpal Tunnel

Release

Hannah H. Lee and Robert J. Goitz

Open Carpal Tunnel Release

Currently the most common open approach is
performed through a longitudinal incision
directly over the transverse carpal ligament
(TCL), just distal to the wrist crease. It allows
good visualization of the carpal tunnel contents.
Variations in the anatomy of the palmar cutane-
ous and recurrent motor nerves can be visual-
ized and avoided. Taleisnik recommended an
incision ulnar to the axis of the flexed ring finger
for this purpose [1].

Technique

A local anesthetic including a median nerve
block at the wrist with or without sedation is
used. Either an upper arm or forearm tourniquet
is inflated to 250 mmHg. The skin incision is
marked, and approximately 3-cm longitudinal
incision is made in line with the third webspace
(Fig. 4.1). A longer incision may be necessary for
large hands or obese patients. With self-retaining
retractor in place, dissection is carried out through
the soft tissue (Fig. 4.2). The palmar fascia is
visualized and incised longitudinally. Retractors

H. H. Lee - R. J. Goitz (IX)

Department of Orthopaedic Surgery, University of
Pittsburgh Medical Center, Pittsburgh, PA, USA
e-mail: goitzrj@upmc.edu

© Springer Nature Switzerland AG 2020

Fig. 4.1 An approximately 3-cm longitudinal skin inci-
sion is marked along the third webspace distal to the wrist
crease in line with the third web space

Fig. 4.2 Soft tissue dissection is carried out with a self-
retaining retractor in place to visualize and release the
palmar fascia
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Fig. 4.3 The distal portion of the antebrachial fascia and
the proximal portion of the flexor retinaculum, as well as
the central TCL are visualized

Fig. 4.4 Transverse carpal ligament is cut using a No. 15
blade, and scissors are used to cut the proximal forearm
fascia under direct vision with proximal retraction

are used distally and proximally to retract and
expose the proximal portion of the flexor retinac-
ulum and the distal portion of the antebrachial
fascia, respectively (Fig. 4.3). A No. 15 blade is
then used to cut the TCL (Fig. 4.4). Proximally
the antebrachial fascia should be well visualized
and cut with scissors. Bipolar cautery is used for
hemostasis, the incision is closed, and a bulky
dressing is applied, prior to deflating the tourni-
quet. The patient is instructed to follow up in
office in 10-14 days for suture removal.

Open Carpal Tunnel Release
with Tenosynovectomy

The indication for tenosynovectomy is the pres-
ence of inflammatory tenosynovium within the car-
pal tunnel that can act as a space-occupying lesion
[2]. The hypertrophic tenosynovium can increase
the carpal tunnel pressure and compress the median
nerve, thus playing a significant role in the devel-
opment of carpal tunnel syndrome. When swelling
on the volar aspect of the forearm proximal to the
TCL and/or diminished grip or finger flexion
strength are/is observed, one can anticipate the
need for tenosynovectomy [3]. If it is indicated, the
traditional open carpal tunnel release incision can
be extended up the volar aspect of the forearm.

Technique

The incision for standard open carpal tunnel release
is extended approximately 2-3 cm into the distal
volar forearm in a curved fashion crossing the wrist
crease at 45° angle to limit scar contracture across
the wrist (Fig. 4.5). After the transverse carpal liga-
ment is divided, the tenosynovium is sharply dis-
sected away from the median nerve and the flexor
tendons (Figs. 4.6, 4.7, 4.8, and 4.9). The closure
and postoperative care are the same as that of tradi-
tional open carpal tunnel release procedures.

Carpal Tunnel Release Using Indiana
Tome

The mini-open technique through a small palmar
incision utilizing the Indiana Tome was first
reported by Lee and Strickland in 1998 [4]. This
technique further reduces soft tissue dissection
with the goal to minimize pillar pain. More recent
studies have confirmed the efficacy and safety of
this technique, with most patients able to return
to their pre-operative activities, with nonmanual
laborers resuming regular job tasks in 2 days to
3 weeks [5]. The scar and pillar tenderness, and
grip, key pinch, and three-point pinch strength
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Fig. 4.5 The skin marking for traditional open carpal
tunnel release is extended approximately 2—3 cm into the
distal volar forearm in a curved fashion

Fig. 4.8 The tenosynovium is sequentially removed from
each of the 9 flexors tendons in the carpal tunnel

Fig. 4.6 TCL is exposed and cut after release of the fore-
arm fascia

Fig. 4.7 After TCL is divided, the contents of the carpal
tunnel with hypertrophic tenosynovium are exposed

Fig. 4.9 After the tenosynovium is removed, note the
perineural blush of the median nerve due to compression
at the level of the released TCL

values were similar to those reported in studies
utilizing endoscopic release techniques [4]. The
authors noted that the key to reducing complica-
tions with the minimally invasive technique is to
have a low threshold to convert to a standard
open approach whenever the anatomy appears
unclear or the technique does not proceed easily.

Technique

The procedure is performed under local anesthesia
with or without sedation, with an upper arm tourni-
quet inflated to 250 mmHg. A median nerve block
is provided. The skin incision utilized is a 1-1.5 cm
longitudinal incision along the third web space
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Fig.4.10 The skin incision is marked — a 1-1.5 cm longitudinal incision along the third web space, centered over the
distal edge of the TCL but proximal to Kaplan’s line

Fig.4.11 Five-mm of
the distal edge of TCL is
divided using a No. 15
blade under direct
visualization, allowing
access to the carpal
tunnel

centered over the distal edge of the TCL (Fig. 4.10).
A self-retaining retractor is inserted and palmar
fascia released. Deep inspection is performed for
any anomalous structures that would preclude this
procedure and convert to larger exposure. Using a
No. 15 blade under direct visualization, 5-mm of
the distal edge of transverse carpal ligament is
divided, allowing access to the carpal tunnel
(Fig. 4.11). A series of dilators is then used to sepa-
rate the TCL from surrounding structures followed
by a “safety clip” to isolate the TCL (Figs. 4.12 and
4.13). With the wrist positioned in mild extension,
the first dilator or pilot is inserted underneath the
transverse carpal ligament, displacing the contents

Fig.4.12 Three dilators and a “safety clip” are shown this
this photo that are sequentially used to isolate the TCL
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Fig.4.13 Safety clip in this photograph is placed around
paper similar to how it is used to isolate the TCL

Fig.4.14 Here the first
of three dilators is
placed under the TCL

Fig.4.15 The carpal
tunnel knife or tome is
placed through the
safety clip that has
isolated the TCL

of the carpal tunnel dorsally (Fig. 4.14). Two dila-
tors are placed to further isolate the TCL and the
safety clip is then placed around the TCL. The car-
pal tunnel knife or tome is placed through the
safety clip that has isolated the TCL. The Indiana
Tome is then engaged against the distal undivided
edge of the TCL and advanced to divide the remain-
ing ligament and distal antebrachial fascia through
the safety clip (Fig. 4.15). The contents of the car-
pal tunnel can be seen between the separated radial
and ulnar edges of the divided TCL. The skin inci-
sion is closed with 2-3 sutures, and a soft dressing
is applied to the palm and wrist. Patients are
encouraged to move the digits and return to office
in 10-14 days suture removal.
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Conclusion

Numerous techniques exist to release the trans-
verse carpal ligament to relieve the symptoms of
carpal tunnel syndrome. Traditional open carpal
tunnel release has been the standard procedure
for many years, whereas more extensile expo-
sure allows for concomitant tenosynovectomy
but recovery is longer related to scar sensitivity
and weakness. Limited exposure methods can
be utilized to allow for faster return to activities
with similar long-term outcomes. All three pro-
cedures provide similar outcomes and the pro-
cedure should be chosen based on experience
and comfort with the approach.
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Carpal Tunnel Release with Two
Small Cross-Aligned Incisions

Konstantinos N. Malizos, Antonios Koutalos,
Fotis Papageorgiou, Anna Ziogou,
and Marianthi Papanagiotou

Carpal Tunnel Syndrome:
Demographics and Historical Data

Median nerve compression neuropathy at the
wrist level, widely known as carpal tunnel syn-
drome (CTS), is the most common peripheral
nerve entrapment syndrome affecting 3.8% in
the general population, mainly middle-aged
females either as an acute or chronic CTS [1].
Acute CTS is relatively uncommon, caused by
any acute injury increasing the pressure into the
carpal tunnel. Chronic CTS is the commonest
type, associated with a variety of etiologies
ranging from local (such as tumors or anatomic
abnormalities) to systematic (hypothyreoidism,
sarcoidosis, diabetes mellitus) and several
occupations that rising the pressure within the
carpal tunnel [2].

The earliest symptoms of the CTS initially
appear as sensory function deficit with paresthe-
sia, numbness and pain variably involving the
thumb, the index, the median and the radial half
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of the ring finger [2]. Patients are commonly
complaining for nocturnal awakening pain and
numbness in the early stage, followed by mus-
cular weakness and loss of grip and pinch
strength in the more advanced stage. In more
severe and neglected cases, the patients may
develop thenar muscles atrophy due to involve-
ment of the motor brunch of the median nerve.
Pain radiating to the forearm and the shoulder is
often mentioned by the patient without clinical
evidence of apparent neuropathy or compres-
sion proximal to the wrist.

There are several clinical tests to assist to the
diagnosis of the CTS. Tinel’s and Phalen’s sign,
are the most common in use [2—4]. The diagnosis
is confirmed with the use of nerve conduction
and complete electro-physiology studies, which
in a number of patients may not turn positive.

Historically, the median nerve compression
neuropathy at the wrist level (carpal tunnel
syndrome-CTS) was described in 1854 by Sir
James Paget, in a patient suffering from pain
and impaired sensation of the hand after a distal
radius fracture [5]. Almost 30 years later in
1880 Putnam presented a series of 37 patients
with sensibility disturbances in the median
nerve distribution area of the hand [6]. The
pathology of CTS and the role of the transverse
carpal ligament (TCL) on the median nerve
compression were further elucidated in 1913 by
Marie and Foix [7]. Twenty years later, in 1933,
Learmonth described the first TCL release as a
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surgical treatment to medial nerve entrapment
neuropathy at the wrist [8]. Since then several
techniques have been reported in the literature
each one of them expressing both benefits and
pitfalls.

Anatomy of the Carpal Tunnel
and the Variations of the Median
Nerve

The carpal tunnel is dorsally defined by the prox-
imal carpal row (floor), the hook of the hamate
and the pisiform at the ulnar side, the scaphoid
tubercle and the trapezium on the radial side and
the TCL at the volar side.

Ten anatomical structures pass through the
carpal tunnel, including the nine flexor tendons
of the fingers and the median nerve. The median
nerve after exiting the carpal tunnel divides into
the first and second common digital nerves, and
the digital nerve for the radial side of the index
which supply sensory innervation to lateral palm
and through the digital cutaneous branches inner-
vates the radial 3 1/2 digits (palmar) and can also
supply the index, long, and ring fingers dorsally.
The recurrent motor branch of the median nerve
innervates the 1st and 2nd lumbricals, the oppo-
nens pollicis, the abductor pollicis brevis and the
flexor pollicis brevis muscle. The take off of this
recurrent motor branch presents several anatomi-
cal variations classified into three groups, by
Lanz in 1977 [9]. The first variation occurs in the
majority of cases (49%) with the origin of the
recurrent motor branch from the median nerve
radially, and distal to the transverse carpal liga-
ment. In the second most common variation
(30%) the branch is taking off within the carpal
tunnel, while in the third less common type
(20%) the recurrent motor brunch arises from the
median nerve and tenets the transverse carpal
ligament. Two more, rare variations have been
also described, in the first of them the recurrent
motor branch takes off from the ulnar and ante-
rior area, bridging the median nerve as it
approaches the thinner musculature [10], while in
the other one, occurring in 9% of cases, the motor
branch may have a course superficial to the trans-

verse carpal ligament [11]. The identification of
these variations is essential in order to avoid iat-
rogenic injury of the recurrent motor branch dur-
ing the carpal tunnel release.

Surgical Techniques and Complains
or Complications Following CTS
Surgery

Since 1933, when Learmonth described the first
surgical approach for the TCL release as a treat-
ment to CTS [8], several surgical techniques have
been described ranging from extended open to
minimally invasive operations, to endoscopic
techniques.

There are three basic techniques for treating
CTS, Open Carpal Tunnel Release (OCTR),
Minimal Incision Carpal Tunnel Release
(MICTR), including mini distal incision release
and double mini incision release and Endoscopic
Carpal Tunnel Release (ECTR).

Open carpal tunnel release provides direct
visualization of all anatomical structures, pre-
venting iatrogenic complications such as palmar
arch artery or median nerve injury. Although it is
associated with a low intra-operative complica-
tion rate, a number of patients may be dissatisfied
after open carpal tunnel release due to painful
scar, loss of grip strength, reflex sympathetic dys-
trophy, bow stringing of flexor tendons and pillar
pain [12, 13]. Pillar pain is the term used to
describe pain and tenderness in the thenar or
hypothenar area. The etiology is unclear but in
some cases it is associated with disruption of the
carpal arch structures during surgery, soft tissue
edema, injury to the cutaneous branches of the
palm or relaxation of the muscles of opposition
and pinch following sectioning of TCL [12].

In order to avoid certain postoperative compli-
cations related to the OCTR, alternative mini-
mally invasive techniques have been introduced,
including a limited transverse incision of <2 cm
technique at the same area as open release. Atik
et al in 2001 [14] described a modification of the
mini open technique but no difference in the long
term results on patients undergoing open or mini
open CTS release were demonstrated.
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ECTR was first performed by Okutsu in 1987
[15] and since then several different endoscopic
approaches were described. The most widely used
are Agee’s single-portal technique [16] and
Chow’s two-portal technique [17]. Although endo-
scopic techniques seemed promising there were
no differences between them and the open tech-
niques on the long term results, with the exception
of the more aesthetically appealing scar, the
reduced scar tenderness and increase in pinch grip
and pinch strength at 12 weeks follow up.

The Mini Open Surgical Technique
with Two Small Cross Aligned
Incisions (TSCAI)

The patient is placed supine on the surgical table
with an addition of arm support extension. Very
few surgical instruments are needed to perform
this surgical procedure (Fig. 5.1). A tourniquet is
applied at the arm and the surgical field of the
forearm and the hand is prepared with 4%
chlorexidine scrub and solution. The local anaes-
thesia is applied prior to the tourniquet inflation
in order to avoid excess of tourniquet time and
also to achieve diffusion of its components dur-
ing the bloodletting. A mixture of local anaes-
thetics including 2% lidocaine, 7.5% ropivacaine
and normal saline 0.9% in a 5-3-2 ratio is pre-

Fig. 5.1 The basic instruments that are needed to suc-
cessfully release the TCL with the two small cross aligned
incisions technique

pared and injected slowly under the skin proxi-
mal to the palmar wrist creases (Fig. 5.2).
Following this the needle is re-entered through
the previously anaesthetised skin, now directed
distally under the palmar skin between the thenar
and hypothenar in the axis of the Taleisnik’s line
towards the distal surgical incision.

The incisions are marked on the skin using the
distal crease of the wrist as the proximal anatomi-
cal landmark and the intersection between
Kaplan’s line and Taleisnik’s line as demon-
strated as the distal landmark (Fig. 5.3). Then, the
tourniquet is inflated, usually at 250 mmHg, and
a 1.5 cm transverse skin incision is performed at
the distal crease of the wrist, ulnarly to the flexor
carpi radialis (FCR) tendon (Fig. 5.4a). The super-
ficial dissection begins proximally to identify and
incise the superficial forearm fascia. The Palmaris
Longus (PL) tendon is identified when present
and protected and then the deep forearm fascia is
incised in a pointed way with the knife tip, with
particular care to prevent damage to the median
nerve running underneath. It is worth mentioning
that in case of accidental damage of the PL ten-
don, there will not be any real functional deficit,
as there is no proximal retraction due to its junc-
tion with the distal forearm fascia. Careful dis-
section is required to avoid injury of the palmar
cutaneous branch of the median nerve. Through
the small longitudinal incision of the fascia, a
thin grooved knife guide with a blunt tip is
inserted from distal to proximal direction. Then
the distal forearm fascia is incised for approxi-
mately 2 cm with a #15 scalpel blade sliding
within the guide from distal to proximal
(Figs. 5.4b and 5.5). After the release of the distal
forearm fascia, the median nerve comes in direct
vision at its entrance into the proximal part of the
carpal tunnel. Meticulous dissection under loop
magnification prevents iatrogenic damage to the
palmar cutaneous branch of the median nerve at
its course on the distal forearm.

The second 10-12 mm distal skin incision is
longitudinal at the level of the exit of the carpal
tunnel following the “Taleisnik’s line” (Fig. 5.6).
This incision should always be placed into a pal-
mar skin crease for an aesthetically more appeal-
ing scar. After the superficial dissection of the
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Fig. 5.2 The mixture of local anaesthetics is injected the wrist crease up to the distal incision (b). No anaes-
firstly under the skin proximal to the palmar wrist crease thetic is injected bellow the TCL in the carpal tunnel
until a bump is created (a) and then under the skin from

Fig.5.3 (a) Pre-operative drawing of the two incisions.  intersection of Taleisnik’s and Kaplan’s line (KL), with
The proximal 1.5 cm incision is a transverse incision longitudinal or oblique direction to be more aestheti-
ulnar to flexor carpi radialis tendon in line with the cally appealing. (b) Schematic of the Taleisnik’s and
Taleisnik’s line (TL). The distal 1 c¢m incision is at the ~ Kaplan’s lines
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Fig. 5.4 (a) The palmaris longus is identified in the
proximal incision and retracted radially. The forearm fas-
cia is then incised proximally to reveal the median nerve.

(b) Insertion of the grooved knife guide into the proximal
incision from distal to proximal direction

Fig. 5.5 (a) Insertion of the grooved knife guide into
the proximal incision with distal to proximal direction.
(b) Incision of the distal forearm fascia for approxi-

subcutaneous fat under the glabrous skin,
opening the palmar aponeurosis the deeper
“soft-substance” fat is recognized indicating the
outlet of the carpal tunnel. Then, the slightly

mately 2 cm with a knife sliding within the guide from
distal to proximal

curved tip grooved knife guide is introduced
from the proximal incision directed distally, in
the same direction as the Talaisnik’s line, and is
gently passed distally through the distal incision
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Fig.5.6 (a) Insertion of the grooved knife guide from the
proximal incision to the distal incision. (b) The knife, with
the cutting edge of the scalpel facing upwards, is sliding

(Fig. 5.6a). The knife guide turned slightly to an
ulnar inclination of 20°, in order to avoid dam-
aging possible trans-ligamentous course of the
thenar motor branch of the median nerve. The
knife, with the cutting edge of the scalpel facing
upwards, is passed from distal to proximal (slid-
ing within the guide) incising the transverse car-
pal ligament (Fig. 5.6b). At the end of the
procedure the complete transection of the trans-
verse carpal ligament is confirmed under direct
vision through the proximal and distal incisions
(Figs. 5.7 and 5.8) and by passing a broader
blunt instrument (i.e. the needle holder tip)
through the now widened carpal tunnel.

Neurolysis and excision of the synovium are
not routinely performed, except in cases of hypo-
thyroidism or possible inflammatory arthritis that
may require a more extensile distal incision. The
wound is irrigated with normal saline, and the
skin is closed with absorbable sutures and cov-
ered by sterile gauzes and bandage.

Postoperative Care

The patient is instructed to elevate the arm and
mobilize his fingers several times a day, with the

within the guide from proximal to distal incising the trans-
verse carpal ligament

wrist in extension to avoid irritation of the incised
TCL by the finger flexor tendons. The long acting
ropivacaine local anaesthetic is helping the
patient to avoid discomfort for more than
12 hours. Paracetamol orally up to 3 g the first
day, is usually enough for analgesia, but most of
the patients do not need more than one tablet. The
use of the hand is allowed as tolerance. The skin
incisions are healed after the first week, and the
patient is encouraged to gradually exercise and
use the hand during the second week in order to
regain the grip strength.

Results

The senior author has applied this technique
since January 1995 and has operated on over
eleven hundred hands. There were three
patients in which the two-incision technique
was intra-operatively abandoned and switched
to open carpal tunnel release. This happened in
manual labor workers with very thick palmar
skin and dense subcutaneous fat, which didn’t
allowed adequate visualization of the carpal
tunnel entrance and outlet through the two
small incisions.



5 Carpal Tunnel Release with Two Small Cross-Aligned Incisions 49

Fig. 5.7 (a, b) After the release of the transverse carpal ligament, direct inspection of the median nerve through the

distal incision

Fig. 5.8 Final appearance of the two cross aligned inci-
sions before wound closure

The although rare but well recognized in the
literature early complications are incomplete
release of TCL, neuropraxia or injury to the

median or ulnar nerve, inadvertent entry to
Guyon’s canal, injury to the palmar cutaneous or
recurrent motor branch of the median nerve and
injury to the superficial palmar arch or ulnar
artery. The late complications are scar tender-
ness, loss of grip strength, pillar pain, and rarely
the reflex sympathetic dystrophy or complex
regional pain syndrome (CRPS), and bowstring-
ing of flexor tendons. Pillar pain is a frequent
complication of both open and endoscopic release
procedures.

In a recent survey, we reviewed 189 patients
with carpal tunnel syndrome who had treated with
two-incision mini open technique and had a mini-
mum follow up of 3 months. One of the current
chapter authors (FP.) has conducted all patients
through a telephone questionnaire to evaluate the
recurrence, painful scars, pillar pain and
CRPS. None of the patients complained for neu-
roma formation, thenar atrophy, or insensate skin
at the palm or distal forearm. These results were
compared with the outcomes of 643 patients who
were treated with the conventional open approach
and 144 patients who were treated with minimally
invasive surgery (MIS) using Knifelight technique.
The findings of the comparison demonstrated no
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Table 5.1 Results of comparison between open carpal tunnel release (OCTR), minimally invasive surgery (MIS) using
Knifelight technique and two-incision mini open technique for carpal tunnel syndrome

Group A OCTR
N (patients) 643 (65.8%)
Recurrence 6 (0.93%)
Painful scars 12 (1.7%)
Pillar pain 9 (1.4%)
Complex regional pain 8 (1.2%)
syndrome

recurrence and no painful scars for the two-inci-
sion technique, no pillar pain for both the mini
open with the Knifelight and the two-incision
decompression (Table 5.1). There was a trend
from more CRPS in the open and two-incision
techniques. Similarly, there were more patients
with recurrences, painful scars in the open and the
Knifelight decompressions (Table 5.1).

Discussion

OCTR is an operation easy to perform and in
majority of patients it leads to relief from symp-
toms with a low complication rate. The overall
success rate of OCTR is more than 95% with a
complication rate of less than 3%. To minimize
trauma and post-operative complications, several
modifications to the length, location and shape of
the incision in OCTR have been described. One
of the modifications of classical OCTR is to make
a limited transverse incision of <2 cm in the
same location as classical OCTR. Another modi-
fication is a limited open release performed by
Atik et al in 2001 [14]. Studies have found no
difference between patients who undergo bilat-
eral simultanecous OCTR with modified tech-
niques when compared with classical in terms of
the post-operative complication rate, hospital
stay, time to return work and the overall cost.
The first ECTR was performed by Okutsu and
his colleagues in Japan in 1987 [15]. Later sev-
eral modifications of the endoscopic technique
have been described in the literature, but the
underlying principle is the same: to release trans-
verse carpal ligament. ECTR techniques can be
carried out either with single portal or with dual

Group C
Group B MIS-Knifelight Two-incision
144 (14.7%) 189 (19.3%)
2 (1.4%) 0
2 (1.4%) 0
0 0
0 2 (1.0%)

portal techniques depending on the number of
ports used to access the carpal tunnel. The two
most commonly used techniques are the single-
portal technique described by Agee [16] and the
two-portal technique described by Chow [17].
The reported success rates for surgical treatment
range from 70% to 90%.

In an extensive review of all articles on ECTR
covering six different types of techniques,
Jimenez et al. found that the endoscopic release
techniques offer similar success and complica-
tion rate as open techniques [18]. The overall
success rate for ECTR was 96.52% with a
complication rate of 2.67% and a failure rate of
2.61% [18]. The Cochrane database group
reviewed all available evidence from randomized
controlled trials comparing various surgical tech-
niques in terms of efficacy in relieving symp-
toms, promoting early return to work and post
operative complications and found no strong evi-
dence to favour alternative surgical techniques
compared to the standard open technique [19].
More specifically, the authors found conflicting
evidence in support of endoscopic release in
leading to an earlier return to work and/or activi-
ties of daily living when compared to open CTR
[19]. These findings have been replicated by
another meta-analysis study of randomized con-
trolled trials comparing endoscopic and open car-
pal tunnel decompression, which also found no
conclusive evidence favouring ECTR with regard
to symptom relief and return to work [20].
However, they found that ECTR was associated
with reduced scar tenderness and increase in
pinch grip and pinch strength at 12 weeks follow
up. The most common complications noted by
the authors were paresthesia of the ulnar and



5 Carpal Tunnel Release with Two Small Cross-Aligned Incisions 51

median nerves, injury to superficial palmar arch,
CRPS, flexor tendons lacerations and incomplete
division of TCL.

As in other fields of surgery, less invasive
techniques have been introduced into carpal
tunnel surgery to facilitate earlier return to
work and reduce post-operative pillar pain.
The two small cross aligned incisions (TSCAI)
surgical approach is causing minimal trauma
and at the same time allows direct visualization
of the median nerve. The transverse proximal
incision always carried out under loop magnifi-
cation allows protection of the superficial sen-
sory branch for the palm, thus avoiding
neuroma formation. The introduction of the
thin grooved knife guide is safe when the
patient is able to communicate and react in
case of nerve encroachment. Directing upwards
the cutting edge of the knife driven by the
inserted guide, against the TCL with a slight
ulnar inclination has been proven safe, as there
has been no accidental injury of the thenar
motor branch. The knife guide is a grooved
metallic instrument of 4 mm in width and
2.5 mm in depth having a triangular cross sec-
tion (Fig. 5.1). Its dimensions are considerably
smaller compared to the bulk of the endoscopic
guide. Thus entering the carpal tunnel is less
irritable for the median nerve, and this might
be one of the reasons of lower rates of CRPS
with this technique.

In conclusion, the TSCAI technique with the
use of few surgical instruments under local
anaesthesia described above is a safe and reliable
alternative treatment option for the release of the
TCL to relieve the symptoms of the carpal tunnel
syndrome.
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Endoscopic Carpal Tunnel Release

Aaron I. Venouziou and Antonios Kerasnoudis

Introduction

Carpal tunnel syndrome (CTS) is the most com-
mon compressive neuropathy of the upper
extremity, with approximately 5% incidence in
the general population [1]. Compression of the
median nerve at the wrist level can cause hand
pain, numbness, and tingling in the early stages
of the syndrome and motor weakness of the
hand in the late stages. CTS initially is addressed
with non-operative measures such as rest, night
splints, NSAIDs and corticosteroid injection.
When non-operative treatment fails then surgi-
cal release of the transverse carpal ligament
(TCL) is indicated.

The first carpal tunnel release (CTR) was per-
formed by Learmonth in 1933 [2]. Since then,
numerous surgical techniques have been
described to release the TCL and decompress the
underlying median nerve. The open CTR (OCTR)
approach remains the gold standard and the most
commonly used technique. Approximately
500,000 CTRs are performed every year in the
US, with an annually cost of over two billion
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USD [3]. Based on 2009 US Department of
Labour figures, a sick leave of at least 30 days per
year is documented in about 45% of people with
CTS, with a median of 28 days absent from work
[4]. In the last three decades endoscopic carpal
tunnel release (ECTR) techniques were intro-
duced to reduce morbidity and to expedite recov-
ery from surgery. ECTR offers the theoretical
advantages of reduced postoperative pain, faster
recovery of grip strength, earlier return to work
and activities of daily living, and fewer wound-
related complications [5]. Amongst the endo-
scopic techniques that have been developed the
last decades, our preferred one is the single prox-
imal portal approach described by Agee in 1992
[6]. This chapter describes in detail the single
proximal portal ECTR technique.

Indication: Contraindications

Generally, the indications for ECTR are the same
as for conventional OCTR. Most of the primary
cases of CTS can be treated by endoscopic
release. However, ECTR is absolutely contraindi-
cated in cases where additional procedures must
be performed in the carpal tunnel, such as explo-
ration or dissection of the median nerve and/or
the carpal tunnel contents, for e.g. space occupy-
ing lesions and prolific tenosynovitis that needs
synovectomy. Severe median nerve neuropathy
requiring extensive neurolysis is another relative
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contraindication for ECTR according to several
authors [7]. Although, many surgeons advocate
that ECTR should be avoided in patients with
recurrent CTS, we agree with Trumble et al. that
ECTR can be performed safely in selected cases,
such as incomplete release of TCL which remains
one of the leading causes for recurrence [8]. This
can be successfully diagnosed preoperatively
with an ultrasound examination of the wrist, by
an experienced radiologist or neurologist on
nerve and musculoskeletal sonography. For this
reason, we routinely perform preoperative ultra-
sound of the wrist in every case of primary and
recurrent CTS. If the ultrasound examination
reveals incomplete sectioning of the TCL then
ECTR can be safely performed. On the other
hand, whenever scaring of the median nerve is
demonstrated by the ultrasound then a revision
open CTR should be executed.

Surgical Technique
Anatomy

On the dorsal side carpal tunnel has three walls
that are formed by the volar arch of the carpal
bones. On the palmar side, the roof of the carpal
tunnel is the transverse carpal ligament. The TCL
radially attaches to the scaphoid and the trape-
zium and ulnarly to the pisiform and the hook of
the hamate. Proximally the TCL continues and
blends with the antebrachial fascia. Before enter-
ing the carpal tunnel, the median nerve is superfi-
cial and lies beneath the antebrachial fascia,
between the tendons of the flexor carpi radialis
(FCR) and flexor digitorum superficialis (FDS)
and deep to the palmaris longus, whenever the
latter tendon is present. The median nerve enters
the carpal tunnel in its palmar and radial quad-
rant, along with the nine digital flexor tendons. In
an anatomic study, Rotman and Manske found
that inserting the endoscope into the carpal tun-
nel in line with the ring finger axis is the safest
approach because it maximizes the interval
between the endoscope and the median nerve,
and the distance from the superficial palmar arch,
thus decreasing the risk of injury to these struc-

tures [9]. Concerning anatomical variations in the
course of the thenar muscle branch (TMB) and
the median nerve in the carpal tunnel we recom-
mend an ulnar side approach along the axis of the
fourth ray, to avoid iatrogenic damage to the
TMB, as proposed in a recent meta-analysis [10].

Positioning

The patient is placed supine with the shoulder
in 70-80° of abduction and the hand on a broad
operating arm table. The surgical suite should
be set up to offer the surgeon the best view of
the video monitor. The surgeon should be able
to easily shift his/her gaze upward from the sur-
gical field to the video image. Surgeons who
are ambidextrous using the endoscope gener-
ally take the axillary position when performing
either a left or right carpal tunnel release (hold-
ing the instrument in their right hand for a right
carpal tunnel and in their left hand for a left
carpal tunnel). Those favouring right-handed
use will usually prefer a position in the axilla
for a right carpal tunnel release and cephalic
position for a left release. The assistant is
always positioned on the opposite side of the
surgeon. The upper extremity is prepped and
draped free and a non sterile pneumatic tourni-
quet is used, which is inflated to 250 mmHg to
avoid bleeding.

Instrumentation

Special equipment is needed for the single proxi-
mal portal technique, first described by Agee in
1992 [6]. This technique utilizes a patented device
(MicroAire Smart Release, Charlottesville, VA,
USA) which is composed by a 2.7 mm/30° angle
arthroscope, a camera, a fiber optic light source,
and a pistol like handpiece with an attached dis-
posable blade cartridge into which the endoscope
is inserted. The sterile field should also include:

e 2 double-pronged skin hooks
e 2 Senn rake retractors
e 1 Adson tissue forceps with serrated tips
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| pair of tenotomy scissors

e 1 scalpel, #15 blade

e 1 Sterile skin marking pen

e 1 small hamate finder

e 1 standard hamate finder

e 1 Blade-shaped coequal hamate finder
e 1 synovium elevator

Anaesthesia

The operation may be performed, at the prefer-
ence of the patient and surgeon, under general,
regional, or local anaesthesia. In our practice we
prefer local anaesthesia for ECTR. Injecting a
large volume of local anesthetic may impair the
view by fogging of the endoscope and poor visu-
alization of the canal. For this reason, we infil-
trate the distal wrist crease and proximal forearm
fascia with 5 ml of a solution of 1% lidocaine
with 1:100,000 epinephrine and 0.5% bupiva-
caine. The tourniquet is elevated and the solution
is injected intracutaneously/subcutaneously in
the wrist flexion crease, extending from the flexor
carpi ulnaris to the flexor carpi radialis. It is very
important to remember that only when the sur-
geon has gained experience with the surgical
approach and instrumentation should the proce-
dure be performed using local anesthesia.

Approach and Release of TCL

Before inflation of the tourniquet, it is recom-
mended (especially for the first cases) to mark

Fig. 6.1 Landmarks of
endoscopic CTR. The
incision is located
between palmaris longus
(PL), whenever is
present, and the flexor
carpi ulnaris (FCU). The
distal edge of TCL is at
the level of Kaplan’s line

with a sterile skin marking pen the key anatomi-
cal landmarks on the patient’s hand, such as the
tendons of the flexor carpi ulnaris and flexor carpi
radialis, pisiform bone and hook of the hamate
(Fig. 6.1). The incision line at a wrist flexion
crease should also be marked. Finally, the sur-
geon should draw a line from the middle of the
wrist flexion crease to the base of the ring finger.
This line should pass radial to the hook of hamate.

A 2 cm transverse incision between the tendons
of the flexor carpi radialis and the flexor carpi
ulnaris is used at the level of proximal wrist flexion
crease (Fig. 6.2). The more proximal crease is
technically easier to use because of less subcutane-
ous fat. Blunt, spreading longitudinal dissection is

Fig. 6.2 The length of the incision is about 1.5-2 cm and
located between PL and FCU

Palmaris

. Longus
Incision

¢



56

A.l.Venouziou and A. Kerasnoudis

done in the subcutaneous layer, deep and ulnar to
palmaris longus (thereby staying out of the terri-
tory of the palmar cutaneous branch of the median
nerve which is located between palmaris and
flexor carpi radialis), to expose and visualize the
antebrachial fascia. Then a U-shaped incision is
made in the forearm fascia, creating a rectangular
flap distally based on the transverse carpal liga-
ment. Elevating this flap from the underlying fin-
ger flexor synovium (ulnar bursa) allows the
surgeon to create a plane between the synovium
and the deep side of the transverse carpal ligament.
The surgeon should always have in mind that the
median nerve is immediately beneath this flap.
After elevating the forearm fascia flap from
the underlying synovium the surgeon positions a
synovium elevator in line with the base of the
ring finger and radial to the hook of the hamate.
Using the synovium elevator the surgeon feels
the roughness (“washboard effect”) of the TCL
transverse fibers and continues distally until the
tip of the elevator is palpable at the distal end of
the carpal tunnel. Next, with the use of the small
hamate finder a path is created for the blade
assembly (Fig. 6.3). While aiming at the base of
the ring finger and holding the wrist in slight
extension, the surgeon gently passes the hamate
finder distally down the ulnar side of the tunnel,
hugging the hook of the hamate until the finder’s
curved tip can be palpated subcutaneously at the
distal exit of the carpal tunnel. One or two passes
is sufficient to create a path. In the case of a large

hand the surgeon should use the standard or blade
shaped hamate finder to create the path. While
holding the patient’s wrist in slight extension, the
blade assembly is inserted into the carpal tunnel
aiming at the base of the ring finger and hugging
the hook of the hamate to assure an ulnar course
(Fig. 6.4). When a clear view of the TCL is
achieved, the distal edge of the TCL is identified
easily (Fig. 6.5a). A fingertip pressed gently onto
the palmar skin at the estimated point of the distal
edge of the TCL can be helpful for confirmation
of the endoscopic visualization of the distal TCL
edge. Indentation and motion of the softer, yel-
lowish subcutaneous fatty tissues will be seen
through the endoscope just distal to the rigid dis-
tal edge of the TCL. The cutting blade of the
device is deployed at the distal edge by pressing
the trigger fully, and the device is then slowly
withdrawn proximally to a point about one third
to one half between the proximal and distal edges
of the TCL (Fig. 6.5b). With the trigger released
and the cutting blade retracted, the endoscope is
advanced again distally and the incised portion of
the TCL is inspected for any remaining superfi-
cial intact TCL fibers (Fig. 6.5c). Undivided
fibers of the TCL can be incised with one or more
additional distal-to-proximal passes with the
endoscope in the distal half of the canal. Incising
initially only the distal half of the TCL helps to
avoid the visibility problem of fatty midpalm tis-
sues hanging down between the cut edges of the
TCL in the middle of the canal, and obscuring the

Fig.6.3 The hamate finder is used to create a path for the
blade assembly beneath the TCL

Fig. 6.4 The blade assembly is inserted into the carpal
tunnel aiming at the base of the ring finger and hugging
the hook of the hamate to assure an ulnar course
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Fig. 6.5 (a) The distal edge of the TCL is identified eas-
ily by the presence of yellowish subcutaneous fat tissue
(asterisk). (b) Initially the TCL is partially incised to a
point about one third to one half between the proximal and

view of the cut or uncut ligament through the
endoscope. When division of the distal half of the
TCL is complete, the endoscope is positioned
distal to the most proximal portion of the cut liga-
ment, the blade is deployed and the scope is with-
drawn proximally to the proximal edge of
TCL. With the blade retracted, the scope assem-
bly is reinserted, the entire incised TCL is
inspected, and any remaining intact fibers are
divided. Complete release is indicated by the
retraction of the two halves of the ligament in
radial and ulnar directions. The canal will now be
and feel much larger, and light transmission
through palmar skin is increased. A small right-
angled blunt retractor can be used after endo-
scope removal to inspect the proximal part of the
carpal tunnel under direct vision, to confirm sat-
isfactory wide separation of the cut edges of the
TCL (Fig. 6.5d). After the completion of the TCL

distal edges of it. (¢) The incised portion of the TCL is
inspected for any remaining superficial intact TCL fibers.
(d) Complete release is indicated by the retraction of the
two halves of the ligament in radial and ulnar directions

release, using a tenotomy scissors, the forearm
fascia is released proximal to the skin incision,
taking care to protect the median nerve. This pre-
vents the forearm fascia from acting as a con-
stricting band that could continue to compromise
median nerve function.

Before closure the wound is copiously irri-
gated, the tourniquet is deflated and meticulous
hemostasis is obtained. The skin is closed with a
subcuticular running absorbable monofilament 4.0
suture and sterile strips (Fig. 6.6). A sterile dress-
ing is then applied and the patient is discharged.

Follow-up Protocol

Active range of motion is encouraged immedi-
ately after discharge. We generally schedule the
first postoperative follow up visit 3—5 days after
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Fig.6.6 The wound is closed with a running subcuticular
4.0 absorbable suture

Fig. 6.7 At 3 months post surgery the cosmetic outcome
is remarkable

surgery where we remove all the dressings and we
apply to the incision a band-aid. At that point
hand motion has fully recovered and light activi-
ties are resumed as per patient comfort. In gen-
eral, heavy duties are resumed at about 4-6 weeks.
Patients are seen by the physician at about 4 weeks
post surgery and then followed as needed. At 3
months post surgery the cosmetic outcome of
endoscopic release is remarkable (Fig. 6.7).

Complications

The reported complication rates of ECTR com-
pare favorably with published series of open
carpal tunnel release. Complications include
incomplete ligament release, nerve injuries, pal-

mar hematomas, adhesions between nerves and
tendons, reflex sympathetic dystrophy, deep
wound infections, scar tenderness, pillar pain,
tendon lacerations and vascular injuries [11-
17]. The damage to the surrounding anatomic
structures that occurs during endoscopic carpal
tunnel surgery usually requires a second surgi-
cal procedure to be repaired. For this reason, the
surgeon should always inform the patients that
he/she reserve the option of converting the
endoscopic release to an open release if all of
the conditions for a safe and effective, complete
endoscopic-method release are not fulfilled
intraoperatively. We never cut when we can not
see everything that must be seen, at all times,
and we should always remember that when in
doubt we get out.

Outcomes

Controversy continues to dispute any method of
ECTR. Advocates proclaim less postoperative
pain, faster recovery of grip strength, and quicker
return to work [18-20]. Criticizers cite the higher
occurrence of incomplete release of the trans-
verse carpal ligament, worrying reports of neuro-
vascular injury, and a comparable rate of pillar
pain [21-26].

Agee et al. carried out a 10-center random-
ized prospective multicenter study of endo-
scopic release using his technique. There were
122 patients in the study. Twenty-five had carpal
tunnel surgery on both hands and 97 had surgery
on one hand. Of the surgical procedures, 65
were in the control group and 82 were in the
endoscopic group. For patients in the endo-
scopic group with one affected hand, the median
time for return to work was 21.5 days less than
that for the control group. Another benefit of the
endoscopic method is the ability to perform
simultaneous bilateral CTR without signifi-
cantly increasing patient morbidity.

Another large multicenter prospective study
of 192 cases demonstrated at least in the short
term that the patients treated with the endo-
scopic method had significantly greater grip
strength, pinch strength, and hand dexterity.
The open technique resulted in greater scar
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tenderness during the first 3 months after sur-
gery, as well as a longer time until the patients
could return to work [27].

In a recent meta-analysis of 21 randomized
control trials on open versus endoscopic carpal
tunnel release, Sayegh and Strauch found that
endoscopic release allows earlier return to work
and improved strength during the early postop-
erative period. Results at 6 months or later are
similar according to current data except that
patients undergoing endoscopic release are at
greater risk of nerve injury and lower risk of scar
tenderness compared with open release [5].

Conclusions

The Agee ECTR technique represents a single-
portal, minimally invasive procedure to treat
patients with median nerve compression at the
wrist who meet the criteria for surgery. General
advantages of this technique over open CTR
include less scar tenderness, decreased pillar
pain, faster recovery of pinch and grip strength,
and earlier return to work and daily activities.
While endoscopic release may appeal to patients
who require an early return to work and activi-
ties, surgeons should be cognizant of its elevated
incidence of transient nerve injury among its
similar overall efficacy to open carpal tunnel
release. However, as in any surgical and espe-
cially endoscopic procedure, safety and success
are dependent upon patient selection, thorough
knowledge of the surface and surgical anatomy,
adequate training, and familiarity with the use
and capabilities of the instrumentation. Surgeons
who are not familiarized with endoscopic equip-
ment and technique may give rise to major iatro-
genic complications.
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Complications of Carpal Tunnel

Release

Panagiotis Giannakopoulos,
Konstantinos Kourkoutas, and George Kasimatis

Introduction

Back in 1980, Giannikas and Touliatos [1],
described in their book “The Surgery of the
Wounded Hand”, the value of the median nerve:

In primitive mammals, the fifth brain conjugation
(the trident) is the primary information gathering
center. In human, the primary function of the fifth
conjugal was supplanted by the median nerve.
Mated with vision, the touch sensor, leads us to
trace the truth about the objective world that sur-
rounds us. [1] (originally written in Greek
language)

Actually, the median nerve, which gives sen-
sation to the main pinching fingers of our hands,
clearly contributed the most in the evolution of
the human species. On the contrary, dysfunction
of the median nerve leads to a significant reduc-
tion in our ability to live in daily life.

The most common pathology of the median
nerve is the pressure within the carpal tunnel,
called carpal tunnel syndrome (CTS). A great
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variety of approaches for surgical decompression
of the median nerve has been described. The clas-
sic open incision, the classic extended, and the
mini open are the most often utilized procedures.
A transverse incision has also been suggested by
a few surgeons. On the other hand, many sur-
geons prefer to perform minimally invasive tech-
niques, namely endoscopy or using special knifes
designed for carpal tunnel release.

Although the procedure is simple, complica-
tions following carpal tunnel release, either open
or endoscopic, are common. Das and Brown in
1976 [2] and MacDonald et al. [3] in 1978, were
reported complications rate 12—-15%. Lilly and
Magnell, in 1985 found the percentage of com-
plication up to 7% [4], and Mackinnon and
Dellon, in 1988 up to 5% [5]. They reported 16
complications in total of 500 cases (3.2%). They
had 5 painful scars, 3 CRPS, 2 recurrent CTS, 1
thenar motor branch injury, 1 superficial palmar
arch injury and 4 infections [5].

Incomplete release, nerve laceration, painful
scar and CRPS, are the most common complica-
tions. Nevertheless, a lot of other complications
can occur. Knowledge of these complications is
very important, since it can help the surgeon to
reduce their rate. Correct choice of the surgical
approach, adequate and atraumatic surgical tech-
nique, use of loupes for magnification, and care-
ful postoperative follow-up are the key factors
which will help the surgeon to reduce the rate of
complications. Moreover, early recognition of
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these complications as well as the knowledge for
immediate treatment leads to the best possible
outcome.

Chronicity of median nerve compression with
thenar atrophy is a poor prognostic factor for
complete clinical recovery. Neglected atrophy
may be irreversible; it is therefore necessary to
explain this to the patient. On the other hand, sen-
sory restoration is usually complete, although a
small degree of numbness on the pulp of the fin-
gers may persist for a few weeks.

Classification of Carpal Tunnel
Surgery Complications

The major question is: what makes carpal tunnel
surgery unsuccessful? First, one should exclude
having a pathology other than carpal tunnel syn-
drome. The differential diagnosis of a carpal tun-
nel syndrome includes cervical spine disorders,
brachial plexus abnormalities, thoracic outlet
syndrome, pronator syndrome and anterior inter-
osseous syndrome. Careful clinical examination
with the aid of imaging and electrodiagnostic
studies will help provide the correct diagnosis. A
second reason may be incorrect surgical tech-
nique, which lead to significant morbidity of the
hand. Last but not least, inadequate patient’s
cooperation, along with other unspecified and
unpredictable factors can affect the final result.

For better recognition and easier classifica-
tion, we can divide complications into three
groups: intraoperative, early postoperative and
late postoperative.

e The intraoperative complications are related
to iatrogenic injuries. Complete or partial lac-
erations of the nerves and tendons are not rare.
Minimally invasive techniques increase the
intraoperative complication rate, especially
during the surgeon’s learning curve, but lately,
specific endoscopic instruments have reduced
the frequency of these injuries.

e Early postoperative complications (up to 1
month postoperatively) usually are more seri-
ous and increase the patient discomfort dra-
matically. Incomplete release of the transverse
carpal ligament (TCL) will lead to significant

deterioration of the symptoms. Wound care
problems also need special management.

e Finally, late postoperative complications are
usually more difficult to recognize and treat.
They can last for many months and require
special management of the patient. Enhancing
patient-doctor confidence is very important. It
is prerequisite to extensively explain the prob-
lem to the patient and to inform him in detail
how you will deal with his problem and what
may the expected outcome be.

Intraoperative Complications

Your hands will only achieve what your eyes can
see

Intraoperative Magnification
Can Minimize Intraoperative
Complications!

Intraoperative complications of open (OCTR) or
endoscopic (ECTR) carpal tunnel release are
usually iatrogenic nerve, tendon and vessels lac-
eration. Although carpal tunnel release is one of
the most often performed operations in the
world, the occurrence of major neurovascular
and tendon injuries associated with both OCTR
and ECTR is not rare. The nerves that can be
involved are both median and ulnar nerve. The
median nerve has the higher incidence of dam-
age as it is found anatomically just below the
transverse carpal ligament. Complete or partial
laceration of the median nerve, motor branch
injury, single digital nerve damage or palmar
cutaneous branch can occur (Figs. 7.1 and 7.2)
[2, 6]. On the other hand, laceration of the com-
municating ramus between the median and ulnar
nerve or laceration of the ulnar nerve itself may
also happen. The high incidence of these inju-
ries, especially of the motor branch, is directly
related to the high percentage of anatomical vari-
ations that have been reported [7-9]. Lanz, clas-
sified the median nerve variations in carpal
tunnel in four groups [10]. Group I includes
variations in the course of the thenar branch. The
second group includes the accessory branches at
the distal carpal tunnel. In third group, one can
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Fig. 7.1 Intra-operative photograph of injury of the
motor branch of median nerve after laceration during pre-
vious open carpal tunnel release

Fig. 7.2 Intra-operative photograph of painful neuroma
of palmar cutaneous nerve after open carpal tunnel release

recognize a high division of the median nerve.
Finally, the forth group includes the variations
with accessory branches proximal to the carpal
tunnel. Normally, the motor branch becomes
recurrent at the distal margin of the TCL before
entering to the thenar muscles. Poise in 1974,
reported the relationship of the thenar branch to
the transverse carpal ligament (group I). He
found three types of variations: 46% extraliga-
mentous, 31% subligamentous, and 23% trans-
ligamentous [11]. Other authors have also
reported a large number of anatomic variations
of the motor branch of the median nerve.
Accessory branches (group II) of the motor
nerve (double motor branch) at the distal carpal
tunnel are not common. More common are the

branches from the volar or even the ulnar aspect
of the nerve. The high division of the median
nerve (group III) is associated with the median
artery. In the majority of the cases both parts of
the nerve have the same diameter. An accessory
lumbrical muscle between the two branches can
also be found. Accessory branches proximal to
the carpal tunnel (group IV) are rare. The
branches run within the transverse carpal liga-
ment distally. The branches can be motor or sen-
sory. All these many variations of the median
nerve can be the cause of intraoperative median
nerve injury. Ulnar nerve injury is uncommon
and usually is the result of improper surgical
technique. Release of the TCL in the ulnar side
decreases the probability of injury of the median
nerve itself and the palmar cutaneous branch. On
the other hand, extreme ulnar dissection can lead
to ulnar nerve damage. For many years, a lot of
surgeons preferred radical decompression of the
median nerve with epineural neurolysis and
complete tenosynovectomy of the flexor ten-
dons. This technique can increase the possibility
for median nerve intra-neural trauma and tendon
laceration. Additionally, it can lead to neu-
roapraxia with median nerve paresthesia. In the
long term, various complications as skin and ten-
don adhesions, neuro-dermodesis phenomenon
and painful neuromas have also been reported.

Cases with nerve laceration should be
promptly recognized and timely repaired. Direct
repair with microsurgery techniques must be the
treatment of choice. Any post-operative deficit,
motor or sensory, must be evaluated very care-
fully. Early re-exploration of the median or ulnar
nerve is necessary for the evaluation of the injury
and its potential reconstruction. Delayed treat-
ment with nerve grafts following internal neu-
rolysis has worse outcome and must be our last
solution. Regarding the palmar cutaneous branch
injury, we must procced to direct repair in intra-
operative cases, while in neuroma cases treat-
ment is performed with excision of the neuroma
and relocation of the distal edge into the prona-
tor quadratus muscle. Overall, palmar cutaneous
nerve injury must be avoided, as the resulting
neuroma is very painful and the treatment is
always problematic.
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Concerning the vascular structures, the most
common injuries are those of the superficial pal-
mar artery arch and its branches and of the
median nerve artery. Radial and ulnar artery
injury is rare. When vascular injury is the case,
recognition and repair of the lesion is necessary.
When tourniquet is applied, release of the tourni-
quet before skin closure is recommended with
proper hemostasis to avoid hematoma formation
postoperatively. Hematoma, pseudoaneurysm,
palmar pain or discoloration can occur if one
neglects treatment. Microsurgery techniques are
required for vessel reconstruction. For the median
nerve artery injury more attention is needed, as
the possibility of nerve injury is higher. Intra-
neural dissection is necessary before median
nerve artery cauterization. Drains are not recom-
mended by the majority of surgeons.

Tendon lacerations are also rare and it can be
partial or complete. Superficial tendons are most
common affected. Profundus tendons are only
rarely injured. Direct repair remains the treat-
ment of choice.

Nevertheless, how often is an intraoperative
iatrogenic injury? The majority of Orthopaedic
and Hand surgeons believe it is impossible to
have intraoperative injuries in their practice.

Palmer and Toivonen in 1999 [12], published
an article about complications of endoscopic and
open carpal tunnel release. The authors sent a
questionnaire to 1253 members of the American
Society for Surgery of the Hand asking for infor-
mation on complications resulting from both
ECTR or OCTR. Respondents were instructed to
report only on intraoperative complications. The
question was how many nerve, tendons and vas-
cular injuries they had in their practice and how
these injuries were treated. In addition, the
respondents were asked which of the intraopera-
tive injuries (nerve, arterial or tendons) they had
seen in the last 5 years were their own or referred
by another physician. Of the 1253 Hand Surgeons
questioned, there were 616 (49%) with open car-
pal tunnel release and 708 (57%) with use of
endoscopic release.

Median nerve injuries were reported with both
OCTR and ECTR techniques. There were 283

major complications from the 616 Hand Surgeons
following OCTR, including 147 nerve lacera-
tions, 29 ulnar lacerations, 54 digital, 34 vessel
and 19 tendon lacerations. On the other hand,
there were 455 major complications from sur-
geons who preferred ECTR, including 100
median nerve, 88 ulnar nerve and 77 digital nerve
lacerations. Moreover, there were 121 vessel and
69 tendons lacerations. It should be noted that a
large proportion of intraoperative injuries was
not recognized during surgery, especially with
the endoscopic techniques compared with the
open techniques.

The incidence of intraoperative injuries is
not low. The surgeon must be prepared to rec-
ognize and treat his complications. Based on
our clinical experience we believe that some
nerve injuries can occur during ECTR due to
minimal surgical exploration and limited visu-
alization. In the OCTR group however, there
was also a large number of median and ulnar
nerve injuries. In fact, there is no significant
higher incidence of intraoperative soft tissue
damage in ECTR versus OCTR, although open
procedures offer better visibility and security.
Selection of the surgical method for CTS
release must comply with the surgeon’s knowl-
edge and surgical experience. Medicolegal
implications associated with iatrogenic injuries
following carpal tunnel syndrome surgery are
common and surgeons should make great effort
to avoid them [13, 14].

Early Complications

Early complications after carpal tunnel surgery
occur up to 1 month postoperatively. Usually
CTS symptoms improve on the first postopera-
tive day. Persistence of symptoms is generally
correlated to inadequate median nerve decom-
pression. This is the most common major early
complication and usually occurs with aggrava-
tion of symptoms.

Wound care problems as hematoma, superfi-
cial or deep infection are other -early
complications.
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Inadequate Decompression
of the Median Nerve

Incomplete release of the transverse carpal liga-
ment is common in both OCTR and ECTR. It
may include incomplete sectioning of the distal
or proximal TCL, incomplete sectioning of the
distal antebrachial fascia and complete lack of
TCL sectioning.

Incomplete sectioning of the distal TCL is
probably the most common complication in car-
pal tunnel surgery (Figs. 7.3 and 7.4), especially
with the mini open techniques and in cases with

Fig. 7.3 Intra-operative photograph showing incomplete
TCL sectioning during revision CTR

Fig. 7.4 Intra-operative photograph of the median nerve
during revision surgery after incomplete TCL sectioning.
Note hourglass appearance of the median nerve due to
excessive compression

transverse wrist incision [15]. Clinically, Phalen
test is often negative, as there is release of the
proximal part of TCL, which is responsible for
median nerve compression during wrist flexion.
On the other hand, Gilliatt and Wilson test is pos-
itive due to compression of the nerve in the distal
carpal tunnel. Positive Tinel sign also can be seen
in the palm, but negative in the wrist flexor
region. Negative is also the Bedeschi sign, which
evaluates the presence of tension in the anterior
wrist region. Nevertheless, the most reliable sign
remains the persistence or deterioration of the
symptoms. Clinical diagnosis of incomplete dis-
tal TCL sectioning can be confirmed by imaging
with CT-scan, MRI, or even with electrodiagnos-
tic studies (EMG). Normally, EMG studies
improve as early as 2 weeks postoperatively. In
cases with incomplete TCL release, EMG values
will deteriorate [16—18].

Many authors have reported on their experi-
ence following a repeat carpal tunnel release. The
majority of them found that incomplete release of
the distal TCL was the most common cause for
the unsuccessful outcome [15, 19, 20].

Incomplete release of the distal part of the
antebrachial fascia is not common. Normally,
distal part of the antebrachial fascia does not
compress the median nerve. Makinnon sug-
gested that the etiology can be a thickening of
the antebrachial fascia as a result from previous
trauma of the wrist and forearm [21]. There is
usually a persistence of symptoms, but their
deterioration is rare. A previous incision not
extending proximal to the wrist flexor crease is
an indicative element. Phalen and Gilliatt and
Wilson tests are positive. Tinel and Bedeschi
signs are also positive. CT-scan and/or MRI can
be used to confirm the diagnosis. Surgical
release of the distal part of the antebrachial fas-
cia is the treatment of choice. Close attention
must be paid to perform atraumatic dissection of
the subcutaneous tissues from the fascia, other-
wise the subcutaneous vessels can be injured
and an hematoma may occur. Fascial release
must extend approximately 2-3 cm proximal to
the wrist flexor crease [19-21].

Complete lack of TCL sectioning is extremely
rare, yet not impossible. A few authors have
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reported such cases. We should however keep in
mind the possibility of healing of an incomplete
sectioned TCL, in such a way the surgeon who
performs the reoperation erroneously considers
the TCL as unsectioned [18, 22].

Hematoma

Hematomas after CTS release surgery can arise
from severe vascular injuries and from small
cutaneous vessels [23]. Atraumatic surgical tech-
nique, adequate surgical field, proper hemostasis
prior to closure, potential use of drain and the
coagulation status of the patient are essential fac-
tors to be taken into account, in order to avoid
hematoma formation.

Aggressive tenosynovectomy without meticu-
lous hemostasis may also be a reason for postop-
erative hematoma.

Considering discontinuation of aspirin preop-
eratively, Brunnetti et al., demonstrated that the
continuation of aspirin did not increase the risk of
complications [24].

Similarly, AAOS guidelines underline that
“Limited evidence supports that the patient might
continue the use of aspirin preoperatively” [25].
Based on the same guidelines, no reliable evi-
dence exists for the use of other anticoagulants.

In case of a confirmed hematoma either with
clinical evaluation, MRI or ultrasound, the sur-
geon should consider re-operatation for drainage
and irrigation, in order to avoid nerve and ten-
dons adhesions. Once again we recommend
dropping the tourniquet prior to closure.

Infection

Post-operative infection following carpal tunnel
surgery, whether it’s superficial or deep, is quite
uncommon in our practice and in the medical lit-
erature as well. Several risk factors have been
recognized. The necessity of prophylactic antibi-
otics is being discussed.

Hanssen et al. [26] in their retrospective study
of 3620 Carpal Tunnel Syndrome surgeries,
reported deep post-operative infection in 17 cases

(0.47%). They identified as statistically signifi-
cant risk factors the intraoperative steroid solu-
tion injection into the carpal tunnel, flexor tendon
synovectomy, prolonged operative time and the
use of surgical drain. Infection rate in males was
higher (0.87%) than in females (0.25%).
Staphylococcus aureus was the most common
pathogen (15 out of 17 cases).

Werner et al. [27] in their analysis of over
450,000 Medicare patients that underwent open
carpal tunnel release only 1466 developed post-
operative infection (0.32%). They also noted that
independent positive risk factors for infection
were younger age, male sex, obesity, alcohol,
tobacco and comorbidities including diabetes,
chronic liver disease, chronic kidney disease,
chronic lung disease, peripheral vascular disease,
inflammatory arthritis and depression [27].

Harness et al. [28] in a multicenter retrospec-
tive review of 3003 patients who underwent
uncomplicated carpal tunnel release, identified
11 cases of surgical site infection. From those 11
patients 5 had prophylactic antibiotics and 6 did
not, 4 had deep infections and 7 superficial.
Infection rate in patients with diabetes was not
statistically different from nondiabetic popula-
tion. They concluded that antibiotic use did not
decrease the risk of infection therefore surgeons
should carefully consider the risks and benefits of
routinely using prophylactic antibiotics in carpal
tunnel surgery.

Bykowski et al. [29] in their retrospective
review of 8850 cases of clean, elective hand sur-
gery found an infection rate of 0.35%. Surgical
site infection did not significantly differ between
patients receiving antibiotics (0.54%) and those
who did not (0.26%). They also found that, even
though diabetes, procedure length and smoking
were factors associated with the development of
infection, prophylactic antibiotics did not reduce
the risk of infection among these patients.
Overall, they concluded that antibiotics should
not be routinely administered to patients who
undergo clean, elective hand surgery.

American Academy of Orthopaedic Surgeons
on 2016 published evidence-based clinical prac-
tice guidelines concerning the management of
carpal tunnel syndrome [25] mentioning that
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“Limited evidence supports that there is no ben-
efit for routine use of prophylactic antibiotic prior
to carpal tunnel release because there is no dem-
onstrated reduction in postoperative surgical site
infection.”

In conclusion, infection after carpal tunnel
release although uncommon, is a reality which
may endanger patient’s health. Close postopera-
tive follow up is mandatory, so as to allow for an
early diagnosis and treatment of infection.

Rare Major Early Complications

Skin and palmar fascial necrosis following carpal
tunnel surgery is extremely rare.

Greco and Curtsinger in 1993, reported necro-
tizing fasciitis infection as a complication of a
carpal tunnel release [30]. A 31 years old diabetic
woman presented with the condition following
CTS release. Total excision of the palmar skin
and fascia was required for the control of the
woman’s specific condition.

Postsurgical pyoderma gangrenosum follow-
ing carpal tunnel release has also been reported
by Ruebhausen et al., in 2017 [31]. A 33-year-old
woman presented on the 2nd postoperative day
with wound drainage and pain. Three days later,
her symptoms were worse. After a lot of debride-
ments, surgical forearm amputation was selected
for the safest and best outcome for the patient.

Another pyoderma gangrenosum after carpal
tunnel release was reported by Giugale and Balk,
in 2018 [32]. It was treated with multiple debride-
ments and administration of systemic corticoste-
roids, eventually with hand survival.

Another rear early complication was described
by Tiengo et al. [33]. This was a case of critical
upper limb ischemia after CTR in patient diag-
nosed for CTS confirmed by EMG study. This
serious complication occurred in the presence of
undiagnosed thoracic outlet syndrome obliterat-
ing subclavian artery and additionally occlusion
of the humeral artery and the final result was
necrosis of the distal third of the thumb and index
finger. Authors believe that acute occlusion of
collaterals due to brachial tourniquet was the rea-
son of limb ischemia. This case underlines the

importance of careful clinical examinations
knowing that double crush syndromes do exist
and that the diagnosis if finally clinical.

The recognition of these rare serious compli-
cations is very important, as early diagnosis and
adequate treatment can result in hand salvage.

Late Postoperative Complications

We can classify late postoperative complications
following carpal tunnel release in two groups.
The first one is associated with recurrent symp-
toms, while the second one with the onset of new
symptoms. Recurrence of symptoms is often
caused by the fibrotic scar tissue formation
around the nerve and by the hypertrophic tenosy-
novitis of the flexor tendons. The onset of new
symptoms may be associated with the surgical
procedure and skin incision, or can occur as a
result of iatrogenic nerve injury. The complica-
tions which are not affected from the incision
include pillar pain, piso-triquetral pain syndrome
and of course CRPS.

Recurrence of Carpal Tunnel
Syndrome

Carpal tunnel surgical release has consistently an
excellent outcome. The majority of patients are
absolutely free of symptoms after a period of a
few months. However, recurrent carpal tunnel
syndrome occurs in up to 19% of patients follow-
ing CTR. There are two major categories where
we can classify recurrence. The first one is attrib-
uted to pathology unassociated with the primary
carpal tunnel syndrome and surgical release, such
a distal radius fracture, tumors, pregnancy, diabe-
tes or a systemic disease as rheumatoid arthritis,
which lead to a hypertrophic tenosynovitis of the
flexor tendons. The second group includes
pathologies associated with an extensive scar for-
mation and traction neuropathy following the
first operation.

Evaluation and understanding of the causes
for recurrence is very critical for the subsequent
treatment. Clinical examination is also very
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important and further studies (computed tomog-
raphy [CT] scan or magnetic resonance imaging
[MRI] and electrodiagnostic studies) may be nec-
essary for correct diagnosis.

The first group requires typical management
with revision of carpal tunnel release and syno-
vectomy when needed, as the treatment of choice.
Additional procedures may be necessary, such as
a correction osteotomy for distal radius malunion
or a tumor excision. The second group needs spe-
cial management. External or internal neurolysis
must be followed by vascularized soft tissue cov-
erage or by the vein wrapping technique [34, 35].
The technique of hypothenar fat flap is described
in Chap. 9 and the vein wrapping technique is
described in Chap. 25.

New Symptoms Appearance
Loss of Hand Grip Strength

Releasing the transverse carpal ligament can
results in a decrease of the hand grip and pinch
strength. Quite enough studies have estimated
the time required for grip and pinch strength to
return to the preoperative level. Gellman et al.
[36] found that 3 weeks after surgery the strength
was at the 28% of the preoperative level, at
6 weeks post-op it was at 73% and it returned to
the preoperative level after 3 months. At
6 months after the release, the grip was increased
to 116%. The pinch grip had a faster recovery,
which was 74%, 96% and 108% of the preopera-
tive level at 3, 6 weeks and 3 months accord-
ingly. Six months post-op, the pinch was 126%
of preoperative level [36]. There were a lot of
other studies that reporting similar results,
although a few authors reported complete recov-
ery after a longer period [37, 38]. There has also
been a question whether TCL reconstruction
offers faster recovery, and some studies have
suggested TCL lengthening-reconstruction.
Many techniques have been described for the
ligament reconstruction in the first plane, but the
results are similar [39, 40]. Overall, TCL length-
ening-reconstruction may provide a quicker
recovery, but in the long term, restoration of

handgrip strength does not seem to have any sig-
nificant difference compared with patients who
didn’t undergo this procedure. In everyday prac-
tice, the routine need for TCL reconstruction is
low and the majority of surgeons does not per-
form it, as they don’t believe it is necessary. In
fact, the reduction of the grip strength after car-
pal tunnel surgery is temporary and rarely leads
to significant functional disability. Additionally,
the decreased grip power is quite often due to
painful scar and pillar pain and this can confuse
the diagnosis. The use of a postoperative splint is
also controversial. TCL reconstruction for unac-
ceptable reduction of grip power of the hand
may be needed in extremely rare cases and only
a few methods have been described with the use
of local flaps or tendon grafts.

In our practice, we think that a bulky soft
dressing for a period of 2-3 weeks, to allow for
TCL healing, is enough.

Over the last years, the Hand Surgeons’ inter-
est has been to determine whether grip strength
recovery differed when open and endoscopic sur-
gical techniques were compared. There is an
ongoing debate whether endoscopic methods
present advantages. Bande et al. [41] and Brown
et al. [42] did not find significant difference
between the two methods. On the other hand,
MacDermid et al. [43] suggested that endoscopic
decompression of the median nerve offers a rapid
grip strength recovery compared to the open
release.

Tendon Complications

Trigger Finger
Implication of carpal tunnel surgery in the
appearance of trigger finger (TF) has been
described in the literature. It is believed that the
anterior displacement of flexor tendons as a con-
sequence of TCL division during release of
median nerve, alters the biomechanics of the
tendon-pulley system of the hand and may pre-
dispose to trigger finger [44].

Hombal et al. [45] reported trigger finger inci-
dence of 21.9% after CTS surgery. Mackinnon
also observed trigger finger after CTR [21].
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Fu-Yu et al. [46] in their retrospective, nation-
wide cohort study of 2605 CTR reported the
overall incidence of trigger digits was 3.63-fold
greater in the CTR cohort than in non CTR. They
also found that the incidence of trigger finger was
highest in the first 6 months and then significantly
decreased.

In order to avoid this complication immobili-
zation of the wrist in slight extension for 2 weeks,
allowing the fingers free to move, may be
considered.

Adhesions Between Flexor Tendons
Tenosynovitis and adhesions between flexor ten-
dons into carpal tunnel are common in patients
with systemic disease, as rheumatoid arthritis.
Carpal tunnel syndrome in these patients can
have as a result, apart from the symptoms of the
median nerve neuropathy, limited finger and
wrist motion due to reduction of flexor tendon
gliding. In these cases, carpal tunnel surgical
decompression requires synovectomy of flexor
tendons in addition to the TCL sectioning. On the
other hand, a few surgeons prefer to perform this
procedure routinely, when serious tenosynovitis
is found. Synovectomy can be followed by adhe-
sions of the flexor tendons due to surgical trauma
and the inevitable hematoma [47]. The clinical
result is limited hand function with or without
recurrence of the median nerve compression
symptoms. Diagnosis may be confirmed by MRI
or ultrasound.

This complication can be avoided with intra-
operative appropriate hemostasis when synovec-
tomy is performed. In most of the cases, intensive
rehabilitation program can improve the finger
and wrist motion, otherwise a reoperation in
needed. Careful tenolysis with diligent hemosta-
sis and drain insertion are necessary. Tenolysis
must be performed by local anesthesia for intra-
operative control of finger movement. Early
intensive finger and wrist rehabilitation is
imperative.

Bowstringing of the Flexor Tendons

A rare complication of CTS release surgery is the
anterior subluxation of the flexor tendons. TCL
proper healing that follows its sectioning during

surgery is necessary for the unobstructed func-
tioning of the pulley system at the carpal tunnel
and thus the correct positioning of flexor tendons
and median nerve in their canal [23].

An increase in the anteroposterior diameter
and subsequently of the volume of carpal canal is
happening due to TCL sectioning which leads to
anterior displacement of its contents [48].

In rare cases, inappropriate TCL healing will
lead to bowstringing of the flexor tendons, which
will be demonstrated clinically with a cord like
appearance when fingers and wrist are actively
flexed. Implicated factors are the excision of a
part of TCL, the maintenance of the hand in a
flexed position postoperatively and the TCL sec-
tioning on its radial side.

A short period of wrist immobilization in
slight extension is recommended in order to
avoid this rare complication allowing normal
healing of TCL.

In a few cases that bowstringing should be
addressed surgically, surgeon has to decide
among methods of TCL reconstruction [49].

Painful Scar

All surgical scars are painful for the first postop-
erative period, but after a few weeks they become
painless. Some scars have the tendency to become
hypertrophic or keloid. Usually, keloid scars are
more painful that hypertrophic ones. However,
the most important contributor to scar pain inten-
sity variability remains unidentified [47, 50].

Bedeshi [23], suggested three causes for the
origin of a painful cutaneous scar. The first one is
a neuroma of the palmar cutaneous nerve (usu-
ally) or of a branch of the radial nerve. The sec-
ond reason may be the formation of minineuromas
of the cutaneous terminal endings of both median
and/or ulnar nerves cutaneous scar formation and
adhesions to the median nerve.

Neuroma of palmar cutaneous nerve is the
main cause of a painful scar. The most dangerous
incisions are the transverse and those, which are
located radially, around the thenar eminence [8].
The pain is localized radially over the distal wrist
flexor crease. Pressure on the scar causes pain
with reflection to the thenar region. Palmer and
Toivonen in theirs article [12] which included a
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questionnaire to the members of the ASSH,
reported 117 injuries of the palmar cutaneous
branch with OCTR and only 17 with ECTR.

Minineuromas of the cutaneous terminal end-
ings of both median and/or ulnar nerve after open
CTS release are common as these branches offer
sensation to the palm. Taleisnik [8] has described
the safe zone for avoidance the median nerve
micro-branches and Engber et al. [51] the corre-
sponding ones for ulnar nerve. Recent studies by
Matloub et al. [52], suggested an incision on the
central axis of the fourth ray, as it is more secure
to avoid injuries of the palmar cutaneous terminal
endings. Biyani and Downes [53] suggested two
separate small incisions proximal and distal of
the TCL to protect the highly innervated skin.

Generally, the postoperative scar can be pain-
ful and sensitive, especially during the first
weeks. However, the majority of these scars
become painless after a period of a few months.
For this period, conservative treatment must be
followed with scar massage, steroid cream or
injections and a program of desensitization. Only
in very few cases, revision of the scar is neces-
sary and this may be done after a period of at
least 6 months postoperatively.

The scar tissue formation between the median
nerve and the scar itself is a more complex, espe-
cially in cases where we have subluxation of the
median nerve anteriorly. The etiology is a lack of
proper healing of the TCL. Predisposition factors
are: radial incision and TCL sectioning, removal
of a part of TCL and post-operative wrist flexion
posture [54]. The symptoms are very intense with
pain over the scar even with light touch, Tinel
sign and a sensation of electric current. The
superficial location of the median nerve can be
confirmed by MRI.

For avoidance of this complication, an ulnar
palmar incision must be selected. In cases that
will be shown, a second surgery was required.
Median nerve neurolysis, soft tissue coverage
and/or TCL reconstruction may be necessary.

Pillar Pain

Postoperative pain after carpal tunnel release
can be located both in the thenar and hypothe-
nar region. The pain becomes worse with pres-

sure over the scar. In addition, grip strength can
be limited. The etiology is not clearly defined.
Mini neuromas from palmar cutaneous nerve
have been implicated. The postsurgical soft tis-
sue edema can also be another cause. Other
authors believe that pillar pain has a muscle ori-
gin, and it is the result of a transient instability
of the aponeurotic insertion of the thenar and
hypothenar muscles. There is no relationship
with the type of the incision and there is no sig-
nificant difference between patients operated
either with open or endoscopic techniques
[55-57].

Pillar pain usually resolves after a period of
a few months (normally, this period is between
2 and 12 months). This is the reason why sev-
eral authors agree with the hypothesis of thenar
and hypothenar muscles instability. After heal-
ing of the aponeurotic scar, the stability is
restored and the symptoms subside. According
to this hypothesis, few surgeons have sug-
gested the use of a postoperative splint for a
period of 2 months with the wrist in slight
extension, in order to favor healing of the
transverse carpal ligament, yet there is insuffi-
cient documentation.

Piso-Triquetral Pain Syndrome

Although, hypothenar pain after carpal tunnel
surgery is not rare, symptoms usually subside
within 2—-12 months. However, a few patients
continue to have tenderness over the piso-
triquetral joint. Seradge and Seradge [58] in
1989, suggested as a potential cause for this
continuing pain, the subluxation or articular
arthrosis of the piso-triquetral joint. The stabil-
ity of the pisiform is secured by the forces of the
flexor carpi ulnaris and abductor digiti minimi
ulnarly and the TCL radially. The inadequate
healing of the TCL can lead to instability of the
pisiform and articular incongruence. Secondly,
an asymptomatic chondromalacia can be symp-
tomatic. Lateral radiographs can reveal the sub-
luxation and the arthritic changes and thus yield
the diagnosis. Intra-articular local anesthesia
positive test will confirm the pathology. For per-
sistent chronic cases, pisiform excision has been
suggested.
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To avoid the poor or incorrect healing of the
transverse carpal ligament, wrist immobilization
in extension for 2 weeks is recommended by
some authors [59].

Complex Regional Pain Syndrome

Reflex Sympathetic Dystrophy (RSD) or algodys-
trophy is the old definition for the condition that
presents with edema, stiffness, loss of function and
vasomotor instability, which today should better
be called Complex Regional Pain Syndrome —
CRPS. There are two types of CRPS: CRPS-I and
CRPS-II. The CRPS-I (previously known as reflex
sympathetic dystrophy) is when there no con-
firmed nerve injury, whereas in CRPS-II (previ-
ously known as causalgia) there is an associated
confirmed nerve injury. However, although it is
unclear if these disorders will always be divided
into two types, their treatment is similar.

CRPS-I is well documented as a CTS postop-
erative complication with a varying rate of 1-5%.
Prolonged acute pain postoperatively is consid-
ered to be one of the major factors which contrib-
ute to this disorder. Moreover, a relationship
between psychological and behavioral factors
and CRPS-I has been shown and in fact, it is
believed that the exacerbation of pain and dys-
function in these patients could help maintain the
condition.

The formation of hematoma and/or tight ban-
dages also play an important role for the disorder;
some authors have therefore proposed the regular
use of drains in order to avoid the hematoma,
while others regularly use compressive bandages,
despite their potential harmful effect.

CRPS-II causes causalgia, which is a burning
sensation of pain, constant and of great severity,
which influences patient’s life (Fig. 7.5). It is most
often encountered after internal neurolysis, where
the median nerve forms adhesions with the sur-
rounding tissues. Various authors have therefore
advised against internal neurolysis. Reoperations
are also considered to increase the likelihood for
CRPS-II. If treated late, CRPS-II may sometimes
be impossible to treat despite advanced microsur-
gical techniques. This is especially the case when

Fig. 7.5 Image of a hand with CRPS II 1 month after
open carpal tunnel release

an iatrogenic injury to the nerve and a painful
neuroma is the cause of CRPS-IL.

CRPS treatment may require multidisciplinary
approach. Different types of medications have
been used such as steroids, bisphosphonates,
anticonvulsants as well as physiotherapy and
behavioral therapy [60]. When conservative treat-
ment fails invasive treatments should be consid-
ered [61]. Sympathetic nerve blocks as well as
sympathectomy have been described in the litera-
ture [62, 63].

It is the principal author’s opinion that every
factor which continues to cause pain and/or dis-
comfort in the hand should be immediately
addressed, so as to stop the vicious cycle which
causes CRPS. If there isn’t any triggering factor,
other than nerve injury, as incomplete release or
trigger finger, e.t.c., which should be addressed
also surgically, aggressive pain management and/
or sympathetic blockade with stellate ganglion
injection may be the best treatment.

If encountered late, aggressive pain manage-
ment and/or sympathetic blockade with stellate
ganglion injection may be the best treatment with
or without a repeat operation. Overall, prompt
identification of the lesion and adequate surgical
management is the only way to reduce the possi-
bilities of a permanent debilitating painful condi-
tion in these patients.

Conclusions

Carpal tunnel syndrome was first described by
Paget in 1854, but it was Phalen in 1966, who
reported on his experience regarding diagnosis
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and treatment of median nerve compressive neu-
ropathy. Ever since, there has been great progress
in Hand Surgery. Minimal invasive and endo-
scopic techniques are now used in everyday prac-
tice. However, despite these remarkable
achievements in Hand Surgery, the rate of com-
plications remains high; minimally invasive tech-
niques may increase the complication rate due to
narrow surgical field and worse visualization.
The median nerve laceration is the most common
complication in both techniques OCTR and
ECTR and tendon laceration is more common
after ECTR. The selection of the incision type is
of critical importance in order to avoid painful
scar formation. Improper TCL healing plays a
critical role in the appearance of some types of
complications. In conclusion, carpal tunnel sur-
gery is certainly a simple procedure, but the sur-
geon must be ready to recognize and treat any
potential complication.
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Revision Carpal Tunnel Surgical

Options

Travis Littleton, Cassidy Costello, and Mark Baratz

Carpal tunnel syndrome (CTS) is one of the most
common upper extremity procedures performed.
Historically carpal tunnel release (CTR) was
reported to have a high success rate. Prior to a
study by Langloh and Linscheid in 1972, re-
exploration of the carpal canal was not reported
on in the literature [1]. The current literature
includes studies reporting a failure rate of 2-25%
[2—4] with a 3—-12% rate of revision surgery [5, 6].

It is important to define “failure” and “recur-
rence.” Failure after nerve surgery can occur for
many reasons including a wrong diagnosis, wrong
procedure, improperly performed procedure, or
following surgery for a patient who, because of age
or medical co-morbidities, lacks the capacity to
regain normal nerve function in spite of an ade-
quate release. Recurrence is typically defined as a
return of numbness after a symptom-free interval
following carpal tunnel release. A study of 28
patients by Craft et al. (2007) had an average inter-
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val of 7 years between original carpal tunnel release
and re-exploration [7]. Zieske et al. (2013) observed
a symptom-free interval of approximately 10 years
in patients with recurrent CTS [8].

In this chapter we will review the etiology of
recurrent carpal tunnel syndrome along with the
evaluation, principles of surgical treatment, sur-
gical technique, expected outcome, and outcomes
of comparative studies.

Etiology of Recurrent Carpal Tunnel

The causes of recurrent carpal tunnel are most
commonly believed to be perineural scarring,
reconstitution of the transverse carpal ligament,
subsequent trauma or a space occupying lesion
such as tenosynovitis or mass that forms within
the carpal canal [9] (Fig. 8.1).

Fig. 8.1 Osteochondroma in the carpal canal
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One of the first studies looking specifically at
recurrent CTS was in 1993 by Chang and Dellon.
Underlying medical conditions such as diabetic
peripheral neuropathy, cervical radiculopathy,
multiple sclerosis and Charcot-Marie-Tooth can
mimic recurrent carpal tunnel syndrome [10].

Evaluation

The key to an accurate diagnosis is a thorough
history. Patients with recurrent carpal tunnel
syndrome most commonly present with numb-
ness (60%), paresthesia (50%), and, less com-
monly, with pain (42%) [7]. Similarly, Zieske
et al. (2013) reported that patients with recur-
rent carpal tunnel were less likely to present
with pain [8]. It is our bias that pain alone is
rarely sufficient to invoke the diagnosis of
recurrent carpal tunnel syndrome. We look for
numbness in all or a portion of the median
nerve distribution.

A Tinel’s, Phalen’s, Carpal Compression test
may reproduce the symptoms of numbness in a
median nerve distribution. The exception is
elderly patients who often will not have symp-
toms with provocative maneuvers.

We typically document two-point discrimina-
tion in patients with suspected recurrent CTS
even though Semmes-Weinstein monofilament
testing has been shown to be more sensitive for
compressive neuropathies [11]. We have been
ordering fewer electrodiagnostic studies when
evaluating primary carpal tunnel syndrome. In
suspected recurrent carpal tunnel, we typically
order nerve studies.

A diagnostic steroid injection in the carpal
tunnel can help confirm the diagnosis of recur-
rent CTS. Beck et al. (2012) found 87% positive
predictive value for successful revision surgery
with a corticosteroid injection in the carpal tun-
nel. They also showed increased sensitivity and
specificity when combining preoperative injec-
tion results with physical examination findings to
100% and 80% respectively [12].

Imaging studies have been used to evaluate
patients with recurrent CTS. The use of MR
imaging can be particularly helpful in cases

when recurrent symptoms are accompanied by
fullness in the region of the carpal canal [13]
(Figs. 8.2, 8.3, and 8.4).

Ultrasound can be similarly helpful as a rela-
tively quick, cost-effective tool to look for space

Fig. 8.2 Fullness proximal to carpal canal causing
median nerve compression

Fig. 8.3 Axial view of fluid filled lesion proximal to the
carpal canal

Fig. 8.4 Cyst emanating from the radial carpal joint
compressing the median nerve
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occupying lesions and to examine the cross-
sectional area of the median nerve [14].

Principles of Surgical Treatment
for Revision Carpal Tunnel
Syndrome

1. Find the median nerve in normal tissue proxi-
mal and distal to the carpal canal. We will
typically extend our exposure about 2 cm on
either end of the existing scar.

2. “Surf the nerve”. Most iatrogenic injuries are
“side swipe” injuries. It is difficult to injure
any longitudinal structure when you expose it
from above.

3. Follow the anterior ulnar border of the median

With the exception of aberrant
branches, the motor branch exits the radial
border of the median nerve (Fig. 8.5).

4. Separate the median nerve from the radial
leaflet (Fig. 8.6).

5. Expose all terminal branches of the median
nerve (Fig. 8.7).

nerve.

Techniques with Expected
Outcomes

There are numerous techniques that have been
proposed for treatment of revision carpal tunnel
release. These different “strategies” will be dis-
cussed in detail in the techniques section.

Fig. 8.5 Releasing the median nerve along its ulnar
border

Fig. 8.6 Release adhesions between the median nerve
and the radial leaflet

Fig. 8.7 Expose terminal branches of the median nerve

Repeat Simple Decompression

Beck et al. (2012) showed an 82% improvement
in symptoms with simple decompression alone
in a small sample size of 23 patients [12].
Similar results were found in a large meta-anal-
ysis by Soltani et al. in 2013. This study showed
a 75% success rate in a heterogeneous cohort of
364 patients who underwent repeat open decom-
pression for recurrent carpal tunnel syndrome.
The second cohort included several different
types of flaps in 294 patients in 14 different
studies. The study concluded that an 86% rate of
success could be achieved with decompression
in conjunction with a vascularized flap. This
was an 11% improvement in symptoms as com-
pared to decompression alone [15]. A recent
study by Pace et al. (2018) reviewed revision
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CTR with or without hypothenar fat flap and
concluded a trend, although not statistically sig-
nificant, towards improved symptom severity
score in patients undergoing simple decompres-
sion alone [16].

Historically percutaneous, mini open, and
endoscopic carpal tunnel release were believed to
have no role in the revision setting. A study by
Luria et al. (2008) treated 41 patients with endo-
scopic revision after failed open release. Of the
41 patients, 37 reported improvement in symp-
toms, pinch strength and sensation, and reported
a decrease in scar sensitivity along with satisfac-
tion [17].

Synovial and Tenosynovial Flap

Revision carpal tunnel release with synovial flap
uses locally available tissue with low morbidity.
Gannon et al. (2007) described raising a flap of
synovium off of the superficial flexors starting on
the ulnar aspect of the ulnar canal. The flap is
raised from ulnar to radial until the median nerve
is encountered. Two transverse limbs are then
made from ulnar to radial at the level of the wrist
crease proximally and the superficial arch dis-
tally (Fig. 8.8). The flap is then laid over the
median nerve and sutured to the radial aspect of
the transverse carpal ligament (Fig. 8.9). They
reviewed 36 patients with a successful outcome
in 34/36 [18]. A similar flap is the vascularized
tenosynovial flap reported on by Murthy et al. in

Fig. 8.8 Synovial flap elevated off of the superficial
flexor tendons

Fig. 8.9 Synovial flap inset between the median nerve
and the radial leaflet of the transverse carpal ligament

2013 [19]. This uses the original incision
extended in a zig zag fashion ulnarly across the
wrist flexion crease. Once the nerve is decom-
pressed attention is turned towards the
tenosynovial flap. The ulnar based pedicle of this
flap comes from the palmar carpal branches of
the ulnar artery. Therefore, this flap is raised from
the synovium over the superficial flexors from
radial to ulnar until there is enough mobilization
of the flap to cover the nerve. Occasionally this
requires a back cut to translate the flap proxi-
mally or distally. The proposed advantage of this
flap is its vascularized nature and ability to allow
neovascularization. This study reported good
results in their series of 45 cases with complete
pain relief in 96% and complete or near complete
resolution of numbness and tingling in 80% of
patients [19]. One critique of this method is it
lacks substantial padding for a hypersensitive
median nerve. However, proponents of this tech-
nique believe this serves as a barrier over the
nerve to prevent the formation of a constrictive
scar, which many contend to be the primary cause
of recurrent CTS. Post operatively most surgeons
recommend a short period of immobilization in a
splint.

Hypothenar Fat Pad Flap
Revision carpal tunnel release with a vascular-

ized hypothenar fat flap is one of the most com-
mon flaps used in the revision carpal tunnel
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release. This flap was first described by Cramer
in 1985 in a study on four patients and has under-
gone numerous modifications since that time
[20]. The hypothenar fat pad flap receives multi-
ple segmental vessels, usually three vessels, from
the ulnar artery in Guyon’s canal allowing the
flap to be mobilized radially. Some advantages of
this flap are that it is locally available, well vascu-
larized, and allows coverage of the median nerve
in the carpal tunnel. A limitation of this flap is
that it has limited excursion proximally and dis-
tally [20]. This fat flap commonly measures three
by four cm in size [21]. Once this flap is mobi-
lized it is sutured to the radial leaflet of the trans-
verse carpal ligament. In a study of 28 patients by
Craft et al. (2007), they found fibrosis and adher-
ence of the median nerve to the radial leaflet of
the transverse carpal ligament in all patients
undergoing revision surgery [7].

This technique begins with an incision extend-
ing 2 cm proximal and distal to existing zone
involved in the initial release (Fig. 8.10). Next,
identify the median nerve in the distal forearm
(Fig. 8.11) and release it to level of the superficial
arch (Fig. 8.12). Afterwards, develop a plane
between the ulnar skin and the hypothenar fat tis-
sue. Leave a small layer of adipose tissue on the
skin, the subdermal plexus, to avoid skin necrosis
(Fig. 8.13). The dissection is carried ulnarly until
the dermal attachment of the palmaris brevis
muscle is encountered. At this point one must

Fig.8.10 Marked incision for the hypothenar fat pad flap

Fig. 8.11 Reconstituted ligament compressing the
median nerve

Fig.8.12 Extending the distal exposure to the superficial
arch

Fig. 8.13 Developing a plane of dissection between the
hypothenar fat and the subdermal plexus
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identify the digital nerves to the ring and middle
finger distally and the ulnar artery and nerve
proximally. The dissection then proceeds verti-
cally between the palmaris brevis ulnarly and the
ulnar neurovascular bundle radially (Figs. 8.14
and 8.15). This will allow the hypothenar fat pad
to be elevated off the hypothenar muscles and
translated radially to cover the median nerve.
Lastly, use a horizontal mattress with chromic
suture to apply the flap to the under surface of the
radial leaflet (Figs. 8.16 and 8.17).

Multiple modifications have been described
to allow increased mobility of the fat flap so
that the flap is not under excess tension. One
method is to ligate distally based deep arterial
branches of the ulnar artery which allows fur-
ther radial translation of the ulnar artery away
from the ulnar nerve [22]. Another option
described by Chrysopoulo et al. (2006) is to

Fig. 8.14 Mobilization of the hypothenar fat pad flap
along the course of the superficial arch

Fig. 8.15 Identifying and protecting the ulnar nerve

Fig. 8.16 Passing sutures from the flap to the undersur-
face of the radial leaflet

Fig. 8.17 Insetting hypothenar fat flap

also dissect deep to the ulnar neurovascular
bundle and to allow separation of the hypothe-
nar fat flap off the underlying transverse carpal
ligament. The ulnar portion of the transverse
carpal ligament is then resected off of the
hamate to allow easier and more complete ele-
vation of the fat pad along with the ulnar neuro-
vascular bundle [23] (Fig. 8.18).

Craft et al. (2007) showed that the hypothenar
fat flap was most reliable for reducing pain
(83%), and less effective in reducing tingling
(50%), and numbness (42%). Importantly, no
patients reported being worse off after revision
[7]. Mathoulin et al. (2000) reported excellent or
good results in 95% of patients (49% and 45%
respectively) [22]. Strickland et al. (1996)
reported excellent results in 62 patients [24].
More recently Wichelhaus et al. (2015) reported
more modest results in a smaller series of 18
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Fig. 8.18 A horizontal mattress suture tucks the flap
beneath the radial leaflet

patients with 83% patient satisfaction, and com-
plete pain relief in only 44% [21].

Synthetic Wraps

Another less commonly used technique for
median nerve wrapping are the synthetic devices.
There are a number of different commercially
available synthetic materials that are marketed
for revision CTR and nerve wrapping. Some con-
tain an absorbable semipermeable collagen that
works by blocking fibroblast and thereby decreas-
ing perineural fibrosis. The synthetic collagen is
then broken down by the body’s normal meta-
bolic pathways without producing an inflamma-
tory reaction. This not unlike an autologous vein
wrapping, in that once the nerve has been decom-
pressed the nerve is wrapped circumferentially
along the entire portion of the scarred nerve.
Other synthetic nerve wraps are made of polygly-
colic acid, placenta, porcine, and caprolactones.
The presumed advantage of these synthetic mate-
rials is decreased donor site morbidity, and surgi-
cal time, compared with the use of local and
remote autologous tissues.

Vein Wrapping

Vein wrapping is another option for coverage of
the median nerve following revision CTR. The
proposed mechanism of vein wrapping is to insu-

late the peripheral nerve from scar. A second pos-
sible benefit derives from placing the intimal side
of the vein adjacent to the nerve to enhance nerve
gliding. See Chap. 25 for vein wrapping tech-
nique. Varitimidis et al. (2001) presented on 15
patients treated with autologous vein insulator in
the setting of revision CTR. They reported
improved pain and sensation in all patients. They
also noted improved objective parameters: nerve
conduction velocities in eight patients and
improved two-point discrimination in 14/15
patients [25].

Muscle Flaps

A number of local muscle flaps have been studied
for coverage of the median nerve. These include
pronator quadratus, palmaris brevis and abductor
digiti minimi. Tung and Mackinnon (2001)
described the pronator quadratus flap [6].
Palmaris brevis has been shown to be effective in
the setting of revision CTR [26]. However,
Strickland et al. (1996) stated that more often
than not the palmaris brevis muscle was either
absent or too small to provide adequate
coverage.

Abzug et al. (2012) described the flexor digito-
rum superficialis muscle flap. Once the median
nerve has been decompressed the incision is
extended proximally past the myotendinous junc-
tion of the flexor digitorum superficialis. The
muscle belly of the superficial flexor digitorum to
either the ring or long finger is elevated off of the
flexor digitorum carefully to preserve the myoten-
donous junction. The muscle belly is rotated 180°
and used to cover the median nerve distally. This
muscle flap should cover approximately 75% of
the circumference of the median nerve and is then
tacked down both radially and ulnarly [27].

Vascularized Fascial Flaps

The reversed radial artery fascial flap is a pedicle
flap described for recurrent CTS by Tham et al.
(1996). This technique requires sacrificing the
radial artery which could lead to cold intolerance
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or ischemia. A pre-operative Allen test is critical
to ensure adequate ulnar arterial blood supply
[28]. This flap has more recently been modified
to a perforator-based radial forearm fascial flap.
This can be done in either a single or two-incision
technique with the use of an arm tourniquet. After
performing an external neurolysis and epineu-
rotomy of the median nerve dissection proceeds
to the middle of the forearm by extending the car-
pal tunnel incision proximally or by making a
second incision over the planned flap. The radial
artery has 6-10 septocutaneous distal perforators
off the radial artery. The most proximal perfora-
tor is reliably located five to eight centimeters
proximal to the radial styloid and this is most
commonly the pivot point for this flap. This per-
forator usually allows coverage of the median
nerve in the forearm all the way to the distal end
of the scarred median nerve in the palm. This can
be modified and pivoted off of a more distal per-
forator if needed as these perforators are reliably
located approximately every 0.4-1.5 cm distally
ending 1.5 cm proximal to the radial styloid. The
flap is raised ulnarly from the fascia over the
flexor carpi ulnaris and extended laterally raising
the fascia over the extensor carpi radialis brevis
until the perforators off of the radial artery are
encountered. The lateral antebrachial cutaneous
nerve must be protected in the forearm. Mahmoud
et al. (2013) reported good medium-term results
in a small series of eight patients [29].

Remote Pedicle or Free Flaps

There have also been a number of remote pedicle
or free flaps proposed for median nerve coverage
in revision CTR. Goitz and Steichen (2005),
reviewed a long term follow up in a small series
of nine patients who underwent microvascular
omental transfer. They reported on nine extremi-
ties in six patients who had previously failed a
minimum of two procedures including a failed
local pedicle flap coverage. The technique
requires a large extensile open approach to the
carpal tunnel extending approximately 7 cm
proximal to the wrist crease with an external neu-
rolysis, flexor tenosynovectomy, and exposure of

the cephalic vein and radial artery in the proximal
forearm. The omental flap is harvested from the
gastroepiploic vessels by an abdominal or
peripherial vascular surgeon. A microvascular
anastamosis is then performed in the forearm
with an end-to-end technique from the gastroepi-
ploic vein to the cephalic vein. Additionally, the
gastroepiploic artery is sutured end-to-side into
the radial artery. Lastly the omentum in the fore-
arm is then covered by a partial-thickness skin
graft. They showed patient satisfaction and
improved quality of life in five of the six patients.
There were four complications, all relating to the
omental harvest site, in this small series of nine
extremities [30].

Outcomes Including Comparative
Studies

Outcomes following revision carpal tunnel sur-
gery are less predictable compared to primary
CTR. Cobb et al. (1996) reported on 131 patients
who underwent reoperation for CTS. This
included a heterogeneous group of revision pro-
cedure ranging from simple decompression to
flap coverage. They concluded no difference in
outcomes based on the type of surgical proce-
dure. They also found poor outcomes in one
quarter of the patients with over 10% requiring a
third operation [5].

When comparing the results of CTR following
previous open verses endoscopic surgery,
Hulsizer et al. (1998) found that patients having
undergone previous endoscopic release had sig-
nificantly better results than those who under-
went open release. A total of 23 patients (30
wrists) were included in this study. Of the 23
patients, 14 (17 wrists) had a previous open CTR
surgery and 9 patients (13 wrists) had a previous
endoscopic CTR surgery. All patients underwent
a standard open CTR for revision surgery. In the
open surgery group, 47% reported improved or
completely resolved symptoms, whereas, 77%
patients in the endoscopic group had improved or
completely resolved symptoms [31].

Numerous studies demonstrate that open revi-
sion carpal tunnel release is successful in treating
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patients after failed endoscopic CTR [31, 32]. In
22 patients (24 wrists) that underwent open revi-
sion CTR for recurrent CTS after primary endo-
scopic release, Varitimidis et al. (1999), found
that 20 patients (22 wrists) had an incomplete
release of the flexor retinaculum. Pre-revision, 22
patients did not return to work after primary
endoscopic release. After open revision 15
patients (16 wrists) returned to their previous
employment and 5 patients (6 wrists) began
working at different jobs with lighter duties.
These results demonstrate that patients with per-
sistent carpal tunnel syndrome after incomplete
endoscopic release can experience improvement
of symptoms with expected return to work after
open revision [32].

In conclusion, revision carpal tunnel surgery
has modest results as compared to primary carpal
tunnel release. However, many authors have shown
improvement in 50-85% of revision cases in small
retrospective studies. O’Malley et al. (1992)
showed 60-70% improvement in a study in 1998
[33]. Simple decompression alone has shown to be
effective for treatment of revision carpal tunnel
syndrome. Often the nerve shows significant scar-
ring, and many recommend some type of coverage
or interoposition to provide a barrier to scar tissue
and to help with tendon gliding.

Our senior author’s preference is a hypothenar
fat flap in most cases of revision carpal tunnel
release. The advantage of this flap is that it is
locally available vascularized flap with low mor-
bidity and good reproducibility. Post operatively
early range of motion is initiated to help with
nerve gliding. One other consideration is our
senior author performs the majority of carpal tun-
nel surgery utilizing a Wide Awake Local
Anesthesia No Tourniquet (WALANT) tech-
nique. The locally available hypothenar fat pad
flap as well as the synovial flaps can easily be
performed under WALANT.
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Hypothenar Fat Pad Flap: Surgical

Technique

James W. Strickland and Gary M. Lourie

Introduction

Carpal Tunnel Syndrome remains the most com-
mon compression peripheral neuropathy treated.
Conservative treatment is usually successful,
with the remaining unsuccessful 10% of patients
relieved of symptoms with simple release [1].
Unfortunately 10-25% of patients undergoing
primary carpal tunnel release will fail. The etiol-
ogy of this occurrence is multifactorial including
incomplete release of the transverse carpal liga-
ment or distal antebrachial fascia, tenosynovitis,
postoperative development of adhesions sur-
rounding the nerve, and intraneural fascicular
scarring [2, 3]. Scarring of the median nerve
with adherence to the radial leaf of the released
transverse carpal ligament creates a neurodesis
that often cannot be treated successfully with
conservative treatment. These dysesthetic symp-
toms can become incapacitating and often
require a surgical procedure to affect a success-
ful outcome. Simple repeat release of the nerve
has been met with universal failure. The litera-
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ture is replete with surgical procedures to address
the scar adhesions surrounding the median
nerve. The procedures vary but all strive to cre-
ate a barrier to epineural scarring. Soft tissue
flaps including fat, fascia, muscle, and vein
along with inert and non-inert commercial prod-
ucts comprised of allograft collagen and even
small intestine submucosa have been described
with encouraging clinical results [3-6]. The
desired procedure must meet four requisites; it
should be reproducible, safe, clinically effective,
and in this day and age cost effective.

The hypothenar fat pad flap (HTFPF) proce-
dure mobilizes a generous pad of vascularized fat
from the hypothenar eminence as a pedicled pad
and interposes the flap between the neurolysed
median nerve and remaining radial leaf of the
transverse carpal ligament. The fat pad flap serves
to cover the nerve, prevent readherence, and
return a smooth gliding bed for the median nerve.
First described in 1985, this flap was refined by
the senior author (JWS), his series published in
the Journal of Hand Surgery in 1996 [1]. In this
retrospective review of 62 hands with an average
follow-up of 33 months, patient satisfaction was
high with successful relief of persistent dyses-
thetic pain and low complication rate. Ensuing
published reports confirmed equal results solidi-
fying the hypothenar fat pad flap (HTFPF) as a
viable, safe, efficacious, and cost effective proce-
dure to alleviate recalcitrant idiopathic carpal
tunnel syndrome [1, 2]. This chapter will discuss
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the vascular basis and surgical technique in
stepwise fashion of this flap highlighting and
emphasizing the salient point to affect a success-
ful outcome.

Anatomic Dissections and Vascular
Basis for the Hypothenar Fat Pad
Flap

Anatomic dissections and clinical observations
have shown that the hypothenar eminence consis-
tently includes a generous layer of adipose tissue
of sufficient width and thickness to provide cov-
erage of the median nerve within the carpal tun-
nel. Cadaveric studies have documented that in
latex-injected hypothenar tissue there is a consis-
tent supply of arterial branches to the fat pad aris-
ing directly from the medial side of the ulnar
artery in Guyon’s canal and more distally from
branches of the ulnar artery to the small finger
and fourth web space [1]. These transverse
branches originate from the ulnar artery in a lad-
der type fashion separated 1 cm apart beginning
at the distal wrist flexion crease. Additional
branches to the fat pad arose from arterial
branches to the hypothenar muscles and palmaris
brevis muscles. Dissection of skin overlying the
hypothenar fat pad revealed a rich plexus of arter-
ies running through the superficial adipose tissue.
An important observation in dissecting the fat
pad was that the ulnar digital nerve of the small
finger and the common digital nerve to the fourth
web space ran deep to the distal third of the fat
pad after branching from the ulnar nerve in
Guyon’s canal. This has clinical importance for
the surgeon dissecting the flap to avoid inadver-
tent neuropraxic injury to these nerve branches.

Surgical Technique

The procedure is carried out under regional or
general anesthesia. Intravenous antibiotics are
not given routinely unless the patient demon-
strates co-morbidities or risk factors. A linear
incision was made in the midpalmar crease lat-
eral to the hypothenar eminence crossing the

wrist in a zig-zag fashion in line with the radial
aspect of the ring finger. An extended incision is
often recommended to decompress the median
nerve starting in the distal forearm in more native
unscarred tissue. In the palm the dissection is car-
ried down through the palmar aponeurosis and
reconstituted transverse carpal ligament. The
median nerve is identified and, if the nerve is
found to be adherent within the carpal canal,
often seen to be tethered to the released radial
leaf of the transverse carpal ligament, then an
external neurolysis is performed. In those patients
having preoperative clinical hypersensitivity of
the median nerve at the wrist or intraoperative
findings of neurodesis, a HTFPF is performed. A
surgical plane is developed by sharp dissection
just deep to the subdermal plexus between the
skin overlying the hypothenar eminence and the
underlying adipose tissue (Fig. 9.1). Care must
be taken not to make this cutaneous flap too thin
so as not to devascularize the overlying skin. The
superficial dissection is continued ulnar to the
dermal insertion of the palmaris brevis. Care is
taken to identify the digital nerves to the ring and
small fingers distally and the ulnar artery and
nerve proximally (Fig. 9.1). From the ulnar edge
of the fat pad, the deep dissection elevates the
flap from the thenar muscles. The deep dissection
is carried in a lateral direction until the ulnar
nerve and vessels are visualized in Guyon’s
Canal. The Guyon’s canal can be initially released
and the ulnar nerve and artery are identified and
protected throughout the dissection of the flap. A
segment of the ulnar leaf of the transverse carpal
ligament is excised to aid in mobilization of the
flap during this part of the deep dissection. The
flap is then transposed to determine if it could be
easily advanced over the median nerve to the
radial wall of the carpal canal (Fig. 9.2). If it had
not been sufficiently mobilized, additional under-
mining is carried out, with care taken to preserve
the vascular pedicles of the flap and to not dam-
age the ulnar artery or nerve. When sufficiently
mobilized, the HTFPF is placed palmar to the
median nerve and deep to the radial leaf of the
transverse carpal ligament. With the contents of
the canal retracted ulnarly, three horizontal
sutures are placed from the edge of the HTFPF



9 Hypothenar Fat Pad Flap: Surgical Technique

87

Fig. 9.1 (a) The hypothenar fat pad flap (HTFPF) is raised by subcutaneous dissection in an ulnar direction. MN:
median nerve, UN: ulnar nerve. Photo courtesy of Dr. Dean Sotereanos. (b) A corresponding axial illustration

Fig.9.2 The hypothenar fat pad flap (HTFPF) is tested to
see if it advances easily over the median nerve (MN).
(Photo courtesy of Dr. Dean Sotereanos)

into the radial wall of the carpal tunnel adjacent
to the flexor pollicis longus tendon and back
through the HTFPF (Fig. 9.3). Sutures are tagged
to facilitate the placement of all stitches prior to
tying them in sequence.

As the sutures are tied, the radial and ulnar
borders of the hand are gently compressed to ease
the delivery of the flap well down into the radial
side of the carpal canal. A layered skin closure is
then performed in usual fashion. After surgery,
gentle transverse compression is applied within
the dressing across the palm, with the thumb
adducted to minimize tension on the HTFPF. The
wrist is placed in slight dorsiflexion, with the fin-
gers free for immediate postoperative motion.
The surgical dressing and sutures are removed at
10-14 days after surgery. Patients are instructed

Fig. 9.3 The hypothenar fat pad flap (HTFPF) is sutured
to the radial remnant of transverse carpal ligament
(arrows) without tension covering the median nerve.
(Photo courtesy of Dr. Dean Sotereanos)

in scar massage and desensitization. Wrist motion
is commenced with interval splinting for an addi-
tional 2 weeks. At 6 weeks after surgery, unre-
stricted use is permitted and a formal
strengthening program is commenced.

Pearls

1. Patient selection. The indications for this pro-
cedure need to be met by patient and the sur-
geon. Persistent and or recurrent symptoms of
median nerve compression thought to be due
to tethering or neurodesis of the nerve to the
released radial leaf of the transverse carpal
ligament unresponsive to conservative
treatment remains the main indication for the
HTFPE.
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2. Surgical points. The initial superficial dissec-
tion should be well within the subdermal plexus
to avoid devascularization of the hypothenar
skin. The deep dissection should allow for iden-
tification of the digital nerves to the ring and
small finger distal and the ulnar nerve and ulnar
artery proximal to avoid iatrogenic damage.

3. Postoperative recommendations. The patient
is encouraged to begin early digital range of
motion in the early postoperative period to
prevent adhesions to the HTFPE, along with
diligence to wrist motion and scar massage to
optimize relief of symptoms.

Conclusion

Recalcitrant or recurrent carpal tunnel syndrome
can be incapacitating for the patient. Many tech-
niques for alleviating symptoms have been advo-
cated including repeat release, along with
introduction of tissue or materials to wrap and
protect the nerve from adhesion formation. A
successful procedure should be reproducible,
safe, clinically effective, and cost effective. The
hypothenar fat pad flap (HTFPF), developed and

refined by James W Strickland MD has met these
4 tenets and should be part of the hand surgeon’s
armamentarium in treating this challenging clini-
cal condition [1, 2].
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Mimicking Peripheral

Neuropathies

Zoe H. Dailiana and Vasileios A. Kontogeorgakos

Upper extremity peripheral neuropathies may be
idiopathic or due to occupational, systemic, and
local factors including trauma and subsequent
scar-tissue formation, anatomic variances and
aberrant muscles, tumors and tumor like lesions
[1-3]. Although upper extremity peripheral neu-
ropathies are common, involving in declining
order the median, ulnar, posterior interosseous,
sensory branch of radial nerve, musculocutane-
ous, and suprascapular nerves, tumor related com-
pressive neuropathies are rare, and their diagnosis
is easily overlooked, resulting to relapsing symp-
toms in the case that the causative factor is not
addressed. In a study of 1110 patients treated for
carpal tunnel syndrome (CTS), less than 3% was
related to a tumor or tumor-like lesion [1].

General Aspects
Diagnostic Approach

A high index of suspicion is required in patients
suffering from peripheral neuropathies, with
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atypical characteristics concerning their gender,
age, and occupation, e.g. CTS in young patients,
male patients, non-manual workers, without
endocrine disorders [1].

The diagnostic workup includes a detailed
history, physical examination including the
evaluation of peripheral nerve compression and
the investigation for palpable masses that may
be evident in high percentages (up to 65%) of
patients [1], nerve conduction studies, and
appropriate imaging studies. Although plain
radiographs may reveal nonspecific soft-tissue
masses, ultrasound and MRI have a high sensi-
tivity in diagnosing peripheral nerve compres-
sion [4], and in detecting space-occupying
lesions that may be related to peripheral nerves,
providing useful information about the position
(inside or outside the nerve), the ascending
point and the dimensions of the lesions, and
their correlation with the respective nerves and
surrounding structures [5, 6].

Differential Diagnosis

These space occupying lesions may be intra- or
extra-neural, benign or malignant. The differen-
tiation of neoplastic conditions (benign or malig-
nant) from tumor like masses is not always an
easy case. Sometimes, biopsy of the mass should
precede a definite surgical treatment, as a nega-
tive tissue margin is mandatory for malignant
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tumors versus marginal resections for benign and
reactive tumor like lesions.

The most common extraneural tumors and
tumor like lesions are lipomas, ganglion cysts, teno-
synovitis, rheumatoid nodules, calcium and uric
acid deposits and abnormal muscles. Intraneural
peripheral nerve tumors are rare and include
schwannomas, neurofibromas, sarcomas, and intra-
neural tumors of non-neural origin. The tumors of
peripheral nerves are benign in at least 85-90% of
clinically symptomatic cases, while malignant
peripheral nerve sheath tumors and other malignant
lesions, such as lymphoma and metastases are rare.
This low general incidence of malignant tumors
should not be underestimated in patients with type 1
neurofibromatosis. Among these patients, 8—10%
will develop a malignant peripheral nerve sheath
tumor during their lifetimes [7].

Treatment

Apart of surgical nerve decompression according
to the nerve entrapped, the characteristics of the
tumor/tumor like lesion, including the location
(intra- or extraneural), the extent, and the aggres-
siveness (benign or malignant) dictate the
approach and subsequent procedure (biopsy, neu-
rolysis, excision of mass). After excision of
extraneural benign lesions, the outcome is usu-
ally favourable. In intraneural lesions the preser-
vation of nerve function and continuity are of
utmost importance and thus, a biopsy ruling out
malignancy, is often necessary [8]. According to

Fig. 10.1 (a) Neurofibroma of the median nerve in a
17-year-old female patient presenting with carpal tunnel
syndrome. (b) Normal nerve fibers are difficult to separate

the biopsy results, the lesion may be left in place
(Fig. 10.1), undergo microsurgical dissection
leaving intact the nerve fascicles or resecting the
involved fascicles (Fig. 10.2) and, in confirmed
malignancy, the lesion may be resected aggres-
sively. In all cases nerve grafting of the respective
fascicle/nerve gap is necessary.

Categorization

According to their histologic characteristics these
tumors and tumor like lesions are presented in
specific categories, with concurrent presentation
of the diagnostic and therapeutic approach:

Lipomatous Tumors

Lipomas are composed of mature white adipo-
cyte cells, and these are the most common soft
tissue mesenchymal neoplasm in adults. Benign
lipomatous tumors have a low metabolic rate and
increase their size slowly. Neighboring periph-
eral nerves in close proximity to lipomas accom-
modate to the slow size increase of lipomas.
Thus, lipomas are an uncommon cause of chronic
compressive neuropathies and even more rarely
an acute motor neuropathy can develop.

Lipomas

Intraneural or extraneural lipomas are rare, focal,
usually well-defined benign lipomatous masses.
The mass does not infiltrate the nerve. However,

from the tumor and surgical treatment is limited to nerve
decompression (asterisk on divided transverse carpal
ligament)



10 Tumors and Tumor-Like Lesions Mimicking Peripheral Neuropathies 91

oI [eLoIdp mma: P z

Fig. 10.2 (a) Ulnar nerve schwannoma proximal to the
elbow, in a 17-year-old male, with motor and sensory defi-
cits. The tumor is enveloped by the ulnar nerve perineu-

due to size of the lipoma the nerve may be dis-
placed and compressed [9-13]. Median nerve at
the carpal tunnel is typically affected but ulnar
and sciatic nerve involvement is reported.
Because of the defined morphology of the mass,
lipomas can be resected resulting in symptom
improvement (Figs. 10.3 and 10.4).

rium. (b—d) After microsurgical dissection the tumor,
arising from one fascicle of the ulnar nerve, is shelled out
from the nerve trunk. (e) Gross specimen

Nerve Lipomatosis

Nerve lipomatosis is also known as intraneural
lipoma or fibrolipomatous hamartoma of the
nerve [14]. Nerve lipomatosis is characterized by
diffuse epineurial and interfascicular infltrate of
mature fatty or fibroadipose tissue [10]. The size
of the affected nerve is considerably increased,
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Fig. 10.3 (a) Large size lipoma located at the deep the-
nar area. The patient reported dysesthesia at the radial
side of index finger. (b) MRI axial view depicting a lipo-
matous tumor at the palmar side of the thenar area
extending to mid-palm. (¢) Deep dissection reveals com-

pression of the radial palmar index digital nerve under the
lipoma mass and the superficial arterial arch (black
arrow). (d) Intraoperative view after lipoma resection.
Black arrow points to the index palmar radial nerve. (e)
The lipoma gross specimen

Fig. 10.4 (a) Elbow MRI depicting a lipoma at the radial
neck, in a 59-year-old female patient with acute palsy of
the posterior interosseous nerve (PIN). (b) Superficial dis-

section of the PIN. (¢, d) Deep dissection reveals com-
pression of the PIN from a lipoma
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Fig. 10.4 (continued)

but the entrapped nerve fascicles are macroscopi-
cally normal. The median nerve is most com-
monly involved (85%) followed by the ulnar
nerve. More than one nerve may be affected and
frequently a contralateral lesion, symmetrical
[15] or asymmetrical, is present [16].

About 20-66% of patients with nerve lipoma-
tosis have a variable degree of accompanying
overgrowth of mesenchymal elements in the dis-
tribution of the affected nerve, typically includ-
ing fibroadipose tissue and bone [10, 14, 17].

MRI of nerve lipomatosis is very characteris-
tic, with a fusiform nerve enlargement. Imaging
characteristics include serpiginous low-intensity
structures representing thickened nerve fasci-
cles, surrounded by evenly distributed fat, high
signal intensity on T1 sequences and low signal
intensity on T2 sequences. The nerve has a
cable-like appearance on axial planes and a spa-
ghetti-like appearance on coronal planes [17].

Surgical treatment regarding compression
neuropathy is limited to nerve decompression,
resulting in symptom relief. Nerve resection and
cable nerve graft reconstruction has been
described but the indications for such a procedure
are very limited.

Parosteal Lipomas

Parosteal lipomas are benign fatty tumors located
on a bone surface, intimately related to the perios-
teum. At the upper extremity, these lesions often
develop around the proximal radius. In a review
of 32 cases of parosteal lipomas, 50% had osseous
reaction, including osseous bowing, focal cortical
hyperostoses or cortical erosion [18]. In the study

Fig. 10.5 A 55-year-old woman presented with painless
PIN palsy over 2 weeks. MRI T1 axial image reveals a

lipoma in close proximity to proximal radius.
Intraoperatively, the lipoma was strongly adhered to the
underlying periosteum. Gradual restoration of muscle
strength was noticed 4 months later after tumor removal

by Moon et al. [19], 55% (11 of 20 patients) pre-
sented with posterior interosseous nerve palsy.
Intraoperatively the tumor is encapsulated and
strongly adhered to the periosteum requiring a
subperiosteal dissection or an osteotome for the
removal of the neoplasm [20] (Fig. 10.5).

Ganglion and Synovial Cysts
The word ganglion comes from a Greek word

that, simply translated, means knot [3]. Ganglions
are mucin filled cysts and rarely are the cause of
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Fig. 10.6 Ganglion cyst (arrow) compressing the ulnar
nerve in a 65-year-old male patient with cubital tunnel
syndrome

a peripheral nerve compression (Fig. 10.6). They
are sometimes painful and frequently fluctuate in
size. Ganglions can exert pressure over a nerve
either as an extraneural or as an intaneural cyst.
The pathogenesis of intraneural ganglia is an
issue of debate for 200 years. Three major theo-
ries have been proposed to explain their exis-
tence, namely, degenerative, synovial (articular),
and tumoral theories. In 2009, Spinner et al pro-
posed the unifying theory [21, 22]. In their study,
all intraneural cysts, even in a remote location
from a joint had joint connections. Ligation of
the articular branch connecting the cyst to nearby
joint, is an important surgical step in order to
avoid recurrence of the cyst.

Intraneural cyst of the peroneal nerve is well
known and described entity. Usually the patients
present with motor and sensory deficit and a posi-
tive Tinel’s sign [23]. Several case reports appear
in the literature regarding ganglion cysts
compressing the ulnar nerve [24, 25] (Fig. 10.6).
Beauchene in 1810 described an intraneural cyst
of the ulnar nerve at the cubital tunnel [26, 27].
Clinically the patients present with progressive

pain, numbness, and weakness along the distribu-
tion of the ulnar nerve.

MRI is very useful in preoperative diagnosis.
Ganglions present as non-enhancing soft tissue
lesions with low and high intensity signal on T1
and T2 images respectively. Usually, microsurgi-
cal resection of the cyst can be performed result-
ing in significant resolution of preoperative
symptoms. However, motor recovery may not be
complete if the ganglion cyst extensively involves
the nerve and symptoms have been present for
more than 1 year [25].

Chang et al reported on 184 patients with
cubital tunnel syndrome who underwent surgi-
cal treatment [28]. Of these patients, 16 had
extraneural cysts and 3 had intraneural gan-
glion cysts (10.33%). All 19 patients had elbow
osteoarthritis. For patients with mild neural
compression, the ulnar nerve was decompressed
and released in situ. But for space occupying
lesion or severe neural compression or entrap-
ment in the cubital tunnel, routine anterior
transposition of the ulnar nerve was performed.
Wang et al reported on nine patients with pure
deep ulnar nerve branch compression by a gan-
glion [29]. All patients presented with no sen-
sory loss but with different degrees of muscular
atrophy and weakness of the interossei and
adductor pollicis muscles. Ganglion excision
and decompression of Guyon’s canal was per-
formed in all patients. The ganglion compress-
ing the deep branch originated from the
pisohamate joint in eight cases. Grip strength
improved from a mean of 63% of the unaffected
side preoperatively to 88% of the unaffected
side postoperatively. Tip pinch strength
improved from a mean of 61% to 87%.
According to the modified Bishop’s scoring
system, six patients (67%) obtained excellent
results, two (22%) had good results.

Special mention should be made for the acute
palsy of the posterior interosseous nerve (PIN)
from rheumatoid synovial cysts (bursa) around
the elbow, in the rheumatoid patients [30]. Only
18 cases of PIN palsy secondary to rheumatoid
arthritis in 17 patients have been reported in the
English literature [31]. There were 13 female
and 4 male patients with a mean age of 53 years.
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The average duration of symptoms at presenta-
tion was 3.8 weeks.

Compression of the PIN presents with pain-
less finger extension paresis associated with wrist
extension in radially deviated position.
Differential diagnosis of entrapment neuropathy
of PIN should be made from vasculitic neuropa-
thy and degenerative rupture of the extensor ten-
dons. Vasculitic neuropathy patients usually have
painful, sensory loss and weakness of the periph-
eral nerves. The onset is usually sudden and
asymmetrical if multiple peripheral nerves are
involved. In entrapment neuropathy, the onset is
subacute and painless [31]. Degenerative exten-
sor rupture in rheumatoid patients is a well-
known condition [32]. Tendon rupture usually is
asymptomatic and begins at the ulnar side of the
hand. The patients are not able to perform active
metacarpophalangeal (MCP) joint extension.
When the wrist is placed in passive flexion, the
MCP joints remains flexed. However, in the case
of PIN nerve palsy, when the wrist is placed in
passive flexion, thumb and finger extension at
MCP joints occur (tenodesis effect).

Treatment with oral or steroid injection into
the elbow may not produce lasting recovery [31,
33]. Nerve decompression and elbow synovec-
tomy, sometimes combined with radial head
excision, is the preferred method of treatment
[31, 33, 34]. An anterolateral approach for divi-
sion of the arcade of Frohse is effective in cases
with diffuse synovitis, while in the case of a local
cystic swelling, a posterolateral approach pro-
vides better access [33].

Compression of the median nerve from a gan-
glion, at the carpal tunnel is an uncommon diag-
nosis [35, 36]. Anterior wrist ganglion, which
mainly originates from the radiocarpal joint,
accounts for 15-20% of wrist ganglions [37, 38].
The recurrence rate for cases treated with aspira-
tion is 83% and for those treated by surgical
resection is 20% [38]. Because of the high recur-
rence rate of the ganglion, a careful dissection of
the stalk from the anterior wrist capsule has been
suggested [35, 38].

Kerrigan et al reported on 12 cases of ganglion
cyst with carpal tunnel syndrome in 11 patients
[36]. One half of the cysts were associated with

direct trauma, usually with wrist hyperextension.
Treatment included open carpal tunnel release with
ganglion resection, resulting in symptom relief.

The suprascapular nerve can be compressed at
the suprascapular or spino-glenoid notch.
Compression at the suprascapular notch generally
leads to weakness of both the supraspinatus and
infraspinatus muscle. The suprascapular ligament
is often the offending agent and must be released.
In contrast, compression at the spinoglenoid notch
leads to isolated infraspinatus weakness, and it is
often caused by a cyst with an associated labral
lesion [39]. The most common symptom is deep,
posterior shoulder pain (97.8%), with a mean
duration of symptoms before decompression of
19 months [39]. Memon et al identified 40 studies
including 259 patients with suprascapular neu-
ropathy, treated arthroscopically [40]. The most
common etiology of suprascapular neuropathy
was suprascapular nerve compression by a cyst at
the spinoglenoid notch (42%). Overall, 97% of
patients reported significant improvement or
complete resolution of their pre-operative symp-
toms (including pain, strength, and subjective
function of the shoulder) over a mean follow-up
period of 23.7 months.

Reactive and Inflammatory Lesions

Tenosynovitis

Tenosynovitis from occupational disorders, rheu-
matoid arhtritis or gout may lead to nerve com-
pression syndromes. Flexor tenosynovitis is a
common cause of median nerve compression and
development of CTS [1], while De Quervain’s
tenosynovitis has been described as a cause of
compression of the superficial branch of the
radial nerve [41]. Ultrasound is used to confirm
the clinical finding of a palpable mass that is
moving with finger flexion/extension and surgical
treatment includes synovectomy in combination
to division of the transverse ligament or neuroly-
sis, according to the entrapped nerve (Fig. 10.7).

Neuritis Ossificans
Neuritis ossificans is a very rare reactive lesion
occurring mostly in the peripheral nerves. Both
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Fig. 10.7 (a) Intraoperative view of the carpal tunnel
content after division of the transverse carpal ligament, in
a 34-year-old female patient presenting with carpal tunnel

upper and lower peripheral nerves can be
offended. The architecture of this lesion is dis-
tinctly zonal. Under low microscope magnifica-
tion there is a central fibroblastic core, an
intervening zone of osteoid production, and a
peripheral layer of ossification. This histologic
pattern is remarkably similar to that of myositis
ossificans [42-44]. Repetitive microtrauma,
burns and central nervous system injury have
been considered as predisposing factors for neu-
ritis ossificans [43, 45-48].

Clinically, neuritis ossificans resembles
peripheral nerve mononeuropathy, causing pain
and paresthesias along its distribution [46]. A
painful palpable mass may be found on clinical
examination. Imaging characteristics are related
to the stage of maturity of the mass. A histologi-
cally mature mass demonstrates a ring of ossifi-
cation (according to the zonation phenomenon
histologically) that can be depicted on radio-
graphs and more clearly on CT scan.

When a calcified soft tissue mass is identified,
biopsy is usually needed to rule out malignancy.
Synovial sarcomas are well known malignant
lesions that can have a long-standing course and
demonstrate intra-tumoral calcifications.
However, the final decision to perform a core
needle biopsy of the mass is based on several
parameters. For small size lesions needle biopsy
may not be feasible and excisional biopsy may be
considered.

syndrome and a palpable distal radius mass. (b) Dissection
of the synovial tissue surrounding the finger flexors and
the median nerve

Surgical resection of the mass is recom-
mended with microsurgical technique in order to
separate the mass from the nerve. However, the
mass is firmly attached to the nerve and fre-
quently nerve fascicles are within the lesion and
have to be sacrificed. Thus, a nerve-sparing resec-
tion is not always possible [43]. Recurrence of
the lesion is very uncommon.

Inflammatory Pseudotumor

of Peripheral Nerve (IPPN)

Inflammatory pseudotumors represent a hetero-
geneous group of tumefactive lesions composed
of largely chronic inflammatory cells, proliferat-
ing fibroblasts with collagen deposition and
occasionally an element of increased vascularity
[49, 50]. Although inflammatory pseudotumors
of peripheral nerves are clearly associated with
inflammation, there is no documented correlation
to systemic inflammatory disease, infection, neo-
plasia, or trauma [51, 52].

This lesion presents clinically as a progressive
axonal mononeuropathy with weakness, sensory
loss, and pain. The symptoms may be induced
acutely or may be slowly progressive over a long
period. The lesions are often palpable and manip-
ulation typically induces pain [51, 52].

Maurmann et al reported of five patients
diagnosed with IPPN [52]. In their study, the
involved nerves were the musculocutaneous, the
median and the ulnar nerve in two patients and



10 Tumors and Tumor-Like Lesions Mimicking Peripheral Neuropathies 97

the peroneal and sciatic nerves in three patients.
Histologically, all lesions had reactive features
of inflammation, increased epineural vascular-
ity, and marked fibrosis with increased collagen
content, comprising 50-75% of the nerve area.
The lesions demonstrated increased epineural
perivascular inflammatory cell collections (CD-
45) consisting of >100 lymphocytes/collection
(large collection). No biopsies exhibited changes
suggestive of inflammatory demyelination [52].
MRI demonstrated irregular, large masses
involving and surrounding nerve with heteroge-
nous signal characteristics on TI- and
T2-weighted and post-contrast sequences. Three
patients were treated with weekly courses of
intravenous steroids for 3 months, resulting in
significant improvement in pain and weakness.

Peripheral Nerve Sheath Tumors

Schwannomas (or neurilemomas) and neurofi-
bromas are benign peripheral nerve sheath tumors
(PNSTs).

Schwannomas

Schwannomas are the most frequent benign
PNST overall, with upper extremity involvement
occurring in 19% of patients with a PNST [53].
They are well circumscribed and usually grow
eccentrically within a peripheral nerve. The ulnar
nerve is frequently involved. The characteristic
clinical presentation is of a solitary painless mass
with occasional radiating pain. Schwannomas
need differential diagnosis from malignant
PNSTs. Ancient schwannomas are longstanding
schwannomas  demonstrating  degenerative
changes, seen histologically and on imaging, that
may raise the suspicion of malignancy [54, 55].
In the study from Ogose et al, all benign lesions
showed a smooth tumoral margin, while half the
malignant PNSTs showed an invasive margin on
CT or MRI [56]. The authors concluded that
absence of severe motor weakness and a central
enhancement pattern strongly suggest a benign
nature, while severe rest pain and invasive tumor
margins suggest malignant lesions in peripheral
nerve tumors.

Schwannomas are enveloped by a true capsule
formed by the perineurium of the nerve bundle of
origin [57] (Fig. 10.2a). Intraoperatively the
tumor is shelled out from the nerve trunk
(Fig. 10.2b—e). Post-operative nerve dysfunction
has been reported in 2.5-30% of patients [57,
58]. Young et al reported on 291 patients with a
schwannoma [59]. Pain was the chief complaint
in 55% and dysesthesia’s in 4.8% of patients.
Complete pain relief following excision was
reported in 76%.

Neurofibromas

In contrast to schwannomas, neurofibromas arise
within the nerve fascicles and their excision is
much more difficult than schwannomas
(Fig. 10.1a). Intraoperatively, normal nerve fibers
are difficult to separate from the tumor and post-
operative neurological deficits can occur [60].
Surgical treatment regarding compression neu-
ropathy may be limited to nerve decompression
(Fig. 10.1b).

Peripheral Nerve Compression
and Malignancy

Compression from Lymph Nodes &
Peripheral Nerve Lymphomatosis

Upper extremity peripheral nerve compression
by enlarged lymph nodes at the elbow [61] or
brachial plexus compression at the axillary region
has been described, while neurolymphomatosis
is a rare manifestation of non-Hodgkin lym-
phoma characterized by infiltration of neuro-
tropic neoplastic cells into peripheral nerves,
nerve roots and plexus, in the setting of an
unknown or a known hematologic malignancy
[62, 63]. The brachial plexus and the lumbosacral
plexus are frequently involved. Histologically,
the nerves are infiltrated by B-large and rarely by
T lymphoma cells [63, 64]. Lymphomatous cell
invasion induces demyelination and subsequent
axonal degeneration distal to the infiltration site.
The International Primary CNS Lymphoma
Collaborative Group retrospectively analyzed 50
patients [65]. Nerve lymphomatosis was related
to non-Hodgkin lymphoma in 90% and to acute
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leukemia in 10%. Peripheral nerves were the
most frequently involved site [66]. The manifes-
tation of painful neuropathy was recorded in 38
(76%) patients, with sensorimotor neuropathy
being the most common type (36 cases). Pure
motor neuropathy was described in 20% of the
patients. PET/CT seems to be more sensitive than
MRI in the diagnosis of nerve lymphomatosis
[67] and treatment consists of chemotherapy
alone or in combination to radiotherapy.

Metastatic Disease to Brachial Plexus
and Peripheral Nerves
Metastatic disease to peripheral nerves is
extremely rare [68]. The axonal environment of
the peripheral nervous system is isolated from the
extracellular space by a diffusion barrier called
the blood-nerve barrier, which is similar to the
blood-brain barrier [69]. It appears that the blood-
nerve barrier is responsible for the resistance to
metastatic implantation [70] of the circulating
metastatic tumor cells into the peripheral nerve
system. Most commonly peripheral nerves are
compressed from a tumoral mass. Typical sites of
malignant compression include the ulnar nerve at
the axilla or elbow, the intercostals due to rib
metastasis, the sciatic nerve in the pelvis, and the
peroneal nerve near the fibular head [71, 72].
The brachial plexus is either invaded by direct
extension from regional organs or is compressed
or infiltrated by regional metastatic lymph nodes.
Most tumors affecting the brachial plexus are
from the lung or breast [73]. Breast cancer is
associated with brachial plexopathy with an inci-
dence of 1.8-4.9% at 5 years after treatment
[74]. Brachial plexopathy is rarely the initial
manifestation of cancer, with the exception of
Pancoast tumors [71]. Pain is the most common
presenting symptom in patients presenting with
neoplastic brachial plexopathies [73]. The
patients will often experience shoulder and axil-
lary pain radiating along the medial aspect of the
arm and forearm [74]. With lower-plexus (C8—
T1) involvement, patients frequently develop
pain, weakness, and atrophy along the ulnar side
of hand and arm. Horner syndrome in neoplastic
brachial plexopathy results from infiltration of
the sympathetic ganglia near the T1 vertebrae. In
patients with Horner syndrome, one-third will

have epidural disease [74]. It is important to dif-
ferentiate neoplastic brachial plexopathies from
radiation- induced plexopathies. In a long-term
follow-up study of 71 breast cancer patients who
had received 4500-5000 cGy of radiation,
plexopathy was identified in 17% [75]. Horner
syndrome and lower- trunk brachial plexopathy
commonly has neoplastic etiology whereas
upper-trunk plexopathies are more often radia-
tion induced. Pain at rest followed by weakness
and numbness supports neoplastic plexopathy,
while in radiation induced plexopathies, pain in
not the predominant symptom and patients com-
plain of numbness and dysesthesia [76].

Soft Tissue Sarcomas

Soft tissue sarcomas (STS) are malignant mes-
enchymal tumors that arise within the soft tissue.
STSs usually grow within a tissue compartment
at their poles and only at late stages they extend
out of their compartment. During their growth
STS push off surrounding nerves and vessels and
only in rare cases they encapsulate the neurovas-
cular bundles (Fig. 10.8). Neurological symp-
toms from nerve compression is not the rule and
when present the patients report mild sensory
symptoms.

Common primary malignant intra-neural sar-
comas are the Malignant Peripheral Nerve Sheath
Tumors (MPNST), while the synovial sarcoma is
an STS histologic subtype that rarely rises within
a peripheral nerve.

MPNST

MPNSTSs are uncommon sarcomas compromis-
ing 5-10% of all soft tissue sarcomas. Patients
with Neurofibromatosis NF-1 have a life time
risk of 10% of developing MPNST [77]. Although
the exact histogenesis remains unclear, MPNSTs
present as high-grade sarcomas with a tendency
to locally recur and mestasize hematogenous
commonly to the lungs.

In the study by Kim et al the common clinical
presentation was painful paresthesias in the dis-
tribution of the involved nerve with or without
progressive loss of function [78]. Neural func-
tion loss was more likely with malignant tumors
than with benign ones. The cornerstone of treat-
ment is complete surgical resection of the tumor.
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Fig. 10.8 (a) A 60-year-old woman presented with a pal-
pable and painful mass of the posterior left humerus and
radial nerve dysesthesia. MRI revealed a soft tissue mass
with indistinct margin. Core needle biopsy was consistent
with high grade pleomorphic sarcoma and the patient
underwent 3 cycles of pre-operative chemotherapy. (b)
Intraoperatively the radial nerve was encapsulated from
the sarcoma and strongly adhered to the posterior cortex
of the humerus. The tumor was resected to negative mar-

MPNSTs tend to have an infiltrative pattern to
the adjacent soft tissue and extend along the
nerve trunk in a long distance. Thus, resection to
negative margin may be not feasible. The corner-
stone of treatment is surgical resection to nega-
tive margins. Amputation may be indicated for
extensive tumors and for MPNSTs that recur
after apparently adequate excision [79, 80].
Cable nerve grafting for bridging the nerve
defect can be considered in cases were func-
tional recovery is anticipated within anticipated
life expectancy and adjuvant treatment context.

Radiation therapy is delivered frequently in
order to reduce the local recurrence rate. Pre-
operative chemotherapy may be useful in cases
with large tumors as tumor size reduction and
pseudocapdule stabilization may facilitate sur-
gical resection [81]. In the EORTC STBSG
trial, 175 MPNST patients received chemother-
apy. In a median follow up of 4.1 years the
median overall survival for the MPNST group
was 48 weeks [82].

Synovial Sarcoma of Nerves
Synovial sarcomas are malignant soft tissue
tumors that account for approximately 10% of all

gins. However, the radial nerve, as well as a piece 5 cm
long of the posterior cortex (arrows) was resected en-
block with the tumor. (¢) The bone defect was filled with
PMMA and a 4.5 mm plate was used to protect the
humerus. Boyes radial nerve tendon transfers were per-
formed to restore wrist, thumb and finger extension. One
year later the patient had protective sensation over the first
dorsal web and a functional hand. No local tumor recur-
rence was noted

STS. These tumors can produce distant metastasis,
and the 5-year survival rate is only 50-60% [76].
Primary intraneural synovial sarcomas are
similar histologically to their more common soft
tissue counterparts. The identification of the
characteristic for synovial sarcoma translocation
(X;18) is very helpful in difficult cases [83].
Hashimoto et al in 2018 reported on the 40th
published patient diagnosed with intraneural syno-
vial sarcoma located at the tibial nerve [84].
However, only few cases with synovial sarcoma of
the peripheral nerves at the upper extremity are
reported in the literature. The common clinical
presentation is a painful mass and motor/sensory
disturbance may be present. The patient may recall
vague symptoms even years before diagnosis [85].
Scheithauer et al reported on ten patients with
primary intraneural synovial sarcomas with a
mean age of 40 years (rangel1-68 years) [86].
Only in three patients the tumor was located at
the upper extremity and the median nerve, ulnar
and the brachial plexus (C7) were involved. In
their study, they reviewed another 12 patients
from the English literature. In the combined
study of 22 patients with intraneural synovial sar-
coma of the upper and lower extremity, 73% of
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the patients had a tumor size of 5 cm or less.
Clinically, 75% of the patients experienced sen-
sorimotor loss and/or pain [80]. On imaging, soft
tissue synovial sarcomas are often mistaken for
benign nerve sheath tumors given their oval
shape and frequent longitudinal orientation rela-
tive to surrounding soft tissue. In the study of
Scheithauer et al, MRI revealed an isointense to
muscle on T1-weighted imaging, hyperintense on
T2-weighted sequences, and avid gadolinium
enhancement [86]. However, the lesions had
irregular margins and were clearly associated
with individual nerves. Treatment includes tumor
resection to negative margins. The nerve usually
has to be sacrificed as the tumor invades the
nerve. Intraneural synovial sarcomas tend to have
a more favorable prognosis, probably related to
the small tumor size at diagnosis.
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and Diagnosis of Cubital Tunnel

Syndrome

Claudius D. Jarrett

Introduction

Since the early description of Cubital tunnel
syndrome, the diagnosis remains primarily
based on the history of the present illness and
the physical examination. Recent advances in
research have provided additional information
into demographic risk factors, occupational
and recreational hazards, as well as subtleties
in presentation that adds clarity in ones diag-
nosis. The physical examination can delve
deep from the surface when provocative exam-
ination are utilized and weighted to their
strengths. The value of imaging studies contin-
ues to evolve. Numerous studies have been per-
formed to provide insight on the utility of
elctrodiagnostic studies, ultrasound, and mag-
netic resonance images (MRIs). When used
appropriately, these tools can supplement the
surgeon’s examination, treatment, as well as
discussion of prognosis with patients. This
chapter will discuss classic and novel aspects
of the presentation and diagnosis of Cubital
tunnel syndrome that the clinician can bring to
their daily practice.
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Presentation

Patients with Cubital tunnel syndrome classically
present with painful paresthesias radiating from
the medial elbow down the forearm into the ulnar
one and a half digits. A substantial portion of
patients may also describe weakness in their grip
strength. Some may complain of their small fin-
ger getting caught while attempting to place their
hand in their pants pocket. The length of symp-
toms can range from weeks to years. Clarifying
whether a patient’s symptoms are constant or
intermittent is an important aspect of the history
[1]. Intermittent symptoms can be a sign of tran-
sient nerve ischemia that can help guide type and
prognosis of treatment. At times, patients will
present with purely motor complaints of hand
weakness, loss of dexterity, and subtle ulnar sided
digital clawing deformity. This unique patient
population presents an ominous prognostic
dilemma, as intrinsic muscle atrophy can be
rather severe without any antecedent sensory
complaints.

One should inquire about specific occupa-
tional demands and recreational activities.
Repetitive or protracted elbow hyperflexion,
whether performed at work or in the gym, can be
associated with exacerbation of symptoms. Some
patients also report prolonged use of vibratory
tools at work. Occasionally, patients may describe
an antecedent traumatic event to the medial
elbow as well.

103

D. G. Sotereanos, L. K. Papatheodorou (eds.), Compressive Neuropathies of the Upper Extremity,

https://doi.org/10.1007/978-3-030-37289-7_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-37289-7_11&domain=pdf

104

C.D. Jarrett

Nighttime symptoms are common. The clini-
cian should ask about positional sleeping habits.
Typically, paresthesias are more prominent at
night, as a result of unintentional elbow flexion,
but can progress resulting in dense daytime
numbness. Exacerbating factors can include ele-
vated cellphone use, prolonged driving, and read-
ing. Some may describe worsening symptoms
with weight lifting such as overhead triceps
extensions, closed fist bench press, and triceps
pull-down.

Physical Examination

The physical exam should begin with assessing
the overall appearance of symptomatic arm. The
clinician should observe how the patient moves
and uses the arm during conversation, writing,
shaking hands, as well as the normal resting posi-
tion and tone. One should assess for the presence
of muscle atrophy in comparison to the contralat-
eral arm. The presence of intrinsic muscle atro-
phy should be noted as it likely reveals a more
advanced form of the disease process (Fig. 11.1).
The clinician should evaluate for masses, swell-
ing, wounds, and/or prior incisions. One should
document the range of both active and passive
motion in the shoulders, elbows, wrists, and
hands. Motor function should be assessed by
grading resisted digital flexion as well as intrinsic
strength. In comparison to the intrinsic muscles,

Fig. 11.1 Patient with advanced Cubital tunnel syn-
drome with evidence of intrinsic atrophy (arrow)

the fascicles innervating the flexor digitorum pro-
fundus to the ring and small fingers are more cen-
trally located within the ulnar nerve and unlikely
to be involved until the later stages of the disease
process. Sensory testing should be performed, at
the minimum, by assessing light touch as well as
both static and dynamic two-point discrimina-
tion. During early stages of neuropathy, the
Semmes Weinstein monofilament test and vibra-
tory testing can be effective in detecting sensory
impairment. Alternation of normal sensation
along the dorsal ulnar hand (i.e. dorsal sensory
branch of the ulnar nerve) can help distinguish
between pathologic ulnar nerve compression at
the elbow versus at the wrist. Additionally, ulnar
nerve compression at the wrist typically does not
lead to weakness of the ring and small finger
flexor digitorum profundus. Digital perfusion
and distal pulses should also be evaluated.
Evidence of perfusion abnormalities (i.e. loss of
radial pulse) may hint towards a different etiol-
ogy such as thoracic outlet syndrome.

The presence of Wartenberg and/or Froment
sign also correlates with motor weakness in
patients with  Cubital tunnel syndrome.
Wartenberg sign occurs when the patient is
unable to fully adduct the small finger secondary
to the weakened interosseous muscles and the
overpowering pull of the small finger extensors
(Fig. 11.2a). Froment sign results secondary to
weakness of the intrinsic muscle adductor polli-
cis. The sign is positive when a patient is unable
to hold a piece of paper between the thumb and
index finger without flexing the thumb at the
interphalangeal joint (Fig. 11.2b).

Several provocative maneuvers remain the
core of the physical examination and allow dis-
tinguishing Cubital tunnel syndrome from other
sites of nerve compression (i.e. C8 radiculopa-
thy) [2] (Table 11.1). A Tinel’s test, direct com-
pression test, or placement of the elbow in a
position of hyperflexion test (i.e. elbow flexion
test) may all reproduce the patient’s symptoms.
The Tinel’s test is performed by repeatedly tap-
ping or percussing over the Cubital tunnel. The
direct compression test is executed simply apply-
ing direct continuous pressure over the Cubital
tunnel. The elbow flexion test is completed by
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Fig. 11.2 (a) Patient with a positive Wartenberg’s sign.

[

He is unable to fully adduct the small finger secondary to
the weakened interosseous muscles and the overpowering

pull of the small finger extensors. (b) Patient with a posi-

] b

tive Froment’s sign. He is unable to hold a piece of paper
between the thumb and index finger without flexing the
thumb at the interphalangeal joint

Table 11.1 Reported sensitivity and specificity of commonly applied provocative maneuvers for Cubital tunnel

syndrome

Name

Tinel’s

Elbow Flexion
wrist in neutral

Direct Pressure

Examination maneuver
4-6 taps on the ulnar nerve just proximal to the cubital tunnel
Elbow placed in maximum flexion with forearm supinated and

Place index and middle finger directly on subject’s ulnar nerve

Sensitivity/
specificity
70%/98% [31]
75%199% [3]

89%/98% (3]

proximal to cubital tunnel with elbow in 90° of flexion

Combined Elbow flexion — Direct
Pressure

Elbow flexion-shoulder
abduction/internal rotation
Modified elbow flexion-shoulder
abduction/internal rotation

Elbow placed in maximum flexion while directly pressing on
ulnar nerve just proximal to cubital tunnel

Elbow in hyperflexion with shoulder abducted to 90° and in
maximum internal rotation 5]
Elbow in hyperflexion, shoulder abducted to 90° and internally
rotated, forearm supinated, and wrist extended

98%1/95% (3]
58%/100% (4,

87%/98% (4, 5]

The sensitivity and specificity may vary based on length of duration of exam [3-5]

passively flexing the elbow to the maximum
angle for 1-3 min. The sensitivity and specificity
of these tests do vary in the literature (Table 11.1)
[3-5]. The clinician should remain cognizant of
the varying rates of false positives for these tests
published in the literature. The author recom-
mends limiting the duration of provocation to no
more than 1 min as longer time periods may lead
to positive findings in asymptomatic controls [3,
6-9]. Rayan et al and Kuschner et al reported a
positive percussion test in approximately 24%
and 34% of normal volunteers, respectively [6,
7]. Combining or slightly modifying these exams
may increase their sensitivity and specificity
(Fig. 11.3a, b). A combination of the elbow flex-
ion test with the direct pressure while adding

additional tension to the ulnar nerve by shoulder
abduction/internal rotation, forearm supination,
and wrist extension has been found by investiga-
tors to do such that. By doing this, Ochi and col-
leagues increased the sensitivity and specificity
of the elbow flexion test to 85% and 98%, respec-
tively [5]. However, one must be aware that these
additions may also increase the false-positive
results of the provocative maneuver.

The scratch collapse test is another described
provocative maneuver for Cubital tunnel syn-
drome. The exam is done by first placing the
patient’s flexed elbow at their side and acquiring
a baseline their shoulder external rotation
strength. Next, the clinician lightly scratches over
the Cubital tunnel then re-evaluates the patient’s
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Fig. 11.3 (a) Example of the combined elbow flexion and direct pressure test (b) Example of modified elbow flexion
test including shoulder internal rotation, elbow flexion, wrist extension, and direct pressure test

shoulder external rotation strength. In patients
with Cubital tunnel syndrome, a positive test will
produce temporary diminished shoulder external
rotation strength. Investigators have reported a
69% sensitivity and 99% specificity for Cubital
tunnel syndrome [8].

The ulnar nerve should also be assessed for
stability. This can be assessed by placing one or
two fingers on the medial epicondyle and taking
the elbow from full extension to full flexion. The
ulnar nerve will slide underneath ones fingers if
unstable. This assessment should be performed
on both sides as up to approximately a third of
patients have physiologic subluxation on exam
[6, 10, 11].

The physical exam should be completed by
full examination of cervical spine and shoulder
girdle to rule out other potential sites of nerve
compression or injury.

Classification

Cubital tunnel syndrome is commonly catego-
rized based on the physical examination by the
McGowan classification system [12]. Patients
with McGowan Grade I Cubital tunnel syndrome
present with sensory changes but no objective
motor weakness on exam. Grade II is delineated

by the presence of motor weakness. Patients are
considered Grade Ila if the motor weakness is
mild and Grade IIb if moderate (i.e. 3 out of 5).
Patients with McGowan Grade III present with
profound motor weakness and intrinsic atrophy
upon examination. Dellon later modified the
McGowan classification to include the severity of
sensory changes [13]. Based on the Dellon modi-
fication, patients with mild Cubital tunnel syn-
drome have intermittent paresthesias. Moderate
Cubital tunnel syndrome results in a decrease to
vibratory sensation on exam. Severe Cubital tun-
nel syndrome is marked by abnormal two-point
discrimination.

Electrodiagnostic Studies

Electrodiagnostic studies continue to be used as a
supplemental tool to confirm the diagnosis of
Cubital tunnel syndrome [1]. However, innate
limitations including patient discomfort, precise
localization, detection of structural abnormali-
ties, as well as risk of false-negatives prevent it
broad utilization [14—16]. Current criteria used to
confirm pathologic nerve conduction at the elbow
include a ulnar nerve conduction velocity
<50 m/s, a 10-m/s difference from the contralat-
eral side, and/or a 20% reduction in amplitude in
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comparison to the contralateral side [1, 17].
Electrodiagnostic testing can reliably confirm
abnormal nerve conduction in patients with mod-
erate to severe (e.g. McGowan II or III) Cubital
tunnel syndrome. However, these tests can be
unpredictable in patients with mild disease (e.g.
McGowan I) [15, 18]. Hence, the results of elec-
trodiagnostic testing should not take precedence
over ones history and physical examination.

Imaging
Plain Radiographs

The acquisition of plain radiographs should not
be routine but dictated by history, examination,
and planned surgical approach. A history of
trauma, limited elbow range of motion, an abnor-
mal carrying angle, and/or presence of elbow
swelling are just some of the clinical findings that
warrant acquisition of plain x-rays of the elbow.
Three views of the elbow (anteroposterior [AP],
oblique, and lateral) are typically sufficient.
When surgical intervention is anticipated, preop-
erative radiographs should be acquired to evalu-
ate the bony anatomy, alignment, presence or
absence of arthritis, post-traumatic changes, and
articular congruency.

Ultrasound

The exact role of ultrasonography for the diag-
nosis of ulnar neuropathy at the elbow continues
to be refined [19]. Technological advances have
allowed for improved the visualization of struc-
tural abnormalities. The inexpensive nature and
ability to perform dynamic evaluation are some
of its unique touted advantages. However, con-
sistent correlation with clinically significant dis-
ease remains variable [14, 20-22]. This may be
in part secondary to the technician dependency
of the study. Most ultrasound studies provide
estimates on the appearance and size of the
ulnar nerve in and around the Cubital tunnel.
The cross sectional area (CSA) and largest
diameter on transverse scans are frequently doc-

Fig. 11.4 (a) Ultrasound of the elbow in an asymptom-
atic volunteer with an ulnar nerve cross-sectional area of

0.08 cm?. The cross-section of the ulnar nerve is depicted
by arrows outlining its periphery. ME, medial epicondyle;
Tunnel, ulnar tunnel. (b) Ultrasound of the elbow in a
patient with Cubital tunnel syndrome with an ulnar nerve
cross-sectional area of 0.29 cm? Similarly, the cross-
section of the ulnar nerve is depicted by arrows outlining
its periphery. (From Wiesler et al. [19] with permission)

umented exam findings (Fig. 11.4a, b) [14, 19,
23-25]. Substantial nerve enlargement on ultra-
sound has been shown to coincide with electro-
diagnostic studies and clinical symptoms by
some investigators [25, 26]. Volpe et al prospec-
tively compared the CSA and electrodiagnostic
studies in 50 elbows with Cubital tunnel syn-
drome to 50 controls. The authors reported an
88% sensivity and specificity for diagnosing
electrodiagnostic confirmed Cubital tunnel syn-
drome using ultrasound when using a cut-off of
>10 mm? CSA [27]. However, there remains no
standard guideline on what is considered signifi-
cant enlargement and the ideal location to mea-
sure it [14, 21-25].

MRI

Magnetic resonance imaging (MRI) continues to
be investigated as a potentially attractive nonin-
vasive alternative to assist in the diagnosis of
Cubital tunnel syndrome. The improved resolu-
tion of modern 3 Tesla scans allows a clearer
detection of morphological changes of the ulnar
nerve. The technique for acquisition of the MRI
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should be performed with care. The elbow ought
be held in extension during the scan, and the
ulnar nerve should be to be aligned within 10°
relative to the direction of the main magnetic
field By. This precaution minimizes the artificial
contribution to the T2 signal by the magic angle
effect [28, 29]. On MRI scans, the ulnar nerve is
most visibly seen on axial slices posterior to the
medial epicondyle. A normal nerve should appear
as a round hypointense structure surrounded by
fat [30]. Increased signal of as well as increase in
caliber of the ulnar nerve within the Cubital tun-
nel on T2-weighted or Diffusion weighted images
can correlate with clinical diagnosis and electro-
physiological testing [30-34]. The longitudinal
extension of the increased signal as seen on sev-
eral axial slices proximally and distally improves
the clinical relevance. Altun and colleagues com-
pared traditional MRI scans and diffusion
weighted — MRI scans in patients with 24 symp-
tomatic elbows with 26 controls.
Electrophysiological testing and clinical criteria
for the diagnosis for Cubital tunnel syndrome
were used to assess both cohorts. All 24 elbows
with Cubital tunnel syndrome had increased
pathologic signaling on diffusion-weighted imag-
ing and 20 of the 24 elbows had increased signal
on T2-weighted imaging. None of the controls
had pathologic signaling on their MRI scans [33].
In a similar study, Iba et al compared traditional
MRI scans and diffusion weighted — MRI scans
in 11 elbows with clinically diagnosed Cubital
tunnel syndrome to 6 normal controls. Again,
none of the normal elbows were found to have
pathologic signally within the ulnar nerve.
Diffusion-weighted MRI revealed positive sig-
nals in all 11 elbows and T2-weighted imaging
revealed high signal intensity in 8 of the 11
elbows [32]. However, caution must remain on
relying to heavily on imaging alone. Others have
reported up to 60% of asymptomatic elbows may
how increased signal on MRI [35].

Conclusion

The diagnosis of Cubital tunnel syndrome will con-
tinue to heavily rely on a thorough inquiry and a
detailed physical examination. Secondary to variet-

ies in presentation, the diagnosis can be difficult to
confirm. An array of provocative maneuvers arms
the clinician with several ways to clarify the diag-
nosis. Advances in electrodiagnostic studies and
imaging can provide supplemental tools for selec-
tive patients. An appreciation of the important
aspects of the history of the presenting illness as
well as a firm grasp on the physical examination
will continue to direct timely diagnosis, prognosis,
and treatment of Cubital tunnel syndrome.
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Introduction

Entrapment of the ulnar nerve is the second
most common compression neuropathy in the
upper extremity after carpal tunnel syndrome
[1, 2]. The most common site of compression
is at the elbow, although compression at
Guyon’s canal must always be considered as a
potential cause for the patient’s symptoms. A
thorough knowledge of the anatomy of the
ulnar nerve can assist with diagnosis and guide
treatment. Patients often present with paresthe-
sias in the ulnar nerve distribution and weak-
ness or atrophy of the intrinsic musculature of
the hand. Pain is usually not the predominant
feature early in the development of ulnar nerve
symptoms. Various surgical techniques for
decompression of the ulnar nerve have been
described in the literature and a definitive
“gold standard” does not exist. A thorough
understanding of the pathology of cubital tun-
nel syndrome will help guide treatment and
lead to successful outcomes.
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Operative Treatment

Surgical treatment of cubital tunnel syndrome is
indicated with motor weakness or when conser-
vative measures have failed [3]. Even prior to
weakness, constant numbness may be an indica-
tion for surgical intervention. It is not uncommon
for patients with constant numbness to have per-
sistent symptoms after decompression, and so it
may be helpful to decompress the nerve earlier in
the course of the disease. A discussion should be
had pre-operatively with patients regarding the
expectations of surgical intervention. In patients
that have intermittent symptoms, rapid, or imme-
diate, resolution of symptoms may follow surgi-
cal decompression. With constant numbness
(usually accompanied by intermittent or posi-
tional dysesthesias) and weakness, there may be
an initial improvement from decompression, but
it is not typically complete. It can take many
months for the symptoms to improve and final
outcomes from the surgery may not be noted for
over a year. Patients should be made aware of
this, as it certainly improves patient satisfaction
when there is a complete understanding of the
objectives and expectations of the procedure.

A valuable tool in assessing the patient’s
degree of numbness is the use of Semmes-
Weinstein  monofilament examination pre-
operatively [4, 5]. Obtaining an objective measure
of numbness can be very valuable in helping
patients appreciate the improvements they obtain
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through surgical intervention. When patients
present with intrinsic wasting and dense numb-
ness, the improvement post-operative is incredi-
bly slow. This ability to demonstrate an
improvement in the monofilament exam can help
to demonstrate complete decompression and val-
idate the decision to proceed with surgery. It can
also be very encouraging to patients to see these
improvements over time.

When surgical treatment has been decided
upon, there are multiple techniques available.
These include in situ decompression, transposi-
tion, and medial epicondylectomy. In cases of
transposition, the nerve can be placed subcutane-
ously, intramuscularly, and sub-muscularly. In
situ decompression can be performed in an open
or endoscopic fashion. There is ongoing contro-
versy as to which is the optimal surgical treat-
ment of this nerve entrapment [6—15].

In Situ Decompression

In situ decompression has been proposed by vari-
ous authors as a treatment for cubital tunnel syn-
drome [5, 16-20]. For in situ decompression, a
skin incision is made along the course of the
ulnar nerve between the medial epicondyle and
the olecranon. The length of the incision can be
made to the surgeon’s preference. The author pre-
fers a small incision through which a complete
decompression can be performed. The skin inci-
sion is used as a mobile window to visualize the
cubital tunnel along the entire course of the ulnar
nerve (Fig. 12.1). Through a 3 cm incision, the
nerve can be decompressed along an 11-12 cm
interval. Dissection is taken through the subcuta-
neous tissues to the fascia. The author prefers to
identify the ulnar nerve by making a small open-
ing into Osborne’s ligament to confirm the
nerve’s location.

Once the nerve is identified, the tunnel is not
opened yet, but the subcutaneous tissues are dis-
sected proximally and distally along the course
of the nerve beneath the skin. The subcutaneous
dissection is performed directly on the fascia of
Osborne’s ligament enclosing the nerve, so that
any superficial nerve branches are lifted up

directly with the subcutaneous fat. The long end
of an Army-Navy retractor is placed first distally,
then proximally. This pulls the skin window
along the course through which the nerve is to be
decompressed. When the retractor is placed prox-
imally, there is a coronal fascial band that may
push the retractor anterior or posterior to the
course of the nerve. This is an extension of the
medial intermuscular septum (from the septum to
the skin) and should be disrupted through blunt
dissection so that the retractor can be maintained
directly over the course of the nerve.

The advantages to this small incision are more
than just cosmetic. Any branches of the medial
antebrachial cutaneous nerve (MABC) will be in
the subcutaneous fat between the skin and the
fascia (Fig. 12.2) [21]. These are lifted from the
fascia with this small incision technique. Lifting
them in this way precludes the skeletalization
that is required to protect them if a longer inci-
sion is used. There is also less skin scar to remain
tender after surgery, although it is worth mention-
ing to patients that they will be sore over an area
much longer then the skin incision itself.
Additionally, there is no scarring between the
skin and the MABC branches, as this plane is
never developed.

Osborne’s ligament is released directly over
the nerve. Most authors suggest release the nerve
as dorsally as possible to avoid subluxation of the
ulnar nerve after decompression. The nerve
always lies directly posterior to the medial epi-
condyle, except in cases of subluxation, where it
may lie upon the medial epicondyle. It can typi-
cally be palpated by running a finger over the
nerve and feeling the nerve structure roll under
the finger. There is a tendency in larger elbows
for surgeons to drift posteriorly, mistaking the
edge of the triceps fascia for the ulnar nerve. By
frequent re-orientation to the medial epicondyle,
this error can be avoided, and the nerve found
efficiently. Once the nerve is palpated, the fascia
must be entered. One technique for this is to care-
fully grasp the fascia with and Adson toothed for-
ceps, taking care not to grasp the nerve at the
same time. The fascia is pulled taught and the tip
of a tenotomy scissor is carefully plunged into
the fascia, taking care not to plunge into the nerve
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Fig. 12.1 An in situ nerve decompression performed
through a small incision. (a) While an approximately
5 cm incision line is marked, only a 3 cm incision was
used in this case. (b) The longer end of an army-navy
retractor is placed just above the fascia containing the
cubital tunnel. In this image, the ulnar nerve (asterisk) can
be seen to have been decompressed at the cubital tunnel

(Fig. 12.3). Alternatively, the fascia can be
spread, but care must be taken when spreading
not to place undue stretch upon the nerve.

Next, the Flexor Carpi Ulnaris (FCU) is iden-
tified just distal to Osborne’s ligament. The
superficial fascia can be released initially by
small cuts, but then eventually by sliding the scis-
sors along the fascia. This slide technique
becomes safe once there is a layer of muscle

1]
euipie)

and under the retractor. (¢) The retractor is the placed dis-
tally, superficial to the FCU. In this image, the superficial
fascia of the FCU has been released, but the deep fascia
has yet to be released. (d) The blue lines proximal and
distal to the incision (marked with an arrow) were drawn
at the proximal and distal edge of the retractor. The nerve
was decompressed at least to that level

between the superficial and deep fascia. This
muscle layer protects the nerve from injury when
sliding the scissors. The muscle is bluntly sepa-
rated. The deep fascia is then released. In contrast
to the superficial fascia, the scissors should not
be slid along this fascial layer. Rather, the fascia
should be carefully separated from the nerve and
cut in small segments. Wide spreads deep to this
fascia should also be avoided, as this will
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Fig. 12.2 Branches of the medial antebrachial cutaneous
nerve (MABC) cross from anterior to posterior in the
region of ulnar nerve decompression surgery. Proximal
crossing branches (a) were identified in 61% of cases,
while distal crossing branches (b) were found in 100%.
The average distance from the medial epicondyle to the
proximal branches (a) was 1.8 cm and to the distal
branches was 3.1 cm. Note that the interval between the
two points (a and b) is similar to the small incision pro-
posed by the author. By lifting the subcutaneous tissues
with an Army-Navy retractor, most branches of the
MABC can be avoided entirely. Certainly, when develop-
ing the subcutaneous window, branches of the MABC
may still be present and must be identified. (Lowe et al.
[21]; with permission)

frequently put excessive pressure on the nerve,
which is made evident by stimulation of the
motor branch and twitching the of the hand dis-
tally. As the dissection proceeds distally, the
motor branch will frequently be identified. While
the surgeon should be careful and aware of its
presence, in most cases of in situ decompression,
identification is not necessary. If a decision is
later made to transpose the nerve, the motor
branch may need to be identified and freed from
surrounding tissues in order to aid in
transposition.

Following the distal dissection, the nerve is
followed proximally. It is traced along the intra-
muscular septum. To gain visualization through a
small incision, it may be necessary to almost lift
the arm with the army-navy retractor. This both
retracts the skin window vigorously, but also
aligns the subcutaneous tunnel that is formed
with the surgeon’s eyes and scissors. Seven-inch
scissors and Debakey, or some other longer for-

Fig. 12.3 To enter the cubital tunnel with less trauma to
the nerve, the following technique can be used. The fascia
overlying the nerve is grasped with an Adson forceps.
Care is taken not to grab the epineurium. Once tension is
applied to the fascia, the tip of a tenotomy is “poked” into
the cubital tunnel. Care should be taken not to plunge into
the nerve, but it is a reasonable forceful push to enter the
fascia

ceps, may be needed to reach into this tunnel to
help manipulate the soft tissues. Again, the fascia
here is carefully lifted from the nerve before cut-
ting with the scissors. Sliding of the scissors in
this location is not safe.

The nerve is not removed from its bed, nor is
it circumferentially dissected free of the sur-
rounding connective tissue. If the soft-tissues are
dissected circumferentially, the nerve is more
likely to become unstable after in situ decom-
pression. If there is evidence of compression in
some region, this should be released wherever
necessary, but routine circumferential dissection
is not necessary and should not be performed
routinely.
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At this point, the ulnar nerve should be com-
pletely decompressed. If any portion of the
decompression is limited by the skin incision, the
incision should be extended. While the small
incision has some minor advantages, it should
not be used at the expense of a well-executed in
situ decompression.

The elbow should then be placed through a
full range of motion while the ulnar nerve is
observed. It should remain within the cubital tun-
nel. It may appear to “perch” or push medial as it
comes under tension around the medial epicon-
dyle. If it truly subluxates, the author recom-
mends transposition (Fig. 12.4). If it only perches,
the author does not typically transpose, although
this is a judgment call that is made on an indi-
vidual basis. There is little evidence to define
how much “perching” is acceptable, though some
studies have attempted to define it. However,
developing differences in outcomes based on
these assessments will be difficult. In the author’s
experience, when in situ decompression was ini-
tially adopted, there was a trend towards allowing
any amount of “perching” that did not snap. This
may have been in an effort to adopt a newer tech-
nique to all patients. Some of these patients went
on to develop true subluxation post-operatively.
Since that experience, the author as transposed a
greater number of patients, which he estimates is
in the range of 10-15% of all decompressions.
One trend the author and others have noticed is a
trend towards instability in younger patients,
although this is by no means a universal finding.
This data is very anecdotal, and each surgeon
should develop their own approach to managing
these cases and observe the future literature for
more validated decision-making processes.

Another method to treat intraoperative ulnar
nerve subluxation after in situ decompression, is
the use of a triceps sling reconstruction. With this
technique, a small, distally-based strip of triceps
tendon is harvested (Fig. 12.5a). The proximal
end of the strip is then sutured to the posterior
aspect of Osborne’s ligament, thus creating a
“sling” between the medial epicondyle and the
olecranon (Fig. 12.5b). Any excess tendon is
excised. At the completion, the ulnar nerve
should be tension-free within the cubital tunnel
without impingement from the triceps fascia.

Fig. 12.4 After decompression of the ulnar nerve, the
elbow is placed into maximum flexion. If the nerve is
found to subluxate out of the groove, over the medial epi-
condyle (a), it is the author’s recommendation to trans-
pose the nerve. Through this same incision, the nerve can
be mobilized, the medial intramuscular septum can be
resected, and a fascial sling can be created (b). Particular
care should be taken to the transition points between pos-
terior and anterior, especially distally. Avoidance of a “Z”
deformity by adequate release of the anterior FCU fascia
is required to prevent post-transpositional impingement
upon the nerve. After transposition, the nerve passes
smoothly from proximal to distal (c)
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Fig.12.5 (a) Harvesting of a small distally based strip of
triceps tendon (white arrow) proximal end of tendon strip
in forceps. (b) The proximal end of the triceps strip (white

There have been suggestions that because cer-
tain individuals in the population have an ulnar
nerve that subluxates asymptomatically, that
nerve transposition, in cases of subluxation after
decompression, is not necessary [22]. The author
does not agree with this conclusion for several
reasons. Firstly, the asymptomatic ulnar nerve
may be at risk for symptoms at a later time, and
therefore there may be some benefit to transposi-
tion to avoid the potential need for additional sur-
gery. Additionally, this author has had two
patients develop symptomatic subluxation after
in situ decompression earlier in his adoption of
this technique. These patients required revision
surgery which lead to symptom resolution after
transposition. As mentioned previously, this is
anecdotal and certainly decisions should not be
made on such weak evidence. However, the sec-
ond rational for transposition in the face of iatro-
genic ulnar nerve instability hinges on the data
supporting in situ decompression. The idea that
the nerve “should not” be transposed suggest that
the author in reference has concluded that in situ
transposition is “better” than transposition when
in fact it has only proved to be comparable.
Therefore, the fact that in situ decompression and
transposition have been found to have similar
outcomes should not lead to the conclusion that
in situ decompression is “better” because it is
simpler. Rather, that data supports transposition
for any reason, as it has shown the result of the

Proximal

arrow) is sutured to the posterior aspect of Osborne’s liga-
ment. UN: ulnar nerve, ME: medial epicondyle, TT: tri-
ceps tendon. (Photo: courtesy of Dr. Dean Sotereanos)

two techniques to be equal. Therefore, it is rea-
sonable and prudent for surgeons to judge the
situation based on each individual situation and
patient. As there is no objective downside to
transposition, it may be considered for a variety
of reasons [22].

When the nerve is determined to require trans-
position, this is done using the techniques detailed
in the appropriate chapter on nerve transposition.
The exact technique is up to the surgeon. It is
possible, after some experience with the limited
incision, to resect the medial intramuscular sep-
tum, transpose the nerve in a subcutaneous, intra-
muscular, or sub-muscular fashion, and achieve a
straight course for the nerve across the elbow
without extending the incision. When initially
using this limited skin incision, it is likely best to
extend it for a transposition. With experience, the
incisional length can be progressively shortened,
and the “window” technique used to affect the
transposition effectively.

Following decompression, the wound is irri-
gated and closed with several deep absorbable
sutures and then nylon sutures in the skin. The
stresses on this incision with elbow flexion neces-
sitate a layered closure and at least 10 days for
maintenance of the nylon skin sutures. A soft
dressing and compressive elastic bandage are
applied and left in place. On post-operative day 4,
the patient is allowed to remove the dressing,
wash the wound, dry it well, and apply a clean
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adhesive bandage which is changed daily. Motion
and activities are allowed to resume as tolerated.
The patient is seen back in the office in
10-14 days. In most cases, formal therapy is
unnecessary, as most patients have regained
almost normal motion at this time. If they have
not, they are instructed in a home passive motion
program and instructed to call in 2 weeks if they
have not regained full motion, at which time a
formal therapy program is begun.

At the first post-operative visit, an assessment
of symptoms should be gathered. Patients are
expected to have post-operative incisional pain,
as well as pain along the length of the decom-
pression. It is valuable to assess between tender-
ness and pain, in contrast to dysesthesias
consistent with MABC irritation, the latter of
these taking longer to resolve. Resolution of the
patients elbow pain due to ulnar nerve compres-
sion has frequently resolved by this visit, as have
positional numbness and dysesthesias. Patients
that only had positional symptoms pre-operatively
are typically asymptomatic and are instructed to
schedule a follow-up appointment at 3 months. If
they remain asymptomatic and have no further
complaints, they are instructed to cancel the
appointment when they are called by the office to
confirm it a few days prior. For patients that had
constant numbness, weakness, or atrophy pre-
operatively, they have typically seen a resolution
of their dysesthesias, but little improvement in
their other symptoms. If the surgeon has edu-
cated them well pre-operatively, this will be
expected by the patient, although it is not uncom-
mon for patients to forget this pre-operative edu-
cation. The patients should be monitored
post-operatively to make certain these symptoms
resolve or until their recovery plateaus and the
symptoms cease diminishing.

A valuable tool to assess the nerve dysfunc-
tion is a Semmes Weinstein test. This should be
done pre-operatively for any patient that has sub-
jective numbness without provocation pre-
operatively. When it is done post-operatively and
can give both the surgeon and the patient an idea
of the progress of ulnar nerve recovery and poten-
tial for long-term improvements in function [5].

Simple decompression has been shown to be
successful in treating cubital tunnel syndrome.
Prospective randomized studies have shown
results of simple decompression to be equal to
anterior transposition [10, 12, 14, 23]. In one
study, 152 patients were randomized to simple
decompression (75 patients) and anterior ulnar
nerve transposition (77 patients). In this study,
the length of surgery was highly significantly
longer for transposition. There was no significant
difference in symptom resolution, reoperation, or
failure between the groups. There was, however,
a significantly lower complication rate in the sim-
ple decompression group (9.6%) compared to the
transposition group (31.1%).

The severity of symptoms pre-operatively
does not appear to affect the results of in situ
decompression compared to anterior ulnar nerve
transposition [12, 13].

Complications

In situ decompression has been shown to have a
lower complication rate than submuscular trans-
position [11, 12, 15, 23], and therefore may be
preferred over transposition. Biggs et al [23]
showed a higher wound complication rate with
transposition and, as mentioned previously,
Bartels et al [12] showed nearly triple the compli-
cation rate for transposition. It should be noted
that Bartels at al included peri-incisional numb-
ness as a complication. If these patients were
excluded, the complication rate was still much
higher, but only double that of in situ
decompression.

In situ decompression also appears to have a
low failure rate. A study of 56 patients (69
extremities) who underwent in situ decompres-
sion of the ulnar nerve showed that five limbs
(7%) had persistent symptoms postoperatively.
These recurrent symptoms were relieved after
anterior sub-muscular transposition. This data
suggest in situ decompression is a reliable treat-
ment with a low failure rate, and anterior
transposition can be used to treat those patients
with recurrent symptoms [24].
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The posterior branch of the medial antebrach-
ial cutaneous nerve is encountered in all surgical
approaches to the ulnar nerve. Injury to the nerve
can cause painful neuroma, hyperesthesia, hyper-
algesia in the forearm and a painful scar [21].
Care must be taken throughout any ulnar nerve
surgery to identify and protect any branches of
the MABC that may be encountered. As men-
tioned previously, the author prefers the small
incision for ulnar nerve surgery to minimize
manipulation of these branches, but by no means
is there any good data to suggest that injury to the
MABC is less with this surgical technique.

Subluxation may occur with simple decom-
pression alone. Intraoperative assessment of the
nerve’s stability is necessary to avoid this com-
plication. If it is appreciated post-operatively,
transposition, minimal medial epicondylectomy
or triceps sling technique is required to eliminate
the symptoms of a painful subluxating nerve.
Persistent symptoms after cubital tunnel surgery
are usually the result of incomplete decompres-
sion while recurrent symptoms are usually the
result of perineural scarring [25]. The treatment
of recurrent disease requires complete assess-
ment of each potential site of compression. This
includes the Arcade of Struthers, the medial
intramuscular septum, the medial epicondyle, the
cubital tunnel, Osbourne’s ligament, and the apo-
neurosis of the flexor-pronator mass. Incomplete
release of these structures can lead to persistent
or recurrent symptoms. After transposition, atten-
tion should be focused on these areas as well as
on the proximal and distal sites of transposition,
where the nerve crosses from posterior to anterior
and back again [26]. Surgical options for failed
cubital tunnel syndrome include: anterior sub-
muscular transposition, anterior intramuscular
transposition, and anterior subcutaneous transpo-
sition [27, 28]. Medial epicondylectomy is
another option, however, anterior transposition
remains the preferred technique [29]. An adjunc-
tive procedure for cubital tunnel revision is the
addition of some form of soft-tissue coverage.
These procedures are designed to provide a more
hospitable bed for the nerve following transposi-
tion to limit perineural scarring. Options include
vein-wrapping, triceps muscle flap, and pedicle
fat flap [30, 31].

Conclusions

The surgical treatment of cubital tunnel syn-
drome can be helpful in minimizing symptoms
and preventing functional loss in the hand.
Several techniques for decompression have been
described and have found through multiple stud-
ies to demonstrate comparable results. The use of
in situ decompression should be considered as
possibly the “simplest” (though by no means
proven “best”) option for treatment of cubital
tunnel syndrome. There may be a slightly lower
complication rate after simple decompression
when compared against anterior ulnar nerve
transposition. Following in situ decompression,
the author recommends assessing the nerve for
post-decompression instability. If this instability
is present, transposition, triceps sling or medial
epicondylectomy should be considered to pre-
vent post-surgical symptoms. After ulnar nerve
surgery using any of the common techniques,
intermittent symptom resolution is common,
while more advanced constant symptoms and
weakness are less reliably resolved quickly. For
these more advanced cases, patients should be
educated that symptom resolution will be very
slow and may be incomplete at final follow-up.
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Introduction

Cubital tunnel syndrome, after carpal tunnel
syndrome, is the second most common com-
pressive nerve entrapments in the upper limb.
It is defined as ulnar nerve compression around
the elbow region. Apart from the cubital tunnel
retinaculum (also known as the Osborne’s liga-
ment), compressive sites of the entrapment
may involve: Arcade of Struthers, the fasciae
of the medial triceps, medial intermuscular
septum, medial epicondyle, aponeurosis of the
two heads of the flexor carpi ulnaris (FCU) and
anomalous anconeous epitrochlerais muscle
(Fig. 13.1).

Patients suffering from cubital tunnel syn-
drome usually complain of intermittent numb-
ness and paresthesia of their ulnar %2 of ring
finger and little finger. This is usually aggravated
by elbow flexion. They may notice weakness in
grip strength and difficulty in buttoning or hold-
ing small objects. In severe cases, intrinsic mus-
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Fig. 13.1 Illustration of the extent of release in cubital
tunnel syndrome

cle wasting, easily notable at the 1st web space
and hypothenar area, and ulnar claw hand defor-
mity (i.e. hyperextension of the metacarpal-
phalangeal joint and flexion of the interphalangeal
joints of the ring and little finger) can be observed.
Tinel sign can be demonstrated along the route of
ulnar nerve, posterior to the medial epicondyle.
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The cause of cubital tunnel is usually idio-
pathic. Nevertheless, elbow osteoarthritis, joint
malalignment secondary to malunion of childhood
elbow fracture, post-traumatic scarring, inflamma-
tory arthropathy and ulnar nerve subluxation are
some of the common predisposing factors. Cubital
tunnel syndrome is a clinical diagnosis, based on
history and physical examination. Yet, in cases of
uncertainty or of medical — legal concerns, nerve
conduction study can be used to confirm the diag-
nosis and to document the severity of the neuropa-
thy. Radiographs and ultrasound are used if
structural compression is suspected [1, 2].

The primary treatment modality of cubital
tunnel is conservative with activity modification,
splints and physiotherapy [3, 4]. Surgical inter-
vention is indicated when patients fail to respond
with conservative modalities. Decompression of
all the potential compression sites i.e. from
Arcade of Struthers, 8-10 c¢cm proximal to the
medial epicondyle proximally, to the branching
of motor branches of the FCU, 5-8 c¢cm distal to
the medial epicondyle, is warranted. Traditionally,
open cubital tunnel release with anterior transpo-
sition is the gold standard. Yet recent literature
demonstrates that simple decompression without
anterior transposition has comparable outcomes
in selected cases, e.g. in cases which the ulnar
nerve is not subluxable [5-8].

In recent years, endoscopic surgery has gained
popularity. The proposed benefits are that it can
achieve a satisfactory outcome with smaller inci-
sion and less soft tissue dissection [9, 10]. Similar
to open surgery, the ulnar nerve can be either
release in situ or anteriorly transposed, depend-
ing on the stability of the ulnar nerve and its sur-
rounding environment.

Endoscopic Cubital Tunnel Release
(Decompression of Ulnar Nerve
In-Situ)

Indications

e Idiopathic cubital tunnel syndrome, prefera-
bly confirmed by nerve conduction study.

Contra-indications

e Unstable ulnar nerve, i.e. subluxation or dislo-
cation of nerve during elbow flexion.

e Mass or space occupying lesion compressing
onto the ulnar nerve.

e Hostile ulnar nerve bed, such as scarring from
previous elbow surgery or trauma.

* Severe elbow contracture.

* Concomitant conditions necessitating anterior
transposition (e.g. cubitus valgus or humeral
malunion or non-union).

e Recurrent cubital tunnel syndrome.

¢ Limited external rotation of the shoulder (rela-
tive contra-indication).

— Depends on surgeons’ expertise in per-
forming this surgery.

Surgical Techniques

Different techniques have been described for
endoscopic cubital tunnel release. It can be clas-
sified into two types, the use of specialized dis-
section equipment, Storz instruments (Karl Storz,
Tuttlingen, Germany) [11, 12], and Agee device
(3M, Orthopaedic Products, St Pauls, MN, USA)
[13] and the use of cannula. (Integra LifeSciences,
Plainsboro, NJ, USA) [14, 15]. Each technique
has its benefits and drawbacks. The choice
depends on the surgeons’ preference and the
availability of the instruments.

Surgical Technique Using Storz
Equipment (Karl Storz, Tuttlingen,
Germany) [12, 16]

The patient is in supine position, under general or
regional anesthesia, with the affected arm in 90°
abduction and supination on a standard hand
table. Pneumatic tourniquet is applied. The ulnar
nerve is palpated and a 2 cm skin incision is made
over the retro-condylar groove. Once the ulnar
nerve is identified, tunneling forceps is intro-
duced distally about 10-12 cm and proximally
8—10 cm from the medial epicondyle into the
space between the fasciae and the subcutaneous
tissue. An illuminated speculum is then inserted
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into this prepared space. Under direct vision, the
fascial roof of the retrocondylar groove and the
Osborne’s ligament can be divided under direct
vision.

A 4 mm 30° endoscope with a blunt dissector
on its tip is introduced and advanced distally. The
dissector is used to lift up the soft tissue, creating
a space for better visualization of the nerve and
its surrounding tissue. Under endoscopic guid-
ance, a blunt-tipped scissors is used to release the
forearm fasciae, followed by the fibrous raphe
between the two muscular heads of the FCU and
the fibrous bands over the ulnar nerve (Fig. 13.2).
All the soft tissue overlying the ulnar nerve is
released until the motor branches of the FCU
come into view i.e. about 8 cm distal to the medial
condyle.

Proximally, the endoscope is used to decom-
press the ulnar nerve in a similar fashion. The
deep fascia and the arcade of Struthers above the
ulnar nerve are divided, up to 10 cm proximal to
the medial epicondyle. The intermuscular septum
can be left alone if no impingement to the ulnar
nerve is observed. Hemostasis can be achieved
with long bipolar forceps or special bipolar
micro-forceps (Fig. 13.3).

Post release, the ulnar nerve is checked for
stability, by taking the elbow in full range of
motion. If subluxation or dislocation of the nerve
is noted, anterior transposition of the nerve is
warranted. If the nerve remains stable, the wound
is closed in layers. A suction drain may be
inserted prior to closure.

Cannula Technique (Integra
LifeSciences, Plainsboro, NJ, USA) [14, 15]
The patient is being prepared in a similar fashion,
with arm board and anesthesia. A 2 cm incision is
made over the retrocondylar groove, and the
ulnar nerve is identified after incising the roof of
the cubital tunnel. The spatula is inserted into the
potential space between the ulnar nerve and the
roof of the tunnel. The spatula should advance
both proximally and distally without resistance to
create a canal for the cannula.

A cannula specifically designed for cubital tun-
nel release is used. The cannula has a flat under-
surface, which helps to hold the nerve under the
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Fig. 13.2 (a) Endoscopic view of distal release using
endoscope and specialized dissection equipment
(Copyright Dr Gregory Bain). (b) illustration of the equip-
ment used

Fig. 13.3 Endoscopic view of cautery in order to achieve
hemostasis. (Copyright Dr Gregory Bain)

cannula, and slots on the inferior surface, which
allows visualization of the ulnar nerve during the
release. The cannula has an attached retractor,
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Fig. 13.4 Illustration of endoscope and cannula in place
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which holds the soft tissue and the cutaneous
nerve. The cannula with trocar is inserted into the
canal and advanced proximally between the ulnar
nerve and the roof of the canal. Meanwhile the
attached retractor is allowed to slide on the exten-
sor surface of the fasciae, elevating the soft tissue
and the cutaneous nerves (Fig. 13.4). If resistance
is encountered, the cannula should be removed,
and a spatula is used to clear the soft tissue away
from the deep fasciae. Endoscope can also be used
to confirm that the fasciae is cleared of soft tissue
and cutaneous nerves.

Once the cannula/trocar has been placed into
the canal, the trocar is removed. A 4 mm 30°
endoscope is inserted into the cannula. The infe-
rior slot of the cannula is viewed, confirming that
the ulnar nerve is protected by the cannula. The
fasciae (roof of the canal) is then divided with a
blade, along the superior slot of the cannula.
Following the release of the fascia, the complete-
ness of the release is checked by gradually pull-
ing the cannula back on the scope and out of the
canal.

A similar procedure is performed for the distal
release. Prior to closure, the endoscope is inserted
again at the space where the retractor is placed, to
check the completeness of the release both proxi-
mally and distally. After confirmation of the sta-
bility of the ulnar nerve, the wound is closed in
layers.

Surgical Technique Using Agee Device
(3M, Orthopaedic Products, St Pauls,

MN, USA) [13, 17]

This is the most economical techniques espe-
cially if one uses the Agee device for endoscopic

similar to the Cobbs cannula technique. The
patient is put under anaesthetia with the inflation
of the tornqiuet. Similar incision is made over the
retro-condylar groove and the unar nerve is iden-
tified. A spatula is used to free the nerve from the
surrounding soft tissue and fasciae. Then, instead
of the inserting the cannula, the Agee endoscope
is inserted into the prepared canal. The Agee
device has 30° endoscope optic and a pistol-grip
hand piece with a trigger mechanism that acti-
vates a retractable blade immediately distal to the
window. After obtaining a clear and safe view of
the cubital retinaculum, and confirming that the
ulnar nerve and its branches are not at risk, the
trigger mechanism is activated and the entire
device is withdrawn, incising the retinaculum. If
any at-risk structures are seen in the visual view,
the knife is retracted by releasing the trigger. This
procedure can be done both distally and proxi-
mally in a repeated manner until the ulnar nerve
is completely released. Prior to closure, the ulnar
nerve is checked for stability by taking the elbow
in full range of motion.

Tips and Tricks

e This is an advanced technique. It is recom-
mended that surgeons are familiarized with all
the instruments, preferable in a cadaveric
setting

* For the first few cases, the surgeon is advised
to perform endoscopic release in thin patients
as their anatomy can be more easily identified
and the ulnar nerve more easily localized.

e A 3-4 cm longitudinal incision instead of
2 cm incision is recommended for the initial
few cases, until surgeon is familiarized with
the techniques. Larger incision may be needed
for patients who are overweight or have a
large build.

e Cutaneous nerves may be encountered in the
incision. While surgeons do not need to look
for them, if seen, they should be protected to
avoid injury and neuroma.

e All instruments including endoscope/spatula/
cannula should advance without resistance.
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In cases which resistance is encountered, sur-

geons should withdraw the instruments from

the canal and proceed with the following
checklist:

— Ensure the incision in the cubital tunnel
retinaculum is large enough so that the
instrument does not bend as it is placed into
the canal.

— Ensure the elbow is not overly flexed to
create impingement.

— Wet the instruments to minimize friction.

— Use a spatula to ensure the appropriate
plane is well developed and the angle of
advancement is identified.

e The ulnar nerve must be well visualized before
the dissection of the soft tissue with dissecting
forceps.

e Adipose tissue may interfere with the endo-
scope view. Endoscope has to be cleaned often
with the adipose tissue removed.

e Protection of the vascular supply of the ulnar
nerve is mandatory.

e The motor branches of the FCU needs to be
well visualized and should be protected dur-
ing dissection.

* Good hemostasis is needed to prevent postop-
erative hematoma. Deflation of tourniquet is
recommended prior to wound closure.
Alternatively, a drain may be inserted for 1-2
days.

e After release, stability of the nerve should be
checked by taking elbow in full range of
motion. If subluxation of the ulnar nerve is
noted, proceed to anterior transposition (see
below section “Endoscopic Cubital Tunnel
Release and Anterior Transposition™).

e If there is any difficulty while performing this
procedure e.g. if the ulnar nerve cannot be
well visualized or if hemostasis cannot be
achieved, the surgeon should convert to an
open procedure.

Postoperative Protocol
A bulky compression dressing is applied for 2-3

days. It is then changed to simple dressing.
Motion is allowed within the limits of patient’s

comfort. Patients can expect to return back to
office activity on the first post-operative day. Full
range of motion is expected in 1 week. For
patients who need to return to sports or return to
moderate to heavy duty, they are typically
restricted for 1 week and then advanced to full
duty over the subsequent 2-3 weeks.

Complications

* One of the most common complications fol-
lowing endoscopic cubital tunnel release is
hematoma formation. It is minimized by:

— Handling soft tissue with care, especially
during dissection of soft tissue away from
the fasciae.

— Deflating the tourniquet prior to wound
closure followed by good hemostasis,

— Using local anesthesia with epinephrine at
wound closure.

— Placement of drain for 1-2 days.

e Medial antebrachial cutaneous nerves of the
arm may be injured, resulting in neuroma or
paresthesia of the medial forearm. This can be
minimized by attention to details during dis-
section and the avoidance of multiple layer of
soft tissue dissection.

e The main ulnar nerve or one of its branches
can be injured during decompression. The
nerve needs to be well visualized at all times.

e Unrecognized subluxation of the ulnar nerve
can be minimized by checking the stability of
the ulnar nerve in full range of elbow motion
post nerve release.

e Wound dehiscence can be minimized by
ensuring a tight closure, with wound closed in
layers.

Results

Satisfactory and comparable results were noted
by using different techniques of endoscopic cubi-
tal tunnel release.

Seventy-five patients with seventy-six ulnar
nerves underwent endoscopic cubital tunnel
release in situ using the Storz instruments [11].
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Sensory improvement was noted in 96% of
patients and grip strength was noted to be signifi-
cantly improved (30.5%) as compared with pre-
operatively. Even patients with preoperative
severe symptoms (based on Dellon’s classifica-
tion [18]) had 89% good to excellent results
based on the modified Bishop rating [19]. Four
patients suffered from hematomas and nine
patients had sensory loss over the medial ante-
brachial cutaneous nerve of the arm. There was
no recurrence at a mean follow-up of 11 months.

Cobb et al reported the use of cannula for
endoscopic cubital tunnel release in 172 cases
[20]. At a mean follow-up of 30 months, 96% had
good to excellent results based on the modified
Bishop rating [19]. The average return to normal
work was 8 days following endoscopic cubital
tunnel release compared with 71 days following
anterior transposition of the ulnar nerve. Seven
patients had complications including wound
dehiscence, postoperative hematoma and superfi-
cial infection. There were four patients requiring
revision surgery due to persistent symptoms or
recurrence.

With the use of Agee endoscope, 27 cases of
cubital tunnel were studied [17]. With a mean fol-
low up of 112 weeks, 81% of patients showed a
clinical improvement of the McGowan grade
[13]. Two patients suffered from wound dehis-
cence, with one requiring revision surgery. No
subluxation of the ulnar nerve nor iatrogenic
ulnar nerve injury was noted.

Current Literature

Endoscopic cubital tunnel release is a minimally
invasive technique which is postulated to have
theoretical benefits of a small incision, less soft
tissue dissection and low complication rate as
compared with the conventional open cubital tun-
nel release. In a cadaveric study, Said et al dem-
onstrated that the visualization of the ulnar nerve
around the elbow region can be accomplished by
a 2 cm incision instead of a 4 cm open incision
[21]. In addition, authors using different endo-
scopic techniques have shown that it can lead to

an adequate ulnar nerve decompression and a sat-
isfactory outcome in both cadaveric studies and
clinical settings [11, 13, 17, 20].

In spite of these promising results, studies
comparing open and endoscopic cubital tunnel
release in situ are mixed and not conclusive. In
a prospective randomized double-blind study of
56 cubital tunnel syndrome cases, Schmidt et al
demonstrated that there was no difference with
respect to clinical improvement between the two
techniques in both early or late follow-up [9].
Hematoma was significantly more frequent in
the endoscopic group (i.e. seven cases versus
one case). Meanwhile, in a retrospective cohort
study of 114 patients with cubital tunnel syn-
drome [22], the endoscopic group had better
short term results and comparable long term
outcomes when compared with the open release
group. Seventy-six percent of patients after
endoscopic surgery returned to their full func-
tionality within 1 week as opposed to 19%
patients after open surgery. Nineteen patients in
the open group suffered from complications of
loss of sensation over the medial antebrachial
cutaneous nerve of the arm, scar pain and super-
ficial wound infection while six patients in the
open group suffered from complications of
ulnar nerve subluxation and hematoma forma-
tion. Four patients, two with hematoma and two
with nerve subluxation, required additional sur-
geries. Similarly, the conclusion of two recent
systematic reviews comparing the two tech-
niques are mixed. Toirac et al [23], after review-
ing eight articles, suggested that the clinical
outcomes of endoscopic technique were more
superior than open technique in regards to both
complication rates and patients satisfaction. The
rate of excellent/good Bishop score was 92% for
the endoscopic group as compared with 83% for
open group. The breakdown of each complica-
tion was not stated. In contrast, Aldekhayel
et al, reviewed 20 studies and concluded that
there was similar effectiveness between the
endoscopic and open techniques for treatment
of cubital tunnel syndrome with similar out-
comes, complication profiles and reoperation
rates [24].
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Endoscopic Cubital Tunnel Release
and Anterior Transposition

This describes subcutaneous anterior transposi-
tion of the ulnar nerve performed under endo-
scopic guidance.

Indications

e Unstable ulnar nerve, either pre-operatively or
post nerve release.

e Hostile ulnar nerve bed, such as scarring from
previous trauma or elbow surgery.

Contraindications

e Previous trauma or surgery to the ulnar nerve
and/or elbow.

* Severe elbow contracture.

e Concomitant conditions necessitating open
surgery such as management of humeral mal-
union or non-union.

e Patients’ particular conditions necessitating
sub-muscular transposition, e.g. thin patient
who is prone to have ulnar nerve irritation.

¢ Limited external rotation of the shoulder (rela-
tive contra-indication).

— Depends on surgeons’ expertise in per-
forming this surgery.

Surgical Technique

Endoscopic ulnar nerve release is performed as
described in the endoscopic cubital tunnel release
in situ section, using either Storz instruments
(Karl Storz, Tuttlingen, Germany) or specific
designed cannula (Integra LifeSciences,
Plainsboro, NJ, USA). In cases which sublux-
ation of the ulnar nerve is observed either pre-
operatively or post ulnar nerve decompression,
anterior transposition of the nerve is recom-
mended [25].

Starting proximally, the medial intermuscular
septum (MIMS) identified during the decompres-
sion must be excised. The MIMS does not usu-

Fig. 13.5 (a) Additional portal for anterior transposition.
(b) nylon tape. (Copyright Dr Gregory Bain)

ally cause impingement of the ulnar nerve if the
nerve is decompressed in situ. Yet. If the nerve is
transposed, impingement of the nerve is likely.
Excision of the MIMS is needed.

The tunneling forceps or spatula is used to
create an anterior subcutaneous space into which
the nerve will be placed after transposition. In
order to aid in the mobilization of the ulnar nerve
into the anterior compartment, an additional sub-
cutaneous portal is created at this space just distal
to the medial epicondyle (Fig. 13.5). A nylon tape
is then introduced into this portal for the manipu-
lation of the nerve. The ulnar nerve, together with
its accompanied vessels is mobilized from the
loose areolar tissue under endoscopic guidance.

Once the ulnar nerve is freed and positioned
anteriorly to the medial condyle, the entire “new”
course of the nerve is checked to ascertain that
there is no new site of compression or kinking of
the nerve. The nerve is then secured to prevent
subluxation back into its original position. First,
the medial condyle is rasped, in order to promote
adhesion to the adjacent soft tissue. The subcuta-
neous tissue is then sutured to the medial condyle



128

M. W. M. Fok et al.

to prevent the nerve from falling back behind the
epicondyle. To ensure the stability of the nerve in
its new course, the position of the ulnar nerve is
checked, taking the elbow in its entire range of
motion. Hemostasis is performed after the
deflation of the tourniquet. The wound is closed
in layers, taking care of not catching the nerve.
An arm sling is given to keep the elbow in flexed
position.

Tips and Tricks

e This is an advanced technique, with a signifi-
cant learning curve. Surgeons are recom-
mended to be familiarized with the technique
of endoscopic release of ulnar nerve prior to
his/her attempt in performing anterior trans-
position of the ulnar nerve endoscopically.

e Larger incision is recommended to be made
for the initial few cases and for overweight
patients.

*  When using the nylon tape to retract the ulnar
nerve during the mobilization from its native
bed, it is important not to employ significant
traction, as this may result in iatrogenic ulnar
nerve palsy.

e The MIMS is to be excised in a generous man-
ner prior to the transposition of the ulnar
nerve. This is to prevent a new site of ulnar
nerve impingement.

* During the creation of the subcutaneous tun-
nel, the medial antebrachial cutaneous nerve
of the arm may be damaged. The surgeon is
recommended to dissect just above the fasciae
using forceps and spatula. Dissection in mul-
tiple planes should be avoided.

e Prior to closure, the surgeon should ensure
that there is no new site of compression and
the ulnar nerve is stable in its new route. The
elbow should be taken over its entire course of
motion for confirmation.

* Hemostasis should be achieved by using bipo-
lar forceps under endoscopic guidance to pre-
vent haematoma formation. Drain may be
placed for 1-2 days. It is recommended to
close the wound in layers to avoid wound
dehiscence.

Postoperative Protocol

A longer rehabilitation period is needed after
anterior transposition as compared with decom-
pression in situ. An arm sling is used for 10 days.
Gentle active elbow mobilization is allowed out
of the sling, but the elbow should be not straight-
ened. Full elbow mobilization exercise is only
permitted after 10 days, allowing the soft tissue
to heal around the nerve. Light duties can resume
after 10 days. Patients should delay return to
moderate to heavy duties or return to sports for
6-12 weeks.

Complications

e Jatrogenic injury to the ulnar nerve or its
branches may occur. Patients usually com-
plain of persistent or worsen symptoms and
signs. Ulnar nerve must be well visualized
under direct or endoscopic vision at all times.
Significant traction should be avoided during
the retraction of the ulnar nerve.

e Subluxation of the ulnar nerve back to its orig-
inal route may be observed especially if
patients undergo excessive movement of the
elbow in the early post-operative period. A
snapping sensation may be noted during
elbow movement.

e New site of ulnar nerve compression may be
noted if the MIMS is not excised or if the
nerve is not completely mobilized and not
completely seated in its new bed in a tension
free manner.

» Paresthesia of medial forearm due to injury of
the medial antebrachial cutaneous nerve of the
arm.

* Wound dehiscence and hematoma formation
may be encountered.

Results

Eleven patients with an average age of 52 years
old underwent endoscopic cubital tunnel release
and transposition over a 3 year period [25].
Satisfactory relief in symptoms was noted in
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most patients, though patients with significant
preoperative nerve involvement (e.g. McGowen
Grade 3) [26] had persistent paresthesia and mus-
cle wasting post-operatively. Snapping of the
ulnar nerve was resolved for patients with sub-
luxable ulnar nerve. There was no major compli-
cation including reoperations, infections, nerve
injures, or recurrent ulnar nerve instability.

Current Literature

There is limited literature on endoscopic cubi-
tal tunnel release with anterior transposition
[25, 27]. Kirshnan et al described 11 patients
with cubital tunnel syndrome irrespective of
ulnar nerve stability undergoing endoscopic
release and transposition. At a mean follow-up
of 15.5 months, 91% showed good to excellent
results, based on the modified Bishop rating
[19], with no complications. Current literature
supports that both simple cubital tunnel release
in situ and cubital tunnel release with anterior
transposition resulted in comparable outcomes
[5, 6]. Yet most of these prospective random-
ized controlled trials exclude patients with
ulnar nerve hypermobility. Bartels et al [8] ran-
domized patients into simple release and ante-
rior transposition irrespective of the ulnar nerve
stability. It reported that just over 50% of
patients had completely resolved symptoms in
both groups with no statistical significance
between groups. It is generally accepted that
anterior transposition of ulnar nerve is indi-
cated in patients with ulnar nerve hypermobil-
ity or hostile ulnar nerve bed or recurrent
cubital tunnel syndrome [28, 29]. Higher com-
plication rates of up to 31% as opposed to 9.1%
has been reported with open nerve release with
anterior transposition in a prospective random-
ized trial. The majority of complications were
loss of sensation around the scar and superficial
wound infection [8]. With the growing familiar-
ity of performing cubital tunnel release under
endoscopic guidance, concomitant anterior
transposition appears to be a viable option. The
preliminary result shows promising outcomes
with minimal complication.

Learning New Techniques

As the interest of endoscopic ulnar nerve release
is growing, a rise in complications is foreseeable
if training of using endoscopic equipment is not
adapted accordingly. To master this endoscopic
technique, a detailed knowledge of the anatomy,
pathology and necessary equipment is essential.

Surgeons should be equipped with general
arthroscopic skills prior to the attempt of per-
forming endoscopic procedure. As the decom-
pression is under close proximity of the ulnar
nerve and its accompanied vessels, good hand —
eye coordination and triangulation techniques,
acquired by mastering arthroscopic skills is
essential. Surgeon must be familiarized with the
anatomical environment around the ulnar nerve,
so that they can avoid any potential injury to the
surrounding area e.g. medial antebrachial cutane-
ous nerve of the arm. Soft tissue needs to be han-
dled carefully in order to minimize iatrogenic
nerve injury and hematoma formation.

In order to train specific psychomotor skills
for the endoscopic nerve release, actual instru-
ments handling on a regular basis is preferably
performed in a simulated training setting away
from the patients. This can be done through hands
on cadaver courses, anatomic bench-top models
or even virtual reality simulators. Unfortunately,
high-fidelity virtual reality simulators include
both passive and active haptic devices to perform
a full-scale simulation are not yet commercially
available for elbow region.

Authors recommended that interested sur-
geons should start endoscopic technique initially
in uncomplicated patients requiring a simple
ulnar nerve release. The surgeon should start with
a larger Incision (i.e. >2 cm) until they are famil-
iarized with the procedure. In cases which the
visuality of the nerve is not good, one should con-
vert to an open procedure without hesitation.
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Introduction

Though ulnar neuropathy of the elbow is often
attributed to intrinsic compression at the cubital
tunnel, this is not always the only pathophysio-
logical mechanism at play. The ulnar nerve
undergoes multiple changes at the elbow, with
the medial epicondyle acting as a fulcrum about
which the nerve deforms and sustains traction. A
patient may experience subluxation or frank
instability of the ulnar nerve about the medial
epicondyle, which may be further exacerbated by
decompression of the ulnar nerve at the cubital
tunnel with an in situ release. As such, the tech-
nique of anterior transposition was first proposed
by Curtis in 1898 [1]. This technique moves the
nerve to a position of lower tension and theoreti-
cally protects the nerve from dynamic instability
that may cause further irritation. Additionally, it
is thought to avoid some of the morbidity associ-
ated with a larger dissection necessary for deeper
transposition (i.e. intramuscular or submuscular).
Limited high-level evidence is available to com-
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pare in situ decompression, subcutaneous trans-
position, and intramuscular/submuscular
transposition, but these techniques have been
found to be comparable in several randomized
trials and large outcomes series.

Pertinent Anatomical
Considerations

The ulnar nerve has both an intrinsic and an
extrinsic blood supply. The intrinsic blood supply
is contained within the epineurial sheath.
Regarding the extrinsic supply, there are three
major vascular pedicles to the ulnar nerve at the
level of the elbow: the superior ulnar collateral
artery proximally, the inferior ulnar collateral
artery (which may not be present in all patients),
and the posterior ulnar recurrent artery distally
[2, 3]. The superior ulnar collateral artery has an
average length of 16—17 cm. It originates from
the brachial artery 16-18 cm proximal to the
medial epicondyle, then courses parallel to the
ulnar nerve [2, 4]. The inferior ulnar collateral
artery, which some authors describe as a minor
pedicle to the nerve, originates 6—7 cm proximal
to the medial epicondyle. This artery runs deep to
the intermuscular septum and deep to the ulnar
nerve [4]. The posterior ulnar recurrent artery has
an average length of 7 cm and originates from the
ulnar artery 67 cm distal to the medial epicon-
dyle. It runs proximally towards the ulnar nerve,
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deep and posterior [2, 4]. One of the stated con-
cerns about anterior transposition is that the dis-
section necessary to mobilize the ulnar nerve
anterior to the medial epicondyle may devascu-
larize the nerve to the point of functional impair-
ment. In a canine model, ulnar nerve perfusion
after anterior transposition with extrinsic vessel
ligation was found to be 45% of normal controls,
as opposed to 80% of controls when the extrinsic
vessels were preserved [5]. Multiple studies on
monkeys have also been performed to investigate
blood flow to the ulnar nerve. Ogata et al found
that in Macaca monkeys at 3 days post-
transposition, blood flow to the ulnar nerve was
decreased compared to the expected baseline of
0.5 mL/min/mL tissue [6]. However, the blood
flow was noted to improve to the level of baseline
flow at 7 days post-operatively. The same research
team subsequently assessed ulnar nerve vascular
supply (using a hydrogen washout test) and nerve
conduction velocity in the setting of nerve com-
pression, devascularization, and short-duration
ischemia followed by compression [7]. They
found that the effects of nerve compression were
potentiated by ischemia of the limb. Prolonged
compression of the ulnar nerve significantly
decreased blood flow and led to significantly
decreased conduction velocity at 28 min post-
compression. Disruption of the ulnar nerve blood
supply over a short segment decreased the
recorded blood flow to the nerve, but did not
affect nerve conduction velocity, though it did
diminish the amplitude significantly after 44 min.
Whole-arm ischemia with the use of a tourniquet
followed by nerve compression caused the nerve
conduction amplitude to diminish during the
compression phase only.

Clinical data has suggested that with preserva-
tion of the superior ulnar collateral artery and
inferior ulnar collateral artery, satisfactory clini-
cal results are obtained despite the theoretical
risk of devascularization [4, 5]. Nakamura et al
performed laser Doppler flow studies before and
after anterior transposition in patients random-
ized to either vascular pedicle-sparing or ligation
groups and compared their clinical results up to
12 months postoperatively [4]. The authors found
that blood flow in the ligation group decreased to

28-52% from pre-transposition baseline values.
At 6 months, there were no significant differ-
ences in clinical outcomes between the two
groups (including Disabilities of the Arm,
Shoulder and Hand [DASH] score, grip strength,
pinch strength, 2-point discrimination, and
McGowan classification). At 12 months, how-
ever, the vascular-sparing group was found to
have a significantly lower average DASH score
compared to the ligation group. No significant
differences were noted in other outcomes
measures.

Biomechanical Considerations

The ulnar nerve runs behind the medial epicon-
dyle, which serves as a fulcrum when the elbow
enters a flexed position. This changes the inher-
ent forces placed on the nerve. Multiple authors
have measured the pressures on the ulnar nerve at
various degrees of elbow flexion and at various
sites along the nerve, both in cadaveric models
and intraoperatively. These series consistently
noted an increase of intraneural pressure with
elbow flexion [8—13]. The position of the sur-
rounding joints of the arm has an impact on the
ulnar nerve pressure as well. Shoulder abduction,
elbow flexion, and wrist extension place the
nerve under maximum pressure [11, 13]. The
cross-sectional area of the ulnar nerve decreases
33-50% and the overall area of the cubital tunnel
decreases 30-41% from elbow extension to flex-
ion [9]. Intraneural pressure is relatively higher
than extraneural pressure with terminal elbow
flexion, suggesting that flexion and traction on
the ulnar nerve associated with this motion con-
tributes to the changes in pressures around the
nerve [9]. Intraneural hypertension may disrupt
vascular supply to the nerve nerve. Clinical inter-
ventions for cubital tunnel syndrome should thus
relieve this pressure to alleviate symptoms.
Cadaveric studies have demonstrated a decrease
in the maximal pressure within the cubital tunnel
by 50% with release of the cubital tunnel with the
elbow in flexion [13]. In one intraoperative series
measuring ulnar nerve pressures around the cubi-
tal tunnel in elbow flexion and extension, there



14 Subcutaneous Transposition of the Ulnar Nerve

133

was a positive correlation between the pressure
and the stage of neuropathy and disease duration
[12]. However, simple in situ release of the arcu-
ate ligament over the ulnar nerve did not change
pressure in the cubital tunnel at the common
flexor aponeurosis, suggesting that multiple sites
of compression must be addressed in order to
adequately decompress the ulnar nerve and
address all sites of pathology [10].

The nerve shape also changes with elbow
motion. Flexion of the elbow elongates the ulnar
nerve approximately 4-5 mm [14, 15]. In situ
decompression of the ulnar nerve changes the
location at which elongation occurs from the epi-
condylar groove to a more proximal level.
Anterior subcutaneous transposition restores the
site of elongation to the segment of the nerve pre-
viously within the epicondylar nerve groove or
distal to the flexor carpi ulnaris (FCU) aponeuro-
sis [15, 16]. Clinical intra-operative assessments
of ulnar nerve strain before and after anterior
subcutaneous transposition have demonstrated
that the strain on the ulnar nerve is significantly
reduced with the elbow in flexion, but is elevated
with the elbow in extension when compared to in
situ decompression [16].

Techniques of Anterior
Subcutaneous Transposition

Surgical treatment for cubital tunnel syndrome is
indicated when the patient fails nonoperative
treatment (including activity modification, posi-
tional changes, avoiding prolonged flexion of the
elbow, and nighttime splinting) with persistent
hand numbness and/or weakness. Subcutaneous
transposition of the ulnar nerve was first described
by Curtis in 1898 [1]. Since that time, multiple
descriptions of the surgical technique have been
published [17-21]. Decompression of the ulnar
nerve is performed in the same general fashion as
an in situ decompression. However, the skin inci-
sion may need to be extended both proximally
and distally relative to an in situ to improve visu-
alization of potential sites of compression
(Fig. 14.1a). In total an incision of approximately
8—10 cm centered just posterior to the medial epi-

condyle may be necessary to fully visualize all
potential sites of compression. Full-thickness
subcutaneous flaps are created. Care is taken to
avoid injury to branches of the medial antebrach-
ial cutaneous nerve (MABC) during subcutane-
ous dissection to the cubital tunnel and subsequent
preparation for the transposition (Fig. 14.1b).
The ulnar nerve is usually easiest to identify
proximal to the cubital tunnel. The cubital tunnel
is then released, addressing the arcade of
Struthers, medial intermuscular septum, medial
triceps, cubital retinaculum, Osborne’s ligament,
fascial bands within the FCU, and possibly the
anconeus epitrochlearis, if present. The ulnar
nerve is dissected out proximally to the arcade of
Struthers. With transposition, the medial inter-
muscular septum creates a new potential location
for compression (Fig. 14.2a). A portion of the
septum should be excised, or alternatively the
septum may be simply released from the humerus
to relieve its tension. Care must be taken to main-
tain hemostasis during this release, as a vascular
leash is typically present in close proximity to or
piercing the septum (Fig. 14.2b) [22]. The ulnar
nerve is then freed distally, releasing the aponeu-
rosis between the two heads of the flexor carpi
ulnaris and any deep transverse fascial bands
identified distally. Once decompression is satis-
factory, the elbow is taken through the arc of
motion to assess for instability (perching or sub-
luxation, Fig. 14.3a, b).

If a decision is made to proceed with anterior
transposition, the ulnar nerve is then mobilized.
The vascular supply to the nerve should be main-
tained, if possible (Fig. 14.1c). Articular branches
to the ulnohumeral joint are sacrificed. The first
two motor branches to the flexor carpi ulnaris
arise on average 1.6 and 3.4 cm distal to the
medial epicondyle [23]. In order to adequately
mobilize the ulnar nerve anteriorly, these motor
branches must be identified and dissected out,
possibly with sacrifice of the first branch
(Fig. 14.1d). Every effort should be made to pre-
serve the distal motor branches, as inadvertent
injury may cause weakness of the flexor carpi
ulnaris and affect wrist flexion. Dissection of the
motor fascicles from the ulnar nerve may increase
transposition distance substantially [23].
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Fig. 14.1 Considerations for nerve decompression and
transposition. a: The planned surgical incision is §—10 cm
in length (dotted line: medial epicondyle). b: The medial
antebrachial cutaneous nerve branch(es) (asterisk) should
be identified and protected. ¢: Care must be taken to main-

When the nerve has been adequately mobi-
lized so that it can be repositioned anterior to the
medial epicondyle without tension or kinking
(proximal or distal), the nerve should be stabi-
lized in its new course. This is achieved by utiliz-
ing one of several available anatomic features
around the proximal and medial elbow. Described
techniques include creation of a subcutaneous
pocket, use of a fasciodermal sling, fascial sling,
adipose flap, medial intermuscular septal sling,
ligamentodermal sling or ligamentofascial sling.

Subcutaneous Pocket

The simplest form of transposition involves
anterior transposition of the nerve followed by

tain the extrinsic longitudinal bloody supply (arrowheads)
to the ulnar nerve. d: Dissection of first motor branch of
the ulnar nerve to the flexor carpi ulnaris (arrows) is often
required for adequate mobilization

suturing of the fascia of the flexor-pronator mass
(posterior to the desired position of the nerve) to
the subcutaneous tissue overlying this spot on
the skin flap. While technically straightforward,
it does have the theoretical risk of failure of the
fixation and of skin tethering. This technique
provides only one to two single points of restraint
against recurrent subluxation of the nerve at the
site of the knots, and may serve as an additional
point of kinking of the nerve if the force is not
carefully distributed across its length.

Fasciodermal Sling

For additional stability, a fascial flap can be har-
vested from the fascia overlying the flexor-
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Fig. 14.2 Medial intermuscular septum. a: Failure to
excise or release the intermuscular septum (star) may cre-
ate kinking or compression of the anteriorly transposed
nerve. b: Caution must be exercised when releasing the
septum to prevent undue bleeding from the vascular leash
just posterior to the septum

pronator mass [17]. A marker is used to draw
three sides of a square or rectangle at the desired
flap site on the flexor-pronator mass (Fig. 14.4a).
The flap should be designed 1-2 cm wide to dis-
tribute forces more widely across the nerve at this
site. Three sides of the flap are sharply elevated
with a scalpel, with a posteromedial base most
commonly described (Fig. 14.4b). The appropri-
ate anchoring location on the dermis of the ante-
rior skin flap is identified. This is done by
simulating wound closure and marking the posi-
tion on the skin flap that corresponds to a location
about | cm distal/lateral to the medial epicondyle
(Fig. 14.4c). The superior and inferior corners of
the free edge of the fascial flap are sutured to the
dermis with absorbable suture, with the nerve
transposed and held anterior to the medial epi-
condyle by this flap (Fig. 14.4d, e). Care must be
taken to ensure there is sufficient space for the
nerve after fixation of the sling. This may be

Fig. 14.3 Assessment for perching/subluxation of the
nerve. a: The nerve should be assessed after decompres-
sion; here, the nerve sits posteriorly to the medial epicon-
dyle in extension. b: With flexion of the elbow, the ulnar
nerve is seen to subluxate anteriorly and perch over the
medial epicondyle

assessed with use of a Freer elevator (Fig. 14.4f).
If nerve compression or puckering of the skin is
noted, the sling should be revised.

Fascial Sling

A variation of the aforementioned technique
involves fixation of the fascial sling to the intact
fascia, rather than to the overlying subcutaneous
tissue. This technique provides the benefit of
improved tissue quality for fixation (fascia rather
than dermis). It does, however, run the risk of
over-constraining the nerve and creating a new
site of compression. If this technique is used, the
surgeon must ensure sufficient length of the
fascial flap by designing a more pronounced rect-
angular shape with longer superior and inferior
limbs. This design prevents compression of the
nerve and limitations in gliding.
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Fig. 14.4 Fasciodermal sling technique. a: A square or
rectangular flap is drawn on the flexor-pronator fascia. b:
The flap is sharply elevated, maintaining a posterior base.
c: The appropriate anchoring site for the fascial sling is
identified and marked (asterisk) by laying down the ante-
rior skin flap over the medial epicondyle (dotted line) to

Adipose Flap

Use of an adipose flap has been described to min-
imize the scarring associated with the fascial
sling method and to promote improved gliding of
the nerve. In this technique, a subcutaneous adi-
pose flap is elevated, maintaining its vascular
pedicle to the skin. The anterior adipose flap is
wrapped around the nerve and sutured to the
anterior subcutaneous tissue [18, 21].

simulate closure. d: The flap can be provisionally sutured
to the dermis for assessment. e: The elbow should be gen-
tly ranged after flap suturing to rule out proximal or distal
kinking or compression. f: A Freer elevator is used to rule
out nerve compression by the sling

Medial Intermuscular Septal Sling

Use of the medial intermuscular septum has also
been described as a potential restraint to prevent
posterior subluxation of the ulnar nerve after
transposition. In this technique, after release of
the ulnar nerve from the cubital tunnel, the inter-
muscular septum is divided 3—4 cm proximal to
its medial epicondyle insertion and dissected
toward the medial epicondyle, leaving a 1 cm
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wide flap of fascial tissue attached only to the
medial epicondyle. When the nerve is transposed
anteriorly, the free end of the septum can be
secured either to the dermis or to the fascia over-
lying flexor-pronator mass [19]. The flexor-
pronator mass fascia should be palpated to ensure
no sharp borders may kink or irritate the nerve; if
present, the fascia at this location should be
released. A modification of this technique has also
been described [20], whereby a second limb of the
septum sling is added to prevent kinking. This
requires a more extensive release off the medial
epicondyle, with an 8 cm strip of tissue required
to create an inverted-V flap. The mid-portion of
the septum is attached to the subcutaneous tissue
or flexor-pronator mass as described above, form-
ing the apex of the “V,” while the most distal
aspect of the septum is attached 1-1.5 cm distal to
this, distributing the forces on the nerve.

Ligamentofascial/Ligamentodermal
Sling

Finally, the tissue of Osborne’s ligament can be
used to create a ligamentofascial/ligamentoder-
mal sling [24]. In this technique, Osborne’s liga-
ment is released posteriorly off the olecranon and
preserved (rather than a release along the middle
of the ligament, directly overlying the ulnar
nerve, Fig. 14.5a). After transposition of the
nerve, the free end of Osborne’s ligament is
sutured either to the dermis or the fascia overly-
ing the flexor-pronator mass (Fig. 14.5b). This
creates a relatively long ligamentous flap that
theoretically avoids the risk of nerve kinking at
the transposition fixation site.

Additional Considerations

Care must be taken to avoid creating new sites of
compression with anterior transposition, espe-
cially the dreaded “omega () deformity.”
Ultrasound evaluation of patients with persistent
symptoms after subcutaneous transposition have
revealed “kinks” in the transposed nerves in the
majority of cases [25]. These sites of fascial com-

Fig. 14.5 Ligamentodermal sling. a: Osborne’s ligament
is released posteriorly and preserved as anteriorly based
flap. b: The ligament is reversed anteriorly and sutured to
the dermis, creating a stabilizing sling

pression may prevent patients from achieving
adequate symptomatic relief from their surgery.
To avoid this, the surgeon should carefully pal-
pate and visualize the entire course of the nerve
after transposition to reveal any locations in
which the nerve appears to deviate from a smooth,
straight line. Any palpable sharp borders from
remaining fascia should be released. Particular
care should be taken proximally at the medial
intermuscular septum.

The skin is then closed and dressings are
applied. Some advocate immediate range of
motion. Others recommend the use of a splint for
2 weeks for soft tissue rest prior to initiation of
motion. A long-term outcome series revealed that
at 2-14 years post-transposition, there were no
differences in final range of motion in patients
who had 2-3 weeks of immobilization versus
those who had immediate range of motion. There
were no differences in clinical outcomes between
the groups. However, the patients who were
immobilized missed more work, with an average
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return at 30 days versus 10 days in those who
were not immobilized [26]. This is consistent
with the findings of Weirich et al, who noted no
differences in pain, functional improvements, or
failure rates in patients permitted to undergo
immediate elbow motion after transposition,
compared with patients who were immobilized
for 7-30 days [27]. The immediate mobilization
group had the benefit of earlier return to work, at
a median of 1 month post-operatively versus
2.75 months when the patient was immobilized.

Outcomes of Anterior
Subcutaneous Transposition

A number of retrospective outcomes series have
been published reporting clinical outcomes after
anterior subcutaneous transposition. In general,

patients tend to demonstrate good clinical
improvement in symptoms, with 80-90% of
patients reporting good or excellent results and
over a 90% satisfaction rate [26, 28-33].

Simple decompression has been proposed as an
effective alternative to transposition (Table 14.1;
subcutaneous, intramuscular, submuscular). There
has been a significant increase in the in situ decom-
pression technique over time; in one registry
review from 2005 to 2012, 80% of the procedures
performed for cubital tunnel syndrome were in
situ decompression, and only 16% involved ante-
rior transposition [47]. Proponents of simple
decompression cite similar clinical outcomes and
higher morbidity of transposition techniques as
reason to preferentially manage ulnar nerve com-
pression at the elbow with simple decompression.
These include higher postoperative narcotic use
and patient-reported disability [32, 38, 39].

Table 14.1 Comparisons of in situ decompression to subcutaneous transposition of the ulnar nerve

Patient
Study Study design population
Bartels et al. Randomized 75 SD
(2005) [34] Controlled Trial 77 SC

(RCT)

Nabhan et al.  Randomized 32 SD
(2005) [35] Controlled Trial 34 SC
Tawfik et al. Randomized 10 SD
(2017) [36] Controlled Trial 10 SC
Macadam Meta-analysis of 449 SD
et al. (2008) 10 studies 342 SC
[37] 115 SM
Zlowodzki Meta-analysis of 4 EMG scores:
et al. (2007) RCTs 49 SD
[38] 33 SC

18 SM

Clinical scores:

130 SD

73 SC

58 SM
Chen et al. Meta-analysis of 500 SD
(2014) [39] 13 studies 381 SC

128 SM
Adelaar et al.  Prospective Series 7 SD
(1984) [40] 22 SC

8 SM

Results

Higher complication rate in subcutaneous (31.1%) vs in
situ (9.6%)

No clinical differences regarding subluxation

No significant differences in symptom outcomes

No significant differences in pain, motor or sensory
deficits, or electrophysiological recordings at 3 and

9 months

No significant differences between groups for
electrophysiological or clinical improvement at 6 months
Lower chance of improvement with simple in situ versus
anterior transposition, odds ratio 0.751 (0.542—1.040)
No significant differences on subgroup analysis

No significant differences in conduction velocity

No clinical differences between groups

No difference in clinical outcomes
Higher rate of complications with transposition

Poor results correlated with symptoms longer than

36 months, presence of intrinsic muscle atrophy, presence
of fibrillations on EMG, absence of ESP preoperatively,
alcoholism

No significant difference in outcomes between intervention
groups

(continued)
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Table 14.1 (continued)

Study

Staples et al.
(2018) [32]

Paine et al.
(1970) [41]

Chan et al.
(1980) [33]

Foster et al.
(1981) [42]

Davies et al.
(1991) [43]

Taha et al.

(2004) [44]

Mitsionis et al.
(2010) [45]

Bacle et al.
(2014) [29]

Zhang et al.
(2017) [46]

Study design
Prospective series

Retrospective
review

Retrospective
review

Retrospective
review

Retrospective
review

Retrospective
review

Retrospective
review

Retrospective
review
(4 centers)

Retrospective
review

Patient
population
47 SD
35SC
43 SM

50 SD
11 unspecified
transpositions

115 SD
71 SC
43 SM

29 SD
19 SC

73 SD
105 SC

21 SD
17 SC

31SD
45 ME
37SC

44 SD
154 SC
82 SM
95 EN
157 SD
29 SC
61 SM

Results

Higher average narcotic consumption with transposition
Higher patient-reported disability up to 8 weeks post-op
with transposition

At 8 weeks, only difference between groups was persistent
olecranon paresthesias in transposition group

At final follow-up, six revisions for failure (13%) after in
situ vs. two after transposition (3%)

Both groups showed improvement or complete resolution
(90.9% transposition group vs 77.7%)

Transposition less likely to make patients worse

Favor transposition in setting of arthritis, cubitus valgus, or
flexion deformity

Simple decompression had higher percentage of full nerve
recovery

Young men (age 50 or younger) with less than 12 months
of symptoms had better results

Both groups had symptom improvement in over 80% of
cases

Subcutaneous had higher percentage of complete symptom
resolution (p > 0.05)

Intraneural fibrosis at time of release related to poor
outcome

Better outcomes if symptoms present 12 months or less
No significant difference in satisfaction; both groups
improved postoperatively (60% SC vs 72% SD)

Lower percentage with unsatisfactory results in the in situ
group

Age, preoperative symptom severity or duration, or
intraneural fibrosis not related to poor outcome

No statistical difference in improved sensory symptoms
(48% SD group vs 59% SC group)

Worse outcomes if symptoms were bilateral or if cervical
disease present >1 year

Subcutaneous transposition group had significantly inferior
results (62% reporting good or excellent outcome)
compared to in situ (84%) and medial epicondylectomy
(80%)

Greater than 90% success rate (improvement or complete
resolution of symptoms) regardless of method used

Higher complications (3.8%) with in situ (infection,
seroma, instability) versus transposition (2.2%) (MABC
injury, infection)

11% of patients with initial transposition procedure
required second surgery versus 2.5% for patients treated
with in situ

Prior trauma to elbow related to higher rate of second
surgery

SD simple decompression, SC subcutaneous transposition, SM submuscular transposition, ME medial epicondylectomy,
EN endoscopic, MABC medial antebrachial cutaneous
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However, many of these differences are only tem-
porary, resolving after 8 weeks [32]. In a cost anal-
ysis study, simple decompression was also favored
based on similar outcome and lower cost of simple
decompression, largely due to sick leave expenses
[28]. In patients who fail initial decompression
with simple decompression, anterior transposition
is an effective treatment [32]. Few randomized
controlled trials have been published directly com-
paring subcutaneous transposition and in situ
decompression. Of these, patients have similar
improvements in resolution of their symptoms at
6 months and 1 year post-operatively [34-36].
This has prompted some authors to recommend
the in situ technique, as it tends to be less invasive.
However, one meta-analysis identified a trend
toward a lower chance of symptom improvement
with simple decompression of the ulnar nerve
compared to techniques which include anterior
transposition, including subcutaneous technique,
with an odds ratio of 0.75 [37].

Primary anterior transposition may be favored
in patients who demonstrate subluxation or frank
instability of the ulnar nerve preoperatively or
intra-operatively. It should be noted that ulnar
nerve subluxation occurs in 16% of healthy sub-
jects [48]. In these patients, it is more common for
the nerve to “perch” on the medial epicondyle
without completely exiting the groove. This mobil-
ity is thought to exacerbate irritation of the ulnar
nerve in the setting of cubital tunnel syndrome.

However, Bartels et al found no clinical differ-
ences between patients treated with in situ decom-
pression versus anterior transposition despite
presence of luxation intra-operatively [34].
Unfortunately, no additional series have been pub-
lished to date which specifically evaluate treat-
ment techniques dependent upon the presence or
absence of intraoperative nerve subluxation.
Subcutaneous transposition has been criti-
cized for placing the ulnar nerve in a relatively
vulnerable position. In thin patients, in whom
there is little subcutaneous fat around the medial
elbow, the nerve may be easily palpable below
the skin. It may be susceptible to injury with
blunt blows to the medial elbow, particularly in
athletes such as basketball players who often
sustain upper extremity injuries during play [49].
Performing a submuscular or intramuscular
transposition, rather than subcutaneous, may
better protect the nerve in such patients. In a rat
model in which rats had paired transpositions
(one submuscular, one subcutaneous), histology
at 6 weeks post-transposition revealed a health-
ier appearance of the ulnar nerve axons and less
perineural scar tissue associated with the sub-
muscular technique [50]. Several series compar-
ing subcutaneous and submuscular transposition
found no differences between motor and sensory
function after intervention (Table 14.2). Both
groups were noted to have significant improve-
ments at final follow-up [29, 38, 53]. In general,

Table 14.2 Comparisons of submuscular and subcutaneous transposition techniques

Results

Study Study design ~ Patient population

Jaddue Prospective 26 consecutive patients, stratified by age

et al. series and gender and placed into subcutaneous

(2009) [51] (13) or submuscular (13) groups; treated
by two surgeons

Stuffer Retrospective  Compared 51 patients pre and post

etal. review transposition., nonrandomized into

(1992) [52] submuscular (18) and subcutaneous (33)

Charles Retrospective 49 patients with minimum 2 year follow

et al. review up after transposition procedure, treated by

(2009) [53]

a single surgeon; 25 submuscular, 24
subcutaneous

92% good or excellent result in
subcutaneous group versus 62% in
submuscular

Subcutaneous method required shorter
incision, easier surgical technique, less
operative time, less postoperative pain,
earlier mobilization

18 cases had additional neurolysis
Improved hand function, sensory nerve
conduction, and two point discrimination
with subcutaneous method

Poor outcome if symptoms present
greater than 6 months

Significant improvement in sensory and
motor function after both transposition
methods
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a prolonged duration of symptoms (>6 months)
tends to be predictive of a less favorable progno-
sis regardless of the technique used [31, 33, 53].
One group did note significantly better outcomes
with a subcutaneous technique versus submus-
cular, with 92% good or excellent outcomes for
the subcutaneous technique versus 62% for sub-
muscular [51]. The authors listed easier surgical
technique, shorter operative time (30 min versus
45 min), and less postoperative pain as addi-
tional reasons to choose a subcutaneous transpo-
sition technique rather than a submuscular.

Failures in patients initially treated with pri-
mary subcutaneous transposition has been attrib-
uted to recurrent subluxation over the medial
epicondyle, perineural scarring, or incomplete
release of proximal or distal sites of compression
[54, 55]. Upon revision surgery for patients with
failed subcutaneous transpositions, surgeons
often note perineural scarring and fibrosis in the
subcutaneous tunnel [54, 56]. However, develop-
ment of fibrotic tissue encapsulating the ulnar
nerve may also be found in failed submuscular
transpositions and is not unique to subcutaneous
transposition. Several risk factors have been
identified for failed decompression in the setting
of revision surgery for cubital tunnel syndrome,
including age greater than 50 years, electromy-
ography demonstrating denervation, previous
treatment with submuscular transposition, and
increasing number of previous procedures [56,
57]. Results after revision cubital tunnel surgery
for failed subcutaneous transposition may not be
as favorable as a successful primary surgery,
with satisfaction rates of only 78% reported in
one series after revision to submuscular transpo-
sition [55]. However, most patients do report
some improvement in their pain and ability to
return to daily functional activities.

Complications

The technique of subcutaneous anterior trans-
position of the ulnar nerve is not without com-
plications. These can include peri-incisional

numbness from injury to branches of the
medial antebrachial cutaneous nerve, neuroma
formation, infection, and elbow stiffness. The
rate of complications is variable, with some
authors reporting a higher rate with subcuta-
neous transposition as compared to in situ
release (31% subcutaneous versus 10% in situ)
while others report similar rates for the two
techniques (3.4% subcutaneous versus 3.8% in
situ) [34, 46]. A large meta-analysis compar-
ing simple decompression versus anterior
transposition of the ulnar nerve revealed simi-
lar improvement in ulnar neuritis symptoms in
the two groups, but more complications asso-
ciated with anterior transposition [39]. This
study did not differentiate between transposi-
tion techniques.

Conclusions

Multiple treatment strategies have been
described for cubital tunnel syndrome, all
involving decompression of the ulnar nerve.
Subcutaneous transposition was proposed to
decrease pressure on the nerve during elbow
flexion and to address potentially symptomatic
nerve instability in certain susceptible individ-
uals. Proponents of subcutaneous transposition
cite its relative ease compared to other transpo-
sition techniques, while critics warn that peri-
neural scarring may render it less effective
than  deeper  transposition  techniques.
Outcomes following subcutaneous transposi-
tion are generally good or excellent, with high
rates of symptom relief and patient satisfac-
tion. No differences in outcomes have been
reported when comparing subcutaneous trans-
position to in situ decompression or to submus-
cular and intramuscular techniques. In patients
with ulnar nerve subluxation or frank instabil-
ity, subcutaneous transposition is a relatively
straightforward and reliable technique to pre-
vent adverse effects of the medial epicondyle
on the ulnar nerve.
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Indications (for Anterior Transposition

in general)

e Absolute: Symptomatic snapping of the
ulnar nerve with elbow flexion necessi-
tates anterior transposition (alternatively
medial epicondylectomy)

* Relative:

— Intraoperative subluxation of the
ulnar nerve noted after in situ
decompression

— Failed in situ release

Contraindications

Technique)

* Relative: Very thin body habitus (con-
sider intramuscular or submuscular
technique)

(for Subcutaneous

Pearls

* The three vascular pedicles to the ulnar
nerve should be preserved if possible
when mobilizing the ulnar nerve.

e Perform careful dissection of the motor
branches to the FCU. Sacrifice of first
motor branch along with articular
branches is often necessary for adequate
anterior mobilization of the nerve.

* Plan fasciodermal (or ligamentodermal)
sling by laying down the anterior skin
flap over the medial epicondyle to simu-
late closure.

Pitfalls

e Use caution to protect the branches of
the medial antebrachial cutaneous nerve
while elevating the subcutaneous flaps
for this approach.

e Avoid creating new sites of compres-
sion; a complete release should be per-
formed to prevent kinking from the
medial intermuscular septum, the flexor-
pronator fascia, and the FCU fascia.

e Use caution not to over-constrain the
nerve with stabilizing sling or flap.

* Consider patient habitus; very thin indi-
viduals may be susceptible to blunt

injury to the ulnar nerve after subcuta-
neous transposition.

e If the dermis is felt to be tenuous, con-

sider a fascial sling or intramuscular/
submuscular technique.
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Introduction

This chapter will delve into the surgical technique
of submuscular transposition of the ulnar nerve.
The chapter will cover the background of nerve
transposition, the indications, described modifica-
tions of surgical technique, and outcomes. We
will also cover in detail the authors’ preferred sur-
gical technique and postoperative care for sub-
muscular transposition of the ulnar nerve.

Background

Ulnar neuropathy describes a spectrum of pathol-
ogy. Ulnar pathology can masquerade in various
ways, with compression coming from the spinal
column, thoracic outlet, elbow, or wrist. The eti-
ology may be from bony or muscular compres-
sion, vascular disorder, or even be physiologic.
The ulnar nerve receives its innervation from
cervical roots C8-T1 which coalesce to form the
medial cord of the brachial plexus. The primary
function of the nerve is to supply the critical sen-
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sation and fine motor functions at the most distal
hand and digits. Pathology leads to clawing of the
hand and atrophy of the intrinsic muscles. Few
options exist for the end-stage disease, with ten-
don transfers being much less successful than
those for pathology of the radial or median
nerves. Therefore, it is imperative to treat the dis-
ease early to avoid the dreaded late outcomes.

As previously described in other chapters,
there are many ways to surgically manage cubital
tunnel. The nerve may be released in situ (also
known as simple decompression) or be mobilized
to another position, called transposition. Various
means to transpose the nerve have been described
including subcutaneous, subfascial, sub- or intra-
muscular. Medial epicondylectomy has also been
described. The surgical approach to nerve decom-
pression has always had supporters of various
anatomic approaches by master surgeons, signi-
fying that no consensus has been reached.

Stability of the ulnar nerve at the elbow is a
key element in discussion of what to do with the
nerve. Patients with evidence of nerve sublux-
ation on preoperative exam may worsen if the
nerve is not stabilized with some type of transpo-
sition or epicondylectomy. The same can be said
for a nerve which preoperatively is stable at the
elbow in flexion and extension but becomes
unstable intraoperatively after surgical decom-
pression. Many surgeons argue that an unstable
ulnar nerve (noted either pre- or intraoperatively)
should be transposed.
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Revision cubital tunnel surgery is discussed in
further detail in following chapters. However, it
warrants mention in this section given that many
of authors recommend submuscular anterior
transposition for cases of revision surgery to help
decrease the risk of perineural scarring and adhe-
sions [1, 2].

History of Submuscular Transposition

The ulnar nerve courses posterior to the axis of
rotation at the medial elbow putting it at risk of
traction and compression with elbow flexion,
potentially compromising its microcirculation;
anterior transposition can eliminate these forces
[3]. By moving the nerve to an anterior location,
embedded within protective muscle, the local
compressive and traction forces can theoretically
be decreased. Advocates of transposition say that
this addresses the dynamic compression of the
nerve that occurs in elbow flexion [4, 5]. In sub-
muscular transposition, the nerve is well pro-
tected and lies deep below substantial soft tissue
[6]. Submuscular transposition lies close to the
axis of motion and can eliminate iatrogenic-
induced strain [7, 8]. The true submuscular path-
way places the nerve directly over the elbow joint
capsule which becomes the new bed in which the
nerve lies [7].

The first description of the submuscular trans-
position was by Learmonth in 1942 [9]. This is
what we now call anterior submuscular transposi-
tion (ASMT) of the ulnar nerve. Learmonth’s
technique was to detach the flexor-pronator mass
from its insertion on the medial humeral epicon-
dyle. The decompressed ulnar nerve was then
transposed anteriorly and medially to the midline
to lie next to the median nerve, coursing just over
the smooth gliding surface of the anterior ulnohu-
meral joint capsule. The flexor-pronator mass was
then reattached. Patients required postoperative
splinting for several weeks with the elbow and the
wrist flexed to ensure the musculotendinous inser-
tion healed back to the epicondyle [10].

Dellon began using a modification of the
Learmonth submuscular technique in 1980 and
published his surgical technique several years

later [10, 11]. This technique modification is
referred to as a z-lengthening or V-Y advance-
ment anterior submuscular transposition.
Dellon’s technique lengthens the flexor-pronator
fascia to create space for the ulnar nerve in its
transposed position while allowing repair of the
flexor-pronator attachment without tension, all
while allowing immediate flexion and extension
of the elbow [10]. This modification is arguably
the most common technique for ASMT currently.
We refer the reader to a well-written surgical
technique article by Dellon et al. in which they
describe the V-Y submuscular lengthening in
detail with clear intraoperative images and pru-
dent surgical pearls [12].

A modification of the submuscular is intra-
muscular transposition, Adson is credited with
first describing this in 1918 [13]. This modifica-
tion consists of creating a trough in the flexor-
pronator musculature in the projected line of pull
of the nerve in its anterior transposed position [7,
14-17]. In this transposition, the flexor-pronator
mass is not detached from the medial epicondyle.
Proponents argue this allows earlier mobilization
and less local trauma. Fascial flaps are raised, the
muscular trough created, and the nerve is placed
in its intramuscular position. Fascial flaps are
repaired in a lengthened position to avoid undue
tension on the nerve. This allows almost immedi-
ate mobilization of the wrist and elbow for early
nerve gliding. A recent modification published by
Henry merges the intramuscular and submuscu-
lar techniques and allows almost immediate
motion for early nerve gliding [7].

Critics state that an intramuscular position
may create a fibrotic scarring bed on the nerve
that traps it and obstructs longitudinal nerve
gliding [6]. However, work by Dellon et al.
found no significant difference in nerve fibrosis,
mean nerve fiber diameter, or percent of neural
tissue when placing the ulnar nerve in a submus-
cular versus intramuscular position in a primate
model [18].

In our review of the current literature, few cur-
rent articles describe the intramuscular transposi-
tion which may hint that this technique has
declined in popularity in relation to the modified
submuscular transposition.
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Several biomechanical and histologic studies
have been published on ulnar nerve decompres-
sion and/or transposition. A biomechanical anal-
ysis using a micro-strain recording device found
that 22 mm of ulnar nerve excursion is required at
the elbow to prevent undue strain on the nerve
[19]; any surgery aiming to mobilize the ulnar
nerve at the elbow should aim to allow at least
2 cm of excursion.

Dellon et al. performed a cadaveric study to
evaluate intraneural pressures following the com-
mon ulnar decompression techniques [20]. The
authors found that ulnar nerve transposition and
musculofascial lengthening reduced intraneural
pressures both in elbow extension and flexion at
30°, 60°, and 90° by a minimum of 40% when
compared to in situ decompression, medial epi-
condylectomy, subcutaneous transposition, and
traditional Learmonth submuscular transposition.

A recent histologic study on a rat model
showed healthier axons and less perineural scar
tissue in rats treated with submuscular transposi-
tion compared to subcutaneous method [3].

Disadvantages of transposition include com-
plexity of the procedure, extensive tissue dissec-
tion, risk of nerve devascularization, intraneural
injury, perineural fibrosis, and chance of injury to
the motor branch to the flexor carpi ulnaris (FCU)
[21, 22]. Postoperative elbow immobilization
may lead to contracture and prevent nerve gliding
which can lead to adhesions.

Comparative Trials

In the early 2000s, studies emerged pitting head-
to-head simple decompression and transposition.
Gervasio et al. performed a prospective random-
ized trial of 70 patients with either in situ or sub-
muscular transposition and found no statistically
significant difference in clinical or electrophysi-
ologic outcomes [6]. Charles et al. published a
retrospective review comparing in situ and sub-
muscular transposition and found no significant
difference in sensory or motor recovery in
McGowan II and III patients [23]. They did find
that patients with symptoms lasting longer than
6 months had a worse prognosis regardless of

technique. Biggs et al. conducted a prospective
randomized trial of 54 patients comparing in situ
decompression and submuscular transposition;
they noted equally effective neurologic improve-
ment but higher wound complications in the sub-
muscular technique [24].

Following the publication of these and other
high-quality studies, systematic reviews and
meta-analyses were able to be performed. A 2007
meta-analysis of four randomized controlled tri-
als of simple decompression and anterior trans-
position found no difference in motor
nerve-conduction velocities or clinical outcomes
[25]. Chung performed a literature review in
2008 which showed that no single procedure had
shown to be best. He concluded that based on
review of the best available evidence, he had
changed practice of using subcutaneous anterior
transposition in favor of in situ release [26].
Published in 2008, Macadam et al. performed a
meta-analysis of comparative trials or random-
ized controlled trials comparing in situ and trans-
position release. The authors found no statistically
significant difference but a trend towards
improved clinical outcomes with transposition as
opposed to simple decompression [27].

Based on large national databases, it appears
that the pendulum has shifted to favor simple
decompression for primary nerve release. A 2013
study of the United States national ambulatory
surgery data from 1996 to 2006 showed that
transposition dropped from 49% to 38% in 2006,
with women more likely to have simple decom-
pression (70%) [28]. A more recent state-wide
Florida database retrospective cross-sectional
analysis for 2005-2012 showed that of over
26,000 cubital tunnel releases performed, 80%
underwent had situ decompression, 16% under-
went transposition, and 4% underwent “other”
[29]. During the study period, there was a statisti-
cally significant increase in in situ release and
decrease in transposition. Females and patients
treated by high-volume surgeons had a statisti-
cally higher rate of in situ release. The published
data did not state whether the data set could
determine if release was primary or revision.

In a letter to the editor in response to results of
the Charles et al. [23] study, MacKinnon elo-
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quently described what appears to be the current
approach to the ulnar nerve. MacKinnon argued
that technical details of ulnar nerve surgery such
as kinking of the ulnar nerve, appropriate decom-
pression of the tendinous leading edge of the
FCU, and respect for the medial brachial and
antebrachial cutaneous nerves are likely more
important than which procedure is done [30]. She
also argued that simple decompression is likely
to relieve symptoms in the majority of patients
unless there is resultant subluxation of the nerve
[30]. Charles et al. agreed but also noted that
patients with major sensory or motor deficits or
anatomic abnormalities around the epicondyle
should be considered for transposition [23].

Surgical Indications

Surgical decompression of the ulnar nerve at the
elbow should only be performed after appropriate
clinical workup.

A comprehensive physical exam is critical.
The surgeon should document objective motor
strength (grading MO-M5) and sensory discrimi-
nation with Semmes-Weinstein monofilament or
two-point discrimination testing. Specific motor
testing should include flexor digitorum profundus
(FDP) to small finger, FCU, and first dorsal inter-
ossei. Specific sensory testing should document
the palmar small and ring finger, dorsal ulnar
hand (DSBUN) , and the medial distal arm (MBC)
to rule out brachial plexus origin. The DSBUN
and MBC can be graded using a 0—10 scale by the
patient given that two-point and monofilament is
difficult for the patient at these sites.

The absence or presence of ulnar pathologic
signs should be described; these may include
Wartenburg, Froment, Testut, first dorsal interos-
seous wasting, and clawing. The McGowan clas-
sification is unique for ulnar neuropathy and can
be helpful to standardize the publication of
results [31].

Appropriate workup with electromyography
(EMG) and nerve conduction velocity (NCV)
studies are usually indicated. This is helpful not
only for staging the disease but also to monitor
recovery or progression of pathology and is

essential in the unfortunate event of medicolegal
conditions.

The surgeon may want to send the patient
through a dedicated course of physical and/or
occupational therapy. Therapists work on scapu-
lar stabilization and nerve gliding for thoracic
etiology [32, 33] and nerve gliding with dart
throwers and FCU gliding for compression at the
elbow [34, 35]. Nighttime splinting of the elbow
in extension is also indicated in the nonoperative
management of the disease [36, 37].

Once the appropriate workup and nonopera-
tive course has been completed, surgery may be
indicated. Surgical techniques vary widely and
ultimately lie at the discretion of the treating sur-
geon. As described earlier, in situ decompression
is usually sufficient for a primary cubital tunnel.
For many surgeons, the current treatment algo-
rithm begins with in situ release followed by sub-
cutaneous or submuscular transposition if
perching, subluxation, or dislocation is noted
during surgery [38]; most surgeons regard ulnar
nerve subluxation or dislocation as an indication
for transposition [25]. Additionally, transposition
may be indicated for a revision ulnar neurolysis
at the elbow to help prevent scar formation [1, 2].

Submuscular Transposition
of the Author’s Preferred Surgical
Technique

Our current indication for the submuscular trans-
position is a patient with symptomatic ulnar
nerve compression at the elbow. We prefer to
obtain preoperative EMG and NCVs for all
patients, as well as exhaust nonoperative mea-
sures including rest, nighttime splinting, physical
therapy to include nerve gliding, and postural
retraining. When these have failed, surgery is dis-
cussed with the patient.

In our experience, the majority of patients with
primary cubital tunnel syndrome can be treated
with simple decompression. Patients in whom we
prefer to treat with transposition include those
with evidence of nerve instability either pre- or
intraoperatively. Additionally, we prefer this tech-
nique for revision decompression.
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In a primary release, the surgical approach
includes a curvilinear incision centered at the
medial elbow in between the medial epicondyle
and the olecranon (Fig. 15.1). Tourniquet is
inflated and skin is incised. Dissection is taken
down with the knife through skin only, followed
by careful dissection with tenotomies paying
close attention to identifying the MBC and
MABC (Fig. 15.2). These are protected with ves-
siloops to prevent iatrogenic damage during
surgery.

The nerve is then identified running posteri-
orly below Osborne’s ligament (Fig. 15.3). The
nerve is carefully decompressed proximally to
the level of the triceps medial intramuscular sep-
tum at the middle to distal third of the humerus as
the nerve crosses through the septum from ante-
rior to posterior (Fig. 15.4). We prefer to excise
the medial intermuscular septum at the distal
third of the arm. Attention is taken to release the
entire arcade of Struthers and carefully divide

Fig. 15.1 Typical surgical incision for submuscular
transposition centered at the medial elbow halfway
between the olecranon and medial epicondyle

Fig. 15.2 After skin dissection, the medial brachial cuta-
neous nerve is identified and protected

Osborne’s arcuate ligament. Distally, the tendi-
nous leading edge of the two heads of the FCU is
divided (Fig. 15.5). Further, distal dissection
ensures the nerve is released up to the fascial ori-
gin of the flexor digitorum superficialis to the
ring finger.

Care is taken to perform external neurolysis so
as not to unduly strip the nerve in order to pre-
serve the vascular supply to the epineurium
(Fig. 15.6). The above-described additional

mobilization both proximal and distal is often
required to allow the nerve to move anteriorly to
its transposed position. The previous identifica-
tion and protection of the MBC and MABC with
vessiloops helps to speed this step. The nerve is
then pulled anteriorly to check that appropriate
mobilization has been completed.

R

Fig. 15.3 Before decompression, the ulnar nerve is seen
running posterior to the epicondyle, in the figure the probe
is pointing to the nerve

Fig. 15.4 The triceps intermuscular septum is carefully
identified and excised to relief proximal sites of compres-
sion and to avoiding a site for kinking of the nerve after
transposition
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Fig. 15.5 The ulnar nerve is identified distally in the
wound where the heads of the flexor carpi ulnaris are
decompressed

Fig. 15.6 The ulnar nerve is now decompressed and
carefully lifted using vessiloops. The medial brachial
cutaneous nerve is also seen anteriorly in the wound, pro-
tected by vessiloops

Once the nerve is sufficiently decompressed
and mobilized, attention is turned to the submus-
cular transposition. Gentle dissection just below
the flexor-pronator mass allows the muscular
mass to be elevated with the least amount of
intramuscular bleeding (Fig. 15.7). The flexor-
pronator mass is then detached from the epicon-
dyle en bloc, leaving a small cuff of facial
attachment for later repair. Care is taken to
mobilize the flexor-pronator mass medially to
ensure no undue tension on the nerve.

Fractional lengthening is performed. The most
superficial fascia is divided fully which allows
several millimeters of increased muscular excur-
sion. Several distinct longitudinal septa are pres-
ent which are divided to allow fractional
musculotendinous lengthening. The most impor-
tant of these is the ring finger flexor digitorum
superficialis origin. If not released at its origin, it

Fig.15.7 Using gentle submuscular blunt dissection, the
flexor-pronator mass is identified

Fig. 15.8 After detachment of the flexor-pronator mass
from its insertion, the ulnar nerve is placed into its trans-
posed position

creates a hard edge that the nerve winds around
when it lies in its transposed position. The septa
can be released in two stages, first when the nerve
remains in situ and second during this second
look.

The nerve bed is then chosen. We have noted
that a natural plane can usually be found that runs
parallel to the nerve’s native course. The muscle
fibers in this plane are carefully mobilized to cre-
ate a trough the nerve will lie in. The bed is
checked carefully for any remaining fascial fibers
from previously divided septa that might create
kinking and lead to adhesions.

The nerve is then moved anteriorly into its
new submuscular position, sitting on top of the
anterior elbow joint capsule and within the new
muscular trough created to form its new bed
(Fig. 15.8). The flexor-pronator mass is then
pulled over the ulnar nerve and sutured down in a
slightly loosened manner to prevent undue ten-
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Fig. 15.9 The flexor-pronator mass is gently reapproxi-
mated and the nerve is checked to be free without any
undue tension prior to approximation. If tension is noted,
additional musculofascial lengthening should be
performed

Fig. 15.10 Flexor-pronator mass is reattached using
nonabsorbable suture to protect the repair

sion on the nerve in its transposed position
(Fig. 15.9). We prefer to use non-absorbable
suture such as 2-0 fiberwire. The elbow is then
ranged through extension and flexion to ensure
no kinking or excessive force on the nerve in the
transposed position (Fig. 15.10).

Tourniquet is deflated and meticulous hemo-
stasis obtained to help prevent postoperative
hematoma. We prefer to leave a deep drain which
is removed on postoperative day 1. Skin is closed
in layers with deep dermal 3-0 absorbable mono-
filament, followed by either running 3-0 subcu-
ticular absorbable monofilament or interrupted
3-0 nonabsorbable monofilament suture. A bulky
compressive dressing is applied followed by a
long arm splint with the arm at 70-90° of elbow
flexion.

Depending on the stability of the repair, range
of motion is usually begun at 10—14 days postop-
eratively and the patient is allowed early nerve

gliding to decrease risk of adhesions and perineu-
ral scarring. The patient will work on motion for
up to 6 weeks post-surgery and thereafter may
initiate strengthening. They are typically released
to unrestricted activity at 3 months postop.

Outcomes

Clinical outcomes are generally good for sub-
muscular transposition. Dellon and Coert per-
formed a prospective study of 161 extremities
undergoing ASMT and found 88% good-
excellent results at average follow-up of over
3.5 years [39]. Subgroup analysis found signifi-
cant improvement among patient with diabetes,
Workers’ Compensation claim, and those with
severe compression [39]. A study by Nouhan
et al. found 97% good-excellent results [40], and
Gervasio et al. noted 83% good-excellent out-
comes [6]. Lee et al. performed a recent study of
patients with severe disease undergoing V-Y
lengthening ASMT; they noted 83% good-
excellent results using a modified Bishop score
[41]. Lee et al. noted a significant negative cor-
relation between prolonged symptoms duration
and modified Bishop score at final follow up, but
age did not affect outcome [41].

Several studies have published objective
results of nerve improvement. A prospective
study of patients undergoing V-Y advancement
ASMT found significant improvement in sensory
and motor findings among all patients regardless
of baseline nerve impairment [39]. A recent study
of patients with severe disease (McGowan III)
treated with submuscular transposition noted
improvement of at least 1-McGowan grade in
94% of extremities [41]. Sixty-seven percent of
patients had objective neurologic improvement in
prospective randomized study in situ versus sub-
muscular transposition [24].

The procedure is not without its complica-
tions. The incidence reported in the literature
include symptomatic MABC neuroma requiring
resection (1% [8] to 3% [39]), hematoma requir-
ing drainage (0.5% [39]), reflex sympathetic dys-
trophy (1% [40]), and deep wound infection (1%
[8] to 14% [24]).
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Failure or recurrence rates with the submuscu-
lar technique vary. Dellon and Coert report 8%
failure or recurrence [39] while Bacle et al. report
a 7% recurrence rate [42]. A retrospective cohort
study by Zhang et al. found secondary surgery
rate of 11% for transposition compared to 2.5%
for in situ release [8]. However, the results in
Zhang et al.’s study may be skewed by selection
bias given that patients undergoing transposition
had higher McGowan grades and were more
severe at baseline.

A recent systematic review by Macadam et al.
showed that reliable, reproducible, and valid out-
comes measures are lacking in the literature for
cubital tunnel surgery [43]. The authors analyzed
42 studies and found 21 health outcomes measures,
2 generic instruments, 10 symptom-specific, author
reported instruments; 3 symptom-specific, patient-
reported instruments; and 6 patient questionnaires.
Available data showed consistently high patient
satisfaction after both simple decompression and
submuscular transposition ranging from 65 to 92%,
with no obvious association between author-
reported and patient-reported results.

A multicenter group prospectively evaluated
several outcome measures in patients undergoing
simple decompression and found that the MHQ
(Michigan Hand Questionnaire) and CTQ
(Carpal Tunnel Questionnaire) are more respon-
sive than DASH (Disabilities of the Arm,
Shoulder and Hand) for ulnar neuropathy under-
going decompression [44]. These MHQ and CTQ
questionnaires may be useful for detecting subtle
outcomes differences in future studies of cubital
tunnel decompression.

Summary

Submuscular transposition of the ulnar nerve can
be technically demanding but, when indicated,
can provide satisfactory outcomes for patients.
Our preferred indication is a patient with nerve
subluxation or in the revision setting. A short
course of postoperative immobilization followed
by early guided therapy can help improve nerve
gliding and decrease risk of adhesions.

Our current body of evidence does not support
the use of transposition over in situ release for

primary surgery. Many authors argue that submus-
cular or intramuscular transposition is warranted in
patients with instability or subluxation of the ulnar
nerve, anatomic variants precluding in situ release,
or in the revision setting [1, 2, 23, 30]. Regardless
of specific technique, it is essential to fully decom-
press the nerve in an extra-neural fashion, preserve
extrinsic vasculature, pay careful attention to pro-
tecting crossing cutaneous nerves, and ensure after
mobilization that no undue tension or mechanical
block precludes effortless, tension-free nerve glid-
ing for optimal ulnar nerve recovery.
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Introduction

There are several accepted techniques for the sur-
gical treatment of cubital tunnel syndrome [1].
Medial epicondylectomy combined with ulnar
nerve decompression is one of them and its pri-
mary advantage is the preservation of the ulnar
nerve’s intraneural and extraneural blood supply,
as compared to other ulnar nerve transposition
techniques [2]. However, complications after
conventional medial epicondylectomy, such as
medial elbow instability and weakness related to
detachment of the flexor pronator origin, have
been reported [3-5].

To prevent these potential complications,
investigators have advocated further modifica-
tions of the conventional medial epicondylec-
tomy. The partial medial epicondylectomy is a
modified technique in which approximately 40%
of total width of medial epicondyle in the coronal
plane is excised [6-9]. Despite the good out-
comes that have been reported with the partial
medial epicondylectomy, valgus instability of the
elbow may occur postoperatively [8].
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In an anatomic study of the medial ulnar col-
lateral ligament in 10 cadaver elbows, O’Driscoll
et al observed that only 19% of the width of the
medial epicondyle in the coronal plane could be
resected without potentially violating the anterior
band of the medial collateral ligament [10].
Subsequently, authors have described modifica-
tions of the minimal medial epicondylectomy.
With this modified technique, less than 20% of
medial epicondyle in the coronal plane is excised,
preserving the medial collateral ligament [11-—
15]. Thus the potential disadvantage of elbow
instability can be minimized with the minimal
medial epicondylectomy [11-14].

Indications

The minimal medial epicondylectomy combined
with in situ ulnar nerve decompression is indi-
cated for surgical treatment of primary cubital
tunnel syndrome. This technique is particularly
useful for cases of concomitant ulnar nerve sub-
luxation, allowing smooth gliding of the ulnar
nerve during the elbow range of motion.

In addition, the minimal medial epicondylec-
tomy is indicated in cases of recurrent cubital
tunnel syndrome after failed anterior, submuscu-
lar or subcutaneous, ulnar nerve transposition. In
these cases, the posterior aspect of the ulnar nerve
is compressed against the anterior aspect of the
medial epicondyle, resulting in a z-deformity of
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the ulnar nerve [16, 17]. The minimal medial epi-
condylectomy, along with the revision
decompression of the ulnar nerve, can eliminate
the anterior tether by the medial epicondyle and
allow the ulnar nerve to travel in a straight course
throughout the elbow range of motion.

Surgical Technique

The minimal medial epicondylectomy combined
with ulnar nerve decompression can be per-
formed under general or regional anesthesia. The
patient is positioned supine with the arm extended
on a hand table. Under tourniquet control and
loupe magnification, a medial incision 5 cm
proximally and 5 cm distally to the medial epi-
condyle is made (Fig. 16.1). Dissection is carried
down through the skin and subcutaneous tissue
with attention being paid to identifying and pro-
tecting the medial antebrachial cutaneous nerve
(Fig. 16.2).

The ulnar nerve is identified under the medial
intermuscular septum, which is released and
resected to avoid impingement on the nerve. The
arcade of Struthers is released proximally and
then the ulnar nerve is released through Osborne’s
ligament and the cubital tunnel (Fig. 16.3). Care
is taken to release the Osborne ligament as poste-
rior as possible to avoid subluxation of the ulnar
nerve. Then the ulnar nerve is decompressed dis-
tally releasing the aponeurosis and deep fascia of

Fig. 16.1 Skin incision for minimal medial epicondylec-
tomy centered over medial epicondyle. D: distal, P: proxi-
mal, ME: medial epicondyle

Fig. 16.2 Intra-operative photograph demonstrates iden-
tification of the medial antebrachial cutaneous nerve
(black arrow) and the medial intermuscular septum (blue
arrows). D: distal, P: proximal

Fig.
release of the ulna nerve through Osborne’s ligament and
the cubital tunnel. UN: ulnar nerve, ME: medial epicon-
dyle, D: distal, P: proximal

16.3 Intra-operative photograph demonstrates

the flexor carpi ulnaris. Attention is paid to pre-
serve the perineural bloody supply throughout
the ulnar nerve decompression.

Upon completion of the ulnar nerve decom-
pression, the medial epicondyle is exposed with a
sharp subperiosteal dissection of the flexor-
pronator origin. Care is taken to preserve good
flaps anteriorly and posteriorly to facilitate clo-
sure (Fig. 16.4). Under visualization of the
medial collateral ligament, a minimal, less than
20%, bony resection of the medial epicondyle is
performed. The osteotomy is performed with the
use of a small 12 mm osteotome, from distal to
proximal, removing more bone posteriorly than
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Fig. 16.4 Intra-operative photograph demonstrates the
exposure of the medial epicondyle with subperiosteal dis-
section preserving good flaps anteriorly and posteriorly
(black arrows). UN: ulnar nerve, ME: medial epicondyle

Fig. 16.5 Intra-operative photograph demonstrates the
use of a small osteotome to perform a minimal medial epi-
condylectomy form distal to proximal. UN: ulnar nerve,
ME: medial epicondyle, D: distal, P: proximal

anteriorly while protecting the anterior band of
the medial collateral ligament (Figs. 16.5 and
16.6). After smoothing all sharp edges with a ron-
geur, bone wax is applied at the osteotomy site
(Fig. 16.7) and the elbow is flexed and extended
to ensure that the nerve is gliding over a smooth
surface with elbow motion. Then, subperiosteal
flap closure is performed with sutures buried
(Fig. 16.8). Care is taken to ensure that the ulnar
nerve is not subluxated anteriorly over the medial
epicondyle with a dynamic flexion test of the
elbow. After deflation of the tourniquet and
proper hemostatsis, the wound is irrigated and
the incision is closed in layers. At the conclusion
of the procedure, the arm is placed in a bulky soft
dressing. Early mobilization is suggested with
gentle active range of motion exercises of the

Fig. 16.6 Measurement of the size of the osteotomy
fragment, less than 20% of the medial epicondyle was
resected

Fig. 16.7 Intra-operative photograph demonstrates the
application of bone wax at the osteotomy site (black
arrow). D: distal, P: proximal

Fig. 16.8 Intra-operative photograph demonstrates sub-
periosteal flap closure (black arrows: anterior flap and blue
arrows: posterior flap) with sutures buried. UN: ulnar nerve
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elbow on the first postoperative day. Normal
elbow motion is encouraged at the beginning of
the second postoperative week.

Complications

Elbow instability can occur after medial epicon-
dylectomy [3-5]. To avoid this potential compli-
cation, great attention must be paid to the size of
the osteotomy. When less than 20% of the width
of the medial epicondyle in the coronal plane is
resected the risk of injury of the anterior band of
the medial collateral ligament is minimized pre-
venting valgus instability of the elbow.
Additional reported complications after
medial epicondylectomy include grip weakness,
tenderness at the osteotomy site and ulna nerve
subluxation [3-8, 14, 16]. Grip weakness related
to detachment of the flexor pronator origin can be
avoided with careful dissection. Transient medial
elbow pain at the site of osteotomy may occur up
to 6-12 months after minimal medial epicondy-
lectomy [3-8, 11-14]. To avoid ulna nerve sub-
luxation over the remaining medial epicondyle,
correct surgical technique must be used to create
smooth surface allowing the ulnar nerve to freely
glide throughout the elbow motion. The risk of
damage to the medial antebrachial cutaneous
nerve can be lessened by careful dissection.

Outcomes

In general, the clinical outcomes of minimal epi-
condylectomy were reported as 79-94% good to
excellent based on the Wilson and Krout criteria
[6-9, 11-14]. These results compare favorably to
those of the other surgical treatment options for
cubital tunnel syndrome. However, it is difficult
to compare the outcomes between surgical tech-
niques due to the lack of randomized prospective
studies and the heterogeneity in reports.

Based on the Wilson and Krout grading sys-
tem [18], excellent means minimal sensory and
motor deficit and no tenderness at the incision
site; good means mild deficit but occasional
ache or tenderness at the incision or osteotomy

site; fair means an improvement but persistent
deficit; and poor means no improvement or a
worsened condition.

Gobel et al reviewed 64 patients (66 elbows)
with cubital tunnel syndrome that were treated
with minimal medial epicondylectomy [11].
Excellent outcomes were reported in 44%, good
in 35%, fair in 10% and poor in 6% of patients
[11]. The authors noted no clinical signs of
elbow instability, ulnar nerve subluxation or
ulnar nerve palsy during the follow up period
[11]. Similar results were reported by Kim et al
in 25 patients after minimal medial epicondy-
lectomy [12]. The authors reported excellent
results in 64%, good in 20%, fair in 8% and
poor in 8% of patients [12]. None of the patients
showed clinical evidence of ulnar nerve sublux-
ation or medial elbow instability after the mini-
mal medial epicondylectomy [12].

In another clinical study, Osei et al evaluated
27 patients treated with a modified oblique mini-
mal medial epicondylectomy for cubital tunnel
syndrome [13]. The authors achieved good to
excellent results in 25 of 27 patients (93%)
according to the Wilson and Krout criteria [13].
No symptomatic ulnar nerve subluxation or
elbow instability with valgus stress testing was
noted postoperatively [13].

Beak et al performed a retrospective study of
56 patients with cubital tunnel syndrome, com-
paring the outcomes between minimal medial
epicondylectomy and the anterior subcutaneous
transposition [19]. In the 22 patients who were
treated with minimal medial epicondylectomy,
excellent results were reported in 41%, good in
45%, fair in 9% and poor in 5% of patients [19].
In the 34 patients who were treated with anterior
subcutaneous transposition, excellent results
were reported in 41%, good in 38%, fair in 6%
and poor in 3% of patients [19]. The authors
found no significant difference between the two
surgical techniques [19].

In the senior author’s (D.G.S.) personal series,
since the original clinical study [11], consistently
good to excellent results with the minimal medial
epicondylectomy have been noted in more than
three hundred patients with primary or recurrent
cubital tunnel syndome.
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Conclusion

The minimal medial epicondylectomy is an
effective alternative technique for the surgical
treatment of primary or recurrent cubital tun-
nel syndrome. This technique can address the
compressive and tensile forces on the ulnar
nerve while minimizing injury to the blood
supply to the ulnar nerve. However, great atten-
tion must be paid to the size of the osteotomy
to avoid potential complications. Resection
less than 20% of the width of the medial epi-
condyle in the coronal plane can minimize the
risk of damage of the anterior band of the
medial collateral ligament preventing valgus
instability of the elbow.
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Introduction

Cubital tunnel syndrome is the second most
common upper extremity compressive neuropa-
thy [1, 2], with an increased incidence in men
[3]. Different procedures have been described
for the release of the ulnar nerve at the elbow
ranging from simple decompression to medial
epicondylectomy, as well as anterior transposi-
tion (subcutaneous, intramuscular, or submus-
cular). There is still no clear consensus regarding
the best operation [4]. The rate of surgical man-
agement has increased during the last decades,
with a preference for simple decompression [1],
and failure rates ranging from 3% to 35% have
been reported in the literature, depending on the
severity of symptoms before surgery [5—11].

Etiology

We can categorize patients who have failed a pri-
mary cubital tunnel release procedure into three
groups: those with persistent symptoms, recur-
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rent symptoms, or new symptoms. Patients with
persistent symptoms, who have no relief or
incomplete relief after the primary surgery, are
likely to have had an incorrect diagnosis or a
missed concomitant diagnosis, an inadequate
release, or an irreversible intraneural pathology.
Recurrent symptoms may result from scar and
perineural fibrosis after surgery, and new symp-
toms may occur after iatrogenic creation of a new
compression site or iatrogenic nerve injury, such
as a medial brachial and antebrachial cutaneous
nerve (MABCN) injury [12].

We can also categorize the reasons to failure
as diagnostic, biologic, or technical. Biologic
reasons can be perineural fibrosis formed after
the primary surgery, or severe preoperative ulnar
nerve damage from long-standing compression.
Diagnostic causes can be an incorrent diagnosis
or even a missed concomitant diagnosis, such as
a C8 radiculopathy. Finally the technical causes
may be incomplete decompression, iatrogenic
creation of a new site of compression, nerve
injury and instability of the ulnar nerve after the
primary surgery [13].

There are also factors associated with
increased rates of revision surgery. Krogue et al.
[10] found that prior elbow fracture or
dislocation and McGowan stage I disease were
associated with revision surgery and that con-
current surgical procedures were protective
against revision surgery. Increased risk for
recurrence may also exist for patients with
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hypercoagulable disorder, tobacco use, chronic
anemia, chronic liver disease, age <65 years,
diabetes mellitus, obesity and morbid obesity,
and hyperlipidemia [14]. In addition, it is found
that patients with chronic kidney disease are at
higher risk for complications after cubital tun-
nel surgery and that the secondary surgery rate
is higher for patients who have undergone trans-
position than for patients who have undergone
in situ decompression [15]. This may be due to
devascularization of the nerve, entrapment in
scar, or a combination.

Evaluation
History

The patients who visit us after a failed primary
cubital tunnel surgery deserve time in order to
fully understand their symptoms and how they
evolved. After a thorough history we should be
able to recognize the difference between the pre-
operative and postoperative symptoms, the pos-
sible improvement and the period of it before the
recurrence or the worsening of the symptoms.
There are also pain evaluation forms that can be
completed by the patients and help us determine
the cause of their complaints [4].

Physical Examination

The physical examination should address all the
possible causes, beginning from the cervical
spine in order to assess for evidence of cervical
radiculopathy, which can mimic or contribute to
cubital tunnel syndrome symptoms with double
crush lesion. Other conditions, such as thoracic
outlet syndrome, a Pancoast lung tumor or bra-
chial plexus injury should also be ruled out. We
should examine all the possible sites of compres-
sion of the ulnar nerve, inspect the patient for
possible clawing, atrophy or elbow deformity
that can cause elbow stiffness and contribute to
ulnar neuritis. In addition, evaluation of the sen-

sory function, as well as palpation of the ulnar
nerve for assessment of possible instability are
also necessary. Lastly, examination of the scar
can help us understand if all possible sites of
compression were released.

Testing

We should repeat the nerve conduction and elec-
tromyography (EMG) studies and compare their
results with the preoperative ones. A completely
released ulnar nerve cannot be easily distin-
guished from an incompletely released ulnar
nerve because the studies often show no improve-
ment, but worse result may indicate need for
reexplorationbecause of possible perineural
fibrosis or ulnar nerve injury. If radiculopathy or
Guyon canal compression is suspected, magnetic
resonance imaging (MRI) may be helpful.
Ultrasound could also be useful in order to assess
for changes in the ulnar nerve diameter, perineu-
ral scarring, the position of the nerve or even
MABCN neuromas.

Management

If symptoms do not alleviate after the primary
surgery and other causes have been excluded,
then the goal of revision surgery must be to
completely decompress the ulnar nerve. Similar
to the situation for primary cubital tunnel sur-
gery, there is no widely accepted superior tech-
nique for revision surgery. Submuscular
transposition seems to be the most commonly
recommended revision technique [8, 16-20].
Other options include simple neurolysis [21],
subcutaneous transposition [19, 22] and intra-
muscular transposition [23]. Revision surgery
should be performed after thorough diagnosis
by a highly experienced surgeon [24]. The
results are generally not as good as for primary
techniques [5, 18]. In general the surgical man-
agement of persistent or recurrent peripheral
nerve compression needs a more aggressive sur-
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gical approach [25]. Complete visualization and
release of all potential sites compression is criti-
cal and neuromas of superficial sensory nerves
need also to be addressed. According to Sarris
et al. [26] great care must be taken in identifying
and preserving the branches of the medial cuta-
neous nerves during both primary and revision
cubital tunnel surgery, as an injury to these
branches can compromise the overall results
following revision cubital tunnel surgery.

The literature is still limited in studies evaluat-
ing outcomes after revision cubital tunnel sur-
gery, but till now most of the existing studies
recommend external neurolysis and submuscular
transposition as the method of choice.

Gabel and Amadio performed a retrospec-
tive review of 30 patients who were followed
for a minimum of 2 years postoperatively. They
suggested that for a reoperation to be success-
ful all potential levels of compression must be
released. They also found that an age of more
than 50 years, electromyographic evidence of
denervation and previous submuscular trans-
position were associated with poor outcomes
[19].

Rogers et al. [17] reported their results or revi-
sion with external neurolysis and anterior submus-
cular transposition. All patients with McGowan
grades I-II improved in almost all parameters, 3
(from 14) patients, who had McGowan grade III,
had no improvement in sensation or motor weak-
ness, and all patients returned to work.

Caputo and Watson [22] reported their results
on 20 patients treated with neurolysis and ante-
rior subcutaneous transposition and had 75%
excellent or good results. They also suggested
that increasing age and procedures were associ-
ated with fair or poor results.

Dagregorio and Saint-Cast [21] described
external neurolysis in situ of the previously sub-
muscularly transposed ulnar nerve in nine
patients and reported 89% good or fair Wilson-
Krout grade.

Vogel et al. [18] described submuscular trans-
position in 18 patients with persisted cubital tun-
nel syndrome after failed surgery. They concluded
that most patients had partial relief of their pain
and the satisfaction rate was 78%.

Bartels and Grotenhuis [27] reported their
results on external neurolysis with anterior sub-
muscular transposition in 40 patients and found
that 20% had an excellent result whereas only
one patient self-reported a complete cure.

There is also literature suggesting the use of
adjunctive techniques. Varitimidis et al. [28]
described neurolysis and autogenous saphenous
vein wrapping in four patients with recurrent
cubital tunnel syndrome. All patients reported
significant pain relief and improvement in sensa-
tion. Two-point discrimination and EMG find-
ings also improved.

Kokkalis et al. [29] also used autologous vein
wrapping in 17 patients with recurrent cubital
tunnel syndrome. All patients reported signifi-
cant pain relief, and improvements in grip
strength and 2-point discrimination were
observed. Vein grafts are found to improve the
recovery of nerve function by protecting the
nerve from surrounding scar and so they are
proven to be an effective and feasible technique
for the surgical treatment of recurrent compres-
sive neuropathy [30, 31].

Papatheodorou et al. [32] described the use of
porcine extracellular matrix wrap in addition to
decompression and minimal medial epicondylec-
tomy in 12 patients and reported a significant
improvement in postoperative pain levels, grip
strength and pinch strength, as well as 2-point
discrimination.

Other techniques such as amniotic membrane
nerve wrapping [33] and ulnar nerve wrapping
with a tissue engineered bioscaffold [34] have
also been described and reported good results but
the indication for all types of adjunctive tech-
niques is still debatable and their efficacy is still
to be studied (Fig. 17.1).
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Fig. 17.1 A 40-year-old male patient after previous sim-
ple decompression of the ulnar nerve undergoing revision
surgery. (a) Compressed ulnar nerve by a bony spur at the
site of the medial epicondyle. (b) The bony spur com-
pressing the ulnar nerve excised. (¢) The completely

Surgical Techniques

As we have previously analyzed, there is not
enough evidence to suggest a superior technique
for revision cubital tunnel surgery. There is also
literature suggesting the repositioning of the
ulnar nerve in the cubital tunnel if possible, in
order to regain its regular function [35], but most
surgeons agree that the surgical technique tailored
according to the intraoperative findings [36]. So,
over the last decades, the most accepted tech-

decompressed ulnar nerve. (d) Dural allograft positioned
at the medial epicondyle for protection of the ulnar nerve
during gliding and avoidance of the formation of new
adhesions

niques for revision surgery are the subcutaneous
and submuscular anterior transposition with
complete decompression and external neurolysis
when needed. In order to achieve complete
decompression one must be familiar with all five
basic potential sites of compression encountered
in primary surgery: the arcade of Struther’s, the
medial intermuscular septum, the medial epicon-
dyle, the cubital tunnel with the arcuate ligament
of Osborne as its roof, and the aponeurosis of the
flexor carpi ulnaris [37], or any other possible
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fascial bands overlying the ulnar nerve [38, 39].
As for preserving the vascular supply to the ulnar
nerve, it is found that the appropriate distance
that the vascularized ulnar nerve can be moved
into the subcutaneous tissue under tension-free
conditions is 1.8 £ 0.6 cm (1.1-2.5 cm) [40].

Subcutaneous Transposition

The incision for the revision surgery incorporates
the scar when possible, but extends proximal and
distal. The most difficult part is to isolate the
nerve from the surrounding scar tissue. This may
need a nerve stimulator especially for cases with
prior multiple surgeries. External neurolysis then
is always necessary, but internal neurolysis may
not be required. We should also excise any neuro-
mata of the MACN and transpose them in soft
tissues away from the surgical wound. Afterwards,
all possible areas of entrapment must be released.
A large strip of the medial intermuscular septum
is excised, protecting the vessels to the ulnar
nerve, and a large fascial window is created in the
fascial origin of the flexor carpi ulnaris with exci-
sion of the superficial to deep fascial septae
within muscle mass. The nerve then lies anteri-
orly without tension (Fig. 17.2). One 3-0 suture is

Fig. 17.2 Ulnar nerve after complete decompression
lying anteriorly without any tension

used to approximate the adipose tissue from the
anterior flap to the medial epicondyle and to
prevent return of the nerve into the epicondy-
lar groove. Complete proximal and distal
decompression is confirmed and the surgical
wound is closed. The patient is immobilized
for 2 weeks in 90° flexion and then subse-
quently allowed to progressively begin full
active range of motion.

Submuscular Transposition

After following the same steps as in the subsuta-
neous transposition till the stage of the complete
decompression, as described above, we lengthen
the medial epicondylar muscles by first develop-
ing a flap with distal pedicle on the lateral half of
the medial epicondylar muscles, and then on the
medial half. Next a fascial and tendon flap pedi-
cled to the epicondyle is developed. The ulnar
nerve is then transposed and then we oppose and
suture the various fascial and tendinous flaps of
the medial epicondylar muscles. Postoperatively
the patient is immobilized with the arm in 90°
flexion, allowing minimal forearm pronation.
Subsequently, the patient undergoes 2 weeks of
passive mobilization in a sling, followed by
3 weeks of active mobilization without lifting
objects weighing more than 1 kg.

Conclusion

As discussed before, the rates of primary cubital
tunnel surgery are continuously increasing. As a
result of that we may also anticipate an increased
need for revision surgeries in the future. We
should be ready to face the difficulties of one or
multiple revision cubital tunnel surgeries and
most of all respect the anatomy of the area and
keep a strong adherence to surgical principles in
order to avoid ulnar nerve injury, that could
worsen patient outcomes [41]. It is found that
anterior transposition results in lower ulnar nerve
strains than simple decompression during elbow
flexion, but in higher nerve strains during elbow
extension [42]. So, complete and careful decom-
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pression as well as external neurolysis must
always accompany an anterior transposition.

Further research comparing different tech-

niques is needed, in order to provide stong
evidence-based information about the technique
that could provide better outcomes for the
patients with recurrent cubital tunnel syndrome.
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Introduction

Nerve transfers involve the division of an expend-
able motor or sensory nerve and anastomosing it
to the distal intact portion of an injured nerve.
Nerve coaptation can be performed in an end to
end (ETE), or end to side (ETS) fashion beyond
the zone of injury. The nerve transfer is ideally
performed close to the end organ (muscle or skin);
thus minimizing the time required for innervation
from the donor transferred nerve. Historically,
nerve transfers have been utilized for the treat-
ment of traumatic proximal motor nerve injuries,
particularly those involving the brachial plexus.
Nerve transfers are most commonly used as an
alternative to direct nerve repair and nerve graft-
ing when the site of nerve damage is very proxi-
mal, precluding re-innervation of distal target
muscles or when the area of injury is extensive,
necessitating long intercalated nerve grafts with
low potentials for meaningful recovery [1].

The use of nerve transfers, while rare in the
majority of compressive neuropathies, can be
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considered in cases of severe proximal compres-
sion leading to axonal loss or in cases of iatro-
genic injury following surgery. While most nerve
transfers have classically been performed as ETE
repairs, in this chapter we will advocate for the
use of ETS transfers. ETS transfer allows for the
preservation of recovering native nerve fibers
while also allowing for the benefits of a distal
ETS transfer. Recent data suggests that the bene-
fits of ETS transfers can include preservation of
motor end plates, improved native nerve recovery
and additional axonal fiber ingrowth from the
donor nerve [2, 3]. Such ETS transfers have been
referred to as “supercharged” end to side trans-
fers (SETS) and can help to preserve muscle
function, restore protective sensation and poten-
tially accelerate the recovery of native ingrowing
nerve fibers [2, 4, 5]. Here we describe the prin-
ciples and strategies for nerve transfers to restore
sensation and muscle function in cases of severe
median and ulnar compressive neuropathies.

Nerve Transfer Principles

Nerve transfers are performed as an alternative to
direct nerve repair and nerve grafting. The proce-
dure involves transfer a local, uninjured and
expendable nerve or fascicle to the injured nerve
close to the recipient end organ (muscle or skin).
It effectively converts a proximal nerve injury into
a distal injury. The classic example is that of the
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Oberlin transfer where a motor fascicle of the
ulnar nerve is transferred to the biceps for restora-
tion of elbow flexion following an upper trunk
brachial plexus injury [6, 7]. The Oberlin proce-
dure is illustrative of the potential advantages of
nerve transfer procedures as the donor nerve is
attached close to the biceps muscle, thus minimiz-
ing the time for innervation. Decreasing the time
to innervation will theoretically decreasing the
loss of motor end plates and fatty replacement of
the denervated muscle [8]. The second major ben-
efit is that the transfer can be performed out of the
zone of injury. Theoretically one transferred nerve
can innervate multiple muscle groups, such as the
anterior interosseous nerve transferred to the
motor branch of the ulnar nerve. Finally, nerve
transfers, (if successful), can reestablish the native
tendon muscle interaction which can restore inde-
pendent finger motion, in comparison to tendon
transfers which link muscle groups together.
More recent evidence has suggested that end
to side motor transfers provide the added benefit
of releasing neurotropic factors to the proximal
and distal ends of the injured nerve which can
stimulate the recovery of proximal native nerve
fibers [2]. MacKinnon and colleagues have devel-
oped the term supercharging or SETS transfer, as
a way to describe an ETS nerve transfers, which
augment native nerve healing. The SETS transfer
has been shown to add regenerating motor axons
across the ETS coaptation to reinnervate the neu-
romuscular junction. Farber and colleagues
looked at nerve recovery in an incomplete sciatic
nerve injury model in mice, in which the tibial
nerve was cut and a nerve allograft was inter-
posed [2]. This was compared to those mice
where the peroneal nerve was sutured in a SETS
fashion in addition to the tibial nerve isograft.
During nerve regeneration, they found axonal
contribution from both the partially injured tibial
nerve and axonal sprouting from the SETS pero-
neal nerve [2]. This correlated to increased func-
tion and a higher muscle specific force during
sciatic nerve stimulation of the gastrocnemius
muscle compared to the mice without the SETS
transfer. When the peroneal nerve contribution
was removed by cutting the coaptation, the
increased force was no longer significant [2]. The
authors believe that the SETS transfer acts to

“babysit” the muscle and protect it from atrophy
by providing axons at an earlier time point in
addition to donating additional motoneurons to
achieve target muscle reinnervation [2].

Nerve transfers are contraindicated when there
is end-organ unresponsiveness, motor denervation
for greater than 12 months, or loss of the muscu-
lotendinous unit due to trauma or fibrosis. A
healthy donor nerve, as evident by a strong donor
muscle, is required for a successful nerve transfer,
typically greater than a Modified British Medical
Research Council (BMRC) graded 4. In addition,
there should be a large proportion of the type of
axons required for the function you wish to restore
(i.e.: large number of purely motor axons for
motor reconstruction). Thus, one should strive for
a pure motor or sensory nerve with greater than
M4 or S4 at the time of transfer.

Joint releases, if necessary, should be performed
prior to nerve transfer and passive motion of all
effected joints maximized. If tendon transfers have
been performed in addition to nerve transfers, then
the tendon transfer rehabilitation will dictate the
post-operative protocol [9]. The time required for
functional recovery following nerve transfer can
vary from 6 to 12 months or longer [6, 10].

Diagnosis

Nerve transfer for median or ulnar nerve com-
pression should be reserved for cases exhibiting
signs of pre-operative axonal injury. Compressive
neuropathies progress in severity and early cases
will present with intermittent symptoms and this
is often a sign of dynamic reversible nerve isch-
emia. If compression is persistent, nerve isch-
emia can progress to demyelination; in these
cases, the nerve conduction studies will show
slowing conduction velocities. If compression is
severe or long standing, nerve injury progresses
from demyelination to axonal injury. These
patients classically have signs of motor weakness
on physical exam and evidence of muscle atrophy.
For cases of severe ulnar nerve compression, we
would expect to see intrinsic wasting, inability to
cross the fingers, a positive Froment sign and
clawing. For cases of severe median nerve com-
pression at the level of the wrist one should see
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thenar atrophy and loss of palmar abduction of
the thumb. These physical findings can be coop-
erated with the use of nerve conduction studies
where one will see decrease amplitude. The EMG
will show signs of fibrillations during the resting
phase which is a definitive sign for denervation.
If motor unit action potentials are seen during the
recruitment phase of the EMG, this indicates col-
lateral sprouting and evidence of attempted
recovery.

In regard to chronic ulnar neuropathy, recent
findings from Power and colleagues show that a
reduction in compound muscle action potentials
(CMAP) in the first dorsal interosseous muscle is
a reliable indicator of axonal loss and substantial
nerve compression [11]. In these cases, the nerve
will recover at 1 mm per day in an ideal environ-
ment. This means that if the compression has
occurred at the level of the elbow it may be over
a year until the intrinsic muscles in the hand will
receive re-innervation. Based on the time line of
injury this may result in poor recovery of motor
function without the aid of a SETS transfer.

SETS transfer should be reserved for patients
with electro diagnostic evidence of denervation.
Fibrillation in the intrinsic muscles in the hand
points to recent denervation and the potential for
re-innervation. CMAPs should be of low ampli-
tude reflecting the severity of axonal involve-
ment; however absence of CMAPs suggests that
the amount of nerve injury has been present too
long to allow for meaningful recovery [11].
Davidge and colleagues have shown that patients
who showed little improvement following SETS
transfer had absence of fibrillation and CMAPs
preoperatively [12]. As a corollary, CMAPs of
good amplitude suggest that recovery of function
may occur with simple decompression and SETS
may not be required. To summarize, the best
patients for transfer will:

1. Have signs of ulnar atrophy/ or median nerve
atrophy.

2. Have evidence of fibrillations on EMG.

3. Decreased, but not absent, CMAPs.

We will now examine the details of specific
transfers for both ulnar and median nerve
compression.

Ulnar Nerve Compression

Ulnar Nerve Compression Below

the Elbow

In a low ulnar nerve palsy, the flexor carpi ulnaris
(FCU) and flexor digitorum profundus (FDP) to
the ring and little finger are spared. Thus, the
deep motor branch to the intrinsic hand muscles
is affected, in addition to the volar sensation to
the little finger, half of the ring finger and the
palm. Intrinsic motor loss can lead to a claw
deformity. Coordinated flexion is lost as the lum-
brical muscles first flex the metacarpophalangeal
joints (MCPJ) when making a fist, followed by
activation of the extrinsic flexor tendons. With
intrinsic loss, the extrinsic flexors will initiate
movement and finger flexion will begin at the
interphalangeal joints (IPJs), which results in a
rolling motion where the fingers prematurely
close before they reach the palm [13].
Additionally, with the loss of the adductor polli-
cus, Ist dorsal interosseous, and deep head of the
flexor pollicis brevis (FPB) key pinch is weak-
ened. Due to loss of finger adduction from the
interossei muscles, the little finger can develop an
abducted posture due to the unopposed pull of the
extensor  digiti minimi, producing the
Wartenberg’s sign [13]. While most cases of
compression do not display all of these signs we
would advocate for SETS transfers for those with
evidence of 1st dorsal interosseous atrophy and
decreased CMAPs.

Motor SETS Transfer in Cases of Severe
Lower Ulnar Compression
The target nerve for motor reconstruction of low
ulnar nerve palsy is the deep motor branch of the
ulnar nerve. This is usually found between the
dorsal cutaneous branch of the ulnar nerve
(DCBUN) and the sensory branch of the ulnar
nerve [14]. The common donor nerve transfers
are the anterior interosseous nerve (AIN) from
the median nerve [4, 12, 15], and end to side from
the thenar motor branch using a bridging nerve
graft [16] (See Table 18.1 for list of possible
nerve donors and recipients).

The AIN transfer can be done as ETE transfer
or an end-to-side SETS “supercharge” transfer
into the ulnar motor branch. The ETE transfer is
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typically performed if there is no chance of recov-
ery of the ulnar nerve from a proximal injury. If
there is an incomplete or mixed injury, as in the
case of severe compression, where some motor
recovery is expected, then a SETS transfer may be
beneficial. This can help to reinnervate the distal
targets quicker and preserve motor plate function
while the native ulnar nerve recovers [2, 12, 14].
The SETS AIN to deep motor transfer has been
shown to improve recovery of intrinsic function

with complete ulnar nerve injury. Davidge and
colleagues in 2015, reported the outcomes of their
SETS AIN to ulnar motor transfer in a mixed
group of patients with severe motor and sensory
ulnar nerve dysfunction [12]. At an average of
8 months following SETS transfer, 70% of
patients had BMRC >M3, as opposed to 15% pre-
operatively. Motor improvement was seen in 50%
of patients between 3 and 12 months, which was
attributed to the SETS transfer [12]. Those with

Table 18.1 Nerve transfers for ulnar and median neuropathies

Nerve deficit Donor nerves Recipient nerves Function restored
Ulnar nerve
Motor 1. AIN (median) Deep motor branch Intrinsic hand
2. Bridging graft to median nerve function
Sensory 1. 3rd webspace (median) 1. 4th webspace Ulnar hand
2. DCBUN (ulnar)(not available in a high injury) 2. Ulnar sensory sensation
3. Median nerve (end-to-side) 3. Ulnar digital nerve of
4. LABC/MABC little finger
5. PCB of median or ulnar (not available in a high 4. Dorsal cutaneous branch

injury)
6. Bridging graft to median
. RDN long or ring finger (median)
. Radial sensory (radial)

[c BN

Median nerve
Low motor 1. AIN (median)
2. FDS/FCR/PL (median)
3. Abductor digiti minimi (ulnar)
4. 3rd lumbrical (ulnar)
High motor 1. Brachialis (MCN)
2. Supinator (radial)
3. ECRB (radial)
4. FDS/FCR/PL (median) — if available
5. Bridging graft to ulnar
1. ECRB (radial)
2. Brachioradialis (radial)
3. Supinator (radial)
4. FCU (ulnar)
5. FDS (median) — if available
1. Abductor digiti minimi (ulnar)
2. 3rd lumbrical (ulnar)
1. 4th webspace (ulnar)
2. DCBUN (ulnar)
3. Radial sensory (radial)
4. LABC
5. Ulnar nerve (end-to-side)
Combined palsy
Motor 1. EDM/ECU (radial)
2. EIP/EPB/APL (radial)
Sensory 1. Radial sensory (radial)
2. LABC

Sensory

(in high injuries and
possibly low)

Recurrent motor branch Thumb opposition

AIN Wrist finger and

thumb flexion

Pronator teres Forearm pronation

Recurrent motor branch Thumb opposition

1. Sensation to
thumb and index

2. Sensation to
2nd/3rd webspace
(non-critical)

1. Ist webspace
2. 2nd/3rd webspace

Deep motor branch of ulnar Intrinsic hand

nerve function
First webspace of median ~ Sensation to thumb
nerve and index

AIN anterior interosseous nerve, FDS flexor digitorum profundus, EDM extensor digiti minimi, ECU extensor carpi
ulnaris, EIP extensor indicis proprius, EPB extensor pollicis brevis, APL abductor pollicis longus, DCBUN dorsal cuta-
neous branch of ulnar nerve, LABC lateral antebrachial cutaneous, MABC medial antebrachial cutaneous, PCB palmar
cutaneous branch, RDN radial digital nerve, FCR flexor carpi radialis, PL palmaris longus, MCN musculocutaneous
nerve, ECRB extensor carpi radialis brevis, FCU flexor carpi ulnaris
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evidence of AIN injury or absent motor unit
potentials on pre-operative EMG had worse
recovery. Following sacrifice of the AIN they did
not report any limitations in forearm pronation.
While the use of SETS transfers in chronic
ulnar nerve compression is still controversial
several studies have noted promising results.
Barbour and colleagues suggest that the use of
the SETS AIN transfer is an important adjunct in
those patients with severe or failed cubital tunnel
surgery [14]. In Davidge’s study, there were 15
patients with a compression neuropathy at the
elbow who underwent both SETS AIN to ulnar
motor transfer in conjunction with an anterior
transposition and Guyon’s release; seven of
these patients had a rapid recovery [12].
Unfortunately, they did not perform any sub-
group analysis separating the compressive group
from the other traumatic injuries. Baltzer and
colleagues evaluated the use of the SETS AIN
transfer in a matched cohort study comparing
ulnar nerve repair alone with ulnar nerve repair

and SETS AIN transfer, in addition to ulnar
nerve release alone with ulnar nerve release and
SETS AIN transfer. They found that the SETS
AIN transfer improved intrinsic recovery, with
84% recovery with the transfer compared to 38%
without. In this study, recovery of motor func-
tion was more rapid with SETS transfer occur-
ring at an average of 3.4 months versus
12.0 months in those without the transfer [4]. It
is important to note that the conventional group
that received a cubital tunnel and Guyon’s canal
release and those with an added SETS transfer
had a 67% chance long term of recovering intrin-
sic function [4]. While results with traumatic
injuries are encouraging, more study will be
needed to determine which patients with com-
pressive neuropathies are the best candidates for
SETS AIN transfer. Since the donor site morbid-
ity is so low, we still recommend this procedure
for patients with evidence of atrophy and low
amplitude CMAP response in the first dorsal
interosseous muscle (Fig. 18.1).

Fig.18.1 A case of a 61 year old man with signs of severe
ulnar nerve compression on EMG and nerve conduction
studies. The site of compression is localized to the cubital
tunnel. CMAPs were reduced in the ADM muscle and 1st
dorsal interosseous muscle. (a) The patient’s hand shows
signs of clawing pre-operatively. (b) Incisions are planned
for full ulnar nerve release with submuscular transposition,

AIN distal SETS transfer, and cross bridging sensory graft
from median to ulnar sensory nerve at the level of the
wrist. (¢) AIN transfer completed in an ETS fashion to
ulnar motor branch. (d) Bridging allografts or “cross-cross
grafts” were used to go from median sensory nerve to 3rd
web space and long finger to both sensory fascicles of the
ulnar nerve going to ring and small finger
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As an alternative to the AIN SETS transfer,
Sherif and Amr looked at using a nerve graft
“bridge” sutured end to side into both the median
and ulnar nerve in four patients with either a high
median or ulnar nerve injury [16]. All cases were
combined with grafting of the proximal injured
nerve. The authors found early intrinsic hand mus-
cle reinnervation with these high injuries, suggest-
ing that reinnervation occurred through the bridge
graft. In all patients, EMG studies had activation
of the recipient nerve’s intrinsic muscles through
the donor nerve and bridge graft and not from the
repaired ulnar nerve [16]. We find this a good
option when severe compression has occurred at
the level of Guyon’s canal or in cases of severe
proximal median nerve compression (Fig. 18.2).

Surgical Technique: AIN to Deep
Ulnar Motor Branch SETS Technique

The ulnar nerve is exposed in the distal forearm
through either a curvilinear or Bruner-style inci-
sion (Fig. 18.3). The flexor carpi ulnaris (FCU)
tendon and muscle belly is retracted ulnarly to
identify the ulnar artery and nerve. The branch
point of the DCBUN is identified. The most ulnar
fascicle distal to this level will represent the deep
motor branch, while the radial fascicle is the sen-
sory nerve. If needed, the ulnar nerve and deep
motor branch can be identified distally with a
Guyon’s canal release and traced proximally to
determine the correct ulnar nerve topography.
The ulnar motor branch can be stimulated to

Fig.18.2 An alternative to AIN SETS transfer in patients
with pre-existing injury to AIN or injury distal to Guyon’s
canal is a bridge graft performed from in an ETS fashion
from the median motor branch to the deep motor branch
of the ulnar nerve. (a—f) A case of a 12 year old boy with
an injury to the ulnar nerve at the level of Guyon’s canal
and inadequate motor recover despite nerve grafting at the
site of injury. Image (a) shows scar over Guyon’s canal

and (b) shows persistent evidence of clawing and intrinsic
weakness. Images (¢, d) show palmar incision with isola-
tion of recurrent thenar motor branch beneath superior
blue vessel loop. Lower vessel loop surrounds ulnar motor
branch. Image (e) shows nerve graft sew ETS into thenar
motor branch. Image (f) shows completed graft going
from median motor to ulnar motor branch. Figure (g)
shows another case utilizing allograft for bridge grafting
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Fig. 18.2 (continued)

Fig. 18.3 Technique for AIN transfer. Isolation of ulnar
motor branch in forearm should be performed distal to
dorsal sensory branch take off. (a) Intraoperative case
showing red vessel loop around more radial sensory com-
ponent while arrow points to motor branch. If there is any
question of orientation, dissection can be performed retro-
grade after release of Guyon’s canal. (b, ¢) A spate case

showing isolation and dissection of AIN through the cut
portion of the pronator quadratus muscle. The nerve
should be dissected terminally to obtain longus possible
graft length. (d) An End to side neuroraphy is performed
with aid of operating room microscope. Figure (e) shows
AIN transfer (small arrow) and deep course of motor
branch as it enters Guyon’s canal
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Fig. 18.3 (continued)

ensure there is no recovery or function prior to
transfer. A formal internal neurolysis is not typi-
cally necessary or recommended. The point of
the coaptation is typically just distal to the
DCBUN branch point.

The finger flexor muscle bellies are retracted
radially to expose the pronator quadratus (PQ)
and the AIN motor branch and anterior interosse-
ous artery as they enter the proximal aspect of the
pronator (Fig. 18.3). The AIN is dissected distally
by using bipolar cautery to release the muscle as it
lies on top of the AIN. The AIN is dissected until
it begins branching, ensuring to maximize the
diameter of the nerve for coaptation. The AIN is
then divided at this point and dissected proximally
until it is able to transpose ulnarly to the ulnar
motor nerve area. A distal portion of the insertion
of the flexor digitorum profundus can be released
to improve the reach of the AIN. The area of coap-
tation is identified and an epineurial and perineu-
rial window is made on the ulnar aspect of the
ulnar motor branch. This will avoid the need for
internal neurolysis and potential coaptation into
the sensory branch of the ulnar nerve. The AIN is
sutured end to side to the deep ulnar motor branch
using 9-0 nylon sutures and is then bathed in

fibrin glue (Fig. 18.3). Fibrin glue should be
placed along the margins of the PQ dissection to
prevent bleeding. The tension on the coaptation
should be checked with range of motion of the
wrist and elbow.

Sensory Reconstruction
The target nerves for reconstruction of the low
ulnar nerve palsy sensory deficits are the branch
to the 4th webspace [6], the ulnar digital nerve to
the little finger [17] or the ulnar sensory nerve
proper [6]. The common donor are the 3rd
webspace nerve from the median nerve [6, 18,
19], the radial digital nerve of the middle or ring
finger [20], the lateral antebrachial cutaneous
nerve (LABC) [17, 18, 21], the DCBUN (in low
palsies), the palmar cutaneous branch of the
median or ulnar nerve [17] and end to side into
the median nerve [6]. In addition, Mackinnon has
recently reported a side to side bridging nerve
graft, similar to that described Sherif and Amr, to
restore sensation in the ulnar digits [5] (Fig. 18.1).
A commonly described transfer combination
to restore full ulnar sensation is as follows: (1)
median nerve branch to the 3rd webspace end-to-
end to the ulnar sensory branch (2) DCBUN end-
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to-side to the median nerve (3) distal stump of the
3rd webspace donor nerve placed end-to-side
back to the median nerve to minimize the donor
deficit [6, 19, 22, 23]. This is typically performed
in conjunction with an AIN transfer to the deep
motor branch and can be performed at the wrist
level to avoid painful scars in the palm or injury
to the palmar arches. The third webspace branch
can be readily identified and neurolysed from the
median nerve to provide length for transfer,
ensuring to preserve interfascicular branches [22]
(Fig. 18.4). Another option to restore sensation to
the volar aspect of the ulnar nerve would be to cut
the ulnar sensory nerve and take the distal stump
end-to-side to the 3rd webspace median nerve
fascicle, which would be the most ulnar aspect of
the median nerve. Few studies report on the out-
comes of these transfers. It is felt that they pro-
vide protective sensation and may take up to
2 years to reach maximal benefit [19].

The use of the radial digital nerve of the middle
or ring finger to the ulnar digital nerve was studied
by Brunelli, who achieved S2+ (tactile sensation
with associated allodynia) in two patients and S1
(protective sensation) in a third patient. Bertelli
described the transfer of the palmar cutaneous
branch of the median nerve to the ulnar digital
nerve of the little finger in patients with lower bra-
chial plexus injuries to restore sensation [17]. Two
patients had an additional transfer from the ulnar
digital nerve of the index. They achieved recovery
of two-point discrimination <10 mm in three of
eight patients (S3+), five had >S3 recovery (per-
ceived contact from a 33.1-g/mm? monofilament)
[17]. Oberlin described the LABC transfer to the
DCBUN with an interpositional graft to restore
protective sensation in patients with a lower bra-
chial plexus injury [24]. Felder et al. have intro-
duced the idea of the bridging nerve graft for
recovery of sensation, which they term a “cross-

Fig. 18.4 Figure (a) shows a case of distal transfer of
median nerve branch to 3rd web space to common digital
nerve of ring and small finger for improvement in sensory

recovery. (b) Arrow points to nerve branch of 3rd web
space following coaptation to common digital nerve to
ulnar ring and small finger
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cross graft” [5]. In their series, 48 patients had one
or more bridging nerve grafts, consisting of both
allograft and autograft, placed between the ulnar
and median sensory components in the palm. In
this study 20 of these patients had severe cubital
tunnel syndrome, 60% of which were revision

cases. Of the 24 patients with complete data, 21
(87%) recovered protective sensation within 1 year
[5]. Due to the limited donor site morbidity of this
procedure, this is our transfer of choice in patients
with severe ulnar nerve compression and severe
sensory loss (Figs. 18.1 and 18.5).

Fig. 18.5 Examples of cross-cross grafts for restoration
of ulnar nerve function. Image (a) shows a case of severe
ulnar nerve compression occurring at the elbow in a
58 year old man with >12 mm pre-operative 2 point sensa-
tion in small and ring finger. (a) Arrow points to visible
compression of nerve following nerve release at cubital
tunnel. (b, ¢) Show image of cross-cross graft with arrow
pointing to proximal allograft running from median sen-
sory of 3rd web to the ulnar aspect of the ulnar sensory
nerve and the distal graft (arrowhead) running to radial
component of ulnar sensory nerve. (d) Severe damage to

the ulnar nerve may necessitate the use of an ETE nerve
transfer of the 3rd web space branch of the median nerve
to the sensory branch to the small and ring finger. Image
(d) shows such a transfer. The sensory component of the
median nerve has been isolated with a green micro back-
ground from larger median nerve (Solid arrow head). 3rd
web space branch is sewn end to end into the sensory
component of ulnar nerve (black arrow), while the distal
sensory stump of the median nerve sensory branch with be
sewn ETS into the main sensory branch of the median
nerve (Clear arrowhead)
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High Ulnar Neuropathy

In high ulnar nerve injuries, in addition to the defi-
cits of a low injury, there is a loss of FCU and FDP
function. There is loss of sensation of the dorsal
hand and digits from the DCBUN. This sensation
can be lost in a low ulnar nerve palsy, as well, if the
injury is proximal to the takeoff of the DCBUN. The
claw deformity is less severe as there is reduced
pull from the ulnar FDP muscle belly [13].

Motor Reconstruction

The same options are present as for a low ulnar
nerve palsy, and the SETS AIN to deep motor
branch transfer is still considered the gold standard.
Additional reconstruction of the FCU or FDP
branches of the ulnar nerve are not typically
attempted, as the FCR tendon can adequately power
wrist flexion, and a side-to-side tenorrhaphy of the
ring and little finger FDP tendons to the long finger
FDP tendon (excluding the index to preserve inde-
pendent function) produces adequate function.

Sallam et al. performed an AIN to ulnar motor
branch in conjunction with sensory transfers from
the 3rd webspace branch of the median nerve to
the ulnar sensory branch with an end-to-side
transfer of the DCBUN and the donor nerve stump
to the median nerve in patients with high ulnar
nerve injuries [23]. This group was compared to a
group where nerve grafting of the nerve injury
was performed without transfers. They had 83%
M3 or greater recovery of intrinsic function in the
nerve transfer group versus 57% in those with
only nerve grafts. There was no difference in sen-
sory recovery, with 58% and 54% of patients
achieving S3 or greater sensation in the transfer
and graft group, respectively [23]. In terms of sen-
sory donor morbidity, two patients were aware of
the loss of sensation and all patients regained at
least protective sensation (S1).

Sensory Reconstruction
The same options would be available for a high

ulnar nerve lesion, as described previously. A
high ulnar nerve injury would definitively affect

the DCBUN, which may or may not be affected
in a low palsy. The reconstruction of the
DCBUN is not considered a critical sensory
area, but can be important as the ulnar side of
the hand acts as a support while the radial side
performs manipulation [17].

Median Nerve Compression
Low Median Neuropathy

A low median neuropathy produces a loss of motor
function distal to the branch point of the AIN; thus,
the motor function of the pronator teres, FCR,
FDS, palmaris longus (PL) are preserved. The pal-
mar cutaneous branch is also spared. Weakness of
loss of thumb thenar function results in limited
thumb opposition, palmar abduction and prona-
tion. Some function of the flexor pollicus brevis
may remain due to ulnar nerve innervation, but
pinch strength has been shown to be limited to
60% and 70% of the contralateral side [25]. The
sensory loss in these injuries is extremely dis-
abling due to the use of the radial digits for fine
manipulation. Sensory loss to the thumb can result
in a 20% global functional loss to the entire hand
[26]. There are few reports in the literature com-
menting on SETS transfers in cases of severe
median neuropathies, however in the section
below we present the nerve transfers which can be
used to resort both motor and sensory function.

Motor Reconstruction

The recipient nerve for reconstruction of intrinsic
hand function after a low median nerve injury is
the recurrent motor branch of the median nerve.
The typical donor nerves are the AIN [6], FDS,
FCR, PL, abductor digiti minimi (ADM) branch
of the ulnar nerve [25], or the 3rd lumbrical
branch from the ulnar nerve [27].

The AIN and recurrent motor branch have
comparable axon counts of 900 and 1050, respec-
tively, and given that it is predominately a motor
branch at this level, it is a good choice as a donor
nerve. However, it is necessary to perform an
interpositional graft. It is approached through an
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extended carpal tunnel release with neurolysis of
the recurrent motor branch as proximal as possi-
ble, after which the resulting gap is grafting with
an interpositional graft. Wang and Zhu transferred
the AIN to the recurrent motor branch in 14
patients with a low median nerve palsy at an aver-
age of 5 years and 8 months, with 3 patients

obtaining M5, 6 with M4, 3 with M3 and 2 with
M2 [28]. The transfer from ulnar nerve branches
of the ADM or 3rd lumbrical can allow direct
coaptation due to their proximity and are benefi-
cial in high median nerve injuries when the AIN is
not a usable donor and nerve recovery may be
prolonged with nerve repair or grafting (Fig. 18.6).

Fig. 18.6 A case of an ADM SETS transfer to median
nerve motor branch in 15 year old who suffered supracon-
dylar fracture with no thenar function at 4 months and
evidence of decreased CMAPs to that muscle. (a) The
median nerve was explored at the elbow. (b) Exploration
of nerve and intraoperative nerve stimulation revealed
intact nerve with evidence of partial axonal injury (arrow
points to area of severe nerve contusion). (¢) ADM motor

branch transfer was performed to help preserve thenar
function. (d) ADM was isolated and motor branch dis-
sected back to the deep motor branch of the ulnar nerve.
Arrow points to ADM motor branch. The median nerve
motor branch was identified after carpal tunnel release (e)
(arrow points to motor branch). And SETS transfer was
then performed as close to thenar muscle as possible (f)
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This transfer will be discussed further as a SETS
transfer in the high median nerve injury section.

Sensory Reconstruction

To restore critical median nerve sensation, the
radial digital nerve of the index and ulnar digital
nerve of the thumb should be restored [6].
Common donor nerves are the 4th webspace
branches of the ulnar nerve (ulnar digital nerve of
the ring and radial digital nerve of the little finger)
[6, 26], the DCBUN [22], and the superficial
branch of the radial nerve [26, 29-31], which are
less critical sensory areas. The 4th webspace
branch is identified in the palm around the meta-
carpal head and transferred end-to-end to the 1st
webspace branches of the median nerve, while the
distal stump of the 4th webspace branch of the
ulnar nerve is transferred end-to-side back to
intact sensory branches to attempt to preserve
donor site sensation [6]. A similar technique can
be performed with the DCBUN by tracing it as
distal as possible, transferring it to the thumb and
radial aspect of the index sensory branches, and
transferring the distal stump end to side to intact
ulnar nerve fascicles [22]. To restore sensation to
the second and third webspace, these can be trans-
ferred end-to-side to the ulnar digital nerve of the
little finger. Brunelli performed a transfer of the
DCBUN to the 1st webspace in two patients with
a brachial plexus injury, however, both did not
regain any sensation (SO) [20]. When he used the
4th webspace nerve to the 1st webspace in two
patients, they regained tactile sensation (S2) [20].

The use of the radial nerve was first reported
by Harris in 1921 to restore median nerve sensa-
tion in with a low median nerve injury with
recovery beginning around 3 months post-
operative [31]. Brunelli performed 12 cases of
transfer from the radial sensory branches of the
Ist webspace to the thumb and index finger at the
Ist webspace and 2 similar transfers in the wrist
in patients with a brachial plexus injury [20]. He
had 6 patients with S2+, 6 with S2, 1 with S1
(protective sensation) and 1 patient with SO (no
sensation). Additionally, he had three patients
where he transferred digital nerves from the ring

and little to the thumb and index, in which they
achieved S2 function [20]. Ozkan et al. per-
formed various digital nerve transfers for both
median and ulnar nerve injuries. They were able
to achieve two-point discrimination of less than
10 mm in 15 of their 25 patients [26]. Of these
patients, 7 had a median nerve injury of which all
recovered >S3 sensation after a transfer to either
an index or thumb digital nerve from the digital
nerves of the ring or long finger [26].

High Median Neuropathy

In addition to the motor deficits of a low median
neuropathy of the thenar musculature, a high
median neuropathy also affects pronator teres,
FCR, FDS, PL and AIN (FDP, pronator quadratus
and flexor pollicis longus) function. The AIN and
the branches to pronator teres now become a pri-
ority to provide proper hand function as tendon
transfers to restore thumb opposition are well
described and successful, while there are few
successful tendon transfers to restore pronation
[32]. The sensory deficit of a high median neu-
ropathy includes the palmar cutaneous branch of
the median nerve. It can be more difficult to
regain sensation in a high median nerve injury
versus a low injury. In a low injury, the sensation
can be restored more predictably through direct
suturing or repair with nerve grafting. With a
high injury, there is a longer distance to reinner-
vate the target area and thus less chance of recov-
ering protective sensation or motor function [29].
It can also be more difficult to line up the proper
fascicular pattern to reinnervate distal targets
when the injury is more proximal.

Motor Reconstruction

In addition to reinnervating the recurrent motor
branch, the AIN and pronator teres branch are
additional targets in a high median nerve injury
and are no longer available donors. The common
transfers are as follows: (1) ECRB, brachioradia-
lis, supinator or FCU transferred to the pronator
teres branch (2) Supinator, ECRB or brachialis
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branch of the musculocutaneous nerve to the AIN
[22]. The use of ECRB for pronator teres is a syn-
ergistic transfer typically performed end-to-end
and is preferred by some authors [6]. Hsiao et al.
described a case of a high median nerve injury
after a humeral fracture where a supinator to AIN
and ECRB to pronator teres was performed [32].
The patient progressed from MO AIN and pronator
function to M4+ pronator teres and flexor pollicis
longus and M4-FDP function at 18 months [32].

If the injury is not a complete high median
neuropathy, then FCR, FDS or PL branches can
be used to reconstruct the AIN, if available. As
stated previously reconstruction of high median
nerve injuries can be performed using a bridging
nerve graft sutured end to side into both the
median and ulnar nerve [16]. This allows axon
sprouting between the nerves and recovery of the
damaged recipient nerve function through the
donor nerve both clinically and on EMG studies
has been demonstrated.

Shultz and Aiache described the transfer of the
ulnar nerve fascicle to the 3rd lumbrical to the
recurrent motor branch in a patient with a high
median nerve laceration [6]. The ulnar nerve
branch was detached just proximal to the myo-
neural junction and the recurrent motor was neu-
rolysed to allow tension free coaptation as close
to the thenar musculature as possible. The patient
recovered thumb abduction at 11 weeks post-
operatively and regained pinch motion between
his thumb, index and small fingers. EMG studies
showed conduction from the ulnar nerve into the
abductor pollicis brevis [6]. Bertelli et al. per-
formed a cadaveric study and case series describ-
ing the transfer of the ADM branch of the ulnar
nerve, which is the first branch of the deep motor
branch of the ulnar nerve, to the recurrent motor
branch of the median nerve. This was performed
in five patients with a high median nerve injury,
three of which had a concomitant ECRB to AIN
transfer. All patients recovered M4 thumb and
index finger flexion and an average grasp and
pinch strength of 77% and 75% of the contralat-
eral hand, respectively. The ABP strength
improved from an average of M1.8 to M4 [25].
Our experience with this transfer has also been
favorable (Fig. 18.6).

Sensory Reconstruction

As with low median nerve palsies, the target for
reconstruction is the 1st webspace branches of the
median nerve. Typically, the additional deficit of
the palmar branch of the median nerve is not a pri-
ority for reconstruction as ulcers and injuries occur
usually at the fingertips and not on the palm [29].
It has been reported that protective sensation to the
palm and proximal aspects of the thumb and long
finger are typically preserved by the palmar
branches of the radial nerve after a median nerve
injury and reconstruction should be focused on the
tips of the thumb and index [20]. The options exist
as per a low median nerve palsy, using the radial
sensory nerve, the 4th webspace, DCBUN or
LABC. Bertelli and Ghizoni performed transfer of
the dorsal branches of the radial sensory nerve to
the proper digital nerves of the index and thumb at
the digital level in eight patients with a high
median nerve injury [29]. Within 3—4 months, all
thumbs recovered protective sensation and at
6 months, the index fingers recovered protective
sensation in seven of eight patients (ability to feel
a 2.0 g Semmes-Weinstein monofilament). At
12 months, three of eight patients had normal sen-
sation in the thumb (ability to feel a 0.05 g fila-
ment) with no donor site deficit [29].

Summary

The indications for nerve transfers in cases of
severe nerve compression are evolving. The use
of SETS transfers may offer the benefit of more
rapid motor recovery and improved sensory
recovery long term. While not all patients with
compressive neuropathies are candidates, we
would recommend considering SETS transfers
for patients with ulnar nerve compression at the
elbow with evidence of decreased CMAP to the
hand intrinsic muscles. Crossing bridge grafts
may also be a means of improving sensation with
little donor site morbidity. The use of nerve trans-
fers in median nerve compression requires addi-
tional study; however, transfers can be considered
in cases of high median nerve compression where
critical sensation and thenar function are signifi-
cantly affected (Fig. 18.7).
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Fig. 18.7 (a) A case of a 63 year old woman with history
of rheumatoid arthritis and previous total elbow replace-
ment with recurrent ulnar nerve compression following
release done elsewhere. (b, ¢) Pre-operatively the hand
had evidence of intrinsic atrophy and decreased CMAPs
within the ulnar intrinsic muscles to the hand. (d) At time

of cubital tunnel release the patient was found to have sig-
nificant scaring and fibrosis around the nerve. (e) AIN
SETS transfer was performed in conjunction with a proxi-
mal neurolysis. Good intrinsic function was obtained at
5 months following the surgery and continued to improve
for 12 months (f-h)
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Introduction

Jean Casimir Felix Guyon, a French urologist
practicing in the mid-nineteenth century, first
described the distal ulnar tunnel at the wrist in
1861 in the Bulletin de la Societe de Anatomique
de Paris [1, 2]. In this bulletin, he described the
projection of ‘petits lobules’ that appeared when
he compressed the volar-ulnar aspect of his wrist.
He pursued this further with anatomic dissections
and discovered and described an intra-aponeurotic
space now known as the distal ulnar tunnel. He
further described the course of the ulnar artery
and nerve in this space [1]. More than a century
later in 1969, Shea and McClain described three
types of compression syndromes of the wrist and
hand depending on where in the wrist and hand
the nerve was being compressed [3]. Later, Gross
and Gelberman divided the distal ulnar tunnel
into three zones based on the local anatomy of
the ulnar nerve as it coursed through the tunnel
[4]. The three-zone system is the most commonly
used classification system today as it allows the
treating physician to localize the site of the com-
pression based on symptoms.
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Compressive neuropathy of the ulnar nerve
(UN) at the wrist, ulnar tunnel syndrome (UTS), is
less common than compression of the UN at the
elbow, cubital tunnel syndrome (CuTS). These two
syndromes often have similar and sometimes over-
lapping symptoms. However, there are key differ-
ences that can help differentiate the two diagnoses.
Distinguishing between these two syndromes, as
well as other sensory and motor neuropathies
affecting the wrist and hand, requires a thorough
understanding of the anatomy of the ulnar nerve.

Anatomy

The UN originates from the eighth cervical (C8)
and first thoracic (T1) nerve roots. C8 and Tl
merge to become the inferior trunk of the brachial
plexus. The inferior trunk then branches into an
anterior and posterior division. Fibers from the
anterior division become the medial cord and the
UN is the terminal branch of the medial cord [5].
Rarely, the UN receives some contributions from
the lateral cord and middle trunk. After the axilla,
the nerve travels in the anterior compartment of
the arm, lying posteromedial to the brachial artery.
In the brachium, the UN does not give off any
branches. Approximately 8-10 cm proximal to
the medial epicondyle, the UN pierces the intra-
muscular septum, traveling through the Arcade of
Struthers, to course posterior to the septum along
the medial head of the triceps.
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The UN then enters the cubital tunnel poste-
rior to the medial epicondyle and medial to the
olecranon. The nerve travels between the ulnar
and humeral head of the flexor carpi ulnaris
(FCU) muscle as it enters the forearm. It then
travels between the muscle bellies of the FCU
and the flexor digitorum profundis (FDP) and at
the junction of the middle and distal third of the
forearm, the nerve passes ulnar to the ulnar artery.
In the forearm, the nerve provides motor branches
to the FCU and the ulnar half of the FDP and two
sensory branches. The palmar cutaneous branch,
sometimes known as the ‘nerve of Henle’, origi-
nates 16 cm proximal to the ulnar styloid [6], and
the dorsal cutaneous branch of the ulnar nerve,
branching approximately 3—5 cm proximal to the
distal ulna [5].

The forearm is also the site of a potential
Martin-Gruber anastomosis; an anomalous con-
nection between the median and UN. This con-
nection occurs anywhere from 2 to 10 cm distal to
the medial epicondyle in the forearm and it is esti-
mated to be found in 17% of the population [7].
This finding may account for preserved intrinsic
function despite proximal UN pathology.

As the UN approaches the wrist it becomes
more superficial and it travels into the wrist via
the narrow distal ulnar tunnel, or Guyon’s canal,
accompanied by the ulnar artery (UA). At this
level, the ulnar nerve is located dorsal and ulnar
to the ulnar artery (Fig. 19.1). The distal ulnar
tunnel is a fibro-osseous tunnel that is 1-2 cm
proximal and deep to the distal wrist crease and is
4-4.5 cm in length. It begins at the proximal edge
of the volar carpal ligament (VCL) and ends at

Fig. 19.1 Intraoperative photograph demonstrating the
ulnar nerve (asterisk) traveling ulnar and dorsal to the
ulnar artery (arrow) as it enters the wrist

the fibrous arch of the origin of the hypothenar
muscles [4]. The tunnel does not have distinct
borders through the entirety of the canal as the
UN and UA take a tortuous path.

The proximal and ulnar border is the pisiform
and the radial and distal border is the hook of the
hamate. The entrance of the tunnel is triangular,
with a radial apex. From proximal to distal, the
roof is the VCL, followed by the palmaris brevis
and finally the fatty/fibrous tissue of the hypothe-
nar eminence. The floor is made from the tendons
of the FDP, the transverse carpal ligament (TCL),
the pisohamate and pisometacarpal ligaments
and the opponens digiti minimi (ODM) muscle.
The radial boundary is defined by the extrinsic
flexor tendons, the TCL and the hook of the
hamate while the ulnar boundary is made of the
tendon of the FCU, the pisiform and the abductor
digiti minimi (ADM) [4]. Within the tunnel are
the UN, UA as well as the venae comitantes and
connective fatty tissue [8].

The UN lies slightly dorsal and ulnar to the UA
within the canal. The UN bifurcates into the
superficial sensory branch and deep motor branch
[5]. The superficial sensory branch travels distally
as a pure sensory nerve with the exception of
motor branches that supply the palmaris brevis. It
provides sensation to the palmar hypothenar emi-
nence, the small finger and the ulnar aspect of the
ring finger. The deep motor branch arises from the
ulnar aspect of the UN. It travels distally and radi-
ally to the hook of the hamate. This motor nerve
provides innervation to the hypothenar muscles
(flexor digiti minimi [FDM], ADM, ODM), the
ulnar two lumbricals, the interosseous muscles,
the adductor pollicis and half of the flexor pollicis
brevis [9]. The Riche-Cannieu anastomosis is a
communication between the recurrent motor
branch of the median nerve (MN) and the deep
motor branch of the UN in the palm. This connec-
tion has been reported in up to 77% of patients
and can lead to confusing clinical and electrodiag-
nostic findings [10]. For example, the MN may
innervate the third and sometimes fourth lumbri-
cal or the UN may innervate the thenar muscles.

The distal ulnar tunnel was divided into three
zones by Gross and Gelberman for the purposes
of making compression lesions of the UN easier
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Fig. 19.2 Schematic drawing of the course of the ulnar
nerve (yellow) through the three zones of Guyon’s canal.
Blue is zone 1, red is zone 2, and green is zone 3. Red is zone
2 and green is zone 3. P, pisiform; H, hook of the hamate

to diagnose and treat [4]. Each zone is identified
by a specific part of the UN as well as the ana-
tomic structures surrounding it (Fig. 19.2). Zone
1 is the area proximal to the bifurcation of the
UN, zone 2 is the area surrounding the deep
motor branch of the UN and zone 3 is the area
surrounding the superficial branch of the UN [4].
Zone 1 is slightly more than 3 cm in length. It
begins at the proximal aspect of the ulnar tunnel
and extends to the bifurcation of the nerve. The
UN and UA pass under the VCL with the tendons
of the FDP forming the floor of zone 1. The VCL
originates ulnarly from the tendon of the FCU and
inserts radially to the TCL. The most distal fibers
of the VCL curve radially and dorsally to merge
with the fibers of the TCL, thereby wrapping the
UN and UA and forming the radial wall of zone 1.
As the UN and UA course distally in zone 1, the
TCL travels ulnarly to insert on the base of the
pisiform and becomes the floor of the tunnel.
Similarly, the palmaris brevis becomes the roof of
zone 1 distal to the VCL. The palmaris brevis is
approximately 2.5 cm in length, making it the roof
at the distal extent of zone 1 along with the pisoha-
mate and pisometacarpal ligaments as the floor.
Zone 2 starts at the bifurcation of the UN and
encompasses the deep branch of the UN to the

fibrous arch of the hypothenar muscles [2]. The
roof of zone 2 proximally is the palmaris brevis
and distally is the fibrous arch of the hypothenar
muscles. The UN follows a dorsal and radial
course around the hamate as it dives deep to the
fibrous arch. The UN passes under the fibrous
arch and between the ADM and the FDM, inner-
vating both of these muscles before it pierces and
innervates the ODM as it curves radially and dor-
sally around the hook of the hamate. The UA
enters zone 2 radially and volarly to the UN. The
artery follows the UN in this zone as it passes
under the fibrous arch [4]. After the motor fibers
have exited zone 2, the fibers course parallel to
the deep palmar arch radially, innervating the
third and fourth lumbrical, the adductor pollicis,
flexor pollicis brevis and the interossei [10].

Zone 3 begins slightly distal to the bifurcation
of the UN and contains the superficial branch of
the UN. The proximal boundaries of zone 3 con-
sist of the palmaris brevis volarly (roof), the
ADM ulnarly, the pisometacarpal ligament and
the triquetro-hamate joint capsule dorsally (floor)
and the border of zone 2 radially [4]. In contrast
to the motor fibers in zone 2, the sensory fibers of
zone 3 take a volar-ulnar course after the bifurca-
tion. As the nerve courses distally, two motor
branches pierce and innervate the palmaris brevis
within the first 10 mm of zone 3. The remainder
of the nerve is purely sensory and becomes the
proper digital nerve to the ulnar side of the small
finger and the common digital nerve to the web
space of the ring and small fingers. The superfi-
cial branch of the UN exits zone 3, and conse-
quentially the ulnar tunnel, by passing volar to
the fibrous arch of the hypothenar muscles. The
UA lies volar and radial to the UN. At the distal
extent of the zone, the UN lies between the hypo-
thenar fascia dorsally and the UA with an associ-
ated fibrofatty layer volarly.

Pathoetiology

The true incidence and prevalence of UTS are not
truly known. The presenting signs and symptoms
can help the clinician to localize where the nerve
is being compressed. In their 1969 work, Shea
and McClain reported that the most common
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cause of UN compression of the wrist in all zones
was ganglion cysts (39%) followed closely by
occupational neuritis (32%) [3]. More recent
studies report that ganglia remain the most com-
mon cause of identifiable compression, however
idiopathic compression with no identifiable cause
is the most common etiology of compression [11,
12]. Other less common causes include tumors of
the hand, anomalous muscles, hypothenar ham-
mer syndrome, cyclist’s palsy, fractures, carpal
tunnel syndrome, iatrogenic neuropraxias during
wrist arthroscopy, opponensplasty or tendon
transfers, burns and medical conditions such as
rheumatoid or osteoarthritis [3, 8, 11, 12].

A thorough occupational, recreational and
medical history may also suggest etiologies of
nerve compression. Repeated trauma from vibra-
tory occupational tasks (jackhammering), ham-
mer wielding or recreational activities like
racquet or club sports can result in fractures of
the hook of the hamate or thrombosis of the UA
(Fig. 19.3) [8, 10]. Hypothenar hammer syn-
drome is injury to the UA due to entrapment
between the hamate (hammer) and a fixed object
(anvil) with repetitive contact. A direct hit from
the external force results in “hammering” of the
UA against the hook of the hamate. The injury to
the UA may lead to enlargement with thrombosis
of the UA at this level with subsequent occlusion
and ischemia leading to nerve symptoms [11,
13]. Recreations such as cycling, baseball or car-
pentry may result in chronic injuries of the ulnar
side of the wrist leading to UN compression in

Fig. 19.3 Axial cut of a T1-weighted MRI of a left wrist.
Long arrow pointing to a hook of the hamate fracture and
short arrow pointing to the ulnar nerve

the distal ulnar tunnel. Cyclist’s palsy, an isolated
compression injury of zone 2 seen in cyclists, can
occur from chronic external pressure from the
bicycle handles to the ulnar palm after prolonged
continuous compression [14, 15]. Adhesions may
develop postoperatively as an iatrogenic cause of
UN compression within the distal ulnar tunnel.
Finally, medical conditions such as rheumatoid
arthritis and scleroderma may injury to the UN in
the distal ulnar tunnel [10, 11].

Zone 1 is the most commonly affected zone
and results in predominantly both sensory and
motor symptoms as the UN is a mixed nerve at
this location. There are rare reports of zone 1
lesion with purely motor or purely sensory defi-
cits [16, 17]. This can occur because of the anat-
omy of the nerve fibers within the mixed UN at
this location. The motor fibers lie dorsally while
the sensory fibers lie volarly. Thus, a small lesion
arising dorsally may only affect the motor fibers,
while a small, superficial volar lesion may affect
isolated sensory fibers [4, 11]. The source of
compression in zone 1 can be from the VCL
volarly and TCL dorsally in the proximal aspect.
Additionally, ganglia are commonly a cause of
compression. The ganglia usually arise dorsally
from the carpal bones, causing tethering of the
nerve proximally and distally [4].

Zone 2 compression is also commonly caused
by ganglion cysts. In zone 2, the majority of UTS
occurs by compression of the UN against the
fibrous arch of the hypothenar muscles. Unique
causes of UN compression in zone 2 include
hook of the hamate fractures and a thickened
pisohamate ligament. The most common cause of
compression in zone 3 is UA thrombosis and
aneurysm [4].

In cases of unusual clinical findings, the treat-
ing clinician should consider concurrent patholo-
gies. Importantly, MN neuropathy and UN
neuropathy are not mutually exclusive. A study of
53 cases of UTS that underwent electrodiagnostic
testing demonstrated 22 cases of concomitant mild
to moderate MN lesions at the wrist. Of these 22
cases, 13 had symptoms of MN compression at the
wrist [18]. Similarly, studies have shown that the
converse is also true. Specifically, patients with
electrodiagnostic evidence of CTS also had



19 Ulnar Tunnel Syndrome (Guyon Canal)

189

evidence of compression of the ulnar nerve at the
wrist [19, 20]. In fact, one study reported that CTS
and UTS co-occurrence was significantly more
common than its absence [21]. Therefore, when
the history and exam findings are not straight for-
ward, the clinician should consider simultaneous
compressive neuropathies as well as Martin-
Gruber or Riche-Cannieu connections.

Clinical Findings

In suspected cases of UTS, the entire upper
extremity should also be evaluated for all other
potential causes of UN compression, including
foraminal stenosis of C8 and T1, thoracic outlet
syndrome and CuTS. Furthermore, the contralat-
eral upper extremity should also be evaluated to
assess muscle atrophy and symmetry. Ideally, the
history and physical examination should rule out
proximal sites of UN compression [22].

Ulnar neuropathy may be demonstrated by
clawing of the ring and small finger with the hand
in a resting position, hyperextension of the meta-
carpophalangeal (MCP) joints as well as wasting
of the first dorsal interosseous muscle [22]. These
findings are only present with significant com-
pression of the motor fibers. Visible masses of the
volar or dorsal wrist may suggest the presence of
space-occupying lesions though the majority of
ganglia causing UTS are not identifiable by phys-
ical examination. Palpation may reveal tender-
ness over the hook of the hamate. Additionally,
palpation may reveal a bruit or thrill, suggesting
an underlying vascular aneurysm. An Allen test
should be performed to evaluate the patency of
the ulnar artery.

The Tinel and Phalen tests of the UN at the
elbow and wrist and of the MN at the wrist
respectively are commonly performed, however
their sensitivity and specificity are unclear [10,
11, 22]. Grundberg reported 92% of 31 cases
with zone 1 compression had a positive Phalen
test and 44% had a positive Tinel sign [23].
However, the Tinel and Phalen test can be helpful
in identifying concurrent CTS and/or CuTS.

The Semmes-Weinstein monofilament test
and the 2-point static discrimination test may

both provide useful information about the sever-
ity of the disease. Typically, compressive neu-
ropathies are best evaluated by using a threshold
test that measures a single nerve fiber innervating
a receptor. Threshold tests, such as Semmes-
Weinstein monofilament test and vibration tests
are more sensitive in measuring a gradual, pro-
gressive change in nerve function as more fibers
are lost. Innervation density tests such as static
and moving 2-point discrimination measure mul-
tiple overlapping receptive fields and are best
used for evaluating functional nerve regenera-
tion. Pathology in zone 1 will demonstrate sen-
sory deficits over the volar-ulnar hand, hypothenar
eminence, the small finger and the ulnar half of
the ring finger [3, 8]. Importantly, sensation to
the dorsal ulnar hand will be intact as this area is
innervated by the dorsal cutaneous branch of the
ulnar nerve, which originates approximately
3-5 cm proximal to the ulnar styloid.

Testing of the intrinsic and extrinsic motor
function in the MN and UN distribution can pro-
vide useful information about the location of the
compression. Testing should include comparison
of grip and pinch strength in each hand as well as
testing of the affected muscles. Interossei, lum-
bricals, hypothenar and thenar muscles as well as
extrinsic flexors should be tested. Special tests
that are provocative for ulnar nerve dysfunction
can be helpful to determine pathology. For exam-
ple, electrodiagnostic studies can take advantage
of the dorsal cutaneous branch of the UN as it
does not travel through the distal ulnar tunnel and
will be normal in UTS, however may be abnor-
mal in CuTS.

The Froment sign (Fig. 19.4), substitution of
thumb interphalangeal and index finger distal
interphalangeal joint flexion to maintain pinch
while attempting key pinch, suggests dysfunction
of the adductor pollicis. The flexor pollicis lon-
gus and flexor digitorum profundus to the index
finger are innervated by the anterior interosseous
nerve and compensate for the loss of ulnar nerve
innervated muscles responsible for key pinch.
The Wartenberg sign, abduction of the small fin-
ger due to unopposed pull of the abductor action
of the radial nerve innervated extensor digiti
quinti, may be present. This is due to loss of func-
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Fig. 19.4 Clinical photograph of the Froment sign. The
left hand demonstrates normal function of the adductor
pollicis (innervated by the ulnar nerve) while the right
hand demonstrates compensation by the flexor pollicis
longus and flexor digitorum profundus (innervated by
AIN) when attempting key pinch

tion of the palmar interosseous to the small fin-
ger, an ulnar nerve innervated muscle. Finally,
the palmaris brevis sign, sparing of the palmaris
brevis muscle with concurrent weakness of the
hypothenar muscles, suggest an isolated lesion to
zone 2 as the motor innervation to palmaris bre-
vis comes from the superficial sensory branch of
the UN in zone 3 [8, 11, 22].

Diagnostics

Further studies for the evaluation of UTS include
electrodiagnostic ~ studies, radiographs and
advanced imaging, including MRI and CT scans.

Electrodiagnostic studies are useful to help
differentiate UTS from other compressive neu-
ropathies of the upper extremity that can manifest
similarly to UTS. Nerve conduction studies
(NCS) and electromyography (EMG) can discern

between CuTS, CTS, thoracic outlet syndrome,
cervical radiculopathy or even peripheral neu-
ropathy [24]. Specifically, needle EMG may
show denervation of the hypothenar muscles with
sparing of the FCU in cases of UTS [25]. Zone 1
lesions are characterized by diminished sensory
responses and prolonged latency to the first dor-
sal interosseous and ADM muscles with pre-
served conduction velocity across the elbow [10,
11]. Zone 2 injures will also show normal con-
duction across the elbow and may show pre-
served latency of the hypothenar muscles, if the
lesion is distal, with diminished latency of the
first dorsal interosseous muscle [11, 26]. Zone 3
lesions will demonstrate diminished evoked sen-
sory responses in the superficial sensory branch
of the UN [25].

Radiographic evaluation should include stan-
dard PA and lateral radiographs of the wrist to
assess for fractures of the distal radius and ulna
and carpal bones as well as the carpal tunnel view
to assess for a hook of the hamate fracture.
Similarly, a CT scan of the wrist and hand can
further identify hook of the hamate fractures as
well as fractures of other carpal bones or of the
ring and small finger proximal metacarpals. CT
scans can also define ectopic calcifications of the
distal ulnar tunnel. MRI can be a powerful tool in
diagnosing space-occupying lesions like ganglion
cysts or hand tumors. Furthermore, MRI can bet-
ter define the branching pattern of the UN and UA
within the distal ulnar tunnel as well as the pres-
ence of anomalous muscles [27, 28].

Doppler examination or arteriography may be
of use in identifying and further characterizing
vascular pathology in the ulnar artery [10, 22].
Finally, ultrasonography is a noninvasive method
that can be used for evaluation of vascular, soft-
tissue and nerve structures without the cost and
invasiveness of more advanced imaging modali-
ties [19, 29-31].

Treatment

Initial treatment of UTS should consist of a trial
of nonsurgical management for cases caused by
repetitive activities [8, 10, 11, 22]. Modalities
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such as protective splinting, nonsteroidal anti-
inflammatory medication and activity modifica-
tion are the mainstay of treatment. Cyclists may
find improvement in symptoms by changing the
handle bars, wearing protective gloves and ensur-
ing the bicycle seat is positioned such that exces-
sive weight is not placed on the hands [8, 14, 15].
Alternatively, cyclists may find relief by avoiding
cycling for a period of time. Likewise, people
affected by playing racquet or club sports or other
repetitive activities may also trial a period of
activity modification to see if symptoms improve
[8, 30]. Aspiration of ganglion cysts has been
described and can be successful, however aspira-
tion with or without image-guidance does place
the UA and UN at risk and should only be per-
formed in the hands of an experienced ultraso-
nographer [31].

Surgical treatment should be pursued if symp-
toms persist despite a 2—4 month trial of nonsurgi-
cal treatment [10, 32, 33]. Additionally, surgery
should be considered if initial findings demonstrate
intrinsic muscle atrophy, denervation or weakness
[8, 10, 11]. Surgical treatment should seek to
address the causative pathology, e.g. removal of
space-occupying lesions, as well as decompress the
entire ulnar tunnel with exposure of the UN from
its proximal to distal boundaries [11].

In general, surgical treatment can be per-
formed under general, regional or local anesthe-
sia. Some authors advise avoidance of local
anesthesia as infiltration of the surgical area can
obscure anatomic landmarks [22]. The bony
landmarks of the pisiform and hook of the hamate
are palpated, and the incision is carried obliquely
between these two structures. The typical inci-
sion will be approximately 4-5 cm in length,
starting 6 mm ulnar to the thenar crease and
extend 1-2 cm proximal and 2-3 cm distal from
the volar wrist crease (Fig. 19.5) [9, 11]. An S- or
Z- shaped incision is used to cross the volar wrist
crease to avoid contracture [10, 11]. The FCU is
identified and retracted ulnarly to expose the UA
and UN. Distally, there may be an ulnar palmar
cutaneous branch crossing the incision that is
present in about 15% of patients [9, 22]. This
should be identified and protected. Then, incising
the distal antebrachial fascia over the proximal

Fig. 19.5 Skin marking of the incision release of the dis-
tal ulnar tunnel

wrist, the VCL and the palmaris brevis will
decompress and expose the UN proximal to the
bifurcation.

The UA and UN are gently retracted ulnarly,
exposing the hook of the hamate and the fibrous
arch of the hypothenar muscles is identified
originating from the hook of the hamate [22]. The
hypothenar fascia is identified by noting the
oblique pattern of the fascia along the surface of
the hypothenar muscles [9]. To decompress the
deep motor branch in zone 2, the tendinous hypo-
thenar muscle origin is carefully released near
the hook of the hamate. This ensures protection
of the superficial sensory branch that courses
ulnar and volar to the hypothenar muscles. All
fascial attachments around the hook of the hamate
should be released, with care taken to avoid
injury to the thin-walled vessels that run with the
deep motor branch [9, 11, 22]. Finally, the UA
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Fig. 19.6 (a) Intra-operative photograph of a large lipoma that compresses the ulnar nerve at the Guyon canal. (b) The
lipoma gross specimen. (Photo courtesy of Dr. Dean Sotereanos)

should be inspected along its course to evaluate
for aneurysms or thromboses. Any gangion cyst
or tumor that compresses the UN should be
excised (Fig. 19.6).

Surgical decompression of the distal ulnar
tunnel does place the UN and UA at risk for iat-
rogenic injury. Preservation of the vascular sup-
ply to the UN is important as well as preservation
of the crossing sensory branch of the UN during
the dissection. Care must also be taken to avoid
injury to the structures in the carpal tunnel as the
distal ulnar tunnel and the carpal tunnel are in
very close proximity to each other. Currently,
there are no large, long-term studies on the out-
comes of treatment of UTS, however small retro-
spective series have reported good to excellent
results with decompression of the distal ulnar
tunnel [10, 12, 22].

Summary

Diagnosis and treatment of UTS requires a com-
plete understanding of the anatomy and function
of the ulnar nerve from its origin in the neck to its
distal branches in the hand. UTS is less common
than CTS and CuTS and is commonly caused by
space-occupying lesions, acute or repetitive
trauma or underlying medical conditions. A thor-
ough history and examination can elucidate the
underlying cause of the presenting symptoms in

most cases and further diagnostic studies can be
helpful when the diagnosis remains unclear.
Nonsurgical management should be the mainstay
of initial treatment unless there are initial signs of
motor involvement. When treating UTS surgi-
cally, a thorough understanding of the complex
anatomy and potential sites of compression is
required for safe and successful management.
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Introduction

Compression of the radial nerve through the ana-
tomic space called radial tunnel is believed to be
the cause of two separately described clinical
conditions.

Radial tunnel syndrome is a syndrome charac-
terized by forearm and wrist pain with no motor
weakness manifestations. The fact that the posterior
interosseous nerve is believed to be a motor-only
nerve has been the cause of controversy whether the
RTS even exists as a pathological entity [1, 2].
However, surgeons who have historically supported
the diagnosis have reported relief of the symptoms
with radial nerve decompression [3, 4].

The posterior interosseous nerve compression
syndrome (PINCS) on the other hand is a com-
pressive neuropathy caused either by normal ana-
tomical structures or pathological structures
(lipomas, ganglia, fibrous adhesions, rheumatoid
synovium) in the radial tunnel [4-8]. The PINCS
is characterized by progressive weakness of fin-
gers and thumb metacarpophalangeal joints exten-
sion. Atrophy of extensor muscle bellies may be
present if the condition is left untreated. Pain is
absent or might be mild in the vast majority of the
cases and sensory deficits are never encountered.
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Anatomy
The Radial Nerve

The radial nerve originates from the posterior cord
of the brachial plexus and carries fibers of C6, C7,
and C8 nerve roots. Following a spiral course in the
upper arm it innervates most of the triceps brachii
muscle and the anconeus. It then pierces the lateral
intermuscular septum approximately 10 cm proxi-
mal to the lateral epicondyle and innervates the bra-
chialis, brachioradialis, extensor carpi radialis
longus (ECRL) and in 90% of the cases the extensor
carpi radialis brevis (ECRB). The nerve then crosses
the elbow anterior to the lateral epicondyle and
divides into the superficial branch of the radial
nerve and the posterior interosseous nerve. The
bifurcation lies 6-10 cm distal to the lateral inter-
muscular septum and 3-4.5 cm proximal to the
leading edge of the supinator [9].

The PIN, which is primarily motor, passes
then under the dorsal surface of the radial neck,
courses under the arcade of Frohse and enters the
forearm between the two heads of the supinator
muscle. Exiting the supinator muscle the PIN is
divided into its terminal medial and lateral
branches which innervate the extensor carpi
ulnaris (ECU), extensor digitorum communis
(EDC), extensor digitorum quinti (EDQ), abduc-
tor pollicis longus (APL), extensor pollicis lon-

195

D. G. Sotereanos, L. K. Papatheodorou (eds.), Compressive Neuropathies of the Upper Extremity,

https://doi.org/10.1007/978-3-030-37289-7_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-37289-7_20&domain=pdf

196

I. K. Sarris and I. D. Alafropatis

gus (EPL), extensor pollicis brevis (EPB) and
extensor indicis proprius (EIP) in that order [10].

The terminal branches of the PIN also carry
unmyelinated (group IV) fibers from the wrist
capsule and small myelinated (group ITA) fibers
from muscles along its distribution.

The Radial Tunnel

The radial tunnel is a musculo-aponeurotic tunnel
that extends from the lateral epicondyle of the
humerus proximally, to the distal edge of the
supinator muscle distally (Fig. 20.1). Proximally, the
radial nerve passes between the brachioradialis and
the extensor carpi radialis longus posteriorly and
between the brachialis and the biceps brachii
muscles anteriorly. The floor of the tunnel is formed
by the anterior aspect of the radiocapitellar joint
capsule and the deep portion of the supinator muscle.
The superficial head of the supinator muscle,
aponeurotic fibers stretching from the lateral
epicondyle and the extensor carpi radialis brevis
insertion constitute the roof of the tunnel [11, 12].

Radial nerve

Brachioradialis

ECRL
Arcade of
Froshe SBRN
PIN ——
Supinator

EDC

ECU ECRB

Fig. 20.1 Schematic representation of the radial nerve
and the PIN as it courses through the radial tunnel.
ECRL = extensor carpi radialis longus, ECRB = extensor
carpi radialis brevis, SBRN = superficial branch of radial
nerve, PIN = posterior interosseous nerve, EDC = exten-
sor digitorum communis, EDU = extensor carpi ulnaris

Etiology

Both RTS and PINCS are thought to be clinical
manifestations of compression of the PIN in the
radial tunnel. The incidence of PIN compression
is estimated at 0.03% per year whereas the carpal
tunnel syndrome, which represents the most com-
mon compression neuropathy, has an estimated
0.1-0.35% annual incidence rate [1, 13, 14].

Increased pressure on the nerve may reduce
venous blood flow, cause ischemia or even block
axonal transport [15, 16]. The PIN may be
mechanically constricted due to normal anatomi-
cal structures as it crosses the radial tunnel. Five
possible sites of compression of the PIN have been
identified through its course in that area: fibrous
bands between the brachialis and brachioradialis
anterior to the radiocapitellar joint, recurrent radial
vessels at the radial neck level also known as the
“leash of Henry”, the supero-medial edge of the
ECRB, the proximal edge of the superficial por-
tion of the supinator also reffered to as “arcade of
Frohse” and the distal edge of the supinator mus-
cle. The arcade of Frohse is mentioned as the most
frequent site of PIN entrapment [17-21].

Other space-occupying pathological struc-
tures such as lipomas, adhesions, ganglia or cysts
and inflammatory synovium caused by rheuma-
toid arthritis have also been reported as mechani-
cally compressing the PIN [4-6, 22].

Traditionally, repetitive alternating forearm
pronation and supination has been considered as
a causative factor of PIN neuropathy [23-27].
Intra-operative measurements of pressures
exerted on the PIN by the proximal edge of the
supinator during passive forearm pronation and
tetanic nerve stimulation have been found to be
comparable with pressures responsible of nerve
fibers’ functional compromise. Passive forearm
pronation stretches the supinator whereas tetanic
nerve stimulation produces active contraction of
muscles innervated by the PIN. Excessive, pro-
longed and repetitive use of those muscles is
thought to have an obstructive effect in nerve
conduction [28]. Manual laborers who use tools
with full elbow extension or use forces with fre-
quent pronosupination and elbow extension
between 0° and 45° are also reported to have
increased chance of developing RTS [29-30].
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Controversy

Given the fact that the PIN is thought of as an abso-
lute motor nerve, muscle weakness or dropped fin-
gers should be typical symptoms of PIN
compression neuropathy [31]. In 1972, Roles and
Maudsley were the first to report an association
between forearm pain and PIN neuropathy in a
series of cases with persistent “tennis elbow” [3].
They proposed the term “Radial Tunnel Syndrome”
which was adapted by subsequent studies to
describe pain in the proximal radial aspect of the
forearm over the course of the PIN, with no motor
deficit which is believed to be due to PIN compres-
sion. Lack of motor manifestations, radiologic
findings, electrodiagnostic criteria and standard-
ized clinical tests in addition to unpredictable out-
comes after surgery are the main arguments against
identifying PIN neuropathy as the cause of RTS [2,
32]. Localized tenderness over the course of the
PIN and subjective clinical tests are on the other
hand the hallmark of RTS diagnosis [16, 33].

To support the idea of mechanical constriction of
the PIN as the cause of RTS, understanding the PIN
function as of not being purely motor has been pro-
posed. The PIN carries unmyelinated Group IV and
small myelinated Group IIA afferent fibers from
muscles along its distribution. Group IV fibers are
associated with nociception and pain and Group IIA
fibers are associated with temperature sensation.
Moderate pressure on that kind of fibers may pro-
duce the pain and discomfort associated with the
RTS without affecting the large myelinated fibers of
the PIN which transfer motor stimuli. Another inter-
esting fact in favor of that theory is that unmyelin-
ated and small myelinated fibers cannot be evaluated
by nerve-conduction studies, giving a possible
explanation to the lack of specific electrodiagnostic
findings in patients with RTS [34].

Physical Examination
Radial Tunnel Syndrome

Pain in the proximal anterior radial aspect of the
forearm, which in some cases may radiate to the
dorsum of wrist and fingers, is the sole clinical
finding in RTS. Radial tunnel proximity to the

lateral epicondyle, concomitant lateral epicondy-
litis and the fact that the syndrome was firstly
reported as a persistent tennis elbow syndrome
may be confusing when assessing patients who
present with RTS symptomatology. Exact local-
ization of the pain is of paramount importance in
order to differentiate from other elbow pathology.
Typically, pain and tenderness in palpation over
the PIN, approximately 5 cm distal to the lateral
epicondyle, is diagnostic of RTS [16, 33].

The “Rule-of-Nine test” is a test proposed to
improve RTS related pain localization. A large
square box is drawn over the anterior aspect of
the proximal forearm with its sides determined
by the width of the elbow crease with the forearm
in full extension and supination. The square is
then divided in 3 columns and 3 rows which cre-
ates 9 equal smaller squares. Tenderness involv-
ing the 2 proximal squares of the lateral column
is indicative of PIN irritation [35] (Fig. 20.2).

Fig. 20.2 The “Rule-of-Nine” test. Tenderness with pal-
pation over the proximal 2 squares of the lateral column
(highlighted in the photograph) is proposed as diagnostic
of radial tunnel syndrome
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Fig. 20.3 Active extension of the middle finger with the
forearm in pronation, against resistance. Pain provoked
with that maneuver is characteristic in patients suffering
from the radial tunnel syndrome

Other clinical tests may also be utilized,
with Lister in 1979 being the first to describe a
provocative test for diagnosing RTS. The test
consists of active extension of the middle finger
against resistance with the forearm in pronation
(Fig. 20.3). That way the ECRB, which contrib-
utes to the formation of the radial tunnel and
has its insertion on the base of the third meta-
carpal, becomes tensed. If pain is provoked
with that maneuver the test is characterized as
positive for RTS [36]. Other authors describe
pain exacerbation with resisted forearm supina-
tion or resisted wrist hyperextension as con-
firming of the diagnosis [33, 37].

Relief of pain or discomfort after injection of
local anesthetic into the area of maximum tender-
ness is another diagnostic modality and is
described as useful in differentiating between lat-
eral epicondylitis and RTS [38, 39].

Clinical tests utilized for RTS diagnosis have
not been assessed in depth or verified so it is
highly unlikely to specify or falsify the diagnosis
based on a single clinical test [1, 2]. However,
since RTS is an almost exclusively clinically
diagnosed pathologic condition, physical exami-
nation should be careful and thorough. Other
elbow pathology must be excluded and clinical
indication of the diagnosis must be high before
treatment decision-making.

Posterior Interosseous Nerve
Compression Syndrome

Patients with PINCS present with dropped fin-
gers and thumb without a history of previous

trauma. Wrist extension is preserved with radial
deviation because the ECRL and in most cases
the ECRB innervation is not affected by constric-
tion of the PIN. Weakness of the APL, EPB, EPL
and EIP is indicative of compression on the lat-
eral branch of the PIN, whereas weakness of the
ECU, EDQ and EDC points at involvement of the
medial branch of the PIN [10]. If PINCS is left
untreated, atrophy of the forearm extensor mus-
cles becomes obvious within a matter of weeks.
Sensory deficits are typically absent, although
some patients may report mild pain or discomfort
radiating in the forearm or wrist. Wrist extension
ability and lack of paraesthesia are useful at
excluding compression or lesions of the radial
nerve proximally to the radial tunnel. If severe
pain precedes or coexists with PIN palsy and sen-
sory disturbance in other areas of the arm is pres-
ent neuralgic amyotrophy/Parsonage — Turner
syndrome may be the cause of paralysis. In those
cases an history of viral infection, toxic exposure,
vaccination, systemic diseases or major surgery
may be recalled and physical examination should
aim to reveal multiple nerve involvement [40].

Imaging Studies

Plain radiographs that are routinely ordered in
cases of forearm pain are of no diagnostic use in
cases of suspected RTS. Magnetic resonance
imaging (MRI) techniques have been utilized and
described as diagnostic of RTS with controversial
findings. Ferdinand et al reported that in 52% of
patients with RTS who underwent MRI examina-
tion, denervation edema or muscle atrophy within
the supinator or the extensor muscles innervated
by the PIN were present. An additional 28% of
the patients also had findings such as thickening
of the proximal edge of the ECRB, abnormal
radial recurrent vessels or swelling of the epineu-
rium [41]. Those findings however are disputed
by other authors and their validity remains con-
troversial, supporting the idea that RTS has no
specific imaging characteristics [9].

In cases of true PIN palsy, MRI is highly sen-
sitive in identifying secondary alterations of
denervated muscles. A specially designed MRI
protocol with the use of microscopy coil has been
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reported as to have directly depicted nerve swell-
ing associated with PINCS in addition to those
secondary changes owing to nerve dysfunction
[42]. MRI is in addition a gold-standard method
of revealing space occupying lesions within the
radial tunnel. The vast majority of tumors or
tumor-like lesions causing compression neuropa-
thy have been found to be of extraneural origin
[43]. Intramuscular or parosteal lipomas are
reported as being the most common extrinsic fac-
tor causing PIN compression [6, 44-51]
(Fig. 20.4). Ganglia rising from the anterior cap-
sule, chondromatosis, vasculitis, septic arthritis
and rheumatoid pannus have also been identified
with MRI as nerve irritating factors [5, 8, 52-63].
In a recent study however, defined masses com-
pressing the PIN were found in only 27% of
patients suffering from isolated PIN palsy [64].
Another imaging modality which may be of
use is modern high resolution ultrasonography. In
a small case series of patients suffering from
PINCS examined with ultrasonography, swelling
of the PIN just proximal to the arcade of Frohse
implying constriction at that level was found in
40% of the cases. Swelling distal to the radial
tunnel was found in 10% and soft tissue masses
were observed in 40% of the patients. The exam-

iners were also able to identify denervation atro-
phy of the supinator and the extensors in 20% of
the patients and the mean anteroposterior diame-
ter of pathologic nerves was significantly larger
than that of the contralateral side [65]. Such find-
ings underline the potential benefit of the use of
ultrasonography in PIN entrapment pathology,
since ultrasonography has also the advantage of
allowing dynamic examination in different fore-
arm positions.

Electrodiagnostic Testing

Electromyography and nerve-conduction veloc-
ity studies are typically believed to be of no use
for the diagnosis of RTS. In an attempt to identify
possible electrodiagnostic alterations in RTS and
combine them with a proposed pathophysiologi-
cal explanation of the syndrome, studies were
designed with the nerve being examined in dif-
ferent positions of the forearm or dynamically
with active forearm maneuvers. When Rosen
et al compared motor latency at rest and with
active supination no difference was recorded in
the results [66]. In another study including 25
patients with RTS diagnosis, PIN motor latency

Fig. 20.4 MRI of the right elbow of a patient who pre-
sented with dropped index finger and thumb. Weakness of
the rest of the digits was present but wrist extension was

spared. A soft tissue mass (later identified as a parosteal
lipoma) is depicted in contact with the radial neck



200

I. K. Sarris and I. D. Alafropatis

was recorded in three different forearm positions:
neutral, passive supination and passive pronation.
Differential motor latencies of the patients were
greater than that of controls. The investigators
proposed that a differential motor latency of
0.3 ms or more is a sensitive diagnostic criterion
in patients with RTS [67]. Furthermore, the dif-
ference in motor latency between the nerve to the
BR and the nerve to ECU has been utilized as a
diagnostic method of RTS [68].

Electromyographic evidence of PIN inner-
vated muscles denervation in patients with RTS
diagnosis is almost always absent and sensory
conduction studies are constantly normal.
However, neurophysiological testing must be
part of the overall evaluating process, since it can
provide useful information or help in ruling out
other pathological conditions (e.g. cervical radic-
ulopathy, neuralgic amyotrophy).

In cases of PINCS electrodiagnostic testing is
used not only as an objective confirmation
method of the otherwise obvious clinical presen-
tation, but also as a prognostic tool, providing
information about re-innervation potential [8].
Nerve conduction investigation is always per-
formed bilaterally for comparison reasons.
Typical findings in motor conduction studies are
delayed conduction velocity, prolonged distal
latency and reduced amplitude. Sensory conduc-
tion studies are always normal, as in the
RTS. Electromyographic evaluation may reveal
positive sharp waves and fibrillations which are
characteristic of abnormal spontaneous activity,
decreased recruitment intervals and discrete
recruitment pattern in muscles innervated by the
PIN [69, 70]. Neurophysiological findings in PIN
entrapment must be carefully evaluated, since
abnormalities not related to the PIN distribution
have been found in up to 36% of patients diag-
nosed with “isolated” PIN palsy, when reviewed
carefully retrospectively [64].

Treatment

Pain relief and rehabilitation to the previous
activity level are the therapeutic goals for patients
with RTS [71]. Conservative treatment is the first

line of treatment. Every patient with RTS symp-
tomatology should follow a course of nonopera-
tive treatment with a duration of up to 6 months
[39, 72]. Wrist immobilization in the form of
casting, non steroid anti-inflammatory medica-
tion and activity modification are the most com-
monly used methods of conservative treatment.
Activity modification consists of avoidance of
the pain provoking activity, which typically is
repetitive pronosupination or manual labor with
extended elbow and flexed wrist. Such modifica-
tions may require ergonomic retraining [71].
Physical therapy is advised and muscle stretch-
ing, nerve gliding excercises, cryotherapy, ther-
motherapy and ultrasound massaging all have
been used with variable results. Successful treat-
ment of clinical diagnosed RTS has also been
reported after following a dry needling program
with complete pain resolution maintained for
6 months of follow-up [73]. However, the effi-
cacy of such therapeutic methods is generally in
doubt and there is no consensus or guidance on
which method may provide better results.
Generally, symptom relief is expected in only
about 30% of the patients with RTS following
conservative treatment [74, 75]. Cortico-steroid
injections have also been used in treatment of
RTS. According to Sarhadi et al, a single injec-
tion of 2 ml 1% lidocaine and 40 mg of triam-
cinolone in 1 ml of carrier has been shown to
provide pain resolution in 72% of the patients
within a 6-week period and a 2 year symptom-
free period in 62% of the patients. Injection is
performed at the site of maximal tenderness [39].
Most recently in a published prospective study
the utility of a single corticosteroid injection in
the proximal forearm in 35 patients suffering
from RTS was assessed. 0.25 ml of lidocaine 1%
and 0.75 ml of Celestone 6 mg/ml was adminis-
tered in the area of maximal tenderness, typically
within the mobile wad of the extensors. No spe-
cific attempt was made to block the PIN.
Tenderness to palpation and pain in the proximal
forearm with resisted forearm supination or mid-
dle finger extension subsided immediately after
injection in all patients. During the first year of
follow up only 23% of the patients proceeded on
to surgical decompression of the PIN, rendering
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corticosteroid injection a therapeutic measure
with potential long-term benefits in the treatment
of RTS [76].

Since conservative treatment is of doubtful
effectiveness in RTS and if pain does not
improve after following non-operative measures
for a period of 3—6 months, operative treatment
with surgical PIN decompression is offered.
Surgical treatment is recommended with cau-
tion and after thoroughly explaining to the
patient that outcomes may not always be excel-
lent [77-79].

In cases of PINCS, it is obvious that if a caus-
ative factor can be identified, immediate surgical
decompression is recommended. More specifi-
cally, if a structural malformation or space occu-
pying lesion is present within the radial tunnel,
prompt removal is highly indicated, because fur-
ther obstruction of nerve stimuli will lead to irre-
versible damage to the nerve and thus complete
and irreversible muscle paralysis. However, there
are cases that such decision is difficult to be made,
mainly for two reasons. The first is that PINCS
may be misdiagnosed or confused with other PIN
palsy causes, such as neuralgic amyotrophy and
spontaneous hourglass constriction of the PIN
(SHGC). Thresholds for surgical exploration dif-
fer between true entrapment neuropathy and neu-
ralgic amyotrophy. Entrapment neuropathy
generally has a low threshold for surgical interven-
tion whereas in neuralgic amyotrophy a longer
period of non-operative treatment and observation
is accepted owing to the conditions’ high possibil-
ity of spontaneous recovery. The second is that in
many cases and even if clinical and neurophysi-
ological findings are characteristic of PINCS,
no structural cause can be identified. A short
period of anticipation for spontaneous recovery is
accepted in those cases. Physical therapy and very
close observation is recommended and even com-
plete resolution of PIN compression symptoms
using soft tissue manipulation therapy has been
reported [80]. No consensus has been reached as
to the duration of that observational period. Studies
suggest that prolonged conservative treatment of
PINCS negatively affects results after surgical
decompression. Those studies imply that if the
syndrome remains untreated for a period of over

4.7 months, the possibility for full recovery drops
to 74% compared to a 94% possibility of full
recovery if surgical decompression is performed in
less than 2.2 months after the onset of symptoms
[81, 82]. Neglected cases for over 12—18 months
have no potential of muscle re-innervation since
muscle fibrosis occurs and the only way to restore
hand function is by tendon transfers.

A reasonable period of spontaneous recov-
ery should not exceed 6 weeks and should be
combined with strict activity modifications,
arm splinting, physical therapy and close
patient observation. If no signs of recovery are
present after that period, surgical decompres-
sion is the only way to increase full recovery
possibility [7, 72, 83].

Surgical Approaches

Although the two syndromes present with com-
pletely different clinical manifestations and the
RTS is not recognized as a true entrapment neu-
ropathy by many upper extremity surgeons, sur-
gical decompression of the PIN is utilized for
treatment of both RTS and PINCS. The PIN can
be surgically explored and released via various
approaches.

Anterior Approach [84]

General or regional anaesthesia is provided and
the arm is positioned in a supinated position on a
hand table. Tourniquet is applied after exsangui-
nation of the arm. The approach starts with a cur-
vilinear incision over the elbow crease. The
proximal part of the incision starts 3—5 cm proxi-
mal to the elbow crease along to the lateral border
of the biceps brachii. It is curved and extended
transversely over the elbow crease for 2-3 cm
and then curved again to a distal direction for
another 4-5 cm along the medial border of the
brachioradialis. Cephalic vein which lies in the
subcutaneous fat may be ligated or preserved
depending on exposure demands. The lateral
antebrachial cutaneous nerve (LACN) is typi-
cally identified lateral to the biceps tendon and
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protected. Failure to recognize and protect the
LACN may cause its intraoperative laceration
which then may be the cause of neurinoma for-
mation and disturbing sensory complaints. The
fascia is divided along the brachioradialis and the
muscle is then retracted laterally. The brachialis
in the proximal wound and the biceps and prona-
tor teres in the distal wound are retracted medi-
ally. The radial nerve is then identified proximally
between the brachialis and the brachioradialis.
The BR branch may be visible at that level.
Following the nerve distally branches to the
ECRL and ECRB may be encountered with vari-
able origins. In 97% of the cases the radial nerve
bifurcates just proximal to the radiocapitellar
joint level in its two terminal branches. The
SBRN travels along the medial border of the BR
and the PIN continues on the deeper layers dis-
tally. Recurrent branches of the radial artery and
muscular vessel branches are meticulously
ligated and divided. Fibrous adhesions between
the brachialis and brachioradialis and the fibrous
leading edge of the ECRB are then divided since
they represent potential sites of compression.
Next the proximal insertion of the supinator
which in most cases is tendinous is released
under direct vision and with respect to the branch
of the PIN which innervates the supinator itself, a
branch arising from the PIN just proximal to the
arcade of Frohse. The PIN is traced distally in the
supinator and fibrous bands of the muscle are
released along its entire length. In order to visual-
ize the full length of the supinator, the mobile
wad of the extensors must be elevated and
retracted. Space occupying lesions such as gan-
glia or lipomas are separated from surrounding
tissues and excised if present. The subcutaneous
fat and skin is then sutured after tourniquet
release and careful haemostasis.

Posterior Approach [85]

After preparation and positioning with the arm in
pronation, the approach starts a with longitudinal
skin incision of approximately 5-8 cm. The inci-
sion starts distal to the lateral humeral epicondyle
at the radial neck region and extends distally and

dorsally following an imaginary line connecting
the lateral epicondyle with the distal radioulnar
joint. The lateral cutaneous nerves of the arm are
protected. Dissection follows the interval of the
extensors mobile wad and the EDC, most specifi-
cally the plane between ECRB and EDC. The
supinator muscle is revealed underneath by
developing that plane at the proximal edge of the
EDC. In contrary to the EDC muscle fibers that
run parallel to the forearm, supinator muscle
fibers have an oblique course, a fact that can be
helpful in orientation. If additional exposure is
needed the EDC insertion may be detached off
the lateral epicondyle. The PIN can be identified
at the distal edge of the supinator and followed
proximally. Under direct vision, the superficial
head of the supinator, the leash of Henry, the
fibrous edge of the ECRB and the arcade of
Frohse are released. The possible advantage of
such an approach is the ability to address pathol-
ogy around the lateral epicondyle such as persis-
tent tennis elbow [86]. Haemostasis and wound
closure follows.

Lateral Approaches

Between BR and ECRL

With this approach the interval between BR and
ECRL is developed. The incision is made over
the mobile wad and the posterior antebrachial
cutaneous nerve is identified and protected. The
fascia is incised longitudinally over the level of
that interval. The two muscles are separated with
blunt dissection and the radial tunnel becomes
directly visible underneath.

Transbrachioradialis [36] (Fig. 20.5)

Incision starts 3 cm lateral of the biceps brachii
tedon and just proximal to the radial head level
and is extended for 68 cm. The fascia over BR is
incised over the muscle, in parallel with its fibers.
The muscle’s belly is then bluntly split and a part
of the muscle belly is retracted medially with the
remainder retracted laterally. By splitting the BR
parallel to its course, the PIN will become visible
at the proximal edge of the supinator which lies
underneath, surrounded by fat tissue. By moving
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Fig. 20.5 Transbrachioradiallis approach. A forceps is
used to point at the tendinous proximal edge of the
supinator

the blunt retractors proximally and distally the
leading edge of ECRB and radial recurrent ves-
sels and the distal part of the supinator can be
identified respectively. The PIN is then released
and mobilized under direct vision. This approach
provides the possible benefit of being less trau-
matic since only blunt dissection of the BR is
performed and only blunt retractors are used. It
has also been shown that through that approach
all possible sites of PIN compression can be iden-
tified and released [87].

Endoscopic Assisted Methods

Endoscopic or endoscopic assisted methods of
nerve decompression are gaining in popularity
with possible advantages in terms of earlier reha-
bilitation, lower morbidity and improved cosme-
sis. Endoscopic carpal tunnel release and
endoscopic assisted cubital tunnel release are uti-
lized in an ongrowing number of cases [88, 89].
The past few years endoscopic assisted methods
of PIN decompression have been developed.
Lecléere et al in 2013 described a procedure
where a 2-3 cm incision is made 5 cm proximal
to the elbow in line with the imaginary line con-
necting the deltoid insertion to the lateral epicon-
dyle. Dissection to the fascia follows and the
fascia is incised. The radial nerve is inspected
through the endoscope and the lateral intermus-

cular septum is also opened. The radial nerve is
neurolysed with the elbow in extension position
up to 5 cm distal to the elbow joint. A second
incision is then made at the point, where the
endoscope light is visible through the skin, on the
lateral surface of the forearm utilizing the inter-
val between the BR and ECRL. The PIN which
was previously identified through the first
approach is exposed. The endoscope is then
introduced through the second approach and the
neurolysis is completed by releasing any patho-
logical structure [90].

Ertem et al most recently described a different
endoscopic assisted method of PIN decompres-
sion. The operation starts with a 2-3 cm incision
6-8 cm distal to the lateral epicondyle as part of
the posterior approach incision. The interval
between EDC and ECRB is dissected and the
PIN is exposed as it emerges of the distal supina-
tor. The endoscope then is inserted and the super-
ficial supinator belly and other structures that
compress the PIN are then dissected proximally.
If necessary the radial nerve may be released
even more proximally. That operation makes use
of a single incision to decompress the radial
nerve [91].

Outcomes

The generally low incidence of the PINCS makes
the study of effectiveness of different treatment
choices problematic. In cases of mechanical PIN
constriction with motor deficit, good outcomes
have been reported even with delayed surgical
decompression and pre-operative neurological
testing showing poor re-innervation potential.
Complete or partial resolution is usually gradual
and may demand 2 or even 4 years after the onset
of symptoms [69, 92, 93]. Rates of 74-95% of
excellent results have been reported with timing
of surgery being of paramount importance, since
better results are obtained with earlier interven-
tion [81, 82]. In a systematic review by Huisstede
et al., no randomized controlled trials were found
about the effectiveness of other treatment choices.
Of the studies included, the conclusion drown is
that surgical decompression of the PIN is effec-
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tive for patients with PINCS. None of high-
quality studies report on the effectiveness of
conservative treatment of PINCS. Even in studies
that mention conservative treatment of PINCS,
no further information about the kind of such
treatment is given. Higher quality studies and fur-
ther research must be conducted in order to assess
the effectiveness of non-operative treatment [94].

PIN decompression indications for PIN palsy
also extend beyond true compression neuropathy,
like in cases of neuralgic amyotrophy. It is
believed by some surgeons that surgical treat-
ment with interfascicular neurolysis may pro-
mote nerve recovery, if Parsonage — Turner
patients do not show signs of recovery within the
first month of the onset of symptoms [92].
Surgical decompression with interfascicular neu-
rolysis is also thought of providing good to excel-
lent results in the majority of patients with SHGC
with an age younger than 50 years, a pre-operative
wait of less than 7 months and only mild to mod-
erate constrictions [8, 92].

As in PINCS, there are no published random-
ized controlled trials or controlled clinical trials
studying the effectiveness of different treatment
modalities for patients with RTS. The effectiveness
of conservative treatment is questionable and no
methodology or program has been proposed as the
cornerstone of non-operative treatment. The analy-
sis of studies of the best quality by Huisstede et al
in 2008, found that 67-92% of patients with RTS
treated with surgical decompression reported good
to excellent results. There are, however, controver-
sial results in the literature concerning surgical
treatment in RTS. Earlier studies had encouraging
outcomes reporting success rates of 81-95% after
radial tunnel surgical release [28, 33, 36].

Reports that followed, on the other hand,
showed a low percentage of about 40% of patient
satisfaction after surgical treatment of RTS, regard-
less of sex, hand dominance, employment, duration
of symptoms, surgeon or operative findings [95,
96]. Outcomes of endoscopic assisted methods of
PIN decompression for the treatment of RTS are
promising but in a small number of patients.
Leclére et al report pain relief in three out of four
patients and Ertem et al report good and excellent
results in eight out of ten patients [90, 91].

Concomitant pathology may be of critical
importance when operatively treating RTS
patients. If RTS is the sole pathological condition
in the patient’s upper extremity, a success rate of
86% may be anticipated. That rate drops to 57%
if another entrapment neuropathy co-exists and
even in 40% if the patient also suffers from lat-
eral epicondylitis [75].

Outcomes also vary depending on whether the
patients operated on were receiving workers’
compensation benefits. In a study published in
1997, there was no difference in outcome between
workers’ compensation patients and non-
workers’ compensation patients, but the study
was criticized as of having a low number of
patients [38]. Sotereanos and colleagues reported
an extremely disappointing success rate of 32%
in workers’ compensation patients or patients in
litigation. In the same study, overall results were
excellent or good in 64% of the patients [97].
Comparing patients receiving workers’ compen-
sation with others not, Lee et al also demon-
strated a lower success rate in the former category.
Only 58% of patients receiving workers’ com-
pensation had optimal results, with 73% of
patients with no compensation claims having
excellent outcome in a series of 33 patients [75].

The aforementioned controversies in outcomes,
define patient selection as of major importance
when  deciding  surgical treatment  for
RTS. Published data supports that patients who
suffer from concomitant upper extremity condi-
tions such as lateral epicondylitis or other neurop-
athies and patients that are likely to receive
workers’ compensation benefits, may probably
have less successful outcomes. That fact should be
kept in mind when offering surgical decompres-
sion to RTS patients, since the syndrome is exclu-
sively clinically diagnosed and the only indication
for surgery is failure of conservative treatment.

Conclusion

RTS and PINCS both share surgical decompression
as the definite treatment, although they present with
completely  different symptomatology. The
unknown connection between the two syndromes’
pathophysiology — if any connection exists — may
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lie in the void of our complete understanding of
how the PIN functions. It is possible that intermedi-
ate repetitive and intermittent compressive forces
on the PIN provoke pain and discomfort by irritat-
ing proprioceptive and pain transmitting nerve
fibers only, whereas higher prolonged pressure on
the nerve blocks motor stimuli as in the PINCS. The
inability to test every nerve conduction parameter
via electrodiagnostics may be responsible for lack
of objective findings in the RTS.

In terms of deciding the right treatment for
both syndromes, controversies still exist. High
quality controlled randomized trials or clinical
controlled trials are needed in order to clarify the
effectiveness of conservative treatment and which
non-operative remedy is the most suitable for
each condition. The low reported incidence of
PIN entrapment renders planning and conduction
of such studies even more problematic.

Prompt surgical decompression holds a key
role in the treatment of PINCS which is thought of
as a true compressive neuropathy. For RTS, even
skeptics agree that surgical treatment should be
offered to patients with persistent non-resolving
symptoms [1]. However, due to the fact that RTS
is diagnosed exclusively clinically, surgeons
should proceed to surgical exploration cautiously.
Concomitant pathology in the upper extremity,
misdiagnosed conditions and workers’ compensa-
tion claims may have a negative impact on out-
comes of an otherwise justifiable operation.
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Konstantinos Anagnostakos,
Nikolaos P. Zagoreos, and Nickolaos A. Darlis

Introduction

Pronator teres Syndrome (PS) is characterized by
vague volar forearm pain associated with median
nerve paresthesias. Originally described by
Seyffarth in 1951 [1], classic PS refers to com-
pression of the median nerve as it passes between
the two heads of the Pronator Teres (PT) muscle
or at the proximal arch of the Flexor Digitorum
Superficialis (FDS) muscle. Despite its name,
this syndrome is, in general, a proximal median
nerve dysfunction that may also result from com-
pression of the nerve under the ligament of
Struthers, the bicipital aponeurosis (lacertus
fibrosus), or under an accessory head of the
Flexor Pollicis Longus (FPL) muscle (i.e., the
Gantzer muscle). Entrapment at any of these ana-
tomic sites may produce the constellation of
symptoms that characterize PS. The PS diagnosis
is rare; hence, its incidence and prevalence has
not been firmly established. It is thought to be
more common in women, in fifth decade and has
also been associated with well-developed fore-
arm muscles.
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Palsy of the anterior interosseous nerve (AIN)
was first described by Tinel in 1918 under the
title “Dissociated paralysis of the median nerve”
and is characterized exclusively by motor deficits
only with no cutaneous sensory changes. AIN
neuropathy’s epidemiology is equally uncertain.

Anatomy

The median nerve receives contributions from
C5, C6, C7, C8 and T1 nerve roots and is formed
as the medial and lateral cords of the brachial
plexus converge, emerging on the anterolateral
side of the brachial artery. Then, it crosses over
the brachial artery from lateral to medial and con-
tinues on the medial side of the arm between the
biceps brachii and brachialis muscles. Typically,
the nerve has no muscle branches above the
elbow; however, there may be a variable branch
innervating the PT muscle.

The median nerve then may pass deep to the
ligament of Struthers, if present, and enters into
the antecubital region. The ligament of Struthers
is present in 1-2% of the population and is an
anatomic variant that extends from a small,
supracondylar process on the humeral shaft to the
medial epicondyle of the humerus [1-4].

As the median nerve traverses the elbow, it
travels under the bicipital aponeurosis (lacertus
fibrosus) into the antecubital fossa, remaining
medial to the biceps tendon and brachial artery
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Table 21.1 Potential sites of median nerve entrapment at
the elbow and proximal forearm

Osseous supracondylar process

Ligament of Struthers

Bicipital aponeurosis (lacertus fibrosus)

Between the ulnar and humeral heads of pronator teres
Flexor Digitorum Superficialis aponeurotic arch

and volar to the brachialis muscle muscle and its
tendon insertion. The nerve then passes between
the two heads of the PT muscle, deep to the prox-
imal fibrous arch of the FDS muscle, and contin-
ues distally through the forearm between the
FDS and flexor digitorum profundus (FDP) mus-
cles. Distal to the elbow, the median nerve pro-
vides motor branches for the innervation of the
PT, FDS, palmaris longus, and flexor carpi radia-
lis (FCR) muscles. Further distal in the forearm,
the nerve provides two main branches (the AIN
and the palmar cutaneous branch of the median
nerve (PCBMN)) before entering in the carpal
tunnel at the wrist [5].

Pathoanatomy

Potential sites of entrapment in PS (and possibly
in AIN Palsy) are summarized in Table 21.1 and
Fig. 21.1. Other possible compressing structures
include an accessory head of FPL muscle (i.e.,
the Gantzer’s muscle), an accessory muscle from
FDS to FDP muscles and aberrant forearm mus-
cles (Flexor Carpi Radialis Brevis, Palmaris
Profundus) [6-8].

Clinical Manifestations

PS patients typically present with proximal fore-
arm pain at rest or during activities. In the distal
forearm and hand, they demonstrate the same
symptoms with carpal tunnel syndrome (CTS)
patients, as both syndromes are the result of
median nerve dysfunction. Both syndromes are
characterized by numbness and paresthesias in
the palmar side of the radial three and one half
digits and pain in the distal forearm and volar
wrist [6, 9, 10]. However, PS patients may report

decreased sensation in the PCBMN distribution
over the thenar eminence, symptom not reported
in the CTS patients.

On the other hand, AIN syndrome patients
present with vague forearm pain and spontaneous
weakness or complete absence of FPL function.
Functions of the FDP of the index and middle fin-
gers are also generally affected, although func-
tion of the FDP of the middle finger may be
preserved due to cross innervation by the ulnar
nerve. A typical patient with complete AIN palsy
should have no motor function to all muscles
innervated by AIN. Patients with incompletes
palsies or with Martin-Gruber anastomosis [11]
(nerve branch connecting the median and ulnar
nerves in the forearm, present in 10-15% of the
population) may present with intrinsic weakness
alone. Since the AIN does not provide any cuta-
neous innervation, sensory deficits do not present
with an isolated AIN palsy. However, altered sen-
sation may be seen if other nerves are involved in
the setting of Parsonage — Turner syndrome [12].
Presence of prodromal viral infection symptoms
and acute onset of pain are thought to strengthen
attribution of AIN syndrome to neuritis (as in
Parsonage — Turner syndrome).

Diagnosis
Pronator Syndrome

Three main diagnostic tests are performed during
the physical examination to evaluate for PS [6,
13-15] (Fig. 21.1). The first is the pronator com-
pression test, performed by applying pressure
proximal and lateral to the proximal edge of the
PT muscle belly on the volar forearm. A positive
test is the most common sign of PS reproducing
pain or paresthesias within 30 seconds of com-
pression. The second is the resisted pronation and
supination test, which can reproduce median nerve
compression symptoms by the PT or the lacertus
fibrosus. The third test is the resisted flexion of the
proximal interphalangeal joint of the middle fin-
ger, which may cause pain and paresthesias in
patients with PS because the median nerve is com-
pressed by the aponeurotic arch of the FDS mus-
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Fig. 21.1 Illustration of potential sites of entrapment and physical exam tests for pronator teres syndrome

cle; however, this finding may also be positive in  the lacertus fibrosus. Finally, a positive Tinel sign
CTS patients. In addition to the above tests, symp- over the proximal volar forearm has also been
toms elicited by resisted flexion of the forearm in  reported to be indicative of PS.

full supination are thought to indicate compression The “scratch-collapse” test has also been
of the median nerve at the more proximal level of  described for localization of the site of the entrap-
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ment [16, 17], but its acceptance in the orthopae-
dic community has been modest. In this test,
scratching the skin over the compression site of a
nerve is thought to cause a spinal reflex with tem-
porary inhibition of voluntary muscle contraction.
The combination of pain on pressure over the lac-
ertus fibrosus, weakness of FPL, FDP of the index
finger, and FCR and a positive scratch collapse
test at the level of the lacertus fibrosus, without
sensory changes is thought by some authors [17]
to signify the so-called “lacertus syndrome”,
which is treated surgically with the release of the
lacertus fibrosus only under local anesthesia.

The differential diagnosis for PS should
include more proximal and distal neuropathies
(compression at the cervical spine or brachial
plexus), AIN syndrome (if motor function is
affected), and CTS. Patients with PS may ini-
tially present with similar symptoms associated
with CTS and can be distinguished by the pres-
ence of numbness and/or paresthesias in the dis-
tribution of the PCBMN (thenar eminence) and
the absence of findings of provocative tests for
CTS (Tinel’s and Phalen’s tests). The PCBMN
branches off the median nerve proximal to the
carpal tunnel and enters the wrist superficial to
the transverse carpal ligament; thus, it is not
affected by compression within the carpal tunnel.
PS patients typically do not report waking up
during the night with pain or paresthesias, symp-
toms frequently associated with CTS; however,
the possibility of coexistence of these two entities
(double crush syndrome) should be kept in mind.

Anterior Interosseous Nerve
Syndrome

On clinical examination weakness of grip and
pinch are observed, specifically of the the thumb,
index and middle finger with their flexion being
weak or absent. Patients typically are unable to
make the “OK” sign with the thumb and index
finger [6, 18, 19]. Pronator quadratus weakness is
also expected and can be appreciated by weak
resisted pronation when the elbow is fully flexed.

Differential diagnosis of AIN syndrome
includes trauma, tendon rupture, proximal sites

of nerve compression (e.g., cervical nerves, bra-
chial plexus), thoracic outlet syndrome, PS, and
CTS. A FPL tendon rupture can mimic a com-
plete FPL palsy in a patient with AIN syndrome.
To exclude tendon rupture, the examiner can
evaluate the tendons with the tenodesis effect. If
the tendons are intact and the wrist is passively
extended, the thumb IP joint and DIP joint of the
index finger assume a flexed position; on the con-
trary, these joints extend when the wrist is pas-
sively flexed. Moreover, manual compression of
the forearm flexors with the wrist in extension
can produce slight finger flexion if the tendons
are intact. Parsonage-Turner Syndrome [12] is a
neuritis of the brachial plexus, which is thought
to be similar to AIN neuritis and is characterized
by viral prodrome symptoms, acute onset of
shoulder pain followed by paralysis of shoulder
girdle muscles and AIN palsy (sometimes bilat-
eral). It is a self limiting condition (as the typical
AIN palsy is thought to be).

Electromyography and Nerve
Conduction Studies

Physical examination findings can be quite subtle
in patients with PS. It remains unclear whether
electromyography (EMG) and nerve conduction
velocity (NCV) studies can aid in diagnosis.
Several studies have reported that results of nerve
testing in patients with PS are predominantly
normal, with abnormalities reported in 7-31% of
patients treated surgically [13, 14, 18-21].
However, in a study of 13 patients with clinical
diagnosis of PS, Lee et al. [22] found that all
patients had abnormal electrodiagnostic studies,
an unusual finding in the PS literature. We believe
electrodiagnostic testing should be performed in
all patients with suspected PS, as it may be help-
ful in ruling out other sites of compression, espe-
cially in patients with distal sensory symptoms.
Electrodiagnostic studies serve an important
role in the workup for AIN syndrome; these
studies can support the diagnosis [19, 23, 24].
The affected muscles may exhibit fibrillations,
sharp waves, abnormal latency, and abnormal
compound motor action potentials on EMG/NCV
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testing. Nerve testing may also help ruling out
other lesions as a cause of symptoms. For exam-
ple, in a patient with rheumatoid arthritis, it may
be difficult to assess an intact tenodesis effect
secondary to limited wrist motion. In this case,
EMG can be helpful to distinguish AIN syndrome
from an attritional flexor tendon rupture.

Imaging Studies

Radiographic series of the elbow should be
obtained initially to assess the presence of bony
pathology; the appearance of a supracondylar pro-
cess can indicate the presence of a ligament of
Struthers. Ultrasound examination can help rule
out space occupying lesions in the vicinity of the
nerve and MRI should be reserved for patients with
palpable or ultrasound detected soft tissue masses.
MRI may show edema in the AIN innervated mus-
cles, which can be attributed to either compression
of the AIN or to brachial neuritis. However, unless
a mass or tendon rupture is revealed, MRI can
rarely guide surgical treatment.

It should be emphasized that PS is a contro-
versial diagnosis among many orthopaedic sur-
geons. Patients who present with aching proximal
forearm pain, occasional paresthesias, and symp-
toms that are not reliably reproduced by clinical
examination represent a puzzling clinical situa-
tion that may not necessarily merit a more spe-
cific label or diagnosis. Therefore, diagnosis of
nonspecific arm pain is preferable to diagnosis of
tendinitis or PS, if consistent evidence is lacking.
On the other hand, AIN syndrome has more evi-
dent diagnosis with clear motor symptoms that
can be also demonstrated by EMG/NCYV studies.

Treatment
Nonsurgical Management

Evidence regarding treatment outcomes in
patients with PS is limited. The few small studies
that follow nonsurgical cases report that 29—100%
of patients improve with nonsurgical treatment
[13, 18]; however, no randomized controlled stud-

ies have been performed. Additionally, no studies
have compared the duration or effectiveness of the
different nonsurgical modalities for management
of PS. Since high-level clinical outcome data are
lacking, we recommend an initial conservative
approach to management that includes rest, fore-
arm flexor muscle stretching exercises, activity
modification, and anti-inflammatory medication.
The duration of conservative treatment can be as
long as 6 months depending on clinical findings in
repeated clinical examinations [16]. A signifi-
cantly shorter waiting time is reserved only for
patients with evidence of PS, when an adequate
transverse carpal ligament release fails to improve
symptoms attributed initially to carpal tunnel or in
patients with a space occupying lesion in the
vicinity of the nerve at the forearm.

Since the natural history of AIN syndrome has
not yet been fully determined, controversy exists
regarding its management. No randomized con-
trolled trials have compared non-surgical and
surgical management methods, and only limited
data exist regarding the duration of nonsurgical
management. Hence, it is difficult to make
evidence-based recommendations on the timing
of surgical intervention. It is generally accepted
to be more prolonged (in the 9-12 month time-
frame), unless it is associated with blunt trauma
or a space occupying mass. Proposed conserva-
tive approach involves observation, rest, anti-
inflammatory medication, maintaining supple
joints and splinting [19, 20, 23, 24].

Surgical Management

Like its diagnosis, surgical management of PS is
controversial. No controlled trials and few outcome
studies have evaluated the effectiveness of surgical
treatment. In fact, small case series and technique
papers comprise most of the literature.

Although consensus on the optimal surgical
technique for surgical management of PS is lack-
ing, most authors have traditionally recom-
mended complete decompression of the median
nerve throughout its course in the proximal fore-
arm (Fig. 21.2). The same approach applies for
AIN syndrome release.
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Fig. 21.2 Intra-operative photograph of decompression
of the median nerve (black arrow). (Photo courtesy of Dr.
Dean Sotereanos)

Various skin incision have been described,
including oblique, transverse [25] and lazy
S-shaped incisions. We prefer a lazy S-shaped
incision running medial to the biceps tendon and
just distal to the elbow crease. The dissection is
carried out through the subcutaneous tissue, pre-
serving superficial sensory nerves and ligating
crossing veins. The lacertus fibrosus, proximally,
and the radial artery, distally, are identified. The
lacertus is released and the median nerve is iden-
tified lying medial to the lacertus fibrosus proxi-
mally and medial and deep to the radial artery
more distally.

Following this point, the dissection and release
are carried along the median nerve. Proximally,
the nerve is released under direct vision and fin-
ger dissection verifies an unobstructed course. If
there is an osseous supracondylar process visible
on x-ray, proximal extension of the incision will
permit release of the median nerve under direct
vision. Distal dissection continues on the median
nerve. Crossing vessels are ligated with hemo-
clips and the superficial and deep heads of PT
muscle are released with tenotomy of any com-
pressing tendinous bands. The radial artery,
superficial radial nerve and motor branches of the
median nerve should be protected. It should be
noted that the motor branches of the median
nerve (including the motor branch to the pronator
teres) emerge from the median nerve medially
whereas the AIN emerges on the lateral side of
the median nerve (Fig. 21.3). The final structure
that should be released distally is the superficial

Fig. 21.3 Intra-operative photograph of decompression
of the median nerve (black arrow) and AIN (white arrow).
(Photo courtesy of Dr. Dean Sotereanos)

arch of FDS muscle. Any space occupying lesions
are removed and the tourniquet is deflated fol-
lowed by meticulous hemostasis. A drain should
be used if there is doubt about hemostasis or in
cases of a concurrent bleeding disorder. Following
surgery, we encourage early active range of
motion with full return to activity by 6—8 weeks.

Recently there have been described alternative
techniques including an endoscopic-assisted
release [22], an open technique in which only the
lacertus fibrosus is being released [17], and a
minimally invasive approach [26], in which only
the deep fascia of the superficial head of the PT
muscle is released.

Outcomes of surgical decompression are vari-
able with approximately 70-80% of patients
experiencing relief or significant amelioration of
symptoms. The majority, though, of the pub-
lished studies are retrospective, lacking control
groups, having no clear inclusion and/or
exclusion criteria, and having limited use of vali-
dated outcome measures.
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Lateral Antebranchial Cutaneous
Neuropathy

Lateral antebrachial cutaneous nerve (LABCN)
is the sensory branch of musculocutaneous
nerve supplying the lateral aspect of forearm.
Entrapment neuropathy of LABCN is a syn-
drome that is well defined, yet relatively uncom-
mon. It was first described by Narasanagi in
1972 and later by Hale as “handbag paresthesia”
[1]. Due to the rarity of this entity, it is infre-
quently recognized but it leads to debilitating
symptoms for the patients. The most characteris-
tic of them is paresthesia along the volar radial
aspect of the distal forearm [2-5]. Most of the
published articles in the literature are case
reports [2, 6-9]. Only 2 large series of 11 (15
patients when it was republished by the same
authors) and 23 patients respectively, have been
published so far [4, 10].

Anatomy

The LABCN originates from the musculocutane-
ous nerve. It passes behind or parallel to the
cephalic vein, within the subcutaneous fat,
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emerges from beneath the lateral margin of the
biceps about 2—5 cm proximal to the elbow flex-
ion crease, where it pierces the branchial fascia
and becomes subcutaneous (Figs. 22.1, 22.2,
22.3, and 22.4). After that it separates into two
terminal divisions (volar and dorsal). The volar

Fig. 22.1 Recognition of the lateral antebrachial cutane-
ous nerve at approximately 2.5 cm distance from the
elbow crease
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Fig.22.2 Anatomical
landmarks of the lateral
antebrachial cutaneous
nerve

Fig.22.3 Course of
musculocutaneus and
lateral antebrachial
cutaneous nerve
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Fig. 22.4 Schematic relationship of the lateral ante-
brachial cutaneous nerve and the cephalic vein

branch runs distally along radial border of fore-
arm, supplying lateral volar forearm skin sensa-
tion. It ends in communicating branches to
superficial branch of the radial nerve (dorsal
radial thumb innervation) and to palmar cutane-
ous branch of median nerve (volar thumb inner-
vation). On the other hand, the dorsal branch runs
distally along dorsal radial forearm, supplying
dorsal-lateral cutaneous innervations and it ends
in communicating branches to superficial radial
nerve and dorsal antebrachial cutaneous branch
of radial nerve. The LABCN is a pure sensory
nerve, without any motor function or participa-
tion to any reflexes [4, 5, 11, 12]. Various studies

have reported several variations in the anatomic
course of the nerve. Rosen et al., in a study of 33
upper extremities in 22 adult cadavers, found that
the LABCN pierced the brachial fascia an aver-
age of 3.2 cm proximal to the lateral epicondyle
and was located an average of 4.5 cm medial to
the lateral epicondyle, as it crosses the interepi-
condylar line. Bourne et al., dissected 20 speci-
mens and found that the LABCN emerged from
the lateral aspect of the biceps tendon and pierced
the deep fascia at the level of the interepicondylar
line. They confirmed their findings by injecting
10 volunteers with 1.5 mL of 1% lidocaine at the
defined point along the interepicondylar line.
Wongkerdsook et al., dissected 96 upper extremi-
ties from 26 males and 22 females and found that
the LABCN consistently emerged from the lat-
eral margin of biceps branchii tendon. It then
pierced the deep fascia distal to the interepicon-
dylar line in 84.4%. At that level, the LABCN in
all cases was medial to the lateral epicondyle.
Belzile and Cloutier, reported a case of an ana-
tomic variation of the nerve, piercing the deep
fascia distal to the usual site. Mackinnon and
Dellon, reported on the overlap pattern of the
sensory distribution of the LABCN and the
superficial branch of the radial nerve (70%). Mok
et al., also demonstrated an actual intraneural
connection between the radial nerve and the
LABCN in 33% of cadavers [2, 13-17].

Clinical Presentation

Primary features of lateral antebrachial cutane-
ous neuropathy include lateral forearm paresthe-
sia, without any motor deficit and pain over the
lateral aspect of the ipsilateral lower arm and
elbow (Fig. 22.5). Despite the fact that the
LABCN is strictly a sensory nerve, most patients
complaint of pain rather than dysaesthesia or
paresthesia. Patients report worsening pain along
with paresthesia, when arm is in pronation or
extension. This is probably because at this posi-
tion the pressure on the nerve at the elbow site is
increased. The patient’s symptoms can be acute
or chronic at the time of examination. However,
most often the onset of symptoms is gradual and
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Lateral antebrachial
cutaneous nerve

Anterior view

Lateral antebrachial
cutaneous nerve

Posterior view

Fig. 22.5 Distribution of pain in lower arm in lateral antebrachial cutaneous nerve entrapment

only progressive aggravation causes the patients
to seek medical advice. Clinical examination
reveals localized painful tenderness or hyperes-
thesia to palpation at the anterolateral aspect of
the elbow about 3-5 cm proximal to the elbow
flexion crease, along the lateral margin of the
biceps muscle. Symptoms can also be repro-
duced by bringing the forearm into full prona-
tion and extension. There are no pathological
findings from the cervical spine, neither weak-
ness of the biceps muscle. There is full painless
range of motion in elbow and wrist, unless the
forearm is fully pronated and extended. Grip and
pinch strength vary to 80-100% of the contralat-
eral side. Tinel’s sign may be positive, if there is
a gentle tapping at the location of the LABCN at
the level of elbow. In this case, the patient com-
plaints about paresthesia along the volar radial
aspect of the forearm and even an electric feel-
ing, like shock radiating to the ipsilateral shoul-
der [2-5, 18, 19].

Epidemiology

According to the literature, the lateral antebrach-
ial cutaneous neuropathy is more common in
males than in females. Its occurrence is com-
monly unilaterally, with a peak age range of
25-40 years, although it occurs in all age groups.
The prevalence of lateral antebrachial cutaneous
neuropathy is higher in dominant hand and also
in manual workers. There seems to be a correla-
tion with low BMI but it is not proved. There is
no racial prevalence [2-5, 20].

Socioeconomic Effects

Despite the fact that there are no official statistics
of the average number of days away from work due
to lateral antebrachial cutaneous neuropathy, it
seems to be a burden on the National Health
Service of any country to provide care for lateral
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antebrachial cutaneous neuropathy patients, in the
form of clinicians’ time, diagnosis, and conserva-
tive management and treatment options. Almost
74% of patients were workers’ compensation cases
and the mean time spent in order for them to return
to work is 5 months according to literature [2, 4].

Risk Factors

There are certain risk factors that have been asso-
ciated with this condition. The most significant of
these, are prolonged or repetitive postures in
extremes of pronation and elbow extension.
Activities that can incite this kind of neuropathy
include vigorous backstroke swimming, a forceful
overhead tennis stroke with the forearm pronated,
a backhand stroke in racquetball with the elbow
extended, slam-dunking a basketball and hanging
on the rim, windsurfing with the arm flexed. Also
there have been reports of onset of symptoms due
to carrying heavy handbags, trays or rolled carpets
with the forearm flexed. Previous injuries or frac-
tures at the site of elbow can play major role.
Furthermore, injury by antecubital phlebotomy,
wrong positioning while under general anesthesia
and venipuncture are iatrogenic risk factors that
are related to lateral antebrachial cutaneous neu-
ropathy. More rare risk factors are traumatic rup-
ture of long head of biceps, inappropriate use of
tourniquet, restraining strap or improperly placed
blood pressure cuff that can cause compression of
the LABCN [3, 4, 8, 19, 21, 22].

Pathophysiology

The LABCN does not have a well defined distri-
bution to the elbow or the lateral epicondyle.
Nevertheless compression of the nerve at the lat-
eral edge of the biceps produces pain and local-
ized tenderness at the site of entrapment. The
cause of this phenomenon is not well known.
However this can be aggravated by the move-
ments of abduction and external rotation, in the
site where the LABCN enters the coracobrachia-
lis muscle. Another way is by the movements of
pronation and supination with the elbow extended
at the site where it emerges from the lateral side of

the biceps tendon, before piercing the deep fascia.
With the extension of the elbow, the lateral margin
of the biceps aponeurosis exerts a compression
force on the LABCN and it is caught between the
biceps tendon and the branchialis fascia. Even
with all anatomic variations that were described
above, the most commonly reported area of
entrapment is the second one. Both motor and
sensory disorders are observed in cases of com-
pression at the level of coracobrachialis, whereas
purely sensory symptoms are noted after entrap-
ment of the terminal branch [1, 4, 22].

Diagnosis

Diagnosis of LABCN entrapment depends on a
good history and physical examination with good
knowledge of the anatomic landmarks of the loca-
tion of the nerve. Electrodiagnostic studies, using
the special technique recommended by Spindler
and Felsenthal [23], document either a prolonged
distal latency or decrease in amplitude of the
evoked response of the lateral cutaneous nerve of
the forearm in the symptomatic arm. Diagnostic
injection of local anesthetic, according to the tech-
nique described by Olson [24], can lead us to diag-
nosis and also help us to differentiate between
elbow pain secondary to entrapment of the
LABCN and other causes. It is crucial to avoid
injecting the area close to the lateral epicondyle or
the posterior interosseous nerve otherwise this
may mislead us to the diagnosis of the cause of the
elbow pain. The injection should be administered
along the lateral margin of the biceps approxi-
mately 3 cm proximal to the elbow flexion crease.
Last but not least, patients who present prolonged
pain and paresthesia on the lateral forearm, which
did not improve with general conservative treat-
ment, are very likely to suffer from lateral ante-
brachial cutaneous neuropathy [1-4, 18, 23, 24].

Differential Diagnosis

Differential diagnosis may include lateral epi-
condylitis, cervical radiculopathy, radial tunnel
and pronator teres syndromes, and biceps tendon-
itis. It is also equally important to differentiate
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between forearm paresthesia caused by disorders
of the LABCN versus the superficial radial nerve.
Mackinnon and Dellon, reported on the overlap
pattern of the sensory distribution of the LABCN
and the superficial branch of the radial nerve. A
thorough medical history of the patient along
with a detailed physical examination can be help-
ful in differentiating these conditions from lateral
antebrachial cutaneous neuropathy [4, 16, 19].

Treatment
Conservative

Rest, ice, nonsteroidal anti-inflammatory medi-
cations, activity modification, and extension
block splinting in 90° of elbow flexion, may be
used. We can also employ local steroid injection
lateral to the biceps tendon at the exit point of the
lateral cutaneous nerve of the forearm, followed
by splinting in flexion and supination for
7-10 days. Good results have also been reported
with the use of ultrasound and transcutaneous
electrical nerve stimulation (TENS) [1, 19, 22].

Operative

Under local, regional block or general anesthesia,
the patient is positioned supine on the operating
table with the entire extremity sterilely prepped
and draped free on the hand table. A zig-zag, lazy
“S” or longitudinal incision is made along the
anterolateral margin of the biceps centered about
3 cm proximal to the elbow flexion crease, expos-
ing the lateral edge of the biceps, where the
LABCN is identified. After that the elbow is
placed in full extension and pronation the lateral
margin of the biceps tendon can be evaluated. A
triangular wedge of tendon overlying the nerve is
excised or sutured back as a reflected flap. The
nerve can then be seen lying on the brachial fas-
cia where it is typically flattened and constricted.
At this site, the nerve should be meticulously
released. As it is clearly shown in Fig. 22.1. The
elbow is then taken through a full range of motion
to confirm that the biceps tendon does not com-
press the nerve in any position. The wound is

closed with a nonabsorbable interrupted suture,
and the elbow is splinted in 90° of flexion in neu-
tral rotation. The patient is removed from the
splint the first or second day after surgery and
returned to full activities at 2-3 weeks [1, 4, 19].

Conclusion

Lateral antebranchial cutaneous neuropathy is a
relatively uncommon condition. However, it is a
syndrome well defined with symptoms that involve
pain and even paresthesia along the volar radial
aspect of the distal forearm. There are several risk
factors that can lead to entrapment of
LABCN. These factors along with a thorough
medical history and physical examination with
good knowledge of the anatomic landmarks of the
location of the nerve are adequate to help us recog-
nize this condition. Electrodiagnostic studies can
verify the diagnosis. Treatment of choice is the sur-
gical release of the nerve at the site that it is com-
pressed, which is usually between the biceps
tendon and the branchialis fascia. In recurrent cases
with no improvement after simple decompression
and neurolysis and especially if there is an intrac-
table neuroma, then a resection of the nerve and
implantation of the proximal part in the brachialis
or biceps muscles can provide good results.
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Introduction

Wartenberg’s syndrome or compression neuropa-
thy of the superficial branch of the radial nerve
(SBRN) is a rare neuropathy, which affects
women more commonly than men with a ratio
4:1. Affected patients are usually between 40 and
70 years of age [1, 2].

SBRN compression neuropathy is a well-
known and described syndrome. In 1932
Wartenberg published a series of five patients
introducing the isolated neuropathy of the SBRN,
called since then, “Wartenberg’s syndrome”
although first described by Stopford a decade
before. By comparison with neuropathy of the
lateral femoral cutaneous nerve (also known as
meralgia paresthetica), Wartenberg named the
syndrome “‘cheiralgia paresthetica” [3-5].

Moreover, the SBRN is the third most com-
monly damaged peripheral nerve, after spinal
accessory and common peroneal nerves [6, 7].

Anatomy

The radial nerve emerges from the posterior com-
partment of the arm into the anterior compart-
ment penetrating the lateral intermuscular septum
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approximately 10-12 cm proximal to the elbow.
Approximately 6-10 cm distal to the lateral inter-
muscular septum and 3—4 cm proximal to the
leading edge of supinator, it bifurcates into deep
posterior interosseous nerve (PIN) and SBRN.

The PIN is a motor nerve that courses deep
beneath the supinator muscle while the SBRN
is a sensory nerve that travels in the forearm
under the brachioradialis tendon and between
the brachioradialis (BR) and extensor carpi
radialis longus (ECRL) muscles lying laterally
and posterior to the radial artery. It becomes
subcutaneous piercing the fascia at the margin
of the EPB in the distal one-third of the fore-
arm, 7.5-9.5 cm (8.31 = 1.14 cm) proximal to
the radial styloid (RS) and it lies in the subcuta-
neous fat on the surface of the abductor pollicis
longus (APL) and extensor pollicis brevis
(EPB) muscles, near the radial vein [8-13]
(Fig. 23.1).

The SBRN ends in two main branches. The
lateral branch comes off 4-5 cm proximal to the
RS (4.92 + 1.44 cm) in a radial direction and
innervates the radial aspect of the thumb. The
main trunk of SBRN continues distally forming
the medial branch. It ends up to three to five ter-
minal branches which pass over the tendon of
extensor pollicis longus (EPL) within 2-3 cm
distally to the distal edge of the extensor retinac-
ulum (2.69 + 0.87 cm) and travel in an ulnar
direction over the dorsum of the hand supplying
the radial three digits (thumb, index, and middle
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Fig. 23.1 Intra-operative photograph demonstrates the
superficial branch of radial nerve (black arrows). (D, dis-
tal; P, proximal)

fingers). Therefore, the superficial radial nerve
provides sensation to the dorsoradial hand, in
particular to the dorsum of first and second web
space and the dorsum of the thumb, index, and
middle fingers proximal to the proximal inter-
phalangeal joints with a few variations in the
area of distribution [11, 12, 14].

However, anatomic variations of SBRN are
not uncommon. Cadaveric dissection has shown
that in 75% of cases SBRN and lateral antebrach-
ial cutaneous nerve (LACN) have significant ana-
tomical proximity and therefore, at least partial
overlapping in sensory distribution [15, 16].
Moreover, such an overlapping may be present in
the area of distribution of SBRN and dorsal cuta-
neous branch of ulnar nerve (DCBUN).

Pathophysiology

Compression neuropathy of SBRN can be the
result either of intrinsic or extrinsic factors. The
nerve can be compressed at the point it emerges
from beneath the brachioradialis to the subcuta-
neous layer in the distal third of the forearm by
the intervening fascia. It can also be compressed
at any point along its course in the forearm by the
relative motion of the brachioradialis and exten-
sor carpi radialis longus (ECRL) during forearm
rotation. Rare causes of pressure can be wrist
ganglions or even exostosis in the area of the
wrist [17, 18].

Extrinsic factors include compression from
outside (i.e., wristbands, handcuffs, tight brace-
let, wrist watch or wrist band) and injury of the
dorsoradial aspect of the wrist [3-5, 11, 19-23].

Even mild pressure to the epineural vessels can
provoke compression neuropathy via demyelinat-
ing conduction block and axon loss along the
nerve. Subsequent oedema results in fibrosis
increasing further the pressure on the nerve and
affecting pain sensitivity. Excessive and prolonged
compression may finally produce local intraneural
sprouting and neuroma formation [11, 24-29].

Iatrogenic injuries include a long list of medi-
cal interventions that can cause SBRN injury, well
documented in bibliography so far. For example,
traction applied for reduction of fractures of the
forearm can cause stretch injury to the nerve. Stab
wounds for external fixator application, or inci-
sions for De Quervain’s operative treatment can
also injure SBRN [30, 31]. Cannulation of the
cephalic vein due to its proximity (80%) or inter-
section (68%) to SBRN [12, 13, 32, 33], harvest-
ing of the radial artery in vascularized graft
procedures [12, 34, 35], percutaneous fracture
fixation with K-wires or external fixators (in up to
20% of cases) [36] and wrist arthroscopy [37, 38]
are also included in the iatrogenic causes.

An interesting point is the possible involvement
of SBRN in complex regional pain syndrome
(CRPS), which was previously known as reflex
sympathetic dystrophy (RSD). SBRN contains
sympathetic fibers in a relatively high ratio and
damage of these fibers due to nerve stretching in
case of distal radius fractures and reduction manip-
ulations, may explain the association between
CRPS, and distal radius fractures [39—41].

Presentation and Differential
Diagnosis

Vague pain with dysesthesias, paresthesia (tingling
sensation) and numbness over the dorsoradial hand
are typically reported by patients with SBRN neu-
ropathy. Anatomical variations of ending branches
of SBRN may result in considerable differences in
distribution. Altered sensation in the dorsoradial
aspect of the hand as compared with the contralat-
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eral, is present in 98% of cases [42, 43]. However,
complete laceration of SBRN results in complete
anesthesia in the area of nerve’s distribution but
even in such cases, pain and dysesthesias may be
the main clinical problem. Formation of a painful
neuroma is not uncommon.

The pain of Wartenberg’s syndrome can be
elicited by various provocative tests. A positive
Tinel’s sign over the course of the SBRN is the
most common physical examination finding and
can help in localization of the compression site
which is usually in the area of brachioradialis
tendon insertion. Tinel’s sign can be elicited by
repetitive wrist flexion, ulnar deviation and pro-
nation. Finkelstein’s test increases symptoms in
the majority of patients, as well.

SBRN as a sensory nerve produces only sen-
sory symptoms. Weakness of the PIN-innervated
muscles in conjunction with SBRN sensory dys-
function suggests a more proximal lesion, above
or at the level of radial nerve bifurcation.

Local anaesthetic injection can be a useful
diagnostic test: resolution of the symptoms after
an injection of 1-2 ml of fast-acting local anaes-
thetic (1% or 2% lidocaine) at the spot of greater
tenderness is regarded as a positive test for com-
pression neuropathy.

Pain is often localized in the region of 1% dor-
sal compartment and therefore, De Quervain’s
stenosing tenosynovitis can be wrongly diag-
nosed and even treated surgically. Patients with
SBRN compression neuropathy tend to have
symptoms at rest independently of wrist and
thumb position while De Quervain’s tenosynovi-
tis pain is elicited by ulnar deviation of the hand
and adduction of the thumb (Finkelstein’s test)
but not with pronation. Both of these conditions
can of course be present simultaneously. In fact
Wartenberg’s syndrome is associated with De
Quervain’s disease in 20-50% of cases [43, 44].

Regional pain can be the result of LACN neu-
ropathy as well. Provocative tests for SBRN neu-
ropathy can be positive also in the case of lateral
antebrachial cutaneous neuritis due to proximity
of SBR and LAC nerves and distribution overlap-
ping. Furthermore, both SBRN and LACN can be
injured simultaneously due to their anatomical
relationship [12].

Intersection syndrome is less frequent than De
Quervain’s disease. It was first described in the
literature by Alfred-Armand-Louis-Marie Velpeau
in 1841 and was named as “intersection syn-
drome” by James H. Dobyns in 1978. Pain, mild
oedema and crepitus during flexion and extension
of the wrist are the results of friction between first
and second extensor compartments’ tendons
(APL, EPB and ECRL, ECRB). Tendons of the
first dorsal compartment cross over the second
compartment 4—6 cm proximal to Lister’s tuber-
cle. Repetitive flexion-extension of wrist (e.g. in
rowers and heavy weight lifters) causes tendovag-
initis of one or both compartments leading with
chronicity in diffuse fibrosis and tears [45, 46].

Finally, Wartenberg’s migrant sensory neuritis
(WMSN) is a rare and exclusively sensory neurop-
athy of unknown etiology. As in SBRN compres-
sion neuropathy, sudden numbness often preceded
by pain, is the main clinical finding but multiple
cutaneous nerves can be involved [47-49].

Further Investigation
Electrodiagnostic Tests

Workup of SBRN compression neuropathy
includes electrodiagnostic tests although these
are often negative. Absent or prolonged distal
radial sensory latency or decrease in the ampli-
tude of the evoked response can be found, com-
paring side to side. Distal conduction may be
normal while conduction in the forearm segment
is impaired as segmental conduction velocity
slowing is an expected finding in entrapment
neuropathies. On the other hand, it is not uncom-
mon for electrical abnormalities to be absent (up
to 16%) [42, 43].

However, in all cases, stimulation of the radial
nerve at the elbow evoked a recorded response
over the LACN in the forearm indicating that it
was also stimulated. Since the LACN is more
superficial than SBRN, it is possible that “nor-
mal” radial sensory conduction studies in clini-
cally involved patients may have actually
recorded responses from a branch of LACN at the
wrist rather than SBRN. Therefore, it is recom-
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mended that during all electrodiagnostic exami-
nations for possible entrapment of the radial
nerve in the forearm, musculocutaneous nerve
(MCN) must be also stimulated at the elbow. In
case of a recordable response from radial sensory
nerve pickup electrodes, while MCN is stimu-
lated, response is obviously from LACN [50].
Central lesions, as C6—C7 radiculopathy, do not
affect radial sensory action potentials (SNAPs).

Ultrasound Examination

Ultrasonography (u/s) is a widely used and
advantageous imaging technique for diagnosing
hand pathology. Apart from its use in diagnosis
of various dorsally sided problems of hand (e.g.
De Quervain’s disease, intersection syndrome,
degenerative lesions of carpometacarpal joint of
the thumb and tumor or tumor-like lesions) and
in differential diagnosis among them, u/s can
reveal an entrapment or injury of SBRN.

A high-end machine equipped with a broad
band transducer of higher than 12 MHz frequency
is essential for the ultrasound examination of
SBRN along nearly all its course in longitudinal
and transverse planes. Loss of normal fibrillary
pattern with swelling and increased vascularity on
colour flow imaging are usually the findings [51].

Magnetic Resonance Imaging

Magnetic resonance imaging can also be used
in SBRN neuropathy revealing characteristic
increase in signal intensity along the nerve with
swelling in T2-weighted scans. However, MRI is
rarely used for Wartenberg’s syndrome diagnosis
because it is a high-cost and time-consuming
examination method adding very little to clinical
and US evaluation of cheiralgia paresthetica.

Treatment

Wartenberg’s syndrome is a compression neu-
ropathy and can be treated conservatively at the
early stages.

Spontaneous resolution of the symptoms is
not uncommon as soon as any factor of external
compression (e.g. wristwatch, bracelets, etc) is
removed. Traction neurapraxia is usually resolved
after a few weeks and splinting of the wrist and
thumb can help.

As in every compression neuropathy, rest
and activity modification can relieve muscle
contraction and decrease the pressure on
SBRN. Non-steroidal anti-inflammatory drugs
help nerve inflammation to subside. Further-
more a long arm splint including wrist and
elbow secures area immobilization and reduces
brachioradialis pressure. Corticosteroid injec-
tions at the point of greater sensitivity along
nerve’s route can enhance anti-inflammatory
action in situ, although there is no sufficient
evidence to support this and moreover, they
can cause skin atrophy [44].

Since effectiveness of conservative manage-
ment (71%) is comparable to that of operative
treatment (74%), surgical decompression is indi-
cated only in cases that conservative manage-
ment has failed and symptoms persist over
6 months [44]. Anatomical structures that are
responsible for compression of SBRN must be
removed. The nerve has to be released all along
its length (Figs. 23.1, 23.2, and 23.3). A common
site of pressure is the point where SBRN
becomes subcutaneous in the distal third of fore-
arm, piercing the fascia at the margin of the EPB,
8-9 cm proximal to the radial styloid. Post-
traumatic or post-operative scar tissue formation
is often a cause of compression and is surgically

Fig. 23.2 Intra-operative photograph demonstrates the
superficial branch of radial nerve (black arrows) during
neurolysis. (D, distal; P, proximal)
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Fig. 23.3 Intra-operative photograph after neurolysis of
the superficial branch of radial nerve along its length
(black arrows). (D, distal; P, proximal)

treated by neurolysis. Longitudinal incision at
the suspected area of compression, volarly to the
point of positive Tinel’s sign and meticulous sur-
gical dissection are carried out minimizing the
risk of new scar formation and LACN injury.
Painful neuromas must be resected and the ends
of nerve should be buried in healthy tissue (e.g.
brachioradialis muscle). A short-arm thumb
spica splint is applied post-operatively. Some
surgeons prefer to do so in case of SBRN lacera-
tions whereas others perform neurorraphy.
Unfortunately, outcome of each procedure may
be poor and symptoms often persist [52, 53]. In
cases of recurrent Wartenberg’s syndrome, revi-
sion neurolysis and nerve wrapping with autolo-
gous vein graft or synthetic nerve protectors can
be performed to prevent further scarring around
the nerve [54].

Meticulous intraoperative dissection, regard-
less of incision type, and care taken to identify
SBRN branches, are essential in case of surgical
approaches in dorsolateral aspect of the distal
third of forearm such as De Quervain’s tenosyno-
vitis decompression and incisions for external
fixators’ pins application. Although there is not
solid agreement in published studies, transverse
skin incisions in the area are better to be avoided
despite the cosmetic advantage. Some authors
suggest that even cannulation of the cephalic vein
should be avoided [11-13].

In any case, knowledge of nerve’s anatomy is
a prerequisite for minimizing the risk of iatro-
genic SBRN injury.
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There are few clinical entities in hand surgery
and therapy that are more controversial and cre-
ate as confusing a clinical picture as thoracic out-
let syndrome (TOS). TOS is defined as
compression of the neurovascular structures in
the thoracic outlet [1]. An incomplete under-
standing of the anatomy and the lack of objective
physical findings contribute to the confusion and
controversy surrounding TOS. This entity
remains the most difficult upper extremity com-
pressive neuropathy to manage, given its elusive
diagnosis and lack of consistent response to treat-
ment. The following chapter provides a review of
the history of this controversial entity and the rel-
evant anatomy and highlights the current stan-
dards of diagnosis and recommended surgical
treatment.

Anatomy

The thoracic outlet is the region from the inter-
vertebral foramina to the coracoid process and
contains the brachial plexus, subclavian artery,
and vein [2]. There are three distinct anatomic
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areas where compression can occur: the intersca-
lene triangle (or scalene interval), the costocla-
vicular space, and the subcoracoid space. Any
condition, such as congenital variations, space-
occupying lesions, inflammation, or fibrosis sec-
ondary to trauma, can narrow these spaces,
resulting in compression neuropathy of the bra-
chial plexus or arterial or venous compression.
The interscalene triangle is bordered anteri-
orly by the anterior scalene muscle, posteriorly
by the middle scalene muscle, and inferiorly by
the clavicle. The brachial plexus and subclavian
artery pass through this space, and the subclavian
vein passes anterior to it. The scalene muscles act
as secondary respiratory muscles by causing ele-
vation of the first rib during deep inspiration. Use
of these muscles can cause neurovascular com-
pression because of their intimate relationship
with the brachial plexus and subclavian artery
that pass between the anterior and middle scalene
muscles. Abnormalities of the scalene muscles
have been reported with overlapping insertions
and variable fusions of the anterior and middle
scalenes [3].The scalenus minimus is a supernu-
merary scalene muscle which originates from the
transverse process of the C6-C7 vertebrae and
inserts on the first rib and pleural fascia. It courses
between the subclavian artery and lower brachial
plexus. This anomalous muscle can narrow the
scalene interval, resulting in neurovascular com-
pression. It has been reported in 30-50% of cases
of TOS [3]. Additional anomalous muscles
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reported to have a role in the development of
TOS include the accessory middle scalene and
subclavius posticus [4, 5].

The costoclavicular space or triangle is bor-
dered anteriorly by the clavicle, costocoracoid
ligament, and subclavius muscle; posteromedi-
ally by the first rib; and posterolaterally by the
scapula [6, 7]. Compression of the subclavian
vessel and brachial plexus can result from several
causes: fracture callus or hematoma of the first
rib or medial clavicle, poor posture with droop-
ing shoulders, or congenital narrowing or abnor-
malities. Hypertrophy of the subclavius can result
in compression of the subclavian vein, causing
Paget—Schroetter syndrome, axillary-subclavian
vein thrombosis [8]. The costoclavicular liga-
ment is also implicated in compression of the
subclavian vein [9].

The subcoracoid space is the least common
site for entrapment of the three potential areas of
compression [6]. The neurovascular bundle runs
inferior to the coracoid and below the pectoralis
minor, which inserts on the coracoid process. The
pectoralis minor can impinge on the neurovascu-
lar bundle in hyperabduction of the extremity.
Arm abduction stretches the neurovascular bun-
dle around the coracoid and also tenses the pecto-
ralis minor, which causes further compression.
Wright [10] coined the term hyperabduction syn-
drome and described Wright’s hyperabduction
test. He described this in short, stocky men who
repetitively extend their arms above their heads.
Hyperabduction of the arm also moves the clavi-
cle posteriorly and superiorly, narrowing the cos-
toclavicular space.

Cervical ribs are one of the structures most
commonly associated with TOS. Cervical ribs
are present in 0.2-0.6% of individuals and bilat-
eral in 50-80% [6]. They may be completely
formed, but are more often incomplete and have
a fibrous band or anlage connecting the bony tip
of the cervical rib to the first rib. Wright [10] and
Roos [9, 11] described nine types of fascial bands
causing neurovascular compression. These
fibrous bands frequently attach to the tip of a cer-
vical rib, the transverse process of C7, or the first
rib, and are commonly implicated in arterial
compression. They can also result in compres-

sion of the brachial plexus, causing neurologic
symptoms [12].

First rib anomalies can further narrow the tho-
racic outlet. These anomalies can include fusion
of a cervical rib to the first rib, fusion of the first
rib to the second rib, and abnormally positioned
or bifid ribs. Fracture of the first rib can result in
callus, which can cause compression of the neu-
rovascular structures.

History

The history of TOS is rich with contributions
from legendary surgeons: Galen, Vesalius,
Halstead, Ochsner, DeBakey, and Adson. The
history of TOS begins with Galen and Vesalius,
with the recognition of cervical ribs. The diagno-
sis of cervical rib syndrome is first attributed to
Willshire [13] in 1860. Surgical rib resection was
first reported by Coote [14] in 1861 for cervical
rib compression. First rib resection was origi-
nally reported by Murphy in 1910 [15].

The understanding of the pathogenesis of TOS
has evolved over the last century. Adson and
Coffey [16] reported on compression of the neu-
rovascular structures by the scalene musculature.
They recommended a new procedure, anterior
scalenotomy, and removal of any abnormal tendi-
nous insertions [16]. They subsequently described
Adson’s sign (discussed later). Ochsner et al.
[17] reported on scalene muscle abnormalities
and coined the term scalenus anticus syndrome in
1935. Scalenotomy subsequently became the
most popular procedure for TOS; however, scale-
notomy fell out of favor after a recurrence rate of
60% was noted [18]. Other pathologic factors
were subsequently considered. Compression
between the first rib and clavicle was implicated,
with Falconer and Weddell [19] introducing the
term costoclavicular compression syndrome in
1943. Gradually, attention became less focused
on the scalene musculature and more on the con-
tribution of the first rib. Roos [11] described a
transaxillary approach to first rib resection in
1966. He reported a 93% improvement rate, and
this subsequently became the preferred proce-
dure for TOS. Roos focused the attention of
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surgeons back onto the brachial plexus compres-
sion rather than on the vascular compression and
described many congenital bands causing TOS
[9, 10]. Atasoy [8] combined Adson’s work
implicating the scalene interval as a site of com-
pression and the work of Roos implicating the
first rib. In 1996, Atasoy [8] reported combined
transaxillary cervical rib resection and transcer-
vical scalenectomy for complete decompression
of the thoracic outlet.

The great number of surgeons who have con-
tributed to this diagnostic entity, first focusing on
vascular compression and later on neurologic
compression, has led to a variety of nomenclature
associated with TOS. This variety of nomencla-
ture underscores the difficulty with diagnosis and
its varied presentation. The greater entity of TOS
has been called cervical rib syndrome, scalene
anticus syndrome, subcoracoid—pectoralis minor
syndrome, costoclavicular syndrome, first tho-
racic rib syndrome, scalenus medius syndrome,
Paget—Schroetter syndrome, rucksack palsy,
droopy shoulder syndrome, and hyperabduction
syndrome. In this chapter, the encompassing term
thoracic outlet syndrome (TOS), as proposed by
Peet et al. [20], is used.

Classification

Wilbourn [30] classified TOS into two main
types, vascular and neurogenic (Table 24.1). The
vascular type is much less common and repre-
sents fewer than 5% of TOS procedures per-
formed. Vascular TOS is further subdivided into
two subtypes, arterial TOS and venous
TOS. Given the different subtypes, TOS can have
a varied presentation. Compression of the subcla-
vian vein and compression of the subclavian

Table 24.1 Classification of thoracic outlet syndrome

Vascular
Arterial thoracic outlet syndrome
Venous thoracic outlet syndrome
Neurogenic
True neurogenic thoracic outlet syndrome
Disputed neurogenic thoracic outlet syndrome

artery represent venous and arterial TOS, respec-
tively, whereas compression of the brachial
plexus results in neurogenic TOS. It is estimated
that the brachial plexus is the most commonly
compressed structure (90%), followed by the
subclavian vein (6-7%) and subclavian artery
(3—4%) [6, 22]. The vascular subtypes exhibit
objective signs and symptoms of diagnosis,
whereas the neurogenic types often do not. Thus,
much controversy surrounding TOS relates to the
neurogenic type.

Arterial Thoracic Outlet Syndrome

Arterial TOS is the least common type, represent-
ing fewer than 1% of cases in a series of more
than 2500 cases reported by Sanders et al. [23]
Arterial TOS can be acute, chronic, or acute-on-
chronic. Acute TOS is rapidly clinically evident
and can result in limb-threatening ischemia. Signs
and symptoms include pain, pallor, pulselessness,
and paresthesias. Chronic or acute-on-chronic
arterial TOS frequently presents with thrombo-
embolic complications. Chronic arterial compres-
sion leads to intimal damage, arterial stenosis,
thrombus formation, thromboembolic complica-
tions, and aneurysm formation. This is frequently
diagnosed late. A history of unilateral Raynaud’s
disease should raise suspicion for a missed diag-
nosis of chronic arterial TOS. Likewise, a patient
with neurologic compression as a result of TOS
syndrome should be examined for signs of micro-
embolic disease, including claudication, fingertip
ulcerations, and cold intolerance. Arterial TOS is
almost always caused by a bony anomaly causing
compression [21]. Almost all patients have either
a well-developed cervical rib or another bony
anomaly causing compression [24, 25]. Dense
fascial bands originating from a cervical rib or an
elongated transverse process of C7 have specifi-
cally been implicated [26]. Additionally, a mal-
union of the clavicle or first rib may cause arterial
compression [21]. These may result in compres-
sion of the subclavian artery, with positional
changes seen with Adson’s test and Wright’s
hyperabduction maneuver. The subclavian artery
may be palpable superior to the clavicle, and a
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bruit may be present. If arterial TOS is encoun-
tered, a chest radiograph should be performed to
evaluate for a cervical rib or another bony anom-
aly. The diagnosis of vascular TOS can be evalu-
ated initially by noninvasive tests, such as duplex
imaging, and confirmed with angiography. The
treatment of acute arterial TOS is with urgent
embolectomy. Treatment of chronic arterial TOS
is with surgical decompression with arterial repair
or reconstruction [21].

Venous Thoracic Outlet Syndrome

Venous TOS is occlusion of the subclavian vein
in the thoracic outlet. It is more common than
arterial TOS, but much less common than neuro-
genic TOS. It represents only 2-3% of all cases
of TOS. As with arterial TOS, venous TOS can
be acute or chronic. Acute venous TOS can occur
because of a thrombus or can occur suddenly
after sudden maximal arm use, termed effort
thrombosis or  Paget—Schroetter — syndrome.
Predisposing factors include the relationship of
the vein to the subclavius tendon and costocla-
vicular ligament and the dimensions of the costo-
clavicular space. Occlusion of the subclavian
vein typically occurs in muscular young men
after strenuous exercise and is believed to be
caused by impingement from the costoclavicular
ligament. This may also occur with overhand ath-
letes because of abduction of the arm, causing
compression and occlusion of the subclavian vein
[27]. Acute occlusion results in a sudden painful
swelling of the arm, whereas a chronic occlusion
presents more insidiously with swelling or cya-
nosis. The best test for diagnosis is dynamic
venography [28]. If findings on static venography
are normal, the arm may be abducted to 180°,
showing pathologic compression in this position.
Subclavian venous thrombosis most often occurs
as a result of secondary causes, such as an under-
lying clotting abnormality or subclavian cathe-
ters. Extrinsic compression of the subclavian
vein can also occur because of a tumor. Primary
compression of the subclavian vein usually
occurs in the costoclavicular space [28].
Treatment involves removing the clot with throm-

bolysis and subsequent correction of the underly-
ing abnormality [28, 29]. If compression is
caused by a congenitally tight costoclavicular
space, this can be treated with surgical decom-
pression by transaxillary first rib resection.

Neurogenic Thoracic Outlet
Syndrome

Neurogenic TOS is by far the most common type,
as classified by Wilbourn [30]. The most com-
mon etiology of neurogenic TOS is neck trauma
in an individual with anatomic predisposition to
narrowing at the thoracic outlet [31].
Hyperextension neck injuries result in scarring of
the scalene muscles. Ochsner [17] described
hypertrophy, degeneration, and fibrosis of the
anterior scalene muscles. This is believed to
result in neurologic compression. The second
most common etiology of neurogenic TOS is
repetitive stress injuries. Poor posture is also
believed to play a role.

Wilbourn [30] subclassified neurogenic TOS
into “true” neurogenic and ‘“disputed” neuro-
genic types. “True” neurogenic TOS is exceed-
ingly rare and shows objective signs of nerve
compression, usually of the lower brachial
plexus. Objective signs and symptoms include
paresthesias in the lower plexus distribution,
intrinsic wasting, decreased grip strength, and
hypothenar atrophy. Patients typically have mini-
mal pain, but do have objective findings of neuro-
logic compression. “True” neurogenic TOS is
almost always associated with a bony anomaly,
such as a cervical rib causing nerve compression
[30]. Paresthesias are the most common present-
ing symptom, characteristically involve the
medial forearm and the fourth and fifth digits,
and occur in up to 95% of individuals [32]. In a
systematic review, Sanders et al., outlined the
common symptomatology of neurogenic TOS
which includes neck pain (88%), trapezius pain
(92%), shoulder and/or arm pain (88%), supra-
clavicular pain (76%), chest pain (72%), occipi-
tal headache (76%) and paresthesias in all five
finger (58%), digits IV and V (26%) or the radial
digits (14%) [23].
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Symptoms of “disputed” neurogenic TOS are
more vague and can include shoulder pain,
extremity weakness, headache, neck and scapular
muscle spasm, arm dysesthesias, and paresthe-
sias. Because of the preponderance of lower
plexus involvement, paresthesias more commonly
affect the medial forearm and fourth and fifth dig-
its; however, they can also be vague, involving the
entire arm. This vague presentation is characteris-
tic of the disputed neurogenic type rather than the
true neurogenic type. Patients may complain of a
“dead arm” sensation, where the entire arm may
“g0 to sleep.” Patients may also note weakness
and fatigue of the extremity, especially in the
intrinsic musculature. Symptoms can be wors-
ened with overhead activity and placing the arm
in a hyperabducted position. Disputed neurogenic
TOS may also cause vague vascular symptoms,
such as swelling, cyanosis, and a cool hand.

Diagnosis

Because of the varied presentation of compres-
sion at the thoracic outlet, the diagnosis of TOS
can be difficult. Additionally, the vast majority of
patients with neurogenic TOS have the disputed
type without objective findings or positive elec-
trodiagnostic test results, making this diagnosis
particularly challenging. The diagnosis is primar-
ily clinical, with ancillary studies performed to
rule out other diagnoses. Approximately 98% of
symptoms are neurologic. It commonly presents
between 20 and 40 years [1]. The incidence in
women is three times that in men. The reasons for
this are unclear, possibly related to an increased
incidence of bony and soft tissue anomalies in the
neck [33]. Interestingly, it is more common in
patients with private health insurance and is rarely
diagnosed in the Medicaid or worker’s compensa-
tion population [34]. The incidence is increasing
in the United States, but it is less prevalent in
other countries, such as the United Kingdom.
TOS may occur simultaneously with carpal
tunnel syndrome, cubital tunnel syndrome, or
other compressive neuropathies, as a double-
crush phenomenon. Proximal compression of the
brachial plexus can result in increased susceptibil-
ity to compression in the carpal tunnel and cubital

tunnel. Conversely, a reverse double-crush sce-
nario is possible, with distal compression result-
ing in increased susceptibility to proximal
compression because of altered proximal axoplas-
mic flow. Wood and Biondi [35] reported double-
crush phenomena in 42% of cases of TOS. The
most common double-crush associated with TOS
was carpal tunnel syndrome, affecting 41 of 165
patients. Carpal tunnel is believed to occur in
20—45% of cases of TOS, and cubital tunnel syn-
drome is believed to occur in approximately 10%
of cases [36]. These syndromes need to be
excluded for the diagnosis of TOS to be made.

Initial workup should include a thorough and
comprehensive physical examination, provoca-
tive tests, and diagnostic studies, such as cervical
spine radiographs, chest radiographs, electrodi-
agnostic testing, and somatosensory evoked
potentials (SSEPs).

Physical Examination

Because the diagnosis of TOS is frequently clini-
cally based, with lack of objective confirmatory
tests, the physical examination should be com-
prehensive. The physical examination should
begin with the patient unclothed above the shoul-
ders. The patient’s shoulder posture should be
assessed and the arms inspected for swelling.
Tenderness in the neck, shoulder girdle, and cla-
vicular fossa as well as Tinel’s sign, scapular
winging, and muscle spasm should be noted. A
thorough physical examination of the upper
extremity should be performed, including
detailed muscle strength and sensation using
Semmes—Weinstein monofilaments. Provocative
tests should be conducted to rule out other condi-
tions, such as carpal tunnel syndrome, cubital
tunnel syndrome, cervical radiculopathy, tendon-
itis, and rotator cuff tears, starting distal and pro-
ceeding proximally. Only then should provocative
tests for TOS be performed.

Adson’s Test

Adson’s test (or Adson’s maneuver) is performed
by placing the arm into extension and having the
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patient hyperextend the neck, turn the face toward
the affected side, and take a deep breath, as origi-
nally described by Adson and Coffey [16]
(Fig. 24.1a, b). The physician stands behind the
patient and monitors for loss of radial pulse and
reproduction of paresthesias. Inspiration tightens
the accessory respiratory muscles, the scalenes,
narrowing the scalene interval and causing com-
pression of the brachial plexus and subclavian
artery. A positive test result is classically described

Fig.24.1 (a) Adson’s
test is performed by
having the patient place
the arm at the side,
hyperextend the neck,
turn the face toward the
affected side, and take a
deep breath, as
originally described by
Adson. (b) A reverse
Adson’s test can follow
the standard test by
having the patient turn
the head in the opposite
direction. The examiner
should look for pulse
obliteration and
reproduction of
symptoms. Many
patients can normally
have a pulse diminution
without symptoms

as obliteration of the radial pulse with inspiration.
However, test results can be positive in normal,
asymptomatic individuals, limiting the diagnostic
value of the test [16]. Gergoudis et al. challenged
the clinical utility of this test as they demonstrated
that 51% of healthy volunteers had a diminished
pulse with this maneuver [37]. -Sanders and
Hammond [28] believe that it has no clinical value
for the diagnosis of TOS. Reproduction of the
patient’s symptoms should also be noted.
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Wright's Hyperabduction Test

The arm is externally rotated and abducted to
180°, with the elbow flexed 90°, as the patient
inhales deeply (Fig. 24.2). A positive test result
shows a decrease in the pulse as the maneuver is
performed. In Wright’s [38] original description,
a position of hyperabduction during sleep was
noted to cause arm paresthesias. MacKinnon [39]
modified the test by having the elbow extended,
minimizing cubital tunnel compression. Some

Fig. 24.2 Wright’s
hyperabduction test. The
arm is externally rotated
and abducted to 180°,
with the elbow flexed
90°, as the patient
inhales deeply. A
positive result shows a
decrease in the pulse as
the maneuver is
performed

Fig. 24.3 The Roos’
test or elevated arm
stress test. The arms are
held in a position of 90°
of abduction and
externally rotated
(“stick-up position”).
The patient then opens
and closes the hands
slowly for a period of

3 minutes. Reproduction
of symptoms in the
entire extremity or rapid
fatigue of the extremity
constitutes a positive
result

would consider reproduction of symptoms as a
positive test result [16]. Hyperabduction causes
compression in the subcoracoid region by the
pectoralis minor muscle.

Roos’ Test

Roos’ test is also called the elevated arm stress test
(Fig. 24.3) The arms are held in a position of 90°
of abduction and externally rotated (“stick-up




238

A.L.Osterman and M. S. Wilson

position”). The patient then opens and closes the
hands slowly for a period of 3 minutes.
Reproduction of symptoms in the entire extremity
or rapid fatigue of the extremity constitutes a posi-
tive test result. Patients with TOS typically cannot
complete this test. The test is of the most diagnos-
tic benefit when symptoms occur rapidly after
elevation of the arm [22]. One study showed repro-
duction of symptoms in 94% of patients with neu-
rogenic TOS [20]. Many authors [1, 2, 40]
described this as the most reliable test for
TOS. Aysin et al. evaluated 135 patient with neck
and arm pain, 93 of whom had a diagnosis of
TOS. The authors found that the Roos test had the
highest sensitivity rate — 92% [41]. In contradis-
tinction, the Roos test has a high false-positive rate
as this maneuver can reproduce symptoms of other
pathologies, including carpal tunnel syndrome,
cubital tunnel syndrome and rotator cuff syn-
drome, and the results should be interpreted with
caution.

Hunter’s Test (Brachial Plexus Tension
Test)

This test involves reproduction of the patient’s
symptoms by placing particular portions of the
brachial plexus under maximal tension. Tension
of the lower plexus is performed by placing the
arm at 90° of abduction, with the elbow extended,
the wrist extended, and the palm upward.
Maximal stretch of the lower trunk will result in
pain and paresthesias in the medial forearm and
fourth and fifth digits. Whitenack et al. [26] also
described different positions that result in maxi-
mal stretch of the upper and middle plexus.

Halsted Maneuver

The Halsted maneuver is also referred to as the
military brace test or costoclavicular test. The
patient moves the shoulders inferiorly and medi-
ally, protruding the chest, as in a military posture.
This test narrows the thoracic outlet. Further nar-
rowing can be accomplished by having the
examiner apply downward traction to the arm,

causing compression of the clavicle on the tho-
racic outlet.

Upper Limb Tension Test of Elvey

The upper limb tension test is performed in three
positions. Position 1 is abduction of both arms to
90° with the elbow extended. Position 2 is position
1 plus dorsiflexion of the wrists. Position 3 is posi-
tions 1 and 2 plus tilting of the head to the contra-
lateral side. A positive test result is indicated by
pain and paresthesias radiating down the arm, with
the strongest evidence of TOS indicated by a posi-
tive response in position 1. A recent study showed
this to be a positive physical finding in 98% of a
series of 50 patients with TOS [20].

A study of the false-positive rate with provoc-
ative physical examination testing in healthy sub-
jects showed that outcomes of pulse alteration or
paresthesias were unreliable [42]. When a posi-
tive outcome was defined as pain, Adson’s test,
the Halstead maneuver, and the supraclavicular
pressure test (pressure over the supraclavicular
fossa at the medial scalene muscle for 30 sec-
onds) had reasonably low false-positive results. A
positive outcome defined as discontinuation of
the elevated arm stress test because of pain, or
pain in the arm after multiple maneuvers, also
had a low false-positive rate [43]. Others have
also suggested low specificity of the diagnostic
physical examination maneuvers discussed
earlier.

Diagnostic Studies

Initial diagnostic studies for the evaluation of
TOS are cervical spine radiographs, chest radio-
graphs, electrodiagnostic testing, and SSEPs.
Other studies include the use of duplex ultra-
sound, contrast arteriography, venography. MR
neurography and brachial plexus imaging are
considered emerging techniques for the diagnosis
of neurogenic TOS [44]. There are tests that are
useful for the diagnosis of vascular TOS and true
neurogenic TOS; however, there are no “gold
standard” diagnostic studies to confirm neuro-
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genic TOS. The initial diagnostic studies are per-
formed in disputed neurogenic TOS to rule out
other entities. Cervical spine films evaluate for
cervical disk disease, degenerative joint disease,
or neural foramina narrowing, all of which can
mimic TOS. Cervical spine films and chest radio-
graphs should be evaluated for the presence of
cervical ribs, an elongated C7 transverse process,
and structural anomalies of the first rib and clav-
icle, which are commonly present in true neuro-
genic TOS. The C7 transverse process is
elongated if it projects lateral to the plane of the
T1 transverse process on the anteroposterior
view. The apical lung segment should be evalu-
ated on a chest radiograph to exclude a tumor.
Pancoast tumor must be included in the differen-
tial diagnosis of a patient with paresthesias in the
C8-T1 distribution.

If vascular compression is suspected, nonin-
vasive tests, such as duplex ultrasonography,
pulse volume recordings, and finger plethys-
mography can be used. If vascular compression
is not suspected, these tests do not need to be
included in the routine evaluation of neurogenic
TOS. Vascular TOS can be further evaluated,
with angiography and venography representing
the “gold standard” for arterial and venous TOS,
respectively. There are reports of the use of
magnetic resonance angiography for the diagno-
sis of arterial TOS; however, evidence-based
studies of CT angiography have recently been
described, and this may become the imaging
modality of choice [45]. Blum et al. recently
demonstrated the utility of dynamic CT angiog-
raphy suggesting that subclavian artery stenosis
on dynamic CT angiography is strongly associ-
ated with TOS [46].

The best use for MRI is to exclude the diagno-
sis of cervical spine pathology rather than for the
diagnosis of TOS. There are some case reports of
MRI being used to identify compression of the
brachial plexus [47, 48]; however, MRI is cur-
rently not the standard of care for the diagnosis of
TOS. A recent blinded study performed to evalu-
ate positional change in patients with TOS
showed that MRA done in a provocative position,
such as the Halsted maneuver, is more valuable in
the diagnosis of TOS [49].

Electrodiagnostic Testing

Although patients with disputed neurogenic TOS
have negative findings on electrodiagnostic test-
ing, electromyography (EMG) and nerve conduc-
tion velocity (NCV) remain an important part of
the initial evaluation of suspected TOS. EMG and
NCYV are performed to rule out sites of distal com-
pression and to evaluate for possible double-crush
syndrome. Because there are no gold standard
tests for disputed neurogenic TOS, it is important
to rule out other pathology, such as carpal tunnel
syndrome and cubital tunnel syndrome, which can
present with similar symptoms. Routine electrodi-
agnostic tests are not useful to confirm the pres-
ence of disputed neurogenic TOS [50]. ‘However,
they have utility for the diagnosis of true neuro-
genic TOS. True neurogenic TOS shows a reduc-
tion of the amplitude of ulnar and median
compound nerve action potentials and a decreased
or absent medial antebrachial cutaneous (MABC)
sensory nerve action potential (SNAP) [51]. The
advantage of electrodiagnostic testing is that, if the
findings are positive, they can provide objective
data for diagnosis. In patients with objective phys-
ical signs of nerve compression, such as intrinsic
wasting, EMG and NCV show chronic denerva-
tion, reduced amplitude and prolongation of ulnar
SSEP latency, delay in F wave latency, changes in
median nerve motor action potential and ulnar
nerve SNAP, and decreased MABC SNAP ampli-
tude. A report of MABC SNAP in 16 patients
showed decreased MABC SNAP amplitude in
neurogenic TOS with lower plexus involvement,
suggesting its possible use as an early diagnostic
tool [52]. Tsao et al. reported on the electrodiag-
nostic features of 32 patients with surgically veri-
fied true neurogenic thoracic outlet syndrome and
noted that there was uniform chronic axonal loss
affecting the lower portion of the brachial plexus
and disproportionately involved the T1 more than
the C8 sensory and motor fibers. They found that
upon testing the medial antebrachial cutaneous
nerve and median motor nerve, combined conduc-
tion deficits were abnormal in 89% of patients
with TOS [53]. Similarly, for suspected upper
plexus lesions, the lateral antebrachial cutaneous
nerve amplitude can be tested [54].
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SSEPs are a measure of the electrical conduc-
tion of a distal sensation through the brachial
plexus, nerve roots, spinal cord, and central ner-
vous system. Several studies suggest that SSEPs
are useful in the diagnosis of TOS in patients with
objective signs of muscle wasting and weakness
and are not useful in patients with only subjective
signs of TOS [55-57]. They can be helpful in true
neurogenic TOS, but there is no consensus in the
literature as to their utility in disputed neurogenic
TOS. Komanetsky et al. [58] reported 21 patients
with TOS who were examined with SSEP moni-
toring. There was no significant difference in bra-
chial plexus conduction time (interpeak latencies)
between the TOS group and the control group.
However, significant differences were noted with
arm positioning, specifically, abduction and exter-
nal rotation, suggesting that SSEPs are not helpful
in the diagnosis of disputed TOS [58].

A final modality which has gained traction in
the evaluation of patients with suspected TOS is
anterior scalene blocks. The scalene muscle is
injected with local anesthetic or botulinum toxin
for both diagnostic and therapeutic purposes.
Alleviation of symptoms will occur if the injected
muscle is the site of compression. Braun et al.
assessed the use of scalene blocks in patients
with symptomatology consistent with
TOS. Patients who underwent anterior scalene
muscle blocks noted symptomatic and functional
improvement after the blocks, with an increase in
their work capacity in waist level push—pull tests,
overhead bar push—pull tests, and extremity
abduction stress test with repetitive hand grip-
ping during static arm elevation [59]. Scalene
blocks also appear to be prognostic in certain
groups when it comes to predicting surgical out-
come. Lum et al' found that a successful block
correlated with a 14% higher rate of good surgi-
cal outcomes in patients older than 40 years [60].

Treatment

The first-line treatment is physical therapy. Most
cases of TOS can be managed effectively with a
therapy program, including a comprehensive pro-
gram of postural modification, nerve gliding
exercises, education, and strengthening [61].

Indications for surgery are straightforward for
true neurogenic and vascular TOS. Patients with
arterial compression or signs of arterial insuffi-
ciency should undergo urgent decompression, typi-
cally through a combined approach [62].
Indications for surgery in true neurogenic TOS
include intrinsic wasting, frequently accompanied
by objective EMG and NCV evidence of nerve
compression [63]. Indications for disputed neuro-
genic classification are less clear. At a minimum, an
extensive course of physical therapy should have
been performed before surgical treatment. The
patient should be evaluated for sites of distal com-
pression and treated if necessary before contempla-
tion of surgical treatment for TOS. MacKinnon and
Patterson’s [62] indications for surgery are failure
of 3 months of supervised therapy and double-
crush with failure of surgical management of the
distal compression. However, others have devel-
oped differing surgical indications for disputed
neurogenic TOS. Urschel [63] believed that it was
mandatory to have prolongation of ulnar and
median NCV across the thoracic outlet in addition
to failure of conservative treatment before consid-
ering surgery.

There are two general surgical approaches to
TOS. The first involves anterior scalenectomy,
with or without brachial plexus neurolysis. The
second involves removal of the first rib. In all
cases, abnormal anatomy that may be causing
compression should be addressed, such as a cer-
vical rib or fibrous attachments to a cervical rib.
Removal of the first rib can be accomplished
through either a transaxillary approach or a
supraclavicular approach. Each technique has
proponents, and results are similar [64]. There is
no consensus as to the best surgical approach or
procedure for TOS.

Transaxillary Rib Resection

Transaxillary rib resection was first performed in
1966 by Roos [64], who popularized this
approach. Proponents believe that it is a safer
approach because dissection is not near the bra-
chial plexus and axillary vessels. It also avoids
the complication of long thoracic and phrenic
nerve injuries and produces a more acceptable
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Fig. 24.4 (a) Visualization of the first rib. (b) Excised
first rib

cosmetic result (Fig. 24.4a, b). Poor visualization
of the posterior aspect of the first rib can result in
a long residual first rib stump which is believed to
play a role in recurrent TOS [65, 66]. For a suc-
cessful outcome, the entire rib should be resected.
Disadvantages of this approach include poor
visualization of the posterior aspect of the first rib
and lack of access to the brachial plexus (which
frequently lies medial to the first rib) and con-
genital bands or cervical ribs. Formal exploration
of the upper brachial plexus cannot be done
through this approach.

Supraclavicular Rib Resection

The supraclavicular approach allows wider expo-
sure of the brachial plexus and more direct access
to the cervical ribs or fibrous bands causing com-
pression. If anomalous first ribs or fibrous bands
are present, they should be removed. This can be
best accomplished through the supraclavicular
approach. This approach also allows easier access

to the brachial plexus and scalenes for scalenec-
tomy and upper plexus neurolysis and is the
approach favored by many neurosurgeons [67].
The disadvantage of the supraclavicular approach
is a higher incidence of thoracic duct and phrenic
nerve injuries. Phrenic nerve paralysis has been
reported in up to 7% of cases [68].

An incision parallel to the clavicle is made
approximately 2 cm above the clavicle and begin-
ning 1 cm lateral to the midline (Fig. 24.5a—c).

————Medial cord

Fig. 24.5 (a) Supraclavicular approach allowing direct
access to the brachial plexus and scalene. (b) View of the
plexus emerging behind the anterior scalene. (¢) After
resection of the scalene, the artery and liberated plexus are
evident
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Supraclavicular nerves are identified, the platysma
is incised, and the anterior scalene muscle is iden-
tified. The phrenic nerve is identified adjacent to
the anterior scalene. The anterior scalene muscle is
then divided at its insertion on the first rib.
Neurolysis of the brachial plexus and middle sca-
lenectomy can then be performed. This exposure
can be used for isolated scalenectomy and brachial
plexus neurolysis without first rib resection.

Anterior Scalenectomy and Brachial
Plexus Neurolysis

Anterior scalenotomy was described by Adson
and Coffey in 1927 [16]. This remained a popular
operative treatment method until Clagett [69]
reported a high failure rate with this procedure
and recommended first rib resection instead.
Anterior scalenectomy is reported to have a
higher success rate than anterior scalenotomy,
which does not involve removal of the anterior
scalene muscle [70]. Anterior scalenectomy
removes offending structures compressing the
brachial plexus more effectively than scalenot-
omy alone. Also, middle scalenectomy can be
performed easily, resulting in more complete
decompression than scalenotomy alone. The
reported failure rate of anterior scalenectomy
alone is 12% [70]. Today, this procedure is most
commonly used in conjunction with brachial
plexus neurolysis. Combined neurolysis report-
edly improves results [71]. It can also be per-
formed as a combined approach with first rib
resection and anterior scalenectomy.

Anterior scalenectomy involves a 5-cm inci-
sion superior and parallel to the clavicle.
Dissection is carried through the platysma mus-
cle. Then the clavicular head of the sternocleido-
mastoid is transected. The anterior scalene muscle
is then identified. Structures at risk during this
dissection include the thoracic duct and phrenic
nerve. The anterior scalene muscle is then tran-
sected and removed in its entirety. Portions of the
middle scalene muscle can also be removed if this
muscle contributes to impingement of the brachial
plexus. The complication rate is reported to be
less than 2%, and includes brachial plexus injury,
hemothorax, pneumothorax, phrenic nerve injury,

lymphocele, and chylothorax [54]. Anterior scale-
nectomy can be performed with less morbidity
than first rib resection.

Wehbé and Whitaker [72] described epineu-
rectomy, which is excision of the epineurium and
circumferential dissection of the affected nerves,
with release of any offending structures. This
technique involves a supraclavicular approach,
with anterior scalenectomy, followed by exten-
sive dissection of the brachial plexus and removal
of the epineurium and any compressive struc-
tures. Wehbé and Whitaker [72] reported a 90%
rate of alleviation of symptoms and a 10% recur-
rence rate [56]. Others recommend brachial
plexus neurolysis only for revision surgery or in
post-traumatic cases in which there is suspected
scarring.

Combined Approach: Transaxillary
Resection of the First Rib

and Anterior and Middle
Scalenectomy

This technique has been popularized by Atasoy,
who recommended a combined approach for
complete decompression of the thoracic outlet.
First rib resection effectively decompresses the
lower plexus, and scalenectomy decompresses
the upper plexus. The first rib resection is per-
formed first followed by immediate transcervical
anterior and middle scalenectomy. The rationale
that led to this surgical sequence is that scalenec-
tomy is easier to perform once the distal inser-
tions of the anterior and middle scalene muscles
are released from the first rib. Results of this
combined procedure show the lowest recurrence
rate among various series of different operations
for TOS [3, 68, 73]. To date, there are no random-
ized prospective trials involving a combined
approach. This technique is also advocated for
unsuccessful TOS surgery or recurrent TOS.

Treatment of Vascular Thoracic Outlet
Syndrome

For patients with arterial compression, urgent
surgical decompression is performed, followed
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by removal of an offending compressive struc-
ture, such as a cervical rib or fibrous bands. A
combined approach is recommended. For patients
with venous compression, thrombolysis is per-
formed, followed by first rib resection.
Percutaneous angioplasty can be performed at
the same time as first rib resection to correct any
residual subclavian vein stenosis [74].

Results

The results of most series show improvement in
symptoms. Most patients show improvement
after surgical treatment. However, a known per-
centage of patients do not improve with surgery
in most series, and a small percentage of these
patients have significant disability. Results are
difficult to interpret because of the lack of a con-
sensus about the diagnosis of TOS, lack of
defined surgical indications, and lack of random-
ized prospective trials. Good to excellent results
have been reported in 70-90% of patients in most
reported studies [68, 69, 75]. Leffert and
Perlmutter [76] reported 282 transaxillary first
rib resections and noted an 85% improvement in
pain. He also noted a high incidence of complica-
tions, with a 31% rate of intraoperative pneumo-
thorax. Peek et al. looked at long-term follow-up
of patients undergoing surgery for TOS. 51 of the
62 surgical procedures involved a first rib resec-
tion through a transaxillary approach. 54% of
patients reported complete relief of symptoms
while 96% noted improvement [77]. A review of
11 patients treated with brachial plexus neuroly-
sis and scalenectomy without first rib resection
showed that 82% had good outcomes, with return
to normal everyday activity and either complete
or significant relief of symptoms. The authors’
conclusion was that microsurgical decompres-
sion through a supraclavicular approach without
first rib resection is an effective treatment for
TOS [78]. A series of 770 supraclavicular rib
resections showed 59% excellent results and 27%
good results, with a low incidence of complica-
tions [79]. Results with scalenectomy with first
rib resection have not been conclusively proven
to be better than those with anterior and middle

scalenectomy alone [80, 81]. It is believed that
removal of the first rib does not result in improve-
ment; rather, improvement occurs because of the
scalenectomy that is required to access the rib.
Thus, some authors no longer perform first rib
resection and instead perform anterior and mid-
dle scalenectomy alone [82]. Because there are
few randomized comparative studies, there is no
consensus as to the best surgical approach. A
meta-analysis by Peek et al. found a mean
improvement in the DASH score of 28.3 points
after surgical treatment for TOS. Furthermore, an
overall clinical success of >90% was found for
vascular forms of TOS and was 60-80% for the
NTOS patients [83].

Preoperative negative predictive factors include
acute ischemia, sensory or motor deficit, and
poorly systematized neurologic symptoms [84].
Psychological factors also play a significant role in
the outcome of TOS surgery. Predictive factors
associated with persistent disability include a his-
tory of major depression, unmarried status, and
having less than a high school education [85]. A
shorter duration of symptoms (<24 months) and
the presence of a cervical rib may also imply an
unfavorable surgical outcome [86].

Recurrent Thoracic Outlet Syndrome

True recurrent TOS occurs after a symptom-free
interval following surgical intervention. If there
was no improvement or symptom-free interval
after surgery, the possibility of an incorrect diag-
nosis, secondary gain, or technical errors in sur-
gery should be entertained. Pseudorecurrences
are generally the result of technical errors includ-
ing inadequate first rib removal, failure to remove
a cervical rib, and inadvertent removal of the sec-
ond rib instead of the first [87]. True recurrence
assumes a correct diagnosis with successful treat-
ment. Surgical decompression is reliable, but
results tend to deteriorate over time [88]. True
recurrence is usually caused by scar tissue sur-
rounding the brachial plexus or caused by a resid-
ual first rib stump (>1 cm) causing further
impingement [89]. In revision surgery, the supra-
clavicular approach is most commonly used
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because it provides excellent exposure to the bra-
chial plexus for neurolysis. The complication rate
associated with revision surgery is higher, and
the success rate is lower [90].

Summary

TOS is compression of the neurovascular struc-
tures in the thoracic outlet. This condition is one
of the most challenging upper extremity com-
pressive neuropathies to manage, given the diffi-
culty in diagnosis and lack of consistent response
to treatment. The foundation of effective man-
agement is a thorough understanding of the anat-
omy of the thoracic outlet, the types and clinical
presentation of TOS, and the physical examina-
tion procedures, diagnostic studies, and electro-
diagnostic testing used. A course of therapy
should always be tried as the first line of treat-
ment before surgical intervention.
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Introduction

Vein wrapping is a surgical technique used to treat
scarred peripheral nerves serving as a barrier to
prevent adhesion and scar tissue formation around
the nerve. Cicatrix formation around peripheral
nerves can occur after trauma and most commonly
after failed surgical decompression for entrap-
ment neuropathies [1-3]. Postoperative epineural
scarring leads to mechanical constriction, nerve
ischemia and loss of nerve gliding and subsequent
traction to the nerve with motion of the adjacent
joint. The result is a chronic neuropathy, called a
“traction neuropathy” and the optimal treatment
may involve a combination of procedures [2].
Most authors agree that after revision neu-
rolysis of the scarred nerve, soft tissue coverage
of the segment of scarred nerve is essential to
prevent cicatrix reformation from contacting the
epineurium. Therefore, a variety of supplemen-
tary techniques have been attempted to prevent
adhesion to the nerve, ranging from interposition
flaps (fat, muscle or free flaps) to nerve wrap-
ping (vein wrapping, synthetic nerve protectors)
[4-16]. However, many of these flaps require
technically demanding dissection and do not
always provide satisfactory results [7, 8]. Several
experimental and clinical studies have shown
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good results of vein wrapping as adhesion barrier
for recurrent entrapment neuropathies secondary
to cicatrix of the nerve [12-21]. The ideal nerve
wrapping material should prevent adhesions and
inhibit cicatrix reformation around the previously
scarred nerve, protecting the nerve from further
compression and ameliorating nerve gliding dur-
ing motion of the extremity.

Historical Perspective

Allograft vein wrapping of a scarred peripheral
nerve with the use of allograft umbilical veins
was used clinically before autologous vein
wrapping with good results [10]. However, the
autologous vein graft has been found to create
fewer adhesions between the vein and the nerve
compared with vein allografts. In an animal
study, the investigators compared the femoral
vein autografts with glutaraldehyde-preserved
allografts and found that epineural scar forma-
tion in rat sciatic nerves wrapped with allograft
vein was ten times more than in nerves wrapped
with autograft vein [11].

Our group studied the effect of autologous
vein wrapping of scarred peripheral nerve ini-
tially in two experimental studies and later in
several clinical studies [12-21]. The safety of the
procedure was studied first in an experimental
study by wrapping with autologous vein graft of
intact sciatic nerve in 30 rats [18]. No adverse
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effects on the nerve were noted (no demyeliniza-
tion, nerve degeneration or adhesion formation)
[18]. Then, an experimental chronic nerve com-
pression model was created in 100 rats [19]. The
sciatic nerve was wrapped with autologous vein
graft in 50 rats while the remaining 50 rats served
as controls. Greater functional improvement of
the sciatic nerves was found in the vein-wrapping
group than in the control group [19]. Based on the
electrophysiologic testing, the latency was signif-
icantly shorter in the vein-wrapping group than
in the control group [19]. Moreover, histologic
examination showed marked nerve degenera-
tion and scar tissue developed around the nerve
in the control group but not in the vein-wrapping
group [19]. These experimental studies showed
that the autologous vein wrapping could prevent
scar formation around the nerve and improve the
nerve functional recovery of chronic compressed
nerves.

Furthermore, the inhibition of scar formation
around the nerve with the autologous vein wrap-
ping technique has been verified by human his-
topathologic analysis [20, 21]. Biopsies obtained
from re-exploration of autologous vein-grafted
nerves showed no adhesions between the intima
of the vein and the nerve [20, 21]. Additionally,
neovascularization of the vein graft and structural
transformation of the vein endothelium was also
noted in biopsy specimen [21].

Although the mechanism still remains uncer-
tain, the autologous vein wrapping technique
appears to prevent extrinsic epineurial scar for-
mation and to preserve or restore intrinsic epi-
neurial vascularity. It is suggested that locally
produced molecules from either the nerve or the
autologous vein graft or both may be responsible
for the neovascularization and structural transfor-
mation of the endothelium of the vein graft, con-
tributing to the nerve functional recovery [21].

A most recent experimental study using a
rodent chronic nerve compression model fur-
ther confirmed this hypothesis [22]. 90 rats
were randomly divided into three groups. In the
sham group, exposure of the right sciatic nerve
was performed in 30 rats. In the control group,
chronic constriction injury of the right sciatic
nerve was produced in 30 rats. In the vein-wrap-
ping group, the chronic constriction injury of the

right sciatic nerve was followed by autologous
vein wrapping in 30 rats. In this study, signifi-
cantly higher concentrations of vascular endothe-
lial growth factor (VEGF) and hepatocyte growth
factor (HGF) in the ligated sciatic nerves were
noted in the vein-wrapping group rather than in
the other groups [22]. These findings suggest that
these neurotrophic factors may play a mechanis-
tic role in the neovascularization and structural
changes observed in vein graft. Additionally, the
results of the qualitative histologic analysis sug-
gested that the vein wrapping can prevent nerve
degeneration and scar tissue formation, while
it can regenerate the myelin sheaths improving
the nerve functional recovery [22]. Moreover,
immunohistochemistry results indicated that the
vein wrapping prevented upregulation of mark-
ers of inflammation and nerve damage caused
by chronic constriction injury [22]. Thus, these
findings suggest that vein wrapping can reduce
inflammation and nerve damage.

Indications

The use of the autologous vein graft wrapping
technique is indicated mainly for treatment of
significant epineurial scarring. This technique is
recommended in patients with recurrent entrap-
ment neuropathies with at least two previous
operations, which failed to resolve the symptoms.
Recalcitrant carpal and cubital tunnel syndromes
are the most common indications. In addition,
vein wrapping can also be applied in recurrent
radial tunnel syndrome and in patients with sig-
nificant post-traumatic nerve scarring or neuroma
formation.

Although the nerve scarring can be suspected
preoperatively, based on the symptoms or elec-
trodiagnostic findings, it is important that it be
confirmed intraoperatively. Patients usually pres-
ent with recurrent symptoms after an adequate
surgical decompression. It must be noted that
recurrent symptoms occur after a distinct symp-
tom free period following previous surgery. The
persistence of symptoms after previous surgi-
cal decompression is mostly correlated with
incomplete nerve decompression or release.
Severe pain worsening with activities is the chief
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complaint of patients. Paresthesia and numbness
are also common symptoms. Abnormal two-point
discrimination and positive Tinel’s sign are noted
in most patients. Presence of muscular atrophies
is highly indicative of severe intrinsic scarring
of the nerve. Electrodiagnostic findings usually
include decreased electrical amplitude and sen-
sory conduction after stimulation of the nerve,
while muscle denervation is less often.

The autologous vein wrapping technique is
not recommended in patients with chronic lower
extremity venous insufficiency. Before revision
surgery, a consultation by a vascular surgeon is
recommended in patients with peripheral vascu-
lar disease or deep venous thrombosis history. In
patients with coronary heart disease, the saphe-
nous vein is a major source of vein grafts for
reconstructive cardiac surgery and that should be
taken into consideration.

Surgical Technique

The patient is positioned supine with the affected
arm placed on an arm table. General anesthesia
is used for the autologous saphenous vein wrap-
ping technique because of the need to have two
operating fields (one in the upper extremity for
the nerve exploration and another in the lower
extremity for the harvesting the saphenous vein
graft). This procedure involves revision decom-
pression with neurolysis of the affected nerve in
the upper extremity, harvesting the greater saphe-
nous vein from the ipsilateral or contralateral
lower extremity, preparing the vein graft prop-
erly and then wrapping the autologous vein graft
around the compressed nerve segment.

Under tourniquet control, the affected nerve is
surgically explored at the upper extremity using
the pre-existing incision, which is extended both
proximally and distally. The compressed nerve
should be identified in an unscarred healthy
environment both proximally and distally and
then dissected towards the scarred section. The
nerve is lysed from the surrounding scar tissue
and completely freed of any adhesions. If exces-
sive scarring or lack of epineural vascularity of
the nerve is noted, an internal neurolysis is per-
formed under the microscope. After the comple-

tion of the revision decompression of the nerve,
it is important to measure the length of the seg-
ment of the nerve that has to be vein wrapped.
The required length of the vein graft is four to
five times the scarred length of the nerve. A vein
graft length of 25-30 cm is usually needed.

The greater saphenous vein harvesting is initi-
ated only after confirmation of the severe scarred
nerve intraoperatively (Fig. 25.1). The ipsilateral
or contralateral lower extremity can be used for
harvesting of the greater saphenous vein graft. To
minimize the length of the incision and the mor-
bidity of the donor site, a vein stripper is used
to harvest the vein graft (Fig. 25.2a, b). Under
tourniquet control at the lower extremity, a small

Fig. 25.1 Intra-operative photograph of revision ulnar
nerve decompression. Note the excessive scar formation
around the ulnar nerve

Fig. 25.2 (a) Harvesting of greater saphenous vein graft
in the lower extremity using a vein stripper (K: knee, MM:
medial malleolus). (b) Greater saphenous vein graft
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incision is made 1 cm anterior to the medial mal-
leolus. The greater saphenous vein is identified
and is ligated distally. Attention must be paid to
avoid injury to the associated saphenous nerve. A
small longitudinal phlebotomy is made at the dis-
tal end of the vein graft. The vein stripper is intro-
duced through the phlebotomy and is advanced
proximally within the vein to the predetermined
length. As the vein stripper guide is advanced
proximally, it can be palpated through the skin.
A second incision is made over the stripper guide
proximally and the vein is ligated proximally.
The vein stripper guide is advanced out of the
vein through a second longitudinal phlebotomy at
the proximal end of the vein graft (Fig. 25.2a, b).
The saphenous vein graft is retrieved by slowly
pulling out the stripper (Fig. 25.2a, b). The leg
tourniquet is deflated, hemostasis is obtained and
the skin is closed. Alternatively, the saphenous
vein graft can be harvested through a continuous
incision or interrupted incisions and dissection
without the use of a vein stripper.

Fig. 25.3 Schematic of
vein wrapping
technique. (a) The
saphenous vein graft is
split longitudinally and
is open to create a
rectangle. (b) The
saphenous vein graft is
then wrapped around the
scarred segment of the
nerve with its intima
against the nerve

The saphenous vein graft is incised and
opened longitudinally at a site table (Fig. 25.3a).
Upon completion of the saphenous vein graft
preparation, the vein graft is circumferentially
wrapped around the scarred segment of the
exposed affected nerve from distal to proximal
(Figs. 25.3b and 25.4). Care is taken to wrap the
vein graft with the intima of the vein against the
nerve. One of the ends of the vein graft is tacked
distal to the scarred segment of the nerve on a
tissue that is not mobile. Each loop of the vein
graft is loosely stitched to adjacent loop with a
7-0 prolene stitch (Fig. 25.4). During the wrap-
ping procedure, attention is paid to ensure that
each wrap is not too snug, to avoid potential con-
striction of the nerve. The other end of the vein
graft is tacked proximal to the scarred segment of
the nerve on unscarred tissue. The entire segment
of the scarred affected nerve must be completely
covered with the autologous saphenous vein graft
to prevent recurrence (Figs. 25.5 and 25.6). The
arm tourniquet is deflated and meticulous hemo-
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Fig. 25.4 Intra-operative photograph. The autologous
saphenous vein graft is wrapped around the scarred seg-
ment of the median nerve in a distal to proximal direction
with its intima against the nerve. Each ring of the wrapped
vein is tacked to the adjacent rings with a 7-0 prolene stitch

Fig. 25.5 Intra-operative photograph. The autologous
saphenous vein graft is covering the entire scarred seg-
ment of the median nerve at the wrist

stasis is obtained. The wound is irrigated fol-
lowed by routine wound closure.
Postoperatively, for recurrent carpal tun-
nel cases the wrist is immobilized in slight
extension for 2 weeks and active and passive
range of motion exercises follow. In recurrent
cubital tunnel cases, the elbow is not immobi-
lized to allow early mobilization with active
range of motion exercises. In traumatic cases,
immobilization is individualized with a trend
toward early mobilization to prevent postopera-
tive adhesions and microtraction of the nerve.

Fig. 25.6 Intra-operative photograph. The autologous
saphenous vein graft is covering the entire scarred seg-
ment of the ulnar nerve at the elbow

Additionally, scar massage, desensitization and
strengthening exercises can also be initiated, if
required. Heavy lifting is to be avoided for 6
weeks after surgery.

Outcomes

Several clinical studies have shown that the
autologous vein wrapping is an effective supple-
mentary technique for treating recurrent entrap-
ment neuropathies [12—17]. After autologous vein
wrapping of the previously scarred nerve, signifi-
cant pain reduction and improvement in sensation
have been reported in the majority of patients with
recalcitrant carpal or cubital tunnel syndrome.
Grip strength and two-point discrimination also
were improved postoperatively. Electrodiagnostic
studies revealed improvement of findings postop-
eratively in several patients, although they did not
return to normal values. No complications due to
the saphenous vein graft harvesting were noted
other than transient leg swelling at the donor site,
which resolved in approximately 6 months.

Since the original clinical studies, the senior
author (D.G.S.) has noted consistently good
results with the autologous vein wrapping tech-
nique in more than one hundred patients with
recurrent carpal or cubital tunnel syndrome and
severe post-traumatic nerve scarring.

Based on the senior author’s (D.G.S.) clinical
experience, repeated peripheral nerve decom-
pression should always be performed in com-
bination with an ancillary technique to enhance
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scar-free nerve functional recovery. For patients
with recurrent carpal or cubital tunnel syndrome,
multiple operations and excessive scarring of the
nerve, we perform revision decompression with
repeated neurolysis of the nerve (external as well
as possible internal) and autologous vein wrap-
ping around the scarred segment of the nerve.
Additionally, coverage with hypothenar fat pad
flap is performed in patients with recurrent carpal
tunnel syndrome and minimal medial epicondy-
lectomy can be performed, if it is indicated, in
patients with recurrent cubital tunnel syndrome.
In summary, the autologous vein wrapping
technique can be used as an adhesion barrier for
treatment of scarred peripheral nerves. Both experi-
mental and clinical studies demonstrated that autol-
ogous vein wrapping is an efficacious/excellent
adjuvant procedure for the treatment of recurrent
entrapment neuropathies secondary to scarring of
the nerve. Even though the mechanism still remains
uncertain, the autologous vein wrapping technique
can prevent adhesion around the nerve, improve the
gliding of the nerve during motion of the extremity
and promote the functional recovery of the nerve.
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Epidemiology
Cervical Radiculopathy

The annual incidence of cervical radiculopathy is
reported to be 107.3 per 100,000 men and 63.5
per 100,000 women [1]. Risk factors for cervical
radiculopathy include white race, cigarette smok-
ing, and prior lumbar radiculopathy [2]. Other
proposed factors include lifting heavy objects,
driving equipment that vibrates, and playing golf.
The incidence of trauma preceding the onset of
cervical radiculopathy is relatively low.

Carpal Tunnel Syndrome

The sex-specific annual incidences of carpal tun-
nel syndrome have been reported as 505.6 per
100,000 person-years in women and 139.1 per
100,000 person years in men in the general popu-
lation [3].
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Etiology
Cervical Radiculopathy

A combination of mechanical compression,
chemical irritation is attributed to be the cause of
cervical radiculopathy. A compromise of the neu-
ral foramen opening due to disc extrusion, uncal
hypertrophy, osteophyte formation, ligament
hypertrophy limits the mobility of the nerve root.
Space occupying lesions like tumors, infection
and trauma can also contribute to cervical root
irritation [4]. Inflammatory cytokines released
from herniated discs are responsible for the
radicular pain [5].

Carpal Tunnel Syndrome

Most cases of carpal tunnel syndrome are idio-
pathic. Secondary causes include space occupy-
ing lesions (tumors, hypertrophic synovial tissue,
fracture callus, and osteophytes), metabolic and
physiologic conditions (pregnancy, hypothyroid-
ism, and rheumatoid arthritis), infections, neu-
ropathies (associated with diabetes mellitus or
alcoholism), and familial disorders. Repetitive
activities requiring wrist extension or flexion,
obesity, rapid dieting, shorter height, hysterec-
tomy without oophorectomy, and recent meno-
pause have also been reported risk factors for the
development of carpal tunnel syndrome [6].
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Fig. 26.1 (a, b) Sagittal and axial T2-weighted MRI, respectively, with line passing through the level of disc
herniation

Diagnosis
Cervical Radiculopathy

Patient history and physical examination in
addition to a thorough understanding of the
innervations of each cervical root is crucial
in locating the pathology. Axial neck pain,
shoulder pathology, cardiac disease, brachial
plexitis, tennis elbow and carpal tunnel syn-
drome can all confound the diagnosis. In addi-
tion, cervical radicular symptoms may not
follow typical dermatomal distribution due to
variability in cervical dermatomes [7, 8]. Most
patients experience axial neck, trapezius and
intrascapular pain. It is common for patients
with cervical radiculopathy to have temporary
relief of their symptoms when they hold their
arms above their head, this decreases stretch of
the affected nerve root [9]. Provocative maneu-
vers like the Spurling’s sign can elicit symptoms
by narrowing the neural foramen. Other provoc-
ative tests include the shoulder abduction test,
the Valsalva. These tests are more reliable in
providing accurate diagnosis as a group than as
any single test in isolation [10]. Cervical radio-
graphs are obtained to study the sagittal align-
ment and to look for the presence of instability,
but are often of limited utility, and a MRI of the

cervical spine is, most often, the diagnostic test
of choice.

Figure 26.1a, b depicting sagittal and axial T2
weighted MRI respectively with line passing
through the level of disc herniation. Correlating
the patients clinical symptoms with the MRI
findings is critical, due to the high rate of false
positive  MRI findings in the asymptomatic
patient [11]. CT may be used to determine the
osseous contribution (e.g., to rule out ossified
posterior longitudinal ligament disease.

Figure 26.2a, b depicting sagittal and axial
computerized tomography images respectively,
revealing a severe case of ossified posterior longi-
tudinal ligament causing central canal stenosis.

Carpal Tunnel Syndrome

Classic symptoms include numbness, tingling,
numbness, burning and pain in at least two of the
three digits supplied by the median nerve (the
thumb and the index and middle fingers).
Symptoms can resolve within 6 months in about
one-third of patients, particularly younger patients,
and a poor prognosis is predicted by the presence
of bilateral symptoms and a positive Phalen test.
The severity of symptoms and signs does not often
corelate well the extent of nerve compression [12].
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Fig. 26.2 (a, b) Sagittal and axial computerized tomography images, respectively, revealing a severe case of ossified
posterior longitudinal ligament causing central canal stenosis

Table 26.1 Depicts important electrophysiological dif-
ferences between carpal tunnel syndrome and cervical
radiculopathy

Nerve
conduction
Diagnosis study Electromyography
Radiculopathy Usually Fibrillations of muscles
sensory at rest supplied by spinal
normal nerve root (take about
Motor may  3—4 weeks to manifest,
be abnormal after the compression)
Denervation of the
ipsilateral paraspinal
muscles- Posterior rami
(sensory) innervate the
paraspinal muscles.
Neuropathy Conduction  Absence of denervation
delay often  in posterior myotomes
at site of (paraspinal muscles).
compression EMG usually normal

Electrodiagnostic Studies

Table 26.1 depicts important electrophysiologi-
cal differences between carpal tunnel syndrome
and cervical radiculopathy.

In a study on EMG for the diagnosis of cervi-
cal radiculopathy, the affected level was accu-
rately identified in 57%, 10% had non-specific

findings, while 33% had a normal EMG [13]. An
EMG can thus be used as an adjunct only.

Treatment
Cervical Radiculopathy

Nonoperative treatment should be attempted in
all patients except in the event of a progressive
neurological deficit. This may involve nonsteroi-
dal anti-inflammatories, short courses of opioid
narcotics or oral steroids. Cervical range of
motion and strengthening exercises along with
neck traction has been shown to improve neck
disability index, arm pain at 6 months and 1 year
[14]. There are data, which supports epidural ste-
roid injections in the treatment of cervical radicu-
lopathy, with upwards of 60% patients benefitting
from long-term symptomatic relief without
untoward complications [15, 16]. For cervical
radiculopathy in the absence of myelopathy, sur-
gery is recommended in patients who have root-
related dysfunction for at least 6 weeks, have
concordant root compression on advanced
imaging, and who have failed nonoperative treat-
ments. In addition surgical decompression should
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be considered in patients with less than 6 weeks
of symptoms, but who have significant or pro-
gressive motor weakness [8]. The anterior cervi-
cal discectomy and fusion, anterior cervical
arthroplasty, and the posterior cervical lamino
foraminotomy are surgical options in the treat-
ment of cervical radiculopathy.

Carpal Tunnel Syndrome

Surgery may improve clinical outcomes com-
pared with wrist splints. There is insufficient evi-
dence to know if surgery is as effective as local
corticosteroid injections in treating carpal tunnel
syndrome. Both endoscopic and open carpal tun-
nel release are options and the evidence does not
clearly point to any one of the two surgical
options being more effective [15].

Fig. 26.3 Proposed
algorithm to aid
diagnosis in a case of
cervical radiculopathy
mimicking as carpal
tunnel syndrome

Clinical
presentation

Discussion

Our algorithm (Fig. 26.3) will aid the reader in
making the proper diagnosis when one is uncer-
tain of a diagnosis of cervical radiculopathy or
carpal tunnel syndrome or both (i.e., double crush
syndrome). The following key points will help
the reader decipher a clinically challenging case
of trying to differentiate the two pathologies. A
few points to consider include:

e The reported incidence of concurrent cervical
radiculopathy and carpal tunnel syndrome is
high [17-19].

* Men are more susceptible to cervical radicu-
lopathy and women are more susceptible to
carpal tunnel syndrome [1, 3, 20-23].

* Higher incidence of carpal tunnel syndrome in
women compared to men [17, 21-23].

Diagnosing

cervical radiculopathy vs.

carpal tunnel syndrome

Distribution of motor and sensory deficits

/\ Non-discrete

Discrete
neuropathy Radiculopathy
Neurological Neck & Tinel's sign
examination radicular pain at point of
entrapment
/\ /\
Present Absent Present Absent
Radiculopathty  Neuropathy Neuropathy Radiculopathty

Electrophysiological
diagnosis

Absence of denervation in posterior mytomes
Conduction delay at site of compression

Absent
Radiculopathy

Present
Neuropathy
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e The age group in women most likely to suffer
from only carpal tunnel syndrome is the sixth
decade. For men, the age range was from sixth
to the eight decades [3, 17].

e A cervical root lesion causes more profound
motor deficit as compared to carpal tunnel
syndrome [17].

e Neck and upper back pain are highest in
patients with only cervical radiculopathy, and
lowest in patients with only carpal tunnel syn-
drome [17].

e Positive Tinel’s and Phalen’s sign decreases
from carpal tunnel syndrome to double crush
syndrome to cervical radiculopathy [17].

* Symptoms of cervical radiculopathy cause
more intolerable symptoms leading to more
clinical visits [17].

The Double Crush Hypothesis

According to the “double-crush syndrome”
hypothesis, the peripheral nerves are more sensi-
tive to pressure, and a proximal nerve lesion
makes the distal segment of the nerve more sus-
ceptible to anatomic deterioration by causing
interruption in the axoplasmic conduction due to
compression. Okmen et al. [24] performed a pro-
spective cross-sectional observational study on
40 patients with chronic cervical radiculopathy.
They compared both affected cervical nerve roots
of the affected side to the unaffected side with
high-resolution ultrasound. Ulnar and median
nerve cross sectional areas were measured. They
found that cervical radiculopathy does not have
any effect on the peripheral nerves. This refutes
the hypothesis of the double-crush syndrome.
Morgan et al. [25] have also questioned the cred-
ibility of this hypothesis of the double crush syn-
drome and based on their finding of 69 out of
12,376 cases of carpal tunnel syndrome and ulnar
neuropathy at the elbow satisfying the patho-
physiologic and one of the anatomic require-
ments of the double crush syndrome, conclude
that a cervical root lesion can seldom serve as the
proximal lesion with these entrapment neuropa-
thies in the double crush syndrome.

There is thus, no clear-cut electro-diagnostic
evidence to differentiate a pure carpal tunnel syn-
drome from a double crush syndrome. The
median motor distal latency and the sensory
nerve conduction velocity (palm to wrist) is not
significantly different between these pathologies
[17]. Therefore, in cases with no clear-cut electro-
diagnostic evidence, we recommend to proceed
first with carpal tunnel release. If the symptoms
persist postoperatively then surgical treatment for
cervical radiculopathy is recommended.

Conclusion

Based on the above algorithm, the diagnosis of
cervical radiculopathy and carpal tunnel syn-
drome can be simplified. Anatomical and
Physiological studies have refuted the hypothesis
of the double crush syndrome and blaming a cer-
vical root compression for an increased likeli-
hood of a peripheral neuropathy may not be
accurate.
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Christopher M. Treat and Christopher C. Schmidt

Introduction

Shoulder pain and weakness is one of the most
common complaints seen in an orthopedic prac-
tice and may result from a myriad of etiologies.
One etiology that is relatively uncommon and
often overlooked is suprascapular neuropathy.
This condition was first described by Kopell and
Thompson in 1959 and has largely been consid-
ered a diagnosis of exclusion [1, 2]. However,
due to technological improvements, suprascap-
ular neuropathy has become much more recog-
nized as a source of shoulder disability and pain.
Multiple etiologies of suprascapular nerve
pathology include shoulder fractures and dislo-
cations, massive rotator cuff tears, dynamic
compression as seen in overhead athletes, idio-
pathic, and ganglion cysts [3-8]. The nerve is
vulnerable to injury at any point along its course
but injury seems to occur at either the scapular
spine, suprascapular notch, and/or spinoglenoid
notch [6-8]. For instance, supraspinatus and
infraspinatus muscle retraction following a mas-
sive rotator cuff tear tethers the nerve against
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the scapular spine causing a stretch injury; rota-
tor cuff repair is reported to indirectly relieve
the symptoms, in part, by resolving the neuropa-
thy [8, 9]. Furthermore, due to the its indirect
course through the notches and around the
spine, extreme shoulder motion can alter the
nerve’s tension causing a dynamic stretch injury
[6-12]. Idiopathic compression typically occurs
at the suprascapular and/or spinoglenoid
notches. The presenting symptoms and clinical
findings depend on the location of the nerve
pathology. Injury of the nerve at the suprascapu-
lar notch affects the supraspinatus and infraspi-
natus muscles leading to weakness in shoulder
abduction and external rotation, while a lesion
at the spinoglenoid notch only affects the infra-
spinatus muscle resulting in a sole loss of exter-
nal rotation strength. Treatment options
conservative and operative interventions. This
chapter will focus diagnosis and treatment of
suprascapular nerve compression or stretch
injury occurring at the suprascapular and/or
spinoglenoid notches.

Anatomy

The suprascapular nerve is a mixed motor and
sensory nerve arising from the upper trunk of the
brachial plexus (Fig. 27.1). It receives contribu-
tions predominately from C5 and C6 fibers with
approximately 22% of individuals also receiving
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Fig.27.1 The origin
of the suprascapular
nerve from the upper
trunk of the brachial
plexus. (Reprinted with
permissions from
Boykin et al. [35])

Transverse scapular -
ligament

contributions from C4 [13, 14]. It has largely
been considered a motor nerve innervating the
supraspinatus and infraspinatus muscles; but, it
also has sensory fibers. Studies have shown that
the suprascapular nerve provides sensation to the
posterior shoulder capsule, acromioclavicular
joint, subacromial bursa, coracohumeral, and
coracoclavicular ligaments [11, 15]. Further,
cadaveric studies have found that as many as
15% of the population has a cutaneous branch of
the suprascapular nerve supplying the proximal
lateral arm [3, 13].

The circuitous course of the suprascapular
nerve around the scapular spine and fixation
points at the suprascapular and spinoglenoid
notches makes it vulnerable to injury (Figs. 27.2,
and 27.3) [6-8]. The suprascapular nerve origi-
nates at the Erb’s point, located on the surface of
the scaleneus medius approximately 2-3 cm
above the clavicle [3, 6, 11, 14, 15]. The nerve
then passes deep to the inferior belly of the omo-
hyoid, which is a key landmark for identification
[15-17]. The suprascapular nerve runs posteri-
orly through the suprascapular notch, beneath
the transverse scapular ligament where it bifur-
cates into two motor branches approximately
1 cm from the supracapular notch (Fig. 27.4)

Brachial plexus

Fig. 27.2 A cadaveric specimen following removal of the

acromion demonstrating the spinoglenoid ligament
(SGL); the transverse scapular ligament (TSL), the cora-
coid process (C) as well as the course of the supraspinatus
nerve traversing beneath the transverse scapular ligament
and spinoglenoid ligament (yellow). Note the insertion of
the spinoglenoid ligament to the posterior capsule (Arrow)

[2, 6, 17]. A medial branch innervates the supra-
spinatus muscle and a lateral branch descends
around the lateral margin of the scapular spine
and passes beneath the spinoglenoid ligament at
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Fig. 27.3 A cadaveric specimen demonstrating the
suprascapular nerve (yellow) coursing beneath the spino-
glenoid ligament (SGL) at the spinoglenoid notch

Fig. 27.4 A cadaveric specimen demonstrating the
suprascapular nerve (N) coursing beneath the transverse
scapular ligament (TSL). Note the motor branch of the

suprascapular nerve to the muscle

(Asterisk *)

supraspinatus

the spinoglenoid notch to supply motor innerva-
tion to the infraspinatous muscle (Figs. 27.2 and
27.3) [2, 6, 17-19].

The suprascapular notch is a bony depres-
sion about the medial aspect of the scapula that
is located approximately 4.5 (+0.5 cm) from the
posterolateral acromion (Fig. 27.5) [20]. It is

Fig. 27.5 A cadaveric specimen showing the location
and orientation of the suprascapular notch which is
located approximately 4.5 (0.5 cm) from the posterolat-
eral acromion [2, 16]. The suprascapular notch is oriented
45° counter-clockwise from the coronal plane (the ruler is
parallel to the coronal plane)

oriented 45° counterclockwise from the coronal
plane (Fig. 27.5; the ruler is parallel to the coro-
nal plane). It is bordered medially by the scap-
ula, laterally by the by the base of the coracoid,
and superiorly by the transverse scapular liga-
ment. Several anatomic variations of the supra-
scapular notch have been described and
cadaveric studies have demonstrated six types
of scapulae (Fig. 27.6) [21, 22]. In type I the
entire superior border of the scapula shows a
depression (8% of specimens). Type II is wide,
blunted, and V-shaped notch (31%). In type III
the notch is U-shaped. This is the most common
type of notch (48%). In type IV, the notch is
V-shaped (3%). The type V notch is like the
type III but has partial ossification of the trans-
verse scapular ligament. In type VI the trans-
verse scapular ligament is completely ossified
[21, 22]. Partial or complete ossification of the
transverse scapular ligament occurs in 25% of
the cases [23].

The spinoglenoid notch is a depression at the
lateral base of the scapular spine located 1.8—
2.1 cm medial to the glenoid rim and bordered
superiorly by the spinoglenoid ligament
(Figs. 27.2 and 27.3) [16, 24]. The spinoglenoid
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Type IV

Type V

Fig. 27.6 Classification of abnormalities of the suprascapular notch described by Rengachary [21]. (Adapted with

permission from Rengachary et al. [21])

ligament originates on the spine of the scapula
and inserts on the superior margin of the glenoid
neck and superoposterior joint capsule
(Figs. 27.2 and 27.3) [3, 5, 25]. This ligament
represents a possible dynamic etiology for supra-
scapular neuropathy because of its insertion into
the posterior glenohumeral joint capsule [3, 5,
25]. Cross arm adduction and internal rotation
can tighten the spinoglenoid ligament through its
capsular attachments causing a dynamic neuro-
praxia [3, 5, 7, 25, 26].

The suprascapular artery is a branch of the
thyrocervical trunk and typically runs superfi-
cial to the transverse scapular ligament, whereas
the suprascapular nerve runs beneath the trans-
verse scapular ligament. However, a subliga-
mentous suprascapular artery has been reported
in literature in 3% of the surgical patients
(Fig. 27.7) [63].

Fig. 27.7 An arthroscopic view showing the transverse
scapular ligament (TSL) and a subligamentous suprascap-
ular artery (A)
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Clinical Presentation and Exam

The clinical presentation depends largely on the
location of the nerve injury and presence or
absence of a ganglion cyst.

Suprascapular Notch Compression

Patients with suprascapular neuropathy due to
compression of the transverse scapular ligament
typically present with symptoms of pain and weak-
ness [23]. Pain is often moderate to severe, located
around the posterolateral shoulder and exacerbated
with overhead motions [5, 27]. The pain fibers are
located proximal in the nerve so transverse scapu-
lar ligament compression, as opposed to spinogle-
noid compression, is typically more painful [2, 28].
There may be significant weakness of abduction
and external rotation due to denervation of the
supraspinatus and infraspinatus muscles. It is
thought that compression at this level is the result
of anatomic variations of either the notch or the
transverse scapular ligament [15, 29]. Clinical find-
ings are loss of shoulder motion and strength in
positions of abduction and external rotation. In
severe cases, atrophy of both the supraspinatus and
infraspinatus fossae is often seen (Fig. 27.8). The
suprascapular nerve stretch test is useful in diag-
nosing compression at the suprascapular notch
(Fig. 27.9) [30]. The test is performed with the cli-
nician standing behind the patient. One hand is

Fig. 27.8 Clinical photograph demonstrating atrophy of
the supraspinatus and infraspinatus of a left shoulder with
suprascapular nerve compression at the transverse scapu-
lar ligament

Fig. 27.9 A provocative test for suprascapular neuropa-
thy. A clinical photograph demonstrating the suprascapu-
lar nerve stretch test described by Lafosse et al. for
compression at the transverse scapular ligament. The cli-
nician is behind the patient. One hand is used to laterally
rotate the head away from the affected shoulder while the
other hand is used to gently retract the shoulder. A positive
test will result in posterior shoulder pain [13]

used to laterally rotate the head away from the
affected shoulder while the other hand is used to
gently retract the shoulder. A positive test cause
pain in the posterior shoulder [30].

Spinoglenoid Notch Compression

Patients with entrapment of the suprascapular
nerve at the spinoglenoid notch typically do not
complain of severe pain because the nerve at this
level is composed of pure motor neurons [2, 17, 28,
29]. Young athletes and manual laborers participat-
ing in overhead sports and repetitive overhead
work present with a dull shoulder ache and subtle
external rotational weakness in 0° of abduction [13,
17,23, 29, 31]. Shoulder external rotation in 90° of
abduction and abduction strength are preserved due
to the compensatory actions of the supraspinatus,
teres minor and serratus anterior muscles [2, 6, 7,
18, 32, 33]. The cross-arm adduction test is useful
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Fig.27.10 A provocative test for suprascapular neuropa-
thy. A clinical photograph demonstrating the cross-arm
adduction test for spinoglenoid ligament compression a
positive will result in posterior shoulder pain

in diagnosing spinoglenoid pathology [12, 23, 28,
34]. The test is performed by forward flexing the
arm to 90° and adducting the arm; pain provocation
is a positive test (Fig. 27.10). Cadaveric studies
have shown that shoulder adduction and internal
rotation tightens the inferior portion of the spino-
glenoid ligament due to its fibrous interaction with
the posterior capsule (Figs. 27.2 and 27.3) [12, 23,
28, 34]. Caution should be taken when solely
attributing a positive test to nerve compression
because the test is also positive with acromiocla-
vicular joint arthritis.

Spinoglenoid Notch and/or
Suprascapular Notch Due
to Ganglion Cyst

Ganglion cysts typically occur behind the super-
oposterior labrum and are believed to be due to

© SELCS

Fig.27.11 MRIreveals a large ganglion cyst with proven
EMG nerve compression at both the suprascapular and
spinoglenoid notches

labral tears forming one-way valves (Fig. 27.11)
[10, 29]. These patients can present with pain,
weakness, and atrophy of the supraspinatus and/
or infraspinatus muscles [4, 15, 29]. The pain can
be a result of the mass effect of the cyst or the
labral lesion. The motor loss depends largely on
the size and location of the ganglion cyst.
Typically, the ganglion cyst causes nerve com-
pression near the spinoglenoid notch resulting in
infraspinatus weakness, but a large cyst can affect
both the suprascapular and spinoglenoid regions
producing denervation in both the supra- and
infraspinatus muscles [3, 10, 28].

Diagnostic Tests

Radiological Imaging

The Stryker notch view allows for visualization
of the suprascapular notch. This view is obtained
by placing the hand on top of the head and x-ray
beam angled 10° cephalad (Fig. 27.12a, b) [35,
36]. We had found this helpful in determining if
the transverse scapular ligament is ossified. If the
notch cannot be adequate visualized on plain
radiographs, a scapular CT scan (<1 mm cuts) is
ordered preoperatively to determine the need to
remove bone during decompression.
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Fig. 27.12 (a, b) Stryker notch view; position for the
Stryker notch view. The patient is supine with the cassette
posterior to the shoulder. The humerus is flexed approxi-
mately 120°, placing the hand on top of the head. The

MRI is the advanced imaging modality of
choice for diagnosing suprascapular neuropathy.
This modality allows assessment for soft tissue
lesions and concomitant intra-articular pathology
such as labral and rotator tears [10]. MRI is
highly sensitive and specific in demonstrating the
presence of and size of the ganglion with a sensi-
tivity and specificity of up to 95% reported in the
literature (Fig. 27.11) [10, 12, 23]. Typical MRI
findings of ganglion cysts include homogeneity,
low signal on T1-weighted images, and high sig-
nal on T2-weighted images. The T2-weighted
oblique sagittal view allows for visualization of
the suprascapular nerve as it courses through the
supraspinatus fossa, around the spinoglenoid
notch and into the infraspinatus fossa [2, 10]. In
addition, supra- and/or infraspinatus muscle
edema is a reliable sign of suprascapular nerve
compression [37, 38].

angle of the x-ray tube is 10° superior. (b) A Stryker notch
radiograph of the left shoulder, made with the beam aimed
15° cephalad to provide visualization of the suprascapular
notch (arrow) [36]

Nerve Conduction Velocity (NCV)

and Electromyography (EMG)

NCV and EMG studies are useful in diagnosing,
locating, determining the severity of the neuropa-
thy. They also help to rule out upper trunk
plexopathy and cervical radiculopathy Their sen-
sitivity and specificity varies from 74% to 91%;
however, similar to carpal tunnel syndrome,
suprascapular nerve compression may occur even
in the setting of a negative NCV/EMG [4, 9, 28,
34]. EMG findings of significant denervation are
denervation increased insertional activity, fibril-
lations, spontaneous, positive sharp waves [10,
39]. The usual latency or nerve conduction veloc-
ity ranges from 1.7 to 3.7 ms for the supraspina-
tus. A value greater than 2.7 ms indicates an
abnormality [23]. A latency value greater than
3.3 ms (range 2.4-4.2 ms) indicates compression
of the infraspinatus [23]. The stimulation point is
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Fig.27.13 EMG

Needle EMG examination:

findings of denervation
are observed in both the

supraspinatus and

infraspinatus muscles

Insertional Spontaneous activity

Muscle Insertional Fibs +Wave Other 1
Biceps brachii.L N1 0 0 None
Deltoid.L N1 0 0 None
Triceps brachii.L N1 0 0 None
Rhomboid major.L N1 0 0 None
Supraspinatus.L N1 3+ 3+ None
Infraspinatus.L Inc 4+ 4+ None
Trapezius.L N1 0 0 None
Eternocleidomastoid. N1 0 None
C5 paraspinal.L N1 0 0 None

performed at Erb’s point [23]. In patients with
compression at the transverse scapular ligament,
EMG findings of denervation are observed in
both the supraspinatus and infraspinatus muscles,
while in patients with dynamic spinoglenoid
compression, the EMG findings would reveal
denervation of the infraspinatus and normal find-
ings in the supraspinatus (Fig. 27.13) [6, 23].

Diagnostic Injections

A diagnostic injection of 1% lidocaine over the
suprascapular notch can be a useful test to diag-
nosis neuropathy [9, 23, 24]. Plancher et al. [23]
describes a technique for the suprascapular nerve
injection at the suprascapular notch using a
25-guage, 1.5 in needle. The needle is placed into
the suprascapular notch from a posterosuperior
injection approximately 3 cm medial to the
Neviaser portal aiming anteriorly [23]. Pain relief
after injection is an indication of pathology [9,
23, 24].

Treatment

There is no high-level evidence-based studies to
guide treatment recommendations for suprascap-
ular neuropathy. The process of treatment recom-
mendations requires shared decision making
between the doctor and patient. Patients need to
understand that surgical decompression usually

relieves pain, but muscle strength may not return
to pre-injury levels [45-47, 52, 61]. Because sur-
gical decompression cannot reliably reverse
strength loss, the authors recommend that patients
presenting with substantial functional disability
due to either significant supra- and/or infraspina-
tus muscle weakness and/or atrophy, EMG evi-
dence of denervation, or failure of 3—6 months of
symptom duration are best treated with surgical
decompression [4, 6, 8, 10].

Nonoperative treatment can be effective man-
agement for cases of suprascapular neuropathy
without physical signs atrophy and EMG evi-
dence of significant denervation. Nonoperative
treatment includes NSAIDs, activity modificai-
tons, physical therapy for shoulder motion and
strengthening exercises and corticosteroid injeci-
tons. It is recommended to instruct patients to
avoid overhead activites. Good to excellent
results have been demonstrated with non-
operative treatment; albeit it may take
6—12 months for maximal improvement [4, 10].
If patients fail to improve after 6 months of non-
operative treatment, operative treatment is rec-
ommended [4, 10].

The method of surgical treatment depends on
the etiology and location of the compression. A
number of methods have been described and for
the sake of brevity this chapter will describe our
preferred techniques. This includes open decom-
pression at the transverse scapular notch and/or
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spinoglenoid notch, arthroscopic transverse scap-
ular notch decompression, arthroscopic labral
repair with or with decompression of the gan-
glion cyst, and arthroscopic spinoglenoid liga-
ment release.

Open Decompression

of the Suprascapular Notch

and Spinoglenoid Notch

The posterior approach provides the needed
exposure to decompress the suprascapular nerve
from just proximal to the transverse scapular
ligament to the infraspinatus muscle. A 10-12 cm
skin incision is made parallel and 1-2 cm supe-
rior to the scapular spine. The trapezius is sharply
elevated off the scapular spine and lifted superi-
orly to expose the supraspinatus muscle
(Fig. 27.14). The supraspinatus muscle is then
identified and retracted posteriorly with a wide
hand held retractor. Blunt dissection is then per-
formed and the suprascapular ligament and
notch is palpated. A Kittner (blunt) dissector is
used to clean the surrounding soft tissues to
expose the transverse scapular ligament. Care
should be taken to avoid injury to the suprascap-
ular artery and vein immediately superficial to
the ligament. The transverse scapular ligament is

Fig. 27.14 A cadaveric specimen showing the open
approach; The trapezius has been elevated and a deep
retractor is used to retract the supraspinatus muscle (SS)
inferiorly to expose the suprascapular notch and trans-
verse scapular ligament (Asterisk )

Fig.27.15 A cadaveric specimen with magnification of
the suprascapular notch after release of the transverse
scapular ligament demonstrating the suprascapular
nerve (N)

then sharply released while protecting the supra-
scapular nerve, which lies below (Fig. 27.15).
The trapezius is then reattached to the scapular
spine with transosseous sutures (0 strong absorb-
able stitch) [45-50].

The spinoglenoid notch is decompressed by
detaching the posterior deltoid inferiorly from
the scapular spine to visualize the infraspinatus
muscle [47]. The infraspinatus muscle is retracted
posteriorly to expose the spinoglenoid ligament,
suprascapular nerve running around the scapular
spine, and posterosuperior gangion Cysts
(Figs. 27.16 and 27.17). The posterior deltoid is
then reattached to the scapular spine through
transosseous sutures (0 strong absorbable stitch).

Arthroscopic Technique

for Decompression

of the Suprascapular Notch

Arthroscopic techniques for suprascapular
nerve decompression have also been associated
with favorable results in the literature. The
reported advantages of the arthroscopic
approach include faster rehabilitation, decreased
postoperative morbidity, and improved visual-
ization of neurovascular structures and associ-
ated intra-articular pathology [6]. However, this
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Fig. 27.16 A cadaveric specimen. The posterior deltoid
has been detached from the scapular spine and a deep
retractor is used to retract the infraspinatus inferiorly to
expose the spinoglenoid notch. Note the ganglion cyst at
the tip of the Kelly

Fig.27.17 A cadaveric specimen demonstrating a close-
up view of a ganglion cyst (G) in the spinoglenoid notch.
Note the close proximity of the suprascapular nerve (N) to
the ganglion cyst

ENSELCS -

Fig. 27.18 Arthroscopic suprascapular nerve decom-
pression. Arthroscopic portals for suprascapular nerve
decompression. (A) posterolateral portal; (B) anterolat-
eral portal; (C) Nevasier portal; (D) suprascapular nerve
portal as described by Lafosse et al. this portal is approxi-
mately 7 cm from the lateral border of the acromion

approach requires a thorough understanding of
anatomy and can be technically challenging. A
variety of arthroscopic techniques have been
described in the literature [40, 50, 51]. The
senior authors preferred arthroscopic approach
utilizes four portals (Fig. 27.18); a lateral portal
(A), an anterolateral portal (B), a Neviaser por-
tal (C) and a suprascapular nerve portal as
described by Lafosse et al. (D) [30, 40]. The
arthroscope is placed into the lateral portal (A);
the portal is in line with the posterior clavicle.
An arthroscopic shaver is placed into the antero-
lateral portal (B) and the bursa is removed to
expose the coracoacromial ligament. The cora-
coacromial ligament (CAL) is followed anterior
to the supraspinatus muscle to the base of the
coracoid. A Wissinger rod is placed through
Neviasser portal (C) to aid in dissection with the
goal to identify the coracoclavicular (CC) liga-
ments (Fig. 27.19). The transverse scapular liga-
ment is identified as the medial continuity of the
conoid ligament above the suprascapular notch
(Figs. 27.19 and 27.20). Care must be taken to
identify the suprascapular artery. In the case
where the artery is accidently injured then it can
be coagulated as long as the artery is above the
ligament. Next, the Lafosse suprascapular nerve
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Fig. 27.19 (a) An arthroscopic view showing the cora-
coacromial ligament; (CAL) Coracoclavicular ligaments;
(CC) transverse scapular ligament; (TSL) and suprascapu-

Fig.27.20 An arthroscopic view showing a probe placed
through the Lafosse portal protecting the suprascapular
nerve in preparation for arthroscopic release. Note the
transverse scapular ligament (TSL)

portal (D) is created and a probe is inserted to
protect and move the nerve medially while
arthroscopic scissors are inserted through the
Neviaser portal (C) to release the transverse
scapular ligament and decompress the nerve
(Fig. 27.21). After transecting the transverse
scapular ligament, the decompression is
assessed with gentle manipulation of the supra-
scapular nerve (Fig. 27.22). If there is residual
compression of the nerve, usually resulting from
bony hypertrophy within the suprascapular
notch, a notchplasty should be performed along
the lateral border of the suprascapular notch
with a bur [11, 30, 40].

lar nerve (N). (b) An arthroscopic view showing the
suprascapular nerve (N) coursing beneath the transverse
scapular ligament (TSL)

Fig. 27.21 An arthroscopic view showing the release of
the transverse scapular ligament (TSL) with arthroscopic
scissors

Fig. 27.22 An arthroscopic view showing adequate
release of the transverse scapular ligament (TSL); note the
suprascapular nerve (N)
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Arthroscopic Labral Repair
with and without Ganglion
Decompression

Several techniques have been described
arthroscopic decompression of ganglion cyst
with and without labral repair. Labral repair
appears to be optional. Decompression can be
performed through the labral tear or a capsulot-
omy can be made at a precise location determined
by the preoperative MRI [29, 58]. Care should be
taken to avoid injuring the suprascapular nerve
which lies on average 3.0 cm from the supragle-
noid tubercle at the suprascapular notch and
2.5 cm from the supraglenoid tubercle at the base
of the scapular spine; therefore, the safe zone in
the posterior aspect of the glenoid lies within
2 cm of the glenoid rim [20].

Arthroscopic Spinoglenoid Ligament
Release

Plancher et al. [23, 53] described a 2-portal tech-
nique for arthroscopic release of the spinogle-
noid ligament. The patient may be positioned in
either the lateral decubitus position or the beach
chair position. If the beach chair position is uti-
lized, then the hemithorax should be draped up
to the spine to ensure adequate exposure. The
posterolateral (working) portal is located
approximately 4-cm medial to the most posterior

lateral aspect of the acromion. This position
allows direct access to the spinoglenoid liga-
ment. The medial (viewing) portal is located
along the scapular spine approximately 4-cm
medial to the lateral portal. The authors note that
the spinoglenoid notch was located approxi-
mately 1-2 cm inferior to the posterolateral por-
tal. A probe was inserted through the
posterolateral portal and the neurovascular struc-
tures and spinoglenoid ligament were identified.
At this point, a cutting device is placed through
the posterolateral portal and the spinoglenoid
ligament was released under direct visualization.
A probe is then utilized to assess for adequate
decompression. If it is determined to be inade-
quate, then a third portal can be established
between the medial and posterolateral portals
and blunt switching stick allowed for extended
retraction of the infraspinatus muscle [23, 53].

Results

Multiple studies have showed good results with
open and arthroscopic decompression of the
suprascapular nerve at the suprascapular notch
(Tables 27.1 and 27.2). The studies on open repair
are retrospective cohorts without a control group
[12, 49, 54, 55]. The postoperative strength
improvement is based on manual muscle testing
and not a dynameter. Collectively, the studies
show high rates (91-96%) of complete pain relief,

Table 27.1 Publications reporting outcomes after open suprascapular nerve decompression at the suprascapular notch

90% improved to grade 4 or 5 supraspinatus power, 10% improved

to grade 3; 32% improved to grade 4 or above infraspinatus power,
45% to grade 2 or 3 and 23% improved to grade 1. Preoperative pain
universally improved with decompression

31 of 35 (88%) reported good to excellent results, 2 of 35 (5.7%)
fair results, and 1 of 35 (2.8%) poor results. Constant score

improved from 47% to 77%

25 of 26 (96%) of patients had good to excellent results, complete

pain relief and normal shoulder function. 1 of 26 (3.8%) of patients
had a fair result.

No. of Location of

Author  Year shoulders decompression Outcome
Kim [47] 2005 31 SSN

Fabre 1999 35 SSN

[46]

Post [42] 1993 26 SSN

Callahan 1991 23 SSN

(33]

21 of 23 (91%) of patients had complete pain relief
2 of 23 (8.6%) of patients had minimal residual shoulder pain but

felt markedly improved.
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Table 27.2 Publications reporting outcomes after arthroscopic suprascapular nerve decompression at the suprascapu-

All patients reported pain relief. The UCLA score increased from
11.7 to 26.1 points, the SF-36 questionnaire score was 122.9 and

the raw pain score was 88%.

All patients reported complete pain relief at 2 weeks
postoperatively. Pre-injury level was achieved at a mean of 7 +

1 months. At final follow up, UCLA scores improved 12 points,
qDASH scores improved 20 points

lar notch
No. of Location of
Author  Year shoulders decompression Outcome
Garcia 2015 10 SSN
[57]
Arriaza 2013 4 SSN
[56]
Lafosse 2007 10 SSN
[40]

improvements in relative Constant score from
47% to 77%, and partial to complete strength
return [12, 49, 54, 55]. Complete strength return
is not certain and it most likely related to severity
of the neuropathy prior to surgery. The lack of
return of complete strength is best shown by Kim
who reported on 31 patients that were treated with
open decompression of the suprascapular nerve
and found that at a mean of 18 month follow up,
90% of patients improved to grade 4 or 5 supra-
spinatus power and 10% improved to grade 3
supraspinatus power [55]. The authors also found
that 32% of patients improved to grade 4 or above
infraspinatus power, 45% to grade 2 or 3, and the
remainder improved to grade 1 [55].

Several arthroscopic studies have shown good
to excellent results with arthroscopic decompres-
sion of the suprascapular nerve at the suprascapu-
lar notch (Table 27.2). Lafosse et al. [40] reported
on ten patients who were treated with arthroscopic
decompression and found that at a mean of
15 month follow up, all patients had improve-
ments in their postoperative electromyographic
findings, pain and function [40]. Arriaza et al.
[56] reported on four elite swimmers who under-
went arthroscopic suprascapular nerve decom-
pression at the suprascapular notch. The authors
found that at a mean follow up of 18.5 months all
patients showed marked improvement. All four
patients reported complete pain relief at 2 weeks
postoperatively and achieved their pre-injury
level at a mean of 7 months [56]. Garcia et al.
[57] reported on nine patients (ten shoulders)
who underwent arthroscopic suprascapular nerve
decompression at the suprascapular notch and

All patients had improvements in their postoperative EMG
findings, pain and function

found that at a mean follow up of 16.6 months all
patients had pain relief, the UCLA scores
increased from 11.7 to 26.1 points, the SF-36
Questionnaire score was 122.9 and the raw pain
score was 88% [57].

Multiple studies have showed good to excel-
lent results with both open and arthroscopic
suprascapular nerve decompression at the spino-
glenoid notch (Table 27.3). Mall et al. [42]
reported on 29 patients that underwent open
suprascapular nerve decompression at the spino-
glenoid notch and found that at a mean of
4.3 year follow up 19 patients regained full
external rotation strength (66%), 9 patients
(31%) improved to 4/5 strength, and 1 patient
(3%) had external rotation strength of 3/5, and of
the 29 shoulders, 23 (79%) showed improved
external rotation within 1 week of surgery. In
addition, all cases showed improved external
rotation strength by at least 1 full strength grade.
They also found that the mean ASES score
improved to 75 (range, 60-100) [45]. Ferretti
et al. [43] reported on three patients who under-
went open decompression at the spinoglenoid
notch and found that at a mean of 2 year follow
up all three patients had returned to sport at their
pre-injury level and one of three patients demon-
strated a notable reduction in atrophy [43].
Fehrman et al. [44] reported on six patients who
underwent open posterior ganglion excision
from the spinoglenoid notch and found that all
patients reported an improvement in their pain.
Two of the six patients had persistent infraspina-
tus atrophy with an external rotation strength
deficit of 30% and 40% respectively [44].
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Table 27.3 Publications reporting outcomes after open suprascapular nerve decompression at the spinoglenoid notch

No. of Location of
Author Year shoulders  decompression
Mall [42] 2013 29 SGN
Fabre [54] 1999 35 SGN (2)
Ferretti [43] 1998 3 SGN
Fehrman [44] 1995 6 SGN

Outcome

66% regained full ER strength, 31% improved to 4/5, 3%
had ER strength of 3/5. Mean ASES score improved to 75
31 of 35 (88%) reported good to excellent results, 2 of 35
(5.7%) fair results, and 1 of 35 (2.8%) poor results.
Constant score improved from 47% to 77%

All patients returned to sport at their pre-injury level. One
of three patients had a notable reduction in atrophy

All patient reported improvement in pain. Two of six
patients residual infraspinatus atrophy.

Table 27.4 Publications reporting outcomes after arthroscopic suprascapular nerve decompression at the spinoglenoid

notch

No. of Location of
Author Year shoulders decompression
Hashiguchi 2016 6 SGN
[59]
Kim [41] 2012 28 SGN
Shah [4] 2011 24 SGN and/or SSN
Abboud [58] 2006 18 SGN
Westerheide 2006 14 SGN
[60]

Outcome

All patients showed excellent improvement in pain and muscle
strength at the final follow-up examination. The mean constant
score was improved from 60.5 points preoperatively to 97.2
points postoperatively. The mean VAS score decreased from
4.5 on the day of the surgery to 2.5 within 1 week
postoperatively. Postoperative MRI showed disappearance or
reduction of the spinoglenoid cyst in four and two patients,
respectively. There were no complications

The mean VAS and constant and Rowe scores improved
significantly compared to preoperative score, however no
statistically significant difference between SLAP repair alone
and SLAP repair and cyst decompression.

Statistically significant improvement in VAS (17/24, 71%)
ASES (18/24, 85%) and SSV (17/24, 71%) scores.

Found improvements in postop ASES & Penn shoulder scores
for all outcomes measured including pain, satisfaction, and
function

14 of 14 patients had improvement in pain and improved
external rotation strength. The average SST score improved
from 4.3 to 11.5 postoperatively.

Several studies have published there results
after arthroscopic suprascapular nerve decom-
pression at the spinoglenoid notch (Table 27.4).
Shah et al. [4] reported on 27 patients who under-
went arthroscopic supracapular nerve decompres-
sion at the suprascapular and/or spinoglenoid
notch. Twenty-four patients had a positive preop-
erative EMG and all patients had an intact rotator
cuff by MRI or CT scan. The authors found that at
a mean follow up of 22.5 months 75% and 71% of
patients had statistically significant improvement
in ASES and SSV scores, respectively. 71% of
patient reported that they would have surgery

again [4]. Abboud et al. [58] retrospectively eval-
uated 18 patients who underwent arthroscopic
decompression of a spinoglenoid cyst. Nine
patients had decompression alone, and nine had
decompression with labral repair and found
improvements in postoperative ASES and
Pennsylvania shoulder scores for all outcomes
measured including pain, satisfaction, and func-
tion. However, the authors found no difference in
outcomes when comparing the group that had an
isolated decompression with the group that had
decompression and labral repair [58]. Hashiguchi
et al. [59] reported on six patients who underwent
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arthroscopic treatment of a SLAP lesion with
associated spinoglenoid cyst and found at that at a
mean follow up of 63.7 months all patients had
excellent improvements in pain and muscle
strength. The mean constant score improved from
60.5 points preoperatively to 97.2 points postop-
eratively. The mean visual analog scale (VAS)
score decreased from 4.5 on the day of surgery to
2.5 within 1 week postoperatively. Westerheide
et al. [60] reported on 14 patients who underwent
arthroscopic treatment for suprascapular nerve
neuropathy secondary to a spinoglenoid ganglion
cyst. At amean follow up of 51 months the authors
found that all patients had improved external rota-
tion strength and improved pain. In addition, the
average Simple Shoulder Test (SST) score
improved from 4.3 to 11.5 postoperatively [60].
An area of controversy exists in the literature
regarding the management of patients with labral
tears causing ganglion cysts. The debate is whether
to perform cyst decompression and SLAP repair
or simply perform a SLAP repair alone. There are
no high-level of evidence studies to determine the
appropriate treatment guidelines. Several studies
show no difference in outcomes between the two
groups and report high patient satisfaction. Kim
et al. [41] compared outcomes in SLAP repair
alone with SLAP repair with cyst decompression
and found no difference in mean VAS scores and
Constant and Rowe scores [41]. Schroder et al.
[61] reported on 42 patients who underwent only
arthroscopic labral repair for spinoglenoid cyst
with concomitant labral tear and found high patient
satisfaction [61]. However, one poorly controlled
retrospective study reported improved external
rotation strength in patients who underwent cyst
decompression compared to patients who had
SLAP repair alone [62]. Abboud et al. [58] retro-
spectively compared outcomes in nine patients
with decompression alone and nine patients with
decompression along with labral repair and found
no difference in outcomes [58]. Because there is
only low-level evidence guiding treatment, we rec-
ommend arthroscopic labral repair, cyst decom-
pression and/or spinoglenoid release for patients
with either substantial preoperative weakness,
atrophy, or EMG evidence of denervation.

Conclusion

Suprascapular neuropathy has become a much
more recognized source of shoulder pain and dis-
ability. Diagnosis and treatment demands a thor-
ough understanding of the suprascapular nerve
and scapular anatomy. Surgical and nonsurgical
options have been described with both demon-
strating good results. However, there are no high-
level studies to guide treatment recommendations.
Because surgical decompression does not always
restore preinjury motor strength, the authors rec-
ommend that patients presenting with substantial
functional disability due to either supra- and/or
infraspinatus muscle weakness and/or atrophy,
EMG evidence of denervation, or failure of
3—6 months of symptom duration are best treated
with surgical decompression [6, 9]. Open and
arthroscopic suprascapular nerve decompres-
sions are equal efficacious in alleviating pain and
improving patient reported outcomes.
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