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ABSTRACT

Ulnar nerve neuropathy at the elbow represents the second most frequent compression neuropathy
of the upper extremity. Of the five different anatomical areas responsible for ulnar nerve compression
at the elbow region, the epitrochlear-olecranon channel and Osborne’s arcade are the most common.
An additional cause of nerve damage is a dynamic process in which the ulnar nerve dislocates
anteriorly at the epitrochlear-olecranon level during elbow flexion, partially or completely, causing
nerve friction and constriction leading to chronic neuropathic pain. Failure after primary surgery is
generally secondary to procedural errors or technical omissions, frequently represented by incomplete
nerve decompression, failure to recognize nerve instability after nerve decompression, loosening of
the nerve anchor after superficial nerve transposition with consequent spontaneous nerve relocation
in the epitrochlear-olecranon channel, perineural fibrosis and neurodesis, which creates new nerve
compression. In association with the clinical evaluation, electromyography studies, magnetic resonance
imaging and ultrasound are useful tools that may aid in the decision-making process when considering
revision surgery. Superficial anterior transposition is the most commonly employed technique but also
has a high failure rate, as opposed to anterior deep transposition that is the method of choice for many
surgeons despite being more technically demanding. The results of revision surgery following recalcitrant
ulnar nerve compression at the elbow are inferior to those obtained after primary surgery. Nonetheless,
the clinical advantages remain relevant provided that the revision surgery is performed by an expert

surgeon. To avoid misinterpretation, the patient is completely informed of the quality of results.
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INTRODUCTION

Ulnar nerve neuropathy at the elbow represents the second
most frequent compression neuropathy of the upper
extremity.l"! The ulnar nerve may be compressed at the
elbow region in the following five different anatomical areas,?
listed from proximal to distal: (1) arcade of Struthers, (2) the
proximal epitrochlear region, (3) the epitrochlear-olecranon
channel, (4) the fibrous arch between the humeral and
ulnar portions of the flexor carpi ulnaris (FCU), better
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known as Osborne’s arcade, and (5) the vertical fibrous
septum that originates from the ulna and separates
the ulnar nerve and the ulnar part of the FCU from
the pronator-flexor muscles innervated by the median
nervel! [Figure 1a and b]. The epitrochlear-olecranon
channel and Osborne’s arcade or ligament are the most
frequent areas of compression. An additional cause of
nerve damage at the epitrochlear-olecranon level is
nerve instability. This is a dynamic process in which the
ulnar nerve dislocates anteriorly during elbow flexion,
reaching the epicondylar crest (subluxation) or passing
over it completely (luxation). Ligamentous laxity or
the absence of stabilization mechanisms*® causes a
continuous snapping of the nerve over the epitrochlea,
and in the case of complete anterior dislocation, the
nerve kinks at the Osborne arcade, causing nerve friction
and constriction leading to chronic neuropathic pain.©
Various surgical procedures have been described for the
treatment of cubital tunnel syndrome, including in situ
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decompressions,”! medial epicondylectomy,® subcutaneous
transposition,”  intramuscular  transposition,"  and
submuscular transposition.""! However, as reported in the
first description of this neuropathy by Panas!" in 1878,
surgical treatment frequently yields poor results and may
worsen the initial clinical condition. In a recent study
conducted by the American Association of Hand Surgery,"?!
61% of surgeons reported inferior results following surgical
ulnar nerve decompression at the elbow compared with
the results obtained following decompression after
carpal tunnel release (44% satisfactory results vs. 88%,
respectively).

According to the literature, no surgical technique may be
defined as superior to the others.'*'® The persistence
of preoperative symptoms after surgery is defined as
failure, whereas the reappearance of symptoms after
a period of relief is defined as recurrence, and surgical
revision is indicated in both cases." Preoperative
factors that may be associated with poor results after
surgery depend on multiple elements, including an
incorrect diagnosis,'”” advanced neuropathy with a
neurological lesion and muscular atrophy,'® coexisting
pathologies such as double crush syndrome,'® cervical
spine radiculopathies,' thoracic outlet syndrome,/?
ulnar compression syndromes at the wrist, endocrine
disorders such as diabetes mellitus or thyroid disease,
and polyneuropathies, particularly if they are associated
with muscular atrophy or decreased sensation.s! Some of

Figure 1: (a) There are five possible areas of ulnar nerve compression
at the elbow level. (1): Arcade of Struthers; (2): proximal epitrochlear
region; (3): epitrochlear-olecranon channel; and (4): fibrous arch
between the humeral and ulnar parts of the flexor carpi ulnaris (FCU),
better known as Osborne’s arcade; (b) the figure shows the opening of
Osborne’s arcade (4) with the release of the septum between the ulnar
part of the FCU and the flexor-pronator group (5). (1), (2) and (3) indicate
the release of the other areas of decompression

these conditions may mimic ulnar nerve syndrome at the
wrist, which, in addition to the different symptoms noted
by patients, may render recognition of ulnar neuropathy
at the elbow difficult.

CAUSES OF FAILURE AFTER PRIMARY
SURGERY

Failure after surgery is mainly due to procedural errors or
technical omissions, frequently represented by incomplete
nerve decompression, failure to recognize nerve instability
after the nerve has been decompressed, loosening of
the nerve anchor after superficial nerve transposition
with consequent spontaneous nerve relocation in the
epitrochlear-olecranon channel, perineural fibrosis and
neurodesis that creates a new site of nerve compression
in areas different from those affected by the original
compression, unintended injury to one or more sensory
regional nerves or to the ulnar nerve itself, articular elbow
instability due to unintended injury to the ulnar collateral
ligament, or elbow stiffening in the flexed position.

It is widely accepted that when primary nerve
decompression is performed, only one of the five possible
sites of compression is generally found to actually be
responsible for the nerve impingement,? and these sites
are usually the epitrochlear-olecranon channel or the
Osborne fibrous arcade. The surgeon’s experience will
generally determine the decision to proceed with a wide
nerve decompression or to perform a limited procedure.’!

The creation of a new nerve compression site may be
realized when the anteriorly transposed nerve has not
been widely released before the transposition. In fact,
regardless of the method employed, when the nerve is
anteriorly transposed, a new and nonanatomical path is
created. It is therefore mandatory that the nerve lies in
a soft and loose tissue bed such that no compression
is endured by the nerve, which can occur when the
medial intramuscular septum is not released or when
the nerve kinks between the ulnar part of the FCU and
the flexor and pronator muscle groups.'>'*1%2!l To avoid
such compression, when transposition is performed,
it is advisable to widely release the nerve by opening
the cubital channel and Osborne’s arcade, removing the
medial muscular septum, and opening both the arcade
of Struthers and the septum between the ulnar stump of
the FCU and the flexor-pronators. When in situ nerve
decompression is completed, dynamic nerve instability
during elbow flexion may occur (nerve subluxation or
luxation), and the omission of nerve stability evaluation
is considered to be a technical error. According to the
literature,”” more than 50% of failures after simple
decompression are due to the misdiagnosis of nerve
instability. In cases of nerve instability, anterior nerve
transposition, either deep or superficial, should be
considered. Notably, nontraumatic nerve debridement and
release, including that for a long tract (10-15 cm), does
not damage the nerve or cause its devascularization, as
was previously believed.!>'>2l
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Perineural fibrosis prevents the nerve from gliding during
elbow excursion and may be related to patient predisposition
or to improper intraoperative manipulation of the
nerve.'"! Fibrosis following simple decompression can
cause adherence of the nerve to the epitrochlear-olecranon
channel and can additionally cause the channel’s closure
due to the scarring at Osborne’s ligament. Fibrosis after
anterior transposition may occur independently of the
technique employed and usually occurs at the site of a
technical error or omission. Following superficial nerve
transpositions, in particular, fibrosis preferentially localizes
to the anterior soft tissue area and the epitrochlear region.
According to the literature, superficial transposition
presents the highest percentage of failure, suggesting that
this technique has some intrinsic limitations represented
by the position of the nerve under the skin, in a
relatively hypovascular tissue susceptible to trauma.l'>'l
During anterior transposition, unintended injury to the
subcutaneous antebrachial nerves may occur, leading to the
formation of painful neuromas. During harvest of the ulnar
nerve, in 61% of cases, 1 to 3 sensory nerves can be found
proximal to the epicondyle (at a mean level of 1.8 cm from
the epicondyle) or distally in 100% of cases (at a mean
level of 3.1 cm from the epicondyle).?*'3 An unintended
nerve lesion may produce one or more painful neuromas,
creating a hyperalgesic or hyperesthetic area in the medial
part of the elbow, jeopardizing achieving satisfactory
results from the decompression. Clinical studies have
reported a nerve lesion rate of up to 90%, which is thought
to occur secondary to the difficulty in locating and
protecting these nerves during dissection.”>?°! In contrast,
lesions of the main trunk of the ulnar nerve are rare. To
allow anterior nerve transposition, it is generally necessary
to sacrifice the first motor fascicle to the FCU, which does
not impair muscular function.””’ Medial elbow instability
is quite uncommon but may occur following damage to
the collateral ulnar ligament, particularly during medial
epicondylectomy, or as a consequence of an excessively
aggressive anterior submuscular transposition.?®! The ulnar
collateral ligament is located just below the flexor-pronator
group and originates, according to O’Driscoll et al.®
from the medial epicondyle. Elbow stiffness presents as
a flexion contracture due to prolonged immobilization,
inappropriate postoperative rehabilitation, or excessive
fibrosis formation in the soft tissues. The extension lag is
generally from 5° to 30°.'*3% Stiffness occurs after deep
transposition in 5-10% of cases!'*'>3! and is generally due
to prolonged immobilization. Following primary deep
transposition, the authors permit the patient to remove
the orthesis from the 3rd to 7th day postoperatively,
for 1-2 h/day to perform active motion. The orthesis is
definitively removed 20 days after surgery. In cases of
persistent stiffness, adequate rehabilitation, and medical
therapy are typically required.

CLINICAL EVALUATION

After obtaining a thorough clinical history, it is
mandatory to verify the absence of neurological disorders
originating from the upper extremities and cervical spine.

The evaluation may then proceed to the elbow with the
evaluation of the position and extent of the surgical scar,
as well as palpation of the ulnar nerve along its course,
which may be inside the epitrochlear-olecranon channel
or medial to the epicondyle if nerve transposition was
performed. Areas of tenderness and nerve instability
during elbow articular motion are carefully investigated.
In cases of ulnar neuropathy at the elbow, palpation
along the course of the nerve may trigger a Tinel's sign
with the characteristic spread of paresthesias along
the area innervated by the nerve up to the 4th and
5th fingers or, in the case of antebrachial sensory nerve
neuropathies, to the medial part of the elbow and the
medial proximal third of the forearm. An important
provocative test is the “pressure-flexion test”F? in which
pressure is exerted on the ulnar nerve for 1 min while
the elbow is flexed. Sensitivity testing of the cutaneous
territories of the ulnar and median nerves of the hand
should be performed." The clinical evaluation is
completed by motor testing. Advanced neuropathy is
indicated by muscular hypotrophy or atrophy of the
intrinsic muscles innervated by the ulnar nerve. Typically,
atrophy initially involves the first dorsal interosseous
muscle and then extends to the hypothenar muscles.
Assessment for the griffe deformity at the 4th and
5th fingers (hyperextension of the metacarpophalangeal
joint and flexion of the interphalangeal joint),
the Froment and Wartenberg signs (abduction of
the 5th finger) and the inability to cross the long
fingers (crossed finger test) complete the motor testing.
When present, muscle impairment represents a negative
prognostic factor. In general, the neurological signs are
less severe, with no alterations in muscle tone, and
identification is based solely on the clinical evaluation
of asthenia and/or diminished strength of the intrinsic
muscles innervated by the ulnar nerve.

INSTRUMENTAL EVALUATION

Electromyography (EMG) is useful in the differential
diagnosis to exclude radiculopathies, thoracic outlet
syndrome, and median or ulnar nerve compression at the
wrist. However, it fails to reveal neuropathies of the small
sensory nerves in the elbow area. When preoperative
EMG is performed, the results are particularly useful
when assessing postoperative symptoms. In cases of
recurrence, the neurological symptoms worsen, which
correlates well with the conduction values, confirming
the indication for surgical revision. Conversely, when
worsening of the clinical condition is not confirmed by
conduction studies, the indication for revision surgery
should be dictated by the severity and persistence of
symptoms. Notably, in cases of chronic axonal lesions,
the conduction study results may be unchanged from the
preoperative values while there is a slight improvement
in the clinical condition."! Therefore, when faced with
worsening symptoms and unchanged conduction studies,
it is difficult to determine whether it is more useful to
base the treatment decision on the symptoms, which
would suggest surgery, or on the conduction studies,
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which would suggest a watchful waiting approach in the
hopes of an eventual late recovery. Among 30 surgical
revisions for the recalcitrant cubical tunnel, Gabel
and Amadio!"™ performed surgery in 9 patients who
had normal EMGs, concluding that normal conduction
values were not sufficient to exclude surgical revision.
Ultrasound (US) examination may also aid surgeons in the
decision-making process. In fact, the dynamic and static
evaluation of the ulnar nerve may reveal morphological
alterations to the nerve trunk and to the surrounding
soft tissues. In the authors’ experience, magnetic
resonance imaging (MRI) offers less information than
a well-performed US. In association with the clinical
evaluation, these 2 diagnostic tools may assist in the
decision-making process. When surgery is postponed,
and symptoms do not improve in a short period, revision
surgery should be reconsidered. In conclusion, in some
cases, particularly in those of primary nerve instability,
the pre- and postoperative conduction studies may be
negative even in the presence of severe neuropathic
symptoms. In these cases, US examination and MRI may
aid in identifying areas of mechanical nerve injury that
may indicate the need for surgery.

Indications for revision surgery

The persistence or worsening of neuropathic pain, a
decrease in cutaneous sensitivity with paresthesias along the
territory of the ulnar nerve in the hand, and muscle deficits
despite conservative medical treatment are indications for
revision surgery,'*3 especially if they are associated with
significant worsening of the conduction study results.

Techniques in revision surgery

The literature!'*'® regarding surgical revision of failed
ulnar nerve decompression at the elbow is limited to a few
retrospective studies and case reports.?*?34 According
to these reports, superficial anterior transposition is the
most commonly employed technique for primary surgery
and presents a failure rate of 60-80%.°>3°

The goal of revision surgery is essentially to debride
the nerve of its surrounding fibrosis that is causing the
compression and kinking. Neurolysis has an important
role in the revision of failed surgery of the ulnar nerve
at the elbow. However, neurolysis cannot be used as an
isolated technique because simple scar excision activates
a fibrotic reaction that, within a brief time interval, will
compress the nerve again, leading to failure.'> The removal
of external perineural fibrosis is the primary indication
for neurolysis.’”?% When the fibrosis extends within the
nerve, among the fascicles, internal neurolysis should be
considered. However, in such cases, damage to the vascular
supply of the internal nerve may occur, and severe nerve
scarring may develop, jeopardizing the attainment of a
good result even in cases of anterior nerve transposition.!"”

Medial epicondylectomy is not considered a satisfactory
choice for revision surgery, as demonstrated by poor
results in all of the cases treated by Goldberg et al.“' These
results may be due to the fibrotic and hypovascular tissue
in which the nerve remains following the procedure.!"!

Anterior nerve transposition (subcutaneous, intramuscular,
and submuscular) is the most commonly used revision
technique after a failed nerve decompression,'*'" in cases
of nerve instability (nerve subluxation or luxation), after
medial epicondylectomy, and following a failed anterior
transposition.

Among nerve transpositions, subcutaneous transposition
yields unpredictable results when used in revision surgery,
and, for this reason, it is rarely used by surgeons. If
the nerve is moved from the cubital channel to reduce
mechanical stress, it is transposed to a relatively
hypovascular area">' where it is more exposed to direct
trauma.'” Gabel and Amadio!" noted 12 poor results in
17 cases, whereas Caputo and Watson® reported a 50%
rate of poor results using this technique.

Intramuscular transposition is rarely used in revision
surgery, with only two cases described in the literature,
both of which yielded unsatisfactory results.!'>!¥!

Submuscular transposition is widely used in revision
surgery.** With this technique, good results may be
achieved following failed simple decompressions, medial
epicondylectomy, and failed superficial transpositions./'*1°!
If performed using the proper technique, the results
of anterior submuscular transposition are superior to
those obtained with other techniques. In contrast,
if this technique is employed for the treatment of
failed submuscular transposition, the results are not
satisfactory."” In such cases, division of the epitrochlear
muscular bridge and superficial transposition of the
nerve with associated external neurolysis yields good
results.3444

The following techniques are not effective and are
rarely used: (1) the relocation of the nerve in the cubital
tunnel has rarely been used by surgeons, as it is an
ineffective method of treating recalcitrant ulnar nerve
compression;!'#?2331 (2) the results of nerve isolation
with synthetic material, such as silicon or polymeric
substances, are unsatisfactory;®??#'l and (3) wrapping the
ulnar nerve with autologous saphenous vein has been
described with good results.*41 Additional studies
are needed prior to declaring this technique as an
effective method for the treatment of failed ulnar nerve
decompression.

The authors prefer nerve isolation by means of
muscle flaps or fat tissuel'®*! integrated with anterior
submuscular transposition in cases of extensive perineural
and soft tissue fibrotic reactions.

Technique preferred by the authors

Anterior deep transposition is the method of choice
for many surgeons when revision ulnar nerve surgery
is necessary. When approaching a revision surgery for
recalcitrant ulnar nerve compression, it can be difficult
to locate the area of nerve compromise. For this reason,
a thorough exploration of all of the possible areas of
compression is necessary, starting from the proximal arcade
of Struthers to the deep septum between the FCU and the
flexor-pronator group.®'!5I The skin incision in revision
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cases is generally longer than the initial incision, both in
the proximal and distal directions. In the subcutaneous
tissue, the identification of small regional sensory nerves
may be difficult because they are frequently incorporated
in the scar tissue from previous surgeries. It is not
uncommon to find that one or more of these nerves have
been severed. Possible neuromas must be removed,?'4!
and proximal nerve stumps must be cauterized and
positioned in good-quality soft tissue, such as the triceps
muscle.?*1 [n cases in which the ulnar nerve is entrapped
in firm, fibrous scar tissue, it is advisable to begin the
exploration proximal to the region of the previous incision
to identify the nerve in a healthy area. Progressing distally,
the nerve is then released from the scar. Depending
on the technique used during the first surgery, the
following three different situations may be encountered:
(1) the nerve has been decompressed and is still in the
epitrochlear-olecranon channel; (2) the nerve is outside of
the epitrochlear-olecranon channel because dynamic nerve
instability has occurred with recurrent anterior subluxation
during elbow flexion, or because it has been transposed
anteriorly in the subcutaneous tissue; or (3) the nerve is
outside of the epitrochlear-olecranon channel because it
has been transposed anteriorly under the flexor-pronator
muscles. Regardless of where the nerve is located, the
presence of scar tissue is a consistent pattern, which
increases both the difficulty of the dissection and the risk
of nerve damage. In these cases, identification of the nerve
distal to the cubital channel at the FCU muscle entrance
is recommended. From there, dissection proceeds in a
distal to proximal direction. Once the nerve and potential
compression areas have been released, the following
different anatomical situations may be encountered:
(1) the ulnar nerve was previously decompressed only
and is still located in the epitrochlear-olecranon channel.
Proceed with anterior submuscular transposition

Figure 2: When decompression is insufficient, the nerve kinks at
Osborne’s arcade and is compressed by the intermuscular septum
when transposed anteriorly. (a) The patient underwent two surgeries
for simple nerve decompression. The nerve is dislocated anterior to
the epitrochlear bone, presenting with a pseudoneuroma bulging (¥)
proximal to the compression area at Osborne’s arcade level (>) which
had not been previously released (<); (b) following decompression at
zones 4 and 5 (refer to Figure 1) (<) and external neurolysis (*), nerve
transposition may be performed; (c) anterior submuscular transposition
using a muscle Z-lengthening procedure

with myotomy of the epitrochlear muscles using the
Z-lengthening technique.'® It is of paramount importance
that excision of the medial intermuscular septum and a
complete opening of the distal septum between the FCU
and the flexor-pronator muscle group are performed.
If the transposition has been accomplished properly,
the nerve will lie in its new location without areas of
compression or kinking; (2) the ulnar nerve was previously
transposed anteriorly and superficially, but there is
currently severe fibrosis that renders nerve debridement
difficult. If the intermuscular septum was not released
during the previous surgery, the nerve passes over the
septum, which dislocates the nerve from beneath, creating
compression. In other cases, the nerve may be found atop
the epitrochlear bone as a consequence of an erroneous
transposition or of a failure of the soft tissue anchorage.
This situation creates tension along the nerve, resulting
in acute angulation and kinking of the nerve at Osborne’s
arcade or at the deep distal septum at the level of the
FCU. External neurolysis and submuscular transposition
are performed as described in section A [Figures 2-5]; and
(3) the ulnar nerve was previously already transposed.
Surgery then commences with identification of the nerve
proximal and distal to the scarred area, isolation of the
nerve from the point of fibrosis up to the entrance in the
epitrochlear muscles, and decompression of the arcade
of Struthers, the intermuscular septum proximally, and
the deep flexor-pronator septum distally. Release of the
nerve at the entrance, exits, and beneath the muscular
channel is then performed. The nerve is generally found

Figure 3: Failed nerve decompression treated with superficial anterior
transposition. (a) The ulnar nerve () is fibrotic (<>), swollen, and hard
to palpation; (b) the intermuscular septum (white arrows) and the distal
deep septum in zone 5 (black arrows) were not released during the
initial surgery
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Figure 4: Failed superficial nerve transposition. (a) The nerve is
taut over the epitrochlear bone (*) and kinks at the deep septum
(zone 5) for an insufficient transposition; (b) nerve decompression by
the release of the flexor carpi ulnaris and deep septum. The circled
area shows the region of ischemic injury to the nerve secondary to
compression; (c) after external neurolysishasbeen performed, the
nerve is prepared for anterior submuscular transposition; (d) following
transposition, the nerve lies in a soft and vascular tissue bed without
tension

to be entrapped by fibrotic tissue* in the new muscular
channel and neurolysis in necessary. When neurolysis
alone is insufficient for the release of the nerve or when
the muscular channel has become fibrotic and does
not provide adequate vascularization of the nerve, the
muscular bridge is opened, and the nerve is transferred
superficially.¥

POSTOPERATIVE TREATMENT

A brachial-metacarpal plaster cast is applied for 20 days,
with the elbow at 100°120° of extension. By the
3rd postoperative day, the patient is allowed to temporarily
remove the plaster to perform careful active elbow flexion
and extension movements. From the 7th day, the patient
begins active careful supination with the elbow at 60°-90°
of flexion. From the 15th day, supination with the elbow
extended is permitted. The plaster is definitively removed
20 days postoperatively, and the patient is then placed
under the care of a therapist.

FUTURE DIRECTIONS

Ulnar nerve anatomy at the elbow region and
pathophysiology of the compression syndrome are
well-recognized. Nonetheless, failure following nerve
decompression alone or with associated anterior nerve
transposition still occurs. The failure to recognize dynamic
ulnar nerve instability, idiopathic or induced after in situ
nerve decompression, represents the most frequent
procedural error leading to surgical failure. A thorough
understanding of the mechanisms causing ulnar nerve
compression and injury would reduce the rate of recurrence.

CONCLUSION

The results of revision surgery following recalcitrant ulnar
nerve compression at the elbow are inferior to those

Figure 5: Failed superficial nerve transposition. (a and b) Arcade of
Struthers (*) was not released during the first surgery, causing nerve
kinking and compression. At the epitrochlear level, the nerve appears
to lie within good tissue without tension (>); (c) following debridement,
the nerve lies in a soft and vascular tissue bed without tension. An
adipofascial flap is harvested (*); (d) anterior submuscular transposition
with muscular Z-lengthening is performed. The adipofascial flap protects
the nerve in the proximal epitrochlear region

obtained after primary surgery, particularly in patients
over the age of 50 years, when conduction studies show
muscle denervation, or when there is a history of multiple
surgeries."” To avoid the misinterpretation that the
partial resolution of preoperative symptoms is a failure of
treatment, it is mandatory that the patient be completely
informed prior to surgery.!'® Chronic axonal degeneration
is frequently associated with marginal improvement
of neuropathic pain, tenderness in the compression
area, and hand dysesthesias,*'® without a high rate of
complete restoration of sensitivity and muscle strength.
Nonetheless, the clinical advantages remain relevant
provided that an expert surgeon performs the revision
surgery.
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