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Abstract

To minimize damage to healthy tissues, we have been performing endoscopically assisted cubital tunnel syndrome surgery based on
endoscopic nerve findings since 1995. This is the first study to focus on endoscopic surgery for cubital tunnel syndrome based on endoscopic
ulnar nerve findings and the subsequent postoperative clinical results. We analysed 82 upper extremities of 74 cubital tunnel syndrome patients
who had undergone endoscopically assisted release surgery using the Universal Subcutaneous Endoscope system. Endoscopic observations of
the ulnar nerve were made from a single 1- to 3-cm endoscopic portal incision at the cubital tunnel to 10 cm proximal and 10 cm distal. The
abnormal nerve areas were identified and released based on nerve degeneration findings under endoscopic observation. The abnormal areas
spread eccentrically from the entrapment point(s). In 82 diseased upper extremities, ulnar nerve entrapment occurred at the cubital tunnel.
However, one extremity suffered from entrapment at the arcade of Struthers’ in addition to the cubital tunnel. All patients showed improved
clinical symptoms following surgery. There is no statistical relation between pre- and postoperative clinical scores of Dellon’s Staging and
abnormal nerve length findings. Cubital tunnel syndrome is usually caused by entrapment at the cubital tunnel; however, in some cases, there are
other point entrapment(s). Our endoscopically assisted procedure avoids any damage to healthy tissues because the surgeon can observe the
entrapment point(s) prior to release. Postoperative clinical recovery results clearly indicate that endoscopic nerve findings reveal entrapment
points and ulnar nerve degeneration can spread maximally 10 cm distally and proximally from the entrapment point(s), even in clinically mild
severity cases. All other possible entrapment points should, therefore, be observed and released using our procedure.

Copyright © 2014, Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Osborne' was the first to report on the treatment of cubital
tunnel syndrome, and this operative procedure was the first
established minimally invasive surgery for the treatment of
this condition. However, considering the 7% reported post-
operative persistent symptoms rate following in situ decom-
pression” that consequently requires secondary anterior
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submuscular transposition, release only at the cubital tunnel is
not always sufficient for all disorders clinically diagnosed as
cubital tunnel syndrome.

We have been performing endoscopically assisted surgery
using the Universal Subcutaneous Endoscope (USE) system™
(TACT Med. Inc., Tokyo, Japan) since 1995.” This procedure
allows the surgeon to dynamically observe and assess ulnar nerve
conditions with enlarged monitor images. Endoscopic observa-
tions and assessments are made from the arcade of Struthers’ (the
most proximal potential entrapment point) to the deep flexor
pronator aponeurosis (the most distal potential entrapment point)
through a small endoscopic portal made at the cubital tunnel.
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Using this procedure, surgeons can identify and release entrap-
ment points based on endoscopic nerve findings with minimal
damage to healthy tissue and limited postoperative restriction of
activity of daily living. We have achieved satisfactory results®
equivalent to standard open procedures.

Considerations of unknown problems regarding clinical
implementation of our endoscopically assisted surgical pro-
cedure include the following issues: (1) How do abnormal
preoperative endoscopic nerve findings indicate preoperative
entrapment points? (2) Does the correlation between these
abnormal preoperative endoscopic nerve length findings and
pre- and postoperative clinical severity of symptoms serve as a
useful endoscopic staging?

In this study, we analysed the relation between pre- and
postoperative staging that conform to Dellon’s Staging,” as an
indicator of clinical symptoms, and our endoscopically
assessed abnormal nerve length findings. This analysis was
carried out in order to evaluate the efficacy of our proposed
endoscopic assessment procedure and to achieve a truly
effective minimally invasive surgical procedure for the treat-
ment of cubital tunnel syndrome.

Methods

We retrospectively analysed 82 upper extremities (44 male
and 38 female) of 74 cubital tunnel syndrome patients who
underwent endoscopically assisted surgery using the USE
system from September 2003 to October 2010. All patients
were followed up for more than 10 months, postoperatively.
The mean age of patients at the time of operation (standard
deviation, SD) was 61.6 (9.2) years (range, 36—81 years). The
mean postoperative follow-up period (SD) was 31.5 (19.0)
months (range, 10—90 months).

Diagnosis was based on clinical signs and electrophysio-
logical test results (ulnar motor and/or sensory studies
revealed a nerve conduction velocity of less than 50 m/sec-
ond). Causes of the cubital tunnel syndrome were idiopathic
(no apparent cause) in 21 extremities and hemodialysis-related
in 61 extremities. This study excluded cases involving other
factors such as a traumatic history of the same elbow joint,
ulnar nerve subluxation at the same elbow joint, osteoarthritis
of the same elbow joint, or systematic neuropathy.

Assessment of endoscopically assisted surgery and analysis
of intraoperative endoscopic findings were discussed, and
agreement was then reached by the authors of this study. The
surgery was performed on an outpatient basis, under local
anesthesia, and without a pneumatic tourniquet in order to
dynamically observe and assess intraneural nerve blood cir-
culation during surgery. A small 1- to 3-cm skin incision was
made at the cubital tunnel to serve as a portal for the USE
system. The USE system consists of a closed transparent
sheath and a 4-mm standard 30° oblique viewing arthroscope.
The Osborne ligament (fascial band bridging two heads of
flexor carpi ulinaris muscle)' was exposed at the cubital tunnel
and released under direct observation. The ulnar nerve was
identified, and sufficient space for the insertion of the USE
system was made between the nerve and the soft tissue. Under

direct observation at the portal, hourglass narrowing and/or
proximal pseudoneuroma formation of the ulnar nerve was
judged as entrapment at the cubital tunnel. The USE system
was inserted in contact with the ulnar nerve distally under
endoscopic observation (Fig. 1). The USE system allowed us
to make observations within a 10-cm range distally and
proximally from the portal edge. The following endoscopic
findings were judged as abnormal: areas where we could not
observe the funiculi because of epineurial thickening (this
finding was considered to indicate an entrapment point); and/
or areas with winding and twisted funiculi; and/or areas with
no intraneural adipose tissue (Fig. 2A—C). Conversely, areas
were considered normal if there was no epineurial thickening,
the funiculi were straight running, adipose tissue was present
between the funiculi, and there was blood circulation between
the funiculi (Fig. 2D).° Incidental elbow joint movement
during insertion of the USE system does not affect proximal or
distal observations, and our endoscopic findings also remain
unaffected by any such movement. Even when the USE sys-
tem is inserted between the nerve and surrounding soft tissue,
intraneural blood circulation is maintained when the sur-
rounding nerve pressure is less than 30 mmHg as Rydevik
et al® concluded. Therefore, we use continued intraneural
blood circulation as an indication of healthy noncompressed
nerve areas.

The fascia and other soft tissue of the abnormal nerve area,
at the opposite side of the USE sheath from the ulnar nerve,
were released using a push knife under complete endoscopic
observation (Fig. 3). After having identified the branch nerve,
i.e., the medial cutaneous branch, we were careful not to
damage it throughout the procedure. The released length of the
soft tissue depended on the extent of the individual patient’s
abnormal nerve area. Following sufficient release of soft tissue
compressing the ulnar nerve, we confirmed intraneural blood
circulation throughout the observed areas, especially where
intraneural blood circulation had not been observed prior to
release (Fig. 4). Immediate confirmation of recovery from
intraneural blood circulation disturbance could not be

“PUSH KNIFE

Fig. 1. Inserting the Universal Subcutaneous Endoscope (USE) system and
push knife along the ulnar nerve. Releasing the contralateral side of the soft
tissue of an abnormal ulnar nerve finding area using a push knife under
complete endoscopic observation.
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Fig. 2. Endoscopic ulnar nerve findings. (A) Areas where we could not observe the funiculi because of epineurium thickening (arrows indicate the ulnar nerve). (B)
Areas with winding and twisted funiculi (arrows indicate the funiculi). (C) Areas with no intraneural adipose tissue; and/or areas with interrupted intraneural blood
circulation (arrows indicate the funiculi). (D) Areas with uninterrupted blood circulation between the funiculi: normal area (arrows indicate intraneural blood

circulation).

observed in areas with thickened epineurium; however,
reperfusion was observed within 2—3 minutes. We were able
to confirm that no newly formed entrapment points developed
after the release of the initial entrapment point(s) according to
the status of intraneural blood circulation.

The portal incision was closed with one to three subcu-
taneous stitches and a compression bandage was applied for 24
hours. We recommended that the patients gradually resume
use of their upper extremity from the day after surgery.

Fig. 3. Endoscopic view at release. The contralateral side of the Universal
Subcutaneous Endoscope sheath while releasing the fascia and other soft tissue
using a push knife.

We examined pre- and postoperative clinical symptoms,
tingling (paresthesia), pain sensation using a 3-g needle, touch
sensation using a 2-g von Frey hair (modified Dellon’s Staging),
manual muscle testing of the abductor digiti quinti muscle and
first dorsal interosseous muscle, electrophysiological testing
results (nerve conduction velocity studies of the ulnar nerve
across the cubital tunnel), and Dellon’s Staging.

We used one-way analysis of valiance to statistically
analyse the relationship between abnormal nerve lengths and
pre- and postoperative Dellon’s Staging (p < 0.05).

Fig. 4. Endoscopic finding of reperfusion of intraneural blood circulation
following release. Arrows indicate intraneural blood circulation.
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Our study design and procedure were performed in accor-
dance with the Ethical Guidelines for Clinical Studies, July 30,
2003 (amended July 31, 2008), Japanese Ministry of Health,
Labor, and Welfare.

Results

The preoperative Dellon’s Staging profiles were as follows:
Mild, three extremities; Moderate, 27 extremities; and Severe,
52 extremities. Abnormal nerve areas were spread eccentri-
cally from the entrapment point(s).

According to endoscopic nerve findings, ulnar nerve en-
trapments at both the cubital tunnel and the arcade of
Struthers’ were observed in one extremity. Entrapment points
in the other 81 extremities were found only at the cubital
tunnel.

As for endoscopic ulnar nerve findings, the mean distal
abnormal length (SD) was 4.1 (1.3) cm (range, 1—7 cm) and
the mean proximal abnormal length (SD) was 5.1 (2.2) cm
(range, 0—10 cm). The mean total abnormal length (SD) was
9.2 (3.0) cm (range, 2—17 cm).

The pre- and postoperative results of clinical symptoms are
shown in Table 1. All patients showed one or more than one
improved clinical symptom(s) following surgery, and there
were no patients who required additional surgery.

The five patients postoperatively assessed as severe in
Dellon’s Staging were all hemodialysis patients and all suf-
fered from cervical destructive spondyloarthropathy. However,
they all showed at least some improvement in terms of
tingling, pain and touch sensation, and manual muscle testing
of the abductor digiti quinti and/or first dorsal interosseous.

There were no significant statistical differences between
preoperative the abnormal nerve length findings and preoper-
ative Dellon’s Staging (Table 2).

Table 1
Pre- and postoperative results of clinical symptoms.
Preoperative Postoperative
(hands) (hands)
Tingling 79 14
Pain sensation 68 2
Touch sensation 66 3
MMT of ADQ 0 11 2
1 3 2
2 15 1
3 30 7
4 14 9
5 9 61
MMT of 1% DIO 0 11 3
1 3 3
2 16 1
3 29 11
4 14 7
5 9 57
Dellon’s Staging Severe 52 5
Moderate 27 19
Mild 3 10
Normal 0 48

Ist DIO = first dorsal interosseous; ADQ = abductor digiti quinti;
MMT = manual muscle testing.

Table 2
Relation between preoperative abnormal nerve length findings and preopera-
tive Dellon’s Staging.

Dellon’s Staging p
Mild Moderate  Severe
Mean total abnormal 11.3 (23) 99 (.5 10.0 3.4) 0.75 NS
length (SD) (cm)
Mean proximal abnormal 6.0 (1.7) 5.6 (1.7) 56 (2.5 095 NS

length (SD) (cm)
Mean distal abnormal
length (SD) (cm)

53(0.6) 44(15  45(15) 056 NS

NS = not significant; SD = standard deviation.

There seems to be some relation between the severity of
postoperative Dellon’s Staging and preoperative abnormal
nerve length findings; however, there were no significant sta-
tistical differences between preoperative abnormal length and
postoperative Dellon’s Staging (Table 3).

There were no significant statistical differences between the
improvement grade (preoperative minus postoperative Del-
lon’s Staging) and abnormal length (Table 4).

There were no complications or recurrence of clinical
symptoms in this series during the follow-up periods.

Discussion

In entrapment neuropathy (nerve compression syndrome),
the purpose of surgery is to achieve decompression of the
diseased nerve areas. To treat cubital tunnel syndrome, the
second most common entrapment neuropathy of upper ex-
tremities, Curtis performed anterior subcutaneous trans-
location of the ulnar nerve. Since this initial operative
procedure, many other types of operative procedures— in situ
(simple) decompression, epicondylectomy, anterior trans-
position (anterior subcutaneous transposition, anterior intra-
muscular transposition, anterior submuscular transposition),
and ulnar groove plasty—have been performed.

During cubital tunnel syndrome surgery, care must be taken
because there are several possible entrapment points of the
ulnar nerve, i.e., the arcade of Struthers’, intramuscular
septum, medial head of the triceps muscle, cubital tunnel, and
the deep flexor pronator aponeurosis. In cubital tunnel syn-
drome, the Osborne ligament area (cubital tunnel) is the most
common entrapment point; however, in some cases, the patient

Table 3
Relation between preoperative abnormal nerve length findings and post-
operative Dellon’s Staging.

Dellon’s Staging P
Normal Mild
9.8 (2.8) 99 (45) 10.2(2.8) 11.8(2.9) 0.55 NS

Moderate Severe

Mean total abnormal
length (SD) (cm)

Mean proximal 54 (2.1) 5829 5822 62(.6) 082 NS
abnormal length
(SD) (cm)

Mean distal abnormal 4.4 (1.5) 4.2 (2.0) 4.4 (1.1) 5.6(1.3) 032 NS

length (SD) (cm)

NS = not significant; SD = standard deviation.
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Table 4
Relation between abnormal nerve length findings and improvement grade.

Improvement grade 0 1 2 3 )4

Mean total abnormal
length (SD) (cm)

Mean proximal
abnormal length
(SD) (cm)

Mean distal abnormal
length (SD) (cm)

11.6 (2.6) 103 (2.7) 9.7 (3.4) 9.6 3.1) 0.42 NS

6.1 (1.8) 5.8(2.0) 55(2.3) 5325 075 NS

54 (1.1) 45((1.1) 42(1.8) 43 (14) 026 NS

Improvement grade = preoperative minus postoperative Dellon’s Staging;
NS = not significant; SD = standard deviation.

may have a combination of entrapment points, and it is diffi-
cult to correctly identify these other entrapment points pre-
operatively. Residual symptoms and/or postoperative
recurrence may occur because of the existence of remaining
and/or newly formed entrapment points that may develop as a
result of the primary operation.” '

The use of the electophysiological inching technique can
accurately diagnose and identify entrapment point(s) of the
peripheral nerve.'' However, it is not always technically
possible to perform this technique preoperatively at every
institution, and it may not be considered as an acceptable
procedure by every patient because it is painful.

In standard procedures, the surgeon assesses the entrap-
ment points based on neural findings such as morphological
or colour changes and palpation that can only be obtained
after making a wide skin incision that completely exposes the
ulnar nerve from 10 cm proximal to 10 cm distal of the
cubital tunnel, resulting in extensive and unnecessary damage
to healthy tissue. By contrast, by using the USE system, we
observe and assess all possible entrapment points prior to
invasion of any soft tissue and without making a wide skin
incision. Following our endoscopic observations and assess-
ments, we then release all entrapment points up to optimal
lengths from 10 cm distal to 10 cm proximal through a small
cubital portal incision with minimal damage to healthy tissue.
Not only does our procedure release all preexisting entrap-
ment points based on endoscopic nerve findings, it also al-
lows us to intraoperatively confirm that there are no newly
formed entrapment points following the release of the soft
tissue.

Endoscopic management of cubical tunnel syndrome ac-
cording to our endoscopic ulnar nerve findings revealed
equivalent clinical recovery rates when compared to other
procedures.'” Based on our procedure’s satisfactory post-
operative clinical recovery rates, our endoscopic ulnar nerve
findings provide a reliable assessment of the diseased nerve
areas and entrapment points. Our only case with two
entrapment points (one per 82 upper extremities) indicates
the limitations of simple decompression procedures for
cubital tunnel syndrome when the patient suffers from mul-
tiple entrapment points. Our procedure allows us to intra-
operatively assess possible entrapment points without the
need for complex, painful preoperative electrophysiological
examinations.

Recently, some surgeons have shown interest in minimally
invasive endoscopically assisted approaches for the treatment
of cubital tunnel syndrome. However, they have not properly
taken diseased nerve area assessment procedures into
consideration. Our procedure is different from other endo-
scopically assisted procedures that release all possible
entrapment points without making any prior assessment of
nerve conditions.

Peripheral nerve compression causes intraneural blood
circulation disturbances and intraneural pressure changes, and
these conditions can lead to blood—nerve barrier breakdown,
endoneural edema, connective tissue thickening, nerve
demyelination, and axonal degeneration.'> Endoscopic nerve
findings have not previously been described in the medical
literature, except for our papers.”'* Endoscopic nerve degen-
eration findings that include lack of adipose tissue, winding
and/or twisted funiculi, and thickened epineurium can be
correlated on an order from mild to severe neuropathic
severity, and our endoscopic nerve observations showed that
these abnormal nerve findings extend both proximally and
distally from the entrapment point(s). These endoscopically
assessed conditions are indicators of nerve degeneration;
however, intraneural blood flow changes are the only “active”
indicators for nerve decompression assessment during surgery.
We presume that nerve degeneration develops owing to an
interrupted intraneural blood circulation around the entrapped
area because abnormal blood circulation-based endoscopic
nerve findings gradually decrease concentrically away from
the entrapment point.

Iba et al'>'® reported extraneural pressure measurement
results at the cubital tunnel. Dellon et al'’ and Gelberman
et al'® reported intraneural ulnar nerve pressure measurement
results at proximal, within, and distal to the cubital tunnel in
cadavers. However, intraneural ulnar nerve pressure mea-
surement procedures have not been applied in clinical studies.
Moreover, there have not been any studies that measure
pressure along the entire length of all possible entrapment
points. As a result, other assessment procedures for decom-
pression of the ulnar nerve are needed. This is why we decided
to use endoscopically observed nerve degeneration findings
and intraneural blood circulation findings as indicators of the
absence of entrapment and compression.

In this study, abnormal nerve length findings and pre- and
postoperative Dellon’s Staging show no significant statistical
correlation. From this result, it was impossible to establish
endosocopic staging using endoscopic nerve length findings.
However, it also indicates that even in patients with clinically
mild symptoms, nerve degeneration may spread widely;
therefore, the ulnar nerve should be endoscopically observed
and assessed both distally and proximally from the cubital
tunnel. Nerve degeneration areas due to entrapment may
correlate to segmental blood supply as well as points of
compression; however, this has not been confirmed in this
study.

Another advantage of endoscopically assisted ulnar nerve
observation is that the surgeon can dynamically observe
intraneural blood circulation during and following ulnar nerve
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release with the elbow in different positions, i.e., full elbow
extension or different degrees of flexion. This means that our
procedure can be used to examine the ulnar nerve using
magnified endoscopically assisted observation to help deter-
mine the existence or development of any newly formed
entrapment points.

Lankester and Giddins'’ stated that recurrence following
simple decompression surgery at the cubital tunnel was felt to
be the result of subluxation of the nerve over the epicondyle.
However, we had no postoperative patient complaints of ulnar
nerve subluxation and/or clinical symptoms in this study
because the ulnar nerve is not separated from the ulnar groove
floor in our procedure.

As a limitation of this study, compared with other endo-
scopic cubital tunnel release surgeries, our procedure requires
insertion of a transparent closed sheath next to the ulnar nerve.
This may cause some nerve compression that could result in
intraneural blood circulation changes prior to the release of the
surrounding soft tissue. During intraoperative observation,
intraneural blood circulation could be transiently disturbed by
this compression. However, postoperative observation of
intraneural blood circulation provides proof of complete
decompression of the ulnar nerve.

Conclusion

Our postoperative clinical results indicate that abnormal
endoscopically observed nerve findings can be used to
identify entrapment point(s). The extent of the abnormal nerve
findings does not correlate with preoperative clinical severity
and postoperative clinical results. Consequently, surgeons
must pay attention to the sites, range, and severity of ulnar
nerve degeneration even in patients with mild clinical
symptoms.
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