L))

Check for
updat

Original Study

Novel minimally invasive technique in the treatment of cubital
tunnel syndrome

Syed I. Khalid', Adam Carlton', Ryan Kelly’, Jonathan Citow"”

'Chicago Medical School, North Chicago, IL, USA; *Georgetown University School of Medicine, Washington, D.C., USA; *Department of
Neurosurgery, Condell Medical Center, Libertyville, IL USA

Contributions: (I) Conception and design: SI Khalid, J Citow; (II) Administrative support: None; (III) Provision of study materials or patients: ] Citow;
(IV) Collection and assembly of data: A Carlton, R Kelly; (V) Data analysis and interpretation: SI Khalid, A Carlton, R Kelly; (VI) Manuscript
writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Syed 1. Khalid, MD. 712 S. Milwaukee Ave, Libertyville, IL 60048, USA. Email: syed.khalid@me.com.

Background: Cubital tunnel syndrome is the second most common entrapment neuropathy of the
upper extremity in the United States. Most cases are idiopathic and symptoms consist of a combination
of weakness, pain, and sensory disturbances ranging from paresthesias and dysesthesias to numbness or
complete anesthesia. The purpose of this study is to report results of a novel, minimally invasive surgical
procedure for cubital tunnel syndrome with comparison to existing interventions including full open or
endoscopic approaches.

Methods: A total of 41 consecutive patients underwent the procedure, their ages ranged from ages 36
to 81 with an average age of 60.52+12.18 years. The procedure consists of a 1.0-2.0-cm incision with
decompression of the ulnar nerve under direct visualization proximally with Metzenbaum scissors as a
dilator for distal decompression. Patients were evaluated for improvements in pain, numbness, paresthesias,
weakness, and muscle atrophy and was measured utilizing the Gabel/Amadio scale.

Results: Fifty-three point two percent (n=25) of patients were found to have excellent outcomes, 36.2%
(n=17) had good outcomes, 8.5% (n=4) had fair outcomes, and 2.1% (n=1) had poor outcomes as determined
by the Gabel/Amadio scale. The greatest improvement in all patients was the reduction in sensory symptoms:
pain, numbness, and paresthesia. There were no operative or postoperative complications.

Conclusions: This novel procedure provided symptom relief comparable to the most effective existing
techniques without significant complications, and with rapid recovery and minimal scar formation. The
authors assert that this technique demonstrates optimal results for patients with relative ease of adoption for

surgeons.
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Introduction medial collateral ligament deep, and Osborne’s ligament
superficially. The syndrome is maybe brought on by trauma

Cubital tunnel syndrome is the second most common or arthritic changes, but most cases are idiopathic (5).

entrapment neuropathy of the upper extremity in the
United States (1-3). Incidence per 100,000 person-years of
this syndrome is 25 cases in men and 19 cases in women (4).
The ulnar nerve travels through the cubital tunnel
bordered by the medial epicondyle, the olecranon, and the
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Clinical presentation consists of a combination of weakness,
pain, and sensory disturbances ranging from paresthesias
and dysesthesias to numbness or complete anesthesia.
Sensory and pain findings are present in both dorsal and
volar aspects of the medial 4™ and entire 5 finger and
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Table 1 Gabel/Amadio scale

Score Motor Sensory Pain
3 Normal No numbness No pain
2 Weaker than 2-point discrimination  Intermittent pain
contralateral normal, intermittent
side paresthesias
1 Apparent 2-point discrimination  Constant
atrophy >6 mm, constant pain requiring
numbness intermittent meds
0 Muscle 2-point discrimination  Needs narcotics
paralysis >10 mm, anesthesia regularly

The Gabel/Amadio scale effectively evaluates patient improvement
by incorporating patient history, subjective reporting of symptoms,
and objective physical findings characteristic of cubital tunnel
syndrome. Patient outcome grading is excellent for an increase of
score >3 or the total score of 9. The outcome is graded as good in
increase <3 and poor for no increase or decrease in score.

hypothenar region consistent with the sensory distribution
of the ulnar nerve. Motor findings are weakness with 4"
and 5" finger flexion and finger abduction and adduction
with atrophy, paralysis, and claw deformity in more severe
cases. Symptoms are commonly worsened by flexion of
the elbow as Osborne’s ligament is pulled taut causing
further compression against the medial collateral ligament
deep to the nerve. The prevalence of the condition and
its shared treatment by multiple surgical specialties has
led to the development of a variety of surgical techniques
and approaches with the consensus as to the appropriate
standard of care remaining elusive. Most current techniques
fall predominantly into two categories: in situ decompression
and ulnar nerve transposition. Iz situ techniques were done
fully open initially but are now often being done with
smaller incisions and endoscopic techniques to minimize
recovery time and improve outcomes.

Here, we propose a novel technique of addressing
ulnar compression in the cubital tunnel utilizing nerve
decompression with proximal direct visualization and more
distal line dissection to achieve maximum efficacy with
minimal complications and minimizing the total incision
size to a modest 1-2 cm. Despite the many techniques used
today, with none of them demonstrating superiority, we
hypothesize that we can achieve the benefits of a minimally
invasive approach and distal dissection while minimizing
complication rates, all without the need for endoscopes and
the associated training, equipment, and maintenance costs
required for such systems.

© Journal of Spine Surgery. All rights reserved.

jss.amegroups.com

89

Indications/contraindications

This technique was considered indicated for intractable
cases of McGowan grades: I, sensory alone; II, muscle
weakness; and III, paresis and/or wasting of the involved
muscles (6). Patient symptomatology was unresponsive to
conservative means, including medical management and
physical therapy. There were no absolute contraindications
for the procedure.

Methods
Study methods

All patients with cubital tunnel syndrome were diagnosed
clinically without the use of advanced diagnostic testing.
Those that failed conservative therapy with physical
therapy and symptomatic management underwent the
described procedure. Interviews and physical exams were
conducted on patients with a median follow-up time of
23 days postoperatively (mean =30.36£26.37 days). Strength,
vibratory sense, proprioception, and pain/temperature were
assessed on physical exam. Patients were graded during
standard post-operative follow-up visits based on the Gabel/
Amadio scale (7) of pre- and post-operative symptomatology
and degree of improvement and assigned to poor, fair, good,
or excellent outcomes accordingly (7able 1).

All procedures were performed by a single surgeon
and first assistant at several hospital sites with similar
facilities and available equipment, and all data collected
in a retrospective manner. Institutional Review Board
(ID: PDRUNSG) approval and necessary patient consents
were obtained for this study.

Surgical method

The patient is placed on the operative table in a supine
position. General anesthesia is obtained. The procedure
can also be done using local anesthesia, with or without
sedation. The entire upper extremity is then prepped and
draped in the usual sterile fashion.

A 15-blade knife is then used to make a 1-2-cm incision
just below the medial epicondyle. The skin edges are pulled
apart with Adson forceps while the initial layer of soft tissue
is divided with Bovie (Bovie Medical, Purchase, New York,
USA) electrocautery. Metzenbaum scissors are then used to
carefully descend upon the ulnar nerve with both sharp and
blunt dissection. Bipolar forceps are used to coagulate any
small veins that bleed. Once the ulnar nerve is identified,
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Figure 1 Outline of novel microsurgical technique for the treatment of cubital tunnel syndrome. The surgical procedure is initiated with a

Khalid et al. Novel treatment for cubital tunnel syndrome

small, 1.0-2.0-cm incision (A) with dissection until direct visualization of the ulnar nerve at the medial epicondyle (B) is achieved. The ulnar

nerve is then decompressed at the cubital tunnel (C). Finally, additional decompression of the ulnar nerve 8 cm proximally and distally with

Metzenbaum scissors (D,E). The incision is then closed allowing for healing with minimal scar formation (F).

a small Ohm’s retractor is inserted and a Senn retractor is
used to pull the skin edges initially proximally, then distally
to increase the direct visual exposure of the ulnar nerve.
Metzenbaum scissors are bluntly inserted along the course
of the nerve approximately 8 cm proximally and distally and
spread out to open any constrictions on the ulnar nerve.
Tight areas are divided sharply with the Metzenbaum
scissors under direct visualization. We did not encounter
significant compression far from our entry site that has
limited the ability of the blind blunt dissection from safely
dilating the space around the nerve.

The wound is then irrigated with Bacitracin solution.
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The skin edges are closed with a simple interrupted inverted
dermis/subcuticular layer of 3.0 Vicryl (Ethicon, Somerville,
New Jersey, USA). Dermabond (Ethicon, Somerville, New
Jersey, USA) glue is then placed over the incision (Figure I).
The patient is taken to the recovery room and subsequently
discharged.

Patients are allowed regular activity without restriction
immediately, no immobilization is required. Patients
return for post-operative evaluation in three weeks
and subsequently only as needed. Physical therapy and
occupational therapy are recommended only to patients
with significant residual weakness at this time.
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Results

A total of 48 procedures were performed on 41 unique
patients. All patients undergoing the procedure during a 5-year
period from January 2012 to January 2017 were included in
the study. Five patients had bilateral procedures. Twenty-
two left arms and 26 right arm procedures were performed.
Average patient age was 60.52 years (SD: +£12.18 years),
there were 34 (72.3%) males and 1 patient was lost to
follow-up.

All study patients reported subjective improvement
of ulnar neuropathic symptoms. Patient outcomes were
measured by the Gabel/Amadio Scale, taking into account
sensory, motor, and pain related symptomatology (1able I).
The average preoperative score was 4.89+1.26, and the
average postoperative score was 7.83+1.00 (Tuble 2).
There was an average improvement in score of 2.93x1.22
coinciding with improvements of “good” to “excellent” in
all patients (Figure 2). The largest clinical improvements
were the reduction of frequency, character, and intensity
of pain. All patients experienced complete resolution of
pain resulting from ulnar neuropathy. Numbness in the
ulnar distribution was the most common residual symptom
postoperatively. However, these patients report these
instances continuing to decrease in frequency and intensity
at the time of follow-up.

There were no intraoperative or postoperative
complications, including infection, or significant new pain
or numbness at the incision site. No patients experienced
new-onset of or worsening of any symptoms of ulnar
neuropathy. There were no instances of hematoma or
neuroma formation. Scar formation at the incision site was
minimal (Figure 3), with complete patient satisfaction with
postoperative aesthetics of the scar.

Discussion

Surgical management of cubital tunnel syndrome
encompasses a variety of techniques with generally high
efficacy with no single procedure demonstrating a significant
advantage (2,8,9). We propose a novel relatively simple
technique utilizing minimally invasive decompression under
direct visualization to maximize clinical improvement,
minimize complications, and provide the highest level of
patient satisfaction through a less painful and more rapid
recovery.

Historically there have been several widely accepted
techniques for treating cubital tunnel syndrome, each
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with specific advantages and disadvantages. The earliest
techniques, open in situ decompression and anterior
transposition, demonstrated good outcomes but require a
great deal of tissue dissection and large incisions. In 1981,
Foster and Edshage (10) found equivalent outcomes between
anterior transposition and open decompression surgeries
for overall outcome but a better intrinsic muscle function
return was noted in the transposition group. Gervasio
et al. (11) [2005] found no statistically significant difference
between submuscular transposition and open decompression
with good to excellent outcomes in 82.86% and 80% of
patients respectively, using Bishop scores. Another study by
Bartels er al. (8) [2005] demonstrated that 65.3% of patients
undergoing simple decompression and 70.1% of patients
with subcutaneous transposition showed excellent to good
results, albeit this was not statistically significant. However,
patients undergoing subcutaneous transposition showed a
significantly greater complication rate (31.1%) compared to
those with the simple decompression surgery (9.6%). Still,
in 2014, Sousa et al. (12) found no significant difference
between subcutaneous anterior transposition with 69.7%
of patients and open decompression with 67.2% of patients
having good to excellent outcomes on the Wilson and
Krout scale (13). In both techniques, the benefit of direct
visualization along the entire course of dissection must be
weighed against the large incision with the accompanying
trauma to local tissues. Transposition also carries with it the
risk of disrupting the blood supply to the nerve.

Like many surgical procedures, over time the natural
progression has been towards minimally invasive approaches
to decrease the size of incisions and degree of local tissue
trauma. This resulted in the subsequent development of
endoscopic and minimal incision techniques.

In 1995, Tsai er al. (14) described a new endoscopic
technique for cubital tunnel syndrome, and in 1999, studied
outcomes in 85 procedures (76 patients) and found 87.06%
had good or excellent outcomes using Bishop scores (15).
Cobb er al. (16) [2010] demonstrated good to excellent
results in 94% of 104 procedures (94 patients) using Bishop
scores. This study had a mean follow-up time of 736 days
which allows for much more healing and resultantly
improved outcomes when compared with scoring done at a
short-term post-operative visit as in our study. Mirza et a/. (17)
[2014] showed good to excellent outcomes in 69.57%
of 80 patients (92 procedures) utilizing the same Gabel/
Amadio scale as in our study. Diitzmann ez a/. (18) [2013]
compared endoscopic and open decompressions finding
that long-term outcomes were equal between both groups
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Table 2 Characteristics of cubital tunnel decompression in adult patients

Parameters Total (N=47) Poor/fair (N=5) Good/excellent (N=42) P value
Age diagnosis, mean (SD) 60.52 (12.18) 60.20 (11.73) 60.79 (12.42) 0.921
Days to follow-up, mean (SD) 30.36 (26.37) 26.40 (5.18) 30.83 (27.85) 0.727
Sex, n (%) 0.350
Male 34 (72.3) 5(100.0) 29 (69.0)
Female 13 (27.7) 0 (0.0 13 (31.0)
McGowan grade, n (%) 0.004*
| 20 (42.6) 2 (40.0) 18 (42.9)
I 24 (51.1) 1(20.0) 23 (54.8)
M 3(6.4) 2 (40.0) 1(@2.4)
Pre-operative motor status, n (%) 0.012*
0 3(6.4) 2 (40.0) 1(2.4)
I 3(6.4) 0 (0.0 3(7.1)
I 21 (44.7) 1(20.0) 20 (47.6)
M 20 (42.6) 2 (40.0) 18 (42.9)
Pre-operative sensory status, n (%) 1.000
0 0(0.0) 0 (0.0 0 (0.0
I 44 (93.6) 5(100.0) 39 (92.9)
I 3(6.4) 0 (0.0 3(7.1)
11l 0(0.0) 0 (0.0 0(0.0)
Pre-operative pain status, n (%) 0.885
0 1@2.1) 0 (0.0 1(@2.4)
I 5(10.6) 1(20.0) 4(9.5)
I 12 (25.5) 1(20.0) 11 (26.2
11l 29 (61.7) 3(60.0) 26 (61.9)
Post-operative motor status, n (%) <0.001*
0 0(0.0) 0 (0.0 0 (0.0
I 2 4.3 2 (40.0) 0 (0.0
Il 4 (8.5) 0 (0.0 4 (9.5)
I 41 (87.2) 3 (60.0) 38 (90.5)
Post-operative sensory status, n (%) <0.001*
0
| 3(6.4) 3(100.0) 0 (0.0
Il 18 (38.3) 2 (40.0) 16 (38.1)
M 26 (55.3) 0 (0.0 26 (61.9)

Table 2 (continued)
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Parameters Total (N=47) Poor/fair (N=5) Good/excellent (N=42) P value
Post-operative pain status, n (%) 1.000
0 0 (0.0) 0 (0.0) 0 (0.0)
[ 0 (0.0) 0 (0.0) 0 (0.0)
Il 2(4.3) 0 (0.0) 2(4.8)
1T 45 (95.7) 5 (100.0) 40 (95.2)
A Motor status, n (%) 0.767
0 22 (46.8) 0 (0.0) 22 (52.4)
[ 18 (38.3) 2 (40.0) 16 (38.1)
[ 6(12.8) 3 (60.0) 3(7.1)
Il 1(2.1) 0 (0.0) 1(2.4)
A Sensory status, n (%) <0.001*
0 3 (6.4) 3 (60.0) 0 (0.0)
[ 21 (44.7) 2 (40.0) 19 (45.2)
I 23 (48.9) 0 (0.0) 23 (54.8)
Il 0 (0.0) 0 (0.0) 0 (0.0)
A Pain status, n (%) 0.785
0 30 (63.8) 3 (60.0) 27 (64.3)
[ 12 (25.5) 1 (20.0) 1(26.2)
Il 4 (8.5) 1 (20.0) 3(7.1)
I 12.1) 0 (0.0) 1(2.4)

*, significant values (P<0.05). NOS, not otherwise specified.

Figure 2 Quality outcomes of patient post-cubital tunnel decompression.
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Figure 3 Depiction of postsurgical scar following procedure.

(A,B,C) Patients report complete satisfaction with the aesthetic
quality of incision site and lack of local sequelae after the

perioperative period. Scale bar =1 cm.

but that short-term results were significantly better with the
endoscopic technique. This short-term benefit is likely due
to the benefit of using a smaller incision resulting in a faster
recovery. In 2015, Schmidt ez 4l. (19) compared endoscopic
and open techniques, finding no significant difference with
81.5% of open and 82.8% of endoscopic patients having
good or excellent results using Bishop scores. They did note
a statistically significant increase in postoperative hematoma
formation in the endoscopic group compared to the open
group.

In 2002, Taniguchi et al. (20) described a small incision
technique without the use of endoscopes. They demonstrated
good to excellent results in 77.8% of 17 patients using a
Messina classification (21). This study was limited by its small
sample size but was encouraging that endoscopes may not be
necessary for a minimally invasive approach. In 2007, Cho
et al. (21) compared endoscopic with open decompression
and found no significant difference between the two groups,
although this study was limited by small sample size. Karthik
et al. (22) [2012] studied 30 patients (46 procedures) finding
an 80% rate of good to excellent outcomes according to
Bishop scores. A recent study by Vanaclocha er al. (23)
[2017] found that patients undergoing in situ decompression
reported higher Bishop Scores (7.50+1.74) compared to those
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receiving anterior transposition surgery (6.12+1.75). These
studies suggested that it might be possible to achieve the
benefits of a minimally invasive approach without the need
for all of the training and expenses associated with the use of
endoscopes.

Only one study, Bolster ez a/. (24) [2013], has compared
endoscopic and minimal incision techniques. In a study
of 60 patients, they found a good to excellent outcome
rate of 90.91% in the endoscopic group and 93.40% in
the minimal incision group, but this difference was not
significant. In a large retrospective multi-center study of
375 patients conducted by Bacle et a/. (2) [2013] four of
the present surgical techniques (open or endoscopic i situ
decompression, or subcutaneous or submuscular anterior
transposition) were compared at a mean follow-up time of
92 months post-operation. None of the procedure showed a
significant advantage over the others, with more than 90%
of the patients reporting an improvement in their symptoms
with minimal long-term complications and recurrences.
Once again, even with the development of new techniques,
there is still not one clearly superior method for the surgical
treatment of cubital tunnel syndrome.

Our study had an 89.4% good to excellent outcome
rate using the Gabel/Amadio score for our new technique,
demonstrating effectiveness similar to that of other
techniques widely used at the present. While these results
are not directly comparable in a quantitative sense to Bishop
scores, Wilson and Krout, and Messina scores used in most
of the previous studies, the use of qualitative “good” and
“excellent” outcomes are likely comparable to some extent.
With good and excellent improvement in a majority of
patients, this procedure matches the most highly effective
existing surgical management for cubital tunnel syndrome.
In particular, minimally invasive simple decompression
appears to be most effective at addressing pain and other
sensory changes with incomplete improvement in motor
symptoms. However, it should be noted that the efficacy of
resolution of motor symptoms is difficult to determine due
to the sample size and length of follow-up in this study. The
authors expect that improvement in patients to continue
with more time, as it has been documented that recovery
from muscular weakness and atrophy may continue beyond
2 years postoperatively (16). Of note, 5 patients received
bilateral ulnar decompression procedures.

Patients with more severe preoperative disease
experienced relatively similar improvement measured by
the Gabel/Amadio Scale to those of less severe symptoms

but were less likely to experience complete resolution of
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symptoms. These results match efficacy seen in endoscopic
techniques (25). However, the additional equipment
and training required for endoscopic techniques are not
necessary.

The lack of complications in our study suggests the
safety of the procedure and acts as a point of comparison
to existing options. More aggressive techniques have been
associated with pain and numbness at the elbow possibly
resulting from damage to the medial antebrachial cutaneous
nerve, or instability or subluxation of the ulnar nerve (25).
While the lack of direct visualization during the process of
scissor insertion along the nerve may theoretically create
greater potential for nerve injury when compared with
endoscopic or open approaches, no nerve injuries have
occurred to date with this technique.

Limitations of this study include the non-standard score
scale amongst comparative studies and low patient number
and relatively short follow-up time as the literature has
demonstrated the need for extended follow-up time for
full symptomatic improvement to become evident. The
ability to assess long-term outcomes is of great significance
in evaluating the efficacy of surgical procedures, and as
such further studies are required with a longer follow-
up period which may better capture treatment failure.
As a result, the results for post-operative improvement
cannot be definitively described for patients with variable
demographics, comorbidities, or severity of pre-operative
cubital tunnel syndrome symptomatology. However, the
preliminary results thus far are extremely encouraging
and suggest that it is reasonable to consider using the
described technique with hopes of achieving the best patient
outcomes.

Conclusions

This minimally invasive procedure is a refinement of
existing techniques, providing the highest efficacy for
symptom relief, maximizing avoidance of complications,
allowing rapid recovery, and improving patient satisfaction.
In addition, we assert that this technique is more cost
effective than endoscopic surgical options by elimination of
expensive extra equipment and shorter operative time.
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