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Abstract

Background This study aims to compare surgical outcomes of
severe carpal tunnel syndrome (CTS) treated with mini-
incision versus extensile release.

Methods The method employed in this study was a retrospec-
tive review of patients with severe CTS, defined by electro-
physiologic studies showing non-recordable distal sensory
latency of the median nerve. Patients underwent either a
mini-incision (2 cm) release of the transverse carpal ligament
(group 1) or extensile release proximal to the wrist flexion
crease (group 2). Exclusion criteria included prior carpal
tunnel release, use of muscle flap, multiple concurrent proce-
dures, or a prior diagnosis of peripheral neuropathy. Group 1
included 70 wrists (40 females, 30 males). Group 2 included
64 wrists (35 females, 29 males). Reported outcomes included
pre- and post-operative grip strength as well as Boston Carpal
Tunnel Questionnaires (BCTQ).

Results Patients in group 1 had a 22.6 % increase in grip
strength postoperatively (4.5 months+5.0), while patients in
group 2 had a 59.3 % increase (10.0 months+6.9). BCTQ
surveys from group 1 (n=46) demonstrated a symptom sever-
ity score of 12.93 and functional status score of 9.39 at an
average follow-up of 41.9+10.6 months. Group 2 (n=42)
surveys demonstrated averages of 12.88 and 9.10 at 43.1=+
11.6 months. One patient in the mini-incision cohort required
revision surgery after 2 years, while no patient in the extended
release cohort underwent revision.

Conclusion No significant differences between the two pro-
cedures with regard to patient-rated symptom severity or
functional status outcomes were found. Both techniques were
demonstrated to be effective treatment options for severe CTS.
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Introduction

The diagnosis of severe carpal tunnel syndrome (CTS) can be
made with a combination of clinical and electrophysiological
examinations. When considering nerve conduction studies
(NCS), severe CTS has been classically defined as a non-
recordable distal sensory latency along with an increased
distal motor latency [5]. Patients with advanced CTS have
been demonstrated to respond poorly to conservative thera-
pies, and surgical release of the transverse carpal ligament
(TCL) is considered as the most reliable treatment method. A
wide variety of surgical techniques have been described for
CTS [1, 2, 6, 14, 15, 26, 35]. However, as of yet, no strong
data have suggested that any one approach is superior to the
others [4, 10, 13, 15, 19, 23, 32, 34]. This ambiguity extends
to the treatment of severe CTS patients as well.

In Phalen’s landmark study defining CTS, all patients were
treated with an extensile surgical approach. Although
electrodiagnostic testing was not included in his paper, the
majority of patients would be defined in today’s terms as
having severe CTS based on his clinical observations [29].
Since then, the size of the skin incision has progressively
diminished, and most surgeons now favor a more limited
approach [20, 33]. When considering severe CTS though, it
is possible that median nerve compression might not be re-
stricted to the carpal tunnel alone and that there may be more
proximal nerve compression present. In these cases, an exten-
sile technique could allow improved visualization proximally
and further decompression of the median nerve, along with the
release of any potential pseudoneuroma. In accordance with
this, a cadaver study by Means et al. suggested that some
amount of forearm fascia release proximal to the wrist flexion
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crease is necessary to avoid pathologic post-operative pres-
sures on the median nerve [25]. Clinical outcome studies
pertaining specifically to severe CTS are notably lacking,
however, and to our knowledge no clinical study exists that
assesses the potential influence of incision size in patients with
electrophysiologically severe carpal tunnel syndrome.

Given the limited data on severe CTS outcomes in the
current literature as outlined in the preceding discussion, the
present study aims to evaluate the efficacy of mini-open
(2 cm) carpal tunnel release compared to extended open
release in treating patients with electrodiagnostically con-
firmed severe CTS. We hypothesize that a mini-open tech-
nique may be as equally effective as an extended open tech-
nique in relieving symptoms and restoring functionality in
patients with severe CTS.

Materials and Methods

Patients This study was Institutional Review Board-
approved. A retrospective review of all patients treated surgi-
cally for severe CTS at our institution from January 2008 to
June 2012 was performed. Patients were considered for inclu-
sion if they were 18 years or older, had a diagnosis of severe
CTS, and underwent either a mini- (2 cm) incision or extended
incision. Patients were excluded from the study if they had a
diagnosis of peripheral neuropathy, prior carpal tunnel release,
use of muscle flap, or multiple concurrent procedures on the
same hand. Severe CTS was defined by electrodiagnostic
studies as showing a non-recordable distal sensory latency
and prolonged motor nerve latency of the median nerve
(>4.2 ms). Only electrophysiologic criteria were utilized in
order to provide a standardized value by which to classify the
patients’ carpal tunnel severity.

All patients underwent a thorough history and physical
examination as part of the standard pre-operative diagnostic
workup, including electrodiagnostic testing and grip strength
analysis. Findings from special physical examination maneu-
vers such as Phalen’s test or Tinel’s sign were recorded pro-
spectively at the time of initial visit.

Based on the information collected from chart review,
patients were organized into two groups: those who
underwent the mini-incision surgery (group 1) and those
patients who underwent an extended open release in which
the incision continued proximal to the wrist flexion crease
(group 2). All mini-incision surgeries were performed by one
surgeon, while all extensile open surgeries were performed by
a second surgeon.

All charts were reviewed for patient demographics, pre-
operative electromyographic (EMG) findings, surgical tech-
nique, intra-operative findings, concurrent operations, pre-
and post-operative grip strengths, and post-operative compli-
cations. Grip strengths of the operative and contralateral hands

were measured pre- and post-operatively by a physician or
physical therapist by means of a JAMAR hydraulic hand
dynamometer (Sammons Preston, Bolingbrook, IL, USA).
Grip strength was reported as a percentage change from pre-
to post-operative measurements. At a minimum of 1 year post-
operatively, each patient was contacted by telephone in order
to complete the Boston Carpal Tunnel Questionnaire (BCTQ)
[21]. Patients in either group were considered to have a failed
surgical result if persisting symptoms post-operatively neces-
sitated the performance of a secondary surgery.

Surgical Technique All surgeries were performed as outpa-
tient procedures under local or regional anesthesia using a
non-sterile pneumatic tourniquet on the upper arm with loupe
magnification. Patients in group 1 underwent mini-open car-
pal tunnel release by one of the authors. This is the standard of
care for all CTS patients treated by this surgeon, regardless of
patient comorbidities or CTS severity. A longitudinal incision
no greater than 2 cm in length was performed in line with the
fourth ray, extending to but not crossing the distal wrist crease,
and the TCL was divided (Fig. 1). After releasing the TCL, the
distal end of the forearm fascia was also released, utilizing a
push—cut technique. No ancillary procedures such as internal
neurolysis or tenosynovectomy were performed. Once certain
that the carpal tunnel was fully released, the tourniquet was
deflated, hemostasis was achieved, and the skin incision was

Fig. 1 Surgical incision length of the mini-incision group
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closed with monofilament non-absorbable sutures. Patients in
group 2 underwent extended open carpal tunnel release by a
separate author. Any patient with a non-recordable distal
sensory latency cared for by this author received an extended
incision, regardless of any other demographic factors. A skin
incision was made beginning at Kaplan’s cardinal line distally
and carried across the distal wrist crease in zigzag fashion,
extending the incision approximately 2—4 c¢cm proximal from
the distal wrist crease (Fig. 2). The TCL and distal volar
forearm fascia were released under direct observation,
tenosynovectomy was performed, and any evidence of nerve
damage or pseudoneuroma was addressed. Internal neurolysis
was not carried out. Upon complete decompression of the
median nerve, the tourniquet was deflated, hemostasis was
achieved, and the incision was closed with non-absorbable
sutures. The operative hand was then placed in a splint for
approximately 1 week or until the first post-operative visit.

Statistical Analysis

To determine if data were normally distributed, data were
analyzed using the Kolmogorov—Smirnoff test. For percent-
age grip strength change and BCTQ evaluation, nonparamet-
ric univariate analysis was performed with the Mann—Whitney
U-test for comparison of two groups. Spearman’s rho

Fig. 2 Surgical incision length of the extensile incision group
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correlation coefficient () was used for assessing associations
between continuous variables. All statistical analyses were
performed using IBM SPSS Statistics, Version 20 (Armonk,
NY, USA). All reported p-values were two-tailed with an
alpha of 0.05, indicating statistical significance.

Results

One hundred thirty-four cases met the study criteria and were
included for analysis. There were 70 hands in 58 patients in
group 1 (30 male and 40 female hands) and 64 hands in 56
patients in group 2 (29 male and 35 female hands). Complete
patient demographics can be found in Table 1. All patients
demonstrated a positive Phalen’s test, Tinel’s sign, and senso-
ry changes in the distribution area of the median nerve. There
was no significant difference between the two groups in
regard to demographic data, comorbidities, or pre-operative
electrodiagnostic testing results. All patients demonstrated
non-recordable distal sensory latencies at pre-operative
electrodiagnostic testing. Age was found to be significantly
correlated with duration of follow-up (Spearman rho=0.235;
p=0.014).

Forty-seven of the 70 (67 %) cases in group 1 had post-
operative grip strengths available for comparison, compared
to 62 of'the 64 (97 %) cases in group 2. On average, patients in
group 1 had a 22.6 % increase in grip strength at a postoper-
ative follow-up of 4.5+5.0 months, while patients in group 2
had a 59.3 % increase at an average of 10.0+6.9 months,
yielding no significant difference between the groups
(»p=0.118) (Table 2). Duration of follow-up was found
to be significantly correlated to percentage increase in
grip strength (Spearman rho=0.230; p=0.016).

Of the 114 patients (134 cases) who met the study criteria,
five patients (five cases) refused to participate in follow-up and
two patients (two cases) were deceased, leaving 107 patients
(127 cases) available for follow-up. Fifteen patients (16 cases)
were unable to be contacted by telephone or mail, and no
follow-up information could be recorded as a result. Of the
127 cases, BCTQ forms were completed for 88 (69.3 %) at an
average of 41.9+10.6 months in group 1 patients and 43.1+
11.6 months in group 2 patients post-operatively (range, 12 to
61 months). There was no significant difference between the
average follow-up. Patients in the mini-open cohort reported an
average BCTQ symptom severity score of 12.93 (out of 55) and
functional status score of 9.39 (out of 40) (n=46). In the
extended release cohort, average scores were 12.88 and 9.10,
respectively (n=42). There was no significant difference in
BCTQ symptom severity or functional status scores between
the two groups (p=0.926 and p=0.517, respectively) (Table 2).

Two patients in the mini-open cohort reported an atypical
amount of pain following the procedure. In one patient, the
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Table 1 Patient demographics

Mini-incision release

Extended release

Severe CTS cases, (gender)
Number of patients, (gender)

Mean age at time of surgery, years (range)

Mean motor EMG onset (ms)

Cases with no response on motor EMG (percentage)

Patients with diabetes mellitus

70 (male, 30; female, 40)
58 (male, 24; female, 34)
62 (34-89)

7.54

8(11.4)

13

64 (male, 29; female, 35)
56 (male, 26; female, 30)
65 (22-89)

791

9 (14.1)

13

pain was immediately following the procedure but resolved
spontaneously with conservative treatment. The other patient
reported increased scar sensitivity at 6 months post-
operatively, which also resolved spontaneously. One patient
in the mini-open cohort required revision surgery after 2 years
and, for study purposes, was deemed a failure. An extensile
release was performed at the revision surgery. The patient’s
outcome data were still included in the analysis. No patient
from the extended release cohort required secondary surgery.
Four patients in the extended release cohort developed
erythema of the incision site within 6 weeks post-
operatively, three of which were prescribed antibiotics as a
precaution. One patient in the extended release cohort dem-
onstrated mild wound dehiscence without erythema within the
first 2 weeks post-operatively. This resolved on its own.
Among the mini-open cohort, four patients demonstrated mild
wound dehiscence within the first 2 post-operative weeks.
Two of these patients were given antibiotics as a prophylaxis,
and the other two were observed. All four patients’ dehiscence
resolved without further incident by the next clinical visit.

Discussion

From a historical perspective, a standard procedure for carpal
tunnel release had involved open release of the TCL through a
longitudinal incision beginning at Kaplan’s cardinal line dis-
tally and extending proximally beyond the distal wrist crease.

Table 2 Patient outcomes

Mini-incision  Extended P-value

release release
Grip strength
Mean % increase 22.6 59.3 0.118
Mean follow-up (months)  4.5+5.04 10.0+£6.94

Boston Carpal Tunnel Questionnaire

Mean SSS (number 12.93 (46) 12.88 (42)  0.926
of responses)
Mean FSS (number 9.39 (46) 9.10 (42) 0.517
of responses)
Failures 1 0

SSS symptom severity scale, FSS functional status scale

This lengthier incision may lead to longer healing time and, in
some cases, increased scar tenderness [17, 22, 24]. Recently,
limited incision and mini-open techniques for carpal tunnel
release have been described [6, 14, 18, 30], and the question as
to which offers an improved clinical result has prompted
several comparative outcome studies [6, 14, 16]. Each of these
aforementioned studies treated all CTS patients as a single
population, however, and outcomes were not stratified accord-
ing to pre-operative CTS severity.

The desire to achieve optimal clinical results while
minimizing incision and exposure size continues to drive
the advancement of new surgical techniques. Treatment for
CTS has followed a similar pattern, with surgeons moving
toward more conservative surgical approaches and shorter
incision length [20, 33]. Surveys of ASSH members from
1987 and 2012 demonstrate this shift in surgical prefer-
ences, with the majority of surgeons now favoring a mini-
open approach compared to a longer incision (>4 cm) [7,
20]. Similarly, a 2012 survey of AAHS members also
found the mini-open technique to be the most common,
utilized by 45.5 % of survey respondents compared to
33.3 % for an extensile approach. Interestingly, when that
same population reported on surgical preference in
electrodiagnostically severe CTS, the percentage of sur-
geons using the mini-open technique was equivalent to a
more extensile approach (42.3 vs 43.9 %, respectively)
[33]. This suggests that surgeons may actually choose a
different and more extensile approach over a smaller inci-
sion when it comes to the treatment of severe CTS.

Treatment outcomes for severe CTS are not well docu-
mented in literature [8, 9, 27, 28, 31], and there are few, if
any, comparative surgical technique studies pertaining specif-
ically to this subset of patients. The results from the present
study demonstrate that one technique does not result in any
significant difference in post-operative patient-rated symptom
severity or functional status in the long-term compared to the
other. At an average follow-up of 40 months, no statistically
significant difference was observed between the two cohorts
regarding BCTQ scores on the symptom severity (p=0.926)
and functional status (p=0.517) scales, and both techniques
resulted in good functionality and minimal pain. These values
are also equivalent to those reported in prior studies [11, 12],
including most recently that of Beck et al. [3], in which
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patients demonstrated similarly acceptable outcomes, regard-
less of the pre-operative severity of the disease.

It is interesting to note the difference between the two
groups regarding the post-operative grip strength percentage
increase. Although large, this difference was not found to be
statistically significant (p=0.118). This may be a result of the
difference between groups in follow-up duration, as well as
the number of patients with recorded post-operative measure-
ments. One must also bear in mind that follow-up duration
was found to be positively correlated to percentage increase in
grip strength (Spearman rho=0.230; p=0.016). This is not
surprising as it is reasonable to expect that patients would
demonstrate an increased improvement in grip strength as
they progress further post-operatively. Therefore, the smaller
percentage increase in grip strength of the mini-incision pa-
tients could result from shorter follow-up duration. It is also
possible that this difference in follow-up duration may in fact
mask a significant difference in outcomes between the two
groups, however. Without similar follow-up durations for grip
strength, it is not possible to determine with any certainty
whether or not both groups would demonstrate an equivalent
percentage increase. This exposes a weakness of the retro-
spective nature of the study as patients were not asked to
return to the clinic and comparable follow-up measurements
for grip strength could not be obtained.

Only one patient in both cohorts required revision surgery
and was thus considered a failure. Originally in the mini-
incision group, this patient underwent a secondary extensile
release for recurrence of complaints. During the course of
treatment, this patient was engaged in a lawsuit against his
employer for his carpal tunnel symptoms. Post-operative NCS
testing demonstrated marked improvement in both motor and
sensory latencies following his index procedure despite his
subjective complaints. A revision surgery with an extensile
approach was utilized as a last effort to improve his carpal
tunnel findings. However, even after his second surgery, he
remained unsatisfied with his outcomes.

A strength of this study is that it presents a large cohort of
severe CTS patients with unrecordable distal sensory laten-
cies. However, there are a few notable weaknesses. The ret-
rospective nature of the study limited the duration of clinical
follow-up and data to only that recorded at each visit. Patients
were unable to be randomized to each group as a result.
Although no significant difference in demographic data or
pre-operative electrodiagnostic testing existed, it is uncertain
whether patients were adequately matched between the two
groups with regard to symptom severity and functional status.
Future prospective studies with pre-operative BCTQ data
would be helpful both in randomizing patients and quantifying
the post-operative change in symptom severity and functional
status. This leads to another limitation to the reported BCTQ
results. Despite not identifying any statistically significant
difference between the two groups for symptom severeity or

@ Springer

functional status, this is not the same as saying that both
groups’ outcomes are truly equivalent. Having pre-operative
BCTQ data would therefore help to alleviate this issue, pro-
viding an initial data point to compare outcomes for each
group. It was also decided to not focus on short-term differ-
ences between the two operative techniques, and thus no
comment can be made as to whether the mini-open technique
had advantages regarding recovery time, scar sensitivity, or
cosmetic satisfaction.

The present study suggests that mini-open and extended
open carpal tunnel release offer similar outcomes and that both
are safe and effective treatment options for severe CTS. Pa-
tients with diagnosis of severe CTS represent a unique subset
within the disease population, and further studies addressing
treatment choice and surgical outcomes of this group specif-
ically are required.
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