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ABSTRACT

Carpal tunnel syndrome (CTS) is the most frequently operated neurological disorder of the hand.
Incidence of patients remaining symptomatic has been reported up to 30% after primary release. Revision
surgery remains challenging although multiple surgical options have been described. In this case series a
simple novel technique, the palmaris longus interposition, is described for the treatment of recurrent and
persistent CTS. Patients who underwent PLI between October 2013 and 2018 and without underlying
neurological or hand disorders severely affecting the operated hand were eligible for inclusion. All were
preoperatively diagnosed with recurrent or persistent CTS based on clinical assessment. Eighteen patients
with 20 operated hands consented to the study. Patient characteristics were retrospectively reviewed,
including nerve conduction studies and ultrasound scans. Patients were postoperatively asked to classify
their symptoms as resolved, improved, not improved or worsened. In addition, postoperative symptom
severity and functional status were assessed using the Boston Carpal Tunnel Questionnaire. Ten hands
showed recurrent symptoms while the other 10 showed persistent symptoms. The average follow-up was
15months. No improvement was reported in 5 hands, whereas improvement or complete relief of symp-
toms was reported in 15 hands. The mean total score of the Boston Carpal Tunnel Questionnaire postoper-
atively was 2.29 and ranged between 1.26 and 4.32. These results suggest that using the palmaris longus
tendon as interposition graft between the leaves of the flexor retinaculum may be a suitable technique
for the management of patients with mild to moderate symptoms of recurrent and persistent CTS. Further
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research should investigate whether this technique has better outcome compared to other procedures.

Introduction

Carpal tunnel syndrome (CTS) is the most common entrapment
neuropathy of the upper extremity and affects approximately 10%
of the population [1-4]. Although various conservative treatment
options are available, patients often need a surgical procedure to
provide decompression of the median nerve. Carpal tunnel
release has become the most frequently performed procedure of
the hand [5-7]. It is considered technically undemanding and
generally very successful. Nevertheless, a group of patients
remains symptomatic after primary release with a reported inci-
dence up to 30% [1,3,6-9]. The presence of postoperative symp-
toms is commonly described as recalcitrant CTS [1,2,10].

Recalcitrant CTS comprises both recurrent and persistent CTS,
in which ‘recurrent’ implies a return of symptoms after an
undefined symptom-free interval [5,9]. In general, persistent symp-
toms can be attributed to an incomplete release of the flexor reti-
naculum or in rare cases to double crush syndrome or incorrect
diagnosis, and the current concept of recurrence is that symp-
toms mostly result from perineural fibrosis and tethering of the
median nerve within the carpal tunnel. Symptoms may also recur
in the context of proliferative tenosynovitis or neuromas of the
palmar cutaneous branch of the median nerve, although the latter
is identifiable on thorough examination [1-3,5,6,8].

Recalcitrant CTS necessitates revision surgery in 5-10% of the
patients, for which repeated decompression with external or

internal neurolysis have been reported as the standard technique
[3,4,6]. However, this approach is often insufficient to prevent
recurrent perineural adhesions. Many different surgical techniques
are available for enveloping the median nerve with vascularized
tissue to provide coverage to prevent recurrent scarring and to
create a gliding plane for the nerve [2,3,6,8]. Coverage can be
achieved by using synovium [5,10], fascia flaps [5,9], fat flaps [2,8],
muscle flaps [11,12], free flaps [13,14], vein wraps [15,16] or syn-
thetic implants [7,17]. Nevertheless, none of these techniques has
been shown to be superior to the others [1-3,6].

The other theoretical option is prevention of compression by
creating more volume in the carpal tunnel. In this case series a
new technique for the management of recalcitrant CTS is pro-
posed, based on the idea of creating more volume in the carpal
tunnel: the palmaris longus interposition (PLI). The purpose of this
study was to describe this technique and to evaluate the outcome
of PLI in patients with recalcitrant CTS.

Material and methods
Study population

Patients who underwent PLI for recalcitrant CTS between October
2013 and October 2018 at our academic center with a minimal
follow-up of 6 months were eligible for inclusion. When the oper-
ated hand was severely affected by other underlying neurological
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Figure 1. The incision in a cadaver. The previous incision is extended proximally
and the carpal tunnel is opened. *: median nerve; Black arrow: ulnar leaf of
flexor retinaculum; White arrow: palmaris longus tendon.

or hand disorders, patients were excluded. Diagnosis of recalci-
trant CTS was based on history taking and physical exam. Nerve
conduction studies (NCS) and ultrasound scans were used for
characterization of CTS. The neurologist classified NCS changes as
normal, mild, moderate or severe CTS based on sensory nerve
conduction  velocity and distal motor latency [18].
Ultrasonography was considered abnormal when the cross-
sectional area of the median nerve in the carpal tunnel was
greater than 11 mm? [19].

A total of 25 patients (28 hands) with recalcitrant CTS were
treated with PLI by a single European board-certified hand sur-
geon, of whom 4 were excluded. One hand was excluded because
of a follow-up shorter than 6 months, one because of severe trig-
ger fingers which affected the BCTQ scores, one because of cer-
vical radiculopathy and the last because of a lesion in the palmar
cutaneous branch of the median nerve instead of compression of
the median nerve. All other patients were invited by telephone,
of whom 3 refused to participate. The remaining 18 patients (20
hands) gave their written informed consent. The study was
approved by the local Institutional Review Board.

The following data were retrospectively retrieved from the
medical charts: age, sex, BMI, affected side, type of symptoms
(persistent or recurrent), relevant comorbidities, number of previ-
ous surgeries, time between first carpal tunnel release and PLI,
results from preoperative NCS and ultrasound scans of the
median nerve, and intraoperative findings. We classified recurrent
symptoms as a symptom-free interval after surgery of at least
3months. When symptoms persisted directly after surgery or
returned within 3 months, they were classified as persistent.

All participating patients were asked to classify their symptoms
as resolved, improved, not improved or worsened. In addition, the
self-reported outcomes after PLI were determined using the
Dutch translation of the Boston Carpal Tunnel Questionnaire
(BCTQ) [20] derived from the original, validated BCTQ [21]. The
BCTQ is an international standardized questionnaire that has been
developed specifically for patients with CTS. The BCTQ is divided
into 2 distinct scales, the symptom severity scale (SSS) and the
functional status scale (FSS). The SSS comprises 11 multiple-choice
questions, scored from 1 (mildest) to 5 points (most severe). The
FSS consists of 8 activities commonly affected by CTS, which must
be rated from 1 (no difficulty with the activity) to 5 points (cannot
perform the activity at all). The final score of each scale and total

Figure 2. Intraoperative appearance in a cadaver. The palmaris longus tendon is
dissected proximally. *: median nerve; Black arrows: flexor retinaculum; White
arrow: palmaris longus tendon.

score are presented as the arithmetic mean of the individual
scores, with higher scores indicating more severe CTS.

Surgical technique

All patients underwent extended open CTR. The previous incision
is always used and extended proximally with approximately 4 cm,
with a break of the incision at the wrist in ulnar direction.
Subsequently, the forearm fascia is opened proximally on one
side of the palmaris longus (PL) tendon, depending on where the
previous incision was placed. The median nerve is released in the
forearm (if necessary), and only when the nerve is seen, the dis-
section is continued distally. Next, the palmar fascia is incised,
again depending on the previous incision and the flexor retinacu-
lum can then be easily transected again, from proximal to distal
(Figure 1). The release should be completed distally.
Subsequently, the PL tendon is released from its compartment in
the forearm fascia, leaving the epitenon around the tendon intact.
The tendon is transected sufficiently proximal to reach the end
of the carpal tunnel when flipped distally (Figure 2). The tendon
is then sutured between the two edges of the flexor retinaculum
with Vicryl 4-0, with three to four sutures on each side of the reti-
naculum (Figure 3). As this lengthens the flexor retinaculum, it
should increase the volume in the carpal tunnel. Sutures are
placed on the outside of the carpal tunnel to avoid contact with
the median nerve. In addition, the epitenon is left in place
with hope of diminishing adhesions. The skin is closed with
Ethilon 4-0. A slight volar cock-up Plaster of Paris is applied dir-
ectly postoperatively, and the wrist is immobilized for three
weeks. Patients are referred to the hand therapists for finger exer-
cises initially and nerve gliding and range of motion exercises fol-
lowing the three weeks of immobilization.

Results

Patient characteristics are shown in Table 1. Ten women and 8
men underwent PLI, of whom 2 patients were operated bilaterally.
Mean age was 54 years (range 22-74years). Nine patients under-
went previous revision surgery for CTS. The median time between
first carpal tunnel release and PLI was 30months (range
7-432 months). Recurrent symptoms of CTS were seen in 10
hands and persistent symptoms in the other 10.



All patients underwent NCS and all except one underwent an
ultrasonography before PLI (Table 2). NCS was abnormal in 19
hands, of which 9 had severe changes, 4 had moderate changes

Figure 3. Interposition of the palmaris longus tendon in a cadaver. The palmaris
longus tendon is flipped distally and sutured between the edges of the flexor
retinaculum. *: median nerve; Black arrows: flexor retinaculum; White arrow: pal-
maris longus tendon.
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and 6 had mild changes. Ultrasonography showed an abnormal
median nerve cross-sectional area regarding recalcitrant CTS in 16
of the 19 hands, while 2 it was borderline enlarged in 2 patients
(11 mm?). During PLI, perineural fibrosis surrounding the median
nerve was seen in 7 patients but was not considered severe
enough to warrant flap surgery. In 4 hands the flexor retinaculum
seemed incompletely released, possibly causing the persistence or
recurrence of symptoms. A partial neuroma-in-continuity was
unexpectedly found in one hand after 2 previous CTRs. It was
found proximal in the carpal tunnel. The neuroma was then
excised and the nerve was sutured there. The remaining 8 hands
showed no particular findings during surgery. Patients were fol-
lowed up for an average of 15months (range, 7-26 months).
Complete relief of symptoms after PLI was seen in 5 hands and
improvement of symptoms in 10 hands. Symptoms were not
improved in the remaining 4 hands and worsened in 1 hand.
When analyzing hands with recurrent and persistent symptoms
separately, we found that of the 10 hands with recurrent symp-
toms, 3 had complete relief, 5 had improvement and 2 had no
improvement. In comparison, of the 10 hands with persistent
symptoms, 2 hands had complete relief, 5 had improvement,
2 had no improvement and one had worsening of symptoms.
Regarding the number of previous CTRs, of the 8 hands with
1 previous CTR, 2 had complete relief, 5 had improvement and
one had worsening of symptoms. Ten hands had 2 previous CTRs

Table 1. Patient characteristics of the study sample (n =20 hands).

Categorical variables n (%)
Sex Female 11 (55)
Operated hand Right 9 (45)
Recurrent symptoms 10 (50)
Comorbidities Diabetes mellitus 4 (20)
Hypertension 8 (40)
Hypothyroidism 1(5)
Trigger finger 2 (10)
Cubital tunnel syndrome 4 (20)
CMC1 OA 2 (10)
Continuous variables Mean (range)
Age (years) 54 (22-74))
BMI (kg/m?) 31.6 (20.3-50.2)
Number of previous CTR's 1.8 (1-4)
Time between first and last CTR (months) (median (range)) 30 (7-432)
Follow-up (months) 15 (7-26)

BMI: body mass index; CMC1 OA: first carpometacarpal osteoarthritis; FSS: functional status scale; SSS: symptom

severity scale.

Table 2. Pre- and intraoperative findings and postoperative outcomes.

Case No.  NCS severity  Ultrasono-graphy (mm?)  Type of symptoms Intraoperative findings ~ Course of symptoms ~ BCTQ SSS  BCTQ FSS  BCTQ total
1 Severe 14 Recurrent Perineural fibrosis Improvement 3.18 2.25 2.79
2 Moderate 15 Recurrent Perineural fibrosis No improvement 4.00 3.63 3.84
3 Moderate 18 Persistent None No improvement 4.45 4.3 4.32
4 Moderate 28 Persistent Neuroma-in-continuity ~ Complete relief 1.18 1.50 1.32
5 Severe 8 Persistent Perineural fibrosis No improvement 3.09 3.38 3.21
6 Normal 12 Recurrent None No improvement 3.45 3.25 337
7 Severe NA Persistent Incomplete release Improvement 1.64 2.13 1.84
8 Mild 15 Recurrent Perineural fibrosis Improvement 2.36 2.50 2.42
9 Mild 1" Recurrent None Improvement 2.64 2.00 2.37
10 Severe 16 Recurrent Perineural fibrosis Complete relief 1.55 1.25 1.42
11 Mild 15 Persistent None Complete relief 1.36 1.63 147
12 Severe 18 Recurrent Perineural fibrosis Improvement 1.27 1.63 1.42
13.1 Severe 14 Persistent None Improvement 2.27 1.50 1.95
13.2 Severe 15 Persistent Incomplete release Improvement 2.27 1.50 1.95
14 Moderate 15 Persistent Perineural fibrosis Improvement 2.18 1.88 2.05
15.1 Mild 13 Recurrent Incomplete release Complete relief 1.09 1.50 1.26
15.2 Mild 13 Recurrent None Complete relief 1.09 1.50 1.26
16 Severe 20 Recurrent None Improvement 173 1.88 1.79
17 Mild 1 Persistent Incomplete release Worsening 3.09 3.00 3.05
18 Severe 18 Persistent None Improvement 1.18 1.63 137

BCTQ: Boston Carpal Tunnel Questionnaire; CTS: carpal tunnel syndrome; FSS: functional status scale; NA: not available, NCS: nerve conduction studies; SSS: symptom

severity scale.
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and of those 3 had complete relief, 4 had improvement and 3 had
no improvement of symptoms. Only 2 hands had more than 2 revi-
sion surgeries, of whom one showed improvement and one did
not. Postoperatively, the average BCTQ SSS score was 2.25 and
ranged between 1.09 and 4.45, and the average BCTQ FSS score
was 2.18 and ranged between 1.25 and 4.13. The BCTQ total score
ranged between 1.26 and 4.32 with a mean of 2.22 (Table 2).

Discussion

In this study PLI is proposed as a simple novel technique for the
management of recalcitrant CTS, in which the PL tendon is used to
prevent compression of the median nerve by increasing the vol-
ume in the carpal tunnel, without extra donor site morbidity.
Improvement or complete relief of symptoms was seen in 15 of
the 20 hands (75%), while no improvement or worsening of symp-
toms was seen in 5 hands. Although comparison of the success
percentages with other studies is difficult to interpret, we found
our success percentage within the range of the included studies as
described by Soltani et al. [6] The lowest success percentages
reported in this meta-analysis are 53% after external and internal
neurolysis and 63% after synovial and hypothenar fat pad flap
coverage, but success percentages of the other included studies
range predominantly between 80 and 100%. In addition, the study
of Cobb et al. [22] and Sun et al. [23] reported mean BCTQ SSS
and FSS scores between 1.91 and 1.95 after repeated decompres-
sion, compared to 2.30 and 2.27 in the present study. The lower
success in this study might be explained by more severe CTS in
our patients. This is reflected by the number of prior operations;
Sun et al. had an average of 1.11 prior operations, and the flap
and the nonflap cohort in the meta-analysis of Soltani et al. [6] had
averages of respectively 1.57 and 1 prior operations, whereas our
cases had an average of 1.75. Patients with more than one prior
operation have been found to have higher odds of not changing
or worsening outcome after revision surgery [24,25], which might
have caused less improvement in our study.

Three hands with persistent symptoms and 1 hand with recur-
rent symptoms seemed to have had an incomplete release of the
flexor retinaculum. Whether these hands truly had an incomplete
release or whether the flexor retinaculum was partially healed could
not be determined with certainty. Five hands with recurrent symp-
toms and 2 hands with persistent symptoms had perineural fibrosis.
This is partially in line with the theory that persistent symptoms are
ascribed mostly to incomplete release, and recurrent symptoms to
perineural fibrosis [5,25]. About a quarter of each group of patients
with perineural fibrosis, incomplete release and no particular intrao-
perative findings had no improvement, therefore it seemed that
outcome of PLI was not influenced by intraoperative findings.
Improvement between the recurrent and persistent group were
almost similar, in favor of the group with recurrent symptoms:
respectively complete relief in 3 and improvement in 5 hands versus
complete relief in 2 and improvement in 5 hands.

The authors realize that diagnosis of recurrent and persistent
symptoms is challenging, especially because NCS and ultrasonog-
raphy findings frequently remain abnormal, even in patients who
had successful carpal tunnel surgery [26,27]. Therefore, abnormal-
ities in these tests do not always represent a continuing problem
with the median nerve.

All patients were seen by both a neurologist and a European
board-certified hand surgeon, who diagnosed patients based on
their symptoms. Two patients had either normal NCS or normal
ultrasonography and both had no improvement, possibly due to
another underlying neurological cause. Also, the one patient with

worsened symptoms had just mild NCS severity and borderline
abnormal cross-sectional area of the median nerve. The flexor reti-
naculum seemed incompletely released in this patient, therefore
the expectation was that by releasing it symptoms would improve.
Since this was not the case, it is possible that this patient might
also had another cause for the persistent symptoms.

Palmaris longus interposition is not aimed at the multiple oper-
ated patient with severe CTS, but rather at the patient with mild to
moderate CTS after a first or second release, since extensive scar-
ring should still need some form of flap surgery. It is a technically
simple procedure that does not sacrifice functional tissue nor cre-
ate an extra donor site, as the same extended incision is used as
for repeated decompression. Furthermore, the PL has been
described as an independent risk factor for CTS [28-30], thus cut-
ting it might have an extra beneficial effect on the development of
CTS. When performing PLI for the first time, it is important to check
whether the patient has a PL and to harvest the PL with adequate
length to reach the distal part of the flexor retinaculum.

Our study has several limitations. First, we do not have pre-
operative BCTQ scores, therefore it was not possible to determine
the severity of CTS and whether there was a significant improve-
ment in our patients. Secondly, we did not have enough data to
match controls to the PLI patients, so we cannot draw any conclu-
sions regarding PLI being superior over other treatments.
Unfortunately, patient history and physical examination were not
recorded in a consistent manner, thus we were not able to pre-
sent those data. However, all patients had clinical signs of CTS.
Furthermore, due to a low rate of recalcitrant CTS this study has a
small sample size. This also caused the study population to be
heterogenous, therefore the outcome of PLI is difficult to interpret
and no definitive conclusions can be made about the effective-
ness of this technique. It should also be considered that by sutur-
ing the PL in the carpal tunnel pressure might be increased.
However, although the leaves of the flexor retinaculum may be
retracted after a prior CTR, the PL is sutured between both leaves
without tension and will therefore not narrow the carpal tunnel
or increase pressure. By adding tissue between the leaves extra
space is created, which should widen the carpal tunnel and pre-
vent the flexor retinaculum from growing back together. Last, a
clinical problem is that not all patients have a PL. Palmaris longus
agenesis is seen in 10% to 15% of the population, although this
can be different between ethnic groups [31]. If the PL is absent, a
strip of the flexor carpi radialis tendon, as is used for the three-
ligament tenodesis procedure as described by Garcia-Elias et al.
[32] could also be utilized as interposition graft.

In conclusion, this case series described a simple promising
technique for the treatment of recalcitrant CTS by using the PL ten-
don as interposition graft to increase the volume of the carpal tun-
nel. Palmaris longus interposition may be of value in patients with
mild to moderate disease severity who go for second or third car-
pal tunnel release. Further prospective, comparative research
between PLI and other revision techniques is warranted to deter-
mine the distinct value of PLI in the treatment of recalcitrant CTS.
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