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Abstract Themain purpose of this research was to do an intraindividual comparison of outcomes
between the open ulnar incision (OUI) and the Paine retinaculotome with palmar
incision (PRWPI) techniques in patients with bilateral carpal tunnel syndrome (CTS).
The patients underwent OUI surgery on one hand and PRWPI surgery on the
contralateral hand. The patients were evaluated with the Boston carpal tunnel
questionnaire, visual analogue scale for pain, palmar grip strength, and fingertip,
key, and tripod pinch strengths. Both hands were examined in the preoperative and
postoperative periods after 2 weeks, 1 month, and 3 and 6 months. Eighteen patients
(36 hands) were evaluated. The symptoms severity scale (SSS) scores were higher, in
the preoperative period, in the hands that underwent surgery with PRWPI (p-value
¼0,023), but lower in the 3rd month postoperative (p-value¼0.030). The functional
status scale (FSS) scores were lower in the periods of 2 weeks, 3 months, and 6 months
(p-value¼0,016) on the hands that underwent surgery with PRWPI. In a different two-
group module study, the PRWPI group presents the SSS scores average on the 2nd
week and 1st month, and the FSS scores average on the 2nd week, less 0.8 and 1.2
points respectively comported to open group. The hands that underwent surgery with
PRWPI presented significantly lower SSS scores at 3 months postoperative, and lower
FSS scores at 2 weeks, and 3 and 6 months postoperative, compared to open surgery
group.
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Introduction

A large number of prospective and randomized studies have
been performed in recent years comparing the results of
open and endoscopic surgical treatments.1 The major disad-
vantage of endoscopic treatment for carpal tunnel syndrome
(CTS) is the high cost of the equipment and blades.2 The Paine
retinaculotome through a palmar approach is an effective
and low-cost alternative.3 Median nerve decompression
using the Paine retinaculotomehas been shown to effectively
cause remission of symptoms in the long-term, with a low
rate of postoperative pain.3 Fewstudies havebeenperformed
comparing the results of the release of open surgery and
retinaculotome instrument-assisted surgery of carpal tun-
nel.4 The palmar ulnar incision for decompression of the
carpal tunnel was described by Tubiana. Its advantages
include avoiding injury to the palmar cutaneous branch,
avoiding a scar over the topography of the median nerve,
and consequently avoiding adhesion on the median nerve.5

The evaluation of patients who have undergone bilateral
surgical treatment with different techniques for each hand has
theadvantageof thepatientbeing theirowninternal control.6–8

The main purpose of this research was to do an intra-
individual comparison of outcomes between open ulnar
incision and Paine retinaculotome with palmar incision in
patients with bilateral CTS.

Material and Methods

The present study had approval of the institution’s ethics and
research committee. It is a cross-cut longitudinal study. The

data collection period was from December 2017 to
December 2018.

The diagnosis of bilateral idiopathic CTS was made when
the patient presented, on both hands, at least three of the six
diagnostic criteria recommended by the American Academy
of Orthopedic Surgeons.9 The patients were submitted to an
electric study for confirmation of CTS diagnostic. If symp-
toms did not improve with non-surgical treatment, the
patients were submitted to a carpal tunnel release.
Electrophysiological studies were not done in the postoper-
ative period, the outcomes were evaluated regarding the
clinical improvement.

In the intraindividual evaluation, patientswere submitted
to and evaluated the two surgical techniques—the one tested
(Paine retinaculotome) on one hand, and the standard (open)
on another. For this reason, the number of hands operated by
the two different surgical techniqueswere the same. Patients
were informed about participation in the study. After com-
pleting the preoperative evaluations, patients were asked
which hand they would like to have operated first. The most
symptomatic hand was the first hand to be submitted to
surgery; consequently, the other surgical techniquewould be
used on the contralateral hand. The two surgical techniques,
remission rates of symptoms, and complications were
explained to the patients, and, therefore, theywould undergo
surgical procedures by different techniques in each hand.
Based on the information, the patients had the choice of the
surgical technique to be used in thefirst surgery. The surgical
procedures for each hand occurred in different periods of
time, so there were no simultaneous bilateral surgeries. The
exclusion criteria included previous carpal tunnel release,
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inflammatory diseases, and patients who did not desire to
participate in the research.

With this experimental design, it was not possible to blind
either the patients or assessors to the type of surgery
performed in each hand. In an attempt of avoid the bias of
the preference by the surgeons for one of the surgical
techniques, all evaluations were performed by a hand thera-
pist (L. M. M.).

The patients were evaluated by one of the authors (L. M.
M.) in the preoperative period and on 2 weeks, 1, 3, and
6 months after surgery for each hand. The assessment
included measurements with the visual analogue scale
(VAS) for pain; palmar and pinch strengths; symptom sever-
ity scores (SSS); and the functional status scores (FSS) of the
Boston carpal tunnel questionnaire (BCTQ). Regarding bilat-
eral symptoms, as done in previous research, the patients
filled out two questionnaires, one for each hand, and were
instructed to answer the questions always in relation to the
symptoms and disabilities of each side.10

The surgical procedures were performed by orthopedic
residents or hand fellows under direct supervision of a senior
hand surgeon.

Paine Retinaculotome with Palmar Incision
A 1.5-cm longitudinal straight incision was performed,
0.5 cm proximally from the medial palmar crease, along
the radial border of the ring finger (►Fig. 1). The Paine
retinaculotome (►Fig. 2) was placed, with its base protecting
the median nerve and the blade in contact with the trans-

verse carpal ligament (TCL) to divide the ligament. If there
was an incomplete release, a second passage was done.

Open Surgery with Palmar Ulnar Incision
A longitudinal incision of � 4 cm starting at the palmar
crease of the wrist and accompanying the outer border of
the hypothenar eminence was made (►Fig. 3). The carpal
tunnel ligament (CTL) was divided at the level of its insertion
on the pisiform. The distal antebrachial ventral fascia was
sectioned longitudinally with blunt scissors under direct
vision to avoid an incomplete decompression.

Statistical Methods
The samples’ power (power and sample size) was calculated
based on the scores of the techniques in the preoperative
moment (►Table S1–Supplementary material, available on-
line only). Possible differences between surgical techniques
were evaluated by analysis of variance for repeatedmeasure-
ments. The timing of evaluations was considered to be a
factor between groups, since the variables were measured at
5 different time periods (preoperative, 2 weeks, 1 month,
3 months, and 6months postoperative). The objective of this
work is to compare the two techniques in all five collection
periods, for both the SSS and the FSS. As the data are paired,
that is, the same individual is researching and controlling
oneself, we used the Wilcoxon test.

Fig. 2 Paine retinaculotome.

Fig. 3 A palmar ulnar incision of approximately 4 cm to perform the
open release.

Fig. 1 A 1.5 cm longitudinal straight incision was performed, 0.5 cm
proximally from the medial palmar crease, along the radial border of
the ring finger.
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Results

Eighteen patients were diagnosed with bilateral CTS, and 36
hands were submitted to surgery in total. As for the first
surgery, 11 subjects chose the left hand, while 7 subjects
chose the right hand, and as for their first surgery, 9 subjects
underwent open surgery with palmar ulnar incision, while 9
subjects underwent the Paine retinaculotome with palmar
incision (►Table 1). The mean time interval between the 1st
procedure and the contralateral procedure were 10 to
11 months.

The sample has a power of 0.671 (67.1%) with a 95%
statistical confidence. This is a good result in view of the

sample size of 18 cases. The power curve was included
as Graph 1.

There were no statistically significant differences be-
tween the two surgical techniques, at any of the times
evaluated, regarding scores of palmar grip, fingertip, key,
and tripod strengths (►Table 2).

Comparing the pain scores evaluated by the VAS, there
were no statistically significant differences between the two
surgical techniques at any of the times evaluated (►Table 3).

Regarding the SSS scores, there were statistically signifi-
cant differences between the two surgical techniques in the
preoperative time; the group of hands submitted to the Paine
retinaculotome with palmar incision technique showed a
statistically significant higher average score (p-value
¼0.023). The scores also showeddifferences in postoperative
time; the hands submitted Paine retinaculotome with pal-
mar incision presented significantly less scores at 3 months
postoperative (►Table 4). Regarding the FSS, there were no
statistically significant differences between the two surgical
techniques in the preoperative time. However, the Paine
retinaculotome with palmar incision produced significantly
lower average functionality scores than the Paine retinacu-
lotome technique at 2 weeks, and 3 and 6 postoperative
(►Table 5).

For calculation of the minimal clinically important differ-
ence (MCID), the difference in module, between the techni-
ques, and at each moment was calculated, and, thus, we
performed a descriptive analysis with a 95% confidence
interval for (►Table 6).

Discussion

Numbness and tingling may appear sporadically in the
population, without necessarily indicating a diagnosis of
CTS.11 Some authors reported that when there are clear
clinical evidences of CTS, a hand surgeon can diagnose CTS
accurately without electrodiagnostic studies,12,13 and others
describe an exaggerated value of the findings of complemen-
tary tests more than the clinical symptoms reported by
patients.14,15 Sometimes, in clinical practice, patients report
more intense symptoms in the hand that presents less
intense compression in electrical studies. The findings of
the Hangeman et al.16 study suggest that surgeons prefer to
offer peripheral nerve decompression to patients with ab-
normal electrophysiology. In our study, all patients had
electric studies for STC diagnosis confirmation.

Padua et al.,17 in the follow-up of patients with unilateral
CTS, showed that contralateral symptoms developed in most
cases, and they found a significant positive correlation of
bilateral CTS with the duration of symptoms, whereas there
was no correlationwith the severityof symptoms.Webelieve
that the reason of patients’ appointment was the severity of
the symptoms. Although it can be considered a bias of
randomization, in our study, it was the patient’s choice
that the more symptomatic hand was operated first. We
did not perform surgery on both hands at the same time. In
general, the patient needs one free hand able to carry out
daily living activities, especially personal hygiene. For mild

Table 1 Patients gender, age, and their choices regarding the
side and technique for the first surgery

Patients Gender Age Side Surgical technique

1 Female 60 Rigth Open

2 Female 50 Left Retinaculotome

3 Female 68 Left Open

4 Male 82 Left Retinaculotome

5 Female 43 Rigth Open

6 Male 47 Left Open

7 Female 43 Left Retinaculotome

8 Female 63 Rigth Open

9 Female 56 Left Open

10 Female 60 Rigth Retinaculotome

11 Female 36 Rigth Retinaculotome

12 Female 62 Rigth Retinaculotome

13 Female 52 Left Retinaculotome

14 Female 58 Left Open

15 Female 40 Left Retinaculotome

16 Female 55 Left Retinaculotome

17 Male 56 Left Open

18 Female 35 Rigth Open

Graph 1 Sample power curve.
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conditions, temporarily contralateral symptom improve-
ment is common after unilateral surgery. We just indicate
surgery for the contralateral hand when the clinical symp-
toms return.

The sample size of our study is smaller than most ran-
domized clinical trials evaluating unilateral surgery, but it is
similar in size to those who conduct bilateral surgery with
different techniques.18 Themain reason for this small sample
size was due to the difficulty in convincing patients to
undergo different surgical techniques for each hand.

Patientswith CTS havemore decisional conflict than hand
surgeons. One of the factors associated with greater decision
conflict in CTS patients was less confidence that they would
achieve their goals. It is possible to help empowering patients
by providing information about their options and by helping
them understand their values and preferences.16 In our
research, after detailed information, the patients took the
decision and chose the first surgical technique.

Pain is defined as an unpleasant sensory and emotional
experience associated with, or similar to that associated
with, actual or potential tissue damage that is genuinely
personal and subjective; different persons may respond
differently to the same stimulus.19 This subjectivity can
also be extended to the perceived intensity of symptoms.
To reduce this subjectivity, we have used the intraindividual
comparison. In our study, each patient underwent bilateral
surgical treatment for CTS using a different surgical tech-
nique for each hand and were evaluated pre and postopera-
tively. Obviously, such a comparison is limited in clinical
research and difficult to apply. Doing an intraindividual
comparison between open and endoscopic techniques, Fer-
nandes et al. evaluated 15 patients (30 hands) and did not
observe differences between open and endoscopic surgery
when assessed by the SSS, FSS, VAS, and palmar and digital
grip strength results.8

Surgical carpal tunnel treatment results are commonly
evaluated by pain intensity, sensitivity assessment, grip
strength, SSS and FSS scores, complication rates, and the
time it takes to return to work.20,21

An evaluation of the BCTQ items independently shows
that the highest scores regarding the severity of the symp-
toms are related to residual symptoms, and that the highestTa
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Table 3 Measures of visual analog pain scale in relation to
surgical technique and moment of evaluation. Mean values and
standard deviation in brackets

Moment Open Retinaculotome

Preoperative 6.39 (SD 2.89) 7.72 (SD 2.78)

2nd week 4.29 (SD 3.02)a 3.43 (SD 3.01)a

1st month 3.69 (SD 3.30)a 2.63 (SD 3.20)a

3rd month 2.29 (SD 3.02)a,b 1.76 (SD 2.61)a,b

6th month 1.94 (SD 2.86)a,b 1.44 (SD 2.71)a,b

Abbreviation: SD, standard deviation.
aRepresents statistical difference from preop (p< 0.05);
bstatistical difference from the 2nd week and 1st month (p< 0.05).
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scores regarding functional status are related to disabilities;
thus, the higher the score, the greater the symptom severity
and degree of disability.10

Minimal clinically importantdifference (MCID) is thesmall-
est difference in the score of an outcome instrument that
patients perceive as important. Kim et al. found that, after
3months of surgery, a 1.14-point change in the SSS scale and a
0.74-point change in the FSS scale indicated a clinically rele-
vant thresholdof satisfaction.22Ozyürekoğluet al.23 calculated
that theMCID in the score of the SSS after carpal tunnel steroid
injection was found to be 1.04. Ozer et al.,24 in non-diabetic’s
patients, foundanMCIDof0.8and1.6pointsat3and6months,
respectively, were identified for SSS; and an MCID of 1.25
points at 3monthsand1.45points at6monthswere identified
for FSS. De Kleermaeker et al.25 believe there is no consensus
about the minimal clinically important difference for the
Boston carpal tunnel questionnaire and that the MCID should
be individually calculated from baseline SSS and FSS scores, as

patients experiencingmore symptoms requiremore improve-
ment to notice a clinically important difference. Schrier et al.26

studied the MCID in patients undergoing unilateral carpal
tunnel release and found the optimal relative MCID for injec-
tion patientswas indeed lower than that of the surgical group,
at 0.30, which was associated with a sensitivity of 85%, and a
specificity of 77%. In our study, we calculated the difference in
module; theaverageSSSscoresof theRetinaculotomepatients’
group were lower than 0.8 points in the 2nd week and 1st

month after the surgery, and the average FSS scores of the
Retinaculotome patients’ groupwere lower than 1.2 points in
the 2nd week.

Many times, in surgical trials, the intervention performed
by a surgeon is not necessarily identical to that performed by
another surgeon. That is, no matter how reproducible the
technique is, it is not identical. Surgical techniques depend
on a learning curve, a curve that can vary for each technique
and for each surgeon. It is one of reasons that outcomes of a

Table 4 Measurements of the Boston carpal tunnel questionnaire score for severity of symptoms in relation to a surgical technique
and time of evaluation. Mean values and standard deviation in brackets

Moment Open Retinaculotome P-values

Preoperative 37.11 (SD 8.38) 41.33 (SD 8.15)� �statistically different from open (p< 0.05)

2nd week 22.57 (SD 9.61) 18.36 (SD 8.12)� �statistically different from open (p< 0.05)

1st month 21.81 (SD 11.57) 16.38 (SD 4.99)

3rd month 18.47 (SD 8.49) 15.12(SD 7.51)� �statistically different from open (p< 0.05)

6th month 18.13 (SD 10.93) 14.87 (SD 7.82)

Abbreviation: SD, standard deviation.

Table 5 Measurements of the Boston carpal tunnel questionnaire score for functional status of the hand in relation to a surgical
technique and time of evaluation. Mean values and standard deviation in brackets and 95%

Moment Open Retinaculotome P-value

Preoperative 24.67 (SD 9.15) 26.00 (SD 7.21)

2nd week 24.21 (SD 10.89) 18.71 (SD 7.94)� �statistically different from open (p< 0.05)

1st month 19.31 (SD 7.98) 15.31 (SD 5.19)

3rd month 16.29 (SD 9.06) 13.24 (SD 7.67)� �statistically different from open (p< 0.05)

6th month 13.87 (SD 7.46) 10.80 (SD 5.31)� �statistically different from open (p< 0.05)

Abbreviation: SD, standard deviation.

Table 6 The difference in module of symptom severity scores and functional status scores, between the surgical techniques, at
each moment

SSS FSS

Mean Standard deviation CI Mean Standard deviation CI

Preoperative 0.565 0.434 0.200 0.542 0.452 0.209

2nd week 0.842 0.851 0.431 1.108 1.252 0.633

1st month 0.885 0.888 0.449 0.882 0.907 0.431

3rd month 0.422 0.415 0.197 0.559 0.500 0.238

6th month 0.455 0.537 0.272 0.467 0.512 0.259

Abbreviations: CI, confidence interval; FSS, functional status score; SSS, symptom severity score.
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same surgical technique cannot be the same when per-
formed by different surgeons. This does not imply methodo-
logical failures or a chance effect, but it happens because the
interventions are not the same.27 In our research, the surgical
procedures were performed by residents and fellows under
supervision of one of the seniors’ authors.

Most patients have a good result with open carpal tunnel
decompression, but there is a small incidence of unsatisfac-
tory outcomes, usually relating to tenderness of the scar or
pillar pain.28 The mechanism of pillar pain is not clear, but it
may result from small neuromas as a result of incision in the
interthenar space. Despite the advantage of the ulnar inci-
sion, it is performed in the interthenar space.

We believe there is a lack of randomized clinical studies
comparing open surgery with Paine retinaculotome. The
Paine retinaculotome was described to be used through a
wrist incision to cut the CTL as the instrument passes into the
palm. Paine and Polyzoids29 described 90% of patients
achieved very satisfactory results. The most common reason
for failure was incomplete division of the distal portion of
CTL. Pignataro et al.30 studied the use of Paine retinaculo-
tome by palmar incision in cadavers and obtained tunnel
decompression on all hands with no vascular or nerve injury.

Previous studies with Paine retinaculotome have demon-
strated excellent clinical outcomes3,20 that were kept under
evaluation at least 86 months after surgery.3

Conclusion

Considering the subjectivity of the Boston carpal tunnel
questionnaire scores, the hands which were submited to
surgery with Paine retinaculotome with palmar incision
presented significantly lower SSS scores at 3 months of
postoperative, and lower FSS scores at 2 weeks, and 3 and
6 months postoperative. In a difference module study, the
Paine retinaculotome group presented SSS scores average on
the 2nd week and 1st month, and the FSS scores average on
the 2nd week, lower than 0.8 and 1.2 points, respectively,
compared to the group submitted to open surgery.
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