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Purpose: Pillar pain is a recognized postoperative complication of carpal tunnel release (CTR). Minimally
invasive and alternative surgical techniques can theoretically prevent pillar pain, and the aim of this
review was to compare the incidence of pillar pain after standard open CTR and alternative surgical
techniques.
Methods: MEDLINE, Embase, and Scopus databases were thoroughly searched. Randomized controlled
trials comparing minimally invasive surgical techniques to standard open CTR were identified. Data,
including surgical technique, number of hands, incidence of pillar pain, and follow-up intervals, were
extracted. Odds ratios (OR) were expressed as pillar pain incidence in the intervention group relative to
standard open CTR.
Results: There were 12 studies included. No statistically significant differences were noted among endo-
scopic (OR ¼ 0.53, P ¼ .20), flexor retinaculum lengthening (OR ¼ 1.00, P ¼ 1.00), short incision (OR ¼ 0.41,
P ¼ .07) or illuminated knife techniques (OR ¼ 0.18, P ¼ .16). There was a statistically significant decrease in
pillar pain after minimally invasive CTR (OR ¼ 0.41, 95% confidence interval 0.20e0.86, I2 ¼ 0%, P ¼ .02)
between 3- and 6-months follow-up; however, analyses at all other follow-up periods failed to reach
statistical significance.
Conclusions: Although our findings suggest that standard open CTR may be associated with an increased
duration of pillar pain between 3 and 6 months postoperatively, our results suggest that minimally
invasive CTR techniques do not affect either the initial development or persistence of pillar pain.
Clinical relevance: Our results illustrate the natural history of pillar pain with the majority of cases
resolving after 6 months, highlighting the utility of symptomatic and conservative treatments and pa-
tient education in the management of pillar pain.
Copyright © 2023, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Carpal tunnel release (CTR) is one of the most common surgical
procedures performed, with 11,512 public hospital admissions for
CTR in Australia from 2017 to 2018.1 The complications of CTR
include anesthetic events, intraoperative bleeding, postoperative
infection, pain, scar tenderness, and persistent or recurring symp-
toms.2,3 Another complication of CTR is pillar pain, which has been
estimated to persist in 12.7% of patients.4 This is described as deep-
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seated pain in the heel of the palm worsened by applying pressure
to the area and includes pain or tenderness over the hypothenar or
thenar eminences that is separate from scar tenderness and usually
resolves after the third postoperative month.5

Although the first surgical techniques for carpal tunnel syn-
drome were described by Learmonth6 in 1933 and Cannon et al7 in
1946, it was not until 1994 that pillar pain was described by Ken-
neth Wilson8 in his illustration of the “critical pillar rectangle”
containing small transverse nerve fibers, which characterizes pillar
pain as a neurogenic phenomenon. Dissection of the palmar cuta-
neous branch of the median nerve (PCBMN) is commonly thought
to be the cause of pillar pain.9 The neurogenic theory of pillar pain
as a result of nerve damage and entrapment have been supported
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by cadaveric anatomical and histomorphological research demon-
strating an abundance of free nerve endings in the transverse carpal
ligament that are transected during CTR.10e12 However, modern
research has challenged this original theory by showing that
preservation of the superficial nerve branches during CTR does not
result in a decrease in local postoperative pain.13 Furthermore,
rather than damage to the PCBMN and local free nerve endings, the
work by Vanhees et al14 suggests a biomechanical etiology of pillar
pain, citing the division of the flexor retinaculum as the cause.
Other explanations for pillar pain include inflammatory, piso-
triquetral dysfunction, and sympathetic dystrophy.15e17

Since the advent of the technique described by Learmonth6 in
1933, advances in the field of orthopedic surgery have resulted in
the emergence of minimally invasive techniques for CTR. These
techniques, including endoscopic CTR, illuminated knife, or short
incision techniques, can reduce scar length.18e21 Modern tech-
niques can also avoid completely severing the transverse carpal
ligament or avoid dissecting the area traversed by the PCBMN as
demonstrated in the double incision and double tunnels
techniques.22e24

Theoretically, these techniques have the potential to reduce the
risk of pillar pain. If pillar pain is neurogenic in origin and caused by
injury to small branches of nerve fibers, the short incision, endo-
scopic, and illuminated knife techniques should result in a
decreased incidence of pillar pain.8,25 Similarly, if pillar pain is due
to the immediate biomechanical disruption following dissection of
the transverse carpal ligament, flexor retinaculum lengthening
techniques should decrease the incidence of pillar pain.14 Given
that the endoscopic and illuminated knife techniques minimize
local inflammation, if pillar pain is inflammatory in origin, a
reduction in pillar pain would be expected after these
techniques.25e27

Research on the efficacy of minimally invasive and alternative
techniques in carpal tunnel surgery have yieldedmixed results, and
there is a lack of research specifically investigating the cause of
pillar pain.5,22,25 Therefore, we performed a systematic review and
meta-analyses to investigate the incidence of pillar pain after
minimally invasive and alternative surgical techniques. This review
seeks to address the following primary research question: In pa-
tients undergoing CTR, is there a significant difference in the inci-
dence of postoperative pillar pain in those undergoing standard
open CTR compared to those who have undergone minimally
invasive and alternative surgical techniques?
Materials and Methods

This systematic review was registered on the International
Prospective Register of Systematic Reviews (PROSPERO; registra-
tion number CRD42022359701). This review was performed in
accordance with the Quality of Reporting of Meta-analyses
(QUOROM) guidelines and the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis guidelines (http://www.
prisma-statement.org/).28
Literature search

Two independent reviewers searched the MEDLINE, Embase,
and Scopus databases to identify relevant records published up to
October 2023 using the search terms “carpal tunnel syndrome,”
“carpal tunnel release,” and “pillar pain.” Appendix A (available
online on the Journal’s website at https://www.jhsgo.org) outlines
the search strategy in detail. Reference lists were also manually
scanned to identify additional studies eligible for inclusion using
these search terms.
Inclusion and exclusion criteria

Published randomized controlled trials (RCTs) of adult patients
with pillar pain receiving CTR measured as an outcome after sur-
gery were included. RCTs were included only if the study contained
isolated standard open CTR as the control group. Eligible studies
included those that contained qualitative data on the incidence of
pillar pain in control and intervention groups as well as described
the surgical technique used in the CTR procedure and specified the
follow-up period. Articles that measured pillar pain only in the
presence of other outcome measures (recorded only the number of
patients with pillar pain ± scar tenderness, without specifying the
exact number of patients that had isolated pillar pain) were
excluded. Articles that combined CTR with another surgery (eg,
basal joint arthroplasty, trapeziectomy) were excluded. Gray liter-
ature and articles in languages other than English were excluded.

Data extraction

The time frame of pillar pain was extracted and classified as
early (during the first 6 weeks postoperatively), intermediate (be-
tween 6 and 12 weeks), late (between 3 and 12 months), and
persistent (at 6 months and 1 year). Additionally, the following data
were extracted from each study: author, publication year, region,
surgical technique, number of participants and hands in control
and intervention groups, and number of events (pillar pain) in
control and intervention groups. Whether participants had uni-
lateral or bilateral CTR was also noted. Information about funding
sources was not sought. As only adult participants were included,
other participant characteristics were not extracted.

Quality assessment and risk of bias

Quality and validity assessment was undertaken according to
the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) guidelines, with a focus on the following
constructs: inconsistency, indirectness, imprecision, and publica-
tion bias.29 Risk of bias assessment was appraised using the
Cochrane Collaboration’s tool.30 This is a seven-item checklist that
includes selection, performance, detection, attrition, reporting, and
other biases and codes the level of bias as unknown (?), present (þ),
or absent (-). Quality assessment and risk of bias were undertaken
by two investigators (AAK and MLS).

Statistical analysis

Data organization and analysis were conducted using Review
Manager (version 5.3; The Nordic Cochrane Center, Cochrane
Collaboration, Copenhagen, Denmark.31 Dichotomous data were
analyzed using the ManteleHaenszel statistical method, reporting
odds ratios (OR) and using 95% confidence interval (CIs), with the
control group being the standard open CTR. Due to variations in
surgical technique between RCTs, the pooled results of the outcome
were calculated using the random effects model as it could not be
assumed that the studies were functionally identical. Statistical
heterogeneity was assessed using chi-square and I2 statistics. An I2

value of <40% was interpreted to contain negligible heterogeneity,
30% to 60% moderate heterogeneity, 50% to 90% substantial het-
erogeneity, and 75% to 100% considerable heterogeneity. A P value
of less than .05 was considered statistically significant. When the P
value from the chi-square test was less than 0.05 in conjunction
with an I2 value greater than 50%, the authors closely examined the
relevant studies to identify the source of the heterogeneity. Finally,
publication bias was subjectively assessed by visualizing the funnel
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement of search results. PRISMA statement detailing the studies included after
identification, screening and eligibility stages of selection.
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plot created in RevMan and objectively assessed using Egger’s test
in JASP (JASP Team (2022), Version 0.16.3).31,32

Results

Characteristics of included studies

Therewere 12 RCTs included in the final analysis (Fig.1). Follow-
up periods ranged from 2 weeks to 10 years. The average follow-up
period was 15.3 months (Table).20,21,24e26,33e39

Risk of bias assessment

Among all included studies, none were deemed to be at risk for
reporting bias. Random sequence generation (selection bias) and
performance bias were the most common forms of bias encoun-
tered. Due to differences in scar length and operation time, patients
and personnel were often aware of the type of surgery that had
occurred. Therefore, five of the studies were deemed to be at high
risk for performance bias with one having indeterminate risk.
Figure 2 illustrates the risk of bias assessment conducted using the
Cochrane Collaboration’s tool.27

Publication bias

Publication bias was assessed using the funnel plot method, and
this was formally tested using the regression test for funnel plot
asymmetry (Egger’s test). Both the shape of the funnel plot (Fig. 3)
and the result of Egger’s test (P ¼ .67) indicated a lack of significant
publication bias in the included studies.
Pillar pain 0e6 weeks after CTR (early)
The prevalence pillar pain between 0 and 6weeks following CTR

was 21.3% after minimally invasive CTR and 24.4% after standard
open CTR. There was no significant difference in pillar pain during
this period (OR ¼ 0.87, 95% CI 0.50e1.52, I2 ¼ 0%, P ¼ .64) (Fig. 4).

Pillar pain 6e12 weeks after CTR (intermediate)
The prevalence of pillar pain between 6 and 12 weeks following

CTR was 26.3% after minimally invasive CTR and 32.5% after stan-
dard open CTR. There was no significant difference in pillar pain
during this period (OR ¼ 0.53, 95% CI 0.12e2.38, I2 ¼ 76%, P ¼ .39)
(Fig. 5).

Pillar pain 3e6 months after CTR (late)
The prevalence of pillar pain between 3 and 6 months following

CTR was 11.6% after minimally invasive CTR and 23.6% after stan-
dard open CTR. During this time period, there was a statistically
significant decrease in pillar pain after minimally invasive CTR
(OR ¼ 0.41, 95% CI 0.20e0.86, I2 ¼ 0%, P ¼ .02) (Fig. 6).

Pillar pain 6 and 12 months after CTR (persistent)
At 6 months of follow-up, pillar pain persisted in 11.4% of pa-

tients after minimally invasive CTR and 16.8% of patients after
standard open CTR. This decrease in the prevalence of persistent
pillar pain at six months follow-up failed to reach statistical sig-
nificance (OR ¼ 0.66, 95% CI 0.15-2.92, I2 ¼ 58%, P ¼ .59) (Fig. 7).

One year following CTR, pillar pain persisted in 5.5% of patients
after minimally invasive CTR and 14.1% of patients after standard
open CTR. This was not statistically significant (OR ¼ 0.49, 95% CI
0.03e9.21, I2 ¼ 77%, P ¼ .64) (Fig. 8).



Table
Characteristics of Included Randomized Controlled Trials

Study Year Region Surgical techniques in control and intervention groups Number of hands Total number of
participants

Total number of
hands

Follow-up period(s)

Bhattacharya et al25 2004 United Kingdom Control: Conventional open release, 2.5 cm incision in line
with the ring finger

26 26 52 2 weeks

Intervention: KnifeLight - 1e1.5 cm incision made at the
distal edge of the flexor retinaculum

26

Castro-Menendez et al36 2016 Spain Control: Complete resection - longitudinal incision in line
with cubital edge of carpi radialis flexor

40 80 80 15 days, 1 month, 3
months, 1 year

Intervention: Z-Elongation of the transverse carpal
ligament, two parallel incisions 0.5 cm apart

40

Elsharif et al33 2014 United Kingdom Control: conventional open release, 2e3 cm palmar incision
over the heel of the hand

43 82 82 10 years

Intervention: KnifeLight - 0.5 cm palmar incision between
the middle of the wrist and the 3rd web space

39

Hamed et al39 2009 United Kingdom Control: Single incision - longitudinal straight incision along
the axis of the ring finger just ulnar to the thenar crease

21 40 40 6 weeks, 3 months, 6
months

Intervention: Double incision - 2e3 cm longitudinal incision
was made along the proximal palmar crease, with a second
incision at the distal wrist crease between the palmaris
longus and flexor carpi ulnaris tendons

19

Jugovac et al38 2002 Croatia Control: Traditional open technique - Eversmann technique 36 72 72 3 months
Intervention: Limited palmar incision - 2.5 cm incision
above the distal part of the transverse carpal ligament

36

Larsen et al34 2013 Denmark Control: Classic incision - 7 cm curved incision just ulnar to
the thenar crease

30 90 90 6 weeks, 24 weeks

Intervention 1: Short incision - 3cm incision in the midpalm
distal to the flexion crease of the wrist

30

Intervention 2: Endoscopic procedure - using the Linvatec
system

30

Wong et al26 2003 Hong Kong Control: Limited open carpal tunnel release (Lee and
Strickland)

30 30 60 2 weeks, 8 weeks, 6
months, 1 year

Intervention: Two-portal endoscopic release (Modified
from Chow)

30

Rojcharoenngam35 2020 Thailand Control: Standard open release - 5e6 cm skin incision 20 40 40 1 month
Intervention: Minimally invasive Wongsiri technique - 1.0
e1.5 cm incision

20

Dias et al37 2004 United Kingdom Control: Standard release of the flexor retinaculum 26 52 52 2 weeks, 6 weeks, 12
weeks, 25 weeksIntervention: Z-elongation of the retinaculum as described

by Simonetta (1977)22
26

Mackenzie et al21 2000 United States Control: 2.5 cm incision 14 26 36 4 weeks
Intervention: Endoscopic - 3M Agee system 22

Helm and Vaziri20 2003 United Kingdom Control: Conventional open release e 2e3 cm palmar
incision over the heel of the hand

43 82 82 6 weeks

Intervention: KnifeLight - 0.5 cm palmar incision between
the middle of the wrist and the 3rd web space

39

Vanni et al24 2015 Italy Control: 3 cm longitudinal incision from distal wrist crease
to third web space to the wrist

110 220 220 12 months

Intervention: Double tunnels technique - 0.6 cm
longitudinal skin incision from proximal wrist crease to
third finger web space; then, a 5mm incision is made where
the anebrachial fascia continued with the palmar fascia

110
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Figure 2. Risk of bias assessment for included studies. Assessment of selection, per-
formance, detection, attrition, reporting, and other biases present among included
studies. A high risk of bias is indicated by the minus sign, a low risk of bias is indicated
by the plus sign, and studies with an indeterminate risk of bias are indicated by the
question mark.

Figure 3. Funnel plot showing the pooled estimate from the meta-analysis and study
odds ratios (OR) against the standard error (SE). The shape of the funnel plot and lack
of funnel plot asymmetry indicate a lack of evidence of statistically significant publi-
cation bias.
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Figure 9 illustrates the prevalence of pillar pain during the early,
intermediate, late, and persistent time periods. The majority of
cases of pillar pain occurred during the intermediate period (6e12
weeks), and most cases resolved by 6 months.
Endoscopic CTR

There were four studies consisting of 102 patients in the inter-
vention group and 94 in the control group that investigated pillar
pain after endoscopic CTR. No statistically significant differencewas
found between the two groups (OR ¼ 0.84, 95% CI 0.33e2.11, I2 ¼
0%, P ¼ .71) (Fig. 10).

Flexor retinaculum lengthening

Two studies investigated pilar pain after flexor retinaculum
lengthening (both using Z-type lengthening). There were 66 pa-
tients in each of the intervention and control groups in these two
studies. There was no observed reduction in the incidence of pillar
pain after flexor retinaculum lengthening, as indicated by the OR
and P value (OR ¼ 1.00, 95% CI 0.14e7.33, I2 ¼ 0%, P ¼ 1.00) (Fig. 11).

Short incision

Two studies investigated pillar pain following short incision
with 66 patients in the intervention and control groups. The inci-
dence of pillar pain was decreased after short incision; however,
this failed to reach statistical significance (OR ¼ 0.41, 95% CI
0.15e1.08, I2 ¼ 0%; P ¼ .07) (Fig. 12).

Illuminated knife

Three studies investigated pillar pain after CTR using the illu-
minated knife technique (Knifelight®). There were 104 patients in
the intervention group and 112 in the control group. There was no
statistically significant reduction in pillar pain after CTR with the
illuminated knife technique (OR ¼ 0.18, 95% CI 0.02e1.92, I2 ¼ 68%,
P ¼ .16). An I2 statistic of 68% represents substantial heterogeneity,
and the P value from the chi-square test was 0.04, which confirms
statistical heterogeneity (Fig. 13).

Discussion

The results of our review demonstrate a decreased prevalence of
pillar pain after minimally invasive CTR compared to standard open
CTR across all specified follow-up periods (early, intermediate, late,
and persistent); however, this failed to reach statistical significance
in all cases except for the late follow-up period (between 3 and 6
months). Furthermore, we found no significant reduction in pillar
pain after endoscopic, flexor retinaculum lengthening, short inci-
sion, or illuminated knife techniques.

Although current strategies for the treatment of pillar pain include
hand therapy, anti-inflammatory injections, such as alpha-lipoic acid



Figure 4. Pillar pain 0e6 weeks after CTR. Forest plot illustrating the odds of pillar pain after minimally invasive versus standard open CTR between 0 and 6 weeks of follow-up.
There was no significant difference in pillar pain during this period (OR ¼ 0.87, 95% CI 0.50e1.52, I2 ¼ 0%, P ¼ .64). CI, confidence interval; df, degrees of freedom; M-H, Mantel-
Haenszel.

Figure 5. Pillar pain 6e12 weeks after CTR. Forest plot illustrating the odds of pillar pain after minimally invasive versus standard open CTR between 6 and 12 weeks of follow-up.
There was no significant difference in pillar pain during this period (OR ¼ 0.53, 95% CI 0.12e2.38, I2 ¼ 76%, P ¼ .39). CI, confidence interval; df, degrees of freedom; M-H, Mantel-
Haenszel.

Figure 6. Pillar pain 3e6 months after CTR. Forest plot illustrating the odds of pillar pain after minimally invasive versus standard open CTR between 3 and 6 months of follow-up.
There was a statistically significant decrease in pillar pain after minimally invasive CTR (OR ¼ 0.41, 95% CI 0.20e0.86, I2 ¼ 0%, P ¼ .02). CI, confidence interval; df, degrees of freedom;
M-H, Mantel-Haenszel.

Figure 7. Pillar pain 6 months after CTR. Forest plot illustrating the odds of pillar pain after minimally invasive versus standard open CTR at 6 months of follow-up. There was no
statistically significant difference in pillar pain at 6 months (OR ¼ 0.66, 95% CI 0.15e2.92, I2 ¼ 58%, P ¼ .59). CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel.
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Figure 8. Pillar pain >1 year after CTR. Forest plot illustrating the odds of pillar pain after minimally invasive versus standard open CTR after 1 year of follow-up. There was no
statistically significant difference in pillar pain after 1 year (OR ¼ 0.49, 95% CI 0.03e9.21, I2 ¼ 77%, P ¼ .64). CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel.

Figure 9. Pillar pain during the early, intermediate, late, and persistent time periods. Line graph illustrating the percentage of patients with pillar pain during each defined follow-
up period. The majority of cases of pillar pain occurred during the intermediate period (6-12 weeks), and most cases resolved by 6 months.

Figure 10. Pooled odds ratio of pillar pain after endoscopic CTR. Forest plot illustrating the odds of pillar pain after endoscopic CTR; the P value of 0.71 (OR ¼ 0.84, 95% CI 0.33e2.11)
indicates a lack of statistical significance. CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel.
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and extracorporeal shock wave therapy, our pooled results
demonstrate that the majority of cases of pillar pain arise before
three months and resolve 6 months postoperatively.15,17 There-
fore, our findings function to illustrate the natural history of
pillar pain (Fig. 9), suggesting that conservative symptomatic
treatment and patient education may be sufficient for this con-
dition that is often self-resolving.5 The statistically significant
decrease in pillar pain after minimally invasive CTR between 3
and 6 months suggests that standard open CTR may be associated
with an increased duration of pillar pain symptoms, as it is
generally accepted that most cases of pillar pain resolve by the
third postoperative month.5,40 Although minimally invasive
techniques may result in a faster resolution of pillar pain, the lack
of statistically significant pooled results at the other follow-up
periods (early, intermediate, and persistent) suggests that
minimally invasive CTR techniques do not affect either the initial
development of pillar pain before 3 months or the persistence of
pillar pain after 6 months.



Figure 11. Pooled odds ratio of pillar pain after CTR with Z-type flexor retinaculum lengthening. Forest plot illustrating the odds of pillar pain after CTR with flexor retinaculum
lengthening technique; the P value of 1.00 (OR ¼ 1.00, 95% CI 0.14e7.33) indicates a lack of statistical significance. CI, confidence interval; df, degrees of freedom; M-H, Mantel-
Haenszel.

Figure 12. Pooled odds ratio of pillar pain after CTR with short incision. Forest plot illustrating the odds of pillar pain after CTR with short incision; the P value of 0.07 (OR ¼ 0.41,
95% CI 0.15e1.08) indicates a lack of statistical significance.CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel.

Figure 13. Pooled odds ratio of pillar pain after CTR with illuminated knife technique. Forest plot illustrating the odds of pillar pain after illuminated knife technique; the P value of
0.16 (OR ¼ 0.18, 95% CI 0.02e1.92) indicates a lack of statistical significance. CI, confidence interval; df, degrees of freedom; M-H, ManteleHaenszel.
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Since its conception almost 90 years ago, standard open CTR has
been the most popular surgical technique for carpal tunnel
decompression.41 Important considerations include safety, efficacy,
cost, and availability; the primary aim of this review was not to
change the well-established surgical techniques currently in use.
Rather, we sought to gain deeper insights into the underlying cause
of pillar pain. Although the literature supports the use of anti-
inflammatory treatments of pillar pain suggesting an edematous
etiology underlying this postoperative complication, the lack of
significant reduction in pillar pain after endoscopic, flexor reti-
naculum lengthening, short incision, or illuminated knife tech-
niques can be interpreted as challenging this theory.15,17 In order to
understand this, it is important to consider the collective effect of
releasing the carpal tunnel while minimizing damage to sur-
rounding tissue. In addition to a shorter operative time and faster
wound healing, the endoscopic and illuminated knife techniques
avoid dividing the subcutaneous tissue and results in a smaller
scar.20,21,25,26,33e35 The flexor retinaculum lengthening techniques
minimize disruption by incompletely severing the transverse car-
pal ligament, and the short incision technique minimizes tissue
trauma by using a smaller incision site.34,36e38 These techniques
result in less postoperative edema due to smaller incision sites and
minimal disruption to local tissue. The lack of significant decrease
in postoperative pillar pain is supported by existing literature. A
2015 systematic meta-analysis of open versus endoscopic CTR also
found no reduction in pillar pain after endoscopic CTR, although
faster return to work and better recovery of grip strength was
associated with the endoscopic technique.42 Therefore, although
postoperative edema may have clinical significance regarding res-
olution of carpal tunnel symptoms and postoperative functional
benefits, the lack of a significant difference in pillar pain in these
techniques observed in our research suggests that postoperative
oedema is not solely responsible for pillar pain, therefore sug-
gesting an alternative or multifactorial theory of pillar pain.

A significant component of pillar pain is pain at rest (± pares-
thesia), which implies that there is a neurogenic component to the
pain, as supported by cadaveric evidence of free nerve endings in
the soft tissues of the palm.12 Although not included in the CTR
technique subgroup analysis, the surgical techniques that was
associated with the lowest incidence of pillar pain were the double
incision and double tunnels techniques. Hamed et al39 reported an
ORof 0.09 (95% CI 0.01e0.81) using the double incision technique at
6 months follow-up compared to the combined OR of 0.66 (95% CI
0.15e2.92, I2 ¼ 58%, P ¼ .59) in the analysis of minimally invasive
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techniques versus standard open CTR at 6 months follow-up. The
double incision technique leaves an intact bridge of the skin at the
base of the palm, theoretically reducing damage to the PCBMN.39

This suggests that there is a neurogenic element of pillar pain
that is effectively avoided with these PCBMN-sparing techniques,
supporting the popular theory that pillar pain is caused by damage
to the PCBMN.9,43 Additionally, in a sample size of 220 patients,
Vanni et al24 reported an odds ratio of 0.02 (95% CI 0.00e0.36)
using the double tunnels technique. No patients in the intervention
group had pillar pain at 12 months postoperatively compared to 19
in the control group.24 It is possible that pillar pain was effectively
prevented with the use of the double tunnels technique through a
mechanism similar to the double incisions technique, avoiding
damage to the PCBMN. As these studies represent techniques that
were not included in any other studies included in our review, it
was not feasible to perform subgroup analyses. However, such a
prevention in pillar pain would also be expected with the other
minimally invasive techniques, especially the illuminated knife
technique, and this is not consistent with our results. Nevertheless,
a neurogenic cause of pillar pain is supported by our time-
dependent analyses that illustrates a decrease in pillar pain prev-
alence after 3 months with most cases resolved after 6 and 12
months. This consistent with the expected natural history of
postoperative nerve damage; for instance, rodent studies investi-
gating damage of small peripheral nerves (including C nerve fibers)
demonstrate a regeneration period of approximately 3 months
with a plateau after 12 months.44,45 The persistence of pillar pain
after 12 months may reflect individual anatomical variants or
varying degrees of nerve transection. Further human research is
needed to better characterize and describe small nerve fiber injury
and repair after CTR, which may provide the basis for postoperative
interventions directly targeting neuroregeneration, such as
appropriate control of wound contraction with hand therapy,
including range of motion and nerve gliding exercises.46,47

In conjunction with the inherent methodological flaws con-
tained in the included RCTs, a significant limitation of our review
was the paucity of evidence surrounding pillar pain after CTR. It has
been found that P value-driven methods are underpowered to
detect publication bias, especially in reviews containing a small
number of studies such as this one.48 Despite the Egger’s test re-
sults (P¼ .67), the small number of included RCTs limited our ability
to conclusively estimate publication bias, and it is possible that
publication bias was under-estimated in our study. The limited
number of RCTs also prevented us from investigating surgical
techniques other than the four that were included in this review.
Due to the lack of a standardized definition of pillar pain, RCTs that
combined pillar pain with scar tenderness in their analyses had to
be excluded, further limiting the number of available studies.

Finally, the conclusions from this review are limited by the
heterogeneity among individual surgical techniques and in-
stitutions. Incision sizes ranged in both the standard open release
(4e7 cm) and short incision groups (2e3 cm), and incision location
and surgical techniques were not exactly standardized throughout
all studies. The endoscopic tools used included the 3M Agee, Lin-
vatec, and MiniSURE kit, which vary slightly in operative time and
technique.21,34,35 Dias et al37 followed the Simonetta technique for
Z-elongation, while Castro-Menendez et al36 reversed the Simo-
netta incisions by extending the radial incision to the distal edge of
the flexor retinaculum and the ulnar incision to the proximal edge.
Nevertheless, there was negligible statistical heterogeneity among
the subgroups of short incision, endoscopic, and flexor retinaculum
reconstruction techniques, with I2 statistics of 0% in all cases and
corresponding chi-square P values of >.05. Interestingly, the sub-
group associated with the highest level of statistical heterogeneity
was the illuminated technique group. Unlike the other three
subgroups, this group used the same device (the Knifelight® in-
strument) and operative technique in all cases. An I2 statistic of 68%
was observed associated with a chi-square P value of 0.04. Despite
carefully examining the full texts of Bhattacharya et al,25 Elsharif
et al,33 and Helm and Vaziri,20 the authors could not identify a clear
source of heterogeneity, noting that Elsharif et al33 is a follow-up of
the original study by Helm and Vaziri.20 Lastly, although moderate
heterogeneity was indicated by the I2 statistics of the combined
analyses, these were both associated with chi-square test P values
of >.05. It is likely that this reflects the inherent heterogeneity
arising from the differences among surgeons and institutions that
pervades surgical research.

Ultimately, our review does not support the utility of minimally
invasive techniques in preventing the development of pillar pain.
Although our findings suggest that standard open CTR may be
associated with an increased duration of pillar pain between 3 and
6 months postoperatively, our results suggest that minimally
invasive CTR techniques do not affect either the initial development
of pillar pain or the persistence of long-term pillar pain. Our results
also illustrate the natural history of pillar pain, with the majority of
cases resolving after 6 months. Our findings support a multifacto-
rial etiology of pillar pain, with possible neurogenic elements
arising from transection of small free nerve endings, highlighting
the utility of control of wound contraction through hand therapy to
promote nerve regeneration. The combination of a standardized
definition and greater awareness and reporting of pillar pain in
surgical trials is essential to furthering an understanding of the
underlying cause of pillar pain.
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