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Pain Neuroscience Education Following Arthroscopic Rotator Cuff
Repair for Patients With Rotator Cuff Tears

A Double-Blind Randomized Controlled Clinical Trial
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What Is Known

• Educational strategy addressing neurophysiology and
neurobiology of pain could have a positive effect on
pain, disability, catastrophizing, and kinesiophobia.
Therefore, emotional well-being and quality of life
may improve especially if combined with exercises in
patients with chronic pain.

What Is New

• Pain neuroscience education improves only psychologi-
cal aspects of the chronic pain in arthroscopic rotator
cuff repair (ARCR) rather than physical aspects. There-
fore, adding pain neuroscience education to the con-
ventional program might be useful to treat pain cata-
strophizing, anxiety, depression, and kinesiophobia in
patients with ARCR.
Objective: This trial examines the efficacy of the pain neuroscience
education on clinical outcomes in patients with arthroscopic rotator
cuff repair.
Design:A total of 36 participants undergoing arthroscopic rotator cuff
repair were assigned to either the experimental group (n = 18) or con-
trol group (n = 18) in this randomized study. A 6-wk-long conven-
tional physiotherapy programwas administered for both groups. In ad-
dition, a pain neuroscience education protocol was administered for
the experimental group for a whole period of 6 wks (1 session/week,
15–60 mins per session). The primary outcomes were to compare pre-
treatment and posttreatment scores of the experimental versus control
groups on the pain and disability. Our secondary outcomes included
the comparisons of scores on the catastrophizing, anxiety, depression,
kinesiophobia, and quality of life. The participants were assessed both
at baseline and posttreatment.
Results: The improvement in pain catastrophizing, anxiety, depression,
and kinesiophobia was greater in the experimental group (P < 0.05).
The improvement was similar in both groups in terms of the rest of out-
come measures.
Conclusions: This study showed that the pain neuroscience education
improved only psychological aspects of the chronic pain in arthro-
scopic rotator cuff repair. Therefore, adding pain neuroscience educa-
tion to the conventional program might be useful to improve pain cat-
astrophizing, anxiety, depression, and kinesiophobia in patients with
arthroscopic rotator cuff repair.
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R otator-cuff tear (RCT) is a common complaint of shoulder
pain and disability and one of the most common referrals

to physiotherapy clinics.1 Rotator-cuff tear reduces emotional
well-being, health-related quality of life, and retention to work
and increases the use of healthcare resources.2 Various treat-
ment options such as conservative and arthroscopic rotator cuff
repair (ARCR) referring beneficial results exist for the man-
agement of RCT.3 The rotator cuff has limited capabilities for
healing without repair, yet conservative management often
yields an acceptable outcome. As comparative evidence on
treating RCT is inconclusive, a combined management is ad-
vocated as the treatment modality to RCT.4

Successful postoperative management after ARCR is de-
pendent on several presurgical and postsurgical variables.5 A
number of studies have attempted to define those factors that
could be relied upon to predict outcomes after ARCR.6 There
is a consensus that favorable results depend not only on the se-
verity of the lesion or the number of degenerative changes but
also on biophysiological factors.5,6 Pain catastrophizing, pain-
related anxiety, depressive feelings, diminished self-efficacy,
and adverse life events are present to varying degrees in pa-
tients with ARCR.5,6 Patients frequently develop poor affective
and cognitive functions based on these factors. These
cognitive-affective changes are related to an increase in pain
catastrophizing, kinesiophobia, and disability.7

There is an ongoing body of research investigating the ef-
ficacy or effectiveness of the pain neuroscience education
(PNE) in different pathologies, making it a potential adjunct
treatment option.8 Pain neuroscience education is a treatment
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strategy that focuses on teaching patients about key contributing
factors in the generation of the experience of pain to influence
their beliefs and behavior.9 It consists of educational sessions de-
scribing the neurobiology and neurophysiology of chronic pain
and pain processing, with a particular focus on the role of the
central nervous system on chronic pain and deemphasizing ana-
tomical issues. It promotes the patients’ understanding of
chronic pain and changes maladaptive thoughts and cognitions,
which are important barriers to recovery.8 There is evidence that
an educational strategy addressing neurophysiology and neuro-
biology of pain could have a positive effect on pain, disability,
catastrophizing, and kinesiophobia. Therefore, emotional well-
being and quality of life may improve especially if combined
with exercises in patients with chronic pain.10

Considering these principles, the PNE seems to be a po-
tential action mechanism in patients with ARCR.11,12 There-
fore, we aimed to examine the efficacy of the PNE on clinical
outcomes in patients with ARCR. The primary outcomes were
to compare pretreatment and posttreatment scores of the exper-
imental versus control groups on the pain and disability. Our
secondary outcomes included the comparisons of scores on
the catastrophizing, anxiety, depression, kinesiophobia, and
quality of life. It was hypothesized that the PNE could be an ef-
fective approach for the intended features.

METHODS

Study Design
This double-blind, randomized, controlled clinical trial was

registered with the Clinical Trials Registry (NCT05277077).
The study protocol was approved by the local ethics committee
(2022/281). Patients were informed about the study and ob-
tained their written consent. The CONSORT guidelines were
followed (See Supplementary Checklist, http://links.lww.com/
PHM/C355).

Participants
The study population consisted of 36 patients with small

and medium-sized RCT, who admitted to the orthopedics and
traumatology outpatient clinic. All the patients were referred
to the physiotherapy clinic after ARCR.

The inclusion criteria were as follows: being 18–65 yrs
old; being diagnosed with an RCT not exceeding 3 cm based
on magnetic resonance imaging and clinical continuity tests;
history of ARCR; using a velpeau bandage up to postoperative
6th week, compliance to range of motion exercises including
pendulum exercises, passive flexion and abduction stretching,
and active cervical movements (completing the range of mo-
tion exercises with ≥80% compliance was an inclusion crite-
rion. The compliance rate was obtained using routine diaries),
and volunteering to participate in the study.13

Patients with diabetes mellitus; neurological problems;
cervical disc herniation; visual, verbal, and/or cognitive de-
fects; systemic inflammatory problems; trauma, contraindica-
tions for mobilization; former shoulder fractures and surgery;
a history of adhesive capsulitis; and traumatic shoulder insta-
bility; patients who were in ≥stage 3 on the Goutallier system;
and those who received a corticosteroid injection on the af-
fected side within 6 wks before diagnosis were excluded.13
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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Randomization
A simple computer-generated randomization was carried

out by a secretary who was not directly involved in the study.
The allocation was concealed using consecutive numbered,
sealed, and opaque envelopes. The participants were randomly
assigned to either the experimental group (conventional treat-
ment + PNE) or the control group (conventional treatment only).
Blinding
Given the nature of the study, it was not possible to blind

the physiotherapist to the interventions. The patients were in-
formed about the study being a comparison between two phys-
iotherapy treatments. At the end of the study, to evaluate
blinding, the blinded physiotherapist was asked whether each
patient was allocated to the experimental or to the control
group. Statistical analysis was also performed by a blinded re-
searcher. The researcher did not have the knowledge of the
groups (e.g., experimental group were assigned as group Y)
when statistical analysis performed.
Interventions
Conventional Treatment Methods

Seven-year experienced physiotherapist administered the
6-wk-long treatment program (a total of 30 sessions, 5 d/wk,
90 mins per session) for both groups. This program was de-
signed according to the current guideline.3 Progressive strength
and perturbation exercises were not included in our treatment
program as these exercises are recommended only for individ-
uals working in heavy jobs and athletes with frequent overhead
sportive activities. Conventional program was given in Table 1.

Pain Neuroscience Education
In addition to the conventional treatment, a PNE protocol

was administered for the experimental group for a whole period
of 6 wks (1 session/week, 15–60mins per session) by 3-yr expe-
rienced physiotherapist. The PNE sessions were conducted in
line with international guidelines and covered the neurophysiol-
ogy of pain (e.g., neuron and synapse), transition from acute to
chronic pain, the nervous system ability tomodulate the pain ex-
perience (e.g., descending nociceptive inhibition and facilita-
tion, peripheral sensitization, and central sensitization).8,14 The
PNE aimed to reconceptualize patients’ beliefs about pain, to in-
crease their knowledge of pain and to decrease its threat. The
theoretical information was complemented with pictures and di-
agrams based on previous procedures. A slide presentation
(PowerPoint, Microsoft Corp., Redmond, WA) prepared by the
instructor was used in all sessions. A booklet with the contents
of each session and containing a mixture of text, figures, and ac-
tivities to perform between sessions was developed for the study
purpose and given to participants. Time devoted to PNE de-
creased from session 1 (60 mins) to session 6 (15 mins). The
sessions were conducted in face-to-face, one-on-one sessions.
A detailed description of the PNE protocol is presented in the
study by Saracoglu et al. In addition to Saracoglu et al.’ program,
the 5th and 6th sessions continued as question and answers re-
lated to the former sessions.15 The PNE sessions were designed
according to the highlights shown in Table 2.
www.ajpmr.com 691
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TABLE 1. Conventional treatment program

First 3 wks of the Program Second 3 wks of the Program

Duration: The 90-mi-long training sessions were held 5 days per week,
and each exercise was performed in 3 sets of 10 repetitions.
A 1-min rest period was applied between sets and 2 mins
between different exercises.

Duration: The 90-min-long training sessions were held 5 days per week,
and each exercisewas performed in 3 sets of 10 repetitions. A 1-min rest
period was applied between sets and 2 mins between different exercises.

1. Cold-pack on the shoulder for 20 mins
2. 20 mins of Conventional TENS (60–120 Hz)
3. 3 mins of soft tissue massage for deltoid and biceps muscles
4. Scapula and glenohumeral joint mobilizations
5. Towel sliding and duster slide exercises on the wall in standing position
6. Wand-assisted bilateral shoulder elevation up to 120°
7. External rotation in increasing abduction angles
8. Internal rotation in abduction, horizontal adduction and functional
internal rotation exercises (hand dorsum on lumbar spine and
gradually higher)

9. Strengthening exercises in the supine and side lying positions
with the elbow in flexion (to shorten the lever-arm)

10. Finger ladder exercises
11. Activation of deltoid, rotator cuff, and scapular muscles at chest
level as the degree of active elevation increases

12. anterior elevation using an elastic band in the supine position
13. Strength training in “Full Can” (thumb up) position with 0.5 kg weight
14. Closed kinetic chain trainings in static quadrupedal position
15. Isometric exercises of the periscapular muscles, deltoid and trapezius
16. Posterior capsule stretching

1. Strength training using elastic band with the elbow in extension (long
lever-arm)

2. Arm elevation to keep the supraspinatus activation level below 50%
3. Rolling a ball on the wall
4. High-medium-low intensity scapular rowing
5. External rotation in prone and side lying positions holding a free weight
equal to 25% of maximal voluntary muscle contraction (calculation
based on the 1-maximum repetition of the unaffected side)

6. Internal rotation in prone and side lying positions holding the same
weight

7. Resistance training with the elastic band in throwing and forward
punching

Kararti et al. Volume 103, Number 8, August 2024
Outcome Measures
Demographic characteristics of the participants were re-

corded. While pain and disability were our primary outcomes,
catastrophizing, anxiety, depression, kinesiophobia, and quality
of life constituted our secondary outcomes. Visual analog scale
(VAS)16 was used to assess pretreatment and posttreatment pain
severity. Shoulder Pain and Disability Index17 and the Disabil-
ities of the Arm, Shoulder and Hand Questionnaire18 were used
to assess functionality. The participants were evaluated with the
following reliable, valid, and culturally adapted tests and tools in
terms of catastrophizing, anxiety, depression, kinesiophobia,
and quality of life: Pain Catastrophizing Scale,19 Hospital Anx-
iety and Depression Scale,20 Tampa-Scale of Kinesiophobia,21

and 12-Item Short-Form Health Survey.22 Measurements were
performed twice, before (postoperative 6th week) and after
TABLE 2. Highlights related to the PNE sessions

1 Pain is an output of the brain, %100 of the time.
2 Pain is a perception, and the brain regulates all experiences

of the pain.
3 Pain does not equal the amount of tissue damage.
4 The issue may not be in the tissue.
5 Your pain may be coming from a sensitive “alarm”

system, not from the body area that hurts.
6 Pain is influenced by multiple factors such as thoughts,

activity, stress, etc.
7 Acute pain serves a useful protective function to warn

of danger of injury.
8 Chronic pain results from a hypersensitive nervous system

and usually no longer warns of damage.
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(postoperative 12th week) 6-wk-long physiotherapy program
(conventional treatment + pain neuroscience education or con-
ventional treatment only).

Sample Size
With reference to Zhang et al. results of the VAS scores af-

ter 6 wks of treatment and using G*Power Software (Version
3.1.9.2, Düsseldorf University, Düsseldorf, Germany), the
minimum required sample size was calculated as 32 partici-
pants for the anticipated effect size of 0.44 with the probability
level of 0.05 and statistical power level of 80% [F test (analysis
of variance): repeated measures, between factors].23 Consider-
ing a dropout rate of 10%, 36 participants were recruited.
Statistical Analysis
The IBM® SPSS® Statistics for Windows software

(ver. 22.0; IBM Corp., NY) was used for statistical analysis.
Descriptive statistics were expressed as mean ± standard devi-
ation (mean ± SD) for continuous variables, and ratios (%) for
categorical variables. Basic parameters of the groups were
compared using independent samples t test and χ2 test.
Paired-sample t test was used to determinewithin-group differ-
ences before and after the treatment. Two-way repeated mea-
sures analysis of variance in mixed design [independent factor:
group (experimental vs. control group); repeated factor: time
(pretreatment vs. posttreatment)] was used to compare clinical
outcomes in terms of time-dependent variation and group*time
interactions. Partial eta square was calculated to classify effect
size (ηp2) [(ηp2 = 0.0099, small effect size), (ηp2 = 0.0588,
medium effect size), (ηp2 = 0.1379, large effect size)].24 The
Bonferroni post-hoc test was used for significant differences
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Participant characteristics. The experimental group
(conventional treatment + pain neuroscience education) vs the
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detected for time variation or group*time interaction. Statisti-
cal significance was set at P < 0.05.
control group (conventional treatment only)

Demographics
Experimental

(n = 18)
Control
(n = 18) P

Age (yrs) 49.9 ± 11.2 51.9 ± 8.7 0.55
Sex (female: male) 11: 7 10: 8 0.74
Body mass (kg) 79.1 ± 12.0 82.2 ± 11.2 0.43
Height (cm) 165.3 ± 8.2 165.7 ± 9.3 0.91
Body mass index (kg/m2) 29.1 ± 5.4 30.3 ± 6.3 0.56
Dominant side (right: left) 17: 1 16: 2 0.55
Injured side (right: left) 12: 6 13: 5 0.72
Anteroposterior tear size (mm) 17.3 ± 2.2 17.6 ± 1.8 0.68
Mediolateral tear size (mm) 12.4 ± 1.9 12.3 ± 2.4 0.94
Goutallier classification (1–4) 0.09
1 13 (72%) 8 (44%)
2 5 (28%) 10 (56%)
Education level 0.46
Primary school 10 (55%) 13 (72%)
Secondary school 3 (17%) 3 (17%)
High school 3 (17%) 2 (11%)
University 2 (11%) 0 (0%)

Mean ± SD values for the continuous variables. P values for differences in

means between groups calculated using independent t test or Mann-Whitney U

test based on normal distributions, and χ2 was used for categorical variables.
RESULTS
Thirty-six participants equally distributed between exper-

imental (49.9 ± 11.2 yrs, 11 females, 29.1 ± 5.4 kg/m2) and
control groups (51.9 ± 8.7 yrs, 10 females, 30.3 ± 6.3 kg/m2)
were recruited between April 2022 and November 2022. How-
ever, four participants, two from the experimental group and
two control, dropped out, and therefore equally distributed 32 par-
ticipants were included in the analysis. The study flowchart was
presented in Figure 1. All demographics were similar between
groups (Table 3). There was no difference between the groups
in terms of baseline clinical outcomes (P > 0.05, Table 4).

Comparison of the outcome measurements within (experi-
mental: Fig. 2, control: Figure 3) and between the groups (Fig. 4)
were shown in Table 4. There were significant within-group differ-
ences with large effect sizes for both experimental (all P < 0.001,
ηp2range = 0.51–0.81) and control groups (all P < 0.02, ηp2-
range = 0.51–0.81) in terms of pain and disability as primer outcome
measurements. However, pain and disability did not differ between
study groups (Prange = 0.10–0.85, ηp2range = 0.001–0.09).

Therewere significant within-group differenceswith large
effect sizes for the experimental group in terms of pain cata-
strophizing, anxiety, depression, and kinesiophobia as seconder
outcome measurements (all P < 0.01, ηp2range = 0.21–0.36),
while there was not any significant within-group differences
for the control group (Prange = 0.30–0.80). For the between
group difference in pain catastrophizing, anxiety, depression,
and kinesiophobia, the experimental group was significantly
better than control group with medium to large effect sizes
(Prange = 0.01–0.04, ηp2range = 0.13–0.20). Lastly, there were sig-
nificant within-group differences with large effect sizes
(P < 0.001, ηp2 = 0.51) for the experimental and control groups
in terms of the physical component of the quality of life, but no
between group difference (P = 0.16, ηp2 = 0.07). For the mental
component of the quality of life, there was no either within
(P = 0.98, ηp2 = 0.000) or between group (P = 0.93,
ηp2 = 0.000) difference.
FIGURE 1. The study flowchart and details of adherence to treatment.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer H
DISCUSSION
We conducted this randomized controlled trial to investi-

gate the efficacy of the PNE on clinical outcomes in patients
undergoing ARCR in order to provide evidence-based adjunct
intervention option for clinicians seeking to manage chronic
pain in RCT. We found that the PNE had no effect on pain
and disability. Although psychological clinical outcomes such
as pain catastrophizing, anxiety, depression, and kinesiophobia
were not at clinically meaningful levels in baseline assessment,
PNE still improved these outcomes significantly after interven-
tion. Similarly, physical component of the quality of life was
improved in both groups regardless of whether the PNE ap-
plied or not. Lastly, there was not any improvement in the men-
tal component of the quality of life in both groups.

Our findings revealed that PNE had no direct effect on
pain intensity and disability levels. These outcomes are in line
with previous studies that have reported unsatisfactory results
on the efficacy of PNE in directly reducing pain and functional
limitations.25–27 Ponce-Fuentes et al. conducted a randomized
clinical trial in 29 patients with ARCR to compare effective-
ness of the PNE versus biomedical education both in addition
to the standard exercise program.12 They found that either the
PNE or biomedical education is equally effective in improving
rest pain and disability, except for pain at movement in favor of
the PNE group.12 We found similar results as the PNE had no
effect on pain and disability as both groupswere improvedwith
large effect sizes regardless of whether the PNE applied or not.
The only difference was in pain intensity during activity, which
could be resulted from the content and difference of treatment
dosage between two studies as we applied five session instead
www.ajpmr.com 693
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FIGURE 2. Pretreatment and posttreatment comparison of the
outcome measurements for the experimental group (conventional
treatment + pain neuroscience education). DASH, Disabilities of the
Arm, Shoulder and Hand Questionnaire; SPADI, Shoulder Pain and
Disability Index; PCS, Pain Catastrophizing Scale; HADS, Hospital
Anxiety and Depression Scale; TSK, Tampa-Scale of Kinesiophobia;
SF-12, 12-Item Short-Form Health Survey. The boxes represent the
comparison of outcome measures before and after treatment for the
experimental group. Whiskers represent the partial eta square, which
was used to classify effect size (ηp2). The effect size was classified as small
(ηp2 = 0.0099), medium (ηp2 = 0.0588), and large (ηp2 = 0.1379).

FIGURE 3. Pretreatment and posttreatment comparison of the
outcome measurements for the control group (conventional treatment
only). DASH, Disabilities of the Arm, Shoulder and Hand Questionnaire;
SPADI, Shoulder Pain and Disability Index; PCS, Pain Catastrophizing
Scale; HADS, Hospital Anxiety and Depression Scale; TSK, Tampa-Scale
of Kinesiophobia; SF-12, 12-Item Short-Form Health Survey. The boxes
represent the comparison of outcome measures before and after
treatment for the control group. Whiskers represent the partial eta
square, which was used to classify effect size (ηp2). The effect size was
classified as small (ηp2 = 0.0099), medium (ηp2 = 0.0588), and large
(ηp2 = 0.1379).
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of three and our program also included TENS and cold pack.
Kim and Lee also investigated the effects of additional PNE
on a rehabilitation protocol in 34 patients after ARCR.11 Their
rehabilitation protocolwas shorter than our study but very sim-
ilar (five times a week, for 4 wks, 115 mins per session includ-
ing physical agents, manual therapy, and exercises).11 They
also did not find any improvement in pain and disability.11 An-
other study investigated the effect of PNE versus usual preop-
erative education for 120 patients about to undergo total knee
arthroplasty.14 Similar to our findings, there was not any im-
provement in physical aspects of the chronic pain. The lack
of significant change in pain and disability could be attributed
to the multifactorial structure of chronic pain, which involves
various underlying mechanisms and patient-specific factors.
The pain intensity is linked to behavioral, psychological, and
social factors. It is important to individualize explanations of
these factors to the patient’s context in patients with ARCR,
as their influence could vary. We did not measure the preoper-
ative pain scores of the participants. Because ARCR was the
main treatment for the patients, a significant reduction in post-
operative pain could be expected regardless of the group. The
absence of differences between the treatment and control
groups may be explained by this fact. Furthermore, the use of
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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a unidimensional scale such as VAS for pain assessment in-
stead of multidimensional pain assessment tools allowed for
a biological assessment of pain. Multidimensional instruments
could enhance the power and comprehensiveness of the analy-
sis in terms of other domains of the pain.Moreover, PNEmight
require more extended or targeted interventions to have a pro-
nounced effect on pain and disability outcomes.

We found that the adding a PNE training to the treatment
program had no superior effect on quality of life subgroups, in-
cluding physical and mental components measured by SF-12
compared to the conventional treatment solely. Current results
seem consistent with the literature. It was suggested that the
PNE does not improve the quality of life in patients with
ARCR.12 Physical component of the quality of life was im-
proved in both groups regardless of whether the PNE applied
or not, but this improvement was not detectable in terms of
between-group comparison in our study. This could be attrib-
uted to factors beyond the specific intervention, such as the
natural course of chronic pain conditions, changes in lifestyle
or activity levels, or the influence of other nonspecific thera-
peutic effects. There was no significant improvement in the
mental component of the SF-12 in either the experimental or
control group. This finding is consistent with previous study
www.ajpmr.com 695
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FIGURE 4. Between-group comparison of the outcome measurements.
The experimental group (conventional treatment + pain neuroscience
education) versus the control group (conventional treatment only).
DASH, Disabilities of the Arm, Shoulder and HandQuestionnaire; SPADI,
Shoulder Pain and Disability Index; PCS, Pain Catastrophizing Scale;
HADS, Hospital Anxiety and Depression Scale; TSK, Tampa-Scale of
Kinesiophobia; SF-12, 12-Item Short-Form Health Survey. The boxes
represent the comparison of outcome measures before and after
treatment for the between-group differences. Whiskers represent the
partial eta square, which was used to classify effect size (ηp2). The effect
size was classified as small (ηp2 = 0.0099), medium (ηp2 = 0.0588), and
large (ηp2 = 0.1379).
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suggesting that mental well-being may be more resistant to
change with interventions, including PNE.12 Addressing men-
tal health aspects in chronic pain management often requires a
comprehensive and multimodal approach that integrates vari-
ous therapeutic modalities, including psychotherapy and
mindfulness-based interventions.12

The implementation of PNE in patients undergoing ARCR
has shown promising results, particularly in terms of pain cata-
strophizing, anxiety, depression, and kinesiophobia. In terms
of psychological aspects of the chronic pain, our results were
contradictory to other controlled trials,8,10 but in line with sys-
tematic review study conducted by Siddall et al.28 Their findings
suggest that combining PNE and exercise in the management of
chronic musculoskeletal pain results in greater short-term im-
provements in kinesiophobia and pain catastrophizing relative
to exercise alone.28 However, Louw et al. reported no difference
in pain catastrophizing, but there was a detectable improvement
in kinesiophobia for patients about to undergo total knee
arthroplasty.14 Similarly, another study reported that PNE in
addition to a rehabilitation protocol did not improve pain cata-
strophizing and kinesiophobia (TSK harm and TSK total), ex-
cept the TSK avoidance showed a significant difference be-
tween groups in patients with ARCR.11 Although the study
by Louw et al. had a very different setting, the one by Kim
696 www.ajpmr.com
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and Lee had a very similar setting to this study. The main dif-
ferencewas the duration of the treatment. However, in contrast,
our findings were completely different as we found that the
PNE improved pain catastrophizing, anxiety, depression, and
total kinesiophobia score with medium to large effect sizes,
and conventional treatment alone had no effect on any of these
outcomes. Characteristics of the participants between two stud-
ies were also very similar, except body mass index and surgery
procedure.11 However, there is no clear explanation whether
body mass index could explain this difference. In addition to
this, we excluded the participants undergoing capsular release
and biceps tenodesis from the study protocol. They also re-
ported that either PNE or biomedical education is equally ef-
fective in improving pain catastrophizing and kinesiophobia
in patients with ARCR, which contradict to our results.12 How-
ever, their control group included a general biomedical educa-
tion, which might explain the difference from our study. Be-
cause our control group was conventional treatment alone
and they might decrease the effect of the PNE with another ed-
ucation in the control group. On the other hand, the results
from systematic reviews were similar to our findings showing
positive effect of the PNE in psychological aspects of the
chronic pain in the musculoskeletal disorders.1,8,10 By address-
ing maladaptive beliefs, negative cognitive patterns, and fear-
avoidance behaviors associated with pain, PNE can facilitate
patients to develop healthier coping strategies and improve
their emotional well-being. The observed improvements in
these domains are important, as psychological factors play a
critical role in the overall experience of chronic pain and its
management. Therefore, adding a PNE session to a traditional
rehabilitation program might be useful to improve pain cata-
strophizing, anxiety, depression, and kinesiophobia.

One of the possible limitations was that we did not specif-
ically measure the health literacy level.29 Pain neuroscience ed-
ucation is a health-related education and might require high ed-
ucation level. However, it was reported that it had no clinical
meaningful differences in effectiveness of PNE in terms of ed-
ucation level.30 Pain neuroscience education was effective on
psychological aspects, although general education level was
similar and low (>50% primary school, <12% university) be-
tween groups. On the basis of aforementioned study and partic-
ipants’ low educational status, it seems that PNE is effective in
improving several aspects of chronic pain regardless of educa-
tional status and health literacy. The main limitation was the
absence of long-term follow-up, which should be addressed.

CONCLUSIONS
In conclusion, this trial showed that the PNE improved

only psychological aspects of the chronic pain in ARCR rather
than physical aspects. Thus, the PNE could be a useful adjunct
intervention option to improve pain catastrophizing, anxiety,
depression, and kinesiophobia in patients with ARCR. There-
fore, we suggest adding PNE to a traditional treatment protocol
for clinicians seeking to manage chronic pain in patient
with ARCR.
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