Deguchi et al. BMC Musculoskeletal Disorders
https://doi.org/10.1186/s12891-019-2913-5

(2019) 20:516

RESEARCH ARTICLE

Open Access

Effects of pain neuroscience education in
hospitalized patients with high tibial
osteotomy: a quasi-experimental study
using propensity score matching
Naoki Deguchi1,2* , Yoshiyuki Hirakawa3, Shota Izawa1, Kazuhito Yokoyama1, Keito Muraki1, Ryouiti Oshibuti1 and
Yasuki Higaki4,5

Abstract
Background: Pain neuroscience education (PNE) has been shown to reduce pain or psychological symptoms in
patients with chronic pain and preoperative knee osteoarthritis; however, the evidence of its effectiveness in
hospitalized patients who have undergone high tibial osteotomy (HTO) is unknown. This study was performed to
determine whether the implementation of a newly developed hospital-time PNE provided by physical therapists
to patients after HTO can result in meaningful improvements.
Methods: In total, 119 patients aged ≥45 years with knee osteoarthritis who were scheduled to undergo HTO
were analyzed. Patients with a low Pain Catastrophizing Scale (PCS) score of < 21 were excluded. The patients were
classified into two groups: those who underwent a combination of PNE and rehabilitation (intervention group, n =
67) and those who underwent rehabilitation only (control group, n = 52). The patients were pseudo-randomized by
their baseline demographic factors using a propensity score-matching method. The PNE was based on a
psychosocial model and began 1 week postoperatively in a group setting; five 1-h weekly sessions were conducted.
The primary outcome was the walking pain score as measured by a numerical rating scale. The secondary
outcomes were the pain catastrophizing scores as measured by the PCS, self-efficacy as measured by the Pain SelfEfficacy Questionnaire, and physical function. Measurements were taken at baseline (before surgery) and before
discharge from the hospital (5 weeks postoperatively) to identify any intervention effects.
Results: After propensity score matching, 52 pairs of patients were extracted. In the intervention group, 46 (88.5%)
patients completed the PNE. In total, 44 patients in the intervention group and 52 patients in the control group
were analyzed. Five weeks following surgery, the rehabilitation itself had also significantly decreased
catastrophizing, and the difference between the two groups had only a small effect size (d = 0.44).
Conclusions: These findings provide preliminary evidence that physical therapist-delivered PNE during
hospitalization may help to at least slightly reduce pain catastrophizing in patients with catastrophizing prior to
knee arthroplasty.
Trial registration: This trial was retrospectively registered with ClinicalTrials.gov (UMIN000037114) on 19 June 2019.
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Background
Knee osteoarthritis (KOA) is a widespread chronic condition and one of the most common causes of musculoskeletal disability among all high-risk health problems
[1]. The prevalence of KOA estimated by radiographic in
Japan is 54.6% (42.0% male, 61.5% female) [2]. KOA is
associated with disrupted sleep, depression, increased
sedentary behavior, less physical activity, obesity, and
polypharmacy, all of which decrease patients’ quality of
life [3]. Therefore, because of the chronicity and complexity of KOA, effective treatment is necessary at all
stages of the condition to manage affected patients’ quality of life.
Surgical treatments such as knee arthroplasty or high
tibial osteotomy (HTO) for patients with severe KOA
are commonly performed, and HTO is performed in
younger patients than is knee arthroplasty [4]. A higher
demand for surgical treatment by patients aged < 65
years is expected by the year 2030, which would represent a 17-fold growth rate from 2006 [5]. Therefore, the
demand for HTO by young patients is expected to
increase.
A study of 4400 patients who underwent knee arthroplasty showed that 35% had unexplained chronic pain
15 years following surgery [6]. Another study showed
that 20% of patients had persistent function-limiting
pain ≥6 months following knee arthroplasty despite an
apparently normally functioning prosthesis [7]. Countermeasures against chronic pain are necessary after
surgery for KOA.
The intensity of acute postoperative pain or the
impairments caused by pain catastrophizing among patients who have undergone knee arthroplasty is associated with a risk of developing a chronic pain state and
poor outcomes [8, 9]. Pain catastrophizing is the most
consistent and powerful psychological predictor of acute
postsurgical pain following knee arthroplasty [10]. Chan
et al. [11] reported that despite usual postoperative care
during hospitalization, many patients experienced significant pain, and they received inadequate information
at discharge to effectively self-manage their postoperative knee pain. This indicates that non-pharmacologic
therapy for KOA in patients with a high tendency to
engage in postoperative pain catastrophizing requires
education regarding the reduction of pain catastrophizing and information to manage pain.
In a comparison of the effects of patient education according to the contents of the education program, pain
neuroscience education (PNE) provided a significantly
better understanding of the neurophysiology of pain and
a reduction of pain catastrophizing compared with
pacing and self-management education [12]. Additionally, other systematic reviews and meta-analyses [13–15]
showed that PNE appears to be effective in reducing
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pain, disability, and psychosocial factors; improving patient knowledge of pain; and minimizing healthcare
utilization. However, PNE has not been proposed as a
stand-alone treatment.
This study was performed to evaluate the effectiveness
of a hospital-time PNE intervention combined with
physical therapist-prescribed rehabilitation in patients
undergoing HTO with respect to improvements in pain
and pain-related psychological and physical function.
Our hypothesis was that the intervention would result in
an improvement in pain-related psychological factors at
discharge (5 weeks postoperatively) compared with rehabilitation alone.

Methods
Study design

We performed this quasi-experimental study using data
from two independent cohorts (one that received rehabilitation alone and one that received PNE combined
with rehabilitation) at Fukuoka Rehabilitation Hospital,
Nishi-ku, Fukuoka-shi Fukuoka, Japan from April 2014
to January 2018. The patients who underwent PNE combined with rehabilitation were recruited from 2016, and
the patients who underwent rehabilitation alone were
recruited from 2014 to 2016 retrospectively. We considered the possibility of bias in that the baseline characteristics (e.g., baseline demographics and other covariates)
of the participants were more favorable than those of
nonparticipants [16]. Thus, we applied propensity score
matching to select a portion of nonparticipants with
baseline characteristics similar to those of the participants and compared the treatment outcomes between
the groups.
Patients

The participants had already consented to undergo
open-wedge HTO 2 to 4 weeks prior to their scheduled
surgery.
Patients were eligible to participate if they (1) were
able to read and speak Japanese and provided informed
consent, (2) were ≥ 45 years old, (3) had a diagnosis of
osteoarthritis as determined by their orthopedic surgeons, and (4) were scheduled for primary (not revision)
unilateral open-wedge HTO.
Patients were excluded from the study if they (1) were
scheduled for revision arthroplasty surgery; (2) were unable to or declined to provide consent for study participation; (3) had a self-reported diagnosis of inflammatory
arthritis (i.e., rheumatoid arthritis, systemic lupus erythematosus, or ankylosing spondylitis); (4) had neurological
or psychological disease; (5) were scheduled to undergo
HTO because of a fracture, malignancy, or infection; (6)
were scheduled for bilateral HTO; (7) were scheduled
for unilateral arthroplasty; (8) reported plans to undergo
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hip or knee arthroplasty within 6 months after the current
HTO; or (9) had a Pain Catastrophizing Scale (PCS) score
of < 21. A previous study showed that patients with a PCS
of < 21 had low catastrophization tendency [17].
Sample size calculation

The minimal clinically important difference (MCID) of
walking pain is reportedly ≥2 points when assessing pain
using a numerical rating scale (NRS) [18]. We used a twosided, two-group t-test of differences in means with alpha
set at 0.05 and assumed that the intervention difference
minus the control difference was an NRS score of ≥2
points for walking pain. The standard deviation used was
2.5 as shown in the pilot study [19]. We calculated that we
needed a sample size of 33 in each group (total of 66) for
a power of 80% to detect such a difference. A dropout rate
of 30% was expected. In addition, analysis by the propensity score matching method may exclude a large number
of patients; we assumed a 20% exclusion rate, and 99 patients in total were therefore recruited.
Intervention and control groups

Patients in the intervention group (PNE combined with rehabilitation) underwent treatment from June 2016 to January 2018, and patients in the control group (rehabilitation
alone) underwent treatment from April 2014 to May 2016.
Rehabilitation

Patients in the control group underwent postoperative
usual rehabilitation performed by physical therapists and
occupational therapists. This was started the day after surgery and was performed six times a week. Full weight bearing on the operative side was not performed until 2 weeks
after surgery, at which point patients bore weight according
to their pain severity. Additionally, analgesic nonsteroidal
anti-inflammatory drugs were taken three times a day from
the day after surgery, and the dosage was decreased from 3
weeks postoperatively according to the pain severity.
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PNE

The biopsychosocial model-based PNE used in the
present study was a physical therapist-led education program that comprised a lecture and practice and was
developed based on the following factors described in
previous studies [20–22]: physiological impairments
(pain and muscle weakness), personal factors (knowledge, health beliefs, self-efficacy, and stress management), and behaviors during daily activities (avoidance
of movement or exercise, eating and sleeping habits, and
goal setting) (Table 1). Our PNE consisted of five individual sessions using a booklet that was designed to be
completed during the hospitalization period. Each session was approximately 60 min in length. The first
session was delivered approximately 1 week after the operation, and the subsequent four sessions were delivered
within 5 weeks after the operation. The PNE was delivered by three physical therapists (two in session 1 only,
one in sessions 2–5 only) with > 10 years of experience
in treating patients undergoing HTO. The physical therapists who provided sessions 2 to 5 participated in a 2day training program delivered by doctors, psychologists,
and physical therapists specialized in cognitive behavioral therapy and pain management.
The goal of the introduction to PNE was to have patients understand the states within the cycle of chronic
pain induced by predisposing psychological factors, such
as negative affectivity, negative appraisal, or anxiety
sensitivity, in addition to the actual nociceptive pain
associated with surgery. The patients were given an explanation regarding the transition of postoperative pain
and the flow of rehabilitation, including PNE, to avoid
increased anxiety regarding postoperative pain. Goal setting involved the development of explicit, reasonable,
objective, and patient-centered goals.
The aim of the KOA-associated pain session was to provide patients with an understanding of how nerves are
viewed as an alarm system that moves information from

Table 1 Pain neuroscience education content
Session/time

Lecture

Practice

1. Purpose of the education

• Fear avoidance model

• Goal setting

1 week postoperatively
2. Pain in knee osteoarthritis
2–5 weeks postoperativelya
3. Pain and sleep
2–5 weeks postoperativelya
4. Pain and lifestyle
2–5 weeks postoperativelya
5. Self-management
2–5 weeks postoperativelya
a

Attend at random

• Rehabilitation and education schedule
• Biological psychology model

• Cognitive restructuring

• Descending inhibitory pathways
• Sleep hygiene education

• Mindfulness

• Descending pain modulatory systems

• Distraction

• Pain and inactivity

• Activity pacing

• Effects of nutrition on inflammation
• Social cognitive theory
• Willpower and brain

• Decisional balance
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the tissues to the brain. This session explained the biology
and physiology of nerves to the patients. A key element
was to explain that pain may be a result of not only injured tissue but also (and likely more so) increased nerve
sensitivity. The patients practiced cognitive restructuring,
in which they brainstormed to identify and alter maladaptive thoughts and emotions related to their pain.
The aim of the pain and sleep session was to help
patients understand that a decrease in descending inhibitory pathway pain by lack of pain knowledge, sleep, and
medication adherence contributes to increased subjective pain sensitivity and increased spinal nociception.
Mindful breathing and visual imaging were each practiced once as relaxation techniques.
The goal of the pain and lifestyle session was to provide patients with an understanding that a correct lifestyle greatly affects pain. Patients were given information
on how nutrition affects inflammation and how pain and
psychological disability influence sedentary behavior and
moderate physical activity. Activity pacing involved
strategies such as reducing the speed of activities, taking
breaks, maintaining a consistent pace, and separating
tasks into manageable components.
Finally, the aim of the self-management session was to
help patients anticipate barriers to change and make
plans to overcome those barriers. This session explained
that successful long-term self-management requires motivation, and patients were lectured on social cognitive
theory, transtheoretical models, and willpower based on
neurophysiology and psychology. Decisional balance in
this session involved weighing the perceived advantages
and disadvantages of adherence to medication and diet
management and exercise by brainstorming.
Outcomes

The primary and secondary outcomes were valid and reliable self-reported measures of pain and pain-related
psychological factors recommended by the European
League Against Rheumatism [23]. These outcomes were
evaluated before the operation (baseline) and 5 weeks
after the operation (follow-up).
Primary outcomes

The primary outcomes were pain at rest and while walking as measured with an NRS using terminal descriptors
of “no pain” (score of 0) and “worst pain possible” (score
of 10) [24, 25] and an MCID of 2.0 units [17].
Secondary outcomes

The secondary outcomes were psychological factors and
physical function.
Pain catastrophizing was measured using the PCS [26, 27]
(score of 0–52, with higher scores indicating greater
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catastrophizing), and self-efficacy for pain was measured
using the Pain Self-Efficacy Questionnaire (PSEQ) [28, 29]
(score of 0–60, with higher scores indicating greater selfefficacy). Strength was assessed by measuring the isometric
knee extension strength at 90° knee flexion in a sitting position using a dynamometer (μTas F-1; ANIMA Corporation,
Tokyo, Japan). After a single, submaximal warm-up trial, the
patients performed three trials of 5-s duration each, separated by 15 s of rest. The maximum force output (kgf) from
the three trials (corrected for gravitational weight of the limb
as appropriate) was recorded and converted to torque (Nm)
by multiplying by and then normalizing to body mass (kgf/
kg) [30]. Walking speed was assessed by the 10-m walking
test, which was performed twice; in this test, the patients
were instructed to walk at their preferred speed over a length
of 15 m. Time was started at 2.5 m and stopped at 12.5 m,
resulting in a steady-state measurement over 10 m [31]. Time
was measured using a hand-held stopwatch, and the shortest
time was used for the analysis. Demographic data comprised
age and sex, health-related data comprised complications
and body mass index, and disease-related data comprised the
symptom duration, radiation severity, history of other knee
operations, hospitalization season, and hospital stay.
Statistical analysis
Propensity score matching

Propensity score matching entails the formation of
matched sets of treated and untreated subjects who share
similar propensity scores [32]. The most common implementation of propensity score matching is one-to-one or
pair matching, in which pairs of treated and untreated
subjects are formed such that matched subjects have similar propensity scores [33]. In this study, propensity scores
were calculated using age, sex, complications, body mass
index, symptom duration, and radiation severity as
preoperative factors. The one-to-one nearest-neighbor
matching method was applied; in this method, control patients with propensity scores most closely approximating
those of patients in the intervention group were selected.
Outcome analysis

Analyses were performed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). Two-sided hypothesis tests
were used, and a P value of < 0.05 was considered statistically significant. A modified intention-to-treat analysis
was performed to define all participants who had baseline
measurements and underwent at least one PNE session.
The missing baseline data estimates from 25 imputed data
sets were combined using Rubin’s rules [34]. Descriptive
statistics were used to describe the baseline characteristics
of the patients in each group. All data were tested for normality using the Shapiro–Wilk W test. Student’s t test or
the Mann–Whitney U test (for continuous variables) and
the χ2 test or Fisher’s exact test (for categorical variables)
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were applied to identify any baseline differences between
the groups. Within-group differences from baseline at
each follow-up time point were summarized using the adjusted mean change, and 95% confidence intervals were
examined for each variable using analysis of covariance
measurements adjusted for baseline scores. Cohen’s d effect size to describe the magnitude of the treatment effect
was as follows: small, 0.20 to < 0.50; medium, 0.50 to <
0.80; and large, ≥0.80 [35].
The proportion of patients in each group who attained
the MCID for the primary outcomes (reduction of 2.0
units for pain) was calculated. Based on the perceived
global change overall and in pain, patients who reported
a > 2.0-unit reduction of the MCID were classified as

Fig. 1 Study Protocol
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improved, and those who reported a lesser reduction
were classified as not improved. Differences within both
groups at baseline and follow-up were evaluated with
the χ2 test, and relative risk was analyzed. A sensitivity
analysis was performed and included patients who did
not participate in PNE.

Results
Characteristics of the study sample

Figure 1 shows the study flowchart. Of the 266 screened
patients who underwent HTO, 197 (74.0%) patients were
eligible and agreed to enroll in this study. Of these 197
patients, 119 (60.4%) had a PCS score of ≥21 and thus
qualified for the current study. These patients were then
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significant differences in age and complications before
study enrollment between the two groups, but no significant differences were present after adjustment.

pseudo-randomized into each group by a propensity scorematching analysis, resulting in 52 patients in the intervention group and 52 patients in the control group. Eight
patients in the intervention group were excluded from the
analysis (two because of > 50% data loss by the week 5 assessment, and six because of lack of attendance at the PNE
sessions during the study period). Table 2 shows the baseline demographics and knee symptom characteristics of the
patients in the intervention and control groups before and
after the propensity score-matching analysis. There were

Comparison between intervention group and control group

The PNE intervention time was 4.2 ± 1.0 h. The length
of stay in the surgery ward was not significantly different
between the intervention group (42 [36–48] days) and
control group (39 [36–45] days). Table 3 summarizes
the results of the before-and-after comparison. The NRS

Table 2 Baseline descriptive characteristics before and after propensity score matching
Control

Intervention
Unadjusted

(n = 52)

Adjusted
P value

(n = 67)

P value

(n = 52)

Mean (SD) age, years

63.7

(8.6)

67.0

(8.3)

0.042

66.2

(8.0)

0.146

Female, n (%)

32

(67)

46

(75)

0.393

37

(77)

0.364

Mean (SD) height, cm

158.4

(9.2)

157.4

(7.4)

0.549

157.4

(6.5)

0.552

Mean (SD) weight, kg

65.9

(13.1)

61.7

(10.7)

0.069

62.0

(11.0)

0.117

Mean (SD) BMI, kg/m2

26.1

(3.9)

24.8

(3.4)

0.072

24.9

(3.6)

0.127

< 3 mo

36

(69)

43

(64.2)

0.415

33

(63.5)

0.678

3–6 mo

4

(8)

3

(4.5)

3

(5.8)

Symptom duration, n (%)

6–1 y

4

(8)

3

(4.5)

3

(5.8)

>1 y

8

(15)

18

(26.9)

13

(25.0)

15

(29)

17

(25)

9

(17)

Complications, n (%)
Diabetes

0.683

0.244

Hypertension

28

(54)

29

(43)

0.272

24

(46)

0.557

Varicose veins

10

(19)

25

(37)

0.042

17

(33)

0.179

11

(21)

26

(39)

20

(38.5)

Radiation severity, n (%)
Operative side
Kellgren–Lawrence grade
II

0.113

0.148

III

27

(52)

25

(37)

20

(38.5)

IV IV

14

(27)

16

(24)

12

(23)

Nonoperative side Nonoperative side

0.662

0.563

Kellgren–Lawrence grade Kellgren–Lawrence grade
Non-KOA
II

31

(59.6)

33

(49.3)

26 (50)

2

(3.8)

2

(3.0)

1 (2)

III

2

(3.8)

7

(10.4)

4 (8)

IV

1

(1.9)

2

(3.0)

0 (0)

16

(30.8)

23

(34.3)

21 (40)

3–5

16

(31)

12

(18)

6–8

12

(23)

24

(36)

Postoperatively
Hospitalization month, n (%)

0.311

11

(21)

17

(33)

9–11

16

(31)

21

(31)

17

(33)

12–2

8

(15)

10

(15)

7

(13)

SD standard deviation, BMI body mass index, KOA knee osteoarthritis

0.587
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Table 3 Comparison of baseline and follow-up outcomes in each group
Outcomes

(n)

P value

Intervention
Baseline

Follow-up

(n)

P value

Control
Baseline

Follow-up

Primary (NRS score; 0–10)
Pain at rest

44

2.0 (2.6)

1.1 (1.3)

0.033

52

1.9 (2.3)

0.8 (1.2)

0.001

Pain during walking

42

4.7 (2.3)

2.2 (1.4)

< 0.001

47

4.2 (2.8)

2.6 (2.1)

0.003

PCS score (0–52)

42

30.3 (6.5)

16.9 (9.7)

< 0.001

48

30.8 (7.7)

20.7 (8.4)

< 0.001

PSEQ score (0–60)

42

37.6 (10.6)

43.4 (10.2)

0.005

48

36.3 (11.1)

38.7 (12.8)

0.215

Operative side

37

0.25 (0.09)

0.22 (0.10)

0.071

48

0.30 (0.14)

0.30 (0.13)

0.827

Nonoperative side

37

0.31 (0.09)

0.35 (0.11)

0.015

44

0.30 (0.14)

0.33 (0.14)

0.126

10-m walking test (s)

35

8.9 (3.2)

9.6 (2.4)

0.186

47

9.1 (3.3)

10.5 (7.6)

0.135

Secondary

Knee extension (kgf/kg)

Data are presented as mean (standard deviation). Baseline: preoperative, Follow-up: 5 weeks postoperatively, NRS numerical rating scale, PCS Pain Catastrophizing
Scale, PSEQ Pain Self-Efficacy Questionnaire

and PCS scores showed significant improvement in both
groups. Additionally, the intervention group showed significantly greater improvement in the PSEQ score and
knee extension strength (nonoperative side) among the
secondary outcomes, but showed no significant differences in the other secondary outcomes. Table 4 shows
the changes between the groups. The differences in the
baseline-adjusted discharge NRS pain scores at rest and
walking between the two groups were as follows. The
intervention group showed a mean improvement of −
1.0 (standard deviation [SD] = 0.9) and − 2.1 (SD = 1.6)
points, while patients in the control group showed a
mean improvement of − 1.1 (SD = 1.0) and − 1.9 (SD =
1.7) points. These differences were not significant at p =
0.47 and 0.46, respectively. Additionally, a significant
proportion of participants in both groups did not exceed
the MCID at both time points (Table 5). The intervention group showed a mean improvement in the PCS

score of 13.7 (SD = 8.6) points, while the control group
showed a mean improvement of 9.9 (SD = 8.7) points.
This difference of 3.8 PCS points between the two
groups was significant at p = 0.036 (d = 0.44). However,
the PSEQ score and motor function among the secondary outcomes showed no significant differences between
the two groups. In addition, the effectiveness of the PCS
and PSEQ decreased in the sensitivity analysis (Table 6).

Discussion
Five weeks of postoperative education on the neuroscience of pain along with rehabilitation improved patients’
pain catastrophizing compared with patients who underwent rehabilitation only. To the best of our knowledge,
this is the first study to show that a combination of postoperative rehabilitation and PNE can contribute to improvements in patients’ catastrophizing, which is a risk
factor for chronic pain after HTO.

Table 4 Comparison of baseline and follow-up outcomes between groupsa
Difference in change between groupsa

Follow-up to baseline
Intervention

Control

Mean (95% CI)

P value

Cohen’s d

Pain at rest (NRS)

−1.0 (0.9)

− 1.1 (1.0)

0.1 (−0.2, 0.4)

0.470

0.07

Pain during walking (NRS)

−2.1 (1.6)

−1.9 (1.7)

−0.2 (− 0.8, 0.4)

0.460

0.14

Pain catastrophizing (PCS)

−13.7 (8.6)

−9.9 (8.7)

−3.8 (−0.2, −7.4)

0.036

0.44

Self-efficacy (PSEQ)

6.0 (10.3)

2.1 (10.5)

4.0 (−0.3, 8.3)

0.070

0.38

Primary

Secondary

Knee extension
Operative side

−0.03 (0.14)

0.00 (0.13)

−0.03 (− 0.08, 0.03)

0.350

0.19

Nonoperative side

0.05 (0.11)

0.02 (0.12)

0.03 (−0.02, 0.07)

0.248

0.24

0.1 (5.5)

1.8 (5.0)

−1.7 (−3.8, 0.5)

0.121

0.32

10-m walking test

Data in first two columns are presented as mean (standard deviation). Baseline: preoperative, Follow-up: 5 weeks postoperatively, 95% CI 95% confidence interval,
NRS numerical rating scale, PCS Pain Catastrophizing Scale, PSEQ Pain Self-Efficacy Questionnaire. aValues adjusted for baseline scores using analysis of covariance
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Table 5 MCID of primary outcome
n (%)
Intervention

Control

P
value

RR (95% CI)

0.18

1.03 (0.76, 1.34)

0.35

1.21 (0.76, 1.93)

MCID for pain at rest (NRS)
2.0 units of improvement
Yes

16 (36)

18 (35)

No

28 (64)

34 (65)

MCID for pain during walking (NRS)
2.0 units of improvement
Yes

25 (60)

24 (51)

No

17 (40)

23 (49)

MCID minimal clinically important difference, RR relative risk, 95% CI: 95%
confidence interval, NRS numerical rating scale

Intervention studies using the cut-off PCS have not
been unified at > 16 points [36] or > 23 points [37]. A
PCS of > 16 points affects patients’ long-term postoperative outcomes [38]. Therefore, a study of patients with a
PCS of > 16 points is necessary. A large-scale study involving 2854 patients showed that the lower quartile of
the PCS of was < 21 points [17]. The cut-off in the
present study was 21 points.
The short-term effects of the addition of PNE to
physiotherapy interventions on pain have been observed
in patients with chronic pain [39] but not in patients
with acute pain after surgery [40, 41]. Our results suggest that both groups improved by the same degree, with
no significant difference between the groups; this
supports the results of patients with acute pain. In a systematic review and meta-analysis of analgesic

interventions for postoperative acute pain, nonsteroidal
anti-inflammatory drugs demonstrated significant analgesic effects [42]. Therefore, the effect of PNE on shortterm postoperative acute pain may be greatly influenced
by the analgesic effect of nonsteroidal anti-inflammatory
drugs used after surgery.
The mean difference in the PCS score between the
two groups was 3.8 points, which is a small effect size.
Lluch et al. [41] reported that preoperative PNE combined with knee joint mobilization produced benefits for
pain catastrophizing compared with biomedical education combined with knee joint mobilization. This effect
size was similar to our study, suggesting that the timing
of the education intervention did not influence these effects. Additionally, the pre- and post-test mean improvements in the PCS score in the intervention and control
groups were substantially larger than the minimal clinical difference of approximately 9.1 points [43]. Pain catastrophizing can be substantially reduced through a
range of interventions such as surgery, physiotherapy,
and even pharmacotherapy [42]. However, pain coping
skills training before and after knee arthroplasty resulted
in a large effect size with a difference of 10.3 PCS between the groups [44]. Therefore, more effective PNE
may require additional preoperative intervention. Additional benefits of PNE that can help to improve
psychological factors include the potential to prevent
high rates of opioid prescription [45] and lower medical
expenses in the long term [46]. In the present study,
however, verification of these factors was not performed.
It will be necessary to verify these factors in future

Table 6 Comparison of baseline and follow-up outcomes between the two groups by intention-to-treat analysisa
Follow-up to baseline

Difference in change between groups
Mean (95% CI)

P value

Intervention

Control

Rest (NRS)b

−0.9 (1.0)

−1.0 (1.0)

0.1 (−0.2, 0.4)

0.65 0.11

Pain during walking (NRS)c

−2.0 (1.7)

−1.8 (1.7)

−0.2 (− 0.9, 0.4)

0.47 0.14

−13.4 (8.7)

−10.0 (8.6)

−3.5 (−6.9, 0.0)

0.050 0.40

4.8 (10.7)

2.0 (10.9)

2.8 (−1.5, 7.1)

0.20 0.26

Cohen’s d

Primary

Secondary
Pain catastrophizing (PCS)d
e

Self-efficacy (PSEQ)

Quadriceps muscle strength
Operative sidef

−0.03 (0.14)

0.00 (0.12)

−0.03 (− 0.08, 0.03)

0.35 0.23

Nonoperative sideg

0.05 (0.11)

0.02 (0.11)

0.03 (−0.02, 0.07)

0.25
0.27

0.3 (5.1)

1.8 (4.8)

−1.5 (−3.5, 0.5)

0.147 0.3

10-m walking testh

Data in first two columns are presented as mean (standard deviation). Baseline: preoperative, Follow-up: 5 weeks postoperatively, PNE pain neuroscience
education, Reha: rehabilitation, 95% CI: 95% confidence level, NRS numerical rating scale, PCS Pain Catastrophizing Scale, PSEQ Pain Self-Efficacy Questionnaire
a
Values adjusted for baseline scores using analysis of covariance
b
Intervention (n = 50), Control (n = 52)
c
Intervention (n = 48), Control (n = 47)
d
Intervention (n = 49), Control (n = 48), eIntervention (n = 48), Control (n = 48)
f
Intervention (n = 43), Control (n = 48)
g
Intervention (n = 43), Control (n = 44)
h
Intervention (n = 41), Control (n = 47)
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studies. The PSEQ scores did not change significantly
between the groups. In previous studies, improvement of
PSEQ scores suggested that activity pacing and interviews for enhancing motivation should be incorporated
into clinical practice as effective therapeutic interventions [47, 48]. The interventions in the present study
provided an overview of active pacing to the study
group. The patients then brainstormed ways to change
their pain when not maintaining a consistent pace, such
as slowing down activities or taking breaks. However, individual interviews were not conducted. The results of
this study may have been affected by the lack of individual interventions.
The present study showed no significant difference in
the strength or walking ability of the operative knee between the intervention group and the control group.
Louw et al. [49] and Beaupre et al. [50] reported that a
preoperative education program resulted in no differences in postoperative walking ability or knee strength.
These results support the results of the present study.
One interesting point that was not statistically examined
and that would require a post-hoc analysis was the apparent a difference between the surgical and nonsurgical
legs between the groups. The rehabilitation-only group
showed no change in the operative side and a slight
increase in the nonoperative side, whereas the PNE + rehabilitation group showed loss of strength on the operative side and increased strength on the nonoperative
side. This may warrant discussion and suggestion for
further investigation.
Our study has some limitations. First, quasiexperimental designs are viable alternatives to randomized clinical trials. The patients in our study were not
randomly assigned to the two treatment conditions, and
we cannot be certain whether the differences were due
to the intervention or to pretreatment differences between the groups. For example, we were unable to
control all potential confounders such as physical activity, educational history, and economic aspects. Second,
history is another internal validity threat to quasiexperimental designs. Our control group was treated 1
to 2 years prior to the patients who received PNE. Although the surgical and implantation procedures may
have varied throughout the study period, we are unaware
of evidence indicating that the differences found in this
study were due to differences in surgical techniques over
this relatively short time interval. This aspect should be
taken into account when interpreting the results. Third,
the patients were not blinded to the treatments, which
could have resulted in overestimation of the benefits. The
PCS score that proved effective in this study was based on
a questionnaire survey, and the possibility of describing
good results after the intervention in the PNE group cannot be denied. Fourth, the differences in the effect of PNE
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might have been only due to an increase in contact hours
with the patients. Fifth, this study included a mixture of
highly catastrophizing and non-catastrophizing patients.
High catastrophizing is generally accepted to be present in
patients with a PCS score of > 30 points [51]. In the future,
we will assess highly catastrophizing patients with a PCS
cut-off of > 30 points.

Conclusion
Physical therapist-prescribed rehabilitation combined
with postoperative PNE, consistent with a biopsychosocial approach in patients undergoing HTO, conferred
small benefits in pain catastrophizing compared with rehabilitation alone. Further studies will need to provide
PNE intervention timing and long-term verification that
PNE prevents high rates of opioid prescription and
lowers health care costs.
Abbreviations
HTO: Higher tibial osteotomy; KOA: Knee osteoarthritis; MCID: Minimal
clinically important difference; NRS: Numerical rating scale; PCS: Pain
Catastrophizing Scale; PNE: Pain neuroscience education; PSEQ: Pain SelfEfficacy Questionnaire; SD: Standard deviation
Acknowledgments
We thank Angela Morben, DVM, ELS, from Edanz Group (www.edanzediting.
com/ac), for editing a draft of this manuscript.
Authors’ contributions
Research conception and design: ND, YH1. Data collection: ND, SI, KY, KM,
RO. Interpretation of data: ND, YH1. Statistical analysis: ND. Drafting of the
manuscript: ND. Study supervision: YH2. Approval of the final manuscript: all
the above-listed authors.
Funding
Not applicable.
Availability of data and materials
The dataset supporting the conclusions of this article is proprietary to
Fukuoka Rehabilitation Hospital / Fukuoka Reha Orthopedic Clinic and will
not be shared because the hospital restricts sharing of the raw data with
concerned personnel only.
Ethics approval and consent to participate
The study was approved by the Fukuoka Rehabilitation Hospital / Fukuoka
Reha Orthopedic Clinic Institutional Review Board (FRH 2014-3-12, R-020).
The patients received oral and written information about the study, and written informed consent was obtained from each patient before inclusion.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Fukuoka Reha Orthopedics Clinic, 7-220 Nokata, Nishi-ku, Fukuoka-shi,
Fukuoka 819-8551, Japan. 2Graduate School of Sports and Health Science,
Fukuoka University, Fukuoka, Japan. 3Department of Rehabilitation, Fukuoka
Rehabilitation Hospital, Fukuoka, Japan. 4Faculty of Sports and Health
Science, Fukuoka University, Fukuoka, Japan. 5Fukuoka University Institute for
Physical Activity, Fukuoka University, Fukuoka, Japan.

Deguchi et al. BMC Musculoskeletal Disorders

(2019) 20:516

Received: 14 May 2019 Accepted: 24 October 2019

References
1. Rousseau JC, Garnero P. Biological markers in osteoarthritis. Bone. 2012;51:
265–77. https://doi.org/10.1016/j.bone.2012.04.001.
2. Yoshimura N, Muraki S, Oka H, Mabuchi A, En-Yo Y, Yoshida M, et al.
Prevalence of knee osteoarthritis, lumbar spondylosis, and osteoporosis in
Japanese men and women: the research on osteoarthritis/osteoporosis
against disability study. J Bone Miner Metab. 2009;27:620–8. https://doi.org/
10.1007/s00774-009-0080-8.
3. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al.
Osteoarthritis: new insights. Part 1: the disease and its risk factors. Ann
Intern Med. 2000;133:635–46.
4. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al.
OARSI recommendations for the management of hip and knee
osteoarthritis, part II: OARSI evidence-based, expert consensus guidelines.
Osteoarthr Cartil. 2008;16:137–62. https://doi.org/10.1016/j.joca.2008.04.019.
5. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient
demand for primary and revision joint replacement: national projections
from 2010 to 2030. Clin Orthop Relat Res. 2009;467:2606–12. https://doi.org/
10.1007/s11999-009-0834-6.
6. Roberts VI, Esler CN, Harper WM. A 15-year follow-up study of 4606 primary
total knee replacements. J Bone Joint Surg Br. 2007;89:1452–6. https://doi.
org/10.1302/0301-620X.89B11.19783.
7. Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P. What proportion of
patients report long-term pain after total hip or knee replacement for
osteoarthritis? A systematic review of prospective studies in unselected patients.
BMJ Open. 2012;2:e000435. https://doi.org/10.1136/bmjopen-2011-000435.
8. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and
prevention. Lancet. 2006;367:1618–25. https://doi.org/10.1016/S01406736(06)68700-X.
9. Lewis GN, Rice DA, McNair PJ, Kluger M. Predictors of persistent pain after
total knee arthroplasty: a systematic review and meta-analysis. Br J Anaesth.
2015;114:551–61. https://doi.org/10.1093/bja/aeu441.
10. Sobol-Kwapinska M, Bąbel P, Plotek W, Stelcer B. Psychological correlates of
acute postsurgical pain: a systematic review and meta-analysis. Eur J Pain.
2016;20:1573–86. https://doi.org/10.1002/ejp.886.
11. Chan EY, Blyth FM, Nairn L, Fransen M. Acute postoperative pain following
hospital discharge after total knee arthroplasty. Osteoarthr Cartil. 2013;21:
1257–63. https://doi.org/10.1016/j.joca.2013.06.011.
12. Meeus M, Nijs J, Van Oosterwijck J, Van Alsenoy V, Truijen S. Pain physiology
education improves pain beliefs in patients with chronic fatigue syndrome
compared with pacing and self-management education: a double-blind
randomized controlled trial. Arch Phys Med Rehabil. 2010;91:1153–9. https://
doi.org/10.1016/j.apmr.2010.04.020.
13. Geneen LJ, Martin DJ, Adams N, Clarke C, Dunbar M, Jones D, et al. Effects
of education to facilitate knowledge about chronic pain for adults: a
systematic review with meta-analysis. Syst Rev. 2015;4:132. https://doi.org/
10.1186/s13643-015-0120-5.
14. Marris D, Theophanous K, Cabezon P, Dunlap Z, Donaldson M. The impact
of combining pain education strategies with physical therapy interventions
for patients with chronic pain: a systematic review and meta-analysis of
randomized controlled trials. Physiother Theory Pract. 2019;28:1–12. https://
doi.org/10.1080/09593985.2019.1633714.
15. Louw A, Zimney K, Puentedura EJ, Diener I. The efficacy of pain
neuroscience education on musculoskeletal pain: a systematic review of the
literature. Physiother Theory Pract. 2016;32:332–55. https://doi.org/10.1080/
09593985.2016.1194646.
16. Rubin DB, Thomas N. Combining propensity score matching with additional
adjustments for prognostic covariates. J Am Stat Assoc. 2000;95:573–85.
17. Boonstra AM, Stewart RE, Köke AJ, Oosterwijk RF, Swaan JL, Schreurs KM,
et al. Cut-off points for mild, moderate, and severe pain on the numeric
rating scale for pain in patients with chronic musculoskeletal pain: variability
and influence of sex and catastrophizing. Front Psychol. 2016;7:1466. https://
doi.org/10.3389/fpsyg.2016.01466.
18. Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically
important changes in chronic musculoskeletal pain intensity measured on a
numerical rating scale. Eur J Pain. 2004;8:283–91. https://doi.org/10.1016/j.
ejpain.2003.09.004.

Page 10 of 11

19. Naoki D, Hirakawa Y, Shota I, Kazuhito Y, Keito M, Ryouiti O, et al. An
attempt at physical therapist-delivered pain neuroscience education
for patients after high Tibial osteotomy: a pilot study. Japanese J
Health Promotion Phys Ther. 2019;9:31–7.
20. Tattersall RL. The expert patient: a new approach to chronic disease
management for the twenty-first century. Clin Med (Lond). 2002;2:227–9.
21. APA Presidential Task Force on Evidence-Based Practice. Evidencebased practice in psychology. Am Psychol. 2006;61:271–85. https://doi.
org/10.1037/0003-066X.61.4.271.
22. Louw A, Diener I, Butler DS, Puentedura EJ. The effect of
neuroscience education on pain, disability, anxiety, and stress in
chronic musculoskeletal pain. Arch Phys Med Rehabil. 2011;92:2041–
56. https://doi.org/10.1016/j.apmr.2011.07.198.
23. Geenen R, Overman CL, Christensen R, Åsenlöf P, Capela S, Huisinga
KL, et al. EULAR recommendations for the health professional’s
approach to pain management in inflammatory arthritis and
osteoarthritis. Ann Rheum Dis. 2018;77:797–807. https://doi.org/10.
1136/annrheumdis-2017-212662.
24. Downie WW, Leatham PA, Rhind VM, Wright V, Branco JA, Anderson
JA. Studies with pain rating scales. Ann Rheum Dis 1978;37:378–381.
PMID: 686873.
25. Breivik H, Borchgrevink PC, Allen SM, Rosseland LA, Romundstad L, Hals EK,
et al. Assessment of pain. Br J Anaesth. 2008;101:17–24. https://doi.org/10.
1093/bja/aen103.
26. Sullivan MJ, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA,
et al. Theoretical perspectives on the relation between catastrophizing and
pain. Clin J Pain 2001;17:52–64. PMID: 11289089.
27. Matsuoka H, Sakano Y. Assessment of cognitive aspect of pain:
development, reliability, and validation of Japanese version of pain
catastrophizing scale. Jpn J Psychosom Med. 2007;47:95–102.
28. Nicholas MK. The pain self-efficacy questionnaire: taking pain into account.
Eur J Pain. 2007;11:153–63. https://doi.org/10.1016/j.ejpain.2005.12.008.
29. Adachi T, Nakae A, Maruo T, Shi K, Shibata M, Maeda L, et al. Validation of
the Japanese version of the pain self-efficacy questionnaire in Japanese
patients with chronic pain. Pain Med. 2014;15:1405–17. https://doi.org/10.
1111/pme.12446.
30. Bohannon RW, Bubela DJ, Wang YC, Magasi SR, Gershon RC. Adequacy of
belt-stabilized testing of knee extension strength. J Strength Cond Res 2011;
25:1963–1967. PMID: 21977506.
31. Graham JE, Ostir GV, Fisher SR, Ottenbacher KJ. Assessing walking speed in
clinical research: a systematic review. J Eval Clin Pract. 2008;14:552–62.
https://doi.org/10.1111/j.1365-2753.2007.00917.x.
32. Rosenbaum PR, Rubin DB. Reducing bias in observational studies using
subclassification on the propensity score. J Am Stat Assoc. 1983;12:516–24.
33. Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res.
2011;46:399–424.
34. Carpenter JG, Kenward MG. Multiple imputation and its application.
Chichester, United Kingdom: Wiley; 2013.
35. Livingston EH, Elliot A, Hynan L, Cao J. Effect size estimation: a necessary
component of statistical analysis. Arch Surg. 2009;144:706–12. https://doi.
org/10.1001/archsurg.2009.150.
36. Riddle DL, Keefe FJ, Ang D, Khaled J, Dumenci L, Jensen MP, et al. A
phase III randomized three-arm trial of physical therapist delivered
pain coping skills training for patients with total knee arthroplasty:
the KASTPain protocol. BMC Musculoskelet Disord. 2012;13:149.
https://doi.org/10.1186/1471-2474-13-149.
37. Birch S, Stilling M, Mechlenburg I, Hansen TB. Effectiveness of a
physiotherapist delivered cognitive-behavioral patient education for
patients who undergoes operation for total knee arthroplasty: a
protocol of a randomized controlled trial. BMC Musculoskelet Disord.
2017;18:116. https://doi.org/10.1186/s12891-017-1476-6.
38. Riddle DL, Wade JB, Jiranek WA, Kong X. Preoperative pain catastrophizing
predicts pain outcome after knee arthroplasty. Clin Orthop Relat Res. 2010;
468:798–806. https://doi.org/10.1007/s11999-009-0963-y.
39. Wood L, Hendrick PA. A systematic review and meta-analysis of pain
neuroscience education for chronic low back pain: short-and long-term
outcomes of pain and disability. Eur J Pain. 2019;23:234–49. https://doi.org/
10.1002/ejp.1314.
40. Louw A, Diener I, Landers MR, Puentedura EJ. Preoperative pain
neuroscience education for lumbar radiculopathy: a multicenter randomized

Deguchi et al. BMC Musculoskeletal Disorders

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

(2019) 20:516

controlled trial with 1-year follow-up. Spine (Phila Pa 1976). 2014;39:1449–
57. https://doi.org/10.1097/BRS.0000000000000444.
Lluch E, Dueñas L, Falla D, Baert I, Meeus M, Sánchez-Frutos J, et al.
Preoperative pain neuroscience education combined with knee joint
mobilization for knee osteoarthritis: a randomized controlled trial. Clin J
Pain. 2018;34:44–52. https://doi.org/10.1097/AJP.0000000000000511.
Karlsen AP, Wetterslev M, Hansen SE, Hansen MS, Mathiesen O, Dahl JB.
Postoperative pain treatment after total knee arthroplasty: a systematic review.
PLoS One. 2017;12:e0173107. https://doi.org/10.1371/journal.pone.0173107.
George SZ, Valencia C, Beneciuk JM. A psychometric investigation of fearavoidance model measures in patients with chronic low back pain. J Orthop
Sports Phys Ther. 2010 Apr;40(4):197–205. https://doi.org/10.2519/jospt.2010.3298.
Riddle DL, Keefe FJ, Nay WT, McKee D, Attarian DE, Jensen MP. Pain coping
skills training for patients with elevated pain catastrophizing who are
scheduled for knee arthroplasty: a quasi-experimental study. Arch Phys Med
Rehabil. 2011;92:859–65. https://doi.org/10.1016/j.apmr.2011.01.003.
Sharifzadeh Y, Kao MC, Sturgeon JA, Rico TJ, Mackey S, Darnall BD. Pain
Catastrophizing moderates relationships between pain intensity and opioid
prescription: non-linear sex differences revealed using a learning health
system. Anesthesiology. 2017;127:136–46. https://doi.org/10.1097/ALN.
0000000000001656.
Gong L, Chen H. Descriptive analysis of the cost-effectiveness of depressed
patients undergoing total knee arthroplasty: an economic decision analysis.
J Orthop Sci. 2014;19:820–6. https://doi.org/10.1007/s00776-014-0599-y.
Nielson WR, Jensen MP, Karsdorp PA, Vlaeyen JW. Activity pacing in chronic
pain: concepts, evidence, and future directions. Clin J Pain. 2013;29:461–8.
https://doi.org/10.1097/AJP.0b013e3182608561.
Jensen MP. Enhancing motivation to change in pain treatment
psychological approaches to pain management: a practitioner's handbook.
New York, NY, US: Guilford Press; 1996. p. 78–111.
Louw A, Zimney K, Reed J, Landers M, Puentedura EJ. Immediate
preoperative outcomes of pain neuroscience education for patients
undergoing total knee arthroplasty: a case series. Physiother Theory Pract.
2019;35:543–53. https://doi.org/10.1080/09593985.2018.1455120.
Beaupre LA, Lier D, Davies DM, Johnston DB. The effect of a preoperative
exercise and education program on functional recovery, health related
quality of life, and health service utilization following primary total knee
arthroplasty. J Rheumatol. 2004;31:1166–73. 15170931.
Sullivan M. The pain catastrophizing scale: user manual. Montreal: McGill
University; 2009. p. 1–36. http://sullivan-painresearch.mcgill.ca/pdf/pcs/
PCSManual_English.pdf. Accessed 2 Oct 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

