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Abstract

Background: Greater unhelpful thinking is associated with greater musculoskeletal discomfort and incapability. Cognitive-
behavioral therapy (CBT) fosters healthy thinking to help alleviate symptoms.

Questions: In a meta-analysis of randomized control trials (RCT) of CBT for unhelpful thinking among people with muscu-
loskeletal symptoms, we asked: 1) Does CBT reduce unhelpful thinking and feelings of distress, and improve capability, in indi-
viduals with musculoskeletal symptoms? 2) Are outcomes affected by CBT delivery methods?

Methods: Following QUOROM guidelines, we searched databases using keywords of pain catastrophizing, kinesiophobia,
cognitive-behavioral therapy, musculoskeletal and variations. Inclusion criteria were RCT’s testing CBT among people with
musculoskeletal symptoms. Study quality was assessed with Cochrane Review of Bias 2. Meta-analysis of means and standard
deviations was performed.

Results: CBT led to modest reductions in catastrophic thinking (—0.44 Cl: —0.76 to —0.12; P=.01, kinesiophobia (—0.60 CI:
—1.07 to —0.14; P=.01) and anxiety symptoms (—0.23 Cl: —0.36 to —0.09; P<.01) over six months compared to usual care.
There were no improvements in levels capability (—0.28 Cl: —0.56 to 0.01; P=.05). CBT led by mental health professionals
reduced catastrophic thinking more than CBT led by other clinicians (QB Test=4.73 P=.03). There were no differences
between online and in-person sessions, group versus individual therapy, or surgical versus non-surgical interventions.
Conclusion: The evidence that CBT delivered by various clinicians in various settings fosters healthier thinking in people
presenting for care of musculoskeletal symptoms, supports comprehensive care of musculoskeletal illness. More research
is needed to develop indications and interventions that also improve levels of capability. Level-l, meta-analysis of RCT’s
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Introduction surgery do better when they regard the surgical pain as an
expected part of recovery rather than as a threat.! Given the
Background relationship of unhelpful thinking to greater levels of

Unhelpful thinking and feelings of distress account for a
notable amount of the variation in levels of discomfort and

'Long School of Medicine, University of Texas Health Science Center at San

incapability among people with musculoskeletal symp-
toms.'™ Unhelpful thinking related to pain-a product
of human mental short-cuts (heuristics) or automatic
thoughts—includes catastrophic or worst-case thinking,” fear
of painful movement (kinesiophobia),® negative pain
thoughts,” and intolerance of uncertainty.®” As an example
of unhelpful thinking, patients recovering from back
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discomfort and incapability for musculoskeletal conditions,
psychological interventions that can reduce catastrophic
thinking have the potential to improve health.'®'* One
such intervention, cognitive behavioral therapy (CBT), com-
prises mindset exercises that can foster healthy thinking.'?

Rationale

A systematic review of randomized trials among people
with ongoing low back pain found that CBT was associated
with a long-term reduction in levels of discomfort and inca-
pability relative to no treatment or other guideline approved
treatments.'® Another systematic review among patients
undergoing lumbar spine surgery found that patients who
participated in CBT experienced greater capability and
lower kinesiophobia compared to people who received
usual care or other treatments.” Both these analyses
addressed specific circumstances and included one study
by a senior author that had 3 studies retracted due to con-
cerns regarding research misconduct.'”> Using funnel plots
we confirmed that these studies were outliers that could
cause distortions.

Questions

We reviewed prospective randomized trials comparing a
CBT intervention with other interventions among people
with any musculoskeletal illness and asked: 1 Is CBT associ-
ated with reduction of unhelpful thinking and feelings of dis-
tress, and an increase in capability? And 2) Are there
differences based on how the CBT is delivered?

Materials and Methods

We followed the QUOROM (Quality of Reporting
of Meta-analyses) guidelines.'®

Search Strategy and Criteria

A database and reference list search of PUBMED, Google
Scholar, and Cochrane Library was performed using the key-
words: “pain catastrophizing”, “kinesiophobia”, “intolerance
of uncertainty”, “negative pain thoughts”, “cognitive beha-
vioral therapy”, “musculoskeletal”’, and “unhelpful think-
ing”. The database search was supplemented with
hand-searching through bibliographies. No restrictions were

applied to the date of publication.

Inclusion and Exclusion Criteria

Studies included in the analysis were (1) randomized control
trials, (2) used CBT interventions, (3) treated patients with
musculoskeletal symptoms, (4) published in English and
(5) measured outcomes related to unhelpful thinking (pain

catastrophizing, kinesiophobia, negative pain thoughts, intol-
erance of uncertainty).

Studies were excluded if they (1) had a level of evidence
2-5, (2) were published only as an experimental protocol or
abstract, or (3) if standard deviations were not available.
Two reviewers applied these criteria. Disagreements were
discussed and resolved by the senior author.

We initially identified 428 articles, 396 did not meet criteria
and were excluded. (Figure 1) This review included 19 random-
ized control trials consisting of 2361 patients assessing the
effect of CBT on both mindsets (pain catastrophizing, kinesio-
phobia, symptoms of anxiety) and capability. (Table 1)

Assessment of Study Quality

Selected studies were independently assessed, without
masking the source of authorship, by two authors using the
Cochrane Review of Bias 2 (Rob2) tool.*® Disagreements
were discussed and resolved by the senior author.

Data Collection and Abstraction

For each eligible study, we extracted baseline and 6-month
(or the nearest time point) means and standard deviations
for both the treatment and control group for all measures of
unhelpful thinking and function found within the study. We
also recorded treatment approach (surgical or conservative),
format of CBT delivery (group or individual), mode of
CBT administration (in-person or online), whether studies
screened for unhelpful mindsets, and whether CBT session
leaders were mental health providers or physical therapists.
The two reviewers extracted data from all eligible studies.
Disagreements were discussed and resolved by the senior
author. If the relevant data could not be derived from the pub-
lication, the corresponding author was emailed, and the rele-
vant data was requested.

Meta-Analysis Methodology

Heterogeneity was assessed using I, which indicates per-
centage of variance in the meta-analysis that can be attributed
to study heterogeneity for studies pertaining to both research
questions. Given that there was considerable heterogeneity, a
random-effects model was used.

Forest plots were created to better visualize the impact
of CBT on reducing unhelpful thinking (pain catastrophizing,
kinesiophobia) and feelings of distress (symptoms of anxiety)
and aspects of capability (strength, mobility, range of motion,
or ability to complete activities of daily living such as bathing
and doing chores around the home) when compared to
control treatments in randomized trials.

To understand what settings and factors are associated with the
effectiveness of CBT, random effects model Forest plots were
created to visualize the surgical/non-surgical intervention, group/
individual therapy, online/in-person sessions, mental health
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Identification of new studies via databases and registers
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Figure |. This flowchart shows article selection according to the preferred reporting items for systematic reviews and Meta-analysis

e 17
guidelines.

provider versus physical therapist led sessions, and the use of a
maladaptive thinking cutoff. A P value of < .05 was considered sta-
tistically significant. Analyses were performed using STATA 15.1
(Stata Corporation, College Station, TX). Adequate data for
meta-analysis was not available for comparing 1) the effect of
CBT on functional outcomes, kinesiophobia (fear avoidance),
anxiety, and pain catastrophizing in pre-operative versus post-
operative settings; and 2) online CBT sessions versus in-person
sessions for kinesiophobia (fear avoidance), anxiety, and pain cat-
astrophizing. Funnel plots were created for each of the primary out-
comes measured in this study to assess for positive outcome bias
(See Figure, Online Supplemental Materiall).

Results

Is CBT Associated with Reduced Unhelpful Thinking,
Reduced Feelings of Distress, and Increased

Capability?

Patients participating in CBT experienced modest reductions
in pain catastrophizing (mean difference (MD) =—-0.44; 95%

CL -0.76 to —0.12; P=.01), kinesiophobia (MD = —0.60;
95% CI. —1.07 to —0.14; P=0.01), and symptoms of
anxiety (MD=-0.23; 95% CI. —0.36 to —0.09; P<.01)
6 months after initiation of treatment compared to usual care
(Figures 2, 3 and 4). Aspects of capability, including strength,
mobility, and activities of daily living, were not significantly
different between CBT and usual care (MD=-0.28; 95%
CIL: —0.56 to 0.01; P=0.05; Figure 5).

Are There Differences Based on how CBT is Delivered?

Participants in mental health-led groups experience a greater
reduction in pain catastrophizing (MD=-0.9; 95% CI:
—1.56 to —0.2) compared to physical therapist-led groups
(MD =-0.16; 95% CI: —0.30 to —0.02; Test of group differ-
ences: Qb =4.73, P=0.03; Figure 6A). Both groups showed
similar improvements in Kkinesiophobia, symptoms of
anxiety, and daily activities (Figure 6B, C and D). Both oper-
ative and non-operative groups exhibited similar reductions
in pain catastrophizing (MD=-0.60; 95% CI: —1.35 to
0.14 vs MD=-0.35; 95% CI. —0.67 to —0.03) (Test of
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Table 1. Characteristics of included studies.

Author (Ref) Unhelpful Thinking Outcomes Used in Analysis

Condition Treated Sample Size

Alda'® pain catastrophizing, anxiety Fibromyalgia 112
Archer'? pain catastrophizing, fear avoidance Ongoing back pain 86
Bennell?® pain catastrophizing, anxiety Knee Osteoarthritis 133
Brox®' fear avoidance Ongoing back pain 60
Buhrman?? anxiety Ongoing back pain 54
Buhrman?® anxiety Ongoing pain 76
Cai®* pain catastrophizing, fear avoidance Knee Osteoarthritis 100
Carpenter®® fear avoidance Ongoing back pain 141
Darnall*® pain catastrophizing, anxiety Ongoing back pain 176
Dear?’ anxiety Ongoing pain 62
Javdaneh®® fear avoidance Ongoing neck pain 48
Lamb®’ fear avoidance Ongoing back pain 446
Lotzke™® pain catastrophizing, fear avoidance, anxiety Ongoing back pain treated with lumbar fusion 118
Mcbeth®' fear avoidance Ongoing widespread pain 189
Miller? pain catastrophizing, fear avoidance, anxiety Ongoing pain 80
Riddel* pain catastrophizing Knee Osteoarthritis 267
Sun® pain catastrophizing Knee Osteoarthritis 80
Thompson34 pain catastrophizing, fear avoidance Ongoing neck pain 57
Thorn®® pain catastrophizing, anxiety Ongoing pain 83
Treatmant Control Hedges's g Weight
Study N Mean sD M Mean s0D with 853 CI {3a)
Damall, 2021 88 11.87 925 88 19.74 9.95 = -0.82[-1.12, -0.51] 9.65
Cai, 2018 50 23.28 3.82 50 304 434 —l— -1.73[-2.19, -1.27] 871
Sun, 2020 42 14.2 59 38 173 6.2 —— -0.51[-0.95, -0.07] B8.81
Lotzke, 2019 59 11.7 7578889 59 11.8 8525556 —— -0.01[-0.37, 0.35] 9.34
Millar, 2020 36 18.3 153 40 25 16.6 —— -0.41[-0.87, 0.04] 875
Alda, 2011 57 255 7.24 55 3274 T.04 —— -1.01[-1.40, -0.62] 9.14
Tharn, 2011 43 237 134 34 247 151 —— -0.07 [ -0.50, 0.36] 8.86
Thompson, 2016 28  11.8 128 29 137 13.1 — -0.14[-0.66, 0.37] 8.32
Bennell, 2016 66 8.7 75 &7 &7 8.5 —- 0.00[-0.34, 0.34] 947
Archer, 2016 43 109 10.5 43 102 111 —— 0.06[-0.35, 0.48] 8.96
Riddel, 2019 130 6.9 1.4 137 7.2 1.4 HEl -0.21[-0.45, 0.03] 9.99
Overall <o -0.44 [ -0.76, -0.12]
Heterogeneity: 12 =0.25, |* = 87.35%, HE=7.91
Testof 8, =6 Q(10) =69.12, p=0.00
Testof B =0:z =-2.68, p=0.01
-2 -1 0 1

Random-effects REML model

Figure 2. This forest plot shows the difference in pain catastrophizing scale score between groups treated with CBT compared with controls.
N = sample size, SD =standard deviation, REML = restricted maximum likelihood.

group differences: Qb =0.37, P =.54; Figure 7A). Group and
individual CBT sessions had comparable reductions in cata-
strophic thinking (MD =—0.28; 95% CI: —0.43 to —0.13 vs
MD = —-0.30; 95% CI: —0.71 to 0.10) (Test of group differ-
ences: Qb=0.01, P=.91; Figure 8A). Both in-person and

virtual sessions led to similar changes in function (MD =
—0.43; 95% CI: —0.69 to —0.17 vs MD=0.03; 95% CI:
—1.08 to 1.15) (Test of group differences: Qb=0.63, P=
0.43; Figure 9). Regarding studies screening for unhealthy
mindsets, no significant differences were noted in pain
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Treatment Control Hedges's g Weight
Study N Mean  SD N Mean  SD with 85% ClI (%)
Archer, 2016 38 339 81 42 362 8.4 —— -0.28[-0.71, 0.16] 10.00
Thompson, 2016 29 32 89 28 338 8.1 -+ -021[-0.72, 0.31] 9.68
Lamb, 2010 298 10.6 5.845571 148 135 5.707298 .‘ -0.50 [ -0.70, -0.30] 10.75
Carpenter, 2012 70 2.1 15 71 23 1.6 —- -0.13[-0.46, 0.20] 10.40
Brox, 2006 31 79 54 29 119 5.4 —— -0.73[-1.25, -0.21] 9.66
Javdane, 2020 24 21 522 24 30 355 —B— -1.98[-2.67, -1.30] 8.87
Miller, 2020 38 256 73 42 263 8.9 —— -0.08[-0.52, 0.35] 10.01
Lotzke, 2019 59 325 7584218 53 322 11.1398 ~ 003[-0.33, 0.39] 10.30
McBeth, 2012 91 342 63 98 36 6.8 B -0.27[-056, 0.01] 10.54
Cai, 2018 50 27.76 456 50 36.54 ass —H— -2.13[-261, -1.64] 9.79
Overall -  .0.60[-1.07, -0.14)

Heterogeneity: ¥ = 0.51, I? = 93.50%, H* = 15.38
Test of 8, =B Q(9) = 82.24, p = 0.00
Testof @ =0:z2=-254, p=0.01

Random-effects REML model

Figure 3. This forest plot shows the difference in levels of fear avoidance between groups treated with CBT compared with
controls.
N = sample size, SD =standard deviation, REML = restricted maximum likelihood.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Darnall, 2021 60 52.11 8.85 57 54.56 9.04 — -0.27[-0.63, 0.09] 13.79
Lotzke, 2019 59 3.3 1.858142 59 3.36 4.60294 ——— -0.02[-0.38, 0.34] 14.04
Miller, 2020 36 106 6.7 41 132 8.2 —a— -0.34[-0.79, 0.10] 9.06
Alda, 2011 57 7.91 25 55 8.57 2.47 —— -0.26[-0.63, 0.11] 13.22
Buhrman, 2013 38 8.85 44 38 10.52 377 —B— -0.40[-0.85, 0.05] 8.93
Thorn, 2011 49 172 1.1 34 16.8 9.7 —M— 0.04[-0.40, 0.47] 9.61
Dear, 2013 31 7.23 476 31 9.03 4.78 u -0.37[-0.87, 0.12] 7.34
Buhrman, 2011 26 4.9 36 28 6.3 5.2 = -0.31[-0.84, 0.22] 6.45
Bennell, 2016 74 3.5 43 75 49 7.5 —— -0.23[-0.55, 0.09] 17.57
Overall <> -0.23[ -0.36, -0.09]

Heterogeneity: 12 = 0.00, 1?2 = 0.00%, H2 = 1.00
Testof 6,=6,: Q(8) =4.11, p=0.85
Testof 8 =0:z=-3.28, p =0.00

Random-effects REML model

Figure 4. This forest plot shows the difference in levels of anxiety related to pain between groups treated with CBT compared with
controls.
N =sample size, SD = standard deviation, REML = restricted maximum likelihood.
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Treatment Control Hedges's g Weight
Study M Mean sD M Mean sD with 85% CI [%a)
Cai, 2018 50 -BO.68 8.02 50 -68.98 864 —— -1.39[-1.83, -0.95] 6.99
Sun, 2020 42 =341 63 38 -31.7 9.3 -0.30[-0.74, 0.13] 6.98
Lotzke, 2019 59 212 9078462 59 214 10.55538 0.02[-0.38, 0.34] 7.38
Miller, 2020 38 362 181 42 432 20.3 -0.36[-0.80, 0.08] 6.97
Alda, 2011 57 4068 10.893 55 4434 8.56 -0.37[-0.74, 0.00] 7.32
Brox, 2006 31 323 191 28 3841 201 -0.29[-0.79, 0.21] 6.62
Thom, 2011 49 8.2 33 34 9.8 9.8 -0.23[-0.67, 0.20] 6.99
Carpenter, 2012 55 119 58 63 129 6.9 -015[-0.51, 0.21] 7.37
Diear, 2013 28 1041 523 30 1477 5.33 —&— -0.87[-1.40, -0.34] 6.48
Lamb, 2010 332 6.6 5 165 7.9 L1 -0.26[-0.45, -0.07] B8.07
Thompson, 2016 28 265 9.078462 28 295 10.55538 -0.30[-0.82, 0.21] 6.55
Bennell, 2016 60 175 108 61 214 12 -0.34[-0.70, 0.02] 7.39
Archer, 2016 43 211 167 43 265 20.5 -0.29[-0.71, 0.13] 7.06
Riddel, 2013 130 122 16 137 105 1.55 B 1.08[ 0.82, 1.33] 7.83
Overall - -0.28[-0.56, 0.01]
Heterogeneity: 15 = 0.25, | = 87.99%, H* = 8.32
Test of 8, = 8 Q(13) = 133.55, p=0.00
Testof@=0:z=-1.92, p=0.05

2 a4 0 1

Random-effects REML model

Figure 5. This forest plot shows the difference in outcomes related to function including strength, mobility, and activities of daily living

between groups treated with CBT compared with controls.

N = sample size, SD =standard deviation, REML = restricted maximum likelihood.

catastrophizing, kinesiophobia, symptoms of anxiety, or
functional outcomes (Figure 10A, B, C, and D).
Participants with higher baseline unhelpful thinking levels
experienced similar reductions in kinesiophobia compared
to those with normal and higher baseline levels (MD =
—1.45; 95% CI: —2.63 to —0.27 vs MD =-0.30; 95% CI:
—0.71 to 0.10) (Test of group differences: Qb=3.47, P=
0.06; Figure 10B). The largest effect sizes were found in 2
out of the 4 studies that screened and included only patients
with the least healthy mindsets.**®

Discussion

Background and Rationale

Since unhelpful thinking contributes to increased discomfort
and incapability for musculoskeletal conditions, psychologi-
cal interventions that can reduce catastrophic thinking have
the potential to improve health. We reviewed prospective
randomized trials comparing a CBT intervention with other
interventions among people with musculoskeletal illness
and found that 1. CBT is modestly associated with healthier

mindsets but not greater capability on average, and 2. CBT is
somewhat more effective when delivered by mental health
clinicians.

Limitations

This study has a number of limitations. First, we combined
data from studies addressing various diagnoses in various set-
tings. Therefore, the findings might vary for specific condi-
tions and settings. Despite the limitations of combining
data from studies across various diagnoses and settings, the
study’s conclusions remain valid. The diverse inclusion
enhances generalizability, offering a comprehensive view
of CBT’s impact on unhelpful thinking in patients with mus-
culoskeletal conditions. Additionally, consistent and signifi-
cant reductions in pain catastrophizing, kinesiophobia, and
anxiety symptoms across various conditions supports the
broader efficacy of CBT in fostering healthier mindsets.
Second, the limited number of published randomized con-
trolled trials of CBT for musculoskeletal conditions limited
the ability to compare CBT across various settings. For
instance, only one study evaluated pre-operative CBT and
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
PSY

Darnall, 2021 88 11.87 925 88 19.74 9.95 - -0.82[-1.12, -0.51] 9.65
Cai, 2018 50 23.28 382 50 304 434 —H— -1.73[-2.19, -1.27] 871
Alda, 2011 57 255 724 55 3274 7.04 —— -1.01[-1.40, -0.62] 9.14
Thorn, 2011 49 237 134 34 247 151 —— -0.07[-0.50, 0.36] 8.86
Heterogeneity: T2 = 0.40, I = 91.05%, H? = 11.18 e -0.90[ -1.56, -0.25)

Testof 6, = 0:: Q(3) =27.22, p = 0.00
Testof @ =0:z2=-271,p=0.01

PT
Sun, 2020 42 142 59 38 173 6.2 —— -0.51[-0.95, -0.07] 8.81
Lotzke, 2019 59 11.7 9598182 59 11.8 7.86 - -0.01[-0.37, 0.35] 9.34
Miller, 2020 36 183 153 40 25 166 —— -0.41[-0.87, 0.04] 875
Thompson, 2016 28 11.8 128 29 137 131 —— -0.14[-0.66, 0.37] 8.32
Bennell, 2016 66 8.7 75 67 87 85 - 0.00[-0.34, 0.34] 9.47
Archer, 2016 43 109 105 43 102 111 —— 0.06 [-0.35, 0.48] 8.96
Riddel, 2019 130 6.9 1.4 137 72 14 - -0.21[-0.45, 0.03] 9.99
Heterogeneity: T = 0.00, I = 0.00%, H: = 1.00 * -0.16 [ -0.30, -0.02]
Testof 6, = 8: Q(6) = 6.43, p = 0.38
Testof @ =0:2=-2.31, p=0.02
Overall - -0.44[-0.76, -0.12]
Heterogeneity: 12 = 0.25, I’ = 87.36%, H? = 7.91
Testof 6, = 6: Q(10) = 69.14, p = 0.00
Testof 8 =0:z=-2.68, p=0.01
Test of group differences: Q,(1) = 4.73, p = 0.03
2 1 (1] 1
Random-effects REML model
A
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
PSY
Cai, 2018 50 27.76 456 50 3654 3.58 —a— -2.13[-2.61, -1.64] 9.79
Javdane, 2020 24 21 522 24 30 355 —@— -1.98[-2.67, -1.30] 8.88
McBeth, 2012 91 342 63 98 36 6.8 - -027[-056, 0.01] 1053
Heterogeneity: T2 = 1.04, I? = 94.93%, H? = 19.72 S~ -1.44[-2.63, -0.24]
Test of 8, = 6: Q(2) = 52.39, p = 0.00
Testof 8 =0:2 =-2.36, p = 0.02
PT
Lotzke, 2019 59 325 7584 59 322 11.139 —8— 0.03[-0.33, 0.39] 10.30
Miller, 2020 38 258 73 42 263 8.9 ——-0.06 [-0.50, 0.37] 10.01
Thompson, 2016 29 32 89 28 338 8.1 @ -021[-0.72, 031] 9.68
Archer, 2016 38 339 8.1 42 362 8.4 ~— -028[-0.71, 0.16] 10.00
Lamb, 2010 298 10.6 5846 148 135 5707 L - 3 -0.50 [ -0.70, -0.30] 10.74
Brox, 2006 31 79 54 29 119 54 —a— -0.73[-1.25, -0.21] 9.67
Heterogeneity: T = 0.04, |2 = 51.59%, H? = 2.07 @ -029[-052 -007)
Test of 8, = 8: Q(5) = 10.68, p = 0.06
Testof 8 =0:z =-2.56, p = 0.01
Self-paced
Carpenter, 2012 70 21 15 7 23 26 —B- -0.09[-042, 0.23] 10.40
Heterogeneity: 72 = 0.00, I = %, H? = . @ -009[-042, 023
Testof 8,=6:Q(0) =0.00,p=.
Testof 8 =0:z=-0.56, p =0.58
Overall -~  .060[-1.07, -0.13]
Heterogeneity: 12 = 0.52, I? = 93.58%, H? = 15.58
Test of 8, = 6: Q(9) =83.44, p = 0.00
Testof 8 =0:z =-2.50, p = 0.01
Test of group differences: Q,(2) = 4.81, p = 0.09
-3 -2 -1 ]

Random-effects REML model
B

Figure 6. A. This forest plot shows the difference in levels of catastrophic thinking when CBT is led by physical therapists versus mental
health providers, each against usual care. N =sample size, SD =standard deviation, REML = restricted maximum likelihood. B. This forest
plot shows the difference in levels of fear avoidance when CBT is led by physical therapists versus mental health providers, each against usual
care. N =sample size, SD = standard deviation, REML = restricted maximum likelihood. C. This forest plot shows the difference in levels of
symptoms of anxiety related to pain when CBT is led by physical therapists versus mental health providers, each against usual care. N =
sample size, SD = standard deviation, REML = restricted maximum likelihood. D. This forest plot shows the difference in outcomes related
to function including strength, mobility, and activities of daily living when CBT is led by physical therapists versus mental health providers,
each against usual care. N =sample size, SD = standard deviation, REML = restricted maximum likelihood. (continued)
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
PSY
Damall, 2021 60 52.11 8.85 57 54.56 9.04 —F -0.27[-0.63, 0.09] 13.79
Alda, 2011 57 7.91 25 55 857 247 N S -0.26[-0.63, 0.11] 13.22
Thomn, 2011 49 172 1.1 34 168 97 ——8—— 0.04[-040, 047] 961
Buhman, 2013 38 8.85 44 38 1052 377 —@—— -0.40[-0.85, 0.05] 8.93
Heterogeneity: T2 = 0.00, I2 = 0.00%, H? = 1.00 i -0.23[ -0.43, -0.03]

Testof 8, =0, Q(3) =2.12, p = 0.55
Testof 8 =0:z =-2.27, p = 0.02

PT

Lotzke, 2019 59 3.3 1.858142 59 3.36 4.60294 ——f——  -0.02[-0.38, 0.34] 14.04
Miller, 2020 36 10.6 67 41 132 82 —&— -0.34[-0.79, 0.10] 9.06
Bennell, 2016 74 35 43 75 49 75 —8— -0.23[-0.55, 0.09] 17.57
Heterogeneity: T2 = 0.00, I = 0.00%, H* = 1.00 < -0.18[-0.39, 0.03]

Testof 8, = 6: Q(2) = 1.38, p = 0.50
Testof 8 =0:z =-1.68, p = 0.09

Self-paced

Dear, 2013 31 723 476 31 9.03 478 —8&T— -0.37[-0.87, 0.12] 7.34
Buhman, 2011 26 49 36 28 63 52 —@— -0.31[-0.84, 0.22] 6.45
Heterogeneity: T = 0.00, I* = 0.00%, H? = 1.00 —T— -0.34[-0.70, 0.02]

Testof 8, = 8;: Q(1) = 0.03, p = 0.86
Testof 8 =0:z =-1.85, p = 0.06

Overall <> -0.23[-0.36, 0.09]
Heterogeneity: 12 = 0.00, F = 0.00%, H = 1.00

Testof 0,= 0 Q(8) = 4.1, p = 0.85

Tostof 0 =0:z =-3.28, p = 0.00

Test of group differences: Q,(2) = 0.58, p = 0.75

-1 0 5
Random-effects REML model
(o}

Treatment Control Hedges'sg  Weight
Study N Mean  SD N Mean  SD with 95% CI (%)
PSY
Cai, 2018 50 -80.68 8.02 50 -68.98 864 —H— -1.39[-1.83, -0.96] 6.99
Alda, 2011 57 40.68 1093 55 44.34 8.56 0.37[-0.74, 0.00] 7.32
Thom, 2011 49 82 33 34 98 98 0.23[-0.67, 0.20] 699
Heterogeneity: 2 = 0.35, | = 88.78%, H* = 8.91 -0.66[-1.37, 0.05]
Test of 6, = 6;: Q(2) = 16.92, p = 0.00
Testof 8 =0:z =-1.83, p =0.07
PT
Sun, 2020 42 341 63 38 -317 9.3 0.30[-0.74, 0.13] 6.98
Lotzke, 2019 59 212 9078462 59 214 10.55538 0.02[-0.38, 0.34] 7.38
Miller, 2020 38 362 181 42 432 203 -0.36[-0.80, 0.08] 6.97
Thompson, 2016 29 265 9.078462 28 295 10.55538 0.30[-0.82, 0.21] 655
Bennell, 2016 60 175 108 61 214 12 0.34[-0.70, 0.02] 7.39
Archer, 2016 43 211 167 43 265 205 0.29[-0.71, 0.13] 7.06
Riddel, 2019 130 122 16 137 105 1.55 8- 1.08[ 082, 1.33] 7.83
Lamb, 2010 332 66 5 165 79 5 0.26[-0.45, -0.07] 8.07
Brox, 2006 31 323 191 29 381 20.1 0.29[-0.79, 0.21] 662
Heterogeneity: T2 = 0.21, I = 87.11%, H = 7.76 0.10[-0.43, 0.22]
Test of 8, = 8: Q(8) = 87.50, p = 0.00
Testof  =0:2=-0.62, p =0.53
Self-paced
Carpenter, 2012 55  11.9 59 63 129 6.9 0.15[-051, 0.21] 7.37
Dear, 2013 29 101 523 30 14.77 5.33 —a— 0.87[-1.40, -0.34] 6.48
Heterogeneity: T2 = 0.21, I = 79.44%, H = 4.86 0.49[-1.19, 0.22]
Testof 6, =0;: Q(1) = 4.86, p = 0.03
Testof  =0:z=-1.36,p=0.17
Overall L -0.28[-0.56, 0.01]
Heterogeneity: 1% = 0.25, I? = 87.99%, H? = 8.32
Test of 6, = 8;: Q(13) = 133.55, p = 0.00
Testof 8 =0:2=-1.92, p=0.05
Test of group differences: Q,(2) = 2.51, p = 0.29

—_—
-2 -1 0 1
Random-effects REML model
D

Figure 6. Continued.
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Treatment Control Hedges's g Weight
Study N Mean  SD N Mean SD with 95% CI (%)
Non-surgical
Darnall, 2021 88 11.87 925 88 19.74 9.95 - 0.82[-1.12, -0.51] 9.65
Miller, 2020 36 183 153 40 25 166 —— -0.41[-0.87, 0.04] 875
Alda, 2011 57 255 724 55 3274 7.04 —— -1.01[-1.40, -0.62] 9.14
Thorn, 2011 49 237 134 34 247 151 +H— -0.07[-0.50, 0.36] 8.86
Thompson, 2016 28  11.8 128 29 137 13.1 —— -0.14[-0.66, 0.37) 8.32
Bennell, 2016 66 87 75 67 87 85 - 0.00[-0.34, 0.34] 9.47
Archer, 2016 43 109 105 43 102 11.1 —a— 0.06[-0.35, 0.48] 8.96
Heterogeneity: % = 0.15, I* = 78.23%, H? = 4.59 - -0.35[ -0.67, -0.03]

Test of 6, = 6: Q(6) = 29.60, p = 0.00
Testof 8 =0:z=-2.14, p=0.03

Surgical

Cai, 2018 50 23.28 382 50 304 434 —— -1.73[-2.19, -1.27) 871
Sun, 2020 42 142 59 38 173 62 —a— -0.51[-0.95, -0.07] 8.81
Lotzke, 2019 59 11.7 9598182 59 11.8 7.86 - 0.01[-0.37, 0.35] 9.34
Riddel, 2019 130 69 14 137 72 14 b - -0.21[-0.45, 0.03] 9.99
Heterogeneity: % = 0.54, 2 = 94.14%, H: = 17.06 = -0.60[-1.35, 0.14]

Test of 6, = 8: Q(3) = 39.49, p = 0.00

Testof 8 =0:2=-1.59, p=0.11

Overall -> -0.44[-0.76, -0.12)

Heterogeneity: 17 = 0.25, I’ = 87.36%, H? = 7.91
Testof 6, = 6: Q(10) = 69.14, p = 0.00
Testof 8 =0:2=-2.68, p=0.01

Test of group differences: Q,(1) = 0.37, p = 0.54

2 - 0 1
Random-effects REML model
A

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Non-surgical
Miller, 2020 38 258 7.3 42 263 8.9 —— -0.06 [-0.50, 0.37] 10.01
Thompson, 2016 29 32 89 28 338 8.1 —&— -021[-0.72, 0.31] 9.68
Archer, 2016 38 339 81 42 362 84 ~—8— -0.28[-0.71, 0.16] 10.00
Carpenter,2012 70 21 15 71 23 26 - -0.09[-0.42, 0.23] 10.40
Brox, 2006 31 79 54 29 119 54 —M— -073[-1.25 -021] 9.67
Javdane, 2020 24 21 522 24 30 355 —@— -1.98[-2.67, -1.30] 8.88
McBeth, 2012 91 342 63 98 36 68 M -0.27[-0.56, 0.01] 10.53
Heterogeneity: T° = 0.31, I? = 87.15%, H? = 7.78 -~  .0.48[-0.93, -0.03]

Test of 8, = 6: Q(6) = 28.69, p = 0.00
Testof  =0:z =-2.08, p =0.04

Surgical

Cai, 2018 50 27.76 456 50 36.54 3.58 —a— -2.13[-2.61, -1.64] 9.79
Lotzke, 2019 59 325 7584 59 322 11.139 - 0.03[-0.33, 0.39] 10.30
Lamb, 2010 298 106 5846 148 135 5707 = -0.50[-0.70, -0.30] 10.74
Heterogeneity: 12 = 1.20, I* = 97.64%, H* = 42.36 e -0.85 [ -2.11, 0.40]

Test of 8, = 6;: Q(2) = 50.32, p = 0.00
Testof ® =0:z2=-1.33,p=0.18

Overall -~  -0.60[-1.07, -0.13]
Heterogeneity: 12 = 0.52, I? = 93.58%, H? = 15.58

Test of 8, = 6: Q(9) = 83.44, p = 0.00

Testof 8 =0:z =-2.50, p = 0.01

Test of group differences: Q,(1) = 0.31, p=0.58

Random-effects REML model

Figure 7. A. This forest plot compares the impact of CBT on catastrophic thinking in patients treated with operative care versus patients
treated with non-operative care, each against usual care interventions. N =sample size, SD = standard deviation, REML = restricted
maximum likelihood. B. This forest plot compares the impact of CBT on fear avoidance in patients treated with operative care versus
patients treated with non-operative care, each against usual care interventions. N = sample size, SD = standard deviation, REML = restricted
maximum likelihood. C. This forest plot compares the impact of CBT on anxiety related to pain thoughts in patients treated with operative
care versus patients treated with non-operative care, each against usual care interventions.

N = sample size, SD =standard deviation, REML = restricted maximum likelihood. D. This forest plot compares the impact of CBT on
outcomes related to function including strength, mobility, and activities of daily living in patients treated with operative care versus patients
treated with non-operative care, each against usual care interventions. N =sample size, SD = standard deviation, REML = restricted
maximum likelihood. (continued)
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Non-surgical \
Damall, 2021 60 52.11 885 57 5456  9.04 —a— -0.27[-0.63, 0.09] 13.79
Miller, 2020 36 10.6 67 41 132 8.2 —l-}— -0.34[-0.79, 0.10] 9.06
Alda, 2011 57 7.91 25 55 857 247 R - -0.26[-0.63, 0.11] 13.22
Thom, 2011 49 172 1.1 34 168 9.7 ‘ 0.04[-0.40, 0.47) 9.61
Bennell, 2016 74 35 43 75 49 7.5 —a— -0.23[-0.55, 0.09] 17.57
Dear, 2013 31 723 476 31 903 478 — @ —— -0.37[-0.87, 0.12] 7.34
Buhman, 2013 38 8.85 44 38 1052 377 —@— -0.40[-0.85, 0.05] 8.93
Buhman, 2011 26 49 36 28 63 52 ——@———  .031[-0.84, 022] 645
Heterogeneity: T2 = 0.00, I? = 0.00%, H? = 1.00 <> -0.26 [ -0.40, -0.11]

Testof 8, = 6: Q(7) = 2.60, p = 0.92
Testof 8 =0:z =-3.51, p =0.00

Surgical
Lotzke, 2019 59 3.3 1.858142 59 3.36 4.60294 —+—f——  -0.02[-0.38, 0.34] 14.04
Heterogeneity: 12 = 0.00, I* = %, H? = . —ealll——  -0.02[-0.38, 0.34]

Testof 8, = 6: Q(0) =0.00,p =.
Testof © =0:2=-0.09, p=0.93

Overall - -0.23 [ -0.36, -0.09]
Heterogeneity: T = 0.00, I? = 0.00%, H? = 1.00
Testof 8 =06;:Q(8) =4.11,p=0.85

Testof 8 =0:z =-3.28, p = 0.00

Test of group differences: Q,(1) = 1.51, p=0.22

-1 -5 ] 5
Random-effects REML model
C
Treatment Control Hedges's g Weight
Study N Mean SD N  Mean SD with 95% CI (%)
Non-surgical
Miller, 2020 38 362 181 42 432 203 -0.36 [ -0.80, 0.08] 6.97
Alda, 2011 57 40.68 1093 55 4434 8.56 -0.37[-0.74, 0.00] 7.32
Thom, 2011 49 8.2 33 34 98 9.8 -0.23[-0.67, 0.20] 6.99
Thompson, 2016 29 26.5 9.078462 28 295 10.55538 -0.30[-0.82, 0.21] 6.55
Bennell, 2016 60 175 108 61 214 12 -0.34[-0.70, 0.02] 7.39
Archer, 2016 43 211 16.7 43 265 205 -0.29[-0.71, 0.13] 7.06
Carpenter, 2012 55 1.9 59 63 129 6.9 -0.15[-0.51, 0.21] 7.37
Brox, 2006 31 323 191 29 381 20.1 -0.29[-0.79, 0.21] 6.62
Dear, 2013 29 101 523 30 1477 5.33 —a— -0.87[-1.40, -0.34] 6.48
Heterogeneity: T2 = 0.00, 2 = 0.00%, H? = 1.00 -0.33[-0.47, -0.19]
Test of 8, = 0: Q(8) = 5.30, p = 0.72
Testof 8 =0:z =-4.61, p =0.00
Surgical
Cai, 2018 50 -80.68 8.02 50 -68.98 864 —H— -1.39[-1.83, -0.96] 6.99
Sun, 2020 42 341 63 38 -317 9.3 -0.30[-0.74, 0.13] 6.98
Lotzke, 2019 59 21.2 9.078462 59 214 10.55538 il -0.02[-0.38, 0.34] 7.38
Riddel, 2019 130 122 16 137 105 1.55 - 1.08[ 082, 1.33] 783
Lamb, 2010 332 6.6 5 165 79 5 -0.26 [ -0.45, -0.07] 8.07
Heterogeneity: T° = 0.74, I2 = 96.86%, H: = 31.88 -L 0.17[-0.94, 0.60]
Test of 6, = 6: Q(4) = 116.64, p = 0.00
Testof 8 =0:2 =-0.43, p = 0.67
Overall > -0.28[-0.56, 0.01]
Heterogeneity: 1% = 0.25, I = 87.99%, H? = 8.32
Test of 6, = 8;: Q(13) = 133.55, p = 0.00
Testof 8 =0:2=-1.92, p =0.05
Test of group differences: Q,(1) =0.17, p = 0.68

Random-effects REML model

Figure 7. Continued.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Group
Alda, 2011 57 255 7.24 55 3274 7.04 -1.01[-1.40, -0.62] 11.16

——
Thomn, 2011 49 237 134 34 247 151 —— -0.07[-0.50, 0.36] 10.86
Thompson, 2016 28 118 128 29 13.7 13.1 5 -0.14[-0.66, 0.37] 10.29
Heterogeneity: 12 = 0.23, I = 82.00%, H? = 5.56 - -0.42[-1.02, 0.18]
Testof 8, = 6: Q(2) = 12.05, p = 0.00

Testof ®=0:2=-1.36,p=0.17

Individual

Damall, 2021 88 11.87 925 88 19.74 995 - -0.82[-1.12, -0.51] 11.69
Cai, 2018 50 2328 382 50 304 434 —H— -1.73[-2.19, -1.27] 10.70
Sun, 2020 42 142 59 38 173 62 —a— -0.51[-0.95, -0.07] 10.81
Bennell, 2016 66 87 75 67 8.7 85 - 0.00[-0.34, 0.34] 11.50
Archer, 2016 43 109 105 43 102 111 —— 0.06 [ -0.35, 0.48] 10.97
Riddel, 2019 130 69 14 137 72 14 - -0.21[-0.45, 0.03] 12.04
Heterogeneity: T = 0.39, I2 = 92.60%, H¢ = 13.52 - -0.52[ -1.05, -0.00]

Test of 8, = 8: Q(5) = 51.91, p = 0.00

Testof ® =0:2 =-1.96, p =0.05

Overall e -0.49[-0.87, -0.11]
Heterogeneity: 12 = 0.30, I* = 89.36%, H? = 9.40

Test of 6, = 6: Q(8) = 64.04, p = 0.00

Testof 8 =0:2 =-2.51, p =0.01

Test of group differences: Q,(1) = 0.07, p = 0.80

2 0 1
Random-effects REML model
A
Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Group

Thompson, 2016 29 32 89 28 338 8.1 ——-0.21[-0.72, 0.31] 12.18
Lamb, 2010 298 10.6 5846 148 135 5.707 = -0.50[-0.70, -0.30] 13.40
Heterogeneity: 12 = 0.00, I’ = 6.47%, H? = 1.07 < -0.45[ -0.66, -0.25]

Test of 8, = 6: Q(1) = 1.07, p = 0.30

Testof 6 =0:z=-4.32, p =0.00

Individual

Cai, 2018 50 27.76 456 50 3654 3.58 —a— -2.13[-2.61, -1.64] 12.31
Archer, 2016 38 339 81 42 362 84 —l— -0.28[-0.71, 0.16] 1255
Carpenter,2012 70 21 15 71 23 26 —- -0.09[-0.42, 0.23] 13.00
Brox, 2006 31 7.9 54 29 19 54 —— -0.73[-1.25, -0.21] 12.16
Javdane, 2020 24 21 522 24 30 355 —@— -1.98 [ -2.67, -1.30] 11.25
McBeth, 2012 91 342 63 98 36 6.8 - -0.27[-0.56, 0.01] 13.15
Heterogeneity: T° = 0.75, I = 94.31%, H* = 17.58 —lll—  .0.89(-1.61, -0.17]

Test of 8, = 8: Q(5) = 69.78, p = 0.00

Testof © =0:z =-2.42, p =0.02

Overall -~ -0.75 [ -1.30, -0.20]
Heterogeneity: 12 = 0.57, P = 94.15%, H* = 17.11

Test of 8, = 6: Q(7) = 71.81, p = 0.00

Testof ® =0:z=-2.68, p =0.01

Test of group differences: Q (1) = 1.30, p = 0.26

a 2 4 0

Random-effects REML model

Figure 8. A. This forest plot compares the impact of group CBT versus individual CBT sessions on catastrophic thinking, each against usual
care interventions. B. This forest plot compares the impact of group CBT versus individual CBT sessions on fear avoidance, each against
usual care interventions. C. This forest plot compares the impact of group CBT versus individual CBT sessions on anxiety related to pain,
each against usual care interventions.

D. This forest plot compares the impact of group CBT versus individual CBT sessions on outcomes related to function, including strength,
mobility, and activities of daily living, each against usual care interventions. (continued)
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Group
Alda, 2011 57 791 25 55 857 247 -0.26 [ -0.63, 0.11] 17.19
Thorn, 2011 49 172 111 34 168 97 0.04[-0.40, 0.47] 1250
Heterogeneity: 12 = 0.00, I = 6.97%, H? = 1.07 -0.14[-0.43, 0.16]

Testof 8 =6:Q(1) = 1.07, p = 0.30
Testof 8 =0:z=-0.91,p =0.36

Individual

Damall, 2021 60 52.11 8.85 57 54.56 9.04 1 -0.27[-0.63, 0.09] 17.93
Bennell, 2016 74 35 43 75 49 75 -0.23[-0.55, 0.09] 22.85
Dear, 2013 31 723 476 31 9.03 478 —a -0.37[-0.87, 0.12] 9.54
Buhman, 2013 38 885 4.4 38 1052 3.77 —a— -0.40[-0.85, 0.05] 11.61

Buhman, 2011 26 49 36 28 63 52 —;’— -0.31[-0.84, 0.22] 8.38
Heterogeneity: 12 = 0.00, IZ = 0.00%, H? = 1.00 -0.30 [ -0.48, -0.11]

Test of §, = 6;: Q(4) = 0.50, p = 0.97
Testof 8 =0:z2=-3.19, p =0.00

Overall - -0.25 [ -0.40, -0.10]
Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00
Testof ©, = 6: Q(6) = 2.46, p = 0.87

Testof ® =0:z =-3.19, p = 0.00

Test of group differences: Q,(1) = 0.85, p = 0.36

4

-1 -5 0 5
Random-effects REML model
C

Treatment Control Hedges's g Weight
Study N Mean  SD N Mean  SD with 95% CI (%)
Group
Alda, 2011 57 40.68 1093 55 4434 8.56 - -0.37[-0.74, 0.00] 852
Thom, 2011 49 82 33 34 98 9.8 —— -0.23[-0.67, 0.20] 8.18
Thompson, 2016 29 265 9.078462 28 295 10.55538 —a— 0.30[-0.82, 0.21] 7.74
Lamb, 2010 332 66 5 165 79 5 -3 -0.26[-0.45, -0.07] 9.27
Heterogeneity: 1% = 0.00, I = 0.00%, H? = 1.00 L 2 -0.28[-0.43, -0.13]
Test of = 8;: Q(3) = 0.32, p = 0.96
Testof 8 = 0: 2 =-3.65, p = 0.00
Individual
Cai, 2018 50 -80.68 8.02 50 -68.98 864 —Hl— -1.39[-1.83, -0.96] 8.19
Sun, 2020 42 341 63 38 -317 9.3 — -0.30[-0.74, 0.13] 8.17
Bennell, 2016 60 175 108 61 214 12 - -0.34[-0.70, 0.02] 859
Archer, 2016 43 211 167 43 265 20.5 —— -0.29[-0.71, 0.13] 8.26
Riddel, 2019 130 122 16 137 105 1.55 M- 1.08[ 082, 1.33] 9.03
Carpenter, 2012 55  11.9 59 63 129 6.9 - 0.15[-051, 0.21] 857
Brox, 2006 31 323 191 29 381 20.1 —- -0.29[-0.79, 0.21] 7.81
Dear, 2013 29 101 523 30 14.77 5.33 —a— -0.87[-1.40, -0.34] 7.66
Heterogeneity: 12 = 0.47, | = 92.24%, H* = 12.89 =l -0.31[-0.80, 0.19]
Test of 8, = 8: Q(7) = 126.61, p = 0.00
Testof 8 =0:2=-1.20,p =0.23
Overall -> -0.30[-0.62, 0.03]

Heterogeneity: 1% = 0.29, I? = 89.73%, H? = 9.74
Test of 6, = 8: Q(11) = 132.17, p = 0.00
Testof 8 =0:2=-1.76, p = 0.08
Test of group differences: Q,(1) = 0.01, p = 0.92
-2 -1 ) 1
Random-effects REML model

Figure 8. Continued.
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Treatment Control Hedges's g Weight
Study M Mean sD M Mean sD with 85% CI (%)
In-Person ‘
Cai, 2018 50 -B0.68 8.02 50 -68.98 864 —H— -1.39[-1.83, -0.96] 8594
Sun, 2020 42 =341 63 38 -31.7 9.3 -0.30[-0.74, 0.13] 8383
Alda, 2011 57 40.68 1083 55 4434 8.56 I -0.37[-0.74, 0.00] 927
Thom, 2011 43 8.2 33 34 9.8 9.8 — B3 -0.23[-0.67, 0.20] 8494
Thompson, 2016 29 265 9.078462 2B 295 1055538 - * 0.30[-0.82, 0.21] 849
Bennell, 2016 60 175 108 &1 214 12 —ll— -0.34[-0.70, 0.02] 9.34
Lamb, 2010 332 6.6 5 165 7.4 5 -0.26 [ -0.45, -0.07] 10.02
Brox, 2006 31 323 191 29 381 201 4=7 0.29[-0.79, 0.21] 856
Heterogeneity: 15 = 0.10, I* = 73.70%, H® = 3.80 ‘.l -0.43[ -0.69, -0.17]
Test of 8, =8 Q(7) =23.29, p=0.00
Testof@=0:z=-3.24 p=0.00
Virtual
Riddel, 2019 130 122 1.6 137 105 1.55 B 108[ 0.82, 1.33] 978
Carpenter, 2012 55 119 59 63 129 6.9 - 0.15[-0.51, 0.21] 933
Diear, 2013 25 1041 523 30 1477 5.33 —— -0.87[-1.40, -0.34] 841
Heterogeneity: ¢ = 0.93, |2 = 96.43%, H* = 28.03 —e—— (03 [-1.08, 1.15]
Test of 8, = 8 Q(2) =57.94, p=0.00
Testof@=0:z=0.06,p =055
Overall . i -0.30 [ -0.66, 0.086]
Heterogeneity: 15 = 0.32, | = 80.80%, H® = 10.87
Test of 8, = 8 Q(10) = 131.74, p=0.00
Testof@=0:2=-1.63, p=0.10
Test of group differences: (1) = 0.63, p = 0.43 ' ‘ | ‘

2 -1 o 1

Random-effects REML model

Figure 9. This forest plot compares the impact of online CBT versus in-person CBT sessions on outcomes related to function, including
strength, mobility, and activities of daily living, against usual care interventions.

so we were unable to assess whether CBT was more effective
pre-operatively or post-operatively and instead focused on
comparisons that were significantly powered. By prioritizing
these comparisons, we contributed to a more confident
assessment of the impact of CBT within the available evi-
dence. Third, the RCTs included in this analysis only inves-
tigated knee, spine surgery, ongoing back and neck pain, and
daily widespread pain, leaving other areas such as trauma,
shoulder, and hip conditions unstudied. Consequently,
these findings do not extend to unstudied areas like trauma,
shoulder, and hip conditions. However, multiple studies
were found for each of our studied conditions. The multiple
adequately powered studies within the analyzed conditions
contribute to the confidence and reliability of the conclusions
in the specified musculoskeletal contexts.

Is CBT Associated with Healthier Mindsets
and Greater Comfort and Capability?

The findings that CBT is associated with modest reductions
in catastrophic thinking, kinesiophobia, and symptoms
anxiety, but these reductions in unhelpful thinking were not
associated with greater comfort or capability or ability to
complete activities of daily living such as bathing and
doing chores around the home is consistent with previous
individual studies and limited reviews.”'* One potential
explanation is that inclusion of people with both healthy
and unhealthy mindsets in the studies may have limited an
observed benefit of CBT. Looking more closely, the effect
sizes were quite large for some of the studies which studied
patients with a high baseline of unhelpful thinking.
Considering the meta-results were only barely non-
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Maladaptive criteria
Damall, 2021 88 1187 925 88 19.74 9.95 = B -0.82[-1.12, -0.51] 13.18
Cai, 2018 50 2328 382 50 304 434 —@— -1.73[-2.19, -1.27] 1210
Archer, 2016 43 109 105 43 102 111 —— 0.06[-0.35, 0.48] 1239
Riddel, 2019 130 6.9 1.4 137 72 14 8 - N -0.21[-0.45, 0.03] 13.57
Heterogeneity: T* = 0.57, I* = 95.05%, H* = 20.19 —— -0.67[-1.43, 0.10]

Test of 8, = 8: Q(3) = 44.17, p = 0.00
Testof0=0:2=-1.71, p=0.09

None

Sun, 2020 42 142 59 38 173 62 —— -0.51[-0.95, -0.07] 12.22
Alda, 2011 57 255 7.24 55 3274 7.04 —— -1.01[-1.40, -0.62] 12.60
Thom, 2011 49 237 134 34 247 151 —— -0.07[-0.50, 0.36] 12.28
Thompson, 2016 28 11.8 128 29 137 13.1 —— -0.14[-0.66, 0.37] 11.65
Heterogeneity: * = 0.14, I* = 73.78%, H* = 3.81 - -0.45 [ -0.88, -0.01]

Testof 8, = 8: Q(3) = 12.06, p = 0.01
Testof  =0:2=-2.03, p=0.04

Overall - -0.55 [ -0.96, -0.14]
Heterogeneity: T2 = 0.31, I? = 89.36%, H? = 9.40
Test of 8, = 8: Q(7) = 56.32, p = 0.00
Testof © =0:2 =-2.63, p=0.01
Test of group differences: Q (1) = 0.24, p = 0.62
2 4 o
Random-effects REML model
A
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Maladaptive criteria
Cai, 2018 50 27.76 456 50 3654 358 —— -2.13[-2.61, -1.64] 14.06
Archer, 2016 38 339 81 42 362 84 —— -0.28[-0.71, 0.16] 14.29
Javdane, 2020 24 21 522 24 30 355 —@— -1.98 [ -2.67, -1.30] 13.01
Heterogeneity: 12 = 1.01, I? = 93.42%, H? = 15.21 == T -1.45[ -2.63, -0.27]
Test of 8, = 8: Q(2) = 35.90, p = 0.00
Testof © =0:z =-2.40, p = 0.02
None
Thompson, 2016 29 32 89 28 338 8.1 —@—-0.21[-0.72, 0.31] 13.93
Lamb, 2010 298 10.6 5.846 148 135 5.707 : ° 3 -0.50 [ -0.70, -0.30] 15.11
Carpenter, 2012 70 241 15 M 23 286 —B- -0.09[-0.42, 0.23] 14.73
McBeth, 2012 91 342 63 98 36 68 B  -027[-056, 0.01] 14.87
Heterogeneity: T2 = 0.02, I> = 44.17%, H? = 1.79 <@ -0.31[-051, -0.10]
Testof 8,=0;: Q(3) =5.06, p = 0.17
Testof 8 =0:2=-2.95 p =0.00
Overall ~l-  .0.75[-1.39, -0.12]
Heterogeneity: 12 = 0.68, I* = 95.34%, H? = 21.44
Testof 6, = 0;: Q(6) =71.19, p = 0.00
Testof @ =0:z=-2.34, p =0.02
Test of group differences: Q (1) = 3.47, p = 0.06
a 2 1 0
Random-effects REML model
B

Figure 10. A. This forest plot compares the impact of CBT on catastrophic thinking in populations screened for unhealthy mindsets versus
those not screened, each against usual care interventions. B. This forest plot compares the impact of CBT on fear avoidance in populations
screened for unhealthy mindsets versus those not screened, each against usual care interventions. C. This forest plot compares the impact
of CBT on anxiety related to pain in populations screened for unhealthy mindsets versus those not screened, each against usual care

interventions. D. This forest plot compares the impact of CBT on outcomes related to function, including strength, mobility, and activities of
daily living, in populations screened for unhealthy mindsets versus those not screened, each against usual care interventions. (continued)



Patel et al.

15
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Maladaptive criteria
Damall, 2021 60 52.11 8.85 57 54.56 9.04 -0.27[-0.63, 0.09] 31.37
Heterogeneity: 12 = 0.00, I* = %, H? =, -0.27[-0.63, 0.09]
Testof 8 =6:Q(0) =0.00,p =.
Testof 8 =0:z2=-1.47, p=0.14
None
Alda, 2011 57 791 25 55 857 247 + -0.26 [ -0.63, 0.11] 30.07
Thom, 2011 49 172 111 34 168 97 —+—— 0.04[-0.40, 0.47] 21.86
Dear, 2013 31 723 476 31 9.03 478 —@——— -0.37[-0.87, 0.12] 16.70
Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00 T -0.19[-0.44, 0.05]
Testof 8 =6:Q(2) =1.73, p = 0.42
Testof =0:2=-156,p=0.12
Overall - -0.22[ -0.42, -0.02)
Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00
Testof 8, = 6: Q(3) = 1.85, p = 0.60
Testof =0:2=-2.12, p=0.03
Test of group differences: Q (1) =0.12, p = 0.73
A -5 0 5
Random-effects REML model
C
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Maladapative criteria
Cai, 2018 50 -80.68 8.02 50 -68.98 864 —H— -1.39([-1.83, -0.96] 9.83
Archer, 2016 43 211 16.7 43 265 205 -0.29(-0.71, 0.13] 9.90
Riddel, 2019 130 122 1.6 137 105 1.55 - 1.08[ 0.82, 1.33] 1067
Heterogeneity: 12 = 1.50, I = 97.75%, H? = 44.39 -0.19[-1.60, 1.21]
Testof 8, = 6: Q(2) = 101.11, p = 0.00
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none
Sun, 2020 42 341 63 38 -317 9.3 -0.30[-0.74, 0.13] 9.82
Alda, 2011 57 40.68 1093 55 4434 8.56 -0.37[-0.74, 0.00] 10.16
Thorn, 2011 49 8.2 33 34 9.8 9.8 -0.23(-0.67, 0.20] 9.83
Thompson, 2016 29 265 9.078462 28 295 10.55538 -0.30[-0.82, 0.21] 9.38
Lamb, 2010 332 6.6 5 165 79 5 -0.26 [ -0.45, -0.07] 10.90
Carpenter, 2012 55 1.9 59 63 129 6.9 -0.15[-0.51, 0.21] 10.22
Dear, 2013 29 101 523 30 1477 5.33 —— -0.87[-1.40, -0.34] 9.30
Heterogeneity: 2 = 0.00, ¥ = 0.00%, H* = 1.00 -0.30[ -0.43, -0.17]
Test of 8, = 8: Q(6) = 5.56, p = 0.47
Test of © = 0: z = -4.60, p = 0.00
Overall -0.29[-0.69, 0.10]
Heterogeneity: 12 = 0.36, I = 91.80%, H? = 12.20
Test of 6, = 8: Q(9) = 130.57, p = 0.00
Testof @ =0:2=-1.47,p=0.14
Test of group differences: Q,(1) = 0.02, p = 0.88
2 a1 0 1
Random-effects REML model
D

Figure 10. Continued.
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significant (P value of .06), the authors could not responsibly
rule out that CBT may be more effective in patients with high
levels of unhelpful thinking. A next step could be to evaluate
whether CBT reduces unhelpful thinking significantly more
in patients with notable levels of unhelpful thinking and
whether this reduction translates to improved capability as
observed in a recent randomized trial of people recovering
from musculoskeletal injury.>’

Are There Differences Based on how CBT is Delivered?

The finding that CBT sessions led by mental health providers
reduced catastrophic thinking and kinesiophobia more than
sessions led by physical therapists might relate to the
method of training physical therapists to deliver CBT, or it
might relate to other factors such as openness to working
with a mental health professional, which might enhance mea-
sured effectiveness. Patients tend to be relatively more open
to referral to physical therapist than to a psychologist due to
mental health stigma, so further development of psychologi-
cally informed physical therapy is worthwhile.*®

The findings that group CBT was as effective as
one-on-one CBT and that online sessions were as effective
as in-person sessions support flexibility in treatment strate-
gies that can enhance accessibility.”® The finding that
earlier initiation of CBT was more effective supports antici-
pating difficult recoveries and strategizing comprehensive
care rather than using CBT to salvage problematic recoveries
when they are established.

Conclusions

The collective evidence from randomized trials of CBT in
musculoskeletal illness, documents modest reduction in
unhelpful thinking, more so in people experiencing notable
unhelpful thinking. Unhelpful thinking can be measured
using instruments such as the Pain Catastrophizing Scale,
the Tampa Scale of Kinesiophobia, and the Negative Pain
Thoughts Questionnaire and notable levels could prompt a
discussion of referral for CBT. Given that mental health
stigma can hinder patient appeal for addressing mindsets,
another approach could be to train physical therapists to
deliver CBT-based mindset exercises incorporated with
physical exercises and tailor the approach to the specific
patient and their level of unhelpful thinking. In any case,
more research is needed to determine how to use mindset
training such as CBT to help people feel better and do
more by guiding them to the healthiest possible inner narra-
tive regarding their body’s sensations.
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