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Abstract

Background and Objective: Traumatic injuries are amongst the leading causes
of death and disability in the world across all age groups. This systematic review
aimed to (1) describe the role of post-traumatic stress symptoms (PTSS) on the de-
velopment of chronic pain and/or pain-related disability following musculoskel-
etal trauma and (2) report pain and or pain-related disability by injury severity/
type.

Database and Data Treatment: Electronic databases were searched, from in-
ception to 31 November 2021 and updated on 10 May 2022, to identify studies in
which: participants were adults aged >16years sustaining any traumatic event
that resulted in one or more musculoskeletal injuries; an outcome measure of
PTSS was used within 3 months of a traumatic event; the presence of pain and/
or pain-related disability was recorded at a follow-up of 3months or more. Two
reviewers independently screened papers and assessed the quality of included
studies.

Results: Eight studies were included. Owing to between-study heterogeneity, the
results were synthesized using a narrative approach. Five studies investigated the
relationship between PTSS and pain. Participants with PTSS were more likely to
develop persistent pain for at least 12 months post-injury. Six studies assessed the
relationship between PTSS and pain-related disability. The results suggest that
patients with PTSS had significantly higher disability levels for at least 12 months
post-injury.

Conclusion: Findings from this comprehensive systematic review support a
clear relationship between PTSS post-injury and future pain/disability, with the
potential importance of certain PTSS clusters (hyper-arousal and numbing).
Significance: The findings of this systematic review indicate an association be-
tween PTSS reported within 3 months of a traumatic musculoskeletal injury and
the development of longer-term pain and disability. The PTSS clusters of ‘hyper-
arousal’ and ‘numbing’ appear to be of particular importance in this relationship.
Prospero Registration Number: CRD42021285243.
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1 | INTRODUCTION

Traumatic injuries are amongst the leading causes of
death and disability across all age groups, accounting
for 1 in 10 deaths worldwide (Krug et al., 2000; Norton &
Kobusingye, 2013). In 2013, an estimated 973 million in-
dividuals sustained injuries that required some type of
healthcare, of which 4.8 million died from their injuries
(Haagsma et al., 2016). Approximately 1 in 10 of these
deaths are caused by road trauma (Rosenbloom et al., 2013).
Each year between 40,000 and 90,000 people in the UK sus-
tain a traumatic injury; of these, 50% will have sustained a
musculoskeletal injury (Herron et al., 2017; National Audit
Office, 2010). These include injuries to bones, joints, liga-
ments, tendons and muscles that surround these structures
(Clay et al., 2010). Some of the most common causes of trau-
matic musculoskeletal injuries include falls, road trauma, as-
saults and machinery-related accidents (Moran et al., 2020).
In the United States (US) approximately 2.8 million people
were injured and 42,000 fatalities were recorded in 2004
(National Highway Traffic Safety Administration, 2005).
Globally, traumatic injuries accounted for over 1.3 million
fatalities and were the tenth leading cause of death in 2016
(World Health Organization, 2018).

Exposure to physical traumatic events can lead to the
development of post-traumatic stress symptoms (PTSS),
such as intrusion, hyper-arousal and avoidance (Regier
et al., 2013). If these symptoms are significant within
1month of a traumatic event, acute stress disorder (ASD)
can be diagnosed (Bryant et al., 2011). If these symp-
toms are significant 1month after the traumatic event,
post-traumatic stress disorder (PTSD) can be diagnosed
(American Psychiatric Association, 2013). The two main
diagnostic systems for PTSD are the 4th edition originat-
ing from the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) and the 10th edition of the World
Health Organization (WHO) International Classification
of Diseases (ICD-10). Both define PTSD using three key
symptom clusters: ‘re-experiencing’, ‘avoidance’ and ‘hyper-
arousal’ (American Psychiatric Association, 1994; World
Health Organization, 1992). However, these diagnostic sys-
tems have been controversial (Brewin et al., 2009). Several
studies criticize the overlap of psychiatric disorders, such
as anxiety and depression, with PTSD symptoms (Brewin
etal., 2009; Maercker et al., 2013). Asaresult, the latest DSM
edition (DSM-V, American Psychiatric Association, 2013)
contains an additional symptom cluster, ‘negative alter-
ations in cognitions and mood’ (NACM), including, for ex-
ample, guilt. In contrast, the revised ICD-11 proposes two
‘sibling’ disorders: PTSD and ‘complex PTSD’ (Maercker
et al.,, 2013). Symptoms are clustered into three groups
namely: re-experiencing’, ‘avoidance’ and ‘sense of cur-
rent threat’. Furthermore, O'Donnell and colleagues (2014)

used the modified version of the clinician-administered
structured interview for PTSD, which incorporated the
new symptom cluster to estimate the prevalence of PTSD
in a sample of hospital patients 72h post-discharge. They
found that fewer patients met the ICD-11 criteria (3.3%)
compared with DSM-V criteria (6.7%). Studies included
in this review used current and previous PTSS diagnostic
criteria developed to correspond to both the DSM-IV/V or
ICD-10/11 symptom clusters.

PTSS often co-occurs with pain and/or pain-related dis-
ability (Bryant & Harvey, 1995; Dai et al., 2018; Guimmarra
etal., 2017; Heron-Delaney et al., 2013; Jenewein et al., 2009;
Liedl et al., 2010). Several conceptual frameworks have been
developed to explain the relationship between pain and/or
disability and PTSS, and their influence on one other. A pro-
posed mutual maintenance model suggests that attentional
bias may be present in patients with both chronic pain and
PTSS, as they both attend to threatening internal or exter-
nal stimuli, anxiety and catastrophising when reminded
of the traumatic event (Sharp & Harvey, 2001). The shared
vulnerability model proposed by Asmundson et al. (2002)
postulates that individuals with tendencies toward high
anxiety sensitivity (tendency to respond with fear to anx-
iety or somatization) are at greater risk of both pain and
PTSS. Furthermore, the diathesis-stress model of disabil-
ity addresses complex interactions between pre- and post-
traumatic cognitive risk factors and exposure to a traumatic
event (Turk, 2002). Factors such as anxiety sensitivity, cat-
astrophising, the anticipation of pain, self-efficacy and fear
avoidance beliefs are amongst the factors included in this
model (Turk, 2002). The model was further expanded to in-
clude PTSS as a predictor of pain/disability and found that
pain intensity accounted for 15% of the variance in PTSS.
Furthermore, PTSS had an even greater association with
pain-related disability, accounting for 45% of the variance
(Martin et al., 2010). These models validate the hypothesis
that PTSS can have a negative effect on pain and disability,
and vice versa, following a traumatic event. Several stud-
ies also suggest that PTSS plays a role in the development
of chronic pain and disability following traumatic injuries
(Pedler & Sterling, 2013; Ravn, Sterling, et al., 2018; Ravn,
Vaegter, et al., 2018; Ruiz-Parraga & Lopez-Martinez, 2014).
Guimmarra et al. (2017) investigated the relationship be-
tween PTSS and pain in participants admitted to the hos-
pital with orthopaedic and/or major trauma injuries. They
found that hypersensitivity, fear of movement, catastroph-
ising, low pain self-efficacy and depression mediated the
relationship between PTSS and pain 12months following
the traumatic event. By contrast, a recent reviewexamining
the relationship between PTSS and changes in pain severity
over time (Ravn, Hartvigsen, et al., 2018) found inconsis-
tent evidence in support of a unidirectional or bidirectional
association between pain and PTSS post-trauma, which did

95U8917 SUOWILLIOD SAITeR1D 3|aed!(dde a4y Ag peusenoB a.e sajp1e O ‘8sn J0 SajnJ 1o AkeiqiT aulUQO AS|IM UO (SUONIPUOD-PUR-SWRIL0D AS | 1M ARe1q 1 BUIIUO//:SANY) SUONIPUOD pue SWS 1 3U) 89S *[¢202/2T/60] Uo Akelqiauliuo AS|IM ‘591 Aq 8102 dB/200T 0T/I0p/Wiod" A8 1M Alelq1BulUo//:SANY Wiy pepeojumod ‘0 ‘6 TZ2eST



JADHAKHAN ET AL.

not support the mutual maintenance model. More informa-
tion is, therefore, needed regarding the influence of PTSS on
the development of chronic post-trauma pain and disability.

Two previous Scandinavian studies (Akerblom
etal., 2017; Andersen et al., 2012) examined the prevalence
of PTSS amongst patients with chronic pain consecutively
referred for rehabilitation. In the first study, 23% of patients
assessed for pain reported PTSS fulfilling the DSM-IV crite-
ria, whereas 29% of patients admitted for pain assessment
reported PTSS at a level qualifying for a PTSD diagnosis
in the second study. Furthermore, two systematic reviews
reported mean PTSD prevalence rates between 11.7%
and 19.1% amongst patients with chronic pain (Fishbain
et al., 2016; Sigveland et al., 2017). Similarly, a Canadian
study of people with chronic pain found PTSD rates of 7.7%
and 46% amongst individuals with fibromyalgia and back
pain respectively (Sareen et al., 2007). By contrast, varia-
tions in chronic pain prevalence rates (range 30% to 66%)
have been reported in individuals with PTSD but research
has mainly been carried out with war veterans (Beckham
et al., 1997; Shipherd et al., 2007).

Despite this evidence, few studies have prospectively
examined the role of PTSS in the development of chronic
pain and pain-related disability. Because of differences
in sample size/study population, methods and widely
differing PTSS criteria used to ascertain a diagnosis, esti-
mates of pain and disability in individuals with PTSS vary
considerably between studies. This warrants a thorough
empirical examination of the role of PTSS and its impact
on the development of pain and disability. A better un-
derstanding of this relationship should ultimately enable
more targeted treatment.

1.1 | Aims

This systematic review aims to:

- Examine the longitudinal relationship between PTSS,
measured within 3months of a traumatic musculoskel-
etal injury, and persistent pain and/or pain-related dis-
ability in adults aged >16years.

» Describe the variations in reported pain and/or pain-
related disability, following PTSS, characterized by se-
verity or type of musculoskeletal trauma.

2 | METHODS

This systematic review is reported in compliance with the
Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) statement guidelines (Page et al., 2021;
Methods S1). The review protocol is registered in PROSPERO

E)P_ B8
(International Prospective Register of Systematic Reviews;
registration number: CRD42021285243) and published
(Jadhakhan et al., 2021). Assuming homogeneity between

studies, we planned to conduct a random effect meta-
analysis with and without low-quality studies.

2.1 | Inclusion and exclusion criteria

The Population Intervention Comparator Outcome and
Study type (PICOS) framework was utilized to define the
inclusion and exclusion criteria of this review, as recom-
mended by the Cochrane Handbook for systematic re-
views (Higgins & Green, 2011). Specific interventions or
comparators were not explored: only the population and
outcome were identified in the inclusion and exclusion
criteria, along with the type of study design.

2.1.1 | Population

This review included studies where cases were adults
(aged 16 or over) who sustained a traumatic event that
was reported to result in at least one musculoskeletal
injury. Musculoskeletal injuries were defined as dam-
age to any bones, joints, ligaments (including interverte-
bral discs), tendons, muscles and the skin that surrounds
these structures (Clay et al., 2010); a widely used defini-
tion in previous studies and reviews (Clay et al., 2010;
Middlebrook et al., 2019). Common traumatic events in-
cluded, but were not limited to, road trauma (including
whiplash injuries), blunt-force trauma, falls, sports inju-
ries, occupational or work-related injuries, stab wounds,
gunshot wounds and violence. A broad range of muscu-
loskeletal injuries was therefore included in this review.
Studies with a heterogeneous population, where 90% of
the sample (aged >16years) sustained a musculoskeletal
injury (Clay et al., 2010) were also included. Studies focus-
ing solely on patients with traumatic brain injury (TBI) or
studies that included burns or neurological injuries such
as spinal cord injuries, and deliberate self-injurious patient
populations were excluded. In studies where a proportion
of the population was less than 16years old, the reported
mean or median age (in years) of the sample population
aged >16years and a description of the distribution (SD
or IQR range) were provided. In cases of insufficient data,
authors were contacted by email to request this.

2.1.2 | Patient-reported outcome measures

This review included longitudinal studies in which a re-
ported measure of PTSS was recorded at baseline (within
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REIP
3months of a traumatic event resulting in musculoskel-
etal injuries) and a recognized measure of the presence of
pain and/or pain-related disability was recorded at least
3months following the same musculoskeletal traumatic
event (Krismer & Van Tulder, 2007). We did not attempt
to limit study eligibility to those attributing pain to the
same event as PTSS. The presence of PTSS, pain and/or
pain-related disability was reported by either a diagnos-
tic instrument or a validated questionnaire (Methods S2).
Extracted outcome data were categorized by the time
since injury.

2.1.3 | Study design

Only prospective observational studies, secondary analy-
sis of longitudinal data and record linkage studies (data
linkage from longitudinal surveys) were eligible for in-
clusion. Included studies were published either in peer-
reviewed scientific journals, the Cochrane library or the
grey literature. Only articles published in English were
considered eligible.

2.2 | Exclusion criteria

Studies investigating populations aged less than 16years,
single case studies, retrospective observational studies
and randomized controlled trials were excluded. Review
articles, letters, editorials, conference proceedings and
studies with only abstracts (i.e. no available full text) were
also excluded.

2.3 | Search strategy

A comprehensive search strategy was developed to retrieve
articles relevant to the aims of this review. The following
citation databases were systematically searched from in-
ception to 31 November 2021 and updated on 10 May 2022:
MEDLINE (OVID), PsycINFO (OVID), EMBASE (OVID),
CINAHL, Web of Science and PubMed. Ongoing studies,

TABLE 1 Review eligibility criteria checklist

scientific literature and abstract proceedings were identi-
fied by searching the Cochrane Database of Systematic
Reviews, PROSPERO, Google Scholar and ZETOC. Grey
literature databases such as Grey Literature Report,
OpenGrey, PubliCat and ScienceDaily.com were also ex-
amined. A search strategy was developed to retrieve rel-
evant articles, using the following key terms and Medical
Subject Heading (MeSH): post-traumatic stress symptoms*
(and all associated diagnoses and research terms), acute
stress disorder* (ASD), pain* and disability*. The reference
lists of any recent review articles and from any other eligi-
ble manuscript identified by the above search were hand-
searched. The Science Citation Index (SCI) was used to
scan and track study titles. Search strategies for each elec-
tronic database are shown in Methods S3. In cases of in-
sufficient data, we attempted to contact the corresponding
authors of eligible studies up to three times by email. When
authors did not respond to our emails, we tried to contact
co-authors by email at least twice. After 2weeks if authors
did not respond to our emails, we sent a final reminder
email to the corresponding authors and co-authors.

2.4 | Preparing for eligibility screening
All records retrieved in the database search were im-
ported into the literature management software EndNote
V.X9 (Clarivate Analytics) to facilitate the management of
references. Any duplicate articles were identified and re-
moved at this stage.

2.5 | Study selection

Two reviewers (F.J. and D.E.) independently reviewed the
studies within the digital library identified by the search
strategy in two phases. Retrieved titles and abstracts were
initially reviewed to identify eligibility for full-text screen-
ing. The full texts were then read to determine suitability
for inclusion in the review. This was achieved by referring
to an inclusion criteria checklist, based on study eligibility
criteria and designed a priori (Table 1), to ensure studies

Study identified via electronic database search, grey literature, research archive or reference lists of eligible

Experienced musculoskeletal trauma within 3 months of the baseline assessment

Study design Prospective observational cohort study
Study characteristics
studies
Full text of available articles
Participants
>90% of participants are adults (aged >16years)
Measures

Post-traumatic stress symptoms measured at baseline (no more than 3 months post-trauma)

Self-reported pain and/or pain-related disability measured at 3months and or/longer following baseline
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were classified and interpreted appropriately. Any dis-
crepancies or differences in opinion were resolved by con-
sensus and by involving a third reviewer (D.F.) to arbitrate
any disagreement. A PRISMA flow diagram (Figure 1)
presents the included and excluded studies along with
reasons for exclusions.

2.6 | Data extraction

Prior to data extraction, a standardized data extraction
form was developed (Methods S4) based on the modi-
fied Checklist for critical Appraisal and data extraction
for systematic Reviews of Prediction Modelling Studies
(CHARMS-PF checklist; Riley et al., 2019). This was de-
veloped iteratively with a focus on study location, study

E)P RS
design, participant's characteristics, outcomes of interest
(self-reported pain and/or disability), predictor variables
or symptom measurements, sample size, length of follow-
up, items associated with risk of bias, summary statistics
and methods for statistical analysis, then pilot-tested on
known papers independently by two reviewers (F.J. and
D.E.). Data from each study were extracted independently
by two reviewers (F.J. and D.E.), and any differences were
resolved by discussion. A third reviewer (D.F.) checked
a random subset of the data extracted from the included
studies to ensure that data had been extracted consist-
ently without any deviation. Any discrepancies were re-
solved by discussion and re-visiting the relevant study
by the two reviewers (F.J. and D.E.). If any information
was missing or incomplete, an initial attempt was made
to contact the study authors and a follow-up email was

e Y
Records identified through database search: (n= 3991) Additional records identified through other sources
CINAHL = 176 (n=310)
EMBASE = 161 ZETOC=158
l\gfg\l/figni ;121666 Google search=126
.5 PsycINFO=113 DANS EASY archive (OpenGrey) = 26
§ Web of Science=159
3=
=
[}
=
Records after duplicates were removed
(n=3713)
-
S
2
= Records excluded after title and
@3 abstract screening (n=3650)
m
-
Full text articles excluded (n=55)
Reasons:
S Conference paper = 2
Cross Sectional studies=5
= No pain and or pain related disability
£ AV outcome reported=22
= g -
9 Full text articles assessed for Not an opservatlonal study=6
5 No validated measure of PTSS
wn eligibility (n=63) used=10
No musculoskeletal trauma related
injuries=4
PTSD diagnosis not PTSS=1
No baseline measure of PTSS within
— 3months of traumatic injury=1
Diagnosis of Traumatic Brain Injury
(TBI)=1
5 PTSS measured at 1 year post
e trauma=1
Q
2 Articles eligible No author response to our request of
raw data=1
(n=8) PTSS, pain and/or disability measured
concurrently = 1

FIGURE 1 Study selection and reasons for exclusion.
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L
sent 2weeks after to retrieve the missing data. Descriptive

data extracted from included papers were summarized in
a Microsoft Excel spreadsheet (Methods S5).

2.7 | Quality assessment

Two reviewers (F.J. and D.E.) assessed the methodological
quality of each included article independently to reduce
bias. The quality assessment focussed on study participa-
tion, study attrition, outcome measurement and statistical
analysis and reporting. All selected articles were assessed
using the refined QUality In Prognosis Studies (QUIPS)
appraisal tool (Hayden et al., 2013). Although the focus
of this systematic review was not prognosis, we used the
QUIPS appraisal tool because it covers the general quality
criteria to assess the risk of bias adequately. We consid-
ered these general criteria as appropriate because of the
wide variety of study designs included in this systematic
review. QUIPS consists of six domains assessing potential
biases in prognostic studies: study participation, study
attrition, prognostic factor measurement, confounding
factors, outcome measurement and statistical analysis
and reporting (Hayden et al., 2013). Grading of each do-
main consisted of four options: high, moderate, low risk
or unknown risk of bias. The stages and domains of this
modified tool are shown in Methods S6. A third reviewer
(D.F.) was available if needed. Any difference in opinion
was resolved by further discussion and/or by involving the
third reviewer. A narrative summary of the quality of each
study is provided in Table 4.

2.8 | Synthesis of results

Estimates of pain and disability in relation to PTSS were
considered separately by severity and or type of musculo-
skeletal trauma. Pain and disability were either reported
as mean difference/standardized mean difference (SMD)
with accompanying 95% CI and Odds Ratio (OR) or Risk
Ratio (RR) with 95% CI between groups and subsequently
extracted. The level of heterogeneity between study data
was explored to determine whether the extracted data were
sufficiently homogenous for a meta-analysis. Two review-
ers (F.J. and D.E.) independently assessed key items of the
extracted data. A consensus was reached by discussion be-
tween the pair of reviewers. However, the studies differed
considerably in terms of PTSS diagnostic measures, out-
come measures (pain and or pain-related disability meas-
ures), sample size, population, study setting and effect
measures. The advice was sought from a senior member
of the research team (D.F.) who supported the decision
not to combine these studies in a meta-analysis due to

substantial heterogeneity between the studies. Pain and/
or disability following musculoskeletal trauma in indi-
viduals (aged > 16 years) with a recorded measure of PTSS
were extracted for each study and a narrative summary of
the outcome of the included studies was presented.

3 | RESULTS

3.1 | Identification of studies

The search was updated (10th May 2022) at the time of
manuscript preparation to ensure the most recent and rel-
evant studies were captured and recorded. In total, 3650 ar-
ticles were screened by title and abstract. Title and abstract
screening were performed independently by two review-
ers (F.J. and D.E.) and resulted in the exclusion of 3587
articles. Of the 63 full-text articles assessed, 55 were ex-
cluded at full-text review, primarily because these articles
did not report pain and/or pain-related disability or were
not primarily focussed on PTSS. Eight articles (Andersen
et al., 2016; Asenldf et al., 2013; Kongsted et al., 2008;
Maujean et al., 2017; Pedler et al., 2016; Ramchand
et al., 2008; Ravn et al., 2019; Ravn, Sterling, et al., 2018)
were included in the final analysis. A flow diagram of the
study identification process is presented in Figure 1.

3.2 | Study characteristics

The eight included studies involved 2108 individuals
(aged >18years sustaining any physically traumatic event
that was reported to result in at least one musculoskel-
etal injury) from four countries were included in the final
analysis (Figure 1). Considerable variation was found
between studies regarding study design, including study
setting, data source, measures used to define PTSS, pain
and/or disability and summary effect measures employed
to report the development of pain and/or pain-related
disability and injury type. Most eligible studies were con-
ducted in Australia (n = 3; Maujean et al., 2017; Pedler
et al., 2016; Ravn, Sterling, et al., 2018) and Denmark
(n = 3; Kongsted et al., 2008; Ravn et al., 2019; Andersen
etal., 2016), followed by Sweden (n =1; Asenlifetal., 201 3)
and the United States (n = 1; Ramchand et al., 2008). Most
studies recruited from emergency departments (n = 4;
Maujean et al., 2017; Pedler et al., 2016; Ravn et al., 2019;
Asenlof et al., 2013), followed by a combination of emer-
gency department and general practice (n = 1; Kongsted
et al., 2008), emergency department and primary care ad-
vertisement (n = 1; Ravn, Sterling, et al., 2018), trauma fa-
cility (n = 1; Ramchand et al., 2008) and using emergency
department register data (n = 1) to define WAD grades
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and self-reported questionnaires to measure PTSS and
pain and pain-related outcomes (Andersen et al., 2016).
Participants were predominantly female (56.2%), with
the ages of participants ranging from 18 to 70years. Only
one study reported ethnicity data (Ramchand et al., 2008).
Five studies (Andersen et al., 2016; Asenldf et al., 2013;
Maujean et al., 2017; Pedler et al., 2016; Ramchand
et al., 2008) employed a purposive sampling strategy to
recruit patients and three studies (Kongsted et al., 2008;
Ravn et al., 2019; Ravn, Sterling, et al., 2018) recruited con-
secutive patients. The length of follow-up ranged from 3 to
12 months. All studies had been published in English. An
overview of study characteristics can be found in Table 2.

3.3 | Description of musculoskeletal
trauma

The most common musculoskeletal injuries were whiplash
injuries (grades I-III) established by a physician between
72 h from the accident and within 6 months following the
injury (Andersen et al., 2016; Asenlofet al., 2013; Kongsted
et al., 2008; Maujean et al.,, 2017; Pedler et al., 2016;
Ravn et al., 2019; Ravn, Sterling, et al., 2018). Ramchand
et al. (2008) included patients who had sustained gunshot
injuries or were injured from other penetrating or blunt
objects between October 1998 and June 2000. Most stud-
ies (Andersen et al., 2016; Asenlof et al., 2013; Kongsted
et al., 2008; Maujean et al.,, 2017; Pedler et al., 2016;
Ramchand et al., 2008; Ravn, Sterling, et al., 2018) reported
a traumatic event that resulted in at least one musculoskel-
etal injury between 72 h and 3weeks. In one study (Ravn
et al., 2019), the injury was reported between 4 weeks and
6 months following a traumatic event.

3.4 | Diagnostic tool/measures used

The majority of studies (n = 3) used the Post Traumatic
Diagnostic Scale (PDS) to assess PTSS, followed by the
Impact of Event Scale (IES; n = 2) and Harvard Trauma
Questionnaire (HTQ-part IV; n = 2) and one study used
the Posttraumatic Stress Disorder Checklist (PCL). A diver-
sity of methods was used to ascertain the presence of pain
and/or disability. Two studies used a visual analogue scale
(VAS) to determine pain intensity experienced by individu-
als following musculoskeletal trauma whereas three stud-
ies used a numeric rating scale (NRS). Two studies used the
Neck Disability Index (NDI) to assess the self-rated disabil-
ity of patients with neck pain. The Swedish version of the
Pain Disability Index (PDI) was used in one study to inves-
tigate the magnitude of self-reported pain-related disabil-
ity. In one study, the Short Form-36 Health Survey (SF-36)

E)P S8
standardized quality-of-life assessment tool was used and in
another study, the Copenhagen Neck Functional Disability
Scale (CNFDS) was used to measure the level of functional
disabilities in patients with neck pain following a whiplash
injury. The Pain Disability Questionnaire (PDQ) was used
in one study to assess the perception of disability in relation
to pain following whiplash injury and another, the RAND-
36 item health status inventory questionnaire was used to
assess the physical functioning of patients following multi-
ple traumatic injuries. Table 3 provides an overview of the
diagnostic tools used.

3.5 | Follow-up assessment points

Most studies included in this review had follow-up out-
come assessments between 3, 6 and 12 months intervals.
The remaining studies measured outcomes at 3 and
6 months post-injury and another assessed outcomes at 3-
and 12-month intervals. The follow-up assessment point
for each study is provided in Table 2.

3.6 | Risk of bias

None of the included studies had an overall low risk of bias
in every domain covered by the refined QUIPS appraisal
tool (Hayden et al., 2013). Six of the eight (75%) studies ad-
equately described the study population (low risk of bias),
and clearly defined the selection of participants, with an
adequate description of the target population and inclu-
sion/exclusion criteria. Population and outcome were
universally well described; all of the eight studies included
in this review presented valid measures for ascertaining
the presence of PTSS and the development of pain and/or
disability. In seven studies (88%), the analytical approach
utilized was considered appropriate. Three (38%) of the
studies reported adequate information about attrition.
However, five (62%) studies did not report attrition clearly
enough or no reasons for participants withdrawing were
given (moderate/high risk of bias). Seven studies (88%)
described adjustment of confounders in the analysis.
Table 4 displays the review quality scores per item based
on the refined QUIPS appraisal tool (Hayden et al., 2013).
Across all eight studies, four (50%) had a moderate risk of
bias and four (50%) had a low risk of bias (Figure 2).

3.7 | Relationship between PTSS and
pain post-trauma

Five of the eight (63%) studies (Andersen et al., 2016;
Kongsted et al., 2008; Pedler et al., 2016; Ravn
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TABLE 2 Study characteristics

Study details Demographics

Setting (e.g.

outpatient,
inpatient, emergency Sample Length of
Author Year Country department) Age Gender Ethnicity size follow-up
Kongsted 2007  Denmark Emergency unit and GP  18-70years M = 35.9%; Not reported 668 3,6 and
etal. F=641% 12 months
Maujean 2017  Australia Emergency department 18-65years F =64.4% Not reported 146 6months
etal.
Pedleretal. 2016  Australia Emergency department 18-65years F=71 Not reported 103 3months
Ravnetal. 2019 Denmark Emergency department >18years F =62.9% Not reported 229 3 and 6 months
Ravnetal. 2018  Australia Emergency department; 18-65years F = 66.4% Not reported 253 3,6 and
primary care; 12 months
advertisement in
newspaper
Ramchand 2008  USA hospitalized for Mean = 25 (+5.8) M =94% Seventy-eight per cent self-identified as Hispanic, 413 3 and 12 months
etal. injuries resulting 13% self-identified as Black; 3% identified as non-
from community Hispanic Caucasian; 3% identified as Asian; and 4%
violence identified as Native American, multiracial, or other
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Participants

Individuals aged >16years sustaining

any physically traumatic event that

was reported to result in at least one
musculoskeletal injury within 3 months of
the baseline assessment

‘Whiplash injury grade (I-11I): Within 3 days
after the accident or a maximum of 10days
after the accident

Acute Whiplash: (grade I-IIT) Within 1 month
of injury

‘Whiplash-associated disorder grade (I-1II);
symptoms less than 6 weeks following
injury

‘Whiplash grade (I-I1I): within 4 weeks to
6 months post-injury

Acute Whiplash injury grade (I-1II) within
4weeks of injury

Fifty-nine per cent had sustained gunshot
injuries and the remainder was injured
from other penetrating or blunt objects.
Between October 1998 and June 2000,
all consecutively hospitalized young
adults who were admitted to a large
Level I trauma facility in Los Angeles for
treatment of wounds from community
violence were screened for eligibility. To
be eligible for the study, participants had
to (a) have sustained an injury inflicted
by a person other than a family member
or a former sexual partner, (b) be between
18 and 40years of age and (c) be able
to communicate fluently in English or
Spanish. Individuals were screened for
eligibility by trained lay interviewers only
at such time as potential participants were
capable of giving informed consent

Patient-reported
outcome Pain

Disability

Recorded measure
of PTSS at baseline
(within 3 months of
the traumatic event
in which injuries
were sustained)

definition of PTSS Outcome re Effect e

Baseline PTSS collected SF-36
using the Impact

Unadjusted OR = 3.3 [1.8,
5.9, p<0.001]; adjusted
OR for age = 3.0 [1.6, 5.5,
(IES) p<0.001], adjusted OR
for age and baseline pain
intensity = 2.1 [1.1, 4.1,
p<0.05]

of Event Scale

Post-traumatic stress
scale (PDS) within
1month of injury

Not reported Not reported

The Posttraumatic (10-cm visual Pearson correlation r = 0.349;
p<0.01 between PTSS

and pain

Stress Diagnostic analogue scale
Scale (PDS) [VAS])
measured 30days

following a motor

vehicle accident

Harvard Trauma Numeric Rating Scale  Recovering PTSS (high initial

Questionnaire (NRS) PTSS, then gradually

part IV recover): PAIN OR: 1.86
(1.26, 2.76); p = 0.002;
Chronic PTSS (persist

over 6 months): PAIN
OR: 1.86 (1.27, 2.73);
p = 0.001

Post-traumatic stress Visual Analogue Scale PTSS predicted an increase
scale (PDS) (VAS) in pain from baseline to
3months; standardized
coefficient = (f = 0.24,
p<0.001); 6 months to
12 months = (f = 0.21,

p<0.001)

Civilian Version of Not reported Not reported
the Posttraumatic

Stress Disorder

(PTSD) Checklist

(PCL)

Outcome measure

Functional Disability
Scale

Neck Disability Index

(NDI)

Neck Disability Index

(NDI)

Pain Disability

Questionnaire (PDQ)

Not reported

Physical health and

functioning were
derived from 15
items drawn from the
physical domain of
the RAND-36 Health
Status Inventory.
Questions from the
physical domain cover
four areas: general
health perception,
physical functioning,
physical pain and

physical health-related

role limitations

Effect measure

15-item Copenhagen Neck ~ Unadjusted OR = 3.2 [1.7,

6.0, p<0.001]; adjusted
OR for age = 3.1 [1.6,
5.8, p<0.01], adjusted
OR for age and baseline
pain intensity = 2.1
[1.1,4.2, p<0.05]

PTSS cluster (hyperarousal/

numbing) significantly
predicted future neck
pain-related disability
(unstandardized
coefficient = 1.15;

SE = 0.57, p = 0.043)

Pearson correlation

r=0.624; p<0.01
between PTSS and
disability

MEAN (SD) Chronic

PTSS V/S recovering
PTSS: CHRONIC:
Mean 34.8 (SD:28.7);
RECOVERING:
Mean: 16.5 (SD:20.4);
p = 0.0009; Chronic
PTSS V/S no PTSS:
Chronic: 34.8 (28.7);
no PTSS: 7.1 (13.1),

p = 0.003

Not reported

Our longitudinal

measurement model
including only

PTSS and physical
functioning fit the data
well (4% (174) = 286.7,
CFI = 0.98,

SRMR = 0.04)
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I

TABLE 2 (Continued)

Study details Demographics

Setting (e.g.
outpatient,
inpatient, emergency

Author Year Country department) Age Gender

Andersen 2016  Denmark
etal. to define
WAD grades.
Participants were

ED register data

(M = 36.79,
SD = 12.61)
invited by post and
Self-reported
questionnaires
were used to
measure PTSS and
pain and pain-

related outcomes

Asenlof 2013  Sweden Ninety-eight 18 to 65years

emergency wards
at two hospitals

in Uppsala
(University
hospital) and
Visteras (Regional
county hospital) in
Sweden between
January 2007 and
December 2009

mean age for the  61.6% were

patients was women

F =52(53.1%),
etal. participants were M =46
recruited from the (46.9%)

Sample Length of

Ethnicity size follow-up

Not reported 198 3months,

6months

Not reported 98 3,6 and
12 months

Abbreviations: CFI, comparative fit index; HTQ, Harvard Trauma Questionnaire; IES, impact of events scale; NDI, neck disability index; NRS, numeric rating
scale; OR, odds ratio; PCL, the posttraumatic stress disorder checklist; PDI, peri-traumatic distress inventory; PSD, post traumatic diagnostic scale; PTSD, post
traumatic stress disorder; PTSS, post traumatic stress symptoms; RMDQ, Roland Morris Disability Questionnaire; SEM, standard error of the mean; SRMR,
standardized root mean squared; VAS: visual analogue scale; WAD, whiplash-associated disorders.

et al., 2019; Ravn, Sterling, et al., 2018) investigated the
relationship between pain and PTSS (Table 2). Overall,
the results were highly heterogeneous. All studies re-
ported follow-ups and the development of persistent pain
but the follow-up times varied considerably from 3, 6 and
12 months after injury. Furthermore, the definition of
pain and the measure of association between PTSS and
pain varied significantly between studies, rendering direct
comparability between studies difficult.

3.8 | Pain by injury type

3.8.1 | Whiplash injury

One study (Kongsted et al., 2008) reported odds ratios
to summarize the difference between those with PTSS
compared to those without PTSS and the development
of pain in people with a whiplash injury (grades I-III).

Another study (Ravn et al., 2019) examined predictors
and functional outcomes associated with PTSS trajecto-
ries following a whiplash injury. People with PTSS were
approximately twice as likely (OR: 1.86, 95% CI [1.27-
2.73], p<0.001) to develop pain after a whiplash injury
(Ravn et al., 2019) Furthermore, people classed as hav-
ing ‘chronic severe’ PTSS had a significantly higher level
of pain-related disability at 6 months compared to those
classed as having ‘resilient’ PTSS (p = 0.003) and ‘recover-
ing’ (p = 0.009).

Kongsted et al. (2008) found that individuals with post-
traumatic stress reactions were more than three times
(unadjusted OR: 3.3, 95% CI [1.8-5.9], p<0.001) likely to
develop long-term pain after a whiplash injury. After ad-
justing for age and baseline pain intensity, this association
was slightly attenuated (adjusted OR: 2.1: 95% CI [1.1-
4.1], p<0.05). Another study (Ravn, Sterling, et al., 2018),
examined the longitudinal association between PTSS and
pain amongst a cohort of people who sustained whiplash
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Patient-reported

Participants outcome Pain Disability
Recorded measure
of PTSS at baseline

Individuals aged >16years sustaining (within 3 months of

any physically traumatic event that the traumatic event

was reported to result in at least one in which injuries

musculoskeletal injury within 3months of were sustained)

the baseline assessment definition of PTSS (0] e  Effect e Outcome measure

Effect measure

To measure the
severity of PTSS,
we used the

Consecutive patients from a large Danish Pain intensity was

emergency ward were all contacted by post measured as the
within 3weeks after their whiplash injury average score
Harvard Trauma of four 11-point
Likert scales
(NRS) Each scale

measured pain

Questionnaire part
IV (HTQ-IV) The
HTQ-IV consists
of 17 items on a 4- intensity on a
point Likert scale

(1 =notatall,

numerical rating
scale ranging
from 0 (no pain)
to 10 (the worst
possible pain).

4 = very often)

Eligibility criteria were; age 18 to 65years, Post-traumatic stress
fulfilled criteria for the diagnosis of WAD

grade I and II established by a physician

Pain intensity was
symptoms were operationalized
measured with the as the average
on the emergency ward within 72 h from Impact of Event

Scale (IES)

pain intensity
the accident, satisfactory Swedish language experienced over
skills and subjective report of not being in the past two
need of further treatment due to mild pain weeks, which
and disability 2-4 weeks after the accident was scored on a
numerical rating
scale (NRS)
with a score of

0 (no pain) and
10 (worst pain
imaginable/

unbearable pain)

The total effect (c) of
PTSS symptoms at

Not reported Not reported
baseline on 6-month

pain intensity was

positive and statistically

significant of moderate

size (R? = 29%), with no

mediators in the model

Not reported Pain-related disability was  IES did not predict disability

measured with the at 6 months in the
Swedish version of The multivariate linear
Pain Disability Index regression model:
(PDI) B=-0.12 (—0.28, 0.04),

p=0.15

injury (grades I-III) and found that PTSS at baseline pre-
dicted an increase in pain at 3months (standardized co-
efficient [#] = 0.24, p<0.001) and that PTSS at 6 months
predicted an increase in pain at 12 months (standardized
coefficient [f#] = 0.21, p<0.001). Pedler et al. (2016) ex-
plored the relationship between measures of PTSS and
pain/disability outcomes in people with a whiplash in-
jury (grades I-1II) and found that PTSS was significantly
correlated with pain (Pearson's correlation coefficient
r = 0.349, p<0.01) at their 3-month follow-up. Andersen
et al. (2016) investigated the longitudinal effect of PTSS on
pain in a whiplash injury cohort (grades I-III) and found
that PTSS was associated with pain at 6 months with mod-
erate size (¥ = 29%, p <0.001).

3.9 | Relationship between PTSS and
disability post-trauma

Six of the eight (75%) studies (Asenlof et al., 2013; Kongsted
et al., 2008; Maujean et al.,, 2017; Pedler et al., 2016;
Ramchand et al., 2008; Ravn et al., 2019) assessed the

relationship between PTSS and disability (Table 2). The
assessment methods and follow-up period of PTSS and
the development of disability varied considerably across
studies. Furthermore, the definition of injury type varied
with some studies defining specific injuries (e.g., whiplash
injury grades I-III) and those including multiple injury
types (e.g., gunshot injuries, penetrating/blunt objects).

3.10 | Disability by injury type

3.10.1 | Whiplash injury

One study (Kongsted et al., 2008) reported (OR) to de-
scribe the likely association of PTSS and disability in peo-
ple with a whiplash injury (grades I-III). People with PTSS
were more than three times (OR: 3.2, 95% CI [1.70-6.0],
p <0.001) likely to develop disability 3 months following a
whiplash injury (Kongsted et al., 2008) After controlling
for age and pain intensity, PTSS was still significantly asso-
ciated with disability (OR: 2.1, 95% CI [1.1, 4.2], p<0.05).
Another study (Maujean et al., 2017) assessed which PTSS
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* I

Diagnostic tool/measures

TABLE 3 Diagnostic/measures used
to ascertain PTSS, pain and/or disability

Study/year PTSS Pain
Maujean et al. (2017) PDS

Pedler et al. (2016) PDS 10 cm VAS
Ravn, Sterling, et al. (2018) PDS 10 cm VAS
Kongsted et al. (2008) 1IES SF-36
Asenlof et al. (2013) IES 0-10 NRS
Ramchand et al. (2008) PCL

Ravn et al. (2019) HTQ (part IV) 0-10 NRS
Andersen et al. (2016) HTQ (part IV) 0-10 NRS

Disability
NDI
NDI

CNFDS
PDI
RAND-36
PDQ

symptomology best predicted long-term neck pain-related
disability in a whiplash-injured population (grade I-III);
the finding showed that hyper-arousal and numbing
significantly predicted neck pain-related disability (un-
standardized coefficient = 1.15, SE = 0.57; p = 0.043). In
another study, Pedler et al. (2016) found that PTSS influ-
enced neck pain-related disability (Pearson's correlation
coefficient r = 0.624, p<0.01) 12weeks post whiplash
injury (grades I-III). Another study (Ravn et al., 2019)
evaluating pain-related disability in patients with PTSS
following whiplash injury (grades I-III), found three dif-
ferent trajectories of recovery: chronic (PTSS), resilient
(no PTSS) and recovered (PTSS at baseline but recovered
during follow-up). Patients with chronic PTSS had signifi-
cantly higher disability levels [mean [SD] = 34.8 (+28.8)]
compared to patients who were resilient [mean [SD] = 7.1
(+13.1), p = 0.003]. On the other hand, a study by Asenlsf
et al. (2013), examining the relationship between PTSS
and pain-related disability in a cohort of patients with
whiplash injury (grade II-III), reported a small and non-
significant regression coefficient (f = —0.12, 95%CI [—0.34
t0 0.147], p = 0.15).

3.10.2 | Multiple injuries

Only one (Ramchand et al., 2008) of the eight studies ex-
amined the relationship between PTSS and disability in
individuals who sustained multiple injuries. Ramchand
et al. (2008) examined the relationship between PTSS and
physical functioning in people who sustained gunshot
injuries and/or were injured from other penetrating or
blunt objects in a longitudinal measurement model and
found that PTSS and physical functioning fitted the data
well Chi-Square (%) (174) = 286.7, Comparative Fit Index
[CFI] = 0.98 (threshold for acceptable model fit = >90)
and Square Root Mean Residual [SRMR] = 0.04 (thresh-
old for acceptable model fit = <0.08). Results indicate that
individuals with PTSS at 1-week post-trauma have worse
physical functioning at 3 months follow-up.

4 | DISCUSSION

The purpose of this review was to systematically investigate
the existing literature to determine the role of PTSS on the
development of chronic pain and/or pain-related disabil-
ity following musculoskeletal trauma. Few studies to date
have reported on the relationship between PTSS and the
development of persistent pain and pain-related disability.
Estimates of pain and disability vary considerably in such
studies and may be related to methods and the PTSS crite-
ria used for diagnosis, sample size, length of follow-up and
effect measures to report outcome (pain and disability).
Our findings demonstrate wide variation amongst studies
on several different parameters, including definitions and
methods of identifying pain and pain-related disability, def-
initions and methods used to identify the population with
PTSS, length of follow-up, injury type, country and type of
health service where the study was undertaken and clinical
setting (primary, secondary or emergency department).

Most studies adequately described the study popula-
tion and inclusion/exclusion criteria. Exposure and out-
come were almost universally well described and most
studies used valid measures for ascertaining the presence
of PTSS and outcome measures (pain and pain-related
disability). Musculoskeletal trauma was well described
across all studies. However, there was a ‘moderate/high’
risk of bias in most studies due to the attrition rate and a
lack of adequate consideration of power analysis. Another
frequently observed limitation was the lack of consecu-
tive sampling reported in two of the eight studies, which
could be explained by practical difficulties in reaching the
target population. The extent of variation across the stud-
ies, combined with our quality findings that most studies
have varying degrees of risk of bias, meant that the results
could not be pooled for meta-analysis. Furthermore, the
link between pain and/or disability and PTSS may be con-
founded by the occurrence of specific types of traumatic
events affecting pain thresholds and disability differently
indicating the presence of different sub-groups (Tesarz
et al., 2020).
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TABLE 4 Risk of bias assessment of the eight included studies according to the QUIPS tool

Statistical analyses and  Overall risk

Outcome

Exposure

Study

Study

measurement Confounding presentation of bias

attrition measurement

participation

Source

Kongsted et al. (2008)
Maujean et al. (2017)
Pedler et al. (2016)
Ravn et al. (2019)

Ravn, Sterling, et al. (2018)
Ramchand et al. (2008)

Andersen et al. (2016)
Asenléf et al. (2013)

Note: Green, yellow and red indicate low, moderate and high risk of bias respectively.

E)P_ B

5 | SUMMARY OF EVIDENCE
5.1 | Pain estimates

The longitudinal nature of the studies included in this re-
view allowed us to investigate the natural interactions of
PTSS and pain over time, and the results yielded impor-
tant insights into the relationship between pain and PTSS
in the context of musculoskeletal injuries. The analyses
revealed that those with PTSS were more likely to develop
persistent pain compared to those without PTSS. However,
these estimates varied considerably between studies. This
is unsurprising given the variability in diagnostic meas-
ures to ascertain PTSS/pain and assessment time points
across studies. Notably, the development of pain was
relatively consistent across time (at 3, 6 and 12 months
intervals), suggesting that pain continues to be a signifi-
cant problem 12 months following injury in people with
PTSS. One study (Ravn, Sterling, et al., 2018) provided
pain estimates at two time points and showed that pain
occurs consistently from baseline to 3months and then
from 6 months post-injury (as baseline) to 12 months. A
study by (Liedl et al., 2010) found that the PTSS cluster
‘arousal’ measured at 3months following injury contrib-
uted to the severity of pain at 12 months post-injury. Only
one study (Kongsted et al., 2008), investigated the influ-
ence of selected covariates on pain development in people
with PTSS. Sex (female) and pain intensity (high) at base-
line were approximately twice more likely to be associated
with pain development in people with PTSS compared to
those without.

5.2 | Disability estimates

Six studies (Asenlﬁf et al., 2013; Kongsted et al., 2008;
Maujean et al.,, 2017; Pedler et al., 2016; Ramchand
et al., 2008; Ravn et al., 2019) examined the relationship
between pain-related disability and the presence of PTSS
in people with musculoskeletal injuries. Although they
provided estimates of the effect of PTSS on disability fol-
lowing a traumatic event, the comparability of these stud-
ies was limited by heterogeneity in terms of the follow-up
period, outcome measures and definitions, PTSS meas-
urement and type of injury. Four of these studies (Asenlsf
et al., 2013; Kongsted et al., 2008; Pedler et al., 2016; Ravn
et al., 2019) examined the effect of PTSS on disability after
a whiplash injury which was classified as grade I-III or
grade I-II, and unsurprisingly all of these studies reported
increased levels of pain-related disability mediated by PTSS
following injury. The other study (Ramchand et al., 2008)
examined the link between PTSS and disability in cases
of multiple injuries and reported significant associations
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at 12-month follow-up. In a sample of patients who had
sustained a whiplash injury, Maujean et al. (2017) found
significant associations between PTSS clusters (hyper-
arousal and numbing) and disability at 6 months. Our
findings provide preliminary evidence to suggest that
PTSS is associated with greater long-term disability and
suggest that interventions aimed at identifying and treat-
ing PTSS early could help to reduce the development of
these chronic conditions and improve patient outcomes.
Our results concur with those of previous studies showing
that PTSS is significantly associated with disability, pain
intensity, absenteeism/presenteeism and low self-esteem
in whiplash patients’ one-year post-accident (Ahman &
Stalnacke, 2008; Buitenhuis et al., 2006; Ehlers et al., 1998;
Stalnacke, 2009).

5.3 | Strengths and limitations

Several recent studies have described the relationship of
PTSS with increased levels of pain and pain-related disabil-
ity across populations with traumatic injuries (Buitenhuis
et al., 2006; Geisser et al., 1996; Jenewein et al., 2009; Katz
et al., 2009). It is important, however, to begin to under-
stand the link between PTSS and pain/disability following
a traumatic injury to plan effective interventions. This is
the first systematic review to identify and present an in-
depth synthesis of all available evidence describing the
role of PTSS and its impact on the development of persis-
tent pain and pain-related disability. The strengths of this
systematic review include the rigorous methodological
approach employed using an established methodological
framework (Hayden et al., 2013; Page et al., 2021; Riley
et al., 2019). Two independent reviewers were involved
in study selection, data extraction and quality assessment

and a third reviewer was available to ensure overall meth-
odological consistency and to resolve any disagreements.
To ensure an exhaustive review of the available literature,
a comprehensive search strategy was implemented with
broad inclusion criteria. The search was repeated at the
time of manuscript preparation to capture recent and
relevant studies. We also looked for evidence in the grey
literature. There are however some limitations to the pre-
sent study. First, the quality of these studies was variable
because of the large methodological differences, statistical
power, reliability of measures and information about ef-
fect measures making interpretations of the findings dif-
ficult. Second, given the limitations of the reported data,
the high risk of bias amongst the included studies and
the wide heterogeneity between them, we were unable to
combine data in a meta-analysis, which would have added
significantly to a narrative synthesis (Fagard et al., 1996).
Whilst this is a stronger methodology, we do not think
it would have impacted our conclusions. Thirdly, due to
limited data on ethnicity and sex, we were unable to ad-
equately measure the effect of these variables, although
this represents an important area for future research. We
also intended to assess publication bias but were unable
to do so owing to the wide heterogeneity between the in-
cluded studies. The generalisability and applicability of
these findings may be reduced, although each setting is
inevitably unique and researchers may use different as-
sessment criteria to ascertain PTSS, traumatic event and
definitions to identify pain and disability.

5.4 | Implications of results

The findings suggest a clear link between PTSS and pain
and pain-related disability following traumatic injuries.
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Given the likely development of pain and disability fol-
lowing a traumatic injury in people with PTSS and the
likely impact on function and quality of life, it is impor-
tant to identify/prioritize individuals with early-onset
PTSS following injury and initiate early preventative
efforts. Phifer et al. (2011) argue that PTSS, pain and
pain-related functional impairment co-occur and im-
pact enormously on quality of life. In terms of future
research, our findings demonstrate a clear need for a
standardized approach to manage PTSS at an early stage
following injury and subsequent management of both
pain and pain-related disability at an early stage. There
was a great deal of variety of methods used to ascertain
the presence of PTSS and to identify those with pain and
pain-related disability. An agreed core set of diagnostic
definitions of PTSS is needed to allow better compari-
son and synthesis of findings derived from academic
literature (Bryant, 2019). Similarly, a core set of stand-
ardized definitions of pain and pain-related disability
would be helpful to have a clear idea of the longitudi-
nal association of these comorbidities. The Initiative on
Methods, Measurement and Pain Assessment in Clinical
Trials IMMPACT) recommends a core set of outcome
domains when conducting RCT's concerning interven-
tions for chronic pain when pain assessment tools and
methods to ascertain pain vary considerably. These out-
come domains include: pain dimension, physical func-
tioning, emotional functioning, participant's ratings of
global improvement, symptoms and adverse events and
participant's disposition (Dworkin et al., 2005; Turk
et al., 2003).

The term PTSS is often used interchangeably with
PTSD symptoms. For example, Guimmarra et al. (2017)
used the Posttraumatic Stress Disorder Checklist (PCL-
C) to ascertain PTSD symptoms (PTSS) from a trauma
cohort derived from the registered Victorian Orthopaedic
Trauma Outcomes Registry (VOTOR).

Recent changes in DSM-V and ICD-11 have marked
discordance in how these two classification systems diag-
nose PTSD. Because of these differences, prevalence rates
of PTSD can differ considerably when the two systems
are used in the same sample. In general, lower prevalence
rates of PTSD are found using the ICD-11 compared to the
DSM-V (Brewin et al., 2017; Schellong et al., 2019; Shevlin
et al., 2018). Due to its more restrictive definition, ICD-11
could be failing to detect cases with PTSD symptoms; on
the other hand, the DSM-V may be inflating the number
of cases. This difference could therefore have implications
for patient management. Future research should explore
the relative sensitivity of these two diagnostic tools in
identifying PTSD and assess the longitudinal association
with pain and/or pain-related disability following a trau-
matic injury.

E)P_ B

The findings of this review suggest that there is a clear
relationship between PTSS post-injury and future pain/
disability, with the potential importance of certain PTSS
clusters (hyperarousal and numbing). Significant hetero-
geneity was found between the included studies, particu-
larly in relation to the PTSS measurement, description of
the traumatic event and measures of pain and/or disabil-
ity, in addition to the high risk of bias amongst the studies.
These factors precluded meta-analysis. Nonetheless, this
review indicates that people with PTSS tend to develop
pain and disability at an early stage following injury and
these symptoms persist for at least 12 to 24 months post-
injury. This should be considered when developing appro-
priate treatment and planning long-term care. Variations
across studies and lack of separate analysis regarding age,
ethnicity and sex meant that we were unable to conduct
sub-group analyses. Hence, our findings should be consid-
ered with a degree of caution. A standardized methodol-
ogy and a core set of validated measures may also explore
the association of PTSS and pain/or pain-related disability
after minor injuries or surgical procedures to further vali-
date the relationship between PTSS and pain/disability
following a traumatic event.

6 | CONCLUSION
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