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Abstract

Objectives: Our objective was to systematically review
and meta-analyse relevant studies to determine the prev-
alence of musculoskeletal chest pain in the emergency
department.
Methods: This review was constructed while confirming
to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines. PubMed, Cochrane
Library, SCOPUS, Science Direct, and OVID were system-
atically searched from their inception to January 19, 2020,
to identify observational studies, where the prevalence of
musculoskeletal causes of chest pain was reported in
isolation or in combination with other causes or could be
calculated from the available data.
Results: A meta-analysis of the nine included studies,
having a total of 14,743 participants, showed the global
pooled prevalence of musculoskeletal chest pain in the
emergency department to be 16% (10–22%) [I2=99.24%].
The pooled prevalence for the European continent was 17%
(9–25%) [I2=99.51%] and that for the urban areas was 13%
(7–19%) [I2=99.00%].
Conclusions: This review provides a reliable estimate of
the prevalence of musculoskeletal chest pain in the emer-
gency department. More studies providing age and gender-
specific data for the prevalence of musculoskeletal chest

pain in the emergency department should be carried out. A
paucity of such data from rural areas also needs to be
addressed in future research work. The prevalence values
from this studywill be useful in the application of Bayesian
reasoning utilised in diagnosing patients, where the pro-
cess of Bayesian arguing begins by knowing pre-test
probabilities of different differential diagnosis, in this case
that of musculoskeletal chest pain in the emergency
department.

Keywords: chest pain; emergency service, hospital; meta-
analysis; musculoskeletal chest pain; prevalence; system-
atic review.

Introduction

Chest pain has repeatedly been ranked amongst the top five
disease-related groups [1], with an estimated lifetime prev-
alence of around 20–40% in the general population [2]. It is
a common presentation in the emergency department (ED),
accounting for 5–12% of all ED admissions [3]. As per the
reports of the Centre for Disease Control and Prevention, in
the United States of America alone,more than sevenmillion
patients are evaluated in the emergency departments for
complaints of chest pain each year [4]. In England, this ac-
counts for 4.5% of the total ED admissions [5].

Chest pain is a symptomandnot adisease, and therefore
can be attributed to a variety of causes for its occurrence [6].
It may indicate an acute, life-threatening cardiovascular
cause, such as acutemyocardial infarction, unstable angina,
pulmonary thromboembolism, aortic dissection, or pericar-
dial tamponade [7].However, acutemyocardial ischemiacan
be ruled out for almost 60–90%of patients using a thorough
diagnostic work-up [8], who then fall under the category of
non-cardiac chest pain (NCCP). In the US, the percentage of
patients presenting to the ED with non-specific chest pain,
has increased by 13% from 2006 to 2011 [9].

Chest pain due to non-cardiac causes canbe attributed to
underlying musculoskeletal, pulmonary, gastro-intestinal,
psychological, infectious, or drug-related disorders [7]. A
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meta-analysis aimed at studying chest pain in the general
practice reported that chestwall syndrome accounts for 24.5–
49.8% of all chest pain complaints [10]. However, there is a
paucity of systematic reviews synthesizing the available evi-
dence on the prevalence of NCCP in the ED. This systematic
review aims to study the prevalence of musculoskeletal chest
pain (MSCP) in the ED.

Methods

This review was constructed while conforming to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [11].

Eligibility criteria

Our review compiles published observational studies, where the prev-
alence of MSCP was reported in isolation or in combination with other
causes or could be calculated from the available data. We included
studies if a. the study design was cross-sectional, cohort, or case con-
trol; b. the study setting was the ED; and c. the age of the participants
was 18 years or more. The language of the included texts was restricted
to English. We excluded case reports, case series, intervention studies,
and studies on specific populations (women, athletes, soldiers).

Information sources and search strategies

A thorough and systematic literature search was implemented to extract
observational studies providing prevalence of MSCP in the ED. The elec-
tronic databases of Cochrane Library, PubMed, SCOPUS, Science Direct,
andOVIDwere searched from inception to January 19, 2020. Two criterion
components of the search strategy, (1) population and (2) outcome, were
combined using Boolean Operator “AND” (Table 1) to identify publica-
tions of choice. The terms used for Population included: “non-cardiac
chest pain”, “noncardiac chest pain”, “NCCP”, “non-specific chest pain”,
“chest pain”. Outcome search terms included were: “musculoskeletal”,
“muscular”, “orthopaedic”, “orthopedic”, “musculoskeletal chest pain”,
“chest wall pain”, “chest wall syndrome”, “cervicothoracic angina”,
“cervical angina”, “musculoskeletal chest wall pain”. Studies excluding
human participants were filtered out during the search.

Study selection

The search results fromall five databaseswere first exported toEndNote
X7.8, and the duplicates were removed. The two authors (SM and VP)
then independently screened the titles and the abstracts, to eliminate
the studies that did not fulfil the pre-determined inclusion and exclu-
sion criteria. The full texts of the studies conforming to the requirements
were then retrieved and reviewed for eligibility. Discussions with the
third author (RN) helped to resolve any discrepancies.

Data collection process and items

Consistency and accuracy in the data extraction process were
maintained by the provision of electronic data forms and an

instruction manual to the two reviewers (SM and VP). Both re-
viewers independently collected the relevant data from each study.
The data of interest included the year of publication, geographical
location of the study, study design, characteristics of the partici-
pants (including age and gender), sample size, methodology,
outcome measure, frequency of MSCP, and frequency of indepen-
dent causes of MSCP.

Quality assessment

The two reviewers (SM and VP) independently analysed the quality of
all the included studies, and any conflicts were resolved by discus-
sions with the third reviewer (RN). The “US National Heart, Lung, and
Blood Institute (NIH) checklist for observational cohort and cross-
sectional studies” (Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies) was utilised for this purpose [12]. Out of

Table : Keywords used to identify relevant articles from all
electronic databases.

PICO Search strategy

Target
population

(((((((“non-cardiac chest pain”) OR (“noncardiac
chest pain”)) OR (“non cardiac chest pain”)) OR
(“NCCP”)) OR (“nccp”)) OR (“non-specific chest
pain”)) OR (“non specific chest pain”)) OR (“chest
pain”)
AND

Outcome (((((((((“musculoskeletal”) OR (“muscular”)) OR (“or-
thopaedic”)) OR (“orthopedic”)) OR (“musculoskel-
etal chest pain”)) OR (“chest wall pain”)) OR (“chest
wall syndrome”)) OR (“cervicothoracic angina”)) OR
(“cervical angina”)) OR (“musculoskeletal chest wall
pain”)

Table .: Quality assessment of included cross-sectional studies
using NIH quality assessment tool for observational cohort and
cross-sectional studies.

Author [Refer-
ence number]

Q Q Q Q Q Q Final score
(out of )

Quality

Karlson et al.
[]

Y Y NR N N N  Poor

Buntix et al. [] Y N N/
A

Y N N  Poor

Knockaert et al.
[]

Y Y N/
A

Y N Y  Fair

Parkash et al.
[]

Y Y Y Y CD Y  Fair

Cilia et al. [] Y Y Y N N Y  Fair
Geyser et al. [] Y Y Y N N N  Fair
Bjørnsen et al.
[]

Y Y Y Y N N  Fair

Wertli et al. [] Y Y Y Y N Y  Fair

NR, Not Reported; NA, Not Applicable; CD, Cannot Determine.
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all the 14 questions, only questions 1, 2, 3, 4, 5, and 11 were relevant for
cross-sectional studies, and the remaining eight questions, pertinent
to cohort studies, were marked as not applicable (NA). Each question
was scored as Yes, No, or Others (Cannot Determine [CD], Not Appli-
cable [NA], Not Reported [NR]). A study with 6 Yes responses was
considered “Good” quality, 4–5 Yes responses as “Fair” quality, and
less than 4 Yes responses as “Poor” quality [13] (Table 2.1). All 14
questions were considered while analysing cohort studies, with a
score of 13–14 indicating good, 9–12 as fair, and less than 12 a poor-
quality study [14] (Table 2.2).

Data synthesis and statistical analysis

We performed a meta-analysis to obtain the overall estimate of preva-
lence of MSCP in the ED. As the studies included in this review were
mostly observational, the random effects model was used for the meta-
analysis. The chi-square statistic and I-squared statistic were used as
measures of heterogeneity. The “Metaprop” package within the STATA
13.1 software, was used to perform the meta-analysis. Forest plots have
been reported to depict the meta-analysis, where the diamond depicts
pooled estimate with a 95% confidence interval.

Results

Study selection

The pre-determined search strategy returned 1,286 studies
from the electronic databases, out of which 196 duplicates
were removed (Figure 1). Nine hundred and sixty-four studies
were excluded from screening the titles, and 90 studies were
excluded from the abstract screening. The full texts of 36
articles were potentially eligible for inclusion. Twenty-seven
records were excluded based on study design, unclear study
setting, language other than English, unavailability of full
texts, lack of identification of participants with musculo-
skeletal chest pain, and studies which had not included all
the chest pain patients reporting to the ED. A final count of
nine studies [1, 3, 8, 15–20] that fulfilled the inclusion criteria
was selected for the systematic review.

Study characteristics

All the included studieswere cross-sectional, with one study
being of cohort study design.Wewere unable to identify any

relevant case-control studies that fulfilled the inclusion
criteria. Six studies were conducted in Europe [3, 8, 15–18],
one in Asia [19], one in Australia [1], and one in South Africa
[20], between 1991 and 2020. All the researches were con-
ducted in the emergency department with seven studies
including patients with chest pain [1, 3, 16–20], one study
including patients with symptoms indicative of acute coro-
nary syndrome [15], and one study recruiting patients with
non-cardiac diagnosis during discharge from the ED [8]. The
study duration varied widely amongst the researches, with
the shortest being three months [1] and the longest being
three years [8].

The total participants included in all studies were
14,743, with the smallest sample size being 202 [19] and
the largest having 7,157 participants [15]. A high male to
female ratio was reported across all the studies. The
minimum age of the participants was 16 years, with the
oldest recorded participant being 101 years old [15]. The
inclusion criteria remained uniform across the studies,
with two studies not reporting their criteria for inclusion
of participants [15, 18]. The participants excluded were
those with a history of trauma, presence of any life-
threatening conditions, children, pregnant women, in-
flammatory joint diseases, fibromyalgia, dementia,
inability to cooperate, refusal to participate, participants
who bypassed the ED, and those who were referred from
another hospital or referred directly to the surgical
department or the cardiology clinic. Three studies did not
report any exclusion criteria [17, 18, 20].

Quality assessment

Usage of the “Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies” identified three
cross-sectional studies and the single cohort study as
poor quality and demonstrated the remaining five cross-
sectional studies to be of fair quality (Tables 2.1 and 2.2).
The majority of the studies scored fair due to the lack of
a sample size justification, and poorly defined and
implemented outcomemeasures. The studies that further
did not report their criteria for inclusion and exclusion,
and the participation rate of eligible individuals received
a poor overall score.

Table .: Quality assessment of included cohort study using NIH quality assessment tool for observational cohort and cross-sectional
studies.

Author [Reference number] Q Q Q Q Q Q Q Q Q Q Q Q Q Q Final score (out of ) Quality

Roche et al. [] Y Y N/A Y N N CD N N N N N N N  Poor

NR, Not Reported; NA, Not Applicable; CD, Cannot Determine.
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Global prevalence of MSCP in the ED

The majority of the studies were conducted within the
European continent, and there was a scarcity of data from
South Asia, Australia, and South Africa, with no identified
researches from North America, South America, and Cen-
tral Asia. The highest prevalence of 49% was reported in
Italy [18], and the lowest of 4.36% in Norway [3]. The
calculated value for the worldwide pooled prevalence of
MSCP in the ED was 16% (10–22%) with a 95% confidence
interval (Figure 2).

Four studies further classified MSCP into individual
conditions including costochondritis (3–11.43%) [1, 20], rib
sprain/strain (3.3%) [1], trauma (9.09%) [20], myalgia (2%)
[3], non-specific diagnosis related to chest wall (90%), non-
specific diagnosis related to spine (3%) [8], fractured rib
(0.83%) [8], late onset rheumatoid arthritis (0.17%) [8], and
contusions (0.50%) [8].

A significant lack of data with respect to age and

gender was identified, with only one study [15] report-

ing age and gender-specific prevalence values for MSCP

in the ED. Amongst the male participants, 32% between

ages 16–34 years, 24% between ages 35–49 years, 23%

between ages 50–66 years, and 18% between ages

67–101 years, were classified under the category of

MSCP. A similar analysis amongst females revealed 32,

32, 33, and 18% prevalence of MSCP within the same age

groups, respectively. Another study [8], reported that

within the patients identified with MSCP the median age

was 40.5 years [IQR 30–55].
A study from Belgium [17], reported prevalence by

categorising patients with chest pain due to musculo-

skeletal pathology as either being self-referred (9.3%),

referred by a physician (6.8%), or being brought in an

ambulance to the ED (2.1%).

Records Identified through 
Database Searching (n=1286)

PubMed (579); Cochrane Library
(108); SCOPUS (109); Science 

Direct (131); OVID (359)

N
OITA

CIFIT
NE

DI

Duplicates Removed (n=196)

Records Screened (Title Stage)

(n=1090)

Records Excluded (n=964)

- Irrelevant (n=858)
- Systematic Review (n=1)
- Review Articles (n=5)
- Case Reports (n=21)

- Interventions for Musculoskeletal Chest 
Pain (n=16)

- Setting other than Emergency (n=7)
- Paediatrics Population (n=43)

- Special Population [Pregnancy, Soldiers, 
Athletes, Women] (n=13)

Records Screened (Abstract 
Stage)

(n=126)

Records Excluded (n=90)

- Unavailable (n=11)
- Assessment of GERD (n=3)

- Case Reports (n=6)
- Case Series (n=1)
- Commentary (n=1)

- Different Language (n=1)
- Irrelevant (n=2)

- Setting other than Emergency (n=19)
- Paediatrics (n=1)

- Review Articles (n=43)
- NCCP patients with ACS (n=1)

- Prevalence out of only NCCP population 
(n=1)

Records Excluded (n=27)

- Unavailable (n=4)
- Review Articles (n=15)

- Different/Unclear Setting (n=5)
- Language other than English (n=1)

- Musculoskeletal Chest Pain not identified 
(n=1)

- All chest pain patients from ED not included 
(n=1)

Records Screened (Full Text 
Stage)

(n=36)

Studies Included 

(n=9) [1, 3, 8, 15-20]

G
NI

NEE
R

CS
N

OIS
UL

C
NI

YTILIBI
GILE

Figure 1: Preferred reporting items for
systematic reviews and meta-analyses
(PRISMA) flow chart illustrating identifica-
tion of relevant articles.
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Table 3 summarises the characteristics of all the nine
included studies. We found a high value of I2 (99.24%),
indicating substantial heterogeneity across the studies.

Prevalence of MSCP in the European
continent

Six studieswere conducted inEurope from1991 to 2020, that
reported the prevalence ofMSCP in the ED. Two studies from
Belgium [16, 17], and one each from Sweden [15], Italy [18],
Norway [3], and Switzerland [8] were reviewed and included
in the analysis. The statistics for the highest and lowest
prevalence coincide with those seen at the global level. The
pooled prevalence of the compiled number of 13,994 par-
ticipants from the European continent was calculated to be
17% (9–25%), with a heterogeneity of 99.51% (Figure 3).

Prevalence of MSCP in urban areas

A total of six studies reported prevalence values from
the EDs located in urban areas including Goteborg, Swe-
den [15]; Leuven, Belgium [17]; Karachi, Pakistan [19];
Pretoria, South Africa [20]; Trondheim, Norway [3]; and
Winterthur, Switzerland [8], and were analysed as a
separate sub-group. The lowest prevalence was recorded
in Trondheim (4.36%), with the highest seen in Winter-
thur (25%). A pooled prevalence of 13% with a confidence
interval of 7–19% (I2=99.00%) was calculated from a total
urban population of 12,961 (Figure 4).

Discussion

This systematic review identified nine relevant research ar-
ticles published between 1991 and 2020, which reported or
provided enough data to calculate the prevalence ofMSCP in
the ED.Weperformed ameta-analysis anddemonstrated the
worldwide pooled prevalence to be 16% (10–22%). The sub-
group analysis to calculate the pooled prevalence within the
European continent demonstrated a value of 17% (9–25%).
Out of the nine researches included in our review, six re-
searches were identified from Europe, which could explain
the similarity of the worldwide prevalence to that of the
calculated prevalence value of the European continent.

The incidence and clinical pattern ofdiseases are known
to vary from one region to the other [21]. The existing liter-
ature demonstrates the prevalence of musculoskeletal dis-
orders in the urban areas to be variable from that seen in the
rural areas. These variations are due to differences in phys-
ical and psychological demands in daily life, occupation,
educational level, access to technology, and social support
[22–25]. Thoracic spine pain from segmental dysfunction,
which is a common cause ofmusculoskeletal chest pain, has
also been shown to be associated with lifestyle, social, psy-
chological, environmental, andoccupational factors [26–28].
Therefore, a difference in the prevalence of MSCP in the ur-
ban and rural areas is expected. We performed a sub-group
analysis of six studies reporting data from emergencies
located in urban areas and identified the pooled prevalence
to be 13% (7–19%). We could not perform a similar analysis
for rural areas due to the unavailability of enough data. The
rural emergency departments have been facing challenges

Figure 2: Forest plot showing the global
pooled prevalence of musculoskeletal
chest pain in the emergency department.
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with providing accessible, efficient, and quality services due
to overcrowding, shortage of staff, limited access to spe-
cialists, inadequate infrastructure, throughput, and un-
compensated healthcare amongst others [29–31]. With the
rural emergency department visits increasing by more than
50% in the past 12 years [32], acquiring such prevalence data
is one of the crucial steps towards improving healthcare
delivery in rural EDs.

The included studies were of cross-sectional and cohort
study design which explains the substantial heterogeneity
identified. The diagnosis of NCCP was confirmed after the
exclusion of a cardiac cause of chest pain. Cardiac chest
pain was diagnosed using electrocardiography [8, 15, 17–
20], cardiac enzymes [8, 17–20], chest radiograph [8, 17, 18,
20], echocardiography [8, 17], exercise tolerance test [8, 17,

19], dobutamine stress echocardiography [19], coronary
angiography [8, 19], myocardial perfusion scan [19], heart
rate [8, 18, 19], oxygen saturation [8, 18], and blood pressure
[8, 18, 19]. The methods used for diagnosing MSCP were
chest wall tenderness on palpation [17, 19, 20], pain wors-
ening by torsion of the chest [17], and exclusion of other
causes of NCCP [19, 20]. Torsion of the chest was performed
by a strong rotational twist of the chest, with the patient in a
sitting position. This manoeuvre causes a strain on the ribs
and the dorsal column and is positive in case of a rib
contusion or a muscular problem [17]. In two studies, the
clinical diagnosis made by the general practitioner or an
emergency physician was used to identify patients with
MSCP, while the physical examination procedures for
diagnosis were not reported [15, 16]. Three studies derived

Figure 3: Forest plot showing the pooled
prevalence ofmusculoskeletal chest pain in
the emergency department in the European
continent.

Figure 4: Forest plot showing the pooled
prevalence ofmusculoskeletal chest pain in
the emergency department in the urban
areas.
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the diagnosis from the hospital administrative systems [3],
discharge diagnosis andmedical records [8], andemergency
department information systems [1]. We tried contacting the
authors regarding methodological clarity, but the details
about the physical examination remain unclear in six
studies [1, 3, 8, 15, 16, 18].

Pulmonary causes of chest pain were diagnosed and
excluded based on history of previous lung disease [18],
chest radiograph [17–20], transcutaneous peripheral oxygen
saturation [18], lung scintillography [17], and arterial blood
gas levels [17]. The pulmonary causes diagnosed included
pneumonia [20], pulmonary tuberculosis [20], and hyper-
ventilation syndrome [17]. The diagnosis of hyperventilation
syndrome was indicated by dizziness, trembling, stiff mus-
cles, perioral and acral paraesthesia, and changes in arterial
blood gas levels [17]. The diagnosis of pulmonary causes of
chest painwasmade by a general practitioner in two studies
[15, 16]. Peptic diseases like oesophagitis were diagnosed
using oesophagogastroscopy [17]. When patients expressed
a major concern or fear for cardiac disease, a clinical
judgement and evaluation by a psychiatrist led to the
diagnosis of psychiatric chest pain [17, 18]. This included a
diagnosis of anxiety disorder and panic attack [17].

None of the included studies justified the chosen sam-
ple size, and this factor, combined with unclear outcome
measures, could be the reason for six studies [3, 8, 17–20]
scoring “Fair” on the quality assessment. Three studies [15,
18, 20], did not specify the inclusion and exclusion criteria
for selecting their participants. In addition to the above
factors, one study [15] provided limited details regarding the
participation rate of the eligible persons, while for two
studies [1, 16], this question was not applicable due to the
usage of medical discharge records. This could explain the
“Poor” total score calculated for these studies [1, 15, 16]. The
objectives of the research paper and the included sample
population were clearly defined in all the studies.

Our studyhas several strengths. Our study is the first that
has systematically reviewed and summarised the available
data on the prevalence of MSCP in the ED. We included all
eligible articles over an extensive period of 29 years from 1991
to 2020. The methodological strengths of this review are,
firstly, we carried out a comprehensive and rigorous litera-
ture search of the electronic databases. Secondly, two inde-
pendent investigators carried out the eligibility assessment,
data extraction, and quality evaluation, with all discrep-
ancies resolved by the third investigator. Thirdly, we utilized
the predefined PRISMA guidelines for reporting our system-
atic review. Fourthly,we quantitatively analysed the relevant
data by performing a valid meta-analysis and two sub-group
analysis based on the continent and geographical area.
When viewed individually, studies may not produce reliable

estimates of prevalence. However, pooling multiple studies
makes it possible to estimate associations with greater pre-
cision, while making regional variations more evident. A
meta-analysis of observational studies, therefore, helps to
quantitatively evaluate the global burden of the disease and
to combine estimates from different regions with similar
characteristics [33]. Thefindings from this studywill beuseful
in the application of Bayesian or probabilistic reasoning
utilised by clinicians in diagnosing patients where the pro-
cess of Bayesian arguing begins by knowing pre-test proba-
bilities of different differential diagnosis [34].

The limitation of our study is that we only included
articles published in the English language. Furthermore, we
were unable to provide a prevalence value for rural emer-
gency departments due to the scarcity of literature. Lastly,
the majority of the researches included in this review were
from Europe, which may have influenced the global pooled
prevalence value. Studies from other continents need to be
undertaken in the future to provide a more accurate global
picture.

Our review has identified certain implications for future
research. Good quality researches, providing prevalence
values, need to be carried out in more countries, especially
from North America, South America, and Central Asia,
where currently such data is unavailable. Such researchwill
assist in providing an accurate assessment of true global
prevalence. Similar studies are also encouraged in the rural
setting where a variation in prevalence is expected. There is
a paucity of age and gender-specific data for the prevalence
of MSCP in the ED. The current literature also lacks preva-
lence values for the individual conditions causing MSCP,
which could be the scope for future studies. Finally, preva-
lence can also be calculated by categorising patients as self-
referred, referred, or brought by an ambulance, as the
diagnostic case-mix varies in these situations, and scarcity
of data exists within this area.

Conclusions

Based on the limited and low-quality evidence this sys-
tematic review concludes the global pooled prevalence of
MSCP in the ED to be 16% (10–22%). The prevalence value
for the European continent is 17% (9–25%), and that for the
urban areas is 13% (7–19%).
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