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Abstract

Background: Musculoskeletal injuries are a common presentation to the Emergency Department (ED). The quality of
care provided is important to the patients, clinicians, organisations and purchasers of care. In the context of the
increasing burden of musculoskeletal disease, quality of care needs to occur despite financial impacts, variations in care,
and pressure to reach time-based performance measures. This study aims to develop a suite of evidence-based quality
indicators (QI) which will provide a measure of the quality of care for patients with musculoskeletal injuries in the ED.

Methods: This study will utilise a multi-phase mixed methods protocol, commencing with a systematic review of the
literature to identify and critically appraise existing QIs for musculoskeletal injuries in the ED. The study will then build on
the gaps identified in the review to develop a suite of preliminary QIs, in accordance with established research
methodology under the governance of an expert panel. The developed QI set will then be field-tested for feasibility and
validity in selected EDs. After field-testing, the suite will be refined in consultation with the expert panel and finalised
using a formal voting process.

Discussion: The assessment of performance against QIs provides a quantitative measure for the quality of care provided
to patients, to identify and target quality improvement activities. The QIs developed through this study will be evidence-
based and balanced across the areas of structures, processes and outcomes. The rigorous methodology used to develop
and test the QIs will result in QIs that are meaningful, valid, feasible to collect and efficiently measurable, amenable to
improvement, and selected by experts in the emergency medicine field. The final QI suite will have applications across
EDs that affords comparison, benchmarking and optimisation of emergency care for patients.

Keywords: Emergency service, Quality indicators, Quality of health care, Wounds and injuries, Musculoskeletal diseases,
Research design

Background
The demand on Emergency Departments (EDs) is increas-
ing each year [1–3], which can be attributed to population
increases, an aging population, access block, a reduction
in availability of bulk-billing general practitioners, and re-
duced operating hours of general practices [3–6]. Patients
with musculoskeletal complaints constitute approximately
10–15% of all presentations to the ED [7, 8] and are in-
creasingly using EDs as their primary mode of access to

healthcare [9, 10]. Acute musculoskeletal injuries requir-
ing ED services should be managed appropriately in this
setting given that musculoskeletal conditions are a leading
cause of disease burden world-wide [11–13].
Given the rising burden of musculoskeletal disease,

improved quality of care for musculoskeletal injuries has
become increasingly important to patients, clinicians, orga-
nisations, policy-makers and purchasers of care. Emergency
medicine healthcare models and priorities vary around the
world. For example, in the United States of America (USA),
the focus in health care is on developing payment and de-
livery models that incentivise and support the provision of
high quality, cost-efficient care [14]. Alternatively, the
United Kingdom (UK) and Australasian systems focus on
quantifying health care performance using time-based
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process measures that do not necessarily address patient
outcomes [15–17]. These time-based performance mea-
sures, while effective at streamlining ED care, have not been
universally associated with better outcomes for patients. A
strong reliance on time-based performance measures does
not necessarily correspond to high levels of quality across
all aspects of ED care, and other important measures of
quality, such as unplanned return visits and resource alloca-
tion to non-emergency activities, can be overlooked [18,
19].
While literature suggests certain time-based out-

comes have improved with these time-performance
targets [18, 20], few studies have explored the effects of
such policies on the quality of ED care, particularly for
conditions such as musculoskeletal injuries. In Australia,
it is recommended that the ED four-hour length of stay
target should be supported by a suite of associated indica-
tors, with an emphasis on safety and quality, that mea-
sures aspects of the whole patient care process [21–23].
The addition of these secondary quality indicators (QIs) in
the clinical management of patients has the potential to
influence health outcomes [24] and enables benchmarking
between facilities which can focus improvement efforts
[25]. This is important considering the principle of value-
based health care delivery centers on quality improve-
ment, where quality is assessed as health outcomes [24].
It is recognised that health care delivery should be indi-

vidualised and organised around medical conditions, ra-
ther than patients being broadly grouped together [24]. It
follows that QIs should be focused on specific clinical
conditions to make them more meaningful for quality as-
sessment and improvement [26, 27]. The need for indica-
tors which specifically measure musculoskeletal injuries is
supported by The National Quality Forum (NQF) who
launched a Musculoskeletal Measure project in 2013 in
the USA, stating that “because of the burden of musculo-
skeletal disease, there is a critical need for nationally
recognised musculoskeletal care measures” [28]. A recent
consultation report involving emergency medicine stake-
holders in Australia recommended that there is value in
developing a suite of standardised, evidence-based clinical
outcome indicators for specific conditions, and that this
would likely be modelled on the Australian Council on
Healthcare Standards accreditation process and based on
current clinical audit processes [29]. While these would be
based on Australian accreditation processes, they would
likely have broad applicability in other jurisdictions also.
As contemporary ED care models evolve, there are now

different personnel (e.g. nurse practitioners and advanced
scope physiotherapists) assessing and managing ED pa-
tients with musculoskeletal injuries, in addition to medical
officers. Current evidence highlights differences in the
management, follow-up and patient satisfaction for this
patient cohort between different ED personnel [30–37].

As such, a strategy that serves to codify and benchmark
musculoskeletal care has the potential to guide improve-
ments in quality, and reduce variations in care.
The intent of this multi-phase research project is to

develop a clinical quality framework for EDs, enabling
quality benchmarking for patients presenting with mus-
culoskeletal injuries. The specific contribution that this
research will make is to develop QIs that will drive
change at a clinical level.

Methods and design
Study design
This protocol will use a four-phase mixed-methods
study design (Fig. 1) which is modelled from an existing
protocol for QI development [38, 39].

Phase 1: systematic review of existing musculoskeletal QIs
(This phase was completed in 2015).

Aim
The aim of this phase is to identify existing musculoskel-
etal quality indicators developed for ED use, and to crit-
ically evaluate their methodological quality.

Design
Key databases should be searched, including MEDLINE,
EMBASE, CINAHL and the grey literature, including rele-
vant organisational websites, combining search terms of
keywords and MeSH terms for emergency, quality of care
and musculoskeletal injuries. English-language articles that
describe the development of at least one QI related to the
ED care of musculoskeletal injuries are to be included.
Screening and application of inclusion/exclusion criteria by
two authors is to be conducted for each article, according
to the PRISMA checklist. [40] Data extraction and analysis
of each included article involves extracting core data ele-
ments by one author against a standardised form, followed
by a quality assessment by four authors, rating each rele-
vant QI against the Appraisal of Indicators through Re-
search and Evaluation (AIRE) Instrument [41]. QIs with
similar definitions are to be grouped together and cate-
gorised according to the Donabedian [42] and the Institute
of Medicine (IOM) [43] healthcare quality frameworks.

Phase 2: develop the preliminary musculoskeletal QI set
(This phase was completed in 2017).

Aim
The aim of Phase 2 is to develop a preliminary QI set
through evaluation of available scientific literature and
expert panel input. Across the spectrum of commonly
presenting musculoskeletal injuries in EDs, specific areas
of interest include: history taking, physical assessment,
different aspects of pain management, imaging and
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investigations, injury management, referral and follow-
up pathways, patient safety, length of stay, adverse
events, patient outcomes post-discharge from the ED,
and patient satisfaction. The expert panel will nominate
any additional topics believed to be of importance. The
resultant preliminary QI set will aim to encompass
structure, process and outcome domains, and will aim to
be feasible for use in EDs across multiple hospitals.

Design – first expert panel meeting
The first expert panel will be guided by previous
publications on the methodology of QI development
[38, 39, 44], and the rapid review series outlined
below. The face-to-face meeting will be held over
2 days, comprising 10–15 key stakeholders in the ED
care of musculoskeletal injuries (Emergency Medi-
cine Specialists, Orthopaedic Specialists, Emergency
Physiotherapy Practitioners, Nurse Practitioners,
quality improvement experts, and consumers). The
meeting will commence with an overview of the
study proposal, QI development methodology, and
potential data collection tools for each QI. The panel
will be lead through a formal process of review,
including:

� A general discussion of the literature
� Review of existing QIs [45] with suggestions for

modification if required
� Review of the list of potential QIs which are based

on evaluations of the scientific literature
� An opportunity for the panel to recommend new QIs.

Design – rapid review series
The focus of the reviews will cover common musculo-
skeletal injuries of the foot and ankle, knee, lumbar
spine, cervical spine, shoulder, elbow, wrist and hand
that are commonly seen in the ED. These areas repre-
sent approximately 90% of all musculoskeletal and
orthopaedic diagnostic areas as determined by the
Emergency Department Information System (EDIS) for
all EDs across Queensland for a one-year period in
2013–14.
Evaluation of the scientific literature will be under-

taken to investigate the following:

1. Descriptors of best practice pertaining to
musculoskeletal injury assessment and management
within EDs, in terms of process and structure and
the relationship of these to desired outcomes.

2. Musculoskeletal-specific quality emergency medicine
management including feasibility of collecting the QIs,
benchmarking in EDs, quality improvement projects,
and identified barriers to achieving quality care.

The National Health and Medical Research Council
(NHMRC) guidelines for systematic review of scientific lit-
erature will be adhered to [46]. Database searches will be
conducted of PubMed, CINAHL, EMBASE and TRIP,
combining keywords and MeSH terms for emergency
medicine, best practice, and the body region or injury of
interest. The grey literature will also be searched, includ-
ing web-based literature and websites of organisations and
societies pertaining to musculoskeletal injuries in EDs.
One author will independently screen all articles, applying
inclusion/exclusion criteria, adhering to the PRISMA
checklist [40], followed by data extraction of core data ele-
ments against a standardised form by one of two authors.
Each included article will be assigned a level of evidence
per the NHMRC levels of evidence hierarchy [47].
The results from each included article will be grouped

together into different categories across the clinical cycle
of care, including assessment, diagnostic tests, pharma-
cological management, non-pharmacological manage-
ment, and follow-up care categories, and will provide
the evidence-base behind the potential QIs.
The data extraction tables, clinical cycle of care sum-

maries, list of potential QIs and the list of existing QIs
will be distributed to the expert panel for review prior to
the meeting, and will be used to generate discussion at
the expert panel meeting.

Data collection and compilation
The expert panel will provide their input via frank and
open discussion. QIs will be redefined as required, and
additional areas of quality of care will be identified if
needed. Throughout the meeting, two scribes will record
decisions and concepts discussed, and the meeting will
be voice recorded to ensure all relevant discussion is
captured. The expert panel members will be asked to
give each indicator a tick for approval, or a cross for

Fig. 1 Flow chart of the study design
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disapproval, next to each potential QI listed on their
forms. This will be performed to gauge acceptability at
this point and to support decisions around data collec-
tion. QIs that are given a cross for disapproval by all
members of the panel will be excluded at this point, and
QIs that are not feasible to collect will also be excluded,
and noted for discussion at the next panel meeting. The
expert panel will also be asked to document any other
relevant points of discussion under each potential QI.
These forms will be left with the research team at the
conclusion of the meeting.
Following the first expert panel meeting, data collection

tools will be developed to score the preliminary QIs. The
QIs will be incorporated into a working manual for each in-
dicator set (i.e. structure, process, outcome). Each QI will
include detailed data specifications, such as numerator, de-
nominator, exclusion characteristics, risk adjustment, and
any expert panel comments. Data collection tools, with
practical collection commentary, will be designed for each
manual in order to capture each preliminary QI during
Phase 3 (field-testing). To ensure a balance between com-
prehensive testing of QIs and timely data collection in
Phase 3, those data items that assist in scoring the majority
of QIs will be included. Data items deemed ‘not feasible’
will be removed and this will lead to some QIs not being
able to be scored. All excluded indicators from the expert
panel will be documented in a separate manual, with the
reasons for exclusion clearly recorded.

Phase 3: evaluate the preliminary musculoskeletal QI set
(This phase commenced in 2016 and is ongoing).

Aim
The aim of this phase of the project is to field-test the
preliminary QI set. The validity, reliability, feasibility and
usefulness of each of the preliminary QIs will be tested
by collecting data from a representative sample of pa-
tients with musculoskeletal injuries presenting to a rep-
resentative number of EDs throughout the state. The
testing will conclude with complex analytical processing
of the data that involves risk adjustment.

Design
The field-testing phase of this project will be a multi-
centre prospective observational cohort study. Data to
score all QIs will be collected across eight EDs in
Queensland, Australia, in order to test the feasibility and
validity of the preliminary set, and is based on previous
QI development methodology [38, 39].
Patient recruitment and data collection is expected to

be conducted for 8 weeks across each of the eight sites.
It is anticipated that total recruitment across all sites will
continue for 8–12 months, as each site will not recruit
concurrently.

Participant groups
Site selection is based on case-mix, the ability to recruit
adequate patient numbers, allied health models of care,
and recognition of a balanced representation of district,
metropolitan and tertiary centres. Table 1 outlines the
profiles for the selected EDs based on data at the time of
site selection.

Sample size
Power analysis of the sample size is based on 60 partici-
pants at each of the sites, which is the minimum number
for sufficient power to answer the research question. Re-
cruitment of 80 participants at each of the eight sites, for
a total of 640 participants, allows for completion of the
study in view of drop-outs and incomplete data.
The adequacy of the sample size of at least 480 partici-

pants (60 at each site) is based on simulation methods and
QI base rates. This sample size will have 77% power to de-
tect reliability coefficients, where the estimated correlation
among raters coefficient is >0.35 when the true value is
0.6, and the QI base rate is 50%. Using these parameters,
we will be able to correctly classify the ED as ‘poor’ with
an overall 83% accuracy. A classification analysis of ‘poor’
is the rate of patients flagging a QI greater than the
observed 20th percentile across facilities, when the true
quality score for the facility is below the 20th percentile.
The c-statistic for this classification is 0.98, which is the
proportion of facilities with their performance in the lowest
20%, that have observed quality scores in the lowest 20%
[39]. The calculations to determine the minimum number

Table 1 Site profiles

Site ACEM role
delineation
[54]

Queensland
clinical services
capability
framework [55]

Average
musculoskeletal
presentations/
day 2013–14 (n)

ED
physiotherapy
staffing

A Urban district 5 26 Primary and
secondary
contact

B Major referral 6 32.13 Secondary
contact

C Major referral 6 34.8 Primary and
secondary
contact

D Urban district 4 34.5 Secondary
contact

E Rural/Regional
Base

3 17.1 Nil

F Rural/Regional
base

5 22.93 Nil

G Major referral 6 36.5 Primary and
secondary
contact

H Rural/Regional
base

5 26.8 Primary and
secondary
contact
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required has been provided by A/Prof Rich Jones, of
Harvard Medical School and has been used in an NHMRC
funded grant on acute care quality indicators [38].

Participant inclusion and exclusion criteria
Inclusion criteria:

� adult patients presenting to the ED
� with a ‘presenting complaint’ ascertained from triage

of potential musculoskeletal origin
� approached for consent within 2 h of triage if no

initial treatment has commenced

Exclusion criteria:

� patients presenting with injuries involving high-
velocity trauma, pregnancy, highly dependent on
medical care and unable to give consent

� inadequate cognition required to provide
informed consent

� not presenting with a primary complaint of a
musculoskeletal origin

� non-English speaking without timely access to
an interpreter

Participants will also be excluded if the Research Assist-
ant (RA) was unable to approach them for consent
because:

� they attended the ED outside the recruitment hours
� the patient was being attended by a staff member

when the RA was available to recruit
� the RA was with another patient and could not

recruit the patient within the required timeframe

Any recruited participant who returns to ED during
the recruitment period will not be recruited a second
time. Their return visit to the ED will be recorded as an
event in the study.

Data collection
The data collection methods will include:

1. Prospective observational data collection: A
musculoskeletal questionnaire, which is based on a
structured patient interview style [48, 49] will be
administered to participants in the ED waiting room.
This tool will collect information on the participants'
demographics, health status, specific information
related to their acute injury, and outcome measures,
and will incorporate existing validated tools. The
participant will then be observed by an RA
throughout the entirety of their ED stay, where they
will undergo usual ED assessment and management

by the appropriate ED staff member. The RA will
score against an extensive data collection tool as
they observe the participant. This may involve some
verbal interaction with the patient, such as asking
for their pain score, but will predominantly involve
silent scoring against a checklist of assessment and
treatment items that were either performed or not
performed by the treating clinician in ED.

2. Phone follow-up: Follow-up phone calls at one week
and six weeks post- ED presentation will conclude
the prospective data collection. The phone follow-up
will collect data on any adverse events following the
ED episode, additional ED or hospital admissions,
outcomes of any follow-up required (e.g. Fracture
Clinic), pain scores and medication management fol-
lowing the ED episode, return to work and/or func-
tion, patient satisfaction, patient perception of
clinical decision making and privacy.

3. Chart audit: Each participant's medical record will be
reviewed using a chart-abstraction tool, no sooner
than 2 months post- ED presentation. This allows
time for all relevant information to be filed in the
chart or electronic medical record. The aim of the
chart audit is to identify any disparities in recording
between the patient’s care in ED, and documentation
in the medical record. The data elements collected in
the chart audit will be almost identical to those col-
lected in the observational data collection tool and
follow-up phone call tool. The chart audit is crucial to
identify whether this method of data collection is a re-
liable way to score the QIs, as it more cost-effective
than the prospective observational data collection.

4. Site visit: A survey assessing environmental factors
relating to clinical care will occur at each site. This will
include data collection on structural processes such as
equipment, staffing, layout, and policies and procedures
relevant to musculoskeletal injuries within EDs.

5a. Demographic data collection for consenting patients
(Data extraction from EDIS): Data concerning basic
patient demographics and injury severity of consenting
participants will be collected retrospectively from EDIS.
This includes: age, gender, nationality, recognition of
Aboriginal or Torres Strait Islander status, arrival
mode, arrival day and time, type of visit, triage
category, waiting time, discharge destination, and time
spent in ED. Data collected from EDIS will be
compared to the data collected during the
observational data collection.

5b. Demographic data collection for all musculoskeletal
injuries (EDIS): The State Data Custodians will be
asked for data on all relevant International
Classification of Diseases (ICD) codes (i.e. all
musculoskeletal diagnosis groups) who presented to
the ED in the 8-week block of recruitment. The data
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will be de-identified. Data points of interest are the
same as the demographic data points in 5a. This re-
port will give information on all patients with muscu-
loskeletal injuries who attended that ED in the specific
period of time. This data will be compared to the data
from 5a, to assess whether the sample group of con-
senting patients is representative of all presentations.

6. Subsequent presentations data collection: The State
Data Custodians will be asked for data on the
participants’ ED episode and any subsequent and
additional hospital interactions in the 28 days post
ED presentation. ICD codes, Diagnosis-Related
Groups (DRG) for classifications, length of stay of
participants, and discharge destination for subse-
quent presentations will be requested.

Research staff
All RAs and hospital staff will be blinded to individual
QIs. The data collection forms will be designed to not
reveal QI definitions.
Site RAs will be employed to conduct the prospective

data collection and site audits at each of the eight sites.
These RAs will conduct the follow-up phone calls dur-
ing the recruitment period at that site. When recruit-
ment has concluded, experienced staff at QEII Jubilee
Hospital Physiotherapy Department will carry out any
remaining phone calls. Different research staff will be
employed to complete the chart audits, and they will be
blinded to the prospective data collection results. A data
collection manual designed specifically for the RAs will
be developed and issued to all RAs, detailing their role
and the data collection protocol, including any defini-
tions or rules for certain data elements.
All RAs will be provided with comprehensive

training prior to the field study commencing. Each
RA conducting the site data collection (observational
data collection, follow-up phone calls, and site au-
dits) will receive individual training within their ED
by a member of the research team at the beginning
of their 8-week block of data collection. Separate
training of chart auditors will include training on
the abstraction protocol, supervised practice charts,
independent chart review using the chart abstraction
tool, followed by comparison with the trainer. Co-
review of five charts will take place during training
until excellent inter-rater reliability between chart
auditors is achieved (kappa >0.7 and percentage
agreement of all variables >90%). Definitions and
rules will be created via joint collaboration between
the trainer and the chart auditors for each individual
variable that did not meet agreement, and subse-
quently added to the data collection manual. The
chart auditors will then conduct an additional three
chart audits, and variables with low agreement

(≤60% agreement) from the first five charts will be
checked for reliability by the trainer. Any remaining
disagreement will be further discussed and variables
reworded collaboratively to ensure consistency with
scoring, again being added to the RA data collection
manual.

Participant recruitment
Participants will be recruited by the site RA who will
scan EDIS for patients with a presenting complaint that
meets the inclusion criteria of the study. Eligible patients
will be approached in consecutive order, after they have
been triaged and registered, and prior to any treatment
commencing. The site RA will explain the purpose of
the study, outline the range of questions that will be
asked and the anticipated duration of the patient’s
involvement in the study. They will be supplied with a
Patient Information Sheet. Patients who agree to partici-
pate in the study will be asked for written consent prior
to commencing data collection.
If a patient who is approached to participate in the

study does not wish to participate, all contact be-
tween the site RA and the patient will cease at that
time. The patient’s decision not to participate will not
affect their routine treatment or their relationship
with those treating them.
Prior to each patient being approached for recruit-

ment, they will be assigned a unique research identifi-
cation number which de-identifies the patient, and
this will be stored in a recruitment database. Non-
consenting patients will be recorded in the database
against this ID number as ‘non-consenting’. No chart
review or follow-up phone calls will occur for these
patients. Non-consenting patients may be re-
approached for inclusion in the study if they return
to ED, as there will be no record of their identifica-
tion to check for any prior presentations to ED.
If a patient becomes ineligible or is excluded, basic

general demographic information will be recorded as per
above, and the reason for ineligibility noted on the data
collection form.
Participation is voluntary and patients can withdraw at

any time. If a participant chooses to withdraw they can
either stop data collection (but have the data that has
already been collected remain in the study), or choose to
exclude their data from analysis in the study. If a patient
chooses to withdraw, they can provide verbal or written
advice to the RA, or fax/phone the request to the re-
search team. Withdrawal forms will be available from
the RA. The options to withdraw (cease data collection)
or withdraw (exclude data) will be documented by the
research team in the comments box on the withdrawal
form.
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Data management
A password-protected Microsoft Excel tracking database
will be formulated to allow for recruitment rates at each
site to be regularly monitored. Participant data anonymity
will be preserved by being assigned a unique identifying
number. This number will be used in the study database
rather than any personally identifying information.
Data from the data collection tools will be entered into

specifically designed electronic databases, linking data
items from each tool to allow for assessment and ana-
lysis. To allow for data from different collection points
to be matched and merged, the data will need to remain
potentially identifiable by using a unique identifying
number. As data collection for a single patient will occur
on different tools, at different times, it is imperative that
the process allows for all data to be matched to that
same patient. The data will then be cleaned to improve
the accuracy of data collected and entered. Once all the
data has matched, the dataset will be made de-
identifiable. Participants will not be able to withdraw
their data from the study after the data has been de-
identified as there will be no linkage at this stage.
Integrity of data will also be preserved by adopting a

standardised approach across the sites for research as-
sistant training on use of the tools, data collection, data
submission, and data cleaning. The research investiga-
tors and other invited key personnel will meet fort-
nightly to monitor the study’s progress.

Data analysis
Data will be entered into SPSS, where frequency and dis-
tribution statistics will be used to describe the data set
in basic terms (e.g. mean age, number of females). Data
analysis will occur in 4 steps:

1. The data will be cleaned to check for data integrity
and to ensure reliability

2. General descriptive data will be obtained from the
data set using frequencies, standard deviations and
means, to gain an understanding of the data sample

3. Each QI will be defined by data elements. Scoring of
each QI will occur by running data analysis to score
individual indicators within the data set

4. A unit-level analysis will evaluate the reliability and
validity of the QIs using a multiple bootstrapped
split-half correlation of patient samples and time-to-
time correlations of repeated QI scores.

Based on the results of the field study, any relevant
additional data analysis required for interpretation of the
research findings will be run.

Phase 4: establish final musculoskeletal QI set
(This phase will commence in 2018).

Aim
The aim of this phase is to reconvene the expert panel
to review the preliminary QI set along with the data
from the field-study (Phase 3). The expert panel, con-
taining the same members from the first meeting in
Phase 2, will comment on, refine or exclude indicators,
based on an individual indicator’s capacity to reflect
quality of care (lack of variability or feasibility), prior to
the voting round. The voting rounds will result in the
establishment of a final QI suite, encompassing struc-
ture, process and outcome measures of quality of care.

Design
The final expert panel meeting will again occur at a
face-to-face meeting over 2 days, where they will focus
on QI face and content validity, the clinical significance
of each QI, and the ability of ED staff to impact on the
indicators. Feasibility will not be considered a priority
when voting, as this factor is highly variable depending
on the priorities and resources of the data collector. It
also changes as the data collection procedures change
over time. For example, a QI that is considered challen-
ging to collect today, but clinically important, can be-
come very feasible tomorrow, if legislation changed and
it became mandatory.
Pre-defined methodology for identifying a valid indica-

tor has been used in other studies for the development
of QIs [38, 39, 44]. The list includes:

� measurability: the QI is able to measure that which
it pertains to measure

� control: the capacity to change the outcome is
within the control of the ED

� change: there is sufficient scope to change the QI.
Ie. It currently triggers between 5 and 95% of the
sample

� evidence: there is evidence to show that there are
interventions which change the outcome.

Data analysis
During the final expert panel meeting, a summary docu-
ment will be presented to the panel describing the QI
name, denominator, numerator and exclusion criteria.
The summary will include relevant evidence, and results
of the field-study data including prevalence of the trigger
rates and percentage scores. The panel will be asked to
consider each of the criteria above and vote on the valid-
ity of the QI at the end of the panel meeting.
The voting process is the RAND/UCLA appropriateness

method in which voters score each QI from 1 to 9 in two
rounds [50, 51]. The QI is only declared valid after it passes
a series of decision rules which are decided prior. This is
not a ‘majority rules’ process where a 50% majority passes
the QI. The QI must be approved by the group to the
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extent where there is consensus. For each QI, the following
will be calculated to determine consensus: the 30th and 70th

percentile, the Interpercentile Range Adjusted for Sym-
metry (IPRAS), the Interpercentile Range (IPR), the Inter-
percentile Range Central Point (IPRCP), the Assymetry
Index (AI), and the median [50]. Where there is ‘no con-
sensus’ for a particular QI, then the QI is excluded. For
each QI, if the IPRAS is greater than the IPR, there is
agreement and if the median is in the range 7–9, there is
consensus. If, in a particular domain, there is ‘no consensus’
but there are ‘undecided’ QIs (i.e. a wider range of opinions
across the panel), the median is in the range 4–6, and the
IPRAS is greater than the IPR, then the QI with the highest
median may be included in the set.
A second voting round will occur after the second panel

meeting. Each expert panel member will receive a summary
of the expert panel discussion relevant to each QI, results
from the first round of voting, and will be asked to vote
again. If the first round of voting indicates a wide variability
in the panel for a particular indicator, a teleconference will
be held to discuss the definition to ensure confusion is
eliminated as a cause for diversity. Only the second round
of voting will be used to finalise the suite of QIs.

Discussion
The establishment of a set of evidence-based valid and feas-
ible QIs that reflect true levels of quality of care, will pro-
vide opportunities in improving the delivery of health
service to this population in EDs. The QI set will allow for
best practice to be applied and benchmarked across a var-
iety of EDs. The results of this research will be timely given
the rising number of musculoskeletal presentations to EDs
each year and the increased pressures of meeting time per-
formance targets.
The research protocol consists of development and test-

ing phases, for structure, process and outcome musculo-
skeletal QIs [42]. No single indicator can encompass all
dimensions of quality, thus a balanced set of QIs is re-
quired [52]. The efficient development of high quality QIs
must utilise rigorous, approved and evidence-based meth-
odology [53]. This research follows a previously published
protocol to create valid QIs, which are characteristically
specific, meaningful, comparable, amenable to improve-
ment, and efficiently measurable [38, 39].
The final QI suite will have defined elements, with a

definitive method of scoring, allowing for research
consistency in the future. This will be an immediate
benefit and resource to the field of emergency medicine
research, particularly for hospitals wishing to complete
an audit or improvement activities, as the QIs will be a
cost-effective measurement process where the focus can
be on developing appropriate interventions rather than
designing measures and targets.

These findings will contribute significantly to clinical re-
search in the field of quality emergency health care, where
current literature surrounding suites of indicators for spe-
cific conditions is limited to few conditions and non-
existent in the field of musculoskeletal injury management.

Abbreviations
ACEM: Australasian College for Emergency Medicine; AI: Assymetry index;
DRG: Diagnosis-related group; ED: Emergency Department; EDIS: Emergency
Department Information System; ICD: International Classification of Diseases;
IOM: Institute of Medicine; IPR: Interpercentile range; IPRAS: Interpercentile range
adjusted for symmetry; IPRCP: Interpercentile range central point; NHMRC: National
Health and Medical Research Council; NQF: National Quality Forum; QI(s): Quality
indicator(s); RA(s): Research assistant(s); SPSS: Statistical Package for the Social
Science; UK: United Kingdom; USA: United States of America

Acknowledgements
The research team would like to acknowledge the in-kind contribution from
the Physiotherapy Department at the QEII Jubilee Hospital to enable the
completion of this project.

Funding
This project is funded by two grants awarded through peer-reviewed processes:
by the Emergency Medicine Foundation (application number EMPJ-103R22-
2014), and the Allied Health Professions’ Office of Queensland.

Availability of data and materials
Not applicable.

Authors’ contributions
KS and TR established the project and the project team. MMK conceptualised the
research design. MMK, KS, TR and AB jointly refined the research methodology
and wrote the research protocol. All authors wrote the first draft of this
submission, and contributed to subsequent reviews and revisions. All authors read
and approved the final manuscript. KS co-ordinated the submission process.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Ethical clearance for this protocol has been gained through the Metro South
Human Research Ethics Committee (HREC/13/QPAH/276) and The University
of Queensland Medical Research Ethics Committee (2013001155). Site
Specific Governance approval has been attained for QEII Jubilee Hospital
(SSA/13/QPAH/283), Gold Coast University Hospital (SSA/16/QGC/133), The
Royal Brisbane and Women’s Hospital (SSA/15/QRBW/441), Redcliffe Hospital
(SSA/15/QNRC/32), Caloundra and Nambour General Hospitals (SSA/16/QNB/
2), The Townsville Hospital (SSA/15/QTHS/125) and Cairns Hospital (SSA/16/
QCH/40).

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

Author details
1Emergency and Physiotherapy Departments, QEII Jubilee Hospital, Metro
South Hospital and Health Service, Brisbane, Queensland, Australia. 2School
of Health and Rehabilitation, The University of Queensland, Brisbane,
Queensland, Australia. 3Department of Emergency Medicine, The Royal
Brisbane and Women’s Hospital, Metro North Hospital and Health Service,
Brisbane, Queensland, Australia. 4School of Medicine, The University of
Queensland, Brisbane, Queensland, Australia. 5Centre for Research in Geriatric
Medicine, School of Medicine, The University of Queensland, Brisbane,
Queensland, Australia. 6Centre for Online Health, School of Medicine, The
University of Queensland, Brisbane, Queensland, Australia.

Strudwick et al. BMC Emergency Medicine  (2017) 17:14 Page 8 of 10



Received: 6 April 2017 Accepted: 18 April 2017

References
1. Australian Institute of Health and Welfare. Emergency department care

2015-16: Australian hospital statistics. In: Health services series no 72 Cat no
HSE 182. Canberra: AIHW; 2016.

2. Di Somma S, Paladino L, Vaughan L, Lalle I, Magrini L, Magnanti M. Overcrowding
in emergency department: an international issue. Intern Emerg Med. 2015;10(2):
171–5.

3. Lowthian JA, Curtis AJ, Cameron PA, et al. Systematic review of trends in
emergency department attendances: an Australian perspective Emergency
Medicine Journal Published Online First: 20 October 2010. doi: 10.1136/emj.
2010.099226.

4. Toloo S, FitzGerald G, Aitken P, Ting J, Tippett V, Chu K. Emergency health
services: demand and service delivery models. Monograph 1: literature
review and activity trends. 2011.

5. Australasian College for Emergency Medicine: Statement of Access Block. In.
https://www.acem.org.au/getattachment/8c29d36e-27e2-40e7-9a1e-
dfe73c5298ba/S127-Statement-on-Access-Block.aspx: Australasian College
for Emergency Medicine; 2014.

6. Forero R, McCarthy S, Hillman K. Access block and emergency department
overcrowding. Crit Care. 2011;15(2):216.

7. Department of Health and Human Services: Review of Primary Contact
Physiotherapy Services. In. https://www2.health.vic.gov.au/about/
publications/researchandreports/Review of primary contact physiotherapy
services final report; 2011. Accessed April 2013.

8. Pollak A, Watkins-Castillo S: The burden of musculoskeletal diseases in the
United States - Injuries. In. http://www.boneandjointburden.org/2013-
report/definition/vi1: The United States Bone and Joint Initiative; 2015.

9. Gaieski DF, Mehta S, Hollander JE, Joseph Bernstein MD M. Low-severity
musculoskeletal complaints evaluated in the Emergency Department. Clin
Orthop Relat Res. 2008;466(8):1987–95.

10. Unwin M, Kinsman L, Rigby S. Why are we waiting? Patients’ perspectives
for accessing emergency department services with non-urgent complaints.
Int Emerg Nurs. 2016;29:3–8.

11. Briggs AM, Cross MJ, Hoy DG, Sànchez-Riera L, Blyth FM, Woolf AD, March L.
Musculoskeletal health conditions represent a global threat to healthy
aging: a report for the 2015 World Health Organization World Report on
ageing and health. Gerontologist. 2016;56 Suppl 2:S243–55.

12. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, Ezzati M,
Shibuya K, Salomon JA, Abdalla S. Disability-adjusted life years (DALYs) for
291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for
the global burden of disease study 2010. Lancet. 2013;380(9859):2197–223.

13. Arthritis Australia: Musculoskeletal disorders second only to cancer as the
leading cause of disease burden in Australasia. In. http://www.
arthritisaustralia.com.au/images/stories/documents/news/2012/BJD_Media_
Release_14_December_2012_2.pdf: Arthritis Australia; 2012.

14. Marjoua Y, Bozic KJ. Brief history of quality movement in US healthcare. Curr
Rev Musculoskelet Med. 2012;5(4):265–73.

15. Sprivulis PC, Da Silva J, Jacobs IG, Frazer AR, Jelinek GA. The association
between hospital overcrowding and mortality among patients admitted
via Western Australian emergency departments. Med J Aust. 2006;
184(5):208.

16. Richardson DB. Increase in patient mortality at 10 days associated with
emergency department overcrowding. Med J Aust. 2006;184(5):213.

17. Bernstein SL, Aronsky D, Duseja R, Epstein S, Handel D, Hwang U, McCarthy M,
John McConnell K, Pines JM, Rathlev N. The effect of emergency department
crowding on clinically oriented outcomes. Acad Emerg Med. 2009;16(1):1–10.

18. Jones P, Schimanski K. The four hour target to reduce emergency
department ‘waiting time’: a systematic review of clinical outcomes. Emerg
Med Australas. 2010;22(5):391–8.

19. Sørup CM, Jacobsen P, Forberg JL. Evaluation of emergency department
performance–a systematic review on recommended performance and
quality-in-care measures. Scand J Trauma Resusc Emerg Med. 2013;21(1):62.

20. Stokes B: Four Hour Rule Program Progress and Issues Review. In.:
Government of Western Australia, Department of Health; 2011.

21. The Australian Health Minister’s Advisory Council. Emergency Department
qualitative indicator development - a review of current trends. In: AHMAC
CEO’s strategic discussion - attachment 1. 2012.

22. Australasian College for Emergency Medicine, The College for Emergency
Nursing Australasia: Quality Standards for Emergency Departments and
other Hospital-Based Emergency Care Services. In. Melbourne; 2015.

23. Australasian College for Emergency Medicine. Statement on national
time-based acute hospital access targets in Australia and New
Zealand. 2016. https://acem.org.au/getattachment/9171fb05-9f66-4278-
8c3f-d5123888c472/Statement-on-National-Time-Based-Emergency-
Access.aspx.

24. Porter ME. A strategy for health care reform—toward a value-based system.
N Engl J Med. 2009;361(2):109–12.

25. Australasian College for Emergency Medicine. Policy on a quality framework
for Emergency Departments. 2012.

26. Anderson G, Brown A, Green B, et al. Clinical utilization and outcomes. In:
Baker GR, Anderson GM, Brown AD, editors. Hospital report ’99 - a technical
report. Toronto: Ontario Hospital Assocation; 1999.

27. Lindsay M, Bronskill S, Schull M, Chan B, Anderson G, et al. Clinical
utilization and outcomes. In: Baker GR, Anderson GM, Brown AD,
editors. Hospital report 2001 - Emergency Department care. Toronto:
Joint Initiative of the Ontario Hospital Association and the
Government of Ontario; 2011.

28. National Quality Forum. Musculoskeletal measures. 2013. http://www.
qualityforum.org/Musculoskeletal_Measures.aspx.

29. Hospitals Principal Committee. Emergency Department outcome indicators.
In: Consultation report (attachment 1). 2014.

30. Ball ST, Walton K, Hawes S. Do emergency department physiotherapy
Practitioner’s, emergency nurse practitioners and doctors investigate, treat
and refer patients with closed musculoskeletal injuries differently? Emerg
Med J. 2007;24(3):185–8.

31. Hoskins R. Evaluating new roles within emergency care: a literature review.
Int Emerg Nurs. 2011;19(3):125–40.

32. Mo-Yee Lau P, Hung-Kay Chow D, Henry Pope M. Early physiotherapy
intervention in an accident and Emergency Department reduces pain and
improves satisfaction for patients with acute low back pain: a randomised
trial. Aust J Physiother. 2008;54(4):243–9.

33. Kilner E. What evidence is there that a physiotherapy service in the
emergency department improves health outcomes? A systematic review. J
Health Serv Res Policy. 2011;16(1):51–8.

34. Gordon J, Sheppard LA, Anaf S. The patient experience in the emergency
department: a systematic synthesis of qualitative research. Int Emerg Nurs.
2010;18(2):80–8.

35. Heins JK, Heins A, Grammas M, Costello M, Huang K, Mishra S.
Disparities in analgesia and opioid prescribing practices for patients
with musculoskeletal pain in the emergency department. J Emerg Nurs.
2006;32(3):219–24.

36. Desmeules F, Roy J-S, MacDermid JC, Champagne F, Hinse O, Woodhouse
LJ. Advanced practice physiotherapy in patients with musculoskeletal
disorders: a systematic review. BMC Musculoskelet Disord. 2012;13(1):107.

37. Jennings N, Clifford S, Fox AR, O’Connell J, Gardner G. The impact of
nurse practitioner services on cost, quality of care, satisfaction and
waiting times in the emergency department: a systematic review. Int J
Nurs Stud. 2015;52(1):421–35.

38. Brand C, Martin-Khan M, Wright O, Jones R, Morris J, Travers C, Tropea J,
Gray L. Development of quality indicators for monitoring outcomes of frail
elderly hospitalised in acute care health settings: study protocol. BMC
Health Serv Res. 2011;11(1):281.

39. Martin-Khan M, Burkett E, Schnitker L, Jones RN, Gray LC. Methodology for
developing quality indicators for the care of older people in the Emergency
Department. BMC Emerg Med. 2013;13(1):23.

40. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151(4):264–9.

41. de Koning J, Burgers J, Klazinga N: Appraisal of Indicators through Research
and Evaluation (AIRE). In.: Department of Social Medicine, Academic Medical
Center, University of Amsterdam; 2007.

42. Donabedian A. The quality of care. J Am Med Assoc. 1988;260(12):1743–8.
43. Institute of Medicine. Crossing the quality chasm: a new health

system for the 21st century. Washington, D.C: National Academy
Press; 2001.

44. Rubin HR, Pronovost P, Diette GB. Methodology matters. From a process of
care to a measure: the development and testing of a quality indicator. Int J
Qual Health Care. 2001;13(6):489–96.

Strudwick et al. BMC Emergency Medicine  (2017) 17:14 Page 9 of 10

http://dx.doi.org/10.1136/emj.2010.099226
http://dx.doi.org/10.1136/emj.2010.099226
https://www.acem.org.au/getattachment/8c29d36e-27e2-40e7-9a1e-dfe73c5298ba/S127-Statement-on-Access-Block.aspx
https://www.acem.org.au/getattachment/8c29d36e-27e2-40e7-9a1e-dfe73c5298ba/S127-Statement-on-Access-Block.aspx
https://www2.health.vic.gov.au/about/publications/researchandreports/Review
https://www2.health.vic.gov.au/about/publications/researchandreports/Review
http://www.boneandjointburden.org/2013-report/definition/vi1
http://www.boneandjointburden.org/2013-report/definition/vi1
http://www.arthritisaustralia.com.au/images/stories/documents/news/2012/BJD_Media_Release_14_December_2012_2.pdf
http://www.arthritisaustralia.com.au/images/stories/documents/news/2012/BJD_Media_Release_14_December_2012_2.pdf
http://www.arthritisaustralia.com.au/images/stories/documents/news/2012/BJD_Media_Release_14_December_2012_2.pdf


45. Strudwick K, Nelson M, Martin‐Khan M, Bourke M, Bell A, Russell T.
Quality indicators for musculoskeletal injury management in the
Emergency Department: a systematic review. Acad Emerg Med. 2015;
22(2):127–41.

46. National Health and Medical Research Council. NHMRC guidelines and
publications. 1999. http://www.nhmrc.gov.au/guidelines-publications.

47. National Health and Medical Research Council. NHMRC levels of evidence
and grades for recommendations for guideline developers. Canberra:
National Health and Medical Research Council; 2009. https://www.nhmrc.
gov.au/_files_nhmrc/file/guidelines/developers/nhmrc_levels_grades_
evidence_120423.pdf.

48. Maitland GD. Maitland’s vertebral manipulation. In: Butterworth-Heinemann.
6th ed. 2000.

49. Maitland GD. Peripheral Manipulation. In: Butterworth-Heinemann. 3rd ed. 1991.
50. Fitch K, Bernstein SJ, Aguilar MD, Burnand B, LaCalle JR. The RAND/UCLA

appropriateness method user’s manual. Santa Monica: Rand Corp; 2001.
51. Brook RH, Chassin MR, Fink A, Solomon DH, Kosecoff J, Park R. A method for

the detailed assessment of the appropriateness of medical technologies. Int
J Technol Assess Health Care. 1986;2(1):53–63.

52. Kaplan RS, Norton DP. Putting the balanced scorecard to work. In:
The performance measurement, management and appraisal
sourcebook. 1995. p. 66–79.

53. Kötter T, Blozik E, Scherer M. Methods for the guideline-based development
of quality indicators–a systematic review. Implement Sci. 2012;7(1):1–22.

54. Australasian College for Emergency Medicine. ACEM accredited emergency
departments. 2015. https://acem.org.au/getmedia/dbdaa33b-406f-4a17-
a207-f8232cf19791/Accredited_ED.aspx.

55. Queensland Health: Clinical services capability framework. In. https://www.
health.qld.gov.au/clinical-practice/guidelines-procedures/service-delivery/
cscf/default.asp: Queensland Government; 2015.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Strudwick et al. BMC Emergency Medicine  (2017) 17:14 Page 10 of 10

https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/service-delivery/cscf/default.asp
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/service-delivery/cscf/default.asp
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/service-delivery/cscf/default.asp

	Abstract
	Background
	Methods
	Discussion

	Background
	Methods and design
	Study design
	Phase 1: systematic review of existing musculoskeletal QIs
	Aim
	Design

	Phase 2: develop the preliminary musculoskeletal QI set
	Aim
	Design – first expert panel meeting
	Design – rapid review series
	Data collection and compilation

	Phase 3: evaluate the preliminary musculoskeletal QI set
	Aim
	Design
	Participant groups
	Sample size
	Participant inclusion and exclusion criteria
	Data collection
	Research staff
	Participant recruitment
	Data management
	Data analysis

	Phase 4: establish final musculoskeletal QI set
	Aim
	Design
	Data analysis


	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

