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ARTICLE INFO ABSTRACT

Article history: Purpose: The incidence of invasive treatment of rib fracture has increased significantly over the last

Accepted 3 July 2019 decade however the evidence of improved patient outcomes to support this is lacking. A systematic
review was performed to identify patient reported outcome measures (PROMs) used in the assessment of

Keywords: outcomes following chest wall injury. The quality of evidence for the psychometric properties of the

Rib ffa_Ct}lre identified PROMs was graded using the COnsensus-based Standards for the selection of health

Chest injury Measurement INstruments (COSMIN) methodology.

gggcl\%r&e measures Methods: Rib fracture studies measuring patient reported outcomes were identified using PubMed/

Patient reported outcome measures Medline, EMBASE, AMED and PsycINFO. Methodologif:al quality of measurement properties was
PROM evaluated with the COnsensus-based Standards for selection of health status Measurement INstruments
(COSMIN) checklist.
Results: A total of 64 studies were identified including 19 different PROM instruments. Domains included
in the reported PROMs included pain, breathlessness, general health quality of life, physical function and
physiological health. No rib fracture specific PROM was identified. The most frequently reported
instrument was the SF-36 reporting overall quality of life (HRQoL) although there was very low quality
evidence for its content validity. There was low quality evidence to support good content validity for the
Medical Research Council (MRC) dyspnoea scale, Brief Pain Index (BPI) and McGill Pain Questionnaire
(MPQ). No PROM had undergone validation in a rib fracture population. The overall quality of the PROM
development studies was poor. While we were unable to identify a clear “gold standard”, based on the
limited current evidence, we recommend that the EQ-5D-5L is used in combination with the MRC and BPI
or MPQ for future rib fracture studies.
Conclusion: The lack of validated outcome measures for rib fracture patients is a significant limitation of
the current literature. Further studies are needed to provide validated outcome measures to ensure
accuracy of the reported results and conclusions. As interventions for rib fractures have become more
common in both research and clinical practice this has become an urgent priority.
© 2019 Elsevier Ltd. All rights reserved.
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Introduction survivors include pain, breathlessness, physical disability and

Rib fracture is a common occurrence after traumatic injury. 10%
of blunt force trauma patients admitted to a major trauma centre
sustaining one or more fractured ribs [1]. Rib fractures represent a
spectrum of injury from simple isolated fractures that require only
analgesia to life threatening injuries with a significant associated
mortality [2]. The incidence of invasive treatment of rib fractures
has increased significantly over the last decade; the evidence of
improved patient outcomes to support this is lacking [3-6]. Of the
three current RCTs of rib fracture fixation, only two used a patient
reported outcome measure (PROM) [7].

PROMs provide unique information on the impact of a medical
condition and its treatment from the patient's perspective. APROM
is usually self-completed by the patient allowing assessments to be
quantified without interference from a clinician PROMs may be
differentiated into disease-specific or generic [8]. Generic PROMS
are broad in content and can be used across a variety of conditions.
Some generic PROMS also enable cost-effectiveness analysis as
part of a cost-utility analysis to examine the cost of an intervention
in terms of the number of years lived in full health [9]. Disease
specific PROMS identify specific symptoms of a disease process and
therefore have greater content validity but many not allow such
comparisons between different conditions [8].

Which PROM to use depends on the construct of interest, and
the measurement properties of the PROM [10]. The quality of the
studies providing this evidence is often overlooked. The COSMIN
(COnsensus-based Standards for the selection of health status
Measurement INstruments) initiative developed a consensus-
based standard for assessing the quality of studies on measure-
ment properties [11]. The validity of any outcome measure
(including PROMs) is the extent to which the instrument in
question is able to measure the disease and recovery state [12]. To
be considered precise and reliable, an instrument must be both
valid and responsive and sensitive to change when evaluating
treatment differences. These measurement properties are assessed
in clinimetric studies; these studies establish the measurement
properties of any outcome measure including responsiveness to
change, reliability, and assess ceiling and floor effects. They provide
vital evidence when selecting the most appropriate PROM to use in
both research and clinical practice. The methodological quality of
these studies is often overlooked but is vital when assessing the
evidence they provide.

Content validity is the degree to which the content of a PROM is
an adequate reflection of the construct to be measured [8,13]. It is
regarded as the most important measurement property of a PROM
and the most challenging to assess [14]. It refers to the relevance,
comprehensiveness, and comprehensibility of the PROM for the
construct, target population, and context of use of interest. The
content validity of PROMs is established through analysis of the
instrument’s content and the concept or domain that the test is
designed to measure [14]. A key step of verifying content validity is
assessment of the PROM from the patient’s perspective. Due to the
complex nature of their injuries, rib fracture patients experience a
wide variety of symptoms and disability during their recovery [15].
Symptom domains previously identified as relevant to rib fracture

depression or anxiety after surviving a major injury [16].

The purpose of this study was to systematically identify the
PROMs used in the published literature used to measure outcomes
following rib fracture and to evaluate the psychometric properties
of the identified instruments using the COSMIN toolkit.

Methods

This systemic review is reported as per the Preferred Reporting
Items for Systematic Review and Meta-Analyses guidelines [17].
The protocol for this review was registered on PROSPERO (2018
CRD42018096365) on 22 May 2018.

Literature search

We performed a search of Pubmed/MEDLINE, Embase, AMED and
PsycINFO medical indices from inception to identify studies either
using or validating a PROM in an adult rib fracture population. No
restriction was placed on language; although only studies in English
could be fully reviewed as no other language was fluently spoken by
the research team. The electronic search was tailored to the
individual database being searched and was based on the protocol
suggested by the Cosmin group [18]. Index terms and free text words
were combined with validated search filters for Pubmed and Embase
to identify relevant studies containing PROMs and studies specifi-
cally validating PROMs within the target population [19,20]. A
summary of the search strategy is shown in Table 1. The full PubMed
search strategy is included as supplementary material. The final
search was performed on 27 February 2019, following submission of
the protocol to PROSPERO. Reference lists were hand-searched to
identify potential additional relevant studies. In addition, the
development study for each PROM, where available, was sourced
and assessed as per the COSMIN checklist for content validity and
quality of PROM development.

Table 1
Summary of search strategy.

Search Number Definition (example search terms)

#1 Condition Adult patients with traumatic rib fracture

(rib fracture, flail chest, broken ribs, thoracic trauma)
Patient reported healthcare related outcomes
("quality of life" OR qol OR func* OR HR-PRO OR HRPRO
OR HRQOL OR QL OR disab* OR wellbeing OR "well
being" OR subjective OR utility OR utilities OR priorit*
OR outcome™ OR health).af

PROMs

(score* OR measure* OR PROM OR index* OR indices
OR scale* OR questionnaire* OR instrument* OR
survey* OR profile* OR apprais* OR status OR reported
OR reporting OR rated OR rating® OR assessment).af
Cosmin Validation Filter

#2 Construct of
interest

#3 Instrument

#4 Measurement
Properties
Oxford PROM filter
#5 (#1 AND #2 AND
#3 AND #4)
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Selection criteria for eligible studies

After removal of duplicate studies, two reviewers (SC and YM)
independently assessed all titles and abstracts. We included all
studies that detailed at least one PROM in adults after blunt chest
wall trauma resulting in one or more acutely fractured rib. Clinical
studies were eligible regardless of the presence or type of study
intervention. Development and validation studies for PROMs were
included, in addition to more clinically orientated research papers.
Studies of mixed patients were eligible provided at least 75% had a
rib fracture, or the rib fracture sub group was separately reported.
When in doubt about the eligibility of a study the full text was
retrieved and discussed by both authors. Further review by the
senior author (BO) to gain consensus was not required as
consensus was reached between the two reviewers for all studies.

Data extraction

Data were extracted by SC and CD. The following were extracted
from each publication: the PROM, the intended construct for
measurement, measurement properties, administration method,
study population and diagnosis, number of patients, patient
demographics, country, language and setting. The instrument
authors were contacted when information was not reported in the
report.

Assessment of the quality of studies

Two reviewers (SC and CD) and independently rated the
methodological quality of the eligible studies using the COSMIN
checklist [21]. The COSMIN criteria consist of 11 separate
checklists. In nine checklists the quality of nine measurement
properties is addressed; internal consistency, reliability, measure-
ment error, content validity, structural validity, hypotheses testing,
cross-cultural validity, criterion validity and responsiveness.
Interpretability, while not strictly a measurement property, is a
meaningful requirement for the applicability of PROMs in research.
The generalisability of the results is determined with the final
checklist. Each subsection is awarded a score of “excellent”, “good”,
“poor” or not applicable. As per the COSMIN methodology the
reported worst score counts, a PROM could only be awarded
“excellent” if all subsections of that checklist were also rated
“excellent” [21]. A copy of each PROM was reviewed by SC and CD.
Content validity was scored on the relevance, comprehensibility
and comprehensiveness of the PROM to a rib fracture patient. Each
item of the identified PROM was coded using the ICF framework to
guide the reviewers’ score for comprehensiveness and relevance
[22]. The overall level of evidence for each PROM was determined
after assessment of the PROM development study.

Results

No studies were found with the COSMIN recommended search
filter applied. To ensure that no relevant papers were being
inappropriately missed by the filter the research was repeated
using the Oxford PROM filter alone [20]. With the Oxford PROM
filter applied 3042 unique articles were identified for screening.
After screening, 76 full text articles were retrieved, of which 64 met
the inclusion criteria for this review. 19 PROMs were identified,
covering symptom domains of pain, breathlessness, general health
quality of life, physical function and physiological health. The study
selection flow chart is shown in Fig. 1.

The separate patient reported outcomes reported by the studies
varied. In the 25 studies which used a PROM reporting general
health-related quality of life as a separate study outcome [23-47].
3 reported physical disability [25,48,49], 1 reported psychological

health [50] and 6 reported respiratory symptoms [34,46,51-53].
Pain was an outcome in the majority (44) of studies [3,4,15,28-
31,34-36,40,44,45,50,54-83]. 6 studies used a custom PROM that
had not previously been published [15,34,70,73,76,81]. The SF-36
was the most frequently used generic quality of life PROM and was
used in 12 studies. The characteristics of the identified PROMs are
shown in Tables 2-4.

Despite widening the search terms by removing the COSMIN
filter, no validation studies of any PROM performed in a rib fracture
population were found, leaving only the development studies and
the content validity of the PROMs available for further review. The
quality of PROM development studies are shown in Table 5.

Content validity of the PROMs was assessed by the review team,
the results are shown in Table 6. The lack of validation studies in a
rib fracture population precluded further completion of the
COSMIN checklist.

Summary of identified PROMS

Patient reported generic health related quality of life (HRQoL)
measures

The SF-36 is the most widely evaluated generic patient assessed
health outcome measure [84]. The instrument consists of a 36 item
patient reported score measuring across eight domains and is
available in over 170 languages. Each domain is scored indepen-
dently between 0 and 100. The scores can be directly transformed
into a scale between 0 and 100; a score of 0 is complete disability
and 100 is no disability. These allow presentation of the sub-scale
scores for each of the domains. The sub-scales can be combined to
give the overall physical component summary (PCS) and mental
component summary (MCS). Normal values for the PCS and MCS
have been calculated with the average healthy adult scoring 50 and
normalised scores facilitate direct comparisons across disease
states in the average adult population. The SF-12 is a shorter 12
item scale and the measures replicate the SF-36 summary
measures well [85]. However, a criticism of the SF-12 is that it
allows only the calculation of the summary scales but not of the
subscales, potentially concealing important and subtle disability
[86]. Neither SF-36 or SF-12 have been validated for rib fracture
patients. The SF-36 was the most frequently cited HRQoL
instrument being used in 12 studies. The SF-12 was used in 6
studies.

The EuroQoL (EQ-5D) was used in three studies and describes
five health domains: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression and includes a 20 cm VAS for
self-reporting of the participants own “health state”. The EQ-5D is
a European quality of life measure that has been specifically
developed with validity in mind. It is available in the majority of
European languages and takes two forms with the 5L providing
five responses in each of the five domains and the 3 L version
providing three. A total of 245 separate health states can be defined
by the tool. Multiple valuation studies have been performed
allowing for the calculation of quality-adjusted life years (QALYS).
The wide use of the EQ-5D wide use and established country
specific population norms make it a useful generic measurement
tool. The EQ-5D-5L may have greater discriminatory power that
the EQ-5D-3L although neither version have been validated in rib
fracture they are widely used in prospective randomised trials and
other studies to define general health status [87]. The content
validity for rib fracture remains uncertain as the impact of
respiratory symptoms is only indirectly measured in the EQ-5D.
The EQ-5D has been used in two studies as a single outcome
measure and in combination with another PROM and one study.

The Assessment of Quality of Life (AQoL) instrument covers the
dimensions of “Independent Living”, “Happiness”, “Mental
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Records identified through
database searches

(n = 3042)

y

Records after duplicates removed
(n=2957)

A 4

Records screened

Records excluded*

(n=2912)

A

Full-text articles assessed

A 4

(n=2839)

*Main reason article not
concerning measurement
properties OR no PROM used

Full-text articles excluded,
with reasons

Y

for eligibility
(n=76)

A 4

Studies included in
qualitative synthesis
(n=64)

A 4

PROMS identified

(n=19)

(n=12)
No PROM =8
Non rib fracture condition = 2

Mixed condition without
separate reporting of rib
fracture =2

Fig. 1. Study flow chart.

Health”, “Coping”, “Relationships”, “Self Worth”, “Pain” and
“Sense”. It provides a descriptive system for a multi-attribute
utility instrument (MAU) allowing scores to be used in cost-utility
evaluations. Originally developed in an Australian population, it is
available in four versions (4D, 6D, 7D and 8D) ranging from 12 to 35
items. It has been shown to respond in a broadly comparable way
to the SF-36 and EQ-5D [88]. The AQoL has been used in one study
cohort study of Australian patients undergoing rib fixation.

The American Chronic Pain Association Quality of Life Scale is a
0-10 scale of increasing disability due to chronic pain. Little
evidence exists for its development or psychometric properties; it
has been used in combination with the SF-36 to assess quality of
life in one rib fracture study.

The Health Utilities Index (HUI) 2 and 3 and the European
Organization for Research and Treatment of Cancer Quality of Life

Questionnaire version 3 (EORTC QLQ-C30) were both developed
for assessing quality of life in cancer patients. The HUI 2 covers
seven dimensions (sensation, mobility, pain, emotion, cognition,
self-care and fertility) with three to five levels of ability while the
HUI covers eight (vision, hearing, speech, ambulation, dexterity of
the hands, emotion, cognition and pain) with five or six levels. The
EORTC consists of 30 items to assess physical, role, emotional,
cognitive and social functioning, global health status or QOL scales,
fatigue, pain, nausea and vomiting, dyspnoea, insomnia, appetite
loss, constipation, diarrhoea and financial difficulties.

As both PROMs were designed for a different target condition,
some instrument items did not appear relevant to rib fracture
patients. The EORTC QLQ-C30 includes one question on breathing
however, questions about diarrhoea or nausea, are unlikely to be
relevant in rib fracture. The HUI includes items on vision and
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Characteristics of identified generic HRQoL PROMs used in rib fracture.

PROM Abbreviation Year Cited by  County of Intended construct and domains No. Original target
developed origin of or development
items population
Health related quality of life
Euroquol 5D-3L EQ-5D-3L 1990 [83] [24] UK, The HRQoL 1. Mobility 2. Self-care 3. Usual activities 4. 6 General
Netherlands, Pain/discomfort 5. Anxiety/depression population
Finland,
Norway,
Sweden
Euroquol 5D-5L EQ-5D-5L 2011 [84] [22,23] UK, Spain Same as ED-5D-3L 6 General
(derived from population
EQ-5D-5L
Short form 36 SF-36 1992 [85] [25- USA HRQoL 1.physical functioning, 2.bodily pain, 3.role 36 General
35,45] limitations due to physical health problems, 4.role populaion
limitations due to personal or emotional problems, 5.
emotional well-being, 6.social functioning, 7.energy/
fatigue, 8. general health perceptions.
Short form 12 SF-12 1996 [86] [36-41] USA Same as SF-36 12 General
population
Health utilities index Mark2 HUI 2 and 3 1992 [87] [32,42,46] Canada HUI2 sensation, mobility, emotion, cognition, self- 15 Survivors of
and 3 care, pain and fertility. HUI3 Hearing, Vision, Speech, childhood
Ambulation, Dexterity, Emotion, Cognition, Pain cancer
European Organization for =~ EORTC QLQ- 1993 [88] [43] Pan-European HRQoL 30 Patients with
Research and Treatment of C30 Currently cancer
Cancer Quality of Life version 3
Questionnaire since 1995
Assessment of Quality of Life AQoL 1998 [89] [44] Australia HRQoL 15 General
Australian
population
American Chronic Pain ACPA 2017 [33] USA HRQoL 1 Patients with

Association Quality of Life
Scale

chronic pain

hearing which again appear less relevant in the context of rib
fracture. The EORTC has been used in one rib study while the HUI
has been used in three.

Measures of physical disability

The Constance Murley Score (CMS) is a widely used PROM to
assess shoulder function regardless of underlying condition. It is

Table 3

part patient and part clinician assessed. There is sufficient evidence
to support its use in subacromial pathologies and low quality
evidence for other shoulder conditions [89]. No formal validation
studies have been performed in a rib fracture population. As the
score focuses on shoulder function, it is doubtful that all the items
of the score are relevant to a rib fracture patient. The CMS was used
in one study assessing surgical fixation of combined rib and
clavicle fractures.

Characteristics of PROMS measuring physical disability, respiratory function and psychological function.

PROM Abbreviation Year Cited by County Intended construct and domains No. Original target or
developed of of development
origin items population
Physical disability
Constant- CM 1987 [90] [47] UK Shoulder function pain (15 points), activities of daily living (20 8 Shoulder function
Murley score points), strength (25 points) and range of motion irrespective of
diagnosis
Disability DRI 1994 [91] [24,48] Sweden Physical Function dressing (without help); (2) outdoor walks; (3) 12 Patients with pain
rating index climbing stairs; (4) sitting for a longer time; (5) standing bent over a in the back, neck or
sink; (6) carrying a bag; (7) making a bed; (8) running; (9) light work; shoulders
(10) heavy work; (11) lifting heavy objects; (12) participating in
exercise/sports.
Psychological
Hospital HADS 1983 [92] [49] UK Depression and anxiety 14 General hospital
anxiety and patients
depression
scale
Respiratory symptoms
St George's SGRQ 1991 [93] [45,50] UK Respiratory symptoms 50 Patients with
respiratory obstructive airway
questionnaire disease
MRC Dyspnoea MRC 1960 [94] [33,45,51,52] UK Breathlessness 1 Patients with
scale chronic respiratory
conditions
COPD CAT 2009 [95] [33] UK, Health quality in COPD 8 Patients with COPD
Assessment USA

Test
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Table 4
Characteristics of pain instruments used in rib fracture studies.
PROM Abbreviation Year developed Cited by County of Intended construct and No. of items Original target or
origin domains development population
Pain
McGill Pain MPQ 1975 [96] [15,27-29,53] Canada Subjective quality and 15 (short Any patient with pain
Questionnaire intensity of pain form)
Brief Pain BPI 1989 [97] (Short form [35] USA Severity of pain and 9 items (15 Pain in cancer
Inventory released 1991) impact on function questions)
Visual Analogue VAS [3,30,35,39,49,54- Severity of pain 1
Scale 68,81]
Verbal Rating VRS [4,39,70,78] 1
Scale
Numeric rating  NRS [33,34,43,44,69- Severity of pain 1
scale 77,79,80,82]

Ratings as defined by the COSMIN checklist: V =very good, D = doubtful, I = inadequate.

Table 5
Quality of PROM development and concept elicitation studies.
PROM PROM design Total PROM
development
General design requirements Concept Total PROM
elicitation design
Clear Clear origin of Clear target population  Clear context PROM developed in
construct  construct for which the PROM was of use sample representing the
developed target population
EQ-5D-3L I D \Y \Y [ I I
EQ-5D-5L \'% \% \% \% D I 1 1
SF-36 \% \Y \Y \Y [ I I
SF-12 \% \Y \Y \Y [ I I
HUI2and 3 V \% A% \% I 1 1
EORTC \% \Y \Y \Y [ I I
AQoL \% \Y \Y \Y [ I I
CPAQoL I D 1 D I I I
CMS I D A% \% I I I
DRI [ D \Y \Y [ I I
HADS \% D \Y \Y I I I
SGRQ \% \% \Y \% I I I
MRC \% D 1 I [ I I
COPD \% \Y \Y \Y \Y D D D
MPQ v D \% \% D D D D
BPI \% \Y A \Y D D D D
Table 6
Content validity of identified PROMs relevant to a rib fracture population.
PROM Relevance Comprehensiveness Comprehensibility Content Validity
Rating Evidence Rating Evidence Rating Evidence Rating Evidence
AQoL +/- Very low - Very low + Very low +/- Very low
BPI + Low + Low + Low + low
CcM - Very low - Very low +- Very low +/- Very low
CAT +/- Low - Low + low +/- low
CPAQoL +[- Very low - Very low +[- Very low +[- Very low
DRI + very low + Very low + Very low + Very low
EORTC +/- Very low - Very low + Very low +/- Very low
EQ-5D-3L + Very low - Very low + Very low +[- Very low
EQ-5D-5L + low - low + low +[- Low
HADS + Very low + Very low + Very low + Very low
HUI 2 3 +[- Very low - Very low + Very low +[- Very low
MPQ + Low + Low + Low + low
MRC + Very low + Very low + Very low + Very low
SF-36 + Very low - Very low + Very low +/- Very low
SF-12 + Very low - Very low + Very low +[- Very low
SGRQ +[- Very low + Very low + Very low +[- Very low
COSMIN Rating definitions: “+” = sufficient, “+/— “= inconsistent, “~ “= insufficient.

The Disability Rating Index (DRI) comprises of 12 items of musculoskeletal conditions, such as hip arthritis, but not in
physical disability measured using a visual analogue scale (0- rib fracture [90]. The DRI has been used as the primary
100). Originally used in patients with back, neck or shoulder outcome in one rib study and used in combination with the EQ-
pain the DRI has since undergone validation in other 5D-3L in another.
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Psychological health measures

The Hospital Anxiety and Depression Scale (HADS) consists of
14 items; seven assess anxiety and seven assess depression. The
instrument was developed to assess inpatients with psychological
health problems. A score of over eight gives a specificity of 0.78 and
a sensitivity of 0.9 for diagnosing anxiety and for 0.79 and a
sensitivity of 0.83 depression [91]. Only one study reported
psychological health as a primary outcome using the HADS.

Respiratory specific outcome tools

The COPD assessment tool (CAT) is a disease specific PROM
assessing quality of health in patients with COPD. Symptoms
covered by the CAT include cough, amount of sputum, breathless-
ness, chest tightness, confidence, activity, sleep and energy levels.
Some aspects of the PROM, such as sputum and cough may be less
relevant in rib fracture, limiting the relevance of the instrument.
The CAT was used in one study.

The Medical Research Council Dyspnoea Scale (MRC) measures
perceived respiratory disability during activities of daily living. It is
scored from one (not troubled by breathlessness except on
vigorous exercise) to five (too breathless to leave the house or
breathless on dressing). The MRC was the most frequently used
respiratory PROM, being used in four studies (two as the sole
outcome and two used with other PROMS).

The St. Georges Respiratory Questionnaire (SGRQ) contains 50
items with 76 weighted responses. It was developed and validated
for use in asthma and COPD. It has since been validated in other
respiratory conditions [92]. Like the CAT, the SGRQ contains items
less relevant to rib fracture patients, such as wheeze or sputum
production. The recall period of three months may also be more
appropriate to chronic rather than acute respiratory conditions.
The SGRQ was used in two studies; one as a primary end point and
one in combination with the SF-36 and MRC.

Measures of pain

The Brief Pain Inventory (BPI) details severity of pain (four
items) and the impact of pain on daily activities. It was originally
used in studies of cancer pain and has undergone validation for
chronic non-malignant pain [93] and in other musculoskeletal
conditions [94]. It is available in a short (nine items) and long (17
items) form. The BPI short form is more frequently used and is
what is usually referred to when cited in research [95]. Only one
study used the BPI where it was used in combination with the SF-
36.

The McQill Pain Questionnaire (MPQ) consists of three major
measures — pain-rating index, the number of words chosen to
describe pain and the present pain intensity based on a 1-5
intensity scale. The pain-rating index is built by a numerical
grading of words describing sensory, affective and evaluative
aspects of pain. The affective subscale consists of five sets of words
describing the pain affect. The MPQ has undergone psychometric
assessment in acute back pain but not after rib fracture [96]. Five
studies assessed pain using the MPQ.

The Numeric Rating Scale (NRS) uses an 11-point scale (0—‘no
pain’ to 10—‘worst pain’, or ‘pain as bad as it could be’). The Visual
Analogue Scale (VAS) consists of a 100 mm unmarked line with
standardised wording: ‘no pain’ on the left of the line, and ‘worst
pain imaginable’ on the right—the patient then places a mark on
the line corresponding to their level of pain. In a Verbal Rating Scale
(VRS), adjectives are used to describe different levels of pain,
forming an ordinal scale. The respondent is asked which adjective
fits best to the pain intensity. As in the VAS, two endpoints such as
‘no pain at all’ and ‘extremely intense pain’ should be defined. The

number of points on the VRS were poorly reported in the identified
studies.

The VAS and NRS for assessment of pain intensity agree well and
are equally sensitive in assessing acute pain [97]. Both correlate well
with the VRS [98]. There is inadequate evidence to recommend one
over another for use in rib fracture. No development studies were
available for the VAS, VRS or NRS. Some pain PROMs, such as the BPI,
contain several NRS and capture more information about the
patient’s pain than current pain intensity.

Discussion

This review had three aims: to identify which PROMs have been
used in rib fracture research, to evaluate the methodological
quality of the studies evaluating the available PROMs and to make
recommendations for the selection of PROMs based on this
evidence.

The review identified 19 PROMs covering a variety of symptom
domains previously identified as being relevant to rib fracture
patients [16]. There appears to be little consensus, however, as to
which domains themselves should be assessed in a study or which
PROM is most appropriate for measuring them. Generic quality of
life PROMS were selected in 39% of studies; the SF-36 was the most
the most frequently cited generic HRQoL PROM (12 out of 64
studies). Only 6 studies utilised a PROM covering respiratory
symptoms which appear important for rib fracture patients [16].
There were 6 studies which used a custom PROM not previously
published, which may introduce bias into a study [99] and make
interpretation of results, systematic review and meta-analysis
impossible. No study used a rib fracture or chest trauma specific
PROM; the authors of this review are unaware of the existence of
such a disease specific PROM. Disease-specific PROMs have greater
face validity than generic PROMs [100,101]. The initial target
population of some of the PROMs, such as the CMS (designed to
assess shoulder disease) or CAT, score used also appeared far
removed from a patient with rib fracture, making the relevance of
the PROM to a rib fracture patient doubtful. The variety of PROMs
used in rib fractures makes comparing results and effect sizes in
different studies and interventions difficult [102]. Of the two RCTs
assessing surgical intervention in rib fracture, one used the MRC
[53] and one used the SF-36 [32].

We were unable to identify a validation study performed for rib
fracture, making a full review using the COSMIN checklist difficult.
Many of the PROMs identified in this review have undergone
psychometric assessment, but in different populations to the
population of interest in this review. Different instruments may
perform differently in certain scenarios and may even underesti-
mate the impact in trauma patients. The findings of this review do
not mean that these and other PROMs have poor measurement
properties and thus are of poor quality; only that insufficient
evidence to support their use for rib patients currently exists. As
none of the PROMS had undergone formal content validity studies
in rib fracture patients the overall score for each PROM in this
review was dependant on the judgement of the reviewers,
downgrading the quality of evidence. The quality of life scores
available were not deemed fully comprehensive as the respiratory
component of HRQoL was at most only indirectly assessed. The
greatest evidence was for the EQ-5D-5L with low quality evidence
for inconsistent content validity. The MRC was judged to have the
greatest content validity of the respiratory PROMs with very low
quality evidence for sufficient content validity. There was low
quality evidence of sufficient content validity for the BPI and MPQ
and very low quality evidence of sufficient content validity for
HADS and DRI

There are strengths and limitations to this review. This is the first
systematic review of PROMs used in rib fracture research to and the
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first to apply the COSMIN checklist, which is a validated and accepted
tool for the appraisal of study quality. The review demonstrates that
the PROM s currently used in rib fracture research are heterogenic with
no obvious “gold standard”. However, it was not always clear if specific
methodological aspects of the development studies were not
performed or simply not reported. It was therefore not possible to
distinguish between poor reporting and poor methodological quality.
A significant number of PROM development studies were published
before the COSMIN standards and therefore may have not been
reported in a way to score highly using the standard.

Our review only identifies PROMS that have either been used in
published research studies or undergone formal validation in a rib
fracture setting. It is possible that other instruments currently used
in clinical practice but not identified by the review, for example the
World Health Organization Disability Assessment Schedule 2.0
[103], may be appropriate tools for assessing health status in rib
fracture patients. In addition, several trauma registries now record
patient outcomes using PROMs routinely, although these are
registries of general trauma patients rather than specifically for rib
trauma. Such PROMs would have been detected by the search
strategy if the PROM had undergone formal validation within a rib
fracture population. The lack of validation studies performed in a
rib fracture population limits the evidence available in this review.
There is an urgent need for these validation studies to be
performed to provide further evidence for which PROM to use
in rib fracture research and clinical practice.

Recommendations

The current lack of evidence makes it difficult to recommend using
one particular PROM over another. The lack of a clear gold standard has
presumably lead to awide variety of PROMs being used by researchers,
including those not originally intended for chest trauma use. In the
absence of any validated scores to assess outcomes of rib fractures, the
use of a generic HRQoL instrument in combination with a validated
pain and respiratory score appears the most robust current approach.
While the NRS was the most frequently used instrument in assessing
pain and is commonly used in clinical practice, the BPI and MPQ
capture more detailed information about the respondent’s pain than
pain intensity alone, giving potentially greater content validity. Based
on the limited current evidence, we recommend that the EQ-5D-5L is
used in combination with the MRC and BPI or MPQ for future rib
fracture studies.

Conclusion

The lack of validated outcome measures for rib fracture patients
is a significant limitation of the current literature. Further studies
are needed to provide validated outcome measures to ensure the
legitimacy of the reported results.

Declaration of Competing Interest

The authors of this manuscript have no conflicts of interest to
declare.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.injury.2019.07.002.

References

[1] Ziegler DW, Agarwal NN. The morbidity and mortality of rib fractures. ]
Trauma 1994;37(6)975-9 [published Online First: 1994/12/01].

[2] Alisha C, Gajanan G, Jyothi H. Risk factors affecting the prognosis in patients

with pulmonary contusion following chest trauma. ] Clin Diagn Res 2015;9(8)

17-9, doi:http://dx.doi.org/10.7860/jcdr/2015/13285.6375 [published Online

First: 2015/10/06].

Hakim SM, Latif FS, Anis SG. Comparison between lumbar and thoracic

epidural morphine for severe isolated blunt chest wall trauma: a randomized

open-label trial. ] Anesth 2012;26(6)836-44, doi:http://dx.doi.org/10.1007/

s00540-012-1424-4 [published Online First: 2012/06/08].

Hashemzadeh S, Hashemzadeh K, Hosseinzadeh H, Aligholipour Maleki R,

Golzari SE. Comparison thoracic epidural and intercostal block to improve

ventilation parameters and reduce pain in patients with multiple rib

fractures. ] Cardiovasc Thorac Res 2011;3(3)87-91, doi:http://dx.doi.org/

10.5681/jcvtr.2011.019 [published Online First: 2011/01/01].

Majercik S, Wilson E, Gardner S, Granger S, VanBoerum DH, White TW. In-

hospital outcomes and costs of surgical stabilization versus nonoperative

management of severe rib fractures. ] Trauma Acute Care Surg 2015;79(4)

533-8, doi:http://dx.doi.org/10.1097/TA.0000000000000820 discussion 38-

9. [published Online First: 2015/09/25].

Dehghan N, Mah ]JM, Schemitsch EH, Nauth A, Vicente M, McKee MD.

Operative stabilization of flail chest injuries reduces mortality to that of

stable chest wall injuries. ] Orthop Trauma 2018;32(1)15-21, doi:http://dx.

doi.org/10.1097/bot.0000000000000992 [published Online First: 2017/09/

14].

Cataneo AJ], Cataneo DC, de Oliveira FH, Arruda KA, El Dib R, de Oliveira

Carvalho PE. Surgical versus nonsurgical interventions for flail chest.

Cochrane Database Syst Rev 2015;(7)Cd009919, doi:http://dx.doi.org/

10.1002/14651858.CD009919.pub2 [published Online First: 2015/07/30].

Weldring TSS. Patient-reported outcomes (PROs) and patient-reported

outcome measures (PROMs). Health Serv Insights 2013;6:61-8, doi:http://

dx.doi.org/10.4137/HSL.S11093.

[9] Black N. Patient reported outcome measures could help transform
healthcare. BM] 2013;346:f167, doi:http://dx.doi.org/10.1136/bmj.f167
[published Online First: 2013/01/30].

[10] Kyte DG, Calvert M, van der Wees PJ, ten Hove R, Tolan S, Hill JC. An
introduction to patient-reported outcome measures (PROMs) in
physiotherapy. Physiotherapy 2015;101(2):119-25, doi:http://dx.doi.org/
10.1016/j.physio.2014.11.003.

[11] Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso ], Patrick DL, et al. The
COSMIN checklist for evaluating the methodological quality of studies on
measurement properties: a clarification of its content. BMC Med Res
Methodol 2010;10(1):22, doi:http://dx.doi.org/10.1186/1471-2288-10-22.

[12] Prinsen CAC, Mokkink LB, Bouter LM, Alonso ], Patrick DL, de Vet HCW, et al.
COSMIN guideline for systematic reviews of patient-reported outcome
measures. Qual Life Res 2018;27(5):1147-57, doi:http://dx.doi.org/10.1007/
s11136-018-1798-3.

[13] Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of
interventions. The Cochrane Collaboration; 2011 Version 5.1.

[14] Terwee CB, Prinsen CAC, Chiarotto A, Westerman M], Patrick DL, Alonso J,
et al. COSMIN methodology for evaluating the content validity of patient-
reported outcome measures: a Delphi study. Qual Life Res 2018;27(5):1159-
70, doi:http://dx.doi.org/10.1007/s11136-018-1829-0.

[15] Fabricant L, Ham B, Mullins R, Mayberry J. Prolonged pain and disability are
common after rib fractures. Am J Surg 2013;205(5)511-5, doi:http://dx.doi.
org/10.1016/j.amjsurg.2012.12.007 discusssion 15-6. [published Online First:
2013/04/18].

[16] Claydon ], Maniatopoulos G, Robinson L, Fearon P. Challenges experienced
during rehabilitation after traumatic multiple rib fractures: a qualitative
study. Disabil Rehabil 2017;1-10, doi:http://dx.doi.org/10.1080/
09638288.2017.1358771 [published Online First: 2017/08/05].

[17] Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
2009;6(7)e1000097, doi:http://dx.doi.org/10.1371/journal.pmed.1000097
[published Online First: 2009/07/22].

[18] Prinsen CAC, Mokkink LB, Bouter LM, Alonso ], Patrick DL, de Vet HCW, et al.
COSMIN guideline for systematic reviews of patient-reported outcome
measures. Qual Life Res 2018;27(5)1147-57, doi:http://dx.doi.org/10.1007/
s11136-018-1798-3 [published Online First: 2018/02/13].

[19] Terwee CB, Jansma EP, Riphagen II, de Vet HCW. Development of a
methodological PubMed search filter for finding studies on measurement
properties of measurement instruments. Qual Life Res 2009;18(8)1115-23,
doi:http://dx.doi.org/10.1007/s11136-009-9528-5 [published Online First:
08/27].

[20] Mackintosh A, Comabella CCi, Hadi M, Gibbons E, Roberts N, Fitzpatrick R.
PROM group construct and instrument type filters. 2010.

[21] Mokkink LB, Terwee CB, Patrick DL, Alonso ], Stratford PW, Knol DL, et al. The
COSMIN checklist for assessing the methodological quality of studies on
measurement properties of health status measurement instruments: an
international Delphi study. Qual Life Res 2010;19(4)539-49, doi:http://dx.
doi.org/10.1007/s11136-010-9606-8 [published Online First: 02/19].

[22] World Health Organization. World health organization international
classification of functioning, disability and health. ICF; 2001.

[23] Beks RB, de Jong MB, Houwert RM, Sweet AAR, De Bruin IGJM, Govaert GAM,
et al. Long-term follow-up after rib fixation for flail chest and multiple rib
fractures. Eur ] Trauma Emerg Surg 2018, doi:http://dx.doi.org/10.1007/
s00068-018-1009-5.

3

[4

[5

[6

17

8



1824 S. Craxford et al. / Injury, Int. J. Care Injured 50 (2019) 1816-1825

[24] Walters ST, Craxford S, Russell R, Khan T, Nightingale ], Moran CG, et al.
Surgical stabilization improves 30-day mortality in patients with traumatic
flail chest: a comparative case series at a major trauma center. ] Orthop
Trauma 2019;33(1)15-22, doi:http://dx.doi.org/10.1097/
bot.0000000000001344 [published Online First: 2018/11/13].

[25] Caragounis EC, Fagevik Olsen M, Pazooki D, Granhed H. Surgical treatment of
multiple rib fractures and flail chest in trauma: a one-year follow-up study.
World ] Emerg Surg 2016;11:27, doi:http://dx.doi.org/10.1186/s13017-016-
0085-2 [published Online First: 2016/06/17].

[26] Adachi ], Loannidis G, Berger C, Joseph L, Papaioannou A, Pickard L, et al. The
influence of osteoporotic fractures on health-related quality of life in
community-dwelling men and women across Canada. Osteoporos Int
2001;12(11):903-8.

[27] Bottlang M, Long WB, Phelan D, Fielder D, Madey SM. Surgical stabilization of
flail chest injuries with MatrixRIB implants: a prospective observational
study. Injury 2013;44(2)232-8, doi:http://dx.doi.org/10.1016/j.
injury.2012.08.011 [published Online First: 2012/08/23].

[28] Fabricant L, Ham B, Mullins R, Mayberry J. Prospective clinical trial of surgical
intervention for painful rib fracture nonunion. Am Surg 2014;80(6)580-6
[published Online First: 2014/06/03].

[29] Mayberry ]JC, Kroeker AD, Ham LB, Mullins R], Trunkey DD. Long-term
morbidity, pain, and disability after repair of severe chest wall injuries. Am
Surg 2009;75(5)389-94 [published Online First: 2009/05/19].

[30] Gordy S, Fabricant L, Ham B, Mullins R, Mayberry J. The contribution of rib
fractures to chronic pain and disability. Am ] Surg 2014;207(5)659-62, doi:
http://dx.doi.org/10.1016/j.amjsurg.2013.12.012 discussion 62-3. [published
Online First: 2014/03/13].

[31] Kerr-Valentic MA, Arthur M, Mullins R], Pearson TE, Mayberry JC. Rib fracture
pain and disability: can we do better? ] Trauma 2003;54(6)1058-63, doi:
http://dx.doi.org/10.1097/01.ta.0000060262.76267.ef discussion 63-4.
[published Online First: 2003/06/19].

[32] Marasco SF, Davies AR, Cooper ], Varma D, Bennett V, Nevill R, et al.
Prospective randomized controlled trial of operative rib fixation in traumatic
flail chest. ] Am Coll Surg 2013;216(5)924-32, doi:http://dx.doi.org/10.1016/j.
jamcollsurg.2012.12.024 [published Online First: 2013/02/19].

[33] Papaioannou A, Kennedy CC, Ioannidis G, Sawka A, Hopman WM, Pickard L,
et al. The impact of incident fractures on health-related quality of life: 5 years
of data from the Canadian Multicentre Osteoporosis Study. Osteoporos Int
2009;20(5)703-14, doi:http://dx.doi.org/10.1007/s00198-008-0743-7
[published Online First: 2008/09/20].

[34] Moskowitz EE, Garabedian L, Harden K, Perkins-Pride E, Asfaw M, Preslaski C,
et al. A double-blind, randomized controlled trial of gabapentin vs. placebo
for acute pain management in critically ill patients with rib fractures. Injury
2018;49(9)1693-8, doi:http://dx.doi.org/10.1016/j.injury.2018.06.002
[published Online First: 2018/06/24].

[35] Hernandez MC, Reisenauer JS, Aho JM, Zeb M, Thiels CA, Cross 3rd WW, et al.
Bone autograft coupled with locking plates repairs symptomatic rib fracture
nonunions. Am Surg 2018;84(6)844-50 [published Online First: 2018/07/10].

[36] Carrie C, Guemmar Y, Cottenceau V, de Molliens L, Petit L, Sztark F, et al. Long-
term disability after blunt chest trauma: don’t miss chronic neuropathic
pain!. Injury 2019;50(1):113-8, doi:http://dx.doi.org/10.1016/j.
injury.2018.10.023.

[37] Emond M, Sirois M], Guimont C, Chauny JM, Daoust R, Bergeron E, et al.
Functional impact of a minor thoracic injury: an investigation of age, delayed
hemothorax, and rib fracture effects. Ann Surg 2015;262(6)1115-22, doi:
http://dx.doi.org/10.1097/s1a.0000000000000952 [published Online First:
2014/09/23].

[38] Battle C, Abbott Z, Hutchings HA, O'Neill C, Groves S, Watkins A, et al. Protocol
for a multicentre randomised feasibility STUdy evaluating the impact of a
prognostic model for Management of BLunt chest wall trauma patients:
STUMBL trial. BM] Open 2017;7(7)e015972, doi:http://dx.doi.org/10.1136/
bmjopen-2017-015972 [published Online First: 2017/07/13].

[39] Brenneman SK, Barrett-Connor E, Sajjan S, Markson LE, Siris ES. Impact of
recent fracture on health-related quality of life in postmenopausal women. ]
Bone Miner Res 2006;21(6)809-16, doi:http://dx.doi.org/10.1359/
jbmr.060301 [published Online First: 2006/06/07].

[40] De Palma A, Sollitto F, Loizzi D, Di Gennaro F, Scarascia D, Carlucci A, et al.
Chest wall stabilization and reconstruction: short and long-term results 5
years after the introduction of a new titanium plates system. ] Thorac Dis
2016;8(3)490-8, doi:http://dx.doi.org/10.21037/jtd.2016.02.64 [published
Online First: 2016/04/15].

[41] Marasco S, Lee G, Summerhayes R, Fitzgerald M, Bailey M. Quality of life after
major trauma with multiple rib fractures. Injury 2015;46(1)61-5, doi:http://
dx.doi.org/10.1016/j.injury.2014.06.014 [published Online First: 2014/07/30].

[42] Marasco SF, Martin K, Niggemeyer L, Summerhayes R, Fitzgerald M, Bailey M.
Impact of rib fixation on quality of life after major trauma with multiple rib
fractures. Injury 2019;50(1)119-24, doi:http://dx.doi.org/10.1016/j.
injury.2018.11.005 [published Online First: 2018/11/18].

[43] Adachi JD, loannidis G, Pickard L, Berger C, Prior JC, Joseph L, et al. The
association between osteoporotic fractures and health-related quality of life
as measured by the Health Utilities Index in the Canadian Multicentre
Osteoporosis Study (CaMos). Osteoporos Int 2003;14(11)895-904, doi:
http://dx.doi.org/10.1007/s00198-003-1483-3 [published Online First: 2003/
08/16].

[44] Bille A, Okiror L, Campbell A, Simons ], Routledge T. Evaluation of long-term
results and quality of life in patients who underwent rib fixation with

titanium devices after trauma. Gen Thorac Cardiovasc Surg 2013;61(6)345-9,
doi:http://dx.doi.org/10.1007/s11748-013-0218-4 [published Online First:
2013/02/20].

[45] Campbell N, Conaglen P, Martin K, Antippa P. Surgical stabilization of rib
fractures using Inion OTPS wraps—techniques and quality of life follow-up. ]
Trauma 2009;67(3)596-601, doi:http://dx.doi.org/10.1097/
TA.0b013e3181ad8cb7 [published Online First: 2009/09/11].

[46] Dhillon TS, Galante JM, Salcedo ES, Utter GH. Characteristics of chest wall
injuries that predict postrecovery pulmonary symptoms: a secondary
analysis of data from a randomized trial. ] Trauma Acute Care Surg 2015;79(2)
179-86, doi:http://dx.doi.org/10.1097/ta.0000000000000718 discussion 86-
7. [published Online First: 2015/07/29].

[47] Borhan S, Papaioannou A, Gajic-Veljanoski O, Kennedy C, loannidis G, Berger
C, et al. Incident fragility fractures have a long-term negative impact on
health-related quality of life of older people: the Canadian multicentre
osteoporosis study. ] Bone Miner Res 2019;e3666, doi:http://dx.doi.org/
10.1002/jbmr.3666 [published Online First: 2019/02/07].

[48] Solberg BD, Moon CN, Nissim AA, Wilson MT, Margulies DR. Treatment of
chest wall implosion injuries without thoracotomy: technique and clinical
outcomes. ] Trauma 2009;67(1)8-13, doi:http://dx.doi.org/10.1097/
TA.0b013e3181a8b3be discussion 13. [published Online First: 2009/07/11].

[49] Fagevik Olsen M, Slobo M, Klarin L, Caragounis EC, Pazooki D, Granhed H.
Physical function and pain after surgical or conservative management of
multiple rib fractures—a follow-up study. Scand ] Trauma Resusc Emerg Med
2016;24(1)128, doi:http://dx.doi.org/10.1186/s13049-016-0322-4 [published
Online First: 2016/10/30].

[50] Donnellan C. Acupuncture for central pain affecting the ribcage following
traumatic brain injury and rib fractures—a case report. Acupunct Med
2006;24(3):129-33.

[51] Leone M, Bregeon F, Antonini F, Chaumoitre K, Charvet A, Ban LH, et al. Long-
term outcome in chest trauma. Anesthesiology 2008;109(5)864-71, doi:
http://dx.doi.org/10.1097/ALN.0b013e31818a4009 [published Online First:
2008/10/24].

[52] Landercasper ], Cogbill TH, Lindesmith LA. Long-term disability after flail
chest injury. ] Trauma 1984;24(5)410-4 [published Online First: 1984/05/01].

[53] Tanaka H, Yukioka T, Yamaguti Y, Shimizu S, Goto H, Matsuda H, et al. Surgical
stabilization of internal pneumatic stabilization? A prospective randomized
study of management of severe flail chest patients. ] Trauma 2002;52(4)727-
32 discussion 32. [published Online First: 2002/04/17].

[54] Zink KA, Mayberry JC, Peck EG, Schreiber MA. Lidocaine patches reduce pain
in trauma patients with rib fractures. Am Surg 2011;77(4)438-42 [published
Online First: 2011/06/18].

[55] Yeying G, Liyong Y, Yuebo C, Yu Z, Guangao Y, Weihu M, et al. Thoracic
paravertebral block versus intravenous patient-controlled analgesia for pain
treatment in patients with multiple rib fractures. ] Int Med Res 2017;45(6)
2085-91, doi:http://dx.doi.org/10.1177/0300060517710068 [published
Online First: 2017/06/22].

[56] Song ], Yan T, Wang T, Ma S, Wang K, Wang ], et al. Internal fixation of claw-
type rib bone plates on multiple fractured ribs. Int J Clin Exp Med 2017;10
(4):6934-41.

[57] Sloan JP, Muwanga CL, Waters EA, Dove AF, Dave SH. Multiple rib fractures:
transcutaneous nerve stimulation versus conventional analgesia. ] Trauma
1986;26(12)1120-2 [published Online First: 1986/12/01].

[58] Shukla AN, Ghaffar ZBA, Auang AC, Rajah U, Tan L. Continuous paravertebral
block for pain relief in unilateral multiple rib fracture: a case series. Acute
Pain 2008;10(1):39-44.

[59] Chung YT, Sun WZ, Huang FY, Cheung YF. Subpleural block in patients with
multiple rib fractures. Ma zui xue za zhi = Anaesthesiol Sin 1990;28(4)419-24
[published Online First: 1990/12/01].

[60] Fulda GJ, Giberson F, Fagraeus L. A prospective randomized trial of nebulized
morphine compared with patient-controlled analgesia morphine in the
management of acute thoracic pain. ] Trauma 2005;59(2)383-8 discussion
89-90. [published Online First: 2005/11/19].

[61] Kamali A, Broujerdi GN, Bagheri H. Comparing epidural block and intercostal
block in patients with 3-4 broken ribs following chest cage blunt trauma. Ann
Trop Med Public Health 2017;10(4):850-4.

[62] Mackersie RC, Karagianes TG, Hoyt DB, Davis JW. Prospective evaluation of
epidural and intravenous administration of fentanyl for pain control and
restoration of ventilatory function following multiple rib fractures. ] Trauma
1991;31(4)443-9 discussion 49-51. [published Online First: 1991/04/01].

[63] Qiu M, Shi Z, Xiao ], Zhang X, Ling S, Ling H. Potential benefits of rib fracture
fixation in patients with flail chest and multiple non-flail rib fractures. Indian
J Surg 2016;78(6)458-63, doi:http://dx.doi.org/10.1007/s12262-015-1409-2
[published Online First: 2017/01/20].

[64] Mohta M, Verma P, Saxena AK, Sethi AK, Tyagi A, Girotra G. Prospective,
randomized comparison of continuous thoracic epidural and thoracic
paravertebral infusion in patients with unilateral multiple fractured ribs—a
pilot study. ] Trauma 2009;66(4)1096-101, doi:http://dx.doi.org/10.1097/
TA.0b013e318166d76d [published Online First: 2009/04/11].

[65] Mohta M, Ophrii EL, Sethi AK, Agarwal D, Jain BK. Continuous paravertebral
infusion of ropivacaine with or without fentanyl for pain relief in unilateral
multiple fractured ribs. Indian J Anaesth 2013;57(6):555-61.

[66] Nakae H, Yokoi A, Kodama H, Horikawa A. Comparison of the effects on rib
fracture between the traditional Japanese medicine jidabokuippo and
nonsteroidal anti-inflammatory drugs: a randomized controlled trial. Evid
Based Complement Altern Med 2012;2012: (no pagination)(837958).



S. Craxford et al. / Injury, Int. J. Care Injured 50 (2019) 1816-1825 1825

[67] Mitev K, Neziri D, Stoicovski E, Mitrev Z. Surgical plate fixation of multiple rib
fractures: a case report. ] Med Case Rep 2018;12(1)150, doi:http://dx.doi.org/
10.1186/513256-018-1683-2 [published Online First: 2018/05/29].

[68] Yayik AM, Ahiskalioglu A, Celik EC, Ay A, Ozenoglu A. Continuous erector
spinae plane block for postoperative analgesia of multiple rib fracture
surgery: case report. Rev Bras Anestesiol 2019;69(1)91-4, doi:http://dx.doi.
org/10.1016/j.bjan.2018.08.001 [published Online First: 2018/11/06].

[69] Shelley CL, Berry S, Howard ], De Ruyter M, Thepthepha M, Nazir N, et al.
Posterior paramedian subrhomboidal analgesia versus thoracic epidural
analgesia for pain control in patients with multiple rib fractures. ] Trauma
Acute Care Surg 2016;81(3)463-7, doi:http://dx.doi.org/10.1097/
ta.0000000000001147 [published Online First: 2016/06/09].

[70] Wu WM, Yang Y, Gao ZL, Zhao TC, He WW. Which is better to multiple rib
fractures, surgical treatment or conservative treatment? Int ] Clin Exp Med
2015;8(5)7930-6 [published Online First: 2015/07/30].

[71] Wu CL, Jani ND, Perkins FM, Barquist E. Thoracic epidural analgesia versus
intravenous patient-controlled analgesia for the treatment of rib fracture
pain after motor vehicle crash. ] Trauma 1999;47(3)564-7 [published Online
First: 1999/09/25].

[72] Truitt MS, Murry ], Amos J, Lorenzo M, Mangram A, Dunn E, et al. Continuous
intercostal nerve blockade for rib fractures: ready for primetime? ] Trauma
2011;71(6)1548-52, doi:http://dx.doi.org/10.1097 /TA.0b013e31823c96e0
discussion 52. [published Online First: 2011/12/21].

[73] Short K, Scheeres D, Mlakar ], Dean R. Evaluation of intrapleural analgesia in
the management of blunt traumatic chest wall pain: a clinical trial. Am Surg
1996;62(6)488-93 [published Online First: 1996/06/01].

[74] Sareen A, Jain P, Pagare V. Immediate effect of kinesiology taping in treating
undisplaced RIB fracture pain. ] Musculoskelet Res 2015;18(2) (no
pagination)(1550010).

[75] Abd-Elnaim MK, Ahmed E-M, Mohamed Abd-Elkader O, Ahmed MM. Plating
versus wiring for fixation of traumatic rib and sternal fractures. ] Egypt Soc
Cardio-Thorac Surg 2017;25(4):356-61.

[76] Battle CE, Young K, Evans PA. Chronic pain in blunt chest wall trauma: a pilot
study. Trauma (United Kingdom) 2016;18(4):261-5, doi:http://dx.doi.org/
10.1177/1460408616638689.

[77] de Jong MB, Houwert RM, van Heerde S, de Steenwinkel M, Hietbrink F,
Leenen LPH. Surgical treatment of rib fracture nonunion: a single center
experience. Injury 2018;49(3)599-603, doi:http://dx.doi.org/10.1016/j.
injury.2018.01.004 [published Online First: 2018/02/07].

[78] Esmailian M, Moshiri R, Zamani M. Comparison of the analgesic effect of
intravenous acetaminophen and morphine sulfate in rib fracture; a
randomized double-blind clinical trial. Emergency (Tehran, Iran) 2015;3(3)
99-102 [published Online First: 2015/10/27].

[79] Govindarajan R, Bakalova T, Michael R, Abadir AR. Epidural buprenorphine in
management of pain in multiple rib fractures. Acta Anaesthesiol Scand
2002;46(6)660-5 [published Online First: 2002/06/13].

[80] Carver TW, Kugler NW, Juul J, Peppard W], Drescher KM, Somberg LB, et al.
Ketamine infusion for pain control in adult patients with multiple rib
fractures: results of a randomized control trial. ] Trauma Acute Care Surg
2019;86(2)181-8, doi:http://dx.doi.org/10.1097/ta.0000000000002103
[published Online First: 2018/10/31].

[81] Shelat VG, Eileen S, John L, Teo LT, Vijayan A, Chiu MT. Chronic pain and its
impact on quality of life following a traumatic rib fracture. Eur ] Trauma
Emerg Surg 2012;38(4)451-5, doi:http://dx.doi.org/10.1007/s00068-012-
0186-x [published Online First: 2012/08/01].

[82] Karmakar MK, Critchley LA, Ho AM, Gin T, Lee TW, Yim AP. Continuous
thoracic paravertebral infusion of bupivacaine for pain management in
patients with multiple fractured ribs. Chest 2003;123(2)424-31 [published
Online First: 2003/02/11].

[83] Adhikary SD, Liu WM, Fuller E, Cruz-Eng H, Chin K]. The effect of erector
spinae plane block on respiratory and analgesic outcomes in multiple rib
fractures: a retrospective cohort study. Anaesthesia 2019, doi:http://dx.doi.
org/10.1111/anae.14579 [published Online First: 2019/02/12].

[84] Garratt A, Schmidt L, Mackintosh A, Fitzpatrick R. Quality of life
measurement: bibliographic study of patient assessed health outcome
measures. BMJ 2002;324(7351)1417 [published Online First: 2002/06/18].

[85] Miiller-Nordhorn J, Roll S, Willich SN. Comparison of the short form (SF)-12
health status instrument with the SF-36 in patients with coronary heart
disease. Heart (British Cardiac Society) 2004;90(5):523-7, doi:http://dx.doi.
org/10.1136/hrt.2003.013995.

[86] Rubenach S, Shadbolt B, McCallum J, Nakamura T. Assessing health-related
quality of life following myocardial infarction: is the SF-12 useful? J Clin
Epidemiol 2002;55(3)306-9 [published Online First: 2002/02/28].

[87] Agborsangaya CB, Lahtinen M, Cooke T, Johnson JA. Comparing the EQ-5D 3L
and 5L: measurement properties and association with chronic conditions
and multimorbidity in the general population. Health Qual Life Outcomes
2014;12(1):74, doi:http://dx.doi.org/10.1186/1477-7525-12-74.

[88] Richardson ], lezzi A, Khan MA, Maxwell A. Validity and reliability of the
Assessment of Quality of Life (AQoL)-8D multi-attribute utility instrument.
Patient 2014;7(1)85-96, doi:http://dx.doi.org/10.1007/s40271-013-0036-x
[published Online First: 11/23].

[89] Vrotsou K, Avila M, Machén M, Mateo-Abad M, Pardo Y, Garin O, et al.
Constant-Murley Score: systematic review and standardized evaluation in
different shoulder pathologies. Qual Life Res 2018;27(9)2217-26, doi:http://
dx.doi.org/10.1007/s11136-018-1875-7 [published Online First: 05/10].

[90] Parsons H, Bruce ], Achten J, Costa ML, Parsons NR. Measurement properties
of the Disability Rating Index in patients undergoing hip replacement.
Rheumatology (Oxford, England) 2015;54(1)64-71, doi:http://dx.doi.org/
10.1093/rheumatology/keu293 [published Online First: 07/26].

[91] Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital
Anxiety and Depression Scale. An updated literature review. ] Psychosom Res
2002;52(2)69-77 [published Online First: 2002/02/08].

[92] Wilson CB, Jones PW, O'Leary CJ, Cole PJ, Wilson R. Validation of the St.
George’s respiratory questionnaire in bronchiectasis. Am J Respir Crit Care
Med 1997;156(2 Pt. 1)536-41, doi:http://dx.doi.org/10.1164/
ajrccm.156.2.9607083 [published Online First: 1997/08/01].

[93] Tan G, Jensen MP, Thornby ]I, Shanti BF. Validation of the Brief Pain Inventory
for chronic nonmalignant pain. ] Pain 2004;5(2)133-7, doi:http://dx.doi.org/
10.1016/j.jpain.2003.12.005 [published Online First: 2004/03/26].

[94] Lin JD, Lin LP, Su SF, Hsu SW, Chou YC, Lin FG, et al. The interference of low
back pain on everyday functions of life in care workers for persons with
intellectual, autistic, and associated multiple disabilities: the Brief Pain
Inventory short form (BPI-SF) survey. Res Autism Spect Dis 2014;8(6):692-
700, doi:http://dx.doi.org/10.1016/j.rasd.2014.03.011.

[95] Poquet N, Lin C. The brief pain inventory (BPI). ] Physiother 2016;62(1):52,
doi:http://dx.doi.org/10.1016/j.jphys.2015.07.001.

[96] Dworkin RH, Turk DC, Trudeau JJ, et al. Validation of the short-form McGill
Pain Questionnaire-2 (SF-MPQ-2) in acute low back pain. J Pain 2015;16(4)
357-66, doi:http://dx.doi.org/10.1016/j.jpain.2015.01.012 [published Online
First: 2015/02/03].

[97] Stubhaug A, Breivik H, Kvarstein G, et al. Assessment of pain. BJA: British
Journal of Anaesthesia 2008;101(1):17-24, doi:http://dx.doi.org/10.1093/
bja/aen103.

[98] Ohnhaus EE, Adler R. Methodological problems in the measurement of pain:
a comparison between the verbal rating scale and the visual analogue scale.
Pain 1975;1(4)379-84 [published Online First: 1975/12/01].

[99] Marshall M, Lockwood A, Bradley C, et al. Unpublished rating scales: a major
source of bias in randomised controlled trials of treatments for schizophrenia.
Br ] Psychiatry 2000;176:249-52 [published Online First: 2001/02/07].

[100] Weldring T, Smith SMS. Patient-reported outcomes (PROs) and patient-
reported outcome measures (PROMs). Health Serv Insights 2013;6:61-8, doi:
http://dx.doi.org/10.4137/hsi.s11093.

[101] Black N. Patient reported outcome measures could help transform
healthcare. BMJ—Brit Med ] 2013;346:ARTN {167, doi:http://dx.doi.org/
10.1136/bm;.f167.

[102] Morris R, Pallister I, Trickett RW. Measuring outcomes following tibial
fracture. Injury 2018;50(2)521-33, doi:http://dx.doi.org/10.1016/].
injury.2018.11.025 [published Online First: 2018/11/30].

[103] Ustiin TB, Chatterji S, Kostanjsek N, et al. Developing the world health
organization disability assessment schedule 2.0. Bull World Health Organ
2010;88(11)815-23, doi:http://dx.doi.org/10.2471/BLT.09.067231 [published
Online First: 05/20].



