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Aims
Lower limb reconstruction (LLR) has a profound impact on patients, affecting multiple areas
of their lives. Many patient-reported outcome measures (PROMs) are employed to assess
these impacts; however, there are concerns that they do not adequately capture all outcomes
important to patients, and may lack content validity in this context. This review explored
whether PROMs used with adults requiring, undergoing, or after undergoing LLR exhibited
content validity and adequately captured outcomes considered relevant and important to
patients.

Methods
A total of 37 PROMs were identified. Systematic searches were performed to retrieve content
validity studies in the adult LLR population, and hand-searches used to find PROM development
studies. Content validity assessments for each measure were performed following Consensus-
based Standards for the selection of health measurement Instruments (COSMIN) guidelines. A
mapping exercise compared all PROMs to a conceptual framework previously developed by the
study team (‘the PROLLIT framework’) to explore whether each PROM covered important and
relevant concepts.

Results
The systematic searches found 13 studies, while hand searches found 50 PROM development
studies, and copies of all 37 measures. Although several studies discussed content validity, none
were found which formally assessed this measurement property in the adult LLR population.
Development of many PROMs was rated as inadequate, no PROM had sufficient content validity
in the study population, and none covered all areas of the PROLLIT framework. The LIMB-Q
was the most promising and comprehensive measure assessed, although further validation in a
wider sample of LLR patients was recommended.

Conclusion
Current PROMs used in adults requiring, undergoing, or after undergoing LLR lack content
validity and do not assess all important and relevant outcomes. There is an urgent need for
improved outcome measurement in this population. This can be achieved through development
of a new PROM, or through validation of existing measures in representative samples.

Take home message
• Outcome measurement for adult patients

having lower limb reconstruction surgery is
poor, and requires improvement.

• Good-quality patient-reported outcome
measures are urgently needed to support
clinicians in providing high-quality patient-
centered care to this group.
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Introduction
Patients undergoing lower limb reconstruction (LLR) can face
a long and difficult treatment, recovery, and rehabilitation
process. Adult patients report pain and loss of function,
negative effects on work and employment, reduced ability
to perform their usual hobbies and activities, psychological
difficulties, and changes to their sense of self.1-4 The impact of
this process on patients can therefore be profound and felt
across multiple and interacting areas of their lives.

Patient-reported outcome measures (PROMs) are a
key component in assessing these kinds of impacts.5 Many
are currently used for adults requiring, undergoing, or after
undergoing LLR, relating to areas such as limb function,
pain, and health-related quality of life (HRQoL).6-9 There are
concerns, however, that these PROMs are not adequately
or effectively capturing the full range of experiences impor-
tant to this group; the lack of patient involvement in their
development is a key issue as this is recognized as essential to
the effective measurement of patient experience.10

A PROM which is not developed or validated in the
target patient population, and/or which does not assess the
full range of experiences important to that group, is likely to
lack content validity. This describes the ability of a PROM to
adequately reflect the construct it is aiming to measure. A
PROM with good content validity is comprehensive, relevant,
and comprehensible in the target population and context.
Content validity is dependent on the population in which a
measure is applied, and a PROM which exhibits good content
validity in one setting may be inadequate in another. All
other measurement properties can be affected by a lack of
content validity, meaning it is widely considered to be the
most important property of an effective PROM.11 A PROM that
is missing concepts important to a patient population (i.e. is
not comprehensive), for example, risks having reduced validity
and responsiveness when applied in that context. When a
measure has validity, we can make statements and predic-
tions about patients based on their scores.12 For example,
we may be able to predict differences in recovery or support
requirements between patient groups and make plans for care
based on that information. A lack of validity could therefore
lead to inaccurate predictions and statements, which may
result in poor quality care and potential wasting or misdirec-
tion of resources. For this reason, validity is also important
when using outcome measures in research, for example to
compare and/or assess the impact of interventions. In these
cases, a lack of validity could lead to inaccurate comparisons
between interventions, and incorrect conclusions regarding
their effectiveness.

The Patient-Reported Outcome Measure for Lower LImb
reconsTruction (PROLLIT) study was designed in response
to concerns about outcome measurement in the adult
LLR population.13 During Phase 1 of the study, a concep-
tual framework (Figure 1)2 was developed through qualita-
tive evidence synthesis,1 and interviews with patients and
orthopaedic healthcare professionals (HCPs)2 to establish
which outcomes were important to this group.

Study aims and objectives
This review formed Phase 2 of the PROLLIT study. We aimed
to explore whether current PROMs used with the adult LLR
population exhibit content validity and adequately capture

patient experience. These aims were achieved in three stages:
1) a list of key PROMs was created based on previous
peer-reviewed research in this area, and discussion with
an expert panel of surgeons;6,14,15 2) the content validity of
these PROMs was formally assessed, following the Consensus-
based Standards for the selection of health measurement
Instruments (COSMIN) guidelines,16 which included carrying
out systematic searches to retrieve existing content validity
studies for each PROM; and 3) a conceptual mapping exercise
was performed to explore whether each measure covered the
concepts outlined in the PROLLIT framework as important to
patients.

Findings were brought together to answer two key
questions: 1) do key PROMs currently in use with adult LLR
patients assess the outcomes identified as being important
and relevant in Phase 1 of the PROLLIT study?; and 2) do these
PROMs exhibit content validity in this patient population?

Methods
Selection of PROMs
In the first stage of the study, we collated information from
three recent systematic reviews (2019 to 2023) which had
explored outcome measurement in lower limb trauma and
reconstruction to generate a list of PROMs currently in use for
LLR patients.6,14,15 The list was checked by the PROLLIT expert
advisory panel of surgeons (n = 5) with expertise in orthopae-
dics and limb reconstruction, to ensure no key measures were
missing. The resulting list included 37 key PROMs known to
be currently in use for adults requiring, undergoing, or after
undergoing LLR.

Descriptive data including PROM name, language,
scope, target population, intended context of use, associ-
ated concepts or domains, number and types of items,
recall period, scoring information, and time to complete was
extracted for each PROM using a template created for the
process. Table I shows key descriptive information for the
included measures.

COSMIN assessment of content validity
In the second stage of the study, the 37 PROMs were assessed
for content validity. This process was carried out following
the COSMIN guidance for the assessment of the measure-
ment properties of PROMs.16 As per the guidance, system-
atic searches were first performed to identify any existing
studies of content validity for the included PROMs. These were
supplemented by hand searches to identify studies describing
PROM development, and to collate copies of the measures.

Systematic search procedure
The systematic review was registered on PROSPERO on the 13
October 2023 (ref: CRD42023469835).

Eligibility criteria
The inclusion criteria was adult patients (aged 16+ years)
requiring, undergoing, or after undergoing any/all types of
reconstructive surgery for a lower limb condition. There was
no limits on timescale following injury or condition onset. The
exclusion criteria was patients aged under 16 years; patients
requiring, undergoing, or after undergoing amputation of
the lower limb; and patients requiring, undergoing, or after
undergoing arthroplasty/joint replacement.
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Outcome of interest
The outcome of interest was any of the 37 pre-identified
PROMs, as outlined in Table I.

Types of studies
Studies were included if they were original, peer-reviewed
studies where the content validity of a selected PROM
has been assessed in the specified population (including
professionals such as clinicians or researchers), or original,
peer-reviewed studies detailing the development of each
selected PROM.

Literature (including grey literature) detailing the
content of each PROM instrument (e.g. user manuals, copies
of PROMs) was also included.

Information sources and search strategy
An information specialist (HF) designed a preliminary search
for MEDLINE, with input from the review team. The search
strategy was designed to systematically identify all relevant
studies on the measurement of the selected PROMs of interest
in patients with lower limb conditions. The population terms
on lower limb conditions were adapted from an earlier review
conducted by the PROLLIT team.1 Terwee et al’s65 methodo-
logical PubMed search filter for “finding studies on meas-
urement properties of measurement instruments” was used.
There were no restrictions on date or language applied to the
searches. The search strategy was translated for use for the
other bibliographic databases using relevant subject headings
(controlled vocabularies) and search syntax, appropriate to
each resource. A document detailing all search strategies as
run is provided in the Supplementary Material.

The following sources were searched between 26 and
29 September 2023: MEDLINE(R) ALL (via Ovid); Embase (via
Ovid); PsycINFO (via Ovid); Cumulated Index in Nursing and
Allied Health Literature (CINAHL) Complete (via EBSCO); and
Cochrane Central Register of Controlled Trials (CENTRAL) (via
Wiley).

In addition, information on studies in progress,
unpublished research, or research reported in the grey
literature were sought by searching ClinicalTrials.gov and the
World Health Organization International Clinical Trials Registry
Platform (ICTRP).

Hand searches
Hand searches were conducted using Google Scholar and
MEDLINE(R) (via Ovid) to identify development studies for
each of the PROMs included in the study, along with copies
of the measures. The COSMIN database was also searched
to identify any existing PROM development assessments.66

Reference lists
Relevant systematic reviews were flagged during the
screening process and reference lists searched to identify
additional studies missed during the original electronic
searches.

Screening
Following a short pilot screening process, a two-stage
screening was carried out; title and abstract, followed by
full-text screening. This was performed by two researchers
independently (JL, SJ), using Covidence systematic review
software (Veritas Health Innovation, Australia).

Content validity assessment
The COSMIN guidance and data extraction tables were
used to formally assess content validity for each of the
PROMs, with quality of evidence assessed using a modified
GRADE approach.16 The construct of interest was the PROL-
LIT conceptual framework, target population was adult LLR
patients and context of use was the assessment of outcomes
(i.e. evaluative). This was carried out by two independent
researchers (JL, SJ), with disagreements resolved through
discussion.

Fig. 1
The Patient-Reported Outcome Measure for Lower LImb reconsTruction conceptual framework outlining what is important to adult lower limb
reconstruction patients (reproduced from Leggett et al2 under licence (CC BY 4.0)).
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Table I. Descriptive information for all included patient-reported outcome measures.

PROM name Acronym Scope Number of items
Type(s) of
measure Recall period(s)

Total score range
and interpretation

Lower limb-specific

American Academy of
Orthopaedic Surgeons lower
limb core scale17 AAOS-LLCS Lower limb 7 Scales Past week

0 to 100

Poor to best possible
outcome

Foot and ankle ability measure18 FAAM Leg, ankle, and foot

23

Optional 8-item
subscale Scales Past week

0 to 100% of total
possible score

Lowest to highest
level of functioning

Foot and Ankle Disability Index19 FADI Foot and ankle

26

Optional 8-item
subscale Scales Past week

0 to 100% of total
possible score

Lowest to highest
level of functioning

Knee injury and Osteoarthritis
Outcome Score20,21 KOOS Knee 42 Scales

Present

Past week

0 to 100

Extreme to no knee
problems

Knee Society scoring system22 KSS Knee (TKA) 30 Scales Present

0 to 100

Worst to best
function

Knee Society scoring system
(short form)23 KSS SF Knee (TKA) 10 Scales Present

0 to 100

Worst to best
function

The limb deformity-Scoliosis
Research Society score24 LD-SRS Lower limb

Section 1: 20

Section 2: 10 Scales

Present

Last 6 months

1 to 5

Worst to best
outcome

Lower Extremity Functional
Scale25 LEFS Lower limbs 20 Scales Present

0 to 100% of total
possible score

Lower = greater
disability

Patient-reported outcome
instrument for lower extremity
trauma26-29 LIMB-Q Lower limbs

16 sections

min = 6 items

max = 15 items Scales

Present

Past week

At time of surgery

When last working

0 to 100 (calculated
per section)

Higher = better
outcomes

Lysholm knee scale/score30 LKS Knee 8 Scales Present

0 to 100

Worst to best
functioning

Olerund-Molander Ankle score31 OMAS Ankle 9
Multiple
choice Present

0 to 100

Totally impaired
to completely
unimpaired

Stanmore Limb Reconstruction
Score

(in development: preliminary
measure)32 SLRS Lower limb 37 Scales

Present

Past week

Past 4 weeks
Not currently
available

Tegner Activity Score30 TAS Knee 1 Scale Present

0 to 10

Higher = higher
activity level

Toronto Extremity Salvage Score
- Lower Limb33 TESS Lower limbs 30 Scales Past week

0 to 100

Higher = less
disability

Visual analogue scale (foot and
ankle)34 VAS-FA Foot and ankle 20 VAS Present 0 to 100

(Continued)
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(Continued)

PROM name Acronym Scope Number of items
Type(s) of
measure Recall period(s)

Total score range
and interpretation

Worst to best
outcome

Other parts of the body

Disabilities of the Arm, Shoulder
and Hand questionnaire35 DASH Upper limbs

30

Optional 4-item
modules (x2) Scales Past week

0 to 100

Least to most
disability

Musculoskeletal Function
Assessment7,36 MFA

Upper and lower
limbs

Dysfunction: 100

Bother: 10

Yes/No

Scales This week

0 to 100 (per
subscale)

Higher = more
dysfunction/bother

Short Musculoskeletal Function
Assessment37 SMFA

Upper and lower
limbs

Dysfunction: 34
Bother: 12 Scales This week

0 to 100 (per
subscale)

Higher = more
dysfunction/bother

Oxford Hip Score38,39 OHS Hip 12 Scales Past 4 weeks

0 to 48

Higher = better
outcomes

General health and wellbeing
measures

Brief pain inventory40 BPI Clinical pain 9 Mixed Past 24 hours

Severity: 0 to 40

Interference: 0 to 70

Higher = more
severity/interference

Disability Rating Index41 DRI Physical function 12 VAS Present

0 to 100

Higher = more
disability

EuroQol five-dimension
five-level questionnaire42 EQ-5D-5L HRQoL 6

Scales

VAS Present

5-digit health state

11111 = best
possible health

VAS: 0 to 100

Worst to best
possible health

Frequency Intensity Time index43 FIT Physical activity 3 parts Scales Not stated

0 to 100

Higher = more
physically active

Nottingham Health Profile44 NHP Perceived health

Part one: 38

Part two: 7 Yes/No Present

Part one: 0 to 100

Part two: 0 to 7

Higher = greater
number/severity of
health problems

Patient Health Questionnaire - 9
item45 PHQ-9 Depression 9 Scales Past 2 weeks

0 to 27

Higher = more
severe depression

Short-Form 36 Health Survey46,47 SF-36
Functional health
and wellbeing 36

Scales

Yes/No

Present

Past 4 weeks

Compared to a year
ago

0 to 100 (per
subscale)

Higher = better
health/functioning

Short-Form 12 Health Survey48 SF-12
Functional health
and wellbeing 12

Scales

Yes/No

Present

Past 4 weeks

Scores compared to
mean of 50 and SD
of 10

(Continued)

Systematic review and mapping exercise to assess the content validity of PROMs for adults having reconstructive surgery of the lower limb
J. Lister, S. James, H. K. Sharma, et al.

1053



The ten COSMIN criteria for good content validity
are shown in Figure 2.16 A COSMIN content validity assess-
ment answers these questions by combining information
from the PROM development studies, content validity studies
performed in the target population, and reviewer judgement.
This evaluation was carried out for each PROM individually,
in three stages:16 1) the quality of PROM development was
assessed (where a rating for a PROM has been previously
published, this was used); 2) where a content validity study
was found in the systematic searches, its quality was assessed;
and 3) overall content validity of each PROM was judged by
combining information from stages 1 and 2 with researcher
judgement of the comprehensiveness, comprehensibility, and
relevance of the measure. For PROMs rated inadequate at the
development stage or developed in a very different popula-
tion, researcher judgement was prioritized.

Conceptual mapping
In the final stage of the study, a conceptual mapping exercise
was carried out to compare each PROM to the PROLLIT

framework. A table was created detailing each of the PROLLIT
framework domains and sub-domains. For each PROM, the
development study/studies and a copy of the measure were
examined. Where a concept in the PROLLIT framework was
covered by the PROM, the related item number(s) were
recorded alongside a brief description. This procedure was
carried out by two independent researchers (JL, SJ), with
disagreements resolved through discussion.

Results
Literature search results
Results from the systematic and hand searches can be seen in
Figure 3. Hand searches resulted in the collation of copies of all
37 PROMs along with 50 papers relating to their development,
all of which were used in the PROM assessments. A preprint
of a recent validation study for one of the PROMs was also
provided by the study authors, resulting in 51 PROM devel-
opment papers in total. The systematic searches identified
7,453 records, 7,206 of which were excluded at abstract stage,
leaving 220 for full-text review. Of these, 13 were retained.

(Continued)

PROM name Acronym Scope Number of items
Type(s) of
measure Recall period(s)

Total score range
and interpretation

> 50 = above
average health

< 50 = below
average health

Veterans RAND 12-item health
survey49 VR-12

Functional health
and wellbeing 14 Scales

Present

Past 4 weeks

Compared to year
ago As SF-12

Sickness Impact Profile50-54 SIP Perceived health 136 Yes/No Present

0 to 100

Higher = more
dysfunction

Visual analogue scale (pain) VAS pain Pain 1 VAS Present

0 to 100

No pain to worst
pain imaginable

Patient-Reported Outcomes
Measurement Information
System item banks53,54

Ability to participate social roles/
activities55 PROMIS-APS

Participation in
social roles 35 Scales Present

Scoring tables used
convert raw scores
to t-scores

Higher t-score=
more of the outcome

Emotional distress (depres-
sion)56-58 PROMIS-D Depression 28 Scales Past 7 days As above

Emotional distress (anxiety)56 PROMIS-A Anxiety 29 Scales Past 7 days As above

Pain behaviour (v 2.0)59 PROMIS-PB Pain behaviour 20 Scales Past 7 days As above

Pain interference (v 1.1)60 PROMIS-PI Pain interference 40 Scales Past 7 days As above

Fatigue61 PROMIS-FIB Fatigue 95 Scales Past 7 days As above

Physical functioning (Mobility v
2.1)62-64

PROMIS-PF
mobility Mobility 44 Scales Present As above

HRQoL, health-related quality of life; PROM, patient-reported outcome measure; TKA, total knee arthroplasty; VAS, visual analogue scale.
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In total, therefore, 64 peer-reviewed studies and 37 copies
of PROMs were included in the review. Further details of the
studies can be seen in Table II.

Several PROM translation/cross-cultural adaption
studies passed full-text review, as the authors mentioned
assessment of content validity;16 however, as shown in Table
II, these did not include an assessment that could be used for
COSMIN evaluation. Several content validity studies were also
included which had been carried out prior to finalization of
the associated PROM; these were considered a stage of PROM
development and not as separate studies. Overall, therefore,
no studies were found which formally assessed the content
validity of a finalized PROM in the target population.

Content validity assessment results
Results from the COSMIN assessment can be seen in
Table III.  Where PROM subscales generated separate scores,
they were rated and reported separately. As described,
COSMIN content validity assessment is based on the
PROM development, available content validity studies, and
researcher judgement.16  With the exception of the LIMB-Q,
however, the development of all  PROMs was inadequate.
Where PROM development is found to be inadequate,
the PROM development paper is then not considered in
the final  assessment of content validity of the measure.
Given this and the lack of content validity studies available,
assessments for all  measures but the LIMB-Q were based
on researcher judgement only and evidence quality was
very low. Relevance and comprehensibility of PROMs was
mixed, and none were considered comprehensive (i.e. none
assessed all  areas of the PROLLIT framework). Overall,  most
measures had indeterminate content validity ratings.

Conceptual mapping results
Table IV shows a summary of the conceptual mapping results.
All PROMs covered at least one area of the PROLLIT framework,
with physical function being the most commonly assessed
(n = 31). The specificity of conceptual matches differed
between PROMs. For example, general health and wellbeing
measures referred more broadly to the effects of “health”
(SF-36) or “present state of health” (NHP) on areas such as
social life, ability to walk around, or ability to wash and
dress. Lower-extremity measures, however, assessed concepts
more specifically, for example difficulties walking related to
problems with the leg. These measures were arguably of
more relevance to the LLR population. No PROM assessed
all areas of the PROLLIT framework, and the sub-domains of
pain relating to infection, support from family and friends and
support from work were not included in any. The LIMB-Q was
the most comprehensive measure, while the LD-SRS, SLRS,
MFA and NHP also covered a broad range of areas; these are
discussed in more detail in the sections that follow.

Toronto Extremity Salvage Score – lower limb
The TESS had a rating of ‘sufficient’ for relevance and
comprehensibility, and ‘insufficient’ for comprehensiveness,
based on very low-quality evidence (reviewer judgement
only). The measure was designed to evaluate physical function
‘in the last week’ following lower limb salvage due to
sarcoma.33 It was developed with upper- and lower-limb
sarcoma patients, and therefore included a subset of the full
LLR population. In the mapping exercise, the TESS covered
the areas of pain experience, sense of self, ability to work,
physical functioning, hygiene and dressing, and socializing
and hobbies. Items referred to physical function only, for
example relating to physical ability to participate in usual
leisure activities. The TESS may hold promise as measure of

Fig. 2
Criteria for good content validity, taken from the COSMIN guidance (reproduced from Terwee et al11 under licence (CC BY 4.0)). PROM, patient-
reported outcome measure.

Systematic review and mapping exercise to assess the content validity of PROMs for adults having reconstructive surgery of the lower limb
J. Lister, S. James, H. K. Sharma, et al.

1055



physical function following LLR but further validation in a
wider and more representative sample is required.

The Limb Deformity-Scoliosis Research Society Score
The LD-SRS had ratings of ‘indeterminate’ for relevance and
comprehensibility, and ‘insufficient’ for comprehensiveness,
based on very low-quality evidence (reviewer judgement
only). The measure was developed to assess the effects of
limb deformity on HRQoL24 for all relevant patients, and for
those who have had treatment. In the mapping exercise, the
LD-SRS assessed pain experience, sense of self, appearance of
limb, ability to work, financial stability, physical functioning,

socializing and hobbies, and mood. Content validity assess-
ments were mixed, as the LD-SRS was designed for patients
with deformity of any limb(s) and therefore a subset of the LLR
population. Several items in particular were not considered
relevant to patients having LLR due to injury to a previously
‘normal’ limb (e.g. “Compared with before treatment, how do
you feel you now look?”). This measure may be valuable in
assessing outcomes in some patients but was not comprehen-
sive in relation to the PROLLIT framework.

Fig. 3
A PRISMA-style flow diagram for the study searches. PROM, patient-reported outcome measure.
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Table II. Characteristics of the included studies.

Reference PROM Study type Source/search method Additional comments/study features

Johanson et al17 (2004) AAOS LLCS Development Systematic

Kitaoka et al67 (1994) AOFAS Development Hand

Charles and Cleeland40 (2009) BPI Development Hand
Development detailed in PROM user
guide

Hudak et al35 (1996) DASH Development Hand

Salén et al41 (1994) DRI Development Hand

The EuroQol Group (1990)42 EQ-5D-5L Development Hand

Martin et al18 (2005) FAAM Development Hand

Martin et al19 (1999) FADI Development Hand

Kasari43 (1976) FIT Development Hand

Roos and Lohmander20 (2003) KOOS Development Hand

Roos et al21 (1998) KOOS Development Hand

Noble et al22 (2012) KSS Development Hand

Scuderi et al23 (2016) KSS-SF Development Hand

Fabricant et al24 (2016) LD-SRS Development Hand

Binkley et al25 (1999) LEFS Development Hand

Mundy et al26 (2020) LIMB-Q Development Systematic

Mundy et al28 (2020) LIMB-Q Development Systematic
Content validity study as part of PROM
development

Mundy et al27 (2019) LIMB-Q Development Systematic

Mundy et al29 (2024) LIMB-Q Development LIMB-Q team

Simonsen et al68 (2023) LIMB-Q
Cross-cultural
adaptation/validation Systematic

Adaptation and content validity which
informed development of LIMB-Q

Tegner and Lysholm30 (1985) LKS/TAS Development Hand

Engelberg et al36 (1996) MFA Development Hand

Martin et al7 (1996) MFA Development Systematic

Hunt et al44 (1985) NHP Development Hand

Dawson et al38 (1996) OHS Development Hand

Murray et al39 (2007) OHS/OKS Development Hand

Olerud and Molander31 (1984) OMAS Development Hand

Kroenke et al45 (2001) PHQ-9 Development Hand

Lai et al61 (2011) PROMIS fatigue Development Hand

Ader69 (2007) PROMIS item banks Development Hand

DeWalt et al70 (2007) PROMIS item banks Development Hand

Castel et al71 (2008)
PROMIS social health
item banks Development Hand

Hahn et al55 (2010) PROMIS-APS Development Hand

Kelly et al58 (2011) PROMIS-D Development Hand

Pilkonis et al57 (2014) PROMIS-D Development Hand

Pilkonis et al56 (2011) PROMIS-D, PROMIS-A Development Hand

Cook et al72 (2013) PROMIS-PB Development Hand

Revicki et al59 (2009) PROMIS-PB Development Hand

Hays et al64 (2013) PROMIS-PF Development Hand

(Continued)
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Stanmore Limb Reconstruction Score
As development of the SLRS is ongoing, COSMIN content
validity assessment was not carried out at this stage. How-
ever, the measure was included in this review as it is one

of a small number designed for the adult LLR population.32

In the mapping exercise, the preliminary SLRS covered pain
experience, appearance of limb, ability to work, physical
functioning, hygiene and dressing, sleep, socializing and

(Continued)

Reference PROM Study type Source/search method Additional comments/study features

Rose et al62 (2008) PROMIS-PF Development Hand

Rose et al63 (2014) PROMIS-PF Development Hand

Amtmann et al60 (2010) PROMIS-PI Development Hand

Marshall and Hays73 (1994) PSQ-9 Development Hand

Ware et al48 (1996) SF-12 Development Hand

Ware et al47 (1993) SF-36
Development (user
guide) Hand

Ware and Sherbourne46 (1992) SF-36 Development Hand

Bergner et al50 (1981) SIP Development Hand

Bergner et al51 (1976) SIP Development Hand

Bergner et al52 (1976) SIP Development Hand

Gilson et al53 (1975) SIP Development Hand

Pollard et al54 (1976) SIP Development Hand

Wright et al32 (2021) SLRS Development Hand

Scott et al74 (2014) SMFA
Validation in study
population Systematic

Term ‘content validity’ used, no
discussion with patients or professionals

Swiontkowski et al37 (1999) SMFA Development Hand

Kask et al75 (2021) TESS
Cross-cultural
adaptation/validation Systematic

Term ‘content validity’ used, mention
of patient interviews, no reporting of
discussion with patients or professionals

Ocaktan et al76 (2021) TESS
Cross-cultural
adaptation/validation Systematic

Participants asked about comprehensibil-
ity, no results reported, no formal content
validity assessment

Srisawat et al (2018)77 TESS
Cross-cultural
adaptation/validation Systematic

Term ‘content validity’ used, no reporting
of discussion with patients or professio-
nals

Rossi et al78 (2020) TESS
Cross-cultural
adaptation/validation Systematic

Discussion with patients and cognitive
debriefing, no testing of final measure
and very limited reporting

Saebye et al79 (2014) TESS
Cross-cultural
adaptation/validation Systematic

Mention of comprehensibility checks
with patients and professionals, no
formal content validity assessment

Davis et al33 (1996) TESS lower limb Development Systematic

Brokelman et al80 (2012) VAS Development Hand

Richter et al34 (2006) VAS-FA Development Hand

Iqbal et al49 (2007) VR-12 Development Hand

A, emotional distress (anxiety); AAOS LLCS, American Academy of Orthopaedic Surgeons lower limb core scale; AOFAS, American Orthopaedic Foot &
Ankle Society; APS, ability to participate in social roles/activities; BPI, Brief Pain Inventory; D, emotional distress (depression); DASH, Disabilities of the
Arm, Shoulder and Hand Questionnaire; DRI, Disability Rating Index; EQ-5D-5L, EuroQol five-dimension five-level questionnaire; FAAM, Foot and Ankle
Ability Measure; FADI, Foot and Ankle Disability Index; FIT, Frequency Intensity Time index; KOOS, Knee injury and Osteoarthritis Outcome Score; KSS, Knee
Society Score; KSS-SF, Knee Society Score (short form); LD-SRS, Limb Deformity-Scoliosis Research Society score; LEFS, Lower Extremity Functional Score;
LKS, Lysholm Knee Score; MFA, Musculoskeletal Function Assessment; NHP, Nottingham Health Profile; OHS, Oxford Hip Score; OKS, Oxford Knee Score;
OMAS, Olerud-Molander Ankle Score; PB, pain behaviour; PF, physical functioning; PHQ-9, Patient Health Questionnaire - 9 items; PI, pain interference;
PROM, patient-reported outcome measure; PROMIS, Patient-Reported Outcome Measure Information System; SF-12, Short Form 12-item health survey;
SF-36, short form 36-item health survey; SIP, Sickness Impact Profile; SLRS, Stanmore Limb Reconstruction Score; SMFA, Short Musculoskeletal Function
Assessment; TAS, Tagner Activity Score; TESS, Toronto Extremity Salvage Score; VAS, visual analogue scale; VAS-FA, visual analogue scale (foot and ankle);
VR-12, Veterans RAND 12-item health survey.
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Table III. Results of the COSMIN content validity assessment.

PROM
Quality of PROM
development

Relevance
rating*

(+ / - / ± / ?)

Comprehensiveness
rating*

(+ / - / ± / ?)

Comprehensibility
rating*

(+ / - / ± / ?)

Overall content
validity rating*

(+ / - / ±)
Quality of
evidence

Lower limb-specific

AAOS LLCS I + - - ± Very low

FAAM – ADL I81 + - + ± Very low

FAAM – sports I81 ± - ± ± Very low

FADI – ADL I81 + - + ± Very low

FADI – sports I81 ± - ± ± Very low

KOOS I82,83 ± - ± ± Very low

KSS I ± - + ± Very low

KSS-SF – symptoms I + - ± ± Very low

KSS-SF – satisfaction I ± - + ± Very low

KSS-SF – activities I ± - - ± Very low

LD-SRS – all patients I + - + ± Very low

LD-SRS – post-treatment I ± - ± ± Very low

LEFS I81,83,84 + - + ± Very low

LKS I83 - - + ± Very low

OMAS I81 + - ± ± Very low

TAS I83 - - - - Very low

TESS I + - + ± Very low

VAS-FA I81 - - - - Very low

LIMB-Q scales

Appearance: reconstruction A + ± + ± Moderate

Appearance: amputation* A - - + ± Moderate

Physical function A + ± + ± Moderate

Symptoms A ± ± + ± Moderate

Expectations A + ± + ± Moderate

Financial impact A + ± + ± Moderate

Life impact A ± ± + ± Moderate

Psychological A + ± + ± Moderate

Sexual A ± ± + ± Moderate

Work A + ± + ± Moderate

Information A + ± + ± Moderate

Healthcare professional A ± ± + ± Moderate

Office staff A ± ± + ± Moderate

Treatment decision A ± ± + ± Moderate

Prosthesis: function* A - - + ± Moderate

Prosthesis: satisfaction* A - - + ± Moderate

Other parts of the body

DASH I - - + ± Very low

MFA – dysfunction I81 ± - - ± Very low

MFA – bother I81 ± - + ± Very low

(Continued)
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hobbies, and mood.6 As this is a short measure, coverage was
brief in some areas and the focus on a single surgical techni-
que (external frame fixation) also meant that it was not

relevant across the whole target population. Further assess-
ment and validation of the SLRS is recommended once it is
finalized.

(Continued)

PROM
Quality of PROM
development

Relevance
rating*

(+ / - / ± / ?)

Comprehensiveness
rating*

(+ / - / ± / ?)

Comprehensibility
rating*

(+ / - / ± / ?)

Overall content
validity rating*

(+ / - / ±)
Quality of
evidence

SMFA – dysfunction I81 ± - ± ± Very low

SMFA – bother I81 ± - + ± Very low

OHS I ± - + ± Very low

General health and wellbeing
measures

BPI I85 + - + ± Very low

DRI I86 + - ± Very low

EQ-5D-5L I83,85–88 + - + ± Very low

NHP – part 1 I87 + - + ± Very low

NHP – part 2 I87 ± - + ± Very low

PHQ-9 I88 + - + ± Very low

SF-36 – general health I83,85–88 - - + ± Very low

SF-36 – physical functioning I83,85–88 + - + ± Very low

SF-36 – role physical I83,85–88 + - + ± Very low

SF-36 – role emotional I83,85–88 + - + ± Very low

SF-36 – social functioning I83,85–88 + - ± ± Very low

SF-36 – bodily pain I83,85–88 + - ± ± Very low

SF-36 – mental health and vitality I83,85–88 + - + ± Very low

SF-12 I83,85–88 + - + ± Very low

SIP* I ± - ± ± Very low

VR-12 I ± - + ± Very low

PROMIS item banks (PROMIS-)

APS I + - + ± Very low

D I + - + ± Very low

A I ± - + ± Very low

PB I ± - + ± Very low

PI I + - + ± Very low

FIB I - - + ± Very low

PF mobility I81 + - + ± Very low

Excluded from this table: SLRS (in development), VAS pain, and FIT (no development study available). Where PROM development rating was based on
previous research, a citation is provided.
*(+ / - / ± / ?) (sufficient/insufficient/inconsistent/indeterminate).
A, emotional distress (anxiety); AAOS LLCS, American Academy of Orthopaedic Surgeons lower limb core scale; ADL, activities of daily living; APS, ability
to participate in social roles/activities; BPI, Brief Pain Inventory; D, emotional distress (depression); DASH, Disabilities of the Arm, Shoulder and Hand
Questionnaire; DRI, Disability Rating Index; EQ-5D-5L, EuroQol five-dimension five-level questionnaire; FAAM, Foot and Ankle Ability Measure; FADI, Foot
and Ankle Disability Index; FIB, fatigue; KOOS, Knee injury and Osteoarthritis Outcome Score; KSS, Knee Society Score; KSS-SF, Knee Society Score (short
form); LD-SRS, Limb Deformity-Scoliosis Research Society score; LEFS, Lower Extremity Functional Score; LKS, Lysholm Knee Score; MFA, Musculoskeletal
Function Assessment; NHP, Nottingham Health Profile; OHS, Oxford Hip Score; OMAS, Olerud-Molander Ankle Score; PB, pain behaviour; PF, physical
functioning; PHQ-9, Patient Health Questionnaire - 9 items; PI, pain interference; PROM, patient-reported outcome measure; PROMIS, Patient-Reported
Outcome Measure Information System; SF-12, Short Form 12-item health survey; SF-36, short form 36-item health survey; SIP, Sickness Impact Profile; SMFA,
Short Musculoskeletal Function Assessment; TAS, Tagner Activity Score; TESS, Toronto Extremity Salvage Score; VAS, visual analogue scale; VAS-FA, visual
analogue scale (foot and ankle); VR-12, Veterans RAND 12-item health survey.
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Musculoskeletal Function Assessment
The MFA has two subscales: the ‘dysfunction’ and ‘bother’
indices. The dysfunction index was rated ‘indeterminate’
for relevance and ‘insufficient’ for comprehensiveness and
comprehensibility. The bother index was rated ‘indetermina-
te’ for relevance, ‘insufficient’ for comprehensiveness, and
‘sufficient’ for comprehensibility. Both subscales had ‘inde-
terminate’ content validity ratings overall, based on very
low-quality evidence (reviewer judgement only). The MFA was
designed to assess functioning ‘this week’ in patients with
a variety of musculoskeletal disorders of the limbs.7 In the
mapping exercise, it covered sense of self, ability to work,
physical functioning, hygiene and dressing, sleep, socializing
and hobbies, mood, and self-efficacy and independence.
However, as it was not designed for the LLR population many
items related to ‘injury or arthritis’, and/or to ‘hands and arms’.
While elements of the MFA may be relevant to measuring
outcomes in LLR patients, it would need further adaptation
and validation to be recommended.

Nottingham Health Profile
The NHP has two subscales. Part 1 had ‘sufficient’
relevance and comprehensibility, and ‘insufficient’ compre-
hensiveness, while Part 2 had ‘indeterminate’ relevance,
‘sufficient’ comprehensibility, and ‘insufficient’ comprehen-
siveness. Overall ratings for both subscales were ‘indetermina-
te’, based on very low-quality evidence (reviewer judgement
only). The NHP was designed to survey health problems in
the general population and clinical settings and refers broadly
to “present state of health”.44 In the mapping exercise, the
NHP covered pain experience, sense of self, ability to work,
physical functioning, hygiene and dressing, sleep, socializing
and hobbies, mood, and self-efficacy and independence.
Wording for these items was not directly relevant to LLR and
the NHP would require further validation in this patient group
before it could be recommended.

LIMB-Q
The LIMB-Q is a recently developed PROM for assessing
outcomes in patients having reconstruction or amputation
for limb-threatening lower limb trauma.26-29 A review copy of
the measure was provided upon request by the LIMB-Q team.
The measure consists of 16 subscales with eight to 12 items,
with each being scored separately (i.e. the LIMB-Q can be
used in a modular fashion). Relevance, comprehensiveness,
and comprehensibility ratings for each subscale can be seen
in Table III. Overall content validity ratings were ‘indetermina-
te’, based on moderate-quality evidence (PROM development
studies and reviewer judgement). However, the measure was
well-developed according to COSMIN standards, being rated
as ‘adequate’ due to the ‘worst score counts’ rule, but with
the majority of areas rated ‘very good’. As the LIMB-Q is newly
developed, no content validity studies have yet been carried
out using the finalized PROM, however a recent international
study confirmed its validity and reliability in a group of lower
limb trauma patients across the world.29 In the mapping
exercise, the LIMB-Q was the most comprehensive measure,
assessing pain experience, appearance of limb, ability to
work, financial stability, physical functioning, hygiene and
dressing, sleep, socializing and hobbies, mood, self-efficacy
and independence, and support from health professionals.

Given these strengths, we believe it to be the most promising
and relevant of the PROMs for patients having LLR. However,
it was designed for outcome measurement following lower
limb trauma, and the international nature of the development
study meant only 9% of the validation sample were UK-based
(n = 66). Additionally, while the measure covered many areas
of the PROLLIT framework, it did not cover them all. Further
validation of the LIMB-Q would therefore be needed in LLR
patients with aetiologies other than traumatic injury, and
with a larger sample of UK-based patients before it could be
recommended for use in these contexts.

Discussion
We performed a content validity assessment and map-
ping exercise with 37 PROMs currently used in the adult
LLR population to explore whether they adequately assess
outcomes for these patients. Systematic searches found no
content validity studies relating to finalized PROMs, most of
which had not been developed in this population. Content
validity is an essential feature of an effective PROM,11 and
our study therefore suggests that outcomes for LLR are not
being adequately measured, supporting concerns previously
highlighted by the PROLLIT team.89 In the COSMIN assessment,
no PROM was judged to have sufficient content validity across
the target population. Nonetheless, the mapping exercise
highlighted several measures that covered multiple areas of
the PROLLIT framework, which were considered in more detail.

This was a comprehensive review and mapping
exercise of a wide range of PROMs used in LLR. It is the first
study to formally assess the content validity of PROMs used
in this population using the COSMIN guidance. The mapping
exercise was informed by high-quality research involving LLR
patients,1,2 which has resulted in a thorough evaluation of the
relevance and comprehensiveness of the included PROMs, and
provided a detailed picture of the current state of patient-
reported outcome measurement in the adult LLR population.

The study had some limitations – a combination of
previously published systematic reviews, along with consul-
tation with expert HCPs, was used to identify PROMs for
assessment, and it is possible that some relevant measures
were missed from this study. Nonetheless, the 37 inclu-
ded PROMs allowed a comprehensive overview of outcome
measurement for LLR. As no content validity studies were
found, the COSMIN method was difficult to apply for measures
developed in very different populations, and assessment for
most PROMs relied on researcher judgement alone, meaning
the quality of evidence was very low. This limitation, how-
ever, also speaks to the lack of tailored and relevant outcome
measures available for these patients.

Recommendations for future research
Based on the findings of this study, three potential avenues
for future research are proposed. Further exploratory work
would be recommended to identify which of these is the most
appropriate:

Validation of the LIMB-Q
The LIMB-Q is a well-designed measure, developed in a
population which most closely matched our population of
interest. As it is a new measure, no content validity stud-
ies have been carried out, however we believe it to be a
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promising PROM for use in this population which is deserv-
ing of further consideration. The measure has some caveats
that could be addressed in future research. The LIMB-Q was
designed for a subset of the LLR population only (those
with lower limb trauma) and included patients undergoing
amputation. When mapped to the PROLLIT framework, the
measure did not cover pain related to infection, sense of self,
support from friends and family, or support from work, while
hygiene and dressing were assessed only briefly. Finally, it
was developed in the USA and validation was carried out
with patients internationally, meaning only a small num-
ber of UK-based patients was included. For the LIMB-Q to
be used effectively in assessment of outcomes across the
LLR population, therefore, we would recommend further
validation in samples of patients having LLR for reasons other
than trauma. Further items or measures may also need to be
included alongside the measure to assess PROLLIT frame-
work concepts not already covered, and concepts specific to
non-trauma-related conditions requiring LLR. Validation in a
larger UK-based sample of LLR patients is also recommended.

Validation of existing measures
The lack of content validity studies for many PROMs used in
the adult LLR population is concerning. It is likely that HCPs
working in this area will continue to use many of these PROMs
and therefore we would strongly recommend that validity
and reliability studies are carried out in samples of adult LLR
patients to ensure outcomes are being captured effectively.

Development of a new PROM
Development of a new PROM designed to capture outcomes
for the full range of adult LLR patients in the UK may be
appropriate. This would need to be developed with a diverse
sample of patients having LLR for any/all reasons to ensure it
was comprehensive, relevant, and comprehensible.

To conclude, current PROMs used in adults requiring,
undergoing, or after undergoing LLR lack content validity
and do not assess all important and relevant outcomes.
Improved outcome measurement in this group is urgently
required, which may be achieved through validation of
existing measures in a representative patient sample, or
through development of a new PROM.

Supplementary material
Detailed search strategies as run for the systematic review.
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