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Abstract 

Background:  Fractures of lower extremities are common trauma-related injuries, and have major impact on patients’ 
functional status. A frequently used Patient-Reported Outcome Measure (PROM) to evaluate patients’ functional status 
with lower extremity fractures is the Lower Extremity Functional Scale (LEFS). However, there is no systematic review 
regarding content validity and other measurement properties of the LEFS in patients with lower extremity fractures.

Methods:  A search was performed in PubMed, Embase, Scopus, and Cochrane Library from inception until Novem-
ber 2020. Studies on development of the LEFS and/or the evaluation of one or more measurement properties of the 
LEFS in patients with lower extremity fractures were included, and independently assessed by two reviewers using 
COSMIN guidelines.

Results:  Seven studies were included. Content validity of the LEFS was rated ’inconsistent’, supported by very low 
quality of evidence. Structural validity was rated ‘insufficient’ supported by doubtful methodological quality. Internal 
consistency, measurement error, and responsiveness were rated ’indeterminate’ supported by inadequate to ade-
quate methodological quality. The methodological quality of the construct validity (hypotheses testing) assessment 
was rated as ’inadequate’.

Conclusion:  The LEFS has several shortcomings, the lack of sufficient content validity being the most important one 
as content validity is considered the most crucial measurement property of a PROM according to the COSMIN guide-
lines. In interpreting the outcomes, one should therefore be aware that not all relevant aspects of physical functioning 
may be accounted for in the LEFS. Further validation in a well-designed content validity study is needed, including a 
clearly defined construct and patient involvement during the assessment of different aspects of content validity.

Plain English summary:  Bone fractures of the lower extremities are a common injury. During rehabilitation it is 
essential to evaluate how patients experience their physical functioning, in order to monitor the progress and to 
optimize treatment. To measure physical functioning often questionnaires (also known as Patient Reported Outcome 
Measures) are used, such as the Lower Extremity Functional Scale (LEFS). However, it is not clear if the LEFS actually 
measures physical function, and if its other measurement properties are sufficient for using this questionnaire among 
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Background
Fractures of the lower extremities are a common injury. 
Moreover, as life expectancy is generally increasing and 
the risk of osteoporotic fractures typically grows with 
age, lower extremity fractures are a rising source of 
morbidity, particularly in the elderly population [1–3]. 
In younger patients, fractures are more frequently sus-
tained from high-energy or sports-related trauma [4–6]. 
Although data on the worldwide incidence of fractures 
are scarce and oftentimes outdated, studies suggest that 
their worldwide incidence ranges from 9.0 to 22.8 frac-
tures per 1000 person-years [7, 8], and fractures of the 
lower limb account for approximately one third of all 
fractures [9–11].

Fractures of the lower extremities have a major impact 
on patients’ functional status [5, 10, 12–14]. Due to a 
variation of types of injury and treatment and the vari-
ation in the natural recovery process of traumatic frac-
tures patients with fractures typically differ from patients 
with other lower extremity dysfunction, for instance 
rheumatism.

After traumatic injury, maximizing patients’ recovery 
relies heavily on optimizing their functional status and 
minimizing their symptoms [15–17]. Using a validated 
Patient-Reported Outcome Measure (PROM) helps iden-
tify and address these outcomes in clinical practice [18, 
19]. PROMs are designed to quantify the patients’ health, 
health-related quality of life, or functional status without 
interpretation of the patients’ response by a clinician [14, 
20–22].

A frequently used PROM to examine the functional 
status of patients with lower extremity fractures is the 
Lower Extremity Functional Scale (LEFS) [23, 24]. The 
LEFS is a self-administered questionnaire containing 20 
questions about a person’s ability to perform everyday 
tasks. The scale ranges from 0 to 80, with higher scores 
indicating better function.

Two systematic reviews have assessed the measurement 
properties of the LEFS [24, 25]. Although these system-
atic reviews concluded that the LEFS had good reliability, 

validity, and responsiveness [24, 25], no comprehensive 
assessment on content validity was performed, and none 
of these studies focused on the measurement proper-
ties of the LEFS in patients with fractures of the lower 
extremities in particular [26]. Therefore, this study aimed 
to systematically review the literature to evaluate the 
content validity and other measurement properties of the 
LEFS in patients with fractures of the lower extremities 
in accordance with the COSMIN methodology for sys-
tematic reviews of Patient‐Reported Outcome Measures 
(PROMs) [26].

Methods
This review was conducted in accordance with the COS-
MIN methodology for systematic reviews of Patient‐
Reported Outcome Measures (PROMs) [26]. A protocol 
was written a priori and was registered prospectively in 
PROSPERO (registration number: CRD42020184557).

Data sources and study selection
A search was performed in PubMed (including Med-
line), Embase, Scopus, and the Cochrane Library from 
inception until November 2020. The initial search was 
conducted together with an experienced clinical librar-
ian (EJ) on 27 May, and updated on 3 November 2020. 
The search strategies are presented in Appendix 1. Addi-
tionally, a forward citation search was performed in 
Google Scholar, and references of included studies were 
cross-checked.

Eligible studies had to report on the development 
of the LEFS or the evaluation of one or more measure-
ment properties of the LEFS in patients with at least one 
fracture of the lower extremities. As content validity is 
considered the most crucial measurement property of a 
PROM [27], we decided to include the original develop-
ment study of the LEFS, irrespective of the study popula-
tion, which is in line with the COSMIN methodology for 
systematic reviews of Patient‐Reported Outcome Meas-
ures (PROMs) [26]. According to the guideline of Prin-
sen et al. [28] ‘content validity is defined as ‘the degree to 

patients with fractures in the lower extremities. Therefore, we systematically searched and assessed scientific papers 
on the development of the LEFS (i.e., its ability to measure physical functioning), and papers on the performance of 
the LEFS with regard to several measurement properties to identify possible factors that may cause measurement 
errors. Hereby we have assessed the quality of the studies included. Our main finding was that the LEFS may not 
measure all aspects of physical function. Given the low quality of the papers included in our study, these findings 
come with considerable uncertainty. As the LEFS was developed more than 20 years ago, it may not represent physi-
cal functioning as we currently conceptualize this. Therefore, we recommend to perform a study in which the content 
of the LEFS will be evaluated by experts in the field as well as patients, and modify the questionnaire as needed.

Keywords:  Content validity, Measurement properties, Lower Extremity Functional Scale, Fracture(s), Review 
(publication type), COSMIN
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which the content of an instrument is an adequate reflec-
tion of the construct to be measured’ is the first meas-
urement property that should be assessed when selecting 
an instrument, as it allows making a link between the 
content of the instrument and that of the construct to be 
measured.’

Studies reporting on all other measurement properties 
had to have a study sample consisting largely of patients 
with at least one fracture of the lower extremity (≥ 75% of 
the sample) [26].

No timing criteria for the fractures of the lower extrem-
ities were used as inclusion criteria. Studies published in 
any language were eligible for inclusion, in accordance 
with the COSMIN methodology for systematic reviews 
of Patient‐Reported Outcome Measures (PROMs) [26]. 
Studies that used the LEFS as an outcome measure or 
studies that used the LEFS to assess another instrument’s 
measurement properties were excluded [26].

Records retrieved by the search were independently 
assessed for eligibility by two reviewers (JR, SP). The ini-
tial selection was based on title and abstract. Potentially 
eligible studies were assessed by obtaining the full-text to 
confirm eligibility. Discrepancies between reviewers were 
reviewed, and consensus was achieved by discussion.

Data extraction and quality assessment
Data on the characteristics of the study population (i.e., 
sample size, age, gender, proportion of total sample con-
sisting of fracture patients, location fracture, treatment, 
time since fracture/treatment) and instrument admin-
istration (i.e., setting, country, language) were extracted 
by one reviewer (JR) and checked by a second reviewer 
(SP). A customized data extraction form was developed 
for this purpose, based on the COSMIN guidelines [26]. 
The methodological quality of the included studies was 
assessed by two independent reviewers (JR, SP), using 
the COSMIN Risk of Bias (RoB) checklist [26].

This checklist included ten separate boxes with stand-
ards for individual assessment of PROM development 
(box 1), and for nine measurement properties (box 2- 10) 
according to the COSMIN taxonomy which is based on 
the COSMIN guidelines [26]. The order and structure of 
evaluating the measurement properties were in line with 
the COSMIN methodology for systematic reviews of 
Patient‐Reported Outcome Measures (PROMs) [26], i.e.:

•	 Content validity: PROM development (not a meas-
urement property, but taken into account when eval-
uating content validity) and content validity;

•	 Internal structure: structural validity, internal con-
sistency, Cross‐cultural validity/ measurement invar-
iance;

•	 Remaining measurement properties: reliability, meas-
urement error, criterion validity, hypotheses testing 
for construct validity, responsiveness [29].

In our protocol we had included the evaluation of all 
measurement properties. However, none of the included 
studies evaluated cross-cultural validity and criterion 
validity and therefore these measurement properties 
were not further evaluated.

The assessment of content validity required slightly 
different steps than assessing internal structure and the 
remaining measurement properties, both of which will be 
discussed in more detail below.

To assess the LEFS’s content validity, the COSMIN 
guideline for systematic reviews of PROMs [26] as well as 
an additional guideline for evaluating the content validity 
of PROMs were used [27], and the three following steps 
were conducted:

1)	 Evaluation of the quality of the PROM development: 
The quality of the PROM development was evalu-
ated by two independent reviewers (JR, SP), using the 
COSMIN Risk of Bias checklist box 1, which consists 
of two parts (quality of the PROM design, quality of a 
cognitive interview study or other pilot test).

2)	 Evaluation of the quality of all additional content 
validity studies on the PROM (if available): If avail-
able, the quality of additional content validity studies 
was evaluated using the COSMIN Risk of Bias check-
list box 2, concerning relevance, comprehensiveness, 
and comprehensibility of the PROM.

3)	 Evaluation of the content validity of the PROM, based 
on the quality and results of the available studies and 
the PROM itself against the ten criteria for good con-
tent validity: In this step, the content validity of the 
PROM was rated by two independent reviewers (JR, 
SP), based on a summary of all available evidence 
on the PROM development and additional content 
validity studies, if available. In addition, according to 
the COSMIN guideline [27], the reviewers rated the 
content of the PROM themselves hereby using addi-
tional literature linking ICF categories on to the LEFS 
[30].

To assess the LEFS’s internal structure and the remain-
ing measurement properties, the three following steps 
were conducted:

1)	 Methodological quality assessment: The methodo-
logical quality of the included studies was assessed by 
two independent reviewers (JR, SP), using the COS-
MIN Risk of Bias (RoB) checklist [26]. The studies’ 
methodological quality was assessed per measure-
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ment property separately. That is, per measurement 
property, only the boxes pertaining to that measure-
ment property were used. Each box consists of four 
or more items, all of which were rated on a 4-point 
rating scale (i.e., “very good”, “adequate”, “doubtful”, or 
“inadequate”). The studies’ overall score per measure-
ment property was equal to the lowest rated item of 
the respective box (i.e., "the worst score counts" prin-
ciple). Discrepancies between reviewers were dis-
cussed and solved by consensus.

2)	 Measurement property assessment: The results of 
every single study on a specific measurement prop-
erty (e.g., ICC or weighted Kappa) were extracted 
and subsequently rated according to the updated 
criteria for good measurement properties as being 
“sufficient”, “insufficient” or “indeterminate”[26], as 
stated in the COSMIN guideline [26].

3)	 Summarizing and grading the evidence: In our pro-
tocol we had included “quantitatively pooling of the 
results” and “grading the evidence of all available 
studies in accordance with the GRADE approach”. 
However, based on the included studies, we were not 
able to perform these steps due to insufficient homo-
geneity in both statistical analysis and study popula-
tion, and the inconsistency of results of all available 
studies per measurement property [26].

Results
Identified studies
The search yielded 2,170 records, equaling 1173 poten-
tially relevant studies after removing duplicates. After 
initial screening, 67 full texts were obtained. The final 
selection included seven studies. Reasons for exclud-
ing studies included were: no full-text available (n = 2), 
wrong study population (e.g. musculoskeletal disorders) 
(n = 48) and wrong study design (e.g. studies that used 
the LEFS as an outcome measure or studies that used the 
LEFS to assess another instrument’s measurement prop-
erties) (n = 10). More details of the search are presented 
in Fig. 1.

Study characteristics
Sample sizes of the included studies varied from 20 [31] 
to 567 patients [32]. The mean age of the patients ranged 
from 38.0 [31] to 57.5 years [32], and 50.3% [33] to 70.0% 
[31] of the patients were female. These figures are based 
on the descriptive statistics where we rely on the reported 
numbers as published in the included studies. The setting 
in which the measurement properties of the LEFS were 
assessed differed between studies and included a physi-
cal therapy clinic [23], a (teaching) hospital [32, 34, 35], 
a rehabilitation department [31, 33], and records from a 

national electronic database on post-operative patients 
[36]. The LEFS was assessed in four languages, includ-
ing English [23, 33], Norwegian [32], Chinese [31], and 
Finnish [34–36]. All included studies met the criterion of 
having at least 75% subjects with a fracture of the lower 
extremity, except for Binkley et  al.’s [23] development 
study, where only 10.2% had a lower extremity fracture. 
Furthermore, Hsu et al. [31] included patients with ankle 
fractures and a group of age- and sex-matched healthy 
controls. This study was included because more than 
75% of the fracture patient group had a fracture of the 
lower extremities. The LEFS was administered directly 
after (surgical) treatment [23] until several years after 
trauma [31–36]. Fractures were located in different lower 
extremities regions, mostly the ankle/foot region [23, 31–
36]. More details on the characteristics of the studies are 
presented in Table 1.

Seven studies were included, including one study 
that evaluated the development of the LEFS [23]. No 
additional content validity studies were identified. Five 
studies [32–36] evaluated structural validity, four stud-
ies [32–35] evaluated internal consistency, two studies 
[32, 34] evaluated reliability, two studies [32, 35] evalu-
ated measurement error, and three studies [31, 32, 34] 
evaluated construct validity (i.e. hypotheses testing). 
One study [33] evaluated two aspects of responsiveness 
(i.e. hypotheses testing: comparison with other outcome 
measurement and hypotheses testing: before and after 
intervention). None of the studies evaluated cross-cul-
tural validity and criterion validity and therefore were not 
further evaluated.

Methodological quality and measurement property 
assessment
PROM development and content validity
One study was identified on the development and initial 
assessment of the LEFS [23], whereas no additional stud-
ies were identified on the content validity of the LEFS. 
A clear description of the construct that the LEFS sets 
out to measure was missing from the identified devel-
opment study, and the LEFS’ conceptual framework 
was unclear. Moreover, no cognitive interview or pilot 
test was performed in which patients were asked about 
the comprehensiveness and comprehensibility of the 
LEFS. Therefore, all of these items were scored as ‘inad-
equate’. As the PROM development’s overall methodo-
logical quality was rated ’inadequate’ an ‘indeterminate’ 
rating was given for relevance, comprehensiveness and 
comprehensibility.

In accordance with the COSMIN guidelines, the con-
tent validity of the LEFS was then rated subjectively by 
the reviewers [26]. Reviewers rated both relevance and 
comprehensibility as ’sufficient’ and comprehensiveness 
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as ’inconsistent’. The latter was due to the fact that 
reviewers found that probably not all key concepts 
regarding patients with fractures of the lower extremities 
were included in the development of the LEFS. ICF cat-
egories d4 mobility (e.g. movement with equipment and 
using transportation such as a bike or public transport) 
and d5 self-care (e.g. toileting and caring for body parts) 
may not be sufficiently covered. Hence, the LEFS’ content 
validity was ’inconsistent’, supported by a very low level 
of evidence. The rating of the PROM development study’s 
results against the ten criteria for good content validity is 
provided in Table 2.

Structural validity
In accordance with the COSMIN methodology for sys-
tematic reviews of Patient‐Reported Outcome Measures 
(PROMs) ‘structural validity conceptualizes the degree to 

which the scores of a PROM are an adequate reflection of 
the dimensionality of the construct to be measured ‘[26].

Five studies [32–36] evaluated the structural validity 
of the LEFS. The methodological quality of the struc-
tural validity assessment was rated as ’doubtful’ in four of 
these studies [32–34, 36]. This was mainly due to insuf-
ficient reporting. The remaining study [35] was rated 
’adequate’. The assessment of the methodological quality 
of the included studies using the COSMIN RoB checklist 
is provided in Table 3. Studies that included classical test 
theory (CTT) were assessed based on the use and out-
comes of the comparative fit index (CFI) or Tucker‐Lewis 
index (TLI). Studies that included IRT/Rasch analyses 
were assessed bases on the assumptions of no violation of 
unidimensionality, local independence and monotonic-
ity, and an adequate model fit. One study [36] found the 
LEFS to measure a unidimensional construct, based on 

Fig. 1  PRISMA flow diagram
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“principal component (PC) analysis”. Four studies [32–35] 
found it to measure a multidimensional construct, based 
on “TLI”[32], “IRT”[33, 35], respectively “maximum like-
lihood factor analysis with oblimin rotation”[34]. The 
structural validity is insufficient because the results of the 
different studies do not give a convincing picture of the 
unidimensionality of the LEFS. Therefore the structural 
validity of the LEFS was rated ’insufficient’. The rating of 
the results of every single study on a measurement prop-
erty against the updated criteria for good measurement 
properties is provided in Table 3.

Internal consistency
Internal consistency refers to “the degree of the inter-
relatedness among the items”[26]. The risk of bias in 
a study on internal consistency depends on the avail-
able evidence for structural validity because unidi-
mensionality is a prerequisite for the interpretation of 

internal consistency analyses (i.e. Cronbach’s alpha’s). 
Therefore, the quality of evidence for internal consist-
ency cannot be higher than the quality of evidence for 
structural validity [26]. Four studies [32–35] assessed 
the internal consistency of the LEFS. The methodologi-
cal quality of all of these studies was rated ’inadequate’. 
The assessment of the methodological quality of the 
included studies using the COSMIN RoB checklist is 
provided in Table  3. The included studies calculated a 
Cronbach’s alpha, all of which were 0.90[33] or higher 
[32, 34]. Even though this suggests that the items of the 
LEFS have relatively high internal consistency, the LEFS 
was found not to measure a unidimensional construct 
in one of the included studies [35]. The internal consist-
ency of the LEFS was therefore rated as ‘indeterminate’ 
as outlined in the COSMIN guideline and was sup-
ported by three studies of lower methodological quality 
as well [32–34].

Table 2  Content validity assessment

1  These criteria refer to the construct, population, and context of use of interest in the systematic review

Development study Rating of reviewers OVERALL RATINGS QUALITY 
OF 
EVIDENCE

Score: +  = sufficient;—= insuffi-
cient; ? = indeterminate; ±  = incon-
sistent

 ± / ± / ?  ± / ± / ?  ± / ± / ? High, 
moderate, 
low, very 
low

consensus consensus consensus
Relevance
1 Are the included items relevant for the 

construct of interest?1
?  + 

2 Are the included items relevant for the target 
population of interest?1

?  + 

3 Are the included items relevant for the 
context of use of interest?1

?  + 

4 Are the response options appropriate? ?  + 

5 Is the recall period appropriate? ?  + 

RELEVANCE RATING (± / ± / ?) ?  +   + 
Comprehensiveness
6 Are all key concepts included? ?  ± 

COMPREHENSIVENESS RATING (± / ± / ?) ?  ±   ± 
Comprehensibility
7 Are the PROM instructions understood by 

the population of interest as intended?
?

8 Are the PROM items and response options 
understood by the population of interest as 
intended?

?

9 Are the PROM items appropriately worded?  + 

10 Do the response options match the ques-
tion?

 + 

COMPREHENSIBILITY RATING (± / ± / ?) ?  +   + 
CONTENT VALIDITY RATING (± / ± / ?) ?  ±   ±  Very low
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Reliability
Two studies [32, 34] assessed the test–retest reliabil-
ity of the LEFS. The methodological quality of the reli-
ability assessment in both included studies was rated as 
’adequate’. The assessment of the methodological quality 
of the included studies using the COSMIN RoB check-
list can be found in Table  3. The time interval between 
the first and the second measurement was on average 
2.5  weeks [34], respectively six weeks [32]. Garratt [32] 
found the test–retest ICC of the LEFS to be 0.91, based 
on a two-way mixed effects model with absolute agree-
ment. A weighted kappa was used for assessing indi-
vidual item reliability [32]. Repo et  al.[34] found a ICC 
of 0.93 (95% CI, 0.91- 0.95), based on a two-way mixed 
model with absolute agreement. Both of these ICCs indi-
cate that the reliability of the LEFS is ’sufficient’ (Table 3).

Measurement error
According to the COSMIN guideline, “measurement 
error refers to the systematic and random error of an 
individual patient’s score that is not attributed to true 
changes in the construct to be measured.”[26] When 
applying the criteria for good measurement error, infor-
mation is needed on the Smallest Detectable Change 
(SDC) or Limits of Agreement (LoA), as well as on the 
Minimal Important Change (MIC) [26]. Two studies [32, 
35] assessed the measurement error of the LEFS. The 
methodological quality of both of these two studies was 
rated as ’adequate’. The assessment of the methodological 
quality of the included studies using the COSMIN RoB 
checklist is provided in Table 3. Garratt et al. [32] found a 
smallest detectable change of 12.49. The minimal impor-
tant change was not defined. Repo et  al. [35] reported 
a Standard Error of Measurement of 4.1. In their study, 
the minimal important change was not defined. Conse-
quently, the measurement error of the LEFS was rated as 
’indeterminate’ (Table 3).

Construct validity (hypotheses testing)
According to the COSMIN guideline, construct validity 
has 3 subsections, one of them being hypotheses testing. 
This refers to “the degree to which the scores of a PROM 
are consistent with hypotheses (for instance with regard 
to internal relationships, relationships to scores of other 
instruments, or differences between relevant groups) 
based on the assumption that the PROM validly meas-
ures the construct to be measured.”[26] According to the 
COSMIN guideline the risk of bias of studies comparing 
the PROM to comparison instruments was completed 
[26].

Three studies [31, 32, 34] evaluated the construct valid-
ity (hypotheses testing) of the LEFS. The methodologi-
cal quality of the construct validity (hypotheses testing) 

assessment was rated as ’inadequate’ for all included 
studies (Table 3). Due to an unclear definition of the con-
struct the LEFS purports to measure, we did not further 
assess hypotheses testing for construct validity and did 
not apply criteria for good measurement properties.

Responsiveness
Responsiveness refers to “the ability of a PROM to detect 
change over time in the construct to be measured”, 
according to the COSMIN guideline [26]. One study [33] 
evaluated two aspects of responsiveness (i.e. hypotheses 
testing: comparison with other outcome measurement 
and hypotheses testing: before and after intervention). 
The methodological quality of the responsiveness assess-
ment was rated as ’inadequate’ for the included study. The 
assessment of the methodological quality of the included 
study using the COSMIN RoB checklist can be found 
in Table 3. The responsiveness of the LEFS was rated as 
‘indeterminate’ as outlined in the COSMIN guideline.

Discussion
Main findings
This study found the content validity of the LEFS to be 
’inconsistent’, which was supported by very low quality 
evidence. One study was identified on the development 
and initial assessment of the LEFS [23], whereas no addi-
tional studies were identified on the content validity of 
the LEFS. A clear description of the construct that the 
LEFS sets out to measure was missing from the identified 
development study, and the LEFS’ conceptual framework 
was unclear. Moreover, a study of ‘adequate’ methodolog-
ical quality showed that the LEFS has a multidimensional 
construct [35]. The internal consistency of the LEFS 
was therefore rated as ‘indeterminate’ as outlined in the 
COSMIN guideline and was supported by three studies 
of lower methodological quality as well [32–34]. The reli-
ability was rated ‘sufficient’[32, 34], based on two studies 
of adequate methodological quality. Measurement error 
was rated ‘indeterminate’[32, 34], based on two studies 
of adequate methodological quality. Responsiveness was 
rated ‘indeterminate’ [33], based on one study of inad-
equate methodological quality. Given the lack of clarity 
on the construct the LEFS aims to measure, hypotheses 
testing for construct validity was not assessed.

Interpretation of the findings
As content validity is considered the most crucial meas-
urement property of a PROM [27], it is of utmost impor-
tance that the construct a PROM sets out to measure, and 
the theoretical grounds which it is based on are clear. The 
development study of the LEFS did not include a clearly 
defined construct, and was based on an older version 
of the World Health Organization’s model of disability 
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and handicap [37], instead of the nowadays used more 
dynamic model of health in which health is defined as a 
process with a positive concept emphasizing social and 
personal resources, as well as physical capacities [38]. 
Therefore, the LEFS may not measure a patients’ physi-
cal functioning as we currently conceptualize this. Also, 
no appropriate cognitive interview was performed during 
the development or during additional validation studies, 
making it difficult to assess the relevance, comprehen-
siveness, and comprehensibility (e.g., ICF categories d4 
mobility and d5 self-care) of the LEFS. For this reason, 
the LEFS encounters shortcomings regarding its content 
validity. We do acknowledge that the LEFS was developed 
many years before the COSMIN criteria, and the intro-
duction of the dynamic model of health [34], however, 
we would like to endorse the fact that PROMS need to 
be fit for purpose when evaluating current health care. As 
no high quality evidence supported insufficient content 
validity of the LEFS, further assessment of the individual 
measurement properties was conducted in accordance 
with the COSMIN methodology for systematic reviews 
of Patient‐Reported Outcome Measures (PROMs) [26]. 
Although internal structure and the remaining meas-
urement properties can be assessed, these measurement 
properties are directly or indirectly related to the content 
validity of the LEFS. Therefore, their interpretation is 
strongly dependent on the quality of the content validity 
of the LEFS. By assessing these measurement properties, 
a thorough overview of strengths and weaknesses of the 
LEFS was obtained which can facilitate the further devel-
opment of this frequently used instrument.

Comparison with the literature
Until now, the literature on the content validity, struc-
tural validity, internal consistency, reliability, measure-
ment error, and construct validity (hypotheses testing) of 
the LEFS in patients with fractures of the lower extremity 
has not yet been summarized and/or critically appraised 
using the updated COSMIN criteria. Nonetheless, two 
previous systematic [24, 39] reviews assessed the reliabil-
ity, validity, and responsiveness of the LEFS in patients 
with a range of musculoskeletal disorders. In contrast 
to our findings, the systematic review of Mehta et  al.
[24] found the reliability, validity, and responsiveness of 
the LEFS to be good [24] and rated more than half of the 
included studies as being of very good to excellent meth-
odological quality. These differences could be explained 
by differences in the definition of the concept of content 
validity and other assessment criteria (i.e., MacDermid 
[40]) instead of using the updated COSMIN guidelines. 
The study of Shultz et  al. [39] did evaluate the respon-
siveness of the LEFS by using the COSMIN guidelines. 
However, this study included patients with any condition 

associated with the lower leg, ankle, or foot, instead of 
patients with fractures of the lower extremities in par-
ticular. They found a lack of consistency for reporting 
responsiveness among recovery measures used in the 
lower leg, ankle, or foot studies. Our systematic review 
results also differ from Morris et  al.[25], who assessed 
outcome measurements following tibia fractures and 
found the measurement properties of the LEFS to be 
good. Nevertheless, the authors also stated that if only 
the fracture patients were considered in the validation 
studies, all studies would score poorly on the COSMIN 
checklist, which is in line with the findings of the current 
review.

Strengths and limitations
This study included a comprehensive methodological 
assessment of the LEFS in accordance with the COSMIN 
methodology for systematic reviews of Patient‐Reported 
Outcome Measures (PROMs) [26], and thereby rated all 
properties in the appropriate order (i.e., content validity 
first), based on well-defined criteria. This study focused 
on the use of the LEFS patients with fractures of the 
lower extremity in particular, which differ from patients 
with other lower extremity dysfunctions. Furthermore, 
patients with fractures of the lower extremity are a ris-
ing source of morbidity associated with a major impact 
on patients’ functional status and health-related quality 
of life. This is important because measurement proper-
ties are context-dependent and have to be evaluated in 
the context of interest [24]. A possible limitation may 
be the settings in which the measurement properties of 
the LEFS were assessed. As only one study [23] included 
patients that were treated in a primary care setting 
the generalizability of our findings may be limited for 
patients that are treated in primary care, such as patients 
that have sustained a fracture longer ago, or who have a 
simpler injury.

Another possible limitation may be the small sam-
ple sizes of the included studies, in combination of the 
small amount of the studies we retrieved on the differ-
ent measurement properties. Although the COSMIN 
guideline provides the opportunity to pool the results 
of studies with small sample sizes on several measure-
ment properties (i.e. internal consistency, measurement 
error, hypothesis testing for construct validity and 
responsiveness), this is not accounted for in our study 
as pooling was not feasible [26]. However, in the assess-
ment of the measurement properties content validity 
and structural validity, we did account for small sam-
ple sizes, according to the COSMIN guideline. Another 
limitation in assessing structural validity was that 
across the studies included different fit indexes (e.g., 
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CFI, SRMSR, TLI, and RMSEA) were used to report on 
structural validity, making comparison difficult.

Furthermore, another possible limitation may be the 
strict inclusion criteria of only including studies, of which 
at least 75% of the study sample had a lower extremity frac-
ture. This may be why we did not identify additional content 
validity studies of the LEFS and were not able to include 
all measurement properties, such as criterion validity and 
cross-cultural validity. We did consider including stud-
ies performed in (slightly) different populations because 
such studies could provide evidence on the PROM’s com-
prehensibility and (although perhaps to a lesser extent) its 
relevance and comprehensiveness. However, as our main 
focus was to investigate the measurement properties of 
the LEFS in patients with fractures of the lower extremity, 
instead of all patients with musculoskeletal disorders of the 
lower extremity, we eventually opted not to do so. Another 
possible limitation may be our findings’ generalizability, as 
the included studies mostly assessed the LEFS in patients 
with fractures in the ankle and foot region [23, 31–36]. This 
could make our systematic review results less generalizable 
to the whole population of patients with fractures of the 
lower extremity, such as hip, ankle and/or tibial fractures 
which form a substantial part of all fractures of the lower 
extremities. Another point that can be made is the inclu-
sion of studies that assessed the LEFS in four languages, 
including English [23, 33], Norwegian [32], Chinese [31], 
and Finnish [34–36]. Nevertheless, no studies assessing 
cross-cultural validity in patients with fractures of the lower 
extremities could be identified.

Implications for practice
In interpreting the scores of the LEFS, one should 
therefore be aware that not all relevant aspects of phys-
ical functioning may be accounted for, such as mobil-
ity and self-care. It is not clear if patients find the LEFS 
comprehensive and perceive the items as relevant and 
comprehensible. Although the LEFS is often used to 
assess progress and recovery in treating patients with 
fractures, no evidence was found to endorse the use of 
the LEFS in doing so.

Implications for research
The LEFS needs to be further validated in a well-
designed content validity study, which includes a 
clearly defined construct and involves patients during 
assessing the different aspects of content validity (i.e., 
relevance, comprehensiveness, and comprehensibility).

Conclusion
Although the LEFS is a well-known, frequently used, 
and easily applicable PROM, there are limitations in 
the development. This led to an ’inconsistent’ rating 
for content validity of the LEFS, which was supported 
by very low evidence. Moreover, there is ‘adequate’ evi-
dence that shows that the LEFS has a multidimensional 
construct, leading to an ’indeterminate’ rating for 
internal consistency. In interpreting the scores of the 
LEFS, one should therefore be aware that not all rele-
vant aspects of physical functioning may be accounted 
for, such as mobility and self-care. For this reason, 
the LEFS encounters shortcomings regarding its con-
tent validity according to the COSMIN guideline [27]. 
We acknowledge that the LEFS was developed many 
years before the COSMIN criteria, and the introduc-
tion of the dynamic model of health [34], however, 
we do endorse the fact that PROMS need to be fit for 
purpose when evaluating current health care. Further 
validation in a well-designed content validity study 
is needed, which includes a clearly defined construct 
and a qualitative part in which not only professionals 
but also patients with different types of fractures are 
involved during assessing the different aspects of con-
tent validity (i.e., relevance, comprehensiveness, and 
comprehensibility).

Appendix 1
Searchstring PubMed (including Medline)

LEFS[tiab] OR "lower extremity functional 
scale"[tiab] OR "lower extremity FS"[tiab] OR "LE 
functional scale"[tiab] OR "lower extremity 
scale"[tiab]
Searchstring Embase

LEFS:ti,ab,kw OR "lower extremity functional 
scale":ti,ab,kw OR "lower extremity FS":ti,ab,kw 
OR "LE functional scale":ti,ab,kw OR "lower 
extremity scale":ti,ab,kw
Searchstring Scopus

LEFS OR "lower extremity functional scale" 
OR "lower extremity FS" OR "LE functional scale" 
OR "lower extremity scale"
Searchstring Cochrane
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LEFS OR "lower extremity functional scale" 
OR "lower extremity FS" OR "LE functional scale" 
OR "lower extremity scale"
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