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Reliability, Validity, and Responsiveness
of the Lower Extremity Functional
Scale for Inpatients of an Orthopaedic
Rehabilitation Ward
mprovement in functional mobility is an important goal of
orthopaedic rehabilitation, thus an outcome of importance to both
patients and healthcare providers. It would be ideal if this outcome
could be evaluated by 1 measure at all phases of rehabilitation,
so that an individual’s progress along the recovery pathway could be
easily monitored. Hence a measure that could be used throughout the

I

TIJK:O:;I?=D0 Single-group, repeatedmeasures study.

TE8@;9J?L;0 To estimate the test-retest reliability,
construct validity, and responsiveness of the Lower
Extremity Functional Scale (LEFS) on inpatients
attending an orthopaedic rehabilitation ward.

T879A=HEKD:0 The LEFS has acceptable validity on outpatients in assessing functional mobility,
but it has not been tested for use on an inpatient
orthopaedic ward.

TC;J>E:I7D:C;7IKH;I0 Inpatients in
an orthopaedic ward (n = 142) completed the 20item, self-report LEFS on admission, 7 to 10 days
after admission, and on discharge. To test reliability, 24 patients had the LEFS repeated 1 day after
the admission test, and the intraclass correlation
(ICC) and the standard error of measurement
(SEM) were calculated. Change scores of the LEFS
were evaluated against patients’ and therapists’
rating of improvement, and change scores of comparison measures that included pain, functional

performance, and the composite index created
from scores of these comparison measures. The
standardized response mean (SRM) of the LEFS
was also computed.

TH;IKBJI0 The ICC of the LEFS was 0.88, and
the SEM was 4 LEFS points (LEFS score range,
0-80). The change in LEFS correlated with changes
of comparison measures in the same direction of
improvement. Patients rated as improved by both
themselves and their therapists had signiﬁcantly
larger change in LEFS scores than subjects rated as
no change. The SRM of the LEFS from admission to
discharge was 1.76 on patients rated as improved.

T9ED9BKI?ED0 The LEFS is reliable and valid to
assess group and individual change, and has large
responsiveness. The LEFS and the comparison
measures likely assess different constructs. J
Orthop Sports Phys Ther 2009; 39(6):468-477.
doi:10.2519/jospt.2009.2971

TA;OMEH:I0 inpatients, LEFS, orthopaedic,
outcome measure

whole continuum of rehabilitation would
be worth exploring.
The Functional Independence Measure (FIM) is the only outcome routinely
used to assess function in all rehabilitation inpatients in Ontario, Canada. This
measure assesses the amount of assistance an individual requires to perform
basic activities of daily living. If “amount
of assistance” is translated to “difficulty”
performing a task, the FIM could be categorized as measuring “activity limitations,” as described by the International
Classiﬁcation of Functioning, Disability
and Health (ICF).52
The use of the FIM in assessing function is not without limitations. The FIM
assessment in one setting may not be applied to a different setting, because behaviors of an individual may be different
in another environment.35 As a proprietary measure, administration of the FIM
requires certiﬁed assessors in subscribed
settings.48 Administration of the FIM is
also quite time consuming and may not
be feasible in some busy clinical settings.
The FIM was constructed to assess burden of care,34,35 with scoring based only
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on ratings from the assessor; the perspectives of the assessed individual is not
considered.
To obtain input from the patient,
self-report measures, such as the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and the
Medical Outcomes Study (SF-36) physical function subscale, are used to report
the function of orthopaedic patients.
However, the WOMAC was designed
speciﬁcally for osteoarthritis and may
not be appropriate for patients with a
variety of diagnoses in an orthopaedic
ward. In addition, the factorial validity
of the WOMAC has not been supported
in the recent literature.8,9,18,42,47 The SF-36
physical function subscale has limited use
on subjects with lower levels of functioning23 and institutionalized individuals,10
and has limited reliability for use on an
individual level.10
The Lower Extremity Functional Scale
(LEFS) is a self-report measure designed
to assess the functional status of patients
with any musculoskeletal condition related to the lower extremity (7FF;D:?N).
Using the ICF categorization,52,53 this
measure gathers information on “activity limitations.” But most questions are
framed (7FF;D:?N) such that responders
are free to position themselves in their
own relevant context. All questions on
the LEFS can be mapped within the
“Mobility” chapter of the “Activity and
Participation” component under the ICF
framework.53 From a practical perspective, the LEFS is easy to complete and to
score, and is likely feasible to administer
in most clinical settings.
The LEFS has demonstrated acceptable validity on outpatients, but the majority of these individuals scored in the
top 3 quarters of the scale range.1,4,39,49
The validity of the LEFS in people who
score in the bottom quarter of the scale
range remains unknown. When compared to outpatients, orthopaedic inpatients often have more limited function
and their scores are more likely to fall
within the bottom quarter of the scale
range. Hence, there is a need to examine

the use of the LEFS on these inpatients.
If shown to be useful, the LEFS could be
used to track and compare an individual’s
progress at different stages of orthopaedic rehabilitation.
The purposes of this study were to estimate the test-retest reliability, construct
validity, and responsiveness24 of the LEFS
on inpatients attending an orthopaedic rehabilitation program. The Numeric Pain
Rating Scale (NPRS), the transfer and
locomotion items of the FIM (TLFIM),
and the timed up-and-go (TUG) test
were chosen as comparison measures
for the construct validation. The NPRS
is categorized under the “Body Function
and Structure” component of the ICF.53
Although this component is categorized
differently from the LEFS component,
the NPRS was selected because pain has
been associated with physical functioning3,7 and likely has substantial impact
on function shortly after orthopaedic
surgery.
The TUG and the TLFIM were perceived to assess related constructs
because they both assess aspects of activities of daily living that rely on lower
extremity function. Items of the TLFIM
and selected items on the LEFS can also
be mapped using the same second-level
category codes in the “Mobility” chapter
under the “Activity and Participation”
component of the ICF.53 Although the
TUG test as a whole cannot be mapped
directly into a particular category code,
individual movement components (eg,
getting into and out of the sitting or
standing position, walking) involved in
the TUG test may be mapped into the
same second-level category codes as the
selected mobility items of the LEFS.
Two theories set up for the construct
validation were as follows:
1. Improvement in the LEFS scores
would be correlated with improvements in pain, the TLFIM, and the
timed TUG test. The LEFS was expected to most highly correlate with
the TLFIM, as both measures sample
a broader variety of activities when
compared to the other 2 measures.

2. Improvement in the LEFS scores of
subjects who were considered improved (responders) would be greater
than the change in LEFS scores of
subjects who were not considered improved (nonresponders).
It is estimated that the LEFS would
demonstrate correlations in the range
of 0.3 to 0.6 with the comparison measures,1,39 and would demonstrate large
responsiveness, as quantiﬁed by a standardized response mean of 1.0 or larger.

C;J>E:I
Subjects

A

ll consecutive and eligible
patients admitted to the inpatient
orthopaedic rehabilitation program
in West Park Healthcare Centre between
January 2005 and August 2006 were approached to participate in the study. The
ﬁrst 31 consented patients were also invited to participate in the reliability estimation. Patients were excluded from the
study if they were unable to read or comprehend English, were unable to perform
the TUG test without physical assistance,
had spinal injuries requiring log-roll in
bed, or used any rigid spinal braces. The
study was reviewed and approved by the
Research Ethics Board of both the West
Park Healthcare Centre and McMaster
University. Informed consent was obtained from all participating subjects
and their rights as human subjects were
protected. Based on a reliability estimate
of 0.91,4,39,49 and correlation estimate of
0.61,39 with the comparison measures,
the estimated sample sizes for test-retest
reliability45 and construct validity15 were,
respectively, 21 and 135 subjects.

IjkZo:[i_]d
The study followed a longitudinal singlegroup repeated-measures design. J78B;
1 summarizes measures conducted at
different time points. For reliability estimation, subjects were tested on admission and retested within 24 hours, with
no therapy in between. To examine the
construct validity of the LEFS, the NPRS,
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Assessment Times of the Lower
Extremity Functional Scale (LEFS)
and Other Comparison Measures

J[iji

7ii[iic[djJ_c[i

C[Wikh[i

Admission test

Day 0-3 after admission*

LEFS, TUG, NPRS, TLFIM

Retest for reliability

24 h after admission test

LEFS

Second test

7-10 d after admission

LEFS, TUG, NPRS

Discharge test

Day 0-3 before discharge

LEFS, TUG, NPRS, TLFIM, GFCS
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Abbreviations: GFCS, Global Functional Change Survey; NPRS, Numeric Pain Rating Scale; TLFIM,
transfer and locomotion items of the Functional Independence Measure; TUG, timed up-and-go test.
* Admission for inpatient rehabilitation from acute care settings.

TUG test, and TLFIM were used as comparison measures. All measures but the
TLFIM were administered on admission,
7 to 10 days after admission, and on discharge. Scores of the TLFIM on admission and discharge were extracted from
the medical records. To examine the ability of the LEFS to measure meaningful
change, referred to as responsiveness,24
a Global Functional Change Survey was
used at discharge. This survey is used to
differentiate between subjects who were
believed to have changed and subjects
who were not believed to have changed.
Details on this survey will be described in
the following section.

Measures
The LEFS is a 20-item, region-speciﬁc
measure asking patients for their perceived difficulties in activities of daily living. Each item is rated on a 5-point scale.
Total scores range from 0 to 80, with a
higher score indicating better function.4
Both clinimetric and statistical approaches were used in the development of the
LEFS.4
The LEFS had very high46 internal
consistency (alpha coefficient ranged
from 0.93 to 0.96) and good50 test-retest
reliability (0.85 to 0.98) on outpatients
with a variety of orthopaedic conditions.1,4,39,49 The standard error of measurement (SEM) of the LEFS ranged
from 3 to 4 LEFS points on the same
samples of outpatients.1,4,39,49
Several authors1,4,39 have demonstrated
good construct validity of the LEFS. The
Pearson correlations of the LEFS with

the SF-36 physical function subscale and
physical component summary scores were
0.80 and 0.64 in a cross-sectional study
on outpatients with a variety of orthopaedic diagnoses.4 The LEFS was correlated
0.36 to 0.48 with impairment measures
on outpatients with ankle sprains,1 and
0.68 with a pooled index comprising performance measures and pain on outpatients with total joint arthroplasty. 39 The
correlation between the change scores of
the LEFS and the same pooled index of
change was 0.64.39
The TUG test is frequently used to
evaluate basic mobility for rehabilitation
patients.28,31,33 The test-retest reliability of
the TUG test on inpatients with orthopaedic conditions was found to be 0.80
(ICC2,2).54 The TUG test has been validated for use with orthopaedic conditions
and in a rehabilitation setting.5,11,22,30,54
For the TUG test, subjects were asked
to stand up from a chair, walk with their
assistive devices at a comfortable pace to
a 3-m marked line, return to the chair,
and sit down. Time taken to complete the
test was recorded to the nearest 1/100 of
a second using a stopwatch. Two trials
were administered and the average used
for analysis. To address the different angles of hip ﬂexion restriction on patients
after hip replacement, seat height for the
test was not standardized across subjects.
The ﬂexibility with seat height also allowed patients with different orthopaedic conditions (eg, patients who could
only stand up from a raised seat height
following bilateral knee replacements) to
participate in the study. A subject always

]
used the same chair and seat height for
subsequent testing, although his/her assistive device or weight-bearing status
might change. These procedures were set
up to reﬂect the reality in practice when
the TUG test is applied to inpatients on
an orthopaedic rehabilitation ward.
The 11-point NPRS is designed to
measure pain intensity with scores ranging from 0 (no pain) to 10 (pain as bad
as it can be).10,17,29 The NPRS was found
to be efficient in assessing pain in clinical practice.44 Subjects were instructed to
record their pain on the NPRS at the time
of the assessment.
The FIM is an 18-item tool used by
health professionals to assess patients’
performance on selected basic activities
of daily living.35,36 The TLFIM used in the
present study comprised 3 transfer (bed/
chair/wheelchair, toilet, tub/shower) and
2 locomotion (walk/wheelchair, stair
climbing) items. The total score could
range from 5 to 35, a higher score indicating better function. Although the psychometric properties of the TLFIM have not
been reported, the items have been used
previously to measure outcome6,30 and
evaluate measurement instruments.39
The Global Functional Change Survey had 2 questions that were completed independently by subjects and their
therapists. They each rated subjects’
improvement in self-care (eg, dressing
and toileting) and mobility (eg, getting
up to sitting from bed or walking) from
admission to discharge. The possible ratings were “worse,” “about the same,” or
“better.”
All measures were performed by following standardized operational procedures. Subjects were asked to complete
the LEFS on their own. The TUG test and
the NPRS were administered by either a
physical therapist or a research assistant.
The research assistant was trained by the
physical therapist to conduct the measures. Interrater and intrarater reliabilities on the TUG test were not assessed
in this study. To minimize the threats to
internal validity, random measurement
error was limited by using the average
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on 2 trials of the TUG test for analysis.
The physical therapist and the research
assistant had also audited each other on
2 separate occasions at the beginning of
the study period to ensure uniform compliance of the standardized procedure; no
discrepancy was identiﬁed between these
2 assessors.
Subjects were followed by the same
assessor throughout the study period. All
subjects were blinded to their previous
measurement results until after the ﬁnal
assessment was completed.
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7dWboi[i
All descriptive and inferential statistics
were computed using the SPSS, Version
13. Means, medians, and SDs were computed for all measures.
To provide estimates of the test-retest
reliability, the type 2,1 intraclass correlation coefficient (ICC2,1)32 was computed
for the scores of LEFS on admission
and retest. The SEM37 that expressed
the test-retest error in LEFS point, was
computed by taking the square root of
the mean-square error.37 The 2-sided
95% conﬁdence interval for the SEM
was also estimated.40 The error associated
with an observed LEFS score with 90%
conﬁdence level was computed by 1.65 
SEM.37 The minimal detectable change
(MDC) was computed from the SEM37 to
indicate the amount of change required
to be conﬁdent that a true change occurred rather than a change due only to
error variation.12 The MDC of the LEFS
at 90% conﬁdence interval (MDC90) was
estimated by 1.65  SEM  2.37
Because the score distributions of
some measures were not normal, nonparametric statistics were used for the
analyses of construct validity. The Spearman rank correlations were computed
to examine the associations between
the change scores of the LEFS and the
change scores of the comparison measures. Because each individual comparison measure is expected to assess only
some aspects of lower extremity function, a pooled index of change made up
from the change scores of all comparison

J78B;(

Demographic Characteristics of All Subjects*
Number (%)†
2‡,§

CW`eh_jo
24.9

Body mass index, kg/m
18.5

6 (4.0)

18.5-24.9

49 (34.5)

25.0-29.9

42 (29.6)

30.0-45.0

43 (30.3)

Gender

Female

Female

93 (65.5)

Male

49 (34.5)

Etiology‡

Osteoarthritis

Osteoarthritis

86 (60.6)

Rheumatoid arthritis

24 (16.9)

Others

27 (19.0)

Reason for admission

Hip replacement

Hip replacement

72 (50.7)

Knee replacement

49 (34.5)

||

Others

21 (14.8)

Types of surgery‡

Revision

First joint replacement

43 (30.3)

First revision

50 (35.2)

Second revision or more

27 (19.0)

Others||

21 (14.8)

Weight-bearing status

Weight bearing as tolerated

No weight bearing

31 (21.8)

Touch weight bearing

11 (7.7)

Partial weight bearing

11 (7.7)

Weight bearing as tolerated

89 (62.7)

Number of joint replacement surgeries in lower extremities¶
0

3-7
17 (12.0)

1

23 (16.2)

2

42 (30.0)

3-7

60 (42.2)

* For all subjects: n = 142; mean  SD age, 64.9  12.9 years; range, 24.0-66.0 years; mean  SD
body mass index, 27.4  6.1 kg/m2; range, 16.7-45.0 kg/m2.
†
Percentages may not add up to 100 due to missing data and/or rounding errors.
‡
Missing data.
§
Body mass index categorization based on Canadian Guidelines for Body Weight Classiﬁcation in
Adults.14
||
Soft tissue injuries and/or fractures with/without internal or external ﬁxations.
¶
Accumulated number of joint replacement surgeries in the lower extremities.

measures was created to reﬂect a more
comprehensive view on lower extremity
function. This strategy of using a pooled
index has been used in a previous measurement study.39 To create the pooled
index of change, a standard change score
was computed for each subject for each
comparison measure. To compute this
standard change score, each subject’s

change score on a comparison measure
was subtracted from the mean change
score of that measure and divided by the
SD of the change score. The pooled index
of change was obtained by averaging the
standard score of change from all 3 comparison measures for each subject.
To estimate responsiveness, standardized response means (SRMs) were com-
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puted for “responders” for all periods
between the 3 assessments. Responders were subjects who were considered
changed. Subjects were categorized as
responders when both the subject and
the physical therapist answered “better”
in both questions of the Global Functional Change Survey. An SRM is the mean
change score divided by the SD of the
change scores. The 95% conﬁdence intervals were computed using the bootstrap
method.13 In addition, the Wilcoxon rank
sum test was used to compare the change
scores of the LEFS of the responders and
nonresponders.

H;IKBJI

<

rom January 2005 to August
2006, 150 subjects consented to
participate in the study, with the
ﬁrst 31 subjects being recruited for the
reliability testing as well. Some subjects
only participated in the reliability portion of the study. Final analyses included
24 subjects for reliability estimation and
142 subjects for validity estimation. Seven subjects were excluded from the reliability estimation because of sickness (3
subjects), unavailability (1 subject), or because therapy was conducted prior to the
retest (3 subjects). Eight subjects were
excluded from the validity estimation due
to acute changes in medical status (1 subject), consent withdrawal (2 subjects), or
unexpected discharges (1 subject released
herself from hospital against medical advice, 4 subjects were transferred to acute
care hospitals because of hip infection/
dislocations). All 8 subjects excluded in
the validity estimation dropped out prior
to the second assessment. Eighteen subjects had a short stay and did not have the
second assessment.
The descriptive statistics on the characteristics of all participating subjects
are presented in J78B;(. The majority of
subjects were female with revision joint
replacements related to osteoarthritis.
Sixty percent of the subjects were classiﬁed as overweight or obese.14 Almost 40%
of subjects were admitted with restricted

RESEARCH REPORT
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Median Number of Days Between
Surgery, Admission to Rehabilitation
Program, and Testing Times*

J78B;)
F[h_eZ

C[Z_WdZ

?dj[hgkWhj_b[HWd][

Surgery to admission to rehabilitation program*

5

3

Surgery to admission test*

6

3

Admission test to second test

7

1

Second test to discharge test

11

12

Admission test to discharge test

17

14

* Acute care admission in nonsurgical cases. All surgical cases done prior to admissions to rehabilitation program.

J78B;*

C[Wikh[i

Descriptive Data for the Lower Extremity
Functional Scale (LEFS) and Comparison
Measures for the Whole Sample (n = 142),
Responders (n = 125), and Nonresponders (n = 17)*
7Zc_ii_edIYeh[

:_iY^Wh][IYeh[

9^Wd][IYeh[†

LEFS (0-80)
Whole sample

14, 12, 9

31, 30, 11

17, 16, 10

Responders

13, 11, 8

31, 29, 11

18, 17, 10

Nonresponders

20, 20, 9

33, 35, 11

12, 9, 11

Whole sample

63, 52, 48

23, 21, 10

41, 29, 48

Responders

67, 55, 50

23, 21, 10

44, 32, 50

Nonresponders

36, 33, 22

21, 15, 11

10, 8, 10

TUG (s)

NPRS (0-10)
Whole sample

4, 4, 3

2, 2, 2

2, 2, 2

Responders

4, 4, 3

2, 2, 2

2, 2, 2

Nonresponders

4, 4, 2

3, 2, 3

1, 1, 3

Whole sample

15, 14, 4

28, 29, 4

13, 14, 5

Responders

15, 14, 4

28, 29, 4

13, 14, 5

Nonresponders

17, 16, 5

28, 29, 3

11, 13, 5

TLFIM (5-35)

Abbreviations: NPRS, Numeric Pain Rating Scale; TLFIM, transfer and locomotion items of the Functional Independence Measure; TUG, timed up-and-go test.
* Data are mean, median, and SD. Two missing observations in discharge score and change score.
†
Orientations of signs adjusted so positive signs denote improvements.

weight-bearing status, and more than
50% of the sample were admitted because of revision joint replacement. Over
40% of this sample had undergone multiple joint(s) replacement surgeries (3-7
times) in the lower limb(s). Sixty subjects
(41%) had previous joint replacements in
the lower extremity contralateral to the
currently affected side, and 15 subjects
(11%) had surgeries on both lower limbs
on this admission (not shown in J78B;().

There were no differences (P .05) in the
subject characteristics of the reliability
and validity groups.
Eighty percent of the sample was tested within 8 days after surgery. The time
lapse among surgery, admission, and admission test, and the time lapse among
different assessments, are presented in
J78B; ). The median length of stay was
18 days and the interquartile range was 9
days. All subjects were discharged home
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and required the use of gait aids to move
around.
The ICC2,1 of the LEFS was 0.88 (95%
CI: 0.74, 0.95). The SEM was 3.5 LEFS
points (95% CI: 2.7, 4.9 LEFS points)
and the error associated with an observed
LEFS score with 90% conﬁdence level
was 5.8 LEFS points. The MDC90 was
8.2 LEFS points. The mean scores of the
admission test and the retest were both
14.0 LEFS points (SD, respectively, 8.6
and 10.7 LEFS points).
Descriptive data of all measures and
the correlations of the LEFS with the
comparison measures are presented in
J78B;* and 5. The median LEFS score on
admission was 12 and fell in the bottom
quarter of the scale range. The correlations between the LEFS and the individual comparison measures range from
0.28 to 0.36. No signiﬁcant correlation
in change scores was found between the
LEFS and the NPRS. The Spearman correlation on the change scores of the LEFS
with the pooled index of change was 0.38
(95% CI: 0.23, 0.51).
There was a signiﬁcant difference
(w = 653.5, P .01) between the LEFS
change scores of the responders (n = 125;
quartiles: 11, 17, and 23 LEFS points) and
the nonresponders (n = 15; quartiles: 6,
9, and 14 LEFS points). The SRMs of the
responders in all measures are shown
in J78B;,. The SRM of the LEFS for the
nonresponders from admission to discharge was 1.08.

:?I9KII?ED

T

he test-retest reliability of
the LEFS in this sample of orthopaedic inpatients was very good
(ICC2,1 = 0.88), indicating that the LEFS
is appropriate for group and individual
applications.50 The SEM and the MDC90
of the LEFS were reported to enhance
clinical interpretation. A clinician can
be 90% conﬁdent that an observed score
varies within 6 LEFS points and that
a change of greater than 8 LEFS points
can be considered a true change. The observed point estimate of ICC, SEM, and

J78B;+


Correlations of Scores and Change Scores
Between the LEFS and Comparison Measures*
7Zc_ii_ed

:_iY^Wh][

9^Wd][†

TUG (s)

0.47 (0.33, 0.59)

0.32 (0.16, 0.50)

0.36 (0.21, 0.54)

NPRS (0-10)

0.18 (0.02, 0.33)

0.24 (0.07, 0.41)

0.15 (–0.02, 0.31)

TLFIM (0-35)

0.29 (0.13, 0.46)

0.15 (-0.02, 0.31)

0.28 (0.12, 0.46)

Abbreviations: CI, conﬁdence interval; LEFS, Lower Extremity Functional Scale; NPRS, Numeric Pain
Rating Scale; TLFIM, transfer and locomotion items of the Functional Independence Measure; TUG,
timed up-and-go test.
* Data are Spearman rho (95% CI); n = 140.
†
Orientations of signs adjusted so positive correlations denote improvements in both measures.

J78B;,



The Standardized Response Means of the LEFS
and Comparison Measures for the Responders*
7Zc_ii_edje
:_iY^Wh][d3'(+

I[YedZJ[ijje
:_iY^Wh][d3''+

7Zc_ii_edje
I[YedZJ[ijd3''+

LEFS

1.76 (1.56, 2.08)

1.15 (0.97, 1.39)

0.92 (0.74, 1.11)

TUG†

0.89 (0.72, 1.34)

0.91 (0.78, 1.08)

0.74 (0.62, 1.06)

NPRS†

0.84 (0.66, 1.03)

0.45 (0.28, 0.64)‡

0.45 (0.27, 0.63)‡

TLFIM

2.65 (2.07, 3.42)

NA

NA

Abbreviations: LEFS, Lower Extremity Functional Scale; NA, not applicable; NPRS, Numeric Pain
Rating Scale; TLFIM, transfer and locomotion items of the Functional Independence Measure; TUG,
timed up-and-go test.
* Data are standardized response means (95% conﬁdence interval).
†
Orientation of signs adjusted so positive standardized response mean denote improvements.
‡
n = 114.

MDC90 were consistent with previous
studies.1,4,39
The construct validity of the LEFS was
only partially supported by this study.
Change in the LEFS correlated with
changes in all comparison measures in
the expected direction. These correlations
were generally low, and may reﬂect differences in sensitivity to change between the
measures used. It is also possible that the
LEFS and the selected comparison measures assess different attributes.
Biases in validation of a measure may
occur when there is a restriction in scale
range of the candidate measure and/
or the comparison measures.46 Results
of this study show that improvements
in LEFS scores were not consistently
matched with corresponding improvements in scores of the TUG test and
TLFIM. This ﬁnding was likely related
to the ceiling effect of these comparison measures. Here, ceiling effect refers
to inadequate room on a scale to record

further improvement.
The large number of subjects scoring at just below the maximum score at
discharge reﬂects the potential ceiling
effect on the scale of the TLFIM (<?=KH;).
The TUG score might also have reached
a ceiling level unique to this sample of
subjects. At discharge, the majority of
subjects scored between 15 and 30 seconds on the TUG test (<?=KH;), with a
mean and median of 23 and 21 seconds,
respectively. These values were similar
to the means (range, 18 to 28 seconds)
observed on samples with comparable or
less disability.5,21,26,30 Hence, many subjects in the present study may have had
little room for further improvement of
their TUG scores.
An inaccurate hypothetical construct
may also explain the low correlations
observed between the self-report LEFS
and the selected performance measures.
In cross-sectional studies, the reported
Pearson correlations between self-report
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and performance measures ranged from
0.21 to 0.61 in community-dwelling individuals with osteoarthritis of the hip/
knee or in those awaiting total joint arthroplasty.19,27,41 Correlations observed in
this study were within the range observed
in these previous studies but in the lower
side of the range.19,27,41
It was expected that using a pooled
index of change created from the selected comparison measures would capture
broader attributes of lower extremity
function, and would result in a higher
correlation with the LEFS. However, the
observed correlation in this study was
only 0.38. Stratford et al39 reported a
Pearson correlation of 0.64 between the
LEFS and a pooled index on subjects with
total joint replacements. The differences
may be attributed to the composition of
the pooled indices used. It is possible that
the addition of the 6-minute walk test
and the timed stairs test as component
measures in their pooled index39 might
have inﬂated the contribution of timed
scores to lower extremity function. Their
subjects were also less disabled (baseline
TUG scores, 27 seconds) and less acute
(22 days after surgeries), and their sam-

pling intervals were longer (4 weeks).
As has been mentioned earlier, it is
possible that the LEFS and the comparison measures assess constructs that have
limited association. Although some studies41,51 released in the conception period
of this study had demonstrated generally
low associations between self-report and
performance measures on outpatients
with similar orthopaedic conditions,
there were reasons to examine their relationships on inpatients. Self-report measures of function were conceived to assess
function, and, as they are increasingly
being used in research,2 it is important
to understand how well performance is
actually represented by these measures at
different phases of rehabilitation. Studies
in the past 2 years16,43 found consistently
low associations between self-report and
performance measures on individuals
with osteoarthritis or hip/knee arthroplasties, suggesting that these measures
may not assess the same construct. Results of this study are consistent with
these ﬁndings.16,41,43,51
The ICF52 is a framework that may
help to explain the low correlations between the LEFS and the comparison mea-

]
sures. Although the acts/task assessed in
the LEFS, the TUG, and the TLFIM all
belong to the “Mobility” chapter under
the “Activities and Participation” component of the ICF,53 the environmental
and personal factors that likely interact
with these tasks are not being considered
equally in these 3 measures. The TUG
test and the TLFIM assessed mobility of
the individual in an inpatient setting. Assistance to complete these measures was
not offered unless the external assessor
determined that the help was needed.
Consequently, these measures only present the behavior of the individual in this
speciﬁc setting, and this behavior may
change in a different context. Unlike the
TUG and the TLFIM, which are context
restricted in an artiﬁcial setting with an
external assessor, the choice of context
is more ﬂexible in the LEFS. Questions
framed as “do you” or “would you” allow individuals the freedom to position
themselves in their own personal and/or
environmental context when they answer.
This contextual difference may explain
the low correlations between the LEFS
and the comparison measures.
For the LEFS, perhaps the “difficulty”
reported on a certain item was gauged
on a complex interaction of individuals’
perceptions. These perceptions might
depend on the speciﬁc time frame of
the questions on the LEFS (eg, “today”),
the affect of an individual when he/she
completes the LEFS, and the standard
employed by an individual for comparison. Such comparison standards may be
conditional to the situation (eg, different
stages of rehabilitation). Therefore, responses gathered from the LEFS may be
impacted at different times, to a different
extent, by different factors (eg, pain, anxiety, or muscle strength). Depending on
the course of recovery, physical components of function, such as endurance and
coordination, may not be readily reﬂected
by the LEFS. This contextual-dependent
response is unlikely unique to the LEFS
and probably happens in a similar manner to other self-report measures. Hence,
concurrent use of both self-report and
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performance measures is recommended
when a comprehensive picture of function is considered.
The SRM was used to quantify the
responsiveness of the LEFS. There is no
standardized way to interpret the magnitude of SRM. In general, a larger value
reﬂects better ability to detect change.25
Applying the recommendation of Liang,25
where a magnitude of 1.0 or greater is
large, the SRMs of the LEFS from admission to discharge were large in both the
responders (1.76) and the nonresponders
(1.08).
One concern of these results in SRM
is that the LEFS may detect change that
did not occur. However, the large SRM
observed in the nonresponders may be
related to the stringent criterion used
to dichotomize subjects into responders or nonresponders. Any disagreement
in response between subjects and clinicians on any of the 2 questions on the
Global Functional Change Survey categorized a subject as a nonresponder.
This criterion may have overestimated
the number of nonresponders. In spite
of this possible overestimation, improvements in the LEFS score, TUG test, and
TLFIM were all signiﬁcantly lower in the
nonresponders.
As can be seen in TABLE 4, the nonresponders in general had better baseline
function in all measures when compared
to the responders. The expectation of
“change” in mobility may be affected by
the starting point. Subjects who started
with better function may have a higher
threshold of perception for “change”
when compared to responders. These
observations may also reﬂect the limitations of using the anchor-based approach
to determine if observed changes in the
candidate measure are meaningful.38 The
Global Functional Change Survey is not
a standardized measure superior to the
LEFS, but it was used as the criterion
standard to assess the ability of the LEFS
to measure change. Because the same
subject completed both these measures,
scoring on the Survey is not independent
of the LEFS being assessed.

In summary, the LEFS has demonstrated high SRM in the responders,
and improvement in the LEFS scores of
responders was greater than the nonresponders. These results are consistent
with the second theory set up for the
construct validation of the LEFS. Taken
together with the previously established
reliability1,4,39,49 and validity1,4,39 in outpatient settings, the LEFS is a useful measure to track an individual’s progress from
inpatient to outpatient rehabilitation.
Other limitations of the study are related to weight-bearing status, gender,
and language of the subjects. There were
uncontrolled changes in weight-bearing
restriction, gait aid, and lower extremity braces across different TUG tests.
Standardization was not always feasible
because changes in the 3 factors at times
relate to safety concerns. It was assumed
that scores from all measures would be
similarly impacted by these changes. This
study also did not take into account the
difference in functional recovery between
the 2 genders.20 However, the correlations between measures were generally
similar for the entire sample and for the
gender subgroups. Finally, results may
only be generalizable to English-speaking
patients with conditions similar to those
seen in this study. Because the majority
of subjects in the current study had revision joint replacements and/or previous
lower-limb surgeries, it is unknown if
these are typical inpatients seen in other
orthopaedic wards.

CONCLUSIONS

T

he LEFS is reliable for individual and group use on an orthopaedic inpatient ward and has
demonstrated large responsiveness. Improvement in the LEFS scores of subjects
who were considered improved were
greater than the change in LEFS scores
of subjects who were not considered improved. The LEFS is a useful measure to
track an individual’s progress from inpatient to outpatient rehabilitation. The
TLFIM and the TUG test also measure

changes for inpatients, but the constructs
assessed by these measures and the LEFS
likely have minimum overlapping characteristics. The patterns of change in the
LEFS were different from those of the
performance measures. Further research
is needed to examine the construct validity of the LEFS. T

KEY POINTS
FINDINGS: This study found that the LEFS

has good reliability and large responsiveness, and can assess both individual
and group changes on inpatients of an
orthopaedic ward.
IMPLICATIONS: The LEFS can be used to
assess valid change in inpatients of an
orthopaedic ward. The LEFS is a useful measure to track an individual’s
progress from inpatient to outpatient
rehabilitation.
LIMITATIONS: Results may be limited to
inpatients with a high level of disability,
and who can speak and comprehend
English.
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We are interested in knowing whether you are having any difficulty at all with the activities listed below because of your lower limb problem for which you are
currently seeking attention. Please provide an answer for each activity.
Today, do you or would you have any difficulty at all with:
;njh[c[:_øYkbjoehKdWXb[jeF[h\ehc7Yj_l_jo

Gk_j[W8_je\
:_øYkbjo

Moderate
:_øYkbjo

7B_jjb[8_je\
:_øYkbjo

De:_øYkbjo

A. Any of your usual work, housework or school activities

0

1

2

3

4

B. Your usual hobbies, recreational or sporting activities

0

1

2

3

4

C. Getting into or out of the bath

0

1

2

3

4

D. Walking between rooms

0

1

2

3

4

E. Putting on your shoes or socks

0

1

2

3

4

F. Squatting

0

1

2

3

4

G. Lifting an object, like a bag of groceries from the ﬂoor

0

1

2

3

4

H. Performing light activities around your home

0

1

2

3

4

I. Performing heavy activities around your home

0

1

2

3

4

J. Getting into or out of a car

0

1

2

3

4

K. Walking 2 blocks

0

1

2

3

4

L. Walking a mile

0

1

2

3

4

7Yj_l_j_[iY_hYb['dkcX[hed[WY^b_d[

M. Going up or down 10 stairs (about 1 ﬂight of stairs)

0

1

2

3

4

N. Standing for 1 hour

0

1

2

3

4

O. Sitting for 1 hour

0

1

2

3

4

P. Running on even ground

0

1

2

3

4

Q. Running on uneven ground

0

1

2

3

4

R. Making sharp turns while running fast

0

1

2

3

4

S. Hopping

0

1

2

3

4

T. Rolling over in bed

0

1

2

3

4

Column totals:
Error (single measure): 6 scale points; MDC, 9 scale points; MCID, 9 scale points.
Score: ______/80
Copyright Binkley/Stratford, 1997.
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