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Abstract

Aim
To propose a short version of the Lower Extremity Functional Scale (LEFS), to compare our short version
with the different structures proposed for the LEFS by the specialized literature, and to verify the criterion
validity of the best structure of the LEFS identi�ed in our study.

Methods
Questionnaire validation study. We used con�rmatory factor analysis (CFA), chi-square/degree of
freedom (DF), comparative �t index (CFI), Tucker-Lewis index (TLI), root mean square error of
approximation (RMSEA), standardized root mean squared residual (SRMR), Akaike information criterion
(AIC), and Bayesian information criterion (BIC). The method of reducing the number of items of the LEFS
considered the modi�cation indices and factor loadings.

Results
We included 140 patients. Body site most affected by pain was the knee (71.4%), and the most common
diagnoses were knee osteoarthritis (55%) and anterior knee pain (11.4%). LEFS reduction generated a
one-dimensional structure of the LEFS with 10 items (LEFS-10). When compared to other structures, the
LEFS-10 presented the best �t indices (chi-square/DF = 1.88, CFI = 0.975, TLI = 0.968, RMSEA = 0.079 and
SRMR = 0.058) and the lowest values of AIC (3287.063) and BIC (3345.896). LEFS-10 presents a high
correlation (rho = 0.911, p < 0.001) with the 20-item LEFS.

Conclusion
LEFS-10 is the proposal for a short version of the instrument with the most adequate internal structure, in
addition to being satisfactorily correlated with the longer version of the instrument.

Introduction
The Lower Extremity Functional Scale (LEFS) is a commonly used instrument to measure lower limb
functionality. This scale was developed in 1999 by Binkley et al. 1 and has cross-cultural adaptation for
more than 10 languages, such as Chinese 2, Malay 3, Finnish 4, Turkish, 5 and Brazilian Portuguese 6,7.

Two systematic reviews have been conducted evaluating the measurement properties of the LEFS. The
study conducted by Mehta et al. 8 points out that most studies using this scale present a very good to
excellent methodological quality level, considering test-retest reliability, construct validity, and
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responsiveness. However, a recent systematic review points to insu�cient content and structural validity
in patients with lower limb dysfunction 9.

Structural validity is an important measurement property that guarantees, based on statistical rigor, the
structure designed for a scale or questionnaire at the time of its creation based on expert opinion (content
validity). In other words, structural validity assesses the number of domains and items in a scale,
indicating redundant items or items not covered by the domain 10,11.

Several studies have challenged the internal structure of the LEFS. To ensure unidimensionality, three
studies proposed reducing the LEFS based on the Rasch analysis 7,12−14, due to the redundancy of items.
All proposed structures have one domain and 15 items. However, the 15 items included differ between
studies, and to date, no comparisons have been made to de�ne the best structure.

In view of the above, this study aimed to propose a short version of the LEFS based on con�rmatory
factor analysis (CFA), to compare our short version with the different structures proposed for the LEFS by
the specialized literature, and to verify the criterion validity of the best structure of the LEFS identi�ed by
the CFA.

Methods
This was a cross-sectional study to investigate the structural validity of the LEFS, based on the
COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) 10. The
study was approved by the Research Ethics Committee of the institution (report number 4.284.236). All
patients signed an informed consent form, validating their participation in the study. The study sample
was recruited from physiotherapy clinics in the city of São Paulo (southeast Brazil) and São Luís
(northeast Brazil).

We calculated the sample size considering the recommendation of seven participants for each item of
the questionnaire 10. As the LEFS has 20 items, the minimum sample size was 140 patients. We adopted
the following inclusion criteria: age 18 years or older; medical diagnosis of lower limb injury; and
presence of pain. In addition, patients were able to read and write in Brazilian Portuguese.

We considered the following exclusion criteria: presence of infectious, neurological or malignant disease;
pregnancy; diagnosed severe cognitive or psychiatric disorders; diagnosis of moderate to severe arterial
or venous disease; and lower limb amputations.

We used two scales in the present study. The 11-item Numeric Pain Rating Scale (NPRS) to measure pain
intensity, validated for Portuguese by Ferreira-Valente et al. 15. The LEFS to measure lower limb
functionality. This instrument is composed of 20 items, validated for Brazilian Portuguese by Metsavaht
et al. 6 and Pereira et al. 7. For each item, �ve response options are possible (0 to 4), in which 0 is
equivalent to maximum di�culty in performing the activity and 4 is equivalent to no di�culty. Total score
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is calculated by adding the answers to the items, generating a value from 0 to 80. The higher the score,
the greater the functionality.

We performed a descriptive analysis to present the personal and clinical variables. Quantitative variables
were presented as mean and standard deviation, while qualitative variables were presented as relative
and absolute frequencies.

CFA was used to identify the best LEFS structure; we analysed it through the software R Studio (Boston,
MA, USA), using lavaan and semPlot packages and with implementation of a polychoric matrix and the
robust diagonally weighted least squares (RDWLS) extraction method 16,17. The following cut-off values
were considered adequate for the �t indices: chi-square/degree of freedom (DF) < 3; comparative �t index
(CFI) and Tucker-Lewis index (TLI) > 0.90; root mean square error of approximation (RMSEA) and
standardized root mean squared residual (SRMR) < 0.08 18,19.

For the comparison between models, the structure with the lowest values of the Akaike information
criterion (AIC) and Bayesian information criterion (BIC) was considered the most appropriate 20. Factor
loadings were considered adequate when greater than 0.40 21.

The method of reducing the number of items of the LEFS considered the modi�cation indices and factor
loadings. Modi�cation indices indicate redundant items in pairs. We considered redundant items to be
those with a modi�cation index value higher than 10 22. In each paired analysis, the redundant item with
the lowest factor loading was excluded. At the end of the item exclusions, the researchers of this study
approved the short version of the LEFS.

We assessed criterion validity and considered the 20-item long version of the LEFS as the gold standard.
Thus, we used Spearman’s correlation coe�cient (rho) to correlate the long and short versions, given that
the data did not present a normal distribution when analyzed using the Kolmogorov-Smirnov test.
Correlation magnitude > 0.70 was considered the appropriate cut-off point for criterion validity 10.

Results
We included 140 patients with dysfunction somewhere in the lower limbs. Table 1 describes the personal
and clinical characteristics of the study patients. Most of the sample consisted of women (77.9%) aged
over 50 years who were overweight, who had been experiencing pain for more than 90 months. The body
site most affected with pain was the knee (71.4%) and the most common diagnoses were knee
osteoarthritis (55%) and anterior knee pain (11.4%).
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Table 1
Sociodemographic and clinical characteristics of patients with lower limb

dysfunction (n = 140)
Variables Mean (standard deviation) or n (%)

Age (years) 51.89 (19.25)

Sex (female) 109 (77.9%)

Weight (kg) 70.71 (9.86)

Height (m) 1.65 (0.07)

Body mass index (kg/m2) 25.79 (3.33)

Chronicity (months) 90.37 (53.59)

Physical activity (no) 93 (66.4%)

Numeric Pain Rating Scale (score, 0–10) 5.79 (1.74)

Lower Extremity Functional Scale  

20 items (score, 0–80) 58.45 (11.72)

10 items (score, 0–40) 28.57 (6.57)

Pain site  

Knee 100 (71.4%)

Foot 11 (7.9%)

Leg 9 (6.4%)

Ankle 9 (6.4%)

Thigh 8 (5.7%)

Hip 3 (2.1%)

Diagnosis  

Knee osteoarthritis 77 (55%)

Anterior knee pain 16 (11.4%)

Plantar fasciitis 9 (6.4%)

Muscle strain 8 (5.7%)

Ankle sprain 6 (4.3%)

Medial tibial stress syndrome 6 (4.3%)

Tendinitis 5 (3.6%)
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Variables Mean (standard deviation) or n (%)

Anterior cruciate ligament injury 4 (2.9%)

Meniscus tear 3 (2.1%)

Muscle contusion 3 (2.1%)

Fracture 2 (1.4%)

Femoroacetabular impingement 1 (0.8%)

The long version of the LEFS with one domain and 20 items was tested using CFA. The �t index values
were inadequate (chi-square/DF > 3, TLI and CFI < 0.90, RMSEA and SRMR > 0.08), as shown in the
second line of Table 2. Therefore, the LEFS reduction was performed based on the modi�cation indices,
as shown in Table 3, generating a one-dimensional structure of the LEFS with 10 items (LEFS-10).

Table 2
Con�rmatory factor analysis of the �ve proposed Lower Extremity Functional Scale models tested (n = 

140)
Models Chi-

square/DF
CFI TLI RMSEA (90% CI) SRMR AIC BIC

Model
1

1.88 0.975 0.968 0.079 (0.049,
0.109)

0.058 3287.063 3345.896

Model
2

3.77 0.817 0.796 0.141 (0.130,
0.153)

0.131 6595.364 6713.030

Model
3

3.77 0.855 0.830 0.141 (0.125,
0.157)

0.117 4906.446 4994.695

Model
4

3.48 0.863 0.840 0.134 (0.118,
0.150)

0.114 4914.434 5002.683

Model
5

3.26 0.870 0.848 0.128 (0.112,
0.144)

0.111 4927.428 5015.677

DF: degrees of freedom; CFI: comparative �t index; TLI: Tucker-Lewis Index; RMSEA: root mean square
error of approximation; CI: con�dence interval; SRMR: standardized root mean square residual; AIC:
Akaike information criterion; BIC: Bayesian information criterion. Model 1: Structure with one domain
and 10 items proposed in this study; Model 2: Structure with one domain and 20 items published by
Pereira et al. 7; Model 3: Structure with one domain and 15 items published by Bravini et al. 12; Model
4: Structure with one domain and 15 items published by Alnahdi 13; Model 5: Structure with one
domain and 15 items published by Repo et al. 14.
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Table 3
Reduction of the Lower Extremity Functional Scale items based on modi�cation indices and factor

loadings from con�rmatory factor analysis
Redundant
items

Item description MI Factor
loading

Item
deleted

Decision 1        

Item 18 Making sharp turns while running fast. 68.962 0.772 Item 19

Item 19 Hopping. 0.709

Decision 2        

Item 3 Getting into or out of the bath. 20.693 0.634 Item 3

Item 14 Standing for 1 hour. 0.650

Decision 3        

Item 16 Running on even ground. 19.169 0.717 Item 17

Item 17 Running on uneven ground. 0.649

Decision 4        

Item 7 Lifting an object, like a bag of groceries from
the �oor.

17.355 0.652 Item 8

Item 8 Performing light activities around your home. 0.565

Decision 5        

Item 10 Getting into or out of a car. 16.987 0.690 Item 20

Item 20 Rolling over in bed. 0.512

Decision 6        

Item 10 Getting into or out of a car. 14.906 0.690 Item 10

Item 18 Making sharp turns while running fast. 0.772

Decision 7        

Item 11 Walking 2 blocks. 12.677 0.783 Item 12

Item 12 Walking a mile. 0.686

Decision 8        

Item 5 Putting on your shoes or socks. 11.667 0.694 Item 5

Item 11 Walking 2 blocks. 0.783

MI: Modi�cation indices.
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Redundant
items

Item description MI Factor
loading

Item
deleted

Decision 9        

Item 4 Walking between rooms. 11.552 0.642 Item 4

Item 14 Standing for 1 hour. 0.650

Decision 10        

Item 2 Your usual hobbies, recreational or sporting
activities.

10.825 0.590 Item 2

Item 18 Making sharp turns while running fast. 0.772

MI: Modi�cation indices.

The internal structure of LEFS-10, here called Model 1, with one domain and 10 items (1, 6, 7, 9, 11, 13, 14,
15, 16 and 18), was compared with other structures proposed in the literature (Table 2), as follows: Model
2, structure with one domain and 20 items, published by Pereira et al. 7; Model 3, structure with one
domain and 15 items (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 19 and 20), published by Bravini et al. 12; Model
4, structure with one domain and 15 items (1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 17 and 20), published by
Alnahdi 13; and Model 5, structure with one domain and 15 items (1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 19
and 20), published by Repo et al. 14.

The LEFS-10 was the only structure that showed adequate �t indices (chi-square/DF = 1.88, CFI = 0.975,
TLI = 0.968, RMSEA = 0.079, and SRMR = 0.058), in addition to presenting the lowest values of the AIC
and BIC (Table 2). The Brazilian Portuguese and English versions of the LEFS-10 are available in
Supplements 1 and 2, respectively. Figure 1 presents the adequate factor loading (> 0.40) of the 10 items
of the LEFS, explained by the functionality domain.

Criterion validity was assessed using the long version of the LEFS with 20 items as the gold standard
instrument. Thus, we correlated the long version with the 10-item short version proposed in this study and
observed a correlation magnitude (rho) of 0.911 (p value < 0.001) according to Spearman’s correlation
coe�cient.

Discussion
Our results indicate that the LEFS with 10 items has the best internal structure for measuring lower limb
functionality, in addition to properly correlating with the long version of the instrument, which was
originally created with 20 items 23. However, the structure of the instrument has been contested,
especially because the items present similar behaviors, generating redundancy in the instrument 13.
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Previous studies proposed the reduction of the LEFS, generating an instrument with one domain and 15
items based on Rasch analysis: the Italian version excluded items 12, 15, 16, 17 and 18 12; the Arabic
version deleted items 2, 11, 16, 18 and 19 13; and the Finnish version deleted items 10, 11, 16, 17 and 18
14. Therefore, only items 16, 17 and 18 were common exclusions across the three versions presented.

Items 2, 3, 4, 5, 8, 10, 12, 17, 19 and 20 were excluded for the formulation of the LEFS-10. These items
showed redundancy with other LEFS items and, during the instrument re�nement methodology, items
with the lowest factor loadings were excluded. Therefore, structural equation modeling guided the
exclusion of items. However, in order for the reduced version of the LEFS not to deviate from the
evaluative theoretical aspect, all of the authors of this study analyzed the LEFS-10 and agreed with the
remaining items.

In terms of criterion validity, the LEFS-10 showed a correlation magnitude above 0.90 with the long
version of the instrument. This �nding indicates that, even with the exclusion of 10 items, the
measurement capacity of the LEFS-10 remained very close to the original version. COSMIN indicates that
correlations above 0.70 are su�cient for criterion validity 10. In addition, the internal structure of the
LEFS-10 presented the best �t indices and lower AIC and BIC values when compared to other structures
proposed in the literature, which provides methodological robustness to support its use in the clinical
environment and in research.

Our results are in agreement with the most recent proposals in terms of bringing science and patients
closer together, because, in recent years, scientists have made an effort to improve the assessment tools
available in the literature, aiming to improve clinical applicability by reducing the number of redundant
items, thus, assessment routines will become more objective and consequently less stressful for patients
and professionals, considering which in the context of the health, less is more.

The present study has limitations that must be considered in the interpretation and extrapolation of our
results. Most of our sample was composed of women, and knee osteoarthritis was the predominant
diagnosis. The proposal presented here to reduce the LEFS was based on the Brazilian version of the
instrument. Therefore, we strongly recommend that LEFS-10 be tested in other languages and countries,
as culture can in�uence response patterns 24.

Conclusion
The LEFS-10 is a proposal for a short version of the LEFS instrument with the most adequate internal
structure, in addition to being satisfactorily correlated with the long version of the instrument. Therefore,
we recommend the use of the LEFS-10 in Brazilian patients with lower limb dysfunction.

Clinical Messages
LEFS-10 is a short version of the instrument with the most adequate internal structure.
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LEFS-10 is satisfactorily correlated with the longer version of the instrument.

LEFS with 10 items have the best internal structure for measuring lower limb functionality
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Figure 1

Path diagram of the 10-item Lower Extremity Functional Scale. All factor loadings above 0.40. The dotted
line indicates the �rst factor item. The thicker the line, the greater the factor loading. F: Functionality.
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