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D
etermining return-to-play status after injury can be difficult. 
This decision is often complex and subjective, combining input 
from physicians, athletes, physical therapists, athletic trainers, 
and coaches. In addition, the factors included in a return-

to-play decision go beyond health and rehabilitation status, such as 
pressure to help the team or desire to “get back in the game.”11 Such

factors may influence return to sport par-
ticipation before players have regained 
full function of the injured limb, which 
may increase the chance of reinjury.8

Reinjury rates can be 4 times the 
rates of initial injury.8 Reinjury in the 

lower extremities is even more frequent 
than overall reinjury rates and is most 
common in the knee or ankle.1,2,19 Arna-
son et al1 reported that previous ankle or 
knee sprain resulted in a 5-fold risk of 
incurring an ankle or knee sprain dur-

ing a soccer season. A volleyball study 
by Bahr and Bahr2 showed similar re-
sults, with 79% of all ankle sprains dur-
ing a season being repeat sprains. This 
susceptibility to reinjury may occur be-
cause full function has not returned to 
the injured limb or abnormal movement 
patterns exist that may contribute to the 
initial injury.

Ideally, clinicians should adopt stan-
dardized testing procedures to make 
informed return-to-play decisions. Stan-
dardized functional testing can be used 
throughout rehabilitation to assess limb 
function by comparing functional perfor-
mance to preinjury data or to normative 
data from healthy uninjured athletes. 
Functional deficits can be revealed by 
functional performance testing that in-
volves high-level exercise maneuvers that 
mimic the demands placed on the limb 
during athletic activities.3,6

Existing Lower Extremity  
Functional Performance Tests
The single-leg hop, timed hop, triple hop, 
and crossover hop were first combined by 
Noyes and colleagues13 into a hop test se-
quence. However, this hop test sequence 
was found to have low sensitivity with 
respect to identifying lower extremity 
abnormalities, as it was only able to cor-
rectly identify half of the patients with 
anterior cruciate ligament deficiency in 
the population tested.13 Thus, it was sug-
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gested that the hop test sequence be used 
in conjunction with other clinical assess-
ments to better identify underlying de-
ficiencies.13 Test-retest reliability for the 
hop test sequence has been shown to be 
high in various studies involving different 
populations.3,12,13,15,17

Functional performance tests involv-
ing endurance also have been developed 
and studied. The square hop, for which 
acceptable test-retest reliability has been 
shown,9 involves hopping in and out of a 
square while moving clockwise. This test 
measures dynamic postural balance, co-
ordination, and strength of the thigh and 
calf muscles.5,7,9,14,22 The lower extremity 
functional test (LEFT) is a multidirec-
tional test composed of 8 different tasks.20 
The LEFT addresses multidirectional 
movement and has been established as 
a reliable assessment tool. However, its 
developers have suggested that it should 
not be used as a standalone test but in 
conjunction with other clinical measure-
ments and functional performance tests 
for a more comprehensive return-to-play 
assessment.20

The Functional Lower  
Extremity Evaluation
The Functional Lower Extremity Evalu-
ation (FLEE) was created by a collabo-
ration of sports medicine personnel 
(physicians, physical therapists, and ath-
letic trainers) at Stanford University. The 
goal of developing the FLEE was to com-
pile a comprehensive battery of tests to 
assess the rehabilitation status of athletes 
who sustain various lower extremity in-
juries. The essential categories measured 
during functional performance testing 
have been described by Reiman and 
Manske16: balance and proprioception; 
speed and agility; anaerobic and aerobic 
conditioning; as well as muscle flexibil-
ity, strength, power, and endurance. More 
specifically, the following 10 clinical com-
ponents have been identified in the litera-
ture as important variables with respect 
to normal lower extremity function: hip/
knee/foot alignment,6,9,19 balance,4,8,15 ac-
curacy of foot placement,8,15 strength,3,8,12 

endurance,20 coordination,5,8 agility,5 
control in multiple planes of direction,3 
landing technique,3 and deceleration 
control.16 With these components in 
mind, the FLEE was designed as a com-
prehensive battery of 8 tasks.

The 8 tasks that comprise the FLEE 
(in order) are the timed lateral step-
down, lateral leap and catch, single-leg 
hop, timed hop, triple hop, crossover 
hop, square hop, and LEFT (FIGURE 1). 
The FLEE tasks were ordered to in-
crease in complexity from the least to 
the most functionally demanding. This 
was done for safety reasons, due to the 
higher demands imposed on the muscu-
loskeletal system by the later tests. For 
example, rehabilitating athletes who ex-
perience pain during single-leg squats 
(test 1) would not be progressed to hop-
ping tests, which involve movements that 
require greater skill. The square hop and 
LEFT add multiple planes of direction 
at a rapid pace, making these the most 
demanding on the lower extremities. 
The FLEE battery of tests takes 45 min-
utes to complete, which more closely re-
sembles the amount of time an athlete 
would spend in an actual sport activity. 
Therefore, the inclusion of the 8 tests in 
the FLEE creates a comprehensive low-
er extremity functional assessment that 
builds in complexity and mimics the time 
spent and/or endurance required during 
a sporting event.

The purpose of the current study was 
to establish the face validity of the FLEE, 
as well as to determine test-retest and in-
terrater reliability of the FLEE. A second-
ary purpose was to report FLEE scores 
for healthy individuals. This study is an 
important step in creating a standardized 
lower extremity functional performance 
test to determine return-to-play status 
following lower extremity injury and/or 
surgery.

METHODS

Face Validity Survey

F
ollowing the creation of the 
FLEE, a face validity survey was 
sent to California sports physical 

therapists, Pacific-12 Conference athletic 
trainers, and sports medicine physicians 
(approximately 200 surveys total). Re-
spondents (n = 73) had an average of 13 
years of experience in sports medicine 
settings. The input of these individuals 
was deemed important, because sports 
medicine personnel typically make func-
tional performance assessments for re-
habilitating athletes. Respondents were 
asked to evaluate the level of importance 
of each FLEE test as being “not at all im-
portant,” “minimally important,” “some-
what important,” “important,” or “very 
important.” Participants also reported the 
frequency of use of each test in evaluating 
athletes as 0% to 10%, 10% to 25%, 25% 
to 40%, 40% to 55%, 55% to 70%, 70% to 
85%, or 85% to 100% of the time. In our 
assessment of the survey responses, we 
considered high importance to be scores 
of “important” or “very important” and 
frequent use to be usage ranging from 
70% to 100% of the time. The Stanford 
University Institutional Review Board 
approved distribution of this survey, and 
responses were deidentified.

Subjects
Study participants consisted of 49 un-
injured collegiate athletes, who were re-
cruited from Stanford University’s field, 
court, or running sports. Informed con-
sent was obtained from all participants, 

Control sequence:
  1. Timed lateral step-down
  2. Timed leap and catch
Hop sequence:
  3. Single-leg hop for distance
  4. Single-leg timed hop
  5. Single-leg triple hop for distance
  6. Crossover hop for distance
Endurance sequence:
  7. Square hop test
  8. LEFT

FIGURE 1. The FLEE 8-test battery. The tests listed 
in this box represent the 8 tests of the FLEE battery, 
subdivided into their respective focus sequences. 
Abbreviations: FLEE, Functional Lower Extremity 
Evaluation; LEFT, lower extremity functional test.
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per the study protocol approved by the 
Stanford University Institutional Review 
Board, and the rights of the study partici-
pants were protected. Nine participants 
dropped out between the first and second 
testing sessions due to reasons unrelated 
to the study (eg, illness, pain from work-
outs, or scheduling conflicts); thus, 40 
subjects completed the study protocol 
(TABLE 1).

Raters
The present study utilized 3 raters: a 
physical therapist, an athletic trainer, 
and a research assistant. The physical 
therapist had 11 years of experience as an 
athletic trainer and 9 years as a physical 
therapist, and the athletic trainer had 8 
years of sports medicine experience. Both 
raters were full-time clinicians who had 
several months to several years of experi-
ence with each of the FLEE tests. The re-
search assistant practiced administering 
and rating the FLEE for 3 months and 
was thoroughly trained and evaluated by 
the director of physical therapy prior to 
evaluating study participants. All 3 rat-
ers were provided with a manual of pro-
cedures detailing how to administer and 
rate the FLEE.

The research assistant administered 
and scored both testing sessions for each 
athlete, and the other 2 raters scored each 
athlete during either the first or second 
testing session. Before each test on both 
testing days, the research assistant pro-
vided subjects with verbal instructions. 
The other raters did not give any instruc-
tions to subjects, and independently 
graded each test. All raters were blinded 
to each other’s scores.

Procedures
Test sessions began with a 5-minute 
warm-up on a stationary bike. Each sub-
ject was tested on 2 occasions separated 
by 1 week. On day 1, subjects performed 
the first 7 FLEE tests and a submaximal 
trial of test 8 (LEFT). The LEFT was 
not performed and scored on day 1 due 
to time constraints, pre-established reli-
ability, and the test’s expected learning 

curve.20 The LEFT’s complexity makes 
motor-learning effects more likely after 
several test exposures.20

For the tests performed on a single leg, 
subjects began testing on their dominant 
limb, identified as the side used to kick 

TABLE 1 Subject Characteristics by Sex

*Values are mean  SD.

Men (n = 22) Women (n = 18) Total (n = 40)

Age, y* 20.7  1.8 19.9  1.4 20.4  1.6

Age range, y 18-24 18-22 18-24

Height, cm* 181.9  5.3 165.6  6.1 174.6  9.9

Limb dominance, n

Right 19 14 33

Left 3 4 7

Sport, n

Field hockey 0 3 3

Gymnastics 0 2 2

Rugby 6 5 11

Soccer 11 2 13

Track 1 0 1

Triathlon team 3 3 6

Volleyball 0 3 3

Wrestling 1 0 1

FIGURE 2. Timed lateral step-down. (A) Starting position with the squatting foot on the step and the other beside 
it. (B) Squat position with the nonsquatting heel lightly tapping the foam mat (or ground). The athlete alternates 
between positions A and B each time the metronome clicks (at 80 bpm).
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a ball. Limb symmetry indices were re-
corded as the score of the nondominant 
compared to the dominant leg. All FLEE 
testing took place in the Stanford Univer-
sity Human Performance Laboratory.

Control Sequence (Tests 1 to 2)
Test 1  The timed lateral step-down in-
volves continuous single-leg squats on 
a step with hands on hips, and requires 
that subjects gently tap the heel to the 
ground with the toe pointed upward 
during each squat (FIGURE 2). Step height 
was adjusted such that a 60° to 70° knee 
flexion angle was achieved when the heel 
touched the ground. A metronome was 
used to keep an 80-bpm pace, with each 
click signaling the subject to flex or ex-
tend the knee. Subjects were instructed 
to maintain neutral limb alignment 
during the test, which continued until 
3 faulty movement-pattern strikes were 
made, the athlete chose to stop for rea-
sons such as pain or inability to continue, 
or 180 seconds had passed. Strikes were 
given for the presence of knee valgus, loss 
of balance, falling off pace, or the hands 
coming off the hips. The recorded mea-
sure was the total time (seconds) prior to 
obtaining 3 strikes, as recorded by each 
rater using a stopwatch. During pilot 
testing, we defined knee valgus as the 
center of the patella moving medial to 
the first toe. When multiple raters were 
present, they were physically shielded 

from each other and held up clipboards 
with large X’s on the back to indicate 
when they had recorded 3 strikes. Sub-
jects were instructed to stop before the 
180-second time limit if all 3 testers re-
corded 3 strikes.
Test 2  The lateral leap and catch in-
volved continuous unilateral jumping 
from one foot to the other over lines set 
at a distance of 60% body height. Sub-
jects were allowed to practice prior to 
testing. The test lasted 60 seconds, with 
a metronome keeping a 40-bpm pace 
(each click indicating 1 jump). During 
each landing, body weight had to be 
transferred to the landing limb such that 
proper landing mechanics were achieved 
(eg, no pelvic drop or valgus at the knee). 
The number of times a line was not com-
pletely crossed was documented. Up to 
3 strikes were given for faulty maneu-
vers, such as knee valgus, pelvic drop, 
or significant loss of balance. Because 
none of the subjects received 3 strikes, 
all scores were based on the number of 
lines crossed during the 60 seconds. If a 
subject were to receive 3 strikes, the test 
would be terminated and the time of the 
test termination recorded.

Hop Test Sequence (Tests 3 to 6)
The hop test sequence (FIGURE 3) was 
performed as described by Noyes et al.13 
The tests included in this sequence were 
the single-leg hop, timed hop over a 6-m 

course, triple hop, and crossover hop, in 
which the subject hopped 3 times over 2 
lines set 15 cm apart. Subjects first were 
allowed to practice on the dominant leg 
at approximately 50% and 75% effort, 
then performed 3 maximum-effort tri-
als. The hop tests were next performed 
on the nondominant leg. The outcome for 
the timed hop was the time to cover 6 m, 
and the outcome for the remaining hop 
tests was maximum distance.

Single-leg hop
for distance

Single-leg 
timed hop

Single-leg 
triple hop

Crossover hop 
for distance

6 m

Total
distance

6 m 6 m 6 m

Total
distance

Total
distance

FIGURE 3. Diagrammatic representation of the hop test sequence: single-leg hop for distance, single-leg timed hop 
test, single-leg triple hop for distance, and crossover hop for distance.13,15 Reprinted with permission from Noyes et 
al.13 Copyright © 1991 SAGE Publications.

FIGURE 4. Square hop test. The subject begins at 
the bottom of a 40 × 40-cm square, hops in, left, and 
so on clockwise around the square.5 Reprinted with 
permission from Caffrey et al.5 Copyright © 2009 
Journal of Orthopaedic & Sports Physical Therapy®.

3,4,5,6

1,2

B

C C

D

Layout for 1-6 Layout for 7-8

A

B D

A

FIGURE 5. Diagrammatic representation of the lower 
extremity functional test. For the lower extremity 
functional test, cones are placed at positions A, B, 
C, and D to form a diamond shape, with 30 × 10-ft 
cross-sections. Subjects perform the following tasks 
in order: (1) forward run (A-C-A), (2) backward run 
(A-C-A), (3) side shuffles around the perimeter 
(A-D-C-B and back from A-B-C-D), (4) cariocas 
around the perimeter, (5) figure-of-eight runs around 
the perimeter (looping around cones C and A), (6) 
45° cuts around the perimeter (cutting at B and D), 
(7) 90° cuts (A-D-B and back from A-B-D), (8) 90° 
crossover cuts over the inside foot (A-D-B and back 
from A-B-D), (9) forward run, and (10) backward run.
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For the single-leg hop, triple hop, and 
crossover hop, subjects were instructed to 
hold the landing position for 2 seconds. Af-
ter 2 seconds, subjects could put the other 
foot down but were instructed not to move 
the landing foot until all 3 raters had mea-
sured the jump distance based on where 
the heel landed. Raters independently 
determined disqualification based on “not 
sticking the landing” (not holding the land-
ing for 2 seconds) or on the hands coming 
off of the hips. The average distance of the 
3 hop trials was used. Disqualified trials 
were excluded from the average.

Endurance Sequence (Tests 7 to 8)
Test 7  The square hop test (FIGURE 4) was 
performed as described by Caffrey et al.5 
Subjects hopped clockwise for 30 seconds 
by jumping clockwise on 1 leg, in and 
out of a 40 × 40-cm box drawn on the 
ground. During testing, the subject stated 
the number of each revolution aloud, and 
the rater silently marked the number of 
times the participant’s foot hit a line. The 
subject stopped after 30 seconds, and the 
final score was number of lines crossed 
minus number of lines hit. Subjects were 
allowed to practice before starting the 

test and were not permitted to touch the 
contralateral foot to the ground during 
testing.
Test 8  The LEFT (FIGURE 5) is composed 
of 8 multidirectional drills performed 
in each direction continuously in a 16-
step sequence within a diamond-shaped 
course.4 The test order consisted of a 
forward run, backward run, side shuffle 
right/left, carioca right/left, figure-of-
eight run right/left, 45° cuts right/left, 
90° cuts right/left, 90° crossover cuts 
right/left, forward run, and backward 
run. Subjects were familiarized with the 
LEFT 1 week prior to and immediately 
before the timed trial. The score for the 
LEFT was the time to complete the full 
sequence, as measured with a stopwatch. 
The LEFT was performed only to obtain 
normative values, not for test reliability.

Statistical Analysis
SPSS for Windows Version 21.0 (SPSS 
Inc, Chicago, IL) was used for all sta-
tistical analyses. Reliability for the first 
7 tests was assessed using the intraclass 
correlation coefficient (ICC) and 95% 
confidence intervals. An ICC model 3,1 
was used to assess test-retest reliability, 
and an ICC model 2,1 was used to assess 
interrater reliability. In both cases, the 
single-measures ICC statistic was used 
to investigate whether the scores for 2 
consecutive test sessions were similar and 
whether the judgment of each rater was 
the same as the others.

The ICC values range from 0 to 1. Val-
ues ranging from 0.90 to 1.00 were con-
sidered excellent reliability, 0.80 to 0.90 
high reliability, and 0.60 to 0.80 moder-
ate reliability.10,18,21 The standard error of 
measurement (SEM) and smallest real 
difference (SRD) were calculated from 
ICCs using the formulas SD × √1 – ICC 
and 1.96 × √2 × SEM, respectively. For 
the 6 single-leg tests, we also analyzed 
limb symmetry scores by sex by calculat-
ing means and 95% confidence intervals 
of the averaged scores from the 3 differ-
ent raters. Mean  SD values also were 
calculated for each test for both sexes and 
limbs to provide normative data.

0
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 %

Leap and Catch

High importance

Square Hop Crossover Hop Timed Hop Triple Hop LEFT Single-Leg Hop Lateral 
Step-down

20

30

40

50

60

70

80

Frequent use

FIGURE 6. Level of importance versus clinical usage of lower extremity functional performance tests. The 
percent of sports medicine personnel (physicians, physical therapists, and athletic trainers) giving each test a 
high importance rating is compared to the frequency of their clinical usage of the test. Abbreviation: LEFT, lower 
extremity functional test.

TABLE 2 Test-Retest Reliability

Abbreviations: ICC, intraclass correlation coefficient; SEM, standard error of measurement; SRD, 
smallest real difference.
*Values in parentheses are 95% confidence interval.

Test ICC3,1* SEM SRD

Lateral step-down, s 0.77 (0.67, 0.85) 22.4 62.1

Leap and catch, lines missed 0.71 (0.52, 0.84) 1.2 3.4

Single-leg hop, cm 0.91 (0.87, 0.94) 7.7 21.3

Timed hop, s 0.92 (0.88, 0.95) 0.1 0.3

Triple hop, cm 0.95 (0.92, 0.97) 25.1 69.7

Crossover hop, cm 0.94 (0.91, 0.96) 26.1 72.5

Square hop, lines crossed 0.83 (0.75, 0.89) 5.8 16.0
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RESULTS

Face Validity Survey

R
esponses from the face validity 
survey are shown in FIGURE 6. The 
range of percent of respondents who 

rated tasks as being of high importance 
was 58% to 71%, whereas the range of 
percent of respondents who rated tasks as 
being frequently used was 26% to 45%.

Reliability
A summary of the results of the FLEE 
tests (excluding the LEFT) is provided in 
TABLES 2 and 3. The ICC values for test-
retest reliability ranged from 0.71 for the 
leap and catch test to 0.95 for the triple 
hop test. The interrater reliability ICC 
values ranged from 0.83 for the lateral 
step-down test to 1.00 for the single-leg, 
triple, and crossover hop tests.

Normative Values
Mean  SD values by sex and limb for all 
tests are provided in TABLE 4. Average limb 
symmetry indices ranged from 98.6% for 
the triple hop and timed hop to 114.4% 
for the lateral step-down (TABLE 5).

DISCUSSION

Face Validity Survey

T
he ratings of high importance 
of the tests contained within the 
FLEE were found to be 1.5 to 2 

times greater than the frequency of 
use. This discrepancy indicates that the 
FLEE tests are considered important but 
under utilized by sports medicine person-
nel. Part of the reason that these tests are 
underutilized may be that the reliability 
and normative values of the tests have 
not been reported. Therefore, providing 
reliability and normative data for healthy 
athletes may increase the frequency of 
use of the FLEE tests to better match 
their level of perceived importance in as-
sessing lower extremity function.

Reliability
The FLEE tests evaluated had test-retest 
ICC values of 0.71 to 0.95 and interrater 

reliability ICC values of 0.83 to 1.00, indi-
cating that each demonstrated acceptable 
repeatability for sports injury research.10 
The timed lateral step-down and lat-
eral leap and catch tests had moderate 
(ICC<0.80) test-retest and high (ICC = 
0.80-0.90) interrater reliability, whereas 
the other tests had high to excellent test-
retest reliability (ICC>0.80) and excel-
lent interrater reliability (ICC>0.90). The 
relatively lower reliability for the control 
sequence tests is likely due to greater sub-
jectivity in scoring. Because raters gave 
strikes based on qualitative decisions, dis-
crepancies in scoring could occur between 
raters or between multiple tests conducted 
by a single rater. Although these qualita-
tive tests were more subjective, they were 
deemed necessary for a comprehensive 
test battery to indicate faulty movement 
patterns that may result in reinjury.

Previous studies have assessed test-
retest reliability for the hop test sequence 
but not interrater reliability. Test-retest 
reliability for single-leg, triple, and cross-
over hops in healthy individuals has been 
reported to range from 0.92 to 0.97, with 
timed hop scores as low as 0.66.3,12,17 Ross 
et al17 reported timed hop test-retest reli-
ability of 0.92 in Air Force cadets, which 
is consistent with the findings of the pres-
ent study. Lower ICC values (0.66) have 
been reported in untrained subjects com-
pared to cadets or collegiate athletes, who 
had higher ICC values (0.92).3,12,17 Test-
retest data based on SEM values have 

been reported as being 4.51 to 7.93 cm 
for the single-leg hop, 0.06 to 0.13 sec-
onds for the timed hop, 11.17 to 23.18 cm 
for the triple hop, and 15.95 to 21.16 cm 
for the crossover hop.3,12,17 The SEM val-
ues in our study were slightly higher for 
triple and crossover hops (25.1 and 26.1 
cm, respectively), which might have been 
due to fatigue resulting from the multiple 
tasks evaluated as part of the FLEE. Ad-
ditionally, Gustavsson et al9 reported test-
retest reliability for the square hop (ICC = 
0.85), which was similar to our ICC value 
of 0.83. Our study did not measure test-
retest reliability for the LEFT, but Tabor 
et al20 reported reliability to be excellent 
(ICCs ranging from 0.95 to 0.97, with an 
SEM of 1.7 to 1.9 seconds).

Our SEM and SRD values for the 
FLEE provide information for judging 
an athlete’s score in the context of regular 
variation in performance or true differ-
ence. For example, the SEM for single-leg 
hop test-retest reliability indicates that 
a 7.7-cm difference in an athlete’s per-
formance is within 1 SD of the athlete’s 
previous score. Additionally, the SRD in-
dicates that 21.3 cm is the smallest differ-
ence in a score required to signify a real 
difference in performance.

Normative Values
Normative data from the sample of the 
present study were stratified by sex to de-
termine normal FLEE ranges for healthy 
male and female athletes. Based on these 

TABLE 3 Interrater Reliability

Abbreviations: ICC, intraclass correlation coefficient; SEM, standard error of measurement; SRD, 
smallest real difference.
*Values in parentheses are 95% confidence interval.

Test ICC2,1* SEM SRD

Lateral step-down, s 0.83 (0.76, 0.88) 20.7 57.3

Leap and catch, lines missed 0.85 (0.76, 0.91) 0.8 2.1

Single-leg hop, cm 1.00 (1.00, 1.00) 1.7 4.8

Timed hop, s 0.93 (0.89, 0.95) 0.1 0.3

Triple hop, cm 1.00 (0.99, 1.00) 5.6 15.5

Crossover hop, cm 1.00 (1.00, 1.00) 4.7 13.0

Square hop, lines crossed 0.98 (0.98, 0.99) 1.9 5.1
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data, functional performance of the re-
covering athlete could be compared to 
that of healthy athletes to see how they 
should perform once full function has 
been regained. Clinically, a rehabilitating 
athlete’s FLEE scores could be compared 
to these normative scores; however, there 
is great variation in what would be con-
sidered normal for a specific athlete. 
Limb symmetry data provide additional 
information that may be clinically im-
portant. For example, during the triple 
hop the nondominant limb performed at 
98.6% of the dominant limb. Though this 
slight variation between limbs may be 
considered normal, a significantly larger 
side-to-side difference would not.

For the hop test sequence, the mean 
values of our male subjects were gener-

ally better than those of recreational ath-
letes and worse than those of Air Force 
cadets, as previously reported.12,17 In con-
trast, women scored the same or better 
than recreational athletes and better than 
nonspecified subjects for all tests.3,12 With 
respect to the LEFT, means and ranges 
for men were similar to those of male 
collegiate varsity lacrosse players, as re-
ported by Tabor et al.20 Furthermore, our 
subjects had similar LEFT scores to those 
of Division III collegiate athletes, as re-
ported by Brumitt et al.4

Limitations
A limitation of the present study was that 
only 1 of the 3 raters gave instructions to 
the subjects, although the 3 raters inde-
pendently assessed subject scores. There-

fore, the real-life situation of each rater 
administering and scoring the test was 
not exactly met. A second limitation of 
our study was that normative data can 
vary by sport, and there were not enough 
participants per sport to provide sport-
specific data. As such, our reported values 
may not apply individually to the sports 
represented.

CONCLUSION

T
est-retest and interrater reli-
ability values of the tests that com-
prise the FLEE were found to be 

acceptable. The next step in establishing 
the FLEE as a standardized functional 
performance test is to evaluate how in-
jured athletes perform on the FLEE 
by measuring interrater reliability and 
FLEE scores for injured athletes at dif-
ferent stages of rehabilitation. Test-retest 
reliability cannot be tested easily in an 
injured population, as improvements in 
function can occur quickly owing to the 
rehabilitation process. Follow-up valid-
ity studies will examine concurrent and 
predictive validity, as well as changes in 
reinjury rates of athletes after using the 
FLEE. The normative data provided in 
this study permit comparison of a re-
habilitating athlete’s functional ability 
to the expected performance values of 
healthy, uninjured athletes. However, 
preinjury and postinjury comparisons 
would also be informative, as these val-
ues would be athlete specific. This study 
is the first step in establishing the FLEE 
as a standardized functional performance 
test that could help reduce lower extrem-
ity reinjury rates in athletes. t

KEY POINTS
FINDINGS: Test-retest reliability was mod-
erate to excellent (ICC3,1 = 0.71-0.95) 
and interrater reliability was high to ex-
cellent (ICC2,1 = 0.83-1.00) for the tests 
that comprise the FLEE.
IMPLICATIONS: This study demonstrated 
the reliability of the FLEE’s compre-
hensive testing protocol in healthy ath-
letes and provided normative values to 

TABLE 4
Normative Values of the Functional  

Lower Extremity Evaluation  
Test by Sex and Dominant Limb*

Abbreviation: LEFT, lower extremity functional test.
*Values are mean  SD.
†Bilateral task; data apply to both legs.

Men

Test
Dominant Leg  

(19 Right, 3 Left)
Nondominant Leg 
(3 Right, 19 Left)

Dominant Leg  
(14 Right, 4 Left)

Nondominant Leg 
(4 Right, 14 Left)

Lateral step-down, s 114  50 126  48 131  39 122  50

Leap and catch, lines missed 2  2† 1  2†

Single-leg hop, cm 184.5  14.6 183.9  16.5 144.1  16.0 141.7  16.3

Timed hop, s 1.9  0.2 1.9  0.2 2.3  0.4 2.4  0.3

Triple hop, cm 546.1  58.1 542.4  62.9 410.2  45.2 397.9  45.6

Crossover hop, cm 493.2  64.9 493.2  71.5 368.0  49.0 367.3  53.0

Square hop, lines crossed 73  13 72  11 64  15 62  15

LEFT, s 109.4  9.7† 117.2  8.3†

Women

TABLE 5
Limb Symmetry for the Functional  
Lower Extremity Evaluation Test

*Values are mean (95% confidence interval) %.

Test Value*

Lateral step-down 114.4 (102.3, 126.4)

Single-leg hop 99.9 (97.9, 102.0)

Timed hop 98.6 (97.0, 100.3)

Triple hop 98.6 (96.8, 100.4)

Crossover hop 100.2 (98.0, 102.3)

Square hop 102.2 (93.7, 110.7)

44-12 Haitz.indd   953 11/17/2014   4:40:16 PM

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t C

al
if

or
ni

a 
St

at
e 

U
ni

ve
rs

ity
 F

ul
le

rt
on

 o
n 

N
ov

em
be

r 
28

, 2
01

7.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

01
4 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.



954 | december 2014 | volume 44 | number 12 | journal of orthopaedic & sports physical therapy

[ research report ][ research report ]

MORE INFORMATION
WWW.JOSPT.ORG@

guide the rehabilitation goals of injured 
athletes.
CAUTION: Reliability was reported in 
healthy athletes. As such, these results 
cannot be generalizable to injured  
persons.
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