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ABSTRACT

The present study aimed to evaluate and compare the jump distance, time and
limb symmetry index (LSI) of lower extremity within and among groups using the four
single-leg horizontal hop tests in healthy non-athletic subjects, collegiate football and
basketball athletes. There were single hop, triple hop, and cross-over hop tests which
measured distance and time while the 6-meter hop tested for time.

The results showed significant differences in the distances of single-leg hop
and cross-over leg hop tests comparing between dominant and non-dominant legs in
the healthy group (p<0.05). No significant differences were found between dominant
and non-dominant legs within other groups. There was no significant difference in
LSI or side-to-side difference in the jump distance and time between dominant and
non-dominant legs during the four single leg hop tests among groups (p>0.05).

Although there were significant differences between legs on the single hop test
and the cross-over hop test in healthy group, limb symmetry index was more than
95%. When compared among groups, there was no significant difference in jump
distance or time taken to complete the four single leg hop tests. This study showed
that each test can be chosen to assess the lower limb function in healthy male subjects
aged 18-25 years. Specifically the sports football and basketball did not effect the
performances of four single leg hop tests. Limb symmetry index (LSI) could be an
indicator of functional performance test in recovery from injury.

KEY WORDS: SINGLE LEG HOP / FUNCTIONAL PERFORMANCE / LOWER
EXTREMITIES
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CHAPTER |
INTRODUCTION

High incidence of lower extremity injuries have been reported in contact sports
such as football, basketball and rugby (1-14). Among the lower extremity joints, the
ankle (40%) and knee (25%) are found to be the major sites of injury. The common
diagnoses of these injures are sprains (50%), strains (17%), contusions (12%), and

fractures (5%) (7).

Bilateral asymmetry between the lower extremities has been proposed to be a
risk factor in lower extremity injuries in sports.(1, 3, 7, 13, 15-19) From a literature
review, there was a study in the assessment of the functional limitation in normal and
anterior cruciate ligament of the deficits knee as related to sports activity level, gender
and dominant side. The limb Symmetry Index (LSI) was observed during the single
leg hop for distance test and the one-legged timed hop test. The result has been shown
to be less than 15% side-to-side difference in the normal population (17). The
popularity of the LSI over other functional performance tests could be attributed to the
use of the uninjured limb as a control for within subject between limb comparisons.
Consequently, the result of the LSI could be used as a guideline for rehabilitation
outcomes and a return to sports. However, the athletes with anterior cruciate ligament
problem demonstrated a relatively higher side-to-side difference in muscle strength as
compared to the athletes without injury. The between-leg differences in strength may
be a result of task specific movement or preference of the athletes. For example,
football players always kick a ball with one leg only. Likewise, a volleyball player
commonly lands with a relatively larger weight on one leg as compared to the other.
Repeated movements and/or increased load imposed on one leg may lead to on

imbalance in muscle strength and/or flexibility between limbs.
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Between-limb symmetry of the lower extremity is commonly evaluated by using
functional tasks such as hop, jump, and squat (16-37). The limb symmetry index is
determined by comparing the outcome including jump distance and time duration,
observed between limbs (17, 26, 32, 33). The results of between-limb comparisons are
usually used as an indicator of an individuals’ status post injury. However, the LSI
has been shown to have a weak to moderate and non-significant correlation with
traditional clinical measures such as joint laxity and isokinetic muscle strength (17, 19,
26, 32, 33, 38, 39). This is because the traditional clinical tests are usually single joint

motion and not a functional action.

The single leg hop test has been used as a functional performance test to
evaluate functional limitations of subjects with knee ligament injury (17). It has been
shown that the single leg horizontal hop tests can be used as an indirect measure for
lower extremity strength, power and kinesthesia (26). Although it does not provide a
clinical diagnosis of injury, it serves as a screening tool for a functional performance
test in lower extremity injuries (16, 19, 26, 37, 40, 41). The LSI observed during the
single-leg horizontal hop test has been shown to be less than 15% side-to-side
difference in the normal population (17). The popularity of the LSI over other functional
performance tests could be attributed to the use of the uninjured limb as a control for
within subjects between limb comparisons (19). Consequently, the LSI could be used
as a guideline for rehabilitation outcomes and a return to playing sports (16-19, 21, 23,
28, 31-33, 42-47).

In general, a single leg hop test involves the jumping and landing movements of
the same leg. Variations of the single leg hop test have been developed and used to
test an athlete’s horizontal movement capacities (32, 33, 44, 48). The single hop for
distance involves a horizontal jump and landing on one leg. The triple hop for
distance employs three consecutive horizontal jumps and landing on the same leg.
The goal of these two variations is to maximally displace the total body center of mass
in the forward direction. The 6-m timed hop test measures the time taken to complete
forward hops over a predetermined 6-meter distance. Lastly, the crossover hop test
involves three consecutive horizontal hops crossing a center strip and the total distance
of the three hops is measured. The single hop for distance has been used as an

indicator of power, while the other three tests indicate power and endurance (18).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Physical Therapy) /3

For athletes in various sports, skill and training may lead to a difference between
limbs during the four single leg hop tests. It may result from workload, pedaling rate
and dominance specific tasks (kick a ball). When an athlete frequently plays his or her
own sport for a long time, limb asymmetry may occur. If limb asymmetry remains
between limbs, the set of functional training program for the athlete could be in error.
The establishment of an incorrect functional training program may delay an athlete’s
progress through the training process. By the way, the effectiveness of the four single
leg hop tests are an important part of a functional training program. If the series of
tests can be identified in various sports, the choosing of a specific test could occur for
the available sport. In this study, limb symmetry is determined in a clinical setting to
assess the differences in the functional performance between limbs in non-athletes and

athletes.

Therefore, the aim of this present study was to investigate the functional
performance of lower extremities in healthy non-athlete subjects, collegiate football

and basketball athletes.

Purpose of the Study

General Objective

The purpose of this study was to evaluate and compare the jump distance, time
and limb symmetry index (LSI) of the lower extremities using four single leg hop tests
in healthy non-athlete subjects, collegiate football athletes and collegiate basketball
athletes.

Specific Objectives

1) To compare the jump distance and time duration between dominant and non-
dominant legs during the four single leg horizontal hop tests within healthy non-
athlete, collegiate football and basketball athlete groups.

2) To compare the differences in the jump distance and time duration between
dominant and non-dominant legs during the four single leg horizontal hop tests among

healthy non-athlete, collegiate football and basketball athlete groups.
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3) To determine the Limb Symmetry Index (LSI) of jump distance and time
duration during the four single leg horizontal hop tests in healthy non-athlete,
collegiate football and basketball athlete groups.

4) To compare the LSI of jump distance and time duration during the four single
leg horizontal hop tests among healthy non-athlete, collegiate football and basketball
athlete groups.

Parameters of the Study

The following parameters were investigated in this study.
1 Jump distance (centimeters)
2 Time (seconds)

3 Limb Symmetry Index (LSI)

Scope of the Study

The study was focused on the jump distance generated and time duration used
between dominant and non-dominant legs during the four single leg horizontal hop
tests in order to assess the function of the lower extremities, as well as the symmetry
of the lower extremities. The results of this study describes the outcome measures of
both dominant and non-dominant legs; identifies the differences observed in the
outcome measures between legs, and between the groups of subjects. The three groups

of subjects were healthy non-athletes, collegiate football and basketball athletes.

Hypotheses of the Study

1) There were significant differences in the jump distance and time duration
between the dominant and non-dominant legs during the four single leg horizontal hop
tests within healthy non-athlete, collegiate football and basketball athlete groups.

2) There were significant differences in of the jump distance and time duration
between the dominant and non-dominant legs during the four single leg horizontal hop

tests among healthy non-athlete, collegiate football and basketball athlete groups.
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3) There were significant differences in the LSI of the jump distance and time
duration during the four single leg horizontal hop tests among healthy non-athlete,

collegiate football and basketball athlete groups.

Advantages of the Study

1 This study investigated limb symmetry in a clinical setting to assess the
differences in the functional performance between limbs within healthy non-athlete
subjects, collegiate basketball and football athletes. If the symmetry between limbs
existed after the four single leg hop tests, each test could be used to evaluate the lower
extremity symmetry. If the asymmetry existed within each group, the appropriate test
would be determined.

2 This study investigated limb symmetry among healthy non-athlete subjects,
collegiate basketball and football athletes. If asymmetry among the groups occurred,
the predominant test could be selected for the specific athlete. If there were no
differences in symmetry among the groups, each test of the four single leg hop tests
could be used to evaluate the lower extremity symmetry

3. The findings of this study, LSI could be used as a guideline for rehabilitation
outcomes and a return to playing sports in collegiate football and basketball athletes

after injury.
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CHAPTER I
LITERATURE REVIEW

2.1 Limb Symmetry

2.1.1 Definition of Limb Symmetry Index (LSI)

The Limb Symmetry Index (LSI) is the score of proportion in functional tasks
between limbs. The outcome variables during functional test are observed. The jump
distance generated and the time duration between limbs is the outcome of the
functional performance in lower extremities. The LSI is calculated by the mean of the
involved limb (non-dominant limb) divided by the mean of the noninvolved limb
(dominant limb). This result is multiplied by 100 (17, 19, 23, 26) and represented as a
percentage. Regarding the time calculation of the task, it is alternated as an algebraic

equation.

The uninjured limb has been used as a control limb within subjects (17, 21, 23,
31, 49, 50). The limb symmetry has been defined as less than 15% side to side
difference in the normal population score. It can be calculated quickly and easily in the

absence of statistical software.

Much literature has shown LSI as a variable to describe the proportion of
functional tasks in clinical measurements (16, 17, 19-23, 26, 32, 34, 36, 38). There are
many clinical measurements such as prone heel height (51), knee joint laxity (52-54),
isokinetic quadriceps and hamstring (55, 56), muscle strength (38, 52-54, 57-59),
isometric quadriceps and hamstring muscle strength (38), isotonic strength and leg
extension (60). The functional tests are the single hop test for distance, the triple hop
for distance, the 6-m timed hop, the cross-over hop for distance, the shuttle sprint, the
semicircular maneuver, the carioca maneuver and the vertical jump (38, 39, 50, 53, 55-57,

59, 61, 62).
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2.1.2 Limb Symmetry Index (LSI) in Sport

The Limb symmetry index is used to make an objective screening criteria
outcome and to determine the athlete’s functional level. Additionally, the limb
symmetry index is used as a screening test in rehabilitation in order to evaluate the
functional performance of an injured athlete to return to full activity or a pre-injury
level of sport. The traditional clinical objective screening criteria is no pain, no
effusion, no crepitus, a full active range of motion (16, 40, 45). Gait including walking
upstairs and downstairs should occur symmetrical during the clinical observation (16,

40, 45).

The correlation between the muscle strength of the lower extremities and the
LSI was observed. The agility-biased activities may be started following ACL
Reconstruction if LSI of a kinetic quadriceps testing is above or equal to 70% (63).
More recently, LSI above or equal to 85% is a screening criterion prior to a functional
test following ACL Reconstruction (16). For all that, a multi-angle isometric manual
test (MMT) is applied to assess the hip and knee prime movers in the early state of
rehabilitation following ACL Reconstruction (45, 64). The isotonic manual muscle test
has been suggested by the active movement test. Grade 4 of the isotonic manual
muscle test is observed (64). However, researchers should be aware of the reliability
of MMT (27). The validity of a grade 4 MMT score has been questioned (45, 64).
The performed of any inner range quadriceps isometric MMT with a proximal tibia
hand placement to minimize the anterior shear of the tibia on the femur is
recommended. However, lower limb extensor muscle strength above or equal to 85%

was observed (16, 40, 45, 63-65).

The progression screening criteria prior to the use of the functional test has
been developed as the Plyometric Static Stability Test. There are the single leg stance,
the isometric single leg quarter-squat, and the isometric single leg half squat (19).
There are many recommendations for using as clinical screening criteria. There are
high demand levels on the lower limb extensor muscle strength relative to body weight
(19). A unilateral muscle strength test has been suggested such as the 1RM (repetition

maximum) single leg press, from 90 degrees to 0 degree knee flexion, with a
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controlled concentric and eccentric phase and an involved limb RSI above or equal to
125%. The relative strength index (RSI) weight pushed (Kg) is divided by body
weight and multiplied by 100. On the other hand, the isometric single leg quarter-
squat and the half squat were observed above or equal to 45 second with eye open and

eye closed (28).

The clinical screening criterion of the functional test is important for a return to
play or for the renovation of the progression program in sport. The unilateral
functional test was preferred for within a subject between limb comparisons (17, 23,
48, 50). A value less than 15% side to side difference occurred in the normal
population. Examples of functional tests in the lower extremities were the single leg
hop, the shuttle sprint, the semicircular maneuver, the carioca maneuver and the
vertical jump (17, 19). The relationship between muscle strength in the functional test
and the LSI was observed (66). The relationship between the subjective knee scores,
isokinetic testing and functional testing in the ACL-Reconstruction were investigated.
Sixty-four percent of patients exhibited normal limb symmetry within 85% of all three
single leg hop tests. Sixteen percent exhibited quadriceps strength at least 90% of the
contralateral limb isokinetically (56). A positive correlation was noted between the
isokinetic knee extension peak torque at 180,300 degrees per second and also the

subjective knee scores, and the three single hop tests (56).

2.2 Functional Testing

2.2.1 Definition of Functional Testing

Functional movement is the patterns of motion that uses multiple joints acting
on various axes in multiple planes. Functional testing involves the performance tasks
of athletes appropriate to their stage of rehabilitation in order to isolate and address
specific deficits (47). As a result the athletic trainer is able to determine the athlete’s

current functional level and set functional goals.

According to Harter, functional testing is an indirect measure of muscular
strength and power, joint laxity, mobility, muscle extensibility, proprioception,

neuromuscular control, dynamic balance, agility and athlete’s confidence
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simultaneously as cited in William 2004 (47). The assessment of movement involves
kinematics and kinetics analyses. The purposes of the functional testing followed by
Harter were to determine the risk of injury due to limb asymmetry, to provide an
objective of progress during a treatment or a rehabilitation program, and to measure
the ability on the individual to tolerate forces. There are many factors to consider in

the decision making of choosing a functional test.

Functional tests should have a good correlation with functional ability and

have good reliability and validity of tests (17, 19-21, 26).

Functional tests should be considered both the unilateral and the bilateral limb,

as compensating with the uninjured limb may happen (17, 19, 21, 23, 49, 67).

A functional test should be easily understood by athletes. Cost efficiency, time

and space demands are also considerations (18).

A functional test should fit with the sport and played position of the athlete, the

athlete’s current status, and the functional test should not be “cookbook” method (19).

Davies in 1997 (68, 69) described a functional test algorithm. It begins with
basic measures and progresses to functional tests of increasing difficulty which
include sports-specific testing before an athlete returns to playing sport. The
progression model was designed to increase the stresses placed on the athlete by
providing different functional testing maneuvers. An increase in motor control is
required. The test started with basic functional movements such as balance testing and
basic measurements. Then, strength and power were tested in an orderly fashion.
Examples of these type of tests are isokinetic testing, isoinertial testing and the step-
down test. Finally, the field tests were assessed by functional performance such as the

Yo-Yo tests or hop tests.

The limitations of functional testing are the absence of the availability of

normative values or pre-injury baseline values for comparison. If athletic trainers do
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not have pre-injury data, they might be unable to determine the athlete’s functional
performance. Prior to functional testing in rehabilitation, the consideration of the
various tissue types are observed. This affects the healing rate because functional
testing is safe and comfortable for the athlete. The approximated time to normal
strength is considered. The guideline is 12 weeks for bone, 40-50 weeks for ligament,

6 weeks up to 6 months for muscle and 40-50 weeks for tendon (47).

2.2.2 Functional Testing in Lower Extremity

There are many tests for the lower extremity such as sprints, agility run times,
jumping or hopping heights/ distances, co-contraction test, carioca runs, and shuttle
runs. Each test has characteristics to determine the skill of a sport and to assess the
functional performance of the lower extremity. The followings are brief advice to

variety of these tests (47).

2.2.2.1 Sprint Test
First, a set distance is measured. Then, the running time is recorded
by the athlete. Three to five trials are computed for the mean value. Finally, the means
of the pre-test and post-test are compared. The reliability of linear sprints was shown
to be relatively high with an ICC of 0.85 — 0.99 in uninjured subjects (49, 70-72). The
shuttle sprint was also shown to have a relatively high ICC of 0.90 — 0.96 for both

uninjured subjects and ACL reconstruction subjects (70, 71, 73)

2.2.2.2 Agility Test
The agility run incorporates a change in the direction of
acceleration/ deceleration and a quick start and stop such as figure of eight run, box
run and backpedaling drills. In early rehabilitation, we can provide large figure of
eights, more circular in shape with low stress of injury. Then, the progression is to a
tight shaped of figure of eight and more stress to the injured part. The changes of
shape and size can make the drills more difficult. The reliability of agility tests was

relatively high with an ICC of 0.81 — 0.95 (70, 74, 75).
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2.2.2.3 Vertical Jump Test
It is used to assess the lower extremity to measure time
differential, force and height on a vertical plane. It records the height which the
athlete can jump. The test can also be a varied pattern such as; the bilateral jump or
the single leg jump, the countermovement or the static squat jump, the approach step
or the stationary start. And the upper extremities are used for propulsion or restricted

use. The reliability of the vertical jump test was shown to be relatively high with an

ICC 0of 0.95 - 0.99 (49, 70-72).

2.2.2.4 Co-contraction Semicircular Test
It is designed to assess a dynamic pivot shift for the ACL-
insufficient knee. The athlete is advised to use a forward facing lateral shuffle step.
The athlete is introduced to move in a semicircular pattern while tied a taut to string or
thera band using a forward facing shuffle. The reliability of co-contraction

semicircular tests was high with an ICC of 0.96 (73).

2.2.2.5 Single Leg Hop Test

The single leg horizontal hop tests are useful in the examination
of strength, power and kinesthesia. The most commons of the single leg hop test are
the single hop test for distance, the triple hop for distance, the 6-m timed hop and the
cross-over hop for distance (17-19, 23). For the single leg hop test, the athletes try to
hop as far as possible while landing on the same leg. The 6-m timed hop measures the
time when the athlete hops over 6 meters. To measure the distance of the triple hop,
the athlete is asked to do three consecutive hops. Finally, the cross-over hop for
distance measures the distance traveled using three consecutive hops while crossing

over a strip 15 centimeters wide.

The relationship between clinical and the single leg hop test
measures was observed. A “strong” relationship exists between variables as the
correlation coefficient (r) is above or equal to 0.90 and significant (p<0.05).
Correlation coefficient (r) of 0.70-0.80 and 0.50-0.70 are considered “moderate” and

“weak” correlation (76). A weak to moderate relationship was shown between the
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single hop for distance and muscle strength (r = 0.39 - 0.78) in uninjured subjects (50,
58, 59). And also a weak relationship occurred in ACL reconstruction subjects (r
=0.45-0.62) (23, 56, 57, 77). The triple hop for distance, the 6-m timed hop and the
cross-over hop for distance showed a weak relationship in ACL reconstruction

subjects (r =0.48-0.60) (50, 56).

A higher reliability and validity have been shown in much
literature (15, 18-20, 26, 49, 70-75, 78-86). The single hop for the distance test has
been shown to be relatively high. The ICC of 0.93-0.99 was reported in healthy
subjects and ICC of 0.89-0.93 in ACL-Reconstruction subjects (15, 20, 49, 78, 79, 82,
84-86). A higher reliability in the triple hop for distance and the cross-over hop test
for distance (ICC of 0.85-0.94) was also demonstrated (15, 20, 81). The 6-m timed
hop test showed a moderate to high reliability in healthy and ACL-Reconstruction
subjects (ICC of 0.66—0.97) (20, 78, 79, 86).

The test-retest reliability of these four single leg hop tests has
been shown to be relatively high. The standard error of measurement (SEMs) for the
single hop test for distance, the triple hop for distance and the cross-over hop for
distance were 4.61 cm, 11.17 cm and 17.74 cm. The SEM of the 6-m hop for the time
test was 0.06 seconds (26). There were no significant differences when the mean
scores of the two test trials were compared using repeated measurers analysis of
variance for any of the single leg hop tests (p>0.05). These results supported the use of
the single-leg hop tests in research and clinical settings. Although SEM of the cross-
over hop test was high, it provided a more sensitive measure of knee function as
compared to other single leg hop tests. This may be due to the fact that the cross-over
hop for the distance test involved the functional pivot shift phenomenon of the knee

(87).

The value of the single leg hop test is as a screening and
measurement tool in a clinic for lower extremity injuries (19). It is quantitative
utilized functional test and/or outcome and can stimulate the forces encountered

during sport-specific activity under controlled clinical conditions (16, 28). It indirectly
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assesses the magnitude of differences between a limb that may have a trend of re-
injury (16, 28). The establishment and correlation with the subjective assessment of
knee function are observed (81). The extent to which pain inhibits the execution of the
functional tasks is observed (16, 23). The ability of a limb to absorb force is evaluated
indirectly. The dynamically control tibia translation during the application of shearing
and rotational forces is indirectly assessed by single leg hop test (88). Furthermore, it
indirectly quantifies muscle strength and power (16, 28). It is an evaluated
quantitative outcome of progression in rehabilitation (16, 28). The compensation, or

asymmetry via clinical observation is assessed quantitatively (28, 40).

The outcome analysis is different in jump distance generated
and time duration used by the dominant and non-dominant legs to complete the hop
test. The significant differences have been identified for the final criteria
measurement depending upon whether a maximum value (i.e ‘best’ of three trials) or
mean value (i.6 ‘mean’ of three trials) is used as the raw data (49). The data analysis
of the hop test may be assessed utilizing two predominant methods of data analyses
(19). First, a paired t-test relates to within the subject between the limb significant
difference (17, 85, 89, 90). The other, a limb symmetry index relates to normative
data referring to the formula (17, 21, 23, 31, 49, 50). The horizontal hop index was
calculated as the leg symmetry index (LSI). The LSI for the horizontal hop test has

been defined as less than 15% side to side difference in the normal population score (17).

2.2.2.6 Carioca Test
Carioca runs measure time to improve function which involves
a lateral crossover step over a total distance of 40 feet. The direction to face which
maintain the stance is chosen in the beginning. Then, the carioca 40 feet is performed
changing direction without turning around and returning to the start position. The time

at the end of 80-foot course is recorded. The reliability of the carioca test was

relatively high (ICC of 0.96) (73).
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2.2.2.7 Shuttle Runs Test

The most common shuttle runs requires the athlete to complete
four 20-foot sprints, for a total 80 feet, including a three direction change. The athlete
is advised to sprint and touch the first marker and then return to the starting position
and the total time to complete drill is recorded. This test can be used on basketball,
volleyball or tennis courts as well as football, soccer, or other playing fields (91). The
reliability of the shuttle sprint was relatively high with an ICC of 0.92 — 0.97 in both
uninjured subjects and ACL Reconstruction subjects (70, 71, 73). Nadler et al in 2002
(91) studied functional performance deficits in athletes with previous lower extremity
injury on performance in a timed 20-meter shuttle run. This result showed that a
significantly slower response time on the 20-meter shuttle run in freshman athletes
with a history of a lower extremity injury, as compared with freshmen without a
previous injury (p = 0.01). No significant difference was noted in non-freshman
collegiate athletes regardless of their injury history (p = 0.98). In conclusion, the
slower shuttle run times observed in freshmen with previous lower extremity injury
may be a manifestation of insufficient treatment received at a high school level and if
a mandatory core strengthening program is implemented for these returning athletes

this will be of benefit.

2.2.2.8 Balance Test

The important component of motor skill activities is balance.
The athletes demonstrated deficits in proprioception after injury. This could lend to
the loss of balance. A simple single balance test is a valid test. And, it can be modified
to be applied to eyes open or closed to eliminate visual cues or changes in surface
which require greater balance. The incorporation of sports skills could be also added
into the test. It has been developed as the “Plyometric Static Stability Testing” (28). It
is a screening tool used prior to the functional test. The test involves a progression of
three simple tests. There are the single leg stance, the isometric single leg quarter-
squat, and the isometric leg half-squat (19, 28). Each test was maintained for a
minimum of 30 seconds, first with eyes open and then with eyes closed (19, 28).
Ageberg et al in 2001 (92) studied individual factors affecting stabilometry and the
one-leg hop test in 75 healthy subjects, aged 15-44 years. The purpose of this study
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were to investigate whether single-limb stabilometry and a one-leg hop test are
influenced by age, sex, height, weight or the activity level in healthy subjects, to
examine the possible differences between the right and the left leg, to determine the
Limb Symmetry Index (LSI) values, and to study the relationship between the
stabilometric variables, which include the average speed and the amplitude of the
center of pressure movements. Females hopped shorter distances than males. The hop
distance decreased with increasing age among the women. Height, weight and activity
levels within the actual range had no significant influence on stabilometric or the hop-

test values.

2.3 Summary of Literature Review / Summary of Research Problem

There are many tests to investigate the functional performance of the lower
extremity. This study used the four single leg hop tests as they demonstrated a high
reliability and validity. There were single hop, triple hop, and cross-over hop tests,
which measured distance and time while the 6-meter hop tested for time. On the other
hand, they implied strength, power and endurance. These tests were easy to apply
because minimal space, equipment and time are used. The outcome considered jump
distance and time. The Limb Symmetry Index (LSI) also was used to define 15% side
to side difference within group and among groups. The findings of this study could be
used as a functional performance test guideline for the collegiate football and
basketball athletes to return to sports after injury. From the literature review, there did
not appear to be any study comparing the LSI using the four horizontal hop tests in
Thai male subjects either non-athlete or athlete subjects. This present study aimed to
investigate the lower extremity functional performance of healthy Thai non-athlete

male subjects and the football and basketball athletes.
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CHAPTER 1
MATERIALS AND METHODS

3.1 Subjects

Healthy male volunteers with an age range from 18 to 25 years participated in
this study. All subjects in the athlete groups were universal level athlete.

3.1.1 Inclusion Criteria for Healthy Subjects

- Body Mass Index (BMI) ranged from 18.5-23 kg/m2(93)

- Leg length discrepancy not more than 1 centimeter.

- Right leg dominance determined by kicking a ball, picking up an eraser off the

floor and drawing a number eight on the floor.

3.1.2 Inclusion Criteria for Athlete Subjects

- The collegiate athlete groups had continually played sport for at least two
months.

- Body Mass Index (BMI) ranged from 18.5-23 kg/m2(93)

- Leg length discrepancy not more than 1 centimeter.

- Right leg dominance determined by kicking a ball, picking up an eraser off the

floor and drawing a number eight on the floor.

3.1.2 Exclusion Criteria

- Having signs or symptoms of musculoskeletal disorders especially lower
back or lower extremities on the testing day

- Having a limitation in an active range of motion of hip, knee or ankle joint

- Having a history of severe injury, fracture or surgery of the lower back or
lower extremities.

- Having a history of cardiovascular disease such as heart disease, hypertension
(blood pressure more than 130/80 mmHg).

- Receiving any medical or physical treatment within 24 hours before testing
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- Taking alcohol or caffeine within 24 hours before testing.

- Having any difficulty during hop tests

Prior to study participation, subjects were asked to sign the informed consent
form. The procedure of this study was approved by the Committee on Human Rights
Related to Human Experimentation, Mahidol University and The Ethics Committee,

Faculty of Medicine, Prince of Songkla University.

3.2 Instrumentation
3.2.1 Digital camera Nikon 5900
3.3.2 Personal computer workstation with Microsoft Windows XP
3.2.3 A known distance for 6 meters long as a calibration line
3.2.4 Leg-strength dynamometer
3.2.5 Sit and reach box

3.2.6 Tape measurement

3.2.7 A stationary bicycle

Figure 3.1 Measure instruments consisting of Leg- strength dynamometer (A) and

Sit and reach box (B).

3.3 Procedure

3.3.1 Research Setting

A calibration distance consisting of 6-meter long and 15-cm width was placed
on the floor. The distance was calibrated every ten centimeters. A digital camera was

used to record the distance and the time.
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3.3.2 Testing Procedure

Subjects, who were collegiate students and met the inclusion criteria, were
invited to participate in this study. All procedures were explained to the subjects.
Subjects were asked to sign a consent form. Then, the subjects responded to a
questionnaire regarding their demographic data, hobbies, physical activities and sport
activities. Weight, height, body mass index, leg length discrepancy, blood pressure,
flexibility and leg strength were measured in each subject. The range of motion was
assessed in all the subject groups. Finally, an investigator demonstrated the four single
leg hop tests to the subjects.

Leg length discrepancy was measured for each limb. Subject were asked to lie
on their back with their lower extremities in a neutral position. The distance between
the left and right medial malleolus was 11% of the height of each subject (94). The
leg length was measured which was the distance from the ASIS to the medial

malleolus of each limb. This is shown in Figure 3.2

A B C D

Figure 3.2 Measurement leg length discrepancies consist of a starting position (A),
the distance between left and right of medial malleolus (B), the distance
from right ASIS to right medial malleolus (C), the distance from left
ASIS to left medial malleolus (D).

The flexibility test was assessed by the sit and reach box. Subjects were
instructed to remove their shoes and sit on the floor with their feet flat against the box.
Their legs were extended as straight as possible in a siting position. Their arms were
overstretched with their finger tips to the edge of the box. The height of the sit and
reach box is 17 inches. Subjects slowly bent forward reaching as far as possible on the

box. If the tip of their middle finger passed the point of the zero score, the score was
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recorded as a positive value. If it was shorter than the zero point, it was recorded as a
negative value. Each subject performed 2 trials. The maximum value was used for

statistical analysis.

The leg strength test was assessed by the back and leg dynamometer. Subjects
were instructed to stand on a platform with trunk stretched straight. The subject held
the handle bar with a pronated grip. At the beginning of the test, subjects pulled the
handle bar slowly but vigorously by extending their knees and minimizing the use of
their lower back. Each subject performed 2 trials. The maximum force was recorded.
The unit of force was recorded as kilograms. To normal, the data was divided by the

body weight of subject.

The procedures of the hop tests consisted of a general warm-up, a specific task
warm-up, actual testing, and a cool down. The general warm-up required subjects to
ride a stationary bike at a steady comfortable speed for five minutes followed by
gentle back muscles, hip flexors, quadriceps, hamstrings and calf with bended knee
and straight knee stretches. Three repetitions were performed by the subjects. Each
repetition was held for 10 seconds. The investigators provided information to all

subjects during the warm-up and demonstrated each stretch.

The specific task of the warm-up permitted subjects the opportunity to train in
each functional performance test. Subjects practiced three trials for each test. The
following order was performed i.e., single hop, triple hop, timed hop, and cross over
hop. Subjects rested for approximately 30 seconds between each practice trial and 1

minute prior to the real test.

Actual testing was four single leg hop tests. Each functional performance test
was performed in two consecutive trials. Each test was performed in a random order.
Subjects were permitted a 30 seconds rest between each trial and a 45 second rest

between each test.
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A cool-down period followed the actual testing. This included the same gentle

stretching as done in the warm-up period.

3.3.3 Four Single-leg hop tests

Subjects performed four functional performance tests as described by Noyes et
al (17, 20). The picture is shown in Figure 3.3. Prior to testing, subjects were
introduced to wear shorts and sport shoes. Firstly, a distance of 6-m long with a strip
15 centimeters wide was placed on the floor as a landmark. The subject stood on one
leg, with their toes on the starting line. The other knee was flexed to approximately 90
degrees as determined by the investigator; likewise, their trunk was in a neutral
position. Upper extremity movement during the single-leg horizontal hop test was not
restricted. Then, each subject performed each test for two trials in random order. The

investigator commanded with the signal “1, 2, 3, go”

The single hop for distance and time; the subjects was instructed to hop as far
as possible and land on the same leg. The total distance and time hopped from the
starting line to the end point where the heel of subject hit the ground was recorded by

the digital camera.

The triple hop for distance and time; subjects were instructed to perform three
consecutive hops as far as possible, and land on the same leg. The total distance and
time hopped from the starting line to the end point where the heel of subject hit the

ground was recorded by digital camera

The cross-over hops for distance and time; subjects were instructed to stand on
one testing leg, with the lateral border of their foot was aligned with the outside edge
of the line The subjects were instructed to hop three consecutive times on one leg,
crossing over the center strip on each hop. The total distance and time hopped from the
starting line to the end point where the heel of subject hit the ground, was recorded by

digital camera.
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The 6 meter timed hop test; subjects were instructed to hop on one leg over a
distance of 6-m as fast as possible. The total time hopped from the starting line to the

end point where the heel hit the ground was recorded by the digital camera
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The single hop teg The triple hop test for The crossover hop teg The 6-meter hop test
for distance and tme distance and tme for distance and tme

Figure 3.3 The four single leg hop test for distance and time modified from Noyes et al
(17, 20).
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3 groups of healthy volunteers; football athletes,
basketball athletes and non-athlete subjects

Inclusion and exclusion criteria
Signed an informed consent form

l

Subjective information and
objective examination

Random order

A 4

The single
hop test for
distance and

time

The 6-m
timed hop

The triple hop
for distance
and time

The cross-
over hops for
distance and

time

l

Leg Symmetry Index scores for each test

Figure 3.4 Flowchart of the Measurement Procedure.
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3.4 Data Analysis

The horizontal hop index was calculated as the leg symmetry index (LSI).

Limb symmetry index = Maximum distance of involved  x 100
(Distance) Maximum distance of non-involved
Limb symmetry index = Maximum time of non-involved  x 100

(Time) Maximum time of involved

The Kolmogorov-Smirnov Goodness of Fit test was used to determine the

distribution of the data.

Paired t-test was used to compare time and distance between left and right legs
on the 4- single leg horizontal hop tests within healthy subjects, football and basketball
athletes.

One-way ANOVA was used to compare time and distance of left and right legs
for the 4- single leg horizontal hop tests among healthy subjects, football and
basketball athletes. Bonferroni was used to determine the groups mean differences

among healthy subjects, football and basketball athletes.

All statistical data analyses were performed by setting the level of significant

difference at a p-value less than 0.05.
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CHAPTER IV
RESULTS

The results of the present study compared distance and time and the differences
in the limb symmetry index of the lower extremity on four single leg horizontal hop
tests. The comparisons were undertaken among three groups of healthy non-athlete

subjects, collegiate football and basketball athletes as well as within each group.

4.1 Characteristics of Subjects

The characteristics of the subjects are shown in Table 4.1. There were no
significant differences in age, weight, height, BMI, leg length and sit and reach
distance, observed among the groups. However, the leg strength was significantly
lower in the football athlete group as compared to the other two groups. When
comparing the proportion of leg strength per body weight, there were no significant

difference among groups.

Table 4.1 Mean (SD) of the characteristics of subjects

Mean (SD)

Healthy (n=34) Football (n=33)  Basketball (n=29)
Age (years) 20.7 (1.6) 21.0(1.9) 19.6 (1.7)
Weight(kg) 61.3(6.7) 59.4 (5.8) 62.7 (8.7)
Height(cm) 171.1 (6.4) 171.8 (5.3) 172.9 (6.8)
BMI 20.8 (1.4) 20.0 (1.6) 20.9 (1.8)
Dominant leg length (cm) 88.6 (3.8) 88.2 (4.2) 90.6 (4.1)
Non-dominant leg length (cm) 88.5 (4.0) 88.4 (4.3) 90.8 (4.2)
Sit and reach distance (cm) 5.8 (10.5) 9.5 (8.7) 5.9(9.2)
Leg strength (kg) 136.6 (31.0) 120.6 (26.5)* 136.2 (32.2)
Leg strength per body weight  2.20 (0.44) 2.07 (0.51) 2.16 (0.42)

* Significant difference at p < 0.05
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The level of functional activity and the period of time spent participating in
sports of each subject group are shown in Table 4.2. Functional activities of all groups
were active. The frequency of playing sport per week of both athlete groups was not
different. Fifty-one percent of athletes in the basketball group played sport 60-90
minutes per time and thirty-six percent of football athletes played 90-120 minutes per

time.

Table 4.2 Number (%) of subjects at different functional activity level, frequency and

period of time participating in sports of each subject group

Number (%)

Healthy (n=34) Football (n=33)  Basketball (n=29)

Functional activity level (%)

Very active 11(32.4) 9(27.3) 12(41.4)
Moderately active 22(64.7) 24(72.7) 17(58.6)
Inactive 2(2.9)
Frequency of playing sport/week (%)
4-7 times 20(60.6) 14(48.3)
1-3 times 13(39.4) 15(51.7)
Period of playing sport /time (%)
20-30 min - 4(12.1) -
30-60 min - 5(15.2) 6(20.7)
60-90 min - 7(21.2) 15(51.7)
90-120 min - 12(36.4) 7(24.1)
More than 120 min - 5(15.2) 1(3.4)

4.2 Comparison between Legs within Each Group
4.2.1 Healthy Non Athletic Subjects

The values of the jump distance and time taken to complete the four single leg
hop tests of the three groups are shown in Tables 4.3 and 4.4, respectively. Between-
leg comparisons of the three hop tests for the jump distance and four hop tests for time
in the healthy group are shown in Figures 4.1 and 4.2, respectively. Between-leg

differences in jump distance were observed during the single and cross-over hop tests



Sirirat Tohpreecha Results / 26

(P < 0.05). During these two tests, the jump distance of the dominant leg is
significantly longer than that of the non-dominant leg. There were no significant

differences of the other two tests between dominant and non-dominant legs within the

group.

Table 4.3 Mean (SD) of jump distance (cm) of the dominant (Dom) and non-
dominant (NDom) leg obtained during the three hop tests

Mean (SD)
Group Test Dom NDom p-value
Healthy SLHT 155.98 149.85 0.013%*
(n=34) (25.42) (26.75)
TLHT  473.74 460.67 0.182
(57.56) (62.38)
CL L S 397.68 0.048%*
(82.11) (79.05)
Football SLHT 169.95 165.35 0.156
(n=33) (19.00) (19.76)
SIS A o 5P 515.87 0.573
(44.17) (59.44)
CLHT  455.46 451.81 0.631
(60.56) (57.04)
Basketball SLHT 183.16 182.25 0.823
(n=29) (21.47) (26.08)
TLHT  541.84 536.35 0.509
(58.72) (61.61)
CLHT  499.58 491.05 0.369

(77.57)  (78.23)

SLHT (single leg hop test), TLHT (triple leg hop test) and CLHT (cross-over leg hop test)
* Significant difference at p <0.05
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Table 4.4 Mean (SD) of time (s) taken by the dominant (Dom) and non-dominant

(NDom) leg to complete the four hop tests

Mean (SD)
Group Test Dom NDom p-value
Healthy SLHT 0.45 0.48
(n=34) (0.08) (0.09) 0.153
TEH 1.67 1.72
(0.20) (0.23) 0.115
CLHT 1.74 1.8
(0.22) (0.35) 0.164
6-meter  1.88 1.90
(0.39) (0.35) 0.7
Football SLHT 0.52 0.55
(n=33) (0.13) (0.21) 0.28
wizkl B 1.65 1.67
(0.19) (0.20) 0.597
L 2Ry 1.65 1.7
(0.25) (0.24) 0.071
6-meter 1.72 1.73
(0.22) (0.22) 0.829
Basketball SLHT 0.53 0.56
(n=29) (0.07) (0.12) 0.244
TLHT 1.73 1.74
(0.17) (0.13) 0.632
2 1.72 1.77
(0.12) (0.16) 0.105
6-meter 1.78 1.82
(0.20) (0.25) 0.383

SLHT (single leg hop test), TLHT (triple leg hop test), CLHT (cross-over leg hop test) and

6-meter test
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Jump Distance of the Healthy Group
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Figure 4.1 Between-leg comparisons in jump distance (cm) during the three hop
tests in the healthy group, SLHT (single leg hop test), TLHT (triple leg
hop test) and CLHT (cross-over leg hop test).
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Figure 4.2 Between-leg comparison in jump time (s) during the four hop tests in the
healthy group, SLHT (single leg hop test), TLHT (triple leg hop test),
CLHT (cross-over leg hop test) and 6-meter test.
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4.2.2 Football Group

The values of the jump distance and time taken to complete the four single leg
hop tests of the football group are shown in Tables 4.3-4.4. Between-leg comparisons
of the three hop tests for the jump distance and the four hop tests for time in the
football group are shown in Figures 4.3 and 4.4. There were no statistical significance

between-leg difference observed in jump distance and time taken during all the hop

tests (P > 0.05).

Jump Distance of the Football Group
700 -

600 - O Dominant Leg

B Non-dominant Leg
500 ~

400

300 A

Distance (cm)

200 ~

100 ~

SLHT TLHT CLHT
Tasks

Figure 4.3 Between-leg comparison in jump distance (cm) during the three hop tests
in football group, SLHT (single leg hop test), TLHT (triple leg hop test)
and CLHT (cross-over leg hop test).
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Jump Time of the Football Group
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Figure 4.4 Between-leg comparison in jump time (s) during the four hop tests in
football group, SLHT (single leg hop test), TLHT (triple leg hop test),
CLHT (cross-over leg hop test) and 6-meter test.

4.2.3 Basketball Group

The values of jump distance and time taken to complete the four single leg hop
tests of the basketball group are shown in Tables 4.3-4.4. Between-leg comparisons of
the three hop tests for jump distance and the four hop tests for time are shown in
Figures 4.5 and 4.6. There was no significant difference between the legs in jump

distance and time taken to complete the four hop tests in the basketball group (P>0.05).
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Jump Distance of the Basketball Group
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Figure 4.5 Between-leg comparison in jump distance (cm) during the three hop tests

in the basketball group, SLHT (single leg hop test), TLHT (triple leg hop test)
and CLHT (cross-over leg hop test).
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Figure 4.6 Between-leg comparison in jump time (s) during the four hop tests in the
basketball group, SLHT (single leg hop test), TLHT (triple leg hop test),
CLHT (cross-over leg hop test) and 6-meter test.
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4.3 Comparison of Side-to-Side Differences in Jump Distance and

Time among Groups

Table 4.5 demonstrates the differences in jump distances and time taken
between dominant and non-dominant legs for four horizontal hop tests. The side-to-
side differences of jump distance and time were compared among groups. No
statistical significance of the difference between legs for all the hop tests were

observed among the three groups (Table 4.5, Figures 4.7-4.8).

Table 4.5 Mean Values (SD) of side-to-side differences for Jump distance and time

taken in four tests

Healthy Football Basketball  p-value

Distance

SLHT 6.13 (13.64)  4.60 (18.22) 0.90 (21.67) .504

TLHT 13.06 (55.82) 4.36 (44.02) 5.49 (44.23) .731

CLHT 14.67 (41.75)  3.65(43.24) 8.52 (50.24) .605
Time

SLHT 0.02 (0.09) 0.03 (0.18) 0.02 (0.11)  .931

TLHT 0.05 (0.18) 0.01 (0.18) 0.01 (0.18)  .699

CLHT 0.06 (0.26) 0.04 (0.15) 0.05(0.17)  .960

6-meter 0.01 (0.19) 0.00 (0.12) 0.03 (0.22)  .792

SLHT (single leg hop test), TLHT (triple leg hop test), CLHT (cross-over leg hop test) and

6-meter test
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Difference between Legs for Jump Distance
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Figure 4.7 Comparisons of the differences in jump distance (cm) for the three single
leg hop tests in three subject groups, SLHT (single leg hop test), TLHT
(triple leg hop test) and CLHT (cross-over leg hop test).
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Figure 4.8 Comparisons of the differences in jump time (s) taken for four single leg
hop tests in three subject groups, SLHT (single leg hop test), TLHT
(triple leg hop test), CLHT (cross-over leg hop test) and 6-meter test.
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4.4 Comparison of Limb Symmetry Index among Three Groups

The limb symmetry index (LSI) was determined for each test. Mean values
and standard deviations of LSI are presented in Table 4.6, Figures 4.9-4.10. There
were no significant differences in the LSI for both jump distance and time taken to
complete the four hop tests among the healthy, football and basketball groups
(p>0.05). The LSI of distance was from 96 to 100% for the healthy, football and
basketball groups respectively. The LSI of time was between 97 and 100% for the

three groups of subjects.

Table 4.6 Mean (SD) of limb symmetry index (LSI) of jump distance and time taken

for four single leg hop tests among three groups

Healthy Football Basketball
(n=34) @=33) (n=29) p-value
Distance
: 96.20 97.80 99.90 386
(8.55) (10.69) (12.23)
B 97.76 99.22 99.32 73
(10.98) (9.00) 9.23)
CLHT 97.00 99.71 98.78 514
(9.59) 9.57) (10.15)
Time
SLHT 97.14 08.13 98.04 920
(20.81) (17.74) (17.02)
TLHT 97.75 99.41 99.39 972
(10.10) (9.30) (10.48)
CLHT 98.08 97.15 97.56 741
(11.91) (9.42) (9.40)
6-meter 99.52 99.91 98.93 935
(10.31) (7.20) (10.87)

SLHT (single leg hop test); TLHT (triple leg hop test); CLHT (cross-over leg hop test)

and 6-meter test
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Limb Symmetry Index - Jump Distance
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Figure 4.9 LSI in jump distance (cm) during the three single leg hop tests for the
three subject groups, SLHT (single leg hop test), TLHT (triple leg hop
test) and CLHT (cross-over leg hop test).
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Figure 4.10 LSI in jump time (s) during the four single leg hop tests for the three
subject groups, SLHT (single leg hop test), TLHT (triple leg hop test),
CLHT (cross-over leg hop test) and 6-meter test.
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CHAPTER V
DISCUSSION

5.1 Methodology

The present study recruited healthy young Thai male subjects both athletes and
non athletes. Football and basketball athletes were selected for investigation since
many researchers were interested in assessing the lower extremity performance as the
high incidence of lower extremity injury. The limb symmetry of muscle performance
has been proposed to be a risk factor to lower extremity injury in sports. Then, this
study interested in the limb symmetry in football and basketball in order to find a
guideline for the rehabilitation outcomes and the return to functional activity or
playing sports. Four single leg hop tests were used to assess the functional
performance of lower extremities in order to determine strength, power and endurance.
These four tests were simple and commonly used in clinic. The test-retest reliability

was also high.

The subject characteristics and physical performance were assessed in this
study. The physical performance was measured by the flexibility test and the leg
strength test. Leg strength is important in jumping, especially the extensors of the hip
and knee. The hip extensors, including the gluteus maximus, contribute to postural
support when a subject leans forward and the head, arm and trunk weight create a
flexion moment at the hip. The hip extensors contract eccentrically to control the
forward bending or concentrically to return the individual to an upright position.
However, if the hip extensors were shortening or lengthening, the effect occurred to
the movement of the lumbopelvic rthythm or the lower back muscles. Asymmetrical of
muscle strength or characteristic of movement between limbs may be a risk factor of
sport injury to athlete. Therefore, leg strength test was designed in this study but there
was a limitation in the test. We could not measure each leg in order to compare

between leg strength and the functional performance test in each limb. However, the
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leg strength per body weight among healthy non-athlete, collegiate football and
basketball athlete groups showed no significant differences in this study. In the same
way, the flexibility test was designed in order to determine and compare muscle length

of the trunk, hip, knee and ankle in the three subject groups.

5.2 Comparison between Legs within Each Group

The first hypothesis was the comparison between the legs within each group.
Significant differences between legs occurred on the single hop test and cross-over
hop test for distance in the healthy non-athlete group. The differences of muscle
performance between legs in the healthy non-athlete group would be due to muscle
weakness and poor motor control. Even though this study did not assess the muscle
strength of each lower extremity, all three subject groups gave an excellent score
compared with the standard criterior of Fitness Test of Thai Males from the Sport
Authority of Thailand. The value was more than 1.8 (95). Moreover, the value of
side-to-side differences in distance was less than 15%. This would imply that the
differences in distance between limbs may be because of poor motor control. The
healthy group did not get any sport specific skill training in both legs. While the
movement of the non-dominant leg in football and basketball athletes was well
accustoming to motor learning. For example, there are many techniques for sport
specific skills in football such as the variation of distance for kicking a ball to a goal.
The minimum performance in football athletes should be able to carry the ball in both

dominant and non-dominant legs properly.

Theories of motor control describe the brain as facilitating the feedforward
mechanism and feedback mechanism during training (96, 97). Feedforward
mechanism is usually used in high speed movement such as kicking a ball. If
asymmetry limb occurred in injured athletes, proprioception modality was selected in
the rehabilitation program. Lephart, et al in 1997 advised the role of proprioception in
the management and rehabilitation of athletic injuries. Proprioception can be defined
as a specialized variation of the sensory modality of touch that encompasses the
sensation of joint movement (kinesthesia) and joint position (joint position sense).

Numerous investigators reported that afferent feedback to the brain and spinal
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pathways was mediated by skin, articular, and muscle mechanoreceptors.
Rehabilitation programs should be designed to include a proprioceptive component
that addresses the following three levels of motor control: spinal reflexes, cognitive
programming, and brainstem activity. A specific program is commended to promote
dynamic joint and functional stability. Then, the knowledge regarding the basic
science and clinical application of proprioeptive is useful to sports professional and is

one step closer to the extreme goal of restoring function (97).

Concerning time taken to complete the four single leg hop tests, there was no

significant differences between the legs of the three subject groups.

The subjects in the athlete groups in this study had regular training for their
specific sports. Muscle performances of the athletes are usually learnt functional
movement. The neuromuscular system is facilitated to muscle action. The
effectiveness of muscle performance occurs and this could lead to little difference in

distance and time between legs within each group.

5.3 Comparison of Side-to-Side Differences in Jump Distance and

Time among Groups

The second hypothesis was the comparison of side-to-side differences among
groups. The advantage of comparing side-to-side differences among the group was to
test the four single leg hop tests in various sports. If the series tests can differentiate
lower extremity performance in various sports, the choosing of a specific test could
occur for the available sport. If the outcomes of the series test can not define 15% side
to side difference within each group and among groups, the four single leg hop tests
could be a general functional performance test for the lower extremity. Furthermore,
the series tests will not be specific to the lower limb function of football and basketball
athlete. By the way, the time is measured in each test to compare the symmetry of the
time used. The outcome will be shown as a proportion of the time used in functional
task between limbs. It will imply the power of the athlete in various sports. A
maximum amount of jump distance generated and a minimal time used are observed

as a good performance. However, the tests used in this study were easy to assess
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functional performance of the lower extremity. These tests are a popular application

in clinics and sport organizations.

This result showed no significant differences in jump distance and time taken
for the four single leg hop tests among three groups. This meant that each test can be
chosen to assess the lower limb function in healthy male subjects aged 18-25 years.
Specific sports such as football and basketball did not effect the performances of the
four single leg hop tests.

5.4 Comparison of Limb Symmetry Index among Three Groups

The finding of the present study indicated that the limb symmetry index (LSI) was
more than 85 % for both distance and time tested in athlete and non-athlete subjects. The
results of this study were similar to the previous study (17) on healthy subjects. The
fourth hypothesis was the comparison of the limb symmetry index (LSI) among the three
subject groups. The LSI is an advantage to a trainer because it can be quickly and easily
be used to calculate the outcome. However, there was no report of LSI for non injured
football and basketball athletes. Therefore, LSI could be used as an indicator of the lower
extremity functional performance test in injury recovery. From the findings of this present
study, the LSI was recommended as more than 95% for healthy young male subjects and
football and basketball athletes. The limb symmetry index (LSI) could be used as an

indicator of the functional performance test in recovery from an injury.

5.5 Clinical Application

The finding of this study is useful for coach, trainer and athletes in order to
determine a functional performance test of the lower limb in athletes. The four single leg
hop tests are general functional performance test in the lower extremity. These tests
are easy to evaluate, use minimal space, equipment and time for management in a
standard clinical context. The present study indicated the limb symmetry between
limbs using the four single leg hop tests. Therefore, each test could be used to
evaluate the lower extremity symmetry. The findings of this study could also be used

as a functional performance guideline for collegiate basketball and football athletes to
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return to playing sports after an injury. LSI of more than 85% could be used as an

indicator for recovery as stated in the previous study (17).

The decision making in choosing a functional test was advised by Davies in
1997 (68, 69), which described a functional test algorithm. It begins with basic
measures and progresses to functional tests of increasing difficulty which included
sports-specific testing before returning to play sport. The progression model was
designed to increase the stresses placed on the athlete by providing different functional
testing maneuvers. An increase in motor control is required. The test starts with a
basic functional movement such as balance testing and basic measurements. Then,
strength and power are orderly tested. Examples of these test are isokinetic testing,
isoinertial testing and the step-down test. Finally, field tests can be assessed by

functional performance such as the Yo-Yo tests or hop tests.

For further study, it would be interesting to evaluate the functional
performance of the lower extremity using the four single leg hop tests in injured
athletes or patients with ACL reconstruction. The sensitivity and specificity of the hop

tests are also interesting to investigate.
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CHAPTER VI
CONCLUSION

The present study aimed to compare the jump distance and time used between
the dominant and non-dominant legs during four single leg hop tests in healthy non-
athlete subjects, collegiate football and basketball athletes. The limb symmetry index
(LST) was also calculated for the jump distance and time taken to complete each test.

The jump distance, time and LSI were compared among the three groups of subjects.

When compared, the difference between the dominant and non-dominant legs
within group, significant differences in the single leg hop for the distance test and the
cross-over leg hop for the distance test in healthy non-athletes(p<0.05) were indicated.
There were no significant differences in distance and time between the dominant and
non-dominant legs in the football and basketball athlete groups. The limb symmetry

index (LSI) of distance and time was more than 95% for all three groups of subjects.

The side-to-side difference between the dominant and non-dominant legs and
the LSI of distance and time for the four hop tests demonstrated no significant
difference among the groups. Therefore, each test of the four single leg hop tests
could be selected to evaluate the lower extremity symmetry in football and basketball

athlete and non-athlete subjects aged 18-25 years.

The Limb symmetry index (LSI) could be used as an indicator of the functional

performance test in the recovery from an injury.
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APPENDIX B
PARTICIPANT INFORMATION SHEET (IN THAI)
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APPENDIX C
THE ETHICAL COMMITTEE ON RESEARCH INVOLVING
HUMAN SUBJECT

COA. No. MU-IRB 2008/117.0710

Documentary Proof of Mahidol University Institutional Review Board

Title of Project.  Symmetry of Lower Extremities on the Four Single Leg Hop Tests in Healthy
Subjects, Collegiate Football and Basketball Athletes

(Thesis for Master Degree)
Principle Investigator.  Miss Siriral Tohpreecha

Name of Institution, Faculty of Physical Therapy and Applied Movement Sciences

Approval includes, 1) MU-IRB Submission form version received date 3 October 2008
Z) Participant Information sheet version date 7 October 2008
3) Informed consent form version date 7 October 2008
4) Questionnaire version reccived date 3 October Z008

Mahidol University Institutional Review Board is in full compliance with International
Guidelines for Human Research Protection such as Declaration of Helsinki, The Belmont Report,
CIOMSGuidelines and the International Conference on Harmonization in Good Clinical Practice

(ICH-GCP)
Date of Approval. 7 October 2008
Date of Expiration, 6 October 2009
- ) "/
Signature of Chairman, ’mg/“*“‘**t:’m '"j;:
(Professor Shusee Visalyapulra)
Signature of Head of the Institute, ...} X0 VIR &) ¢/ N

(Associate Pr r Sansanee Chaiyaroj)
Vice President for Research and Academic Affairs

Office of the President, Mahidol University, 999 Phuttamonthon 4 Rd.. Salaya, Phuttamonthon District,
Nakhon Pathom 73170. Tel. (662) 8496223-5 Fax. (662) 8496223
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EC 52-079-11-7-3

Documentary Proof of Ethical Clearance

The Ethics Committee, Faculty of Medicine, Prince of Songkla University

The Project Entitled : Symmetry of extremities on the four single leg hop tests

in healthy subjects, collegiate football and basketball

athletes
Principal Investigator : Miss Sirirat Tohpreecha
Name of Department : Department of Orthopaedic Surgery and Physical

Medicine, Prince of Songkla University

has been reviewed and approved by The Ethics Committee, Faculty of

Medicine, Prince of Songkla University.

Date of Approval : January 26, 2009

Nenopol) e

.........................................

(Assoc.Prof. Verapol Chandeying, M.D.)

Associate Dean for Research Affairs
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APPENDIX D
INTERVIEW FORM (IN THAI)
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APPENDIX E
FUNCTIONAL ACTIVITY LEVEL QUESTIONNAIRE (THAI)
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APPENDIX F
DATA COLLECTION FORM
NaMe....oi i Group Date........ccoovevinnnns
test parameter non- dominant | raw data
dominant
1 Weight kilograms
2 Height centimeters
3 BMI Kg/m?
4 point 11% of height centimeters
5 side dominant side
6 Leg length distance
7 Active range of motion | degrees

7.1 Hip F/Ext.

7.2 Hip Abd/Add

7.3 Hip Int./Ext.rot

7.4 Knee F/Ext

7.5 Ankle DF/PF

7.6 Ankle Inv./Ever.

8 Flexibility test; sit and reach
test

centimeters

Trial 1

Trial 2

Maximum value

9 Leg strength test

kilograms

Trial 1

Trial 2

Maximum value
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Collection form for the data

Name.........cooevvvvvivcviien e Group. e Daten No....

position

NO | LR | test | orderly | frame | Time reference center shotput | dis. from ref.

No (S) x1 yl X2 v2 | xlx2 | yly2 | X Y

pixels | pixels | pixels | pixels | pixels | pixels | {cm) | {cm)
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APPENDIX G
RESULTS OF PILOT STUDY

Table G.1 Raw data of age, weight, height, BMI, leg length, sit and reach distance
and leg strength test in pilot study

NO | group Age | Weight | Height | BMI Leg length sit & reach test Leg strength  test
(kg) (cm) Lt Rt Ist | 2nd | value | 1st | 2nd | value
001 | normal 22 77.5 182 23.397 | 96 96 -25 | -23 | -23 140 155 | 155
002 | normal 20 | 545 163.5 | 20.387 | 90 90 |9 9 9 105 | 114 | 114
003 | normal 24 | 77 183 22.993 | 97 97 -10 |9 | -9 167 | 182 | 182
004 | normal 22 60 169.5 | 20.884 | 91 91 |4 6 6 143 | 130 | 143
005 | normal 20 78.8 169 2759 | 885|885 | -4 -2 -2 164 | 130 | 164
006 | normal 20 52 170 17993 | 87 | 865 | 96 | 12 12 109 | 120 | 120

Table G.2 Raw data of jump distance on the three single leg hop tests in pilot study

No SLHT TLHT CLHT 6-m

Right | Left Dif. | Right | Left Dif. Right | Left Dif. Right | Left | Dif.

001 107.27 99.09 | 8.18 | 359.12 | 352.12 | 7.58 | 248.18 | 23485 | 133 261 | 3.04 | -0.43

002 | 144.24 | 139.09 | 5.15 | 503.94 | 466.67 | 37.2 | 445.76 | 395.8 50 217 | 212 .05

003 | 107.88 | 104.55 | 3.32 | 343.94 | 378.48 | -34.5 | 363.33 | 324.55 | 38.7 3.07 | 3.03 .04

004 119.39 | 11515 | 424 | 465.45 | 430.6 | 34.81 | 350.3 | 346.06 | 4.24 211 | 2.29 18

005 | 17190 | 161.80 | 10.1 | 469.6 | 4595 | 10.1 | 382.0 | 3483 | 337 1.90 | 2.00 -1
006 | 120.20 | 102.20 18 | 3784 | 366.2 | 10.2 | 3112 | 2865 | 247 200 | 243 | -43
Mean 7.00 10.9 27.46 -175
(SD) 4.42 25.87 16.86 .216

SLHT: single leg hop test
TLHT: triple leg hop test
CLHT: cross-over leg hop test

6-meter timed hop test
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APPENDIX H
SAMPLE SIZE CALCULATION

Sample size
The sample size of the present study was estimated based on mean of time
taken between left and right legs during the 6-m timed hop test in healthy group using

the following formula:

(Z,; + Zﬁ)o']z
A

N=1[

Where

N =Sample size for each groups

Zo.  =Z-value when setting confident level equal to 95% (o = 0.05, Z¢ 025= 1.96)
ZpB =Z-value when setting power of testing equal to 80% (3 = 0.02, Zy,= 0.842)

A =Difference in mean of time taken between left and right legs during the 6-m
timed hop test in healthy group from a pilot study (|u- pl|=0.15).
(¢} =standard deviation of mean of time taken between left and right legs during

the 6-m timed hop test in healthy group from a pilot study (0.22)

((1.96.+0.842)0.22
N =

2
0.15 ]

N =25

Therefore, the number of subject in each group was at least twenty-five.
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APPENDIX I

INTRA-TESTER RELIABILITY FOR DIGITIZATION

The purpose of this process was to determine the test-retest reliability of the

examiner in manual digitization of distance on the single leg hop tests. Two trials

were measured with a time interval of approximately 48 hours separating 2 testing

sessions. The data of each test are shown in Tables 1.1-2 and the intraclass correlation

coefficients (ICCs) for digitization of markers are shown in Table 1.5

Table I. 1 Digitization data of the single leg hop for distance

single leg hop test for distance (cm)
subject No.

trial 1 trial 2
1 159.99 160.11
2 169.95 168.22
3 183.16 183.5
4 151.67 152.6
5 150.5 151.8
6 195.4 194
7 151.97 150.8
8 15547 154.3
9 158.3 157.9
10 152.09 161.2

Table I. 2 Test-retest of intra-tester reliability for the single leg hop test for distance

ICC

p-value

Single leg hop test

0.99

0.5
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APPENDIX J
RAW DATA OF FOUR SINGLE LEG HOP

Table J.1 Jump distance (cm) for the three single leg hop tests in healthy group

No. | G [rd | d LSlL.d | rd I d LSl d |[rd | d LSI d

SLHT | SLHT | SLHT | TLHT | TLHT | TLHT | CLHT | CLHT | CLHT
002 | N | 171.90 | 161.80 | 94.12 | 469.60 | 450.66 | 95.97 | 382.00 | 348.30 | 91.18
004 | N | 151.67 | 14257 | 94.00 | 475.22 | 434.78 | 91.49 | 427.70 | 361.98 | 84.63
010 | N | 15050 | 133.70 | 88.84 | 486.60 | 501.90 | 103.14 | 443.50 | 452.10 | 101.94
011 | N | 195.40 | 164.70 | 84.29 | 538.30 | 543.10 | 100.89 | 527.80 | 490.40 | 92.91
012 | N | 151.97 | 145.41 | 95.68 | 459.69 | 480.32 | 104.49 | 394.95 | 427.79 | 108.31
013 | N | 155.17 | 130.27 | 83.95 | 491.40 | 446.37 | 90.84 | 330.47 | 306,52 | 92.75
025 | N | 178.47 | 177.21 | 99.46 | 527.80 | 526.84 | 99.82 | 503.85 | 473.20 | 93.92
026 | N | 158.30 | 166.80 | 105.37 | 515.60 | 515.66 | 100.01 | 494.81 | 497.65 | 100.57
028 | N | 133.66 | 131.76 | 9858 | 473.96 | 442.68 | 93.40 | 380.11 | 33556 | 88.28
029 | N | 118.00 | 114.00 | 96.61 | 414.00 | 386.00 | 93.24 | 288.00 | 293.00 | 101.74
032 | N | 136.00 | 126.00 | 92.65 | 486.00 | 453.00 | 93.21 | 387.00 | 347.00 | 89.66
036 | N | 162.09 | 132.71 | 81.87 | 469.22 | 459.74 | 97.98 | 410.45 | 425.61 | 103.69
038 | N | 133.15 | 134.11 | 100.72 | 370.71 | 393.69 | 106.20 | 249.05 | 268.21 | 107.69
039 | N | 161.88 | 145.60 | 89.94 | 510.56 | 547.92 | 107.32 | 413.81 | 383.16 | 92.59
043 | N | 13551 | 108.80 | 80.29 | 447.09 | 383.78 | 85.84 | 328.39 | 313.55 | 95.48
044 | N | 160.24 | 166.17 | 103.70 | 416.42 | 443.13 | 106.41 | 401.59 | 434.23 | 108.13
045 | N | 152.80 | 149.40 | 97.77 | 398.90 | 395.60 | 99.17 | 321.30 | 324.00 | 100.84
048 | N | 113.68 | 106.31 | 93.52 | 395.78 | 377.89 | 95.48 | 301.05 | 315.78 | 104.89
049 | N | 157.89 | 175.78 | 111.33 | 455.78 | 535.78 | 117.55 | 401.05 | 466.31 | 116.27
054 | N | 164.21 | 163.15 | 99.35 | 478.94 | 474.73 | 99.12 | 411.57 | 417.89 | 101.54
055 | N | 175.78 | 173.68 | 98.81 | 521.05 | 513.68 | 98.59 | 472.63 | 486.31 | 102.89
056 | N | 197.80 | 201.10 | 101.67 | 424.01 | 399.33 | 94.18 | 531.87 | 513.19 | 96.49
057 | N | 142.71 | 148.96 | 104.38 | 522.92 | 502.08 | 96.01 | 460.42 | 395.83 | 85.97
058 | N | 120.00 | 142.10 | 118.42 | 357.89 | 434.73 | 121.47 | 323.15 | 362.10 | 112.05
061 | N | 180.00 | 180.00 | 100.00 | 552.00 | 551.00 | 99.82 | 506.00 | 460.00 | 90.91
062 | N | 200.00 [ 191.57 | 95.79 | 562.10 | 301.05 | 53.56 | 471.57 | 316.84 | 67.19
070 | N | 188.00 | 142.40 | 75.74 | 480.40 | 514.10 | 107.01 | 566.30 | 527.20 | 93.10
071 | N | 160.40 | 153.10 | 95.45 | 565.60 | 485.40 | 85.82 | 484.40 | 410.40 | 84.72
072 | N | 150.00 | 151.10 | 100.73 | 437.20 | 476.60 | 109.01 | 397.90 | 412.80 | 103.74
073 | N | 107.27 | 99.09 | 92.37 | 359.70 | 352.12 | 97.89 | 248.18 | 234.85 | 94.63
074 | N | 144.24 [ 139.09 | 96.43 | 503.94 | 466.67 | 92.60 | 445.76 | 395.80 | 88.79
075 | N | 119.39 | 115.15 | 96.45 | 465.45 | 430.61 | 92.51 | 350.30 | 346.06 | 98.79
076 | N | 205.70 | 211.40 | 102.77 | 569.30 | 563.60 | 99.00 | 513.60 | 554.50 | 107.96
077 | N | 170.10 | 170.10 | 100.00 | 504.10 | 478.40 | 94.90 | 449.50 | 426.80 | 94.95

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT=single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test
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Table J. 2 Jump time (s) for the four single leg hop tests in healthy group

No. |G |rt |1t |LSLt |rt It LSt |rt It LSt |rt It LSI_t
6m | 6m | 6m | SLHT | SLHT | SLHT | TLHT | TLHT | TLHT | CLHT | CLHT | CLHT
002 | N | 190 | 200 | 9500 | 053 | 067 | 7910 | 183 | 190 | 9632 | 173 197 | 87.82
004 | N | 193] 197 | 9797 | 037 | 050 | 7400 | 153 | 160 | 9563 | 170 1.60 | 106.25
010 | N | 143 | 150 | 9533 | 050 | 046 | 10870 | 140 | 153 | 9150 | 1.46 150 | 97.33
011 | N | 156 | 1.53 | 101.96 | 056 | 0.60 | 9333 | 156 | 176 | 88.64 | 1.80 1.86 | 96.77
012 | N | 200 | 1.60 | 12500 | 043 | 043 | 100.00 | 156 | 166 | 9398 | 170 176 | 9659
013 | N | 153 | 160 | 9563 | 0.66 | 0.36 | 183.33 | 177 | 163 | 10859 | 1.56 170 | 91.76
025 | N | 1.46 | 1.43 | 10210 | 040 | 046 | 8696 | 1.70 | 156 | 10897 | 156 1.46 | 106.85
026 | N | 146 | 170 | 8588 | 040 | 036 | 11111 | 153 | 153 | 100.00 | 1.63 1.43 | 113.99
028 | N | 133 | 147 | 9048 | 033 | 037 | 8919 | 160 | 150 | 106.67 | 1.90 267 | 7116
029 | N | 1.80 | 207 | 8696 | 050 | 050 | 100.00 | 1.40 | 1.40 | 100.00 | 1.43 163 | 87.73
032 | N | 190 | 1.90 | 100.00 | 057 | 050 | 11400 | 160 | 1.47 | 108.84 | 1.80 1.77 | 101.69
036 | N | 203 | 230 | 8826 | 050 | 047 | 10638 | 183 | 1.83 | 100.00 | 1.87 1.90 | 98.42
038 | N | 230 | 237 | 9705 | 043 | 040 | 10750 | 170 | 163 | 10429 | 170 270 | 62.96
039 | N | 170 | 157 | 10828 | 040 | 060 | 6667 | 177 | 170 | 10412 | 173 1.63 | 106.13
043 | N | 247 | 263 | 9392 | 050 | 040 | 12500 | 1.97 | 1.87 | 10535 | 2.13 2.03 | 104.93
044 | N | 177 | 193 | 9171 | 040 | 043 | 9302 | 187 | 160 | 11688 | 1.83 1.63 | 112.27
045 | N | 2.83 | 265 | 10679 | 0.60 | 063 | 9524 | 160 | 170 | 9412 | 160 1.90 | 8421
048 | N | 250 | 240 | 10447 | 047 | 043 | 109.30 | 160 | 163 | 9816 | 170 1.70 | 100.00
049 | N | 223 | 213 | 10469 | 050 | 050 | 100.00 | 1.80 | 1.77 | 10169 | 176 1.70 | 103.53
054 | N | 160 | 170 | 9412 | 040 | 0.40 | 10000 | 157 | 1.83 | 8579 | 147 177 | 83.05
055 | N | 160 | 170 | 9442 | 037 | 037 | 10000 | 163 | 170 | 9588 | 1.60 163 | 98.16
056 | N | 160 | 170 | 9412 | 037 | 047 | 7872 | 150 | 170 | 8824 | 183 1.67 | 109.58
057 | N | 160 | 1.60 | 10000 | 040 | 047 | 8511 | 240 | 263 | 9125 | 270 2.97 | 90.91
058 | N | 213 | 170 | 12529 | 033 | 030 | 11000 | 130 | 167 | 77.84 | 1.67 1.43 | 116.78
061 | N | 170 | 200 | 8500 | 073 | 050 | 146.00 | 1.66 | 153 | 10850 | 1.86 1.60 | 116.25
062 | N | 157 | 1.37 | 11460 | 050 | 047 | 10638 | 163 | 220 | 7409 | 170 1.80 | 94.44
070 | N | 157 | 170 | 9235 | 047 | 047 | 10000 | 140 | 173 | 8092 | 163 153 | 106.54
070 | N | 1.80 | 1.77 | 10169 | 057 | 053 | 10755 | 170 | 153 | 11111 | 1.63 1.43 | 113.99
072 | N | 240 | 233 [ 103.00 | 050 | 050 | 100.00 | 173 | 203 | 8522 | 1.87 1.87 | 100.00
073 | N | 304 | 261 |11648 | 035| 049 | 7143 | 176 | 181 | 9724 | 165 173 | 95.38
074 | N | 247 | 212 [ 10236 | 048 | 056 | 8571 | 183 | 201 | 9104 | 1.92 1.95 | 98.46
075 | N | 210 | 229 | 9170 | 048 | 057 | 8421 | 190 | 1.88 | 101.06 | 1.74 1.93 | 90.16
076 | N | 1.90 | 1.87 | 10160 | 050 | 060 | 8333 | 1.60 | 1.60 | 100.00 | 1.80 1.93 | 93.26
077 | N | 173 | 160 | 10843 | 030 | 040 | 7500 | 160 | 143 | 111.89 | 153 157 | 97.45

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT=single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test,
6m= the 6-m timed hop test



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Physical Therapy) / 71

Table J.3 Jump distance (cm) for the three single leg hop tests in football group

No. |G | rd | d LSi.d [rd | d LSl.d |rd | d LSI_d
SLHT | SLHT | SLHT | TLHT | TLHT | TLHT | CLHT | CLHT | CLHT
005 | F | 167.84 | 164.81 | 98.19 | 533.87 | 520.82 | 99.24 | 394.33 | 420.62 | 106.67
006 | F | 165.88 | 147.80 | 89.10 | 455.00 | 459.73 | 101.04 | 423.70 | 441.72 | 104.25
007 | F | 14029 | 14218 | 101.35 | 44552 | 389.50 | 87.45 | 328.92 | 366.84 | 11153
008 | F | 104.45 | 168.58 | 86.70 | 526.84 | 520.13 | 98.73 | 472.24 | 433.92 | 91.89
014 | F | 153.00 | 172.00 | 112.42 | 563.00 | 537.00 | 95.38 | 495.00 | 485.00 | 97.98
015 | F | 133.15 | 152.31 | 114.30 | 457.87 | 393.70 | 85.99 | 372.62 | 364.00 | 97.69
016 | F | 173.37 | 178.16 | 102.76 | 545.04 | 521.09 | 95.61 | 461.70 | 450.78 | 99.58
019 | F | 136.90 | 15422 | 112.65 | 556.54 | 478.95 | 86.06 | 452.13 | 472.24 | 104.45
020 | F | 199.42 | 155.88 | 78.17 | 523.25 | 520.88 | 101.27 | 471.11 | 458.79 | 97.38
021 | F | 159.97 | 150.76 | 94.24 | 569.95 | 516.31 | 90.50 | 416.68 | 452.13 | 108.51
022 | F | 16188 | 177.21 | 109.47 | 541.21 | 54025 | 99.82 | 427.22 | 517.26 | 121.08
024 | F | 182.00 | 201.15 | 11052 | 546.20 | 585.27 | 107.15 | 448.29 | 49523 | 110.47
035 | F | 176.19 | 152.96 | 86.82 | 433.70 | 518.89 | 119.64 | 416.28 | 380.46 | 91.40
040 | F | 166.67 | 139.85 | 83.91 | 435.84 | 480.86 | 110.33 | 475.17 | 467.45 | 98.38
041 | F | 182.00 | 16475 | 90.52 | 509.61 | 560.33 | 109.95 | 463.62 | 402.31 | 86.78
050 | F | 19157 | 201.05 | 104.95 | 548.42 | 581.05 | 105.95 | 534.73 | 542.10 | 101.38
064 | F | 14421 | 167.36 | 116.05 | 466.36 | 501.05 | 107.44 | 413.68 | 449.47 | 108.65
065 | F | 157.89 | 167.36 | 106.00 | 527.36 | 512.63 | 97.21 | 342.10 | 350.20 | 102.37
066 | F | 138.94 | 118.94 | 8561 | 455.78 | 335.78 | 73.67 | 370.52 | 322.10 | 86.93
068 | F | 188.00 | 142.40 | 75.74 | 480.40 | 51420 | 107.01 | 566.30 | 527.20 | 93.10
069 | F | 160.40 | 15310 | 95.45 | 565.60 | 485.40 | 85.82 | 484.40 | 41040 | 84.72
078 | F | 16250 | 171.90 | 105.78 | 479.20 | 484.40 | 101.09 | 416.70 | 48850 | 117.23
079 | F | 215.20 | 217.20 | 100.93 | 562.60 | 572.70 | 101.80 | 561.60 | 577.80 | 102.88
103 | F | 182.10 | 172.63 | 94.80 | 534.73 | 594.00 | 111.08 | 418.94 | 477.89 | 114.07
104 | F | 18210 | 177.89 | 97.69 | 560.00 | 548.42 | 97.93 | 521.05 | 496.84 | 95.35
105 | F | 186.31 | 167.36 | 89.83 | 547.36 | 540.00 | 98.66 | 485.26 | 463.15 | 95.44
106 | F | 17157 | 156.84 | 91.41 | 51157 | 485.26 | 94.86 | 493.68 | 460.00 | 93.18
107 | F | 160.00 | 167.30 | 104.56 | 502.10 | 483.15 | 96.23 | 402.10 | 408.40 | 101.57
108 | F | 17473 | 155.78 | 89.15 | 572.63 | 550.52 | 96.14 | 437.89 | 450.52 | 102.88
109 | F | 167.36 | 186.31 | 111.32 | 567.36 | 603.15 | 106.31 | 493.68 | 507.36 | 102.77
110 | F | 176.84 | 163.15| 92.26 | 526.31 | 535.78 | 101.80 | 503.15 | 402.21 | 79.94
111 | F | 19052 | 193.68 | 101.66 | 574.73 | 597.89 | 104.03 | 567.73 | 494.73 | 87.14
112 | F | 165.26 | 153.68 | 92.99 | 542.10 | 536.84 | 99.03 | 497.89 | 463.15 | 93.02

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT=single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test
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Table J. 4 Jump time (s) for the four single leg hop tests in football group

No. G | rt It LSI_t rt It LSI_t rt It LSI_t rt It LSI_t
6m | _6m | 6m SLHT | SLHT | SLHT | TLHT | TLHT | TLHT CLHT | CLHT CLHT

005 | F | 143 | 1.43 | 100.00 0.43 0.50 86.00 1.73 1.73 | 100.00 1.50 1.73 86.71
006 | F [ 133 | 140 95.00 0.36 0.33 | 109.09 1.53 1.46 | 104.79 1.50 1.60 93.75
007 F 1.73 1.56 | 110.90 0.36 1.36 26.47 1.40 1.46 95.89 0.76 1.20 63.33
008 | F | 153 | 156 98.08 0.53 0.60 88.33 1.66 1.66 | 100.00 1.66 1.66 | 100.00
014 | F | 166 | 176 94.32 0.50 0.50 | 100.00 1.73 1.70 | 101.76 1.66 1.73 95.95
015 | F [ 220 | 1.90 | 115.79 0.53 0.66 80.30 1.53 1.46 | 104.79 1.46 1.53 95.42
016 F 1.73 1.60 | 108.13 0.56 0.63 88.89 1.40 1.50 93.33 1.70 1.80 94.44
019 F 1.63 1.57 | 103.82 0.50 0.57 87.72 1.90 1.70 111.76 1.70 1.57 | 108.28
020 | F [ 153 | 150 | 102.00 0.50 0.53 94.34 1.56 1.53 | 101.96 1.60 1.56 | 102.56
021 | F | 173 | 192 90.10 | 0.53 0.53 | 100.00 1.63 1.67 97.60 1.63 1.97 82.74
022 F 1.36 1.43 95.10 0.50 0.57 87.72 1.50 1.50 100.00 1.60 1.57 | 101.91
024 | F | 136 | 1.46 93.15 | 0.56 0.53 | 105.66 1.53 1.43 | 106.99 1.60 1.56 | 102.56
035 | F [ 163 | 173 94.22 0.50 0.47 | 106.38 1.63 2.47 65.99 1.73 1.63 | 106.13
040 | F [ 190 | 1.66 | 114.46 1.16 1.36 85.29 1.60 1.66 96.39 2.10 2.56 82.03
041 F 1.90 1.66 | 114.46 0.50 0.53 94.34 1.63 1.80 90.56 2.06 2.16 95.37
050 | F | 153 | 1.43 | 106.99 0.53 0.50 | 106.00 1.63 1.70 95.88 1.73 1.73 | 100.00
064 | F | 200 | 1.93 | 103.63 0.50 0.47 | 106.38 1.63 1.73 94.22 1.73 1.70 | 101.76
065 | F [ 183 | 1.86 98.39 0.60 0.50 | 120.00 1.83 1.73 | 105.78 1.43 1.60 89.38
066 F 1.90 2.20 86.36 0.50 0.53 94.34 1.53 1.47 104.08 1.50 1.50 | 100.00
068 | F | 157 | 170 92.35 | 0.40 0.37 | 108.11 1.20 1.53 78.43 1.53 1.53 | 100.00
069 | F | 180 | 1.77 | 101.69 0.57 0.53 | 107.55 1.47 1.47 | 100.00 1.43 1.60 89.38
078 | F | 190 | 1.83 | 103.83 0.33 0.47 70.21 1.37 1.40 97.86 1.30 1.47 88.44
079 F 1.77 1.67 | 105.99 0.63 0.57 | 110.53 2.10 1.83 114.75 2.10 2.03 | 103.45
103 F 1.70 1.70 | 100.00 0.57 0.53 | 107.55 1.53 1.53 100.00 1.47 1.43 | 102.80
104 | F | 210 | 2.10 | 100.00 0.63 0.53 | 118.87 1.67 1.67 | 100.00 1.90 1.83 | 103.83
105 F 1.80 1.80 | 100.00 0.57 0.47 | 121.28 1.93 1.67 115.57 1.97 1.93 | 102.07
106 F 1.97 2.07 95.17 0.57 0.47 | 121.28 1.93 1.83 105.46 1.73 1.57 | 110.19
107 F 2.17 2.23 97.31 0.47 0.43 | 109.30 1.77 1.70 104.12 1.63 1.57 | 103.82
108 | F | 170 | 1.80 94.44 | 0.40 0.40 | 100.00 1.73 1.73 | 100.00 1.83 1.63 | 112.27
109 | F | 157 | 170 92.35 0.53 0.57 92.98 1.83 1.73 | 105.78 1.83 1.90 96.32
110 F 1.60 1.70 94.12 0.50 0.53 94.34 2.03 2.10 96.67 1.80 1.90 94.74
111 F 1.60 1.63 98.16 0.47 0.47 | 100.00 1.83 1.83 100.00 1.73 1.76 98.30
112 | F | 190 | 196 96.94 | 047 0.43 | 109.30 1.60 1.77 90.40 1.57 1.60 98.13

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT=single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test,
6m= the 6-m timed hop test
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Table J. 5 Jump distance (cm) for the three single leg hop tests in football group

No. |G | r.d | d LSi.d |rd | d LSl.d |rd | d LSI_d
SLHT | SLHT | SLHT | TLHT | TLHT | TLHT | CLHT | CLHT | CLHT
031 | B | 169.00 | 166.00 | 98.22 | 503.00 | 486.00 | 96.62 | 418.00 | 443.00 | 105.98
081 | B | 215.20 | 217.20 | 100.93 | 562.60 | 572.70 | 101.80 | 561.60 | 577.80 | 102.88
082 | B | 185.60 | 152.60 | 82.22 | 492.80 | 496.90 | 100.83 | 390.70 | 418.60 | 107.14
083 | B | 136.00 | 134.00 | 9853 | 462.00 | 517.00 | 111.90 | 438.00 | 413.00 | 94.29
084 | B | 193.81 | 18351 | 94.69 | 531.96 | 556.70 | 104.65 | 494.85 | 496.91 | 100.42
085 | B | 205.26 | 191.58 | 93.34 | 567.37 | 572.63 | 100.93 | 481.05 | 495.79 | 103.06
086 | B | 163.04 | 163.04 | 100.00 | 504.35 | 469.57 | 93.10 | 447.83 | 468.48 | 104.61
087 | B | 185.42 | 188.54 | 101.68 | 453.13 | 493.75 | 108.96 | 481.25 | 362.50 | 75.32
088 | B | 187.50 | 134.80 | 71.89 | 562.50 | 443.75 | 78.80 | 363.54 | 444.79 | 122.35
089 | B | 171.13 | 169.07 | 98.80 | 387.63 | 490.72 | 126.59 | 322.68 | 329.90 | 102.24
090 | B | 143.88 | 183.67 | 127.65 | 564.29 | 511.29 | 90.61 | 454.08 | 497.96 | 109.66
092 | B | 175.26 | 169.07 | 96.47 | 556.70 | 546.39 | 98.15 | 438.14 | 428.87 | 97.88
093 | B | 186.96 | 179.35 | 9593 | 575.00 | 54348 | 9452 | 534.78 | 510.87 | 9553
095 | B | 189.47 | 190.53 | 100.56 | 586.32 | 583.16 | 99.46 | 569.47 | 566.32 | 99.45
096 | B | 205.21 | 207.29 | 101.01 | 608.33 | 619.79 | 101.88 | 617.71 | 636.46 | 103.04
097 | B | 19578 | 157.90 | 80.65 | 597.89 | 603.15 | 100.88 | 492.63 | 515.78 | 104.70
098 | B | 188.42 | 189.47 | 100.56 | 581.05 | 575.78 | 99.09 | 542.10 | 551.57 | 101.75
099 | B | 17053 | 163.16 | 9568 | 484.21 | 427.37 | 88.26 | 494.74 | 41158 | 83.19
102 | B | 200.00 | 187.23 | 93.62 | 585.11 | 585.11 | 100.00 | 550.00 | 592.55 | 107.74
113 | B | 157.90 | 197.89 | 125.33 | 485.26 | 558.94 | 115.18 | 481.05 | 522.11 | 108.54
114 | B | 195.78 | 21052 | 107.53 | 533.68 | 468.42 | 87.77 | 588.42 | 43473 | 73.88
115 | B | 164.21 | 173.68 | 105.77 | 537.89 | 51052 | 94.91 | 484.21 | 428.42 | 88.48
116 | B | 201.05 | 209.47 | 104.19 | 598.94 | 607.36 | 101.41 | 583.15 | 576.84 | 98.92
118 | B | 19052 | 195.78 | 102.76 | 629.47 | 600.00 | 95.32 | 617.89 | 600.00 | 97.10
119 | B | 21473 | 21052 | 98.04 | 622.10 | 612.63 | 9848 | 612.63 | 533.68 | 87.11
120 | B | 208.42 | 198.42 | 95.20 | 600.00 | 598.94 | 99.82 | 581.05 | 578.94 | 99.64
121 | B | 192.63 | 189.47 | 98.36 | 568.42 | 596.84 | 105.00 | 537.89 | 522.10 | 97.06
122 | B | 135.78 | 12047 | 9535 | 45052 | 384.21 | 85.28 | 407.36 | 369.47 | 90.70
123 | B | 183.15 | 242.10 | 132.19 | 521.05 | 521.05 | 100.00 | 501.05 | 511.57 | 102.10

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT= single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test
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Table J. 6 Jump time (s) for the four single leg hop tests in basketball group

No. | G | rt It LSI_t rt It LSI_t rt It LSI_t rt It LSI_t
6m | _6m | 6m SLHT | SLHT | SLHT TLHT | TLHT | TLHT CLHT | CLHT | CLHT

031 | B | 1.90 1.67 | 113.77 0.53 0.70 75.71 1.70 1.73 98.27 1.63 1.77 92.09
081 | B | 177 1.67 105.99 0.63 0.57 110.53 2.13 1.97 108.12 2.10 2.07 101.45
082 | B | 1.90 247 76.92 0.43 0.60 71.67 1.90 1.77 107.34 1.63 1.80 90.56
083 | B | 1.87 1.83 102.19 0.57 0.47 121.28 1.80 1.73 | 104.05 1.67 2.03 82.27
084 | B | 1.90 1.73 | 109.83 0.67 0.87 77.01 1.83 1.90 96.32 1.83 1.67 109.58
085 | B | 177 1.93 91.71 0.53 0.77 68.83 2.00 2.00 | 100.00 1.77 1.97 89.85
086 | B | 1.63 2.07 78.74 0.63 0.63 100.00 1.73 2.00 86.50 1.80 1.73 104.05
087 | B | 1.63 1.80 90.56 0.53 0.50 | 106.00 1.90 1.77 107.34 1.77 1.47 120.41
088 | B | 2.17 1.90 | 11421 0.57 0.97 58.76 1.87 1.80 | 103.89 1.63 1.70 95.88
089 | B | 237 2.50 94.80 0.60 0.63 95.24 1.90 1.60 | 118.75 1.70 2.03 83.74
090 | B | 1.63 1.93 84.46 0.53 0.57 92.98 1.83 1.93 94.82 1.80 2.03 88.67
092 | B | 1.60 1.90 84.21 0.50 0.50 | 100.00 1.63 1.77 92.09 1.77 1.77 100.00
093 | B | 167 150 | 111.33 0.47 0.53 88.68 1.70 153 | 11111 1.63 1.50 | 108.67
095 | B | 1.63 1.67 97.60 0.60 0.50 | 120.00 1.73 1.63 | 106.13 1.73 1.73 | 100.00
096 | B | 1.63 1.73 94.22 0.57 0.50 | 114.00 1.70 1.87 90.91 1.80 1.83 98.36
097 | B | 197 1.83 | 107.65 0.67 0.63 | 106.35 1.20 1.77 67.80 1.70 1.83 92.90
098 | B | 1.67 1.70 98.24 0.60 0.63 95.24 1.60 1.70 94.12 1.63 1.77 92.09
099 | B | 187 1.83 | 102.19 0.53 0.47 | 112.77 1.60 1.93 82.90 1.77 1.77 100.00
102 | B | 1.70 1.67 | 101.80 0.57 0.50 | 114.00 1.63 1.73 94.22 1.83 1.70 107.65
113 | B | 1.63 1.60 | 101.88 0.53 0.47 | 112.77 1.67 1.73 96.53 1.63 1.63 | 100.00
114 | B | 2.20 2.07 | 106.28 0.40 0.50 80.00 1.63 1.63 | 100.00 1.50 1.67 89.82
115 | B | 2.00 1.80 | 111.11 0.43 0.47 91.49 1.60 1.77 90.40 1.97 1.70 115.88
116 | B | 1.67 150 | 111.33 0.43 0.47 91.49 1.63 1.70 95.88 1.60 1.60 100.00
118 | B | 1.80 1.90 94.74 0.50 0.53 94.34 1.77 1.63 108.59 1.73 1.77 97.74
119 | B | 1.63 1.63 | 100.00 0.53 G4 7 A0 . 4L 1.53 1.57 97.45 1.73 1.73 | 100.00
120 | B | 1.67 1.63 | 102.45 0.50 0.47 106.38 1.97 1.70 | 115.88 1.73 1.77 97.74
121 | B | 1.60 1.53 104.58 0.60 0.47 127.66 1.70 1.63 | 104.29 1.63 1.67 97.60
122 | B | 173 2.27 76.21 0.43 0.47 91.49 1.63 1.67 97.60 1.60 2.10 76.19
123 | B | 1.63 1.63 | 100.00 0.53 0.50 | 106.00 1.70 153 | 11111 1.57 1.57 100.00

Note: r=right, I=left, d=distance, LSI=Limb Symmetry Index,
SLHT=single leg hop test, TLHT= triple leg hop test, CLHT=cross-over leg hop test,
6m= the 6-m timed hop test
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