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ABSTRACT 

Introduction: Anterior cruciate ligament injury is common in the recreationally active population. Anterior cruciate 

ligamentis the knee joint’s primary restraint on anterior translation of the tibia in regard to the femur and a 

secondary restraint on internal rotation of the tibia. Anterior cruciate ligament injury has an annual incidence of 

more than 200,000 cases with ~100,000 of these knees reconstructed annually.Aim and objectives: To assess the 

functional outcome in terms of objective and subjective score and limb symmetry achieved after all reconstruction 

by using quadriceps strength and hop test. Results: Mean age of the patients was 34.3 years.Male outnumbered 

female i.e. 90% male and 10% female.Majority of patients had knee injury due to fall from height and 9 patients 

due to trauma.Mean LSI of single hop for distance was 62.83±21.51 which was lesser than preoperative 100±0 

(assumed).Mean LSI of 6 m timed hop was 64.13±24.48 which was lesser than preoperative 100±0 (assumed). 

Mean LSI of triple hop for distance observed was 61.70±24.00 and mean LSI of crossover hop for distance was 

82.76±23.84 which was lesser than preoperative 100±0 (assumed). A total of 4(13.33%) had excellent results, 13 

(43.33%) each had good and fair. In our study, 4 (13.33%) patients scored >90 IKDC scoring and return to their 

normal work. A total of 12 (40%) patients achieved IKDC scoring between 76-89 and found almost near to 

normal.Mean IKDC scoring in the present study was 76.64±11.46 and Tegner scoring was 82.46±8.58. 

CONCLUSION: These hop tests showed different levels of imposed demands on the knee that could be used to 

assess functional recovery and readiness to resume work. The described series of hop tests provide reliable and 

valid performance based outcome measures for patients after Anterior cruciate ligament reconstruction. Both 

subjective and objective results, we would like to add on that the patient who have done good physiotherapy post-

surgery tend to have better postoperative functional outcome. 

 

INTRODUCTION 

The anterior cruciate ligament is the knee 

joint’s primary restraint on anterior translation 

of the tibia in regard to the femur and a 

secondary restraint on internal rotation of the 

tibia. Anterior cruciate ligament injury has an 

annual incidence of more than 200,000 cases 

with ~100,000 of these knees reconstructed 

annually. The majority of Anterior cruciate 

ligament injuries (~70%) occur while playing  

 

agility sports and the most often reported 

sports are basketball, soccer, skiing, and 

football. An estimated 70% of Anterior 

cruciate ligament injuries are sustained through 

non-contact mechanisms, while the remaining 

30% result from direct contact. Anterior 

cruciate ligament injury is most prevalent (1 in 

1,750 persons) in patients 15-45 years of age. 

It is more common in this age group in part 

because of their more active lifestyle as well as 
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higher participation in sports. More Anterior 

cruciate ligament injury cases occur in males 

due to greater numbers of male sports 

participants, however females have a higher 

risk of being injured. NCAA statistics found 

that female athletes are 2-8 times more likely 

to sustain an anterior cruciate ligament injury 

playing sports. Several factors are speculated 

to increase risk of anterior cruciate ligament 

injury in females including lower extremity 

alignment (wider pelvis, knee valgus, foot 

pronation), joint laxity, hamstring flexibility, 

muscle development, hormonal differences, 

and anterior cruciate ligament size.
1-3

 

Some individuals may cope or adapt following 

injury,many experience functional instability 

and participation restrictions.
4
 For these non-

coping individuals, anterior cruciate ligament 

reconstruction and rehabilitation offers an 

opportunity to improve knee stability and 

participation. There is now an expectation 

from anterior cruciate ligament injured 

subjects and the international clinical 

community that anterior cruciate ligament and 

rehabilitation will facilitate a return to pre-

injury status of knee function, activity 

performance and participation.
5
 

Recent advances in anterior cruciate ligament 

reconstruction propose a criterion based 

approach
6
 with testing of functional tasks of 

different complexities used as clinical 

milestones to inform the progression of 

rehabilitation and return to activity and 

participation. Walking gait is a simple task and 

hop for distance a more complex one which 

have been proposed as clinical milestones 

which are currently applied as performance 

measures. The application of these milestones 

is however limited by a lack of understanding 

of recovery of these tasks following anterior 

cruciate ligament reconstruction and their 

capability to act as modifiable predictors of 

successful outcome.  

Recent advances in biomechanics have defined 

altered and compensated movement 

strategies
20

that can be used to differentiate the 

response to injury and recovery following 

reconstruction. Several tests based upon 

observation and categorisationhave shown 

promise, however with rapidly advancing 

technology biomechanical analysis in the clinic 

should be possible and requires further 

investigation.  

The anterior cruciate ligament is the most 

frequently injured ligament in the knee, rupture 

of the anterior cruciate ligament predictably 

leads to knee instability and loss of function 

inmajority of those who regularly participate in 

strenuous physical activity.
7
 Evidence suggests 

that nonoperative management of anterior 

cruciate ligament ruptures yields limited 

success in returning individuals to physically 

active life-styles. The current standard of care 

advocated by the majority of orthopaedic 

surgeons for young, active individuals after 

anterior cruciate ligament injury is early 

reconstructionfor maintaining the stability in 

the knee, particularly in activities involving 

cutting, pivoting or kicking. 

Among the many rating systems, the 

Cincinnati Knee Rating System has been 

shown to be a reliable, sensitive, and valid 

measurement tool for defining functional knee 

status.
8
 Both double and single-limb 

performance tests have been reported, 

involving running, jumping, and hopping tasks 



International J. of Healthcare and Biomedical Research, Volume: 06, Issue: 02, January 2018, 35-45 

 

37 

ISSN: 2319-7072 

 

in straight lines or requiring pivoting and 

cutting actions. Single-limb tasks, such as 

hopping tests, offer considerable benefits 

compared with 2-legged tasks, because they 

provide between-limb, withinsubject 

comparisons without the need to rely on 

populationspecific normative data. The 

functional status of the knee is often defined 

by the limb symmetry index or ratio, with an 

index of less than 85% used as a guide for 

abnormal symmetry. Furthermore, it is 

suggested that a score of less than 85% may 

indicate an increased risk of giving way of the 

knee during participation in sporting activities. 

Combination of 2 tests or more is 

recommended to enhance the sensitivity of 

functional testing. 

Therefore, the primary purpose of the study 

was to assess whether the functional 

performance of involved extremity’s returns 

back compared to normal uninvolved 

extremity after anterior cruciate ligament 

reconstruction, to assess the functional 

outcome in terms of objective and subjective 

score and the limb symmetry achieved after all 

reconstruction by using quadriceps strength 

and hop test. 

MATERIAL AND METHODS 

A total of thirty subjects who underwent 

anterior cruciate ligament reconstruction at our 

institute were recruited for study between 2015 

and 2017. All subjects between age of 15 and 

60 were included. Anterior cruciate ligament 

reconstruction was done using hamstring graft 

Procedure 

The functional outcome was assessed after all 

the patients had an initial physical therapy 

evaluation to determine the level of physical 

impairment after anterior cruciate ligament 

injury. Subjects who presented with knee 

effusion greater than trace effusion, limitation 

in knee range of motion, quadriceps side-to-

side strength differences <70% or who were 

unable to hop up and down on the involved 

limb without pain while wearing a functional 

knee brace underwent pre-baseline testing 

rehabilitation to address these physical 

impairment once these impairment were 

resolved patients subjected to 

testing.Functional testing is a battery of tests 

that consists of  1. Quadriceps strength testing, 

2. Single limb hop testing, 3. Tegner and 4. 

IKDC2000. Patients were subjected to 

functional testing, post-surgery, after anterior 

cruciate ligament reconstruction. 

Quadriceps strength 

Quadriceps strength testing consisted of 

maximal voluntary isometric contraction 

(MVIC)
9,10

 using dynamometer. Here patient 

was asked to perform maximal voluntary 

isometric contraction it tested out the patient’s 

ability to fully activate the quadriceps muscle. 

Patient was seated in an upright position with 

their hip and knee at 90 degree of flexion 

testing was done first on uninvolved limb 

followed by involved limb. Quadriceps 

strength index (QI) was calculated by dividing 

the involved quadriceps force by the 

uninvolved quadriceps force and expressing 

the result as a percentage.
11

 

Single limb hop testing 

Single limb hop test was conducted using the 

four hop test described by Noyes
12

 while 

wearing a functional knee brace. The hop 

testing was administered in following order: 

single, crossover, triple and 6 meter timed hop. 
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6 min timed hop was calculated as uninvolved 

limb hop time to the involved limb hop time 

multiplied by 100, These hop tests was valid 

and reliable. 

For each hop test, the subjects performed one 

practice trial for each limb, followed by 2 

measured trials. Consistent with the original 

description of the 4 hop tests, no additional 

warm-up activity was performed. For each set 

of tests, the subjects were instructed to begin 

with the non-operative limb. To minimize 

fatigue, a rest period was offered between 

types of hop tests (up to 2 minutes) and 

between individual hop test trials if needed 

(typically less than 30 seconds was sufficient). 

Subjects supposed to start each test with the 

lead toe behind a clearly marked starting line. 

No restrictions were placed on arm movement 

during testing, and no instructions were 

provided regarding where to look. Subjects 

were encouraged to wear the footwear they 

normally wear during their rehabilitation 

sessions. 

For the hops for distance (single, triple, and 

crossover) to be deemed successful, the 

landing maintained for 2 seconds. An 

unsuccessful hop was classified by any of the 

following: touching down of the contralateral 

lower extremity, touching down of either upper 

extremity, loss of balance, or an additional hop 

on landing. If the hop was unsuccessful, the 

subject was reminded of the requirement to 

maintain the landing, and the hop was 

repeated. No further instructions were 

provided to the subjects. Typically, 1 or 2 extra 

trials were required. 

The single hop for distance was performed as 

outlined by Daniel et al.
13 

The subjects was 

stand on the leg to be tested, subjects with hop, 

and land on the same limb. The distance 

hopped, measured at the level of the great toe, 

and recorded to the nearest centimeter from a 

standard tape measure that was permanently 

affixed to the floor. The timed 6-m hop was 

performed as outlined by Barber. Subjects 

were instructed to perform large one-legged 

hops in series over the total distance. A 

standard stopwatch was used to record the 

time. The stopwatch was started when a 

subject’s heel was lifted from the starting 

position and stopped the moment when the 

tested foot passes the finish line. 

Measurements were recorded to the nearest 

10th of a second. 

The triple hop for distance was performed as 

outlined by Noyes. Subjects were instructed to 

stand on one leg and perform 3 consecutive 

hops as far as possible, landing on the same 

leg. The total distance for 3 consecutive hops 

was recorded. Finally, the crossover hop for 

distance was performed over a 15-cm strip on 

the floor. The subjects with hop forward 3 

times while alternately crossing over a 

marking. The total distance hopped forward 

was recorded. Subjects were instructed to 

position themselves such that the first of the 3 

hops was lateral with respect to the direction of 

crossover. The series of hop tests take 

approximately 10 minutes to administer. 

Patient was asked to filled up International 

Knee Documentation Committee 2000 

Subjective Knee form (IKDC 2000).
14,15

Score 

interpretation included: <50 % severely 

abnormal,<51-75% abnormal,76-89% nearly 

normal and >90% normal. 

Tegner activity level scale 
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1. level 10 (Competitive sports- soccer, 

football, rugby (national elite) 

2. level 9 (Competitive sports- soccer, 

football, rugby (lower divisions), 

icehockey, wrestling, gymnastics, 

basketball etc) 

3, Level8 (Competitive sports- 

racquetball, squash or badminton, 

track and field athletics (jumping, 

etc.), downhill skiing etc) 

4. level7 (Competitive sports- tennis, 

running, motorcars speedway, 

handball Recreational sports- soccer, 

football, rugby, bandy, ice hockey, 

basketball, squash, racquetball, 

running,MTB,dancing etc) 

5. level6 (Recreational sports- tennis 

and badminton, handball, racquetball, 

down-hill skiing, jogging at least 5 

times per week ) 

6. level 5 (Work- heavy labor 

(construction, etc.) Competitive 

sports- cycling, cross-country skiing, 

Recreational sports- jogging on 

uneven ground at least twice weekly) 

7. level4 (Work- moderately heavy labor 

(e.g. truck driving, etc.) 

8. level 3 (Work- light labor (nursing, 

etc.) 

9. level 2 (Work- light labor Walking on 

uneven ground possible, but 

impossible to back pack or hike) 

10. level 1 (Work- sedentary (secretarial, 

etc.) 

11. level 0 (Sick leave or disability 

pension because of hip problems) 

Score interpretation 

Possible score range: 0–100, where 

100 = no symptoms or disability. Scores are 

categorized as Excellent (95–100); Good (84–

94); Fair (65–83) and Poor (≤64) 

STATISTICAL ANALYSIS 

At the end of the study, the data was collected 

and analysed by using Student t-test and Chi-

square test. A p value of <0.05 was considered 

as significant. 

OBSERVATIONS 

Mean age of the study population was 34.3 

years and male outnumbered female i.e. 90% 

male and 10% female. Maximum number of 

patients had knee injury due to fall from height 

and 9 patients due to trauma. 

We found that mean changes in single hop for 

distance on the operative limb were 

statistically lesser than changes on the 

nonoperative limb.As we did not take 

preoperative data of any patient in our study, 

we assumed all the patients having normal LSI 

and assumed it 100. So, in our study, mean LSI 

of single hop for distance was 62.83±21.51. In 

our study, mean LSI of 6 m timed hop was 

64.13±24.48 which was lesser than 

preoperative 100±0 (assumed). Mean LSI of 

triple hop for distance observed was 

61.70±24.00 which was lesser than 

preoperative 100±0 (assumed).Changes in 

crossover hop for distance on the operative 

limb were statistically lesser than changes on 

the nonoperative limb and found to be 

insignificant but in non-operative limb (2), we 

observed a significant difference (<0.05). 

Mean LSI of crossover hop for distance was 

82.76±23.84 which was lesser than 

preoperative 100±0 (assumed).According to 

Tegner scoring,a total of 4(13.33%) had 

excellent results, 13 (43.33%) each had good 
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and fair. None of the patient had poor outcome 

(Table 1). 

Patient's return to their normal activity in day-

to-day work were assessed by International 

Knee Documentation Committee 2000 

Subjective Knee form (IKDC 2000). A score 

of >90% is required to return to activity 

criteria. Lower score means greater pain and 

disability. In our study, 4 (13.33%) patients 

scored >90 IKDC scoring and return to their 

normal work. A total of 12(40%) patients 

achieved IKDC scoring between 76-89 and 

found almost near to normal. 

Mean IKDC scoring in the present study was 

76.64±11.46 and Tegner scoring was 

82.46±8.58.Changes in quadriceps testing 

among involved and uninvolved quadriceps 

force were statistically found to besignificant.  

According to Hopper et al16and Schmitt et 

al
17

study, they used a score of greater than or 

equal to 85% as a criterion for normative limb 

symmetry and normative scores and recorded 

in it in the 6-m timed hop, the stair hop, 

vertical hop and the crossover hop. By using 

the same criterion, in our study, 5 patients each 

returned to normalcy in single hop test, 6m 

timed hop test, 3 in triple hop and 20 in 

crossover hop test.Similarly, with regard to 

quadriceps strength index, a total of 7 patients 

obtained >85% score. 

DISCUSSION 

The importance of a patient’s perception of 

kneerecovery, and self-confidence in 

performing physical tasksafter anterior cruciate 

ligament reconstruction, is reflected by the 

plethora of subjectiverating scales reported in 

knee outcome studies.The popularity of 

functional performance tests for assessingknee 

status is clearly evident in the literature, with 

each taskseen to place different demands on 

the knee joint under controlledclinical 

conditions. Both double and single-limb 

performancetests have been reported, 

involving running, jumping,and hopping tasks 

in straight lines or requiring pivoting 

andcutting actions. The clinical utility of 

functional tests relatesto their ability in 

providing an objective indication of 

dynamiclower-extremity performance under 

simulated conditions, designedto mimic the 

greater demands imposed on the knee inthe 

everyday environment.  

Single-limb tasks, such ashopping tests, offer 

considerable benefits compared with2-legged 

tasks, because they provide between-limb, 

withinsubjectcomparisons without the need to 

rely on populationspecificnormative data.  

The functional status of the knee isoften 

defined by the limb symmetry index or ratio, 

with anindex of less than 85% used as a guide 

for abnormal symmetry. Furthermore, it is 

suggested that a score of less than85% may 

indicate an increased risk of giving way of the 

kneeduring participation in sporting activities. 

Acombination of 2 tests or more is 

recommended to enhance thesensitivity of 

functional testing. 

The benefits of functional hop tests have been 

well documented. Although they provide an 

objective within-subject, between-limb 

comparison, they are simple to administer, 

requiring minimal personnel, cost, equipment, 

and space.   

This study provides comparative hopscores 

and limbsymmetry index values for male 

andfemale subjects at the time 
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duringpostoperative period wheretraining 

dynamic knee stability is emphasized. 

Althoughwe are unaware of 

previouslypublished data describing theentire 

series of hop tests in patientsafter anterior 

cruciate ligamentreconstruction and recording 

to preoperative data in all the tests.  In general, 

comparisonof hop scores over the 4 test 

occasionsindicated that substantial motor 

learningtook place on both the operativeand 

nonoperative limbs from the firstto second test 

occasions, whichtended to level off by the 

third testoccasion. There were substantial 

increasesin hop scores on the fourthtest 

occasion on the operative limb,but not on the 

nonoperative limb, suggestingthat the 

functional status of theoperative limb 

improved over the6-week period. 

Limb symmetry index values provideimportant 

measures of performanceon the operative limb 

in relation tothe nonoperative limb. The fact 

thatlimb symmetry index values wererelatively 

stable over the first 3 testoccasions (i.e. the 

limb symmetry indexaccounted for learning 

that occurredin both limbs) and were similarfor 

male and female subjects alsosupports their 

use.  

The results show that the described series of 

hop tests provide a reliable and valid 

performance-based outcome measure for 

patients after anterior cruciate ligament 

reconstruction. These findings support the use 

and facilitate the interpretation of hop tests for 

research and clinical practice. 

Mean age of the study population was 34.3 

years. In our study, male outnumbered female 

i.e. 90% male and 10% female observed in the 

study. 

Reid et al
61

 reported 19 female and 23 male 

subjects in their study which included 42 

patients. Average age of their patients was 25.6 

years which is comparable to the present study. 

Maximum number of patients belonged to 

service class followed by business i.e. 50% and 

36.66%, respectively.We found that maximum 

number of patients had knee injury due to fall 

from height and 9 patients due to trauma. 

Mean changes in single hop for distance on the 

operative limb were statistically lesser than 

changes on the nonoperative limb and found to 

be statistically significant. As we did not take 

preoperative data of any patient in our study, 

we assumed all the patients having normal LSI 

and assumed it 100. So, in our study, mean LSI 

of single hop for distance was 62.83±21.51 

which was lesser than preoperative 100±0 

(assumed) and statistically found to be 

significant. 

Changes in 6 m timed hop on the operative 

limb were statistically greater than changes on 

the nonoperative limb and found to be 

statistically insignificant. As stated earlier, we 

did not take preoperative data of any patient in 

our study, we assumed all the patients having 

normal LSI and assumed it 100. So, in our 

study, mean LSI of 6 m timed hop was 

64.13±24.48 which was lesser than 

preoperative 100±0 (assumed) and statistically 

found to be significant. 

Changes in triple hop for distance on the 

operative limb were statistically lesser than 

changes on the nonoperative limb and found to 

be statistically significant.  Because, we did 

not take preoperative data of any patient in our 

study, we assumed all the patients having 

normal LSI and assumed it 100. So, in our 
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study, mean LSI of triple hop for distance 

observed was 61.70±24.00 which was lesser 

than preoperative 100±0 (assumed) and 

statistically found to be significant. 

Changes in crossover hop for distance on the 

operative limb were statistically lesser than 

changes on the nonoperative limb and found to 

be insignificant but in non-operative limb (2), 

we observed a significant difference (<0.05).  

Due to non-recording of preoperative data of 

any patient in our study, we assumed all the 

patients having normal LSI and assumed it 

100. So, in our study, mean LSI of crossover 

hop for distance was 82.76±23.84 which was 

lesser than preoperative 100±0 (assumed) and 

statistically found to be significant. 

According to Tegner scoring,a total of 

4(13.33%) had excellent results, 13 (43.33%) 

each had good and fair. None of the patient 

had poor outcome.In our study, we did not 

record preoperative data of any patient and 

assumed all the patients non operated limb as 

normal with 100% normalcy. To the best of 

our knowledge, we did not find any study 

related to this study. 

All the patients were asked to filled up 

International Knee Documentation Committee 

2000 Subjective Knee form (IKDC 2000). The 

IKDC 2000 is a valid and reliable self-reported 

outcome measure and a score of 11.5 are 

necessary to distinguish between those who 

had improved and those who had not 

improved. A score of >90% is required to 

return to activity criteria. Lower score means 

greater pain and disability. In our study, 4 

(13.33%) patients scored >90 IKDC scoring 

and return to their normal work. A total of 12 

(40%) patients achieved IKDC scoring 

between 76-89 and found almost near to 

normal.Mean IKDC scoring in the present 

study was 76.64±11.46 and Tegner scoring 

was 82.46±8.58.Changes in quadriceps testing 

among involved and uninvolved quadriceps 

force were statistically found to be significant.  

The study had two major objectives-to assess 

the functional outcome in terms of objective 

(quadriceps strength testing and hop tests) and 

subjective scores (Tegner and IKDC scoring). 

Our analysis showed that on comparing 

cumulative  LSI for all 4 hop test between non 

operative and operative limb presuming non 

operative LSI to be 100,a mean of 67% percent 

was achieved,whereas on individual  hop test 

the LSI for single hop test was 62%,for triple 

hop test was 61% for 6m hop test it was 64% 

for crossover hop it was 82%.therefore we 

always advise clinician to use atleast two or 

greater than 2 function tests when performing 

this portion of the analysis of lower limb 

function. 

The assessment of lower limb function 

encompasses many variable that may effects 

the test results including joint 

pain,jointswelling,neuromuscular coordination, 

muscle strength, Feinstein described 

confirmation tests as those with high 

sensitivity rates and few to no false positive 

results. Our study showed though technically 

crossover test being the most demanding a 

mean LSI of 82% was obtained.Based on our 

study the single hop time triple hop and 

crossover hop test can be used to conform 

lower limb functional limitations.They cannot 

determine which of the several variables 

involved in lower limb function is deficient. 

The results of this study determined  that 67% 
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of the study population performed abnormally 

with respect to the battery of 4 hop tests. 

In terms of subjective assessment we used two 

tests tegner scale and IKDC 

questionnaire,forassessment of functional 

outcome. Four patients in group of 30 

performed excellent,13 were  good and 13 

performed fairly.On IKDC questionnaire 

reporting 4 patients for the same sample size 

performed normal 12 were nearly normal  

while 14 were abnormal. These assessment  

results were significantly related to their 

functional outcome. Those patients who did 

well in these subjective tests were also good in 

terms of their individual  LSI scores.  

Our second objective was to assess the LSI 

achieved after anterior cruciate ligament 

reconstruction by using quadriceps strength.On 

analyzing the QSI scores for sample size 30 in 

our study, we found that mean of 74%  was the 

quadriceps muscle strength compared to non 

operative limb. 

CONCLUSION 

These hop tests showed different levels of 

imposed demands on the knee that could be 

used to assess functional recovery and 

readiness to resume work. There was a general 

trend for slight improvements in raw 

performance scores for the uninjured limb over 

different test occasions.  

This trend may perhaps reflect a lack of 

confidence in performing a novel task, or a 

detraining effect of the uninjured limb 

secondary to reduced physical activity. Some 

attention should therefore be given to the 

method of task administration to minimize 

learning influences, such as ensuring an 

adequate warm-up prior to testing, and 

considering the optimum number of pretest 

practice trials and test trials. These measures 

will serve to ensure that the clinician can 

confidently attribute differences in 

performance scores to actual changes in limb 

function, rather than to inconsistencies or 

variability in measurement.The described 

series of hop tests provide reliable and valid 

performancebased outcome measures for 

patients after anterior cruciate ligament 

reconstruction. On analyzing both subjective 

and objective results, we would like to add on 

that the patient who have done good 

physiotherapy post-surgery tend to have better 

postoperative functional outcome. These 

findings support the use and facilitate the 

interpretation of hop tests for research and 

clinical practice. 
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Table 1 

Comparison of single hop for distance, 6 m timed hop, triple hop and crossover hop for distance among 

non-operative limb (cm) and operative limb (cm) (n=30) 

Four hop 

test 

Non-

operative 

limb (1) 

Operative 

limb (1) 

Statistical 

significanc

e 

Non-operative 

limb (2) 

Operative 

limb (2) 

Statistica

l 

significa

nce 

Single 

hop for 

distance 

114.86±46.7

8 

78.8±41.12 <0.01 Sig. 126.36±51.88 74.46±40.77 <0.001 

VHS 

6m timed 

hop 

5.8±1.88 12.50±13.0

1 

<0.01 

Significant 

5.53±2.13 13.32±14.68 <0.01 

Sig. 

Triple 

hop 

314.6±104.2

8 

181.43±79.

93 

<0.001 

VHS 

318.56±101.48 202.10±105.

72 

<0.001 

VHS 

Crossover 

hop for 

distance 

412.10±192.

16 

344.2±189.

50 

0.173  

(>0.05) NS 

446±209.88 339.9±196 0.04 

(<0.05) 

Sig. 
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