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Introduction

Anterior cruciate ligament (ACL) rupture accounts for 
6-14% of injuries that occur in soccer1,2. For the return of 
soccer players to competitive action at the pre-injury level, 
surgical reconstruction is imperative when this has been 
jointly decided by the medical and training team as well 
as the athlete3,4. Within the first two years after surgical 
reconstruction there is a high risk of injury to both the 

operated and non-operated limb5. In the first two years 
after the initial ACL tear there is also a 24% risk of a second 
injury upon return to competitive action6. Relevant literature 
reports that 24 months after anterior cruciate ligament 
reconstruction (ACLR) athletes have a sixfold risk of re-
injury7. Furthermore, within the first five years after surgery 
3-22% of athletes sustained a graft tear, while 3-24% 
sustained an ACL tear in the healthy limb8.Muscle deficits 
involving knee joint extensors and flexors persist up to two 
years after ACLR9,10.

Researchers often use isokinetic assessment to determine 
strength as well as hop tests for functional ability to evaluate 
athletes for return to competitive action7. Hop tests are used 
in the functional assessment of post-ACLR patients in sports 
that involve jumping, turning, and changes of direction. 
Assessment of muscle strength is performed through 
isokinetic testing of the knee extensors and flexors where 
muscle deficits are often noted after ACLR11. A 10-15% 
difference between the two limbs for functional testing and 
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strength assessment is considered acceptable12. However, 
some researchers consider a difference of more than 10% 
between limbs after ACLR for both strength and hop tests 
unsatisfactory13. Athletes that participated in evaluation 
tests and did not meet the proposed return-to-sport criteria 
were four times more likely to re-injure (graft rupture)12.

In the international literature, studies examining functional 
ability at 24 months after surgery usually use single tests 
of either strength or functioning or a combination of both14. 
In our study, soccer players were thoroughly assessed two 
years after ACLR, a critical time point when there is a risk 
of re-injury. The purpose of the study was to determine the 
competitive readiness of active soccer players two years 
after the surgery through isokinetic evaluation indices and 
hop tests.

Materials and Methods

Design

Our study followed a cross-sectional design and was 
conducted under the supervision of the Department of 
Physical Education and Sports Science of the Aristotle 
University of Thessaloniki. The evaluation protocol of the 
soccer players who participated in the study meets the 
criteria of the Principles and Operation Regulation of the 
Ethics Committee of the Aristotle University of Thessaloniki 
and the current legislation. Eligibility of participants as well 
as evaluation assessments took place in the Laboratory of 
Evaluation of Human Biological Performance. 

Participants

Sixteen soccer players voluntarily participated in this 
study. Participants were level 1 athletes (participating in a 
sport with twisting movements, jumping, and cutting such as 
soccer 4-7 times/week)15 who participated in a national level 
championship. Their mean age was 24.62±4.92 years, body 
weight 67.90±6.83kg, and height 175.25±7.11cm, while 
their mean previous soccer experience was 10.31±4.25 
years. Athletes were assessed 23.56±1.03 months after 
ACLR and during the measurement period had returned to 
competitive action. Their mean recovery time was 8.75±1.39 
months (Table 1).

Inclusion criteria for participation in the study were: (1) 
men, (2) age 18-35 soccer players (level 1 athletes) active 
in the last five years, (4) having undergone ACLR 22-25 
months ago, and (5) signing a written consent form for their 
participation in the research. An exclusion criterion was the 
existence of a musculoskeletal injury in the last six months. 
The absence of injury during the last six months was recorded 
through a personal interview during the eligibility screening 
phase and was confirmed after contact with the training team 
of the participants. 

Procedures

Participants visited the laboratory twice. During their first 
visit, their history was recorded, they were informed about 
the evaluation process, and they were given time to familiarize 
themselves with the laboratory equipment that was to be 
used during the evaluation. On their second visit, baseline 
measurements were performed. Before measurements, the 
athletes did a five-minute warm-up on an exercise bike (100 
Watts) and five minutes of dynamic stretching of the lower 
limbs. All participants performed the same warm-up routine.

Hop tests

After the initial warm-up, the assessment was carried out 
through the hop tests in the following order: Single hop test 
for distance (SHD), 6-meter timed hop test (6MTH), triple hop 
test for distance (THD), crossover hop test for distance (CHD), 
and 30-second side hop test (SH). Each test was performed 
first on the healthy limb and then on the affected limb. For all 
tests participants performed one trial and two normal tests 
(the average of the two successful tests was calculated) for 
each limb except for SH where one trial and one normal test 
was performed for each limb. If an attempt was invalid, then 
an additional normal attempt was allowed. The downtime 
between attempts was at least 30 seconds, while between 
different tests at least two minutes. During the execution 
of the hop tests, there was no restriction on the movement 
of the arms. The mean values of time (sec), distance (cm), 
and number of hops (rep) were compared between the 
operated and healthy limb to calculate the performance of 
the athletes16-18.

Table 1. Participants demographics, time from surgery (months), rehabilitation time (months).

n =16 Range Minimum Maximum Mean SD

Age 15.00 18.00 33.00 24.62 4.92

Body mass (kg) 23.00 57.00 80.00 67.90 6.83

Height(cm) 25.00 160.00 185.00 175.25 7.11

Time from surgery(months) 3.00 22.00 25.00 23.56 1.03

Rehabilitation time (months) 4.00 6.00 10.00 8.75 1.39

SD= Standard Deviation; kg= Kilogram; cm= centimeters.
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Single hop test for Distance (SHD)

In this test, participants were asked to stand with one 
foot behind the starting line and perform as long as possible 
a horizontal jump (the maximum distance of the jump in 
cm was considered for the measurement). The distance 
measurement was performed at the level of the heel. When 
landing on the tested leg, subjects had to maintain their 
balance for two seconds.

6-meter timed hop test (6MTH)

In this hop test, participants were asked to stand on one 
leg behind the starting line and after the examiner’s signal 
to cover the distance of six meters on one leg as quickly as 
possible. The time in seconds taken by each participant to 
cover the distance of six meters was considered, measured 
with a digital stopwatch hand timer (Amila 44092 
Professional Stop watch).

Triple hop test for distance (THD)

In this test, participants were asked to stand on one leg 
behind the starting line and perform three consecutive 
horizontal jumps on one leg to achieve as much distance as 
possible, while in the last jump, upon landing, they had to 
maintain their balance for two seconds. The maximum hop 
distance in cm was considered for the measurement. The 
distance measurement was performed at the level of the heel.

Crossover hop test (CHD)

In this test, participants had to stand with one foot behind 
the starting line and perform three horizontal cross jumps 
over a median line (without touching the 15cm thick line). The 
goal of the test was to cover the longest possible distance 
without losing their balance and to land firmly on the last 
jump for two seconds. The maximum distance in cm was 
considered for the measurement. The distance measurement 
was carried out at the level of the heel.

30-seconds side hop test (SH)

When performing this test, participants were asked to 
stand on the examined leg and jump over two parallel lines 
40cm apart for 30 seconds without touching them. The goal 
of the test was to perform the largest possible number of 
jumps within 30 seconds. A digital stopwatch hand timer was 
used for the test (Amila 44092 Professional Stopwatch). The 
number of jumps performed by each examinee in 30 seconds 
was considered for the measurement. If 25% of the jumps 
were unsuccessful then the process was repeated.

Isokinetic assessment

After a five-minute break, the isokinetic assessment 
followed using an isokinetic dynamometer (C.S.M.i., 
HUMACNORM 770, U.S.A.). The maximum torque of the 
extensor and flexor muscles of the knee joint with full range 

of motion was assessed. Participants were assessed at 
60°/s, 180°/s, 300°/s concentrically and at 60°/s, 180°/s, 
300°/s eccentrically. During the isokinetic assessment, three 
trials and three normal attempts were performed at each 
angular velocity for each limb, with a one-min break between 
the different angular velocities. The measurement was made 
from the slowest to the fastest velocity. The best effort for 
each angular velocity was selected from the three normal 
attempts (peak torque is defined as the maximum torque 
value from a set of repetitions)19. After a five-minute break, 
the eccentric evaluation was performed. The non-operated 
limb was evaluated first17. A five-minute break was given 
between the assessment of the two limbs. The researchers 
provided participants with visual and auditory feedback. The 
conventional H/Q ratio (H/Qconv) (concentric function of the 
knee flexors / concentric function of the knee extensors) and 
the functional H/Qratio (H/Qfunc) (eccentric function of the 
flexors / concentric function of the knee extensors) of each 
limb were also calculated.

Statistical analysis

The statistical analysis of the data was carried out using 
the SPSS version 25 statistical program (IBM Corporation, 
Armonk, NY). The Shapiro-Wilk test was used to check 
the normality of the distribution, where the normality of 
the distribution was established. The Paired-Samples T 
Test was used to compare the mean values of peak knee 
extensor and flexor muscles torque between the two 
limbs, H/Qconv, H/Qfunc during isokinetic assessment, 
distance in (cm), time in (sec), and the number of jumps 
during the hop tests. Additionally, the peak torque of knee 
extensors in three different velocities (60°/s, 180°/s, and 
300°/s) was correlated with each hop test score though a 
Pearson correlation analysis to establish any association 
between strength and hop test data. Correlation in each 
participant was measured only for the operated limb. The 
level of significance was set at p < .05. Finally, the limb 
symmetry index (LSI) for knee extensors and flexors 
was calculated with the equation {(operated value/non-
operated value) × 100} during the isokinetic assessment 
for concentric contraction, and for the hop tests with the 
equation {(operated value/non-operated value) × 100}, 
except for the 6MTH where the equation {(non-operated 
value/operated value) × 100} was used.

Results

Hop tests

When evaluating the jump tests, it was observed that 
two years after ACLR, the non-operated limb had better 
values in terms of the average distance in (cm), time in (sec), 
and the number of jumps compared to the operated limb, 
albeit without significant statistical difference (Table 2). 
Specifically, no significant statistical difference was observed 
in SHD between the operated and non-operated limb of the 
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participants with the non-operated having better results  
(p = .095). For 6MTH, no significant statistical difference 
was observed between the operated and non-operated limb, 
with the non-operated limbs having better results (p = .177). 
For THD, no significant statistical difference was observed 
between the operated and non-operated limb, with the 
non-operated limb of the participants having better results  
(p = .069). No significant statistical difference was observed 
between the operated and non-operated limb when evaluating 
CHD, with the non-operated limb having better outcomes 
(p = .698). For SH, no significant statistical difference was 
observed in the number of jumps between the operated and 
non-operated limb of the participants, with the non-operated 
limb performing better (p = .113).

Isokinetic test

Regarding the isokinetic assessment two years after ACLR 
under conditions of peak torque, when tested at the three 
angular velocities (60°/s, 180°/s, 300°/s) during concentric 
function a significant statistical difference was observed 
regarding the mean of the peak torque between the operated 

and the non-operated limb for the knee extensors with the 
non-operated having better values (Table 3). We found no 
significant statistical differences for the knee flexors in all 
three angular velocities (60°/s, 180°/s, 300°/s) during 
concentric function, with the non-operated limb having 
better values. More specifically, at 60°/s the mean peak 
torque for the knee extensors between the operated and non-
operated limb showed a significant statistical difference, with 
the non-operated limb having better results (p = .027). At 
60°/s the mean peak torque for the knee flexors between the 
operated and non-operated limbs did not show a significant 
statistical difference, with the non-operated limb having 
better results (p = .076). At 180°/s the mean peak torque for 
the knee extensors between the operated and non-operated 
limbs was significantly statistically different with the non-
operated limb having better values (p = .045). At the same 
angular velocity for the knee flexors no significant statistical 
difference was observed between the operated and non-
operated limb of the participants, with the non-operated 
limb having better values (p = .102). At 300°/s there was 
a significant statistical difference in the mean peak torque 

Table 2. Values for five hop tests between operated and unaffected limb.

n =16 SHD (cm) 6MTH (sec) THD (cm) CHD (cm)
SH (number of 

hops)

Operated limb Mean (SD) 194.84±23.96 1.99±0.37 553.28±73.07 511.93±65.23 37.43±10.68

Unaffected limb Mean (SD) 201.37±16.19 1.91±0.29 575.81±56.20 516.28±51.73 39.68±10.07

Sig.operated/ Unaffected limb p = .095 p = .177 p = .069 p = .698 p = .113

SD= Standard Deviation; SHD= Single Hop for Distance; 6MTH= 6 Meter Timed Hop; THD= Triple Hop for Distance; CHD= Crossover Hop for 
Distance; SH= Side Hop; cm= centimeters; sec= seconds; Sig= Significance.

Table 3. Isokinetic values for knee extension and knee flexion peak torque between operated and unaffected limb during concentric 
contraction.

n=16
Knee extension peak torque 

60°/s (Nm)
Knee extension peak torque 

180°/s (Nm)
Knee extension peak torque 

300°/s (Nm)

Operated limb Mean (SD) 173.37±32.47 133.00±18.32 100.87±11.23

Unaffected limb Mean (SD) 191.25±30.49 146.12±21.36 110.75±11.88

Sig. Operated limb/  
Unaffected limb

p = .027 p = .045 p =.031

n=16
Knee flexion peak torque 60°/s 

(Nm)
Knee flexion peak torque 

180°/s (Nm)
Knee flexion peak torque 

300°/s (Nm)

Operated limb Mean (SD) 111.68±23.62 87.56 ±15.73 66.93±13.94

Unaffected limb Mean (SD) 119.62±23.07 94.00±16.80 72.06±17.11

Sig. Operated limb/  
Unaffected limb

p =.076 p =.102 p =.143

SD= Standard Deviation; Nm= Newton Meter; Sig= Significance.
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between the operated and non-operated limbs for the knee 
extensors, with the non-operated limb performing better  
(p = .031). For the knee flexors there was no significant 
statistical difference between the operated and non-operated 
limb, with the non-operated limb having better results  
(p = .143). 

Regarding the eccentric evaluation results, there 
were no statistically significant differences between the 
operated and non-operated limb for both knee extensors 
and flexors for the angular velocities examined (60°/s, 
180°/s, 300°/s) (Table 4). Specifically, for the knee 
extensors at 60°/s the non-operated limb had better 
values than the operated one without this difference being 
statistically significant (p = .515). At the same angular 
velocity, the knee flexors of the operated leg showed 
better values compared to those of the healthy one 
without the difference being statistically significant (p = 
.902). Regarding the results at 180°/s, the values in the 
healthy leg, although improved compared to the injured 
one, did not show statistically significant differences 
neither in the extensors (p = .082) nor in the flexors (p = 
.461). Finally, at 300°/s the healthy leg showed improved 
values compared to the operated one for the extensors, 
while for the knee flexors the operated one showed better 
values compared to the healthy one. However, none of 
these differences were statistically significant (p = .831 

and p = .528 respectively).
When evaluating H/Qconv two years after surgery, it was 

observed that there were no significant differences between 
the operated and non-operated limb at all angular velocities 
examined (60°/s, 180°/s, 300°/s), with the operated limb 
having better results (Table 5). More specifically, at 60°/s 
there was no significant statistical difference between the 
operated and non-operated limb, with the operated limb 
having a higher value (p = .456). At 180°/s there was no 
significant statistical difference between the limbs, with the 
operated limb having a higher value (p = .718). At 300°/s 
there was no significant statistical difference between the 
two limbs for H/Qconv with the operated limb having a higher 
value (p = .678).

We found no significant statistical differences for H/Qfunc 
at any of the angular velocities examined (60°/s, 180°/s, 
300°/s), with the operated limb having better values (Table 
6). Specifically, at 60°/s no significant statistical difference 
was observed between the two limbs, with the operated limb 
having a better result (p = .124). At 180°/s for the same index 
no significant statistical difference was observed between 
the two limbs, with the operated limb having better results 
(p = .468). At 300°/s no significant statistical difference 
was observed between the two limbs, with the operated limb 
having better results (p = .130).

Table 4. Isokinetic values for knee extension and knee flexion peak torque between operated and unaffected limb during eccentric contraction.

n=16
Knee extension peak torque 

60°/s (Nm)
Knee extension peak torque 

180°/s (Nm)
Knee extension peak torque 

300°/s (Nm)

Operated limb Mean (SD) 178.00±42.63 177.92±43.42 185.92±38.85

Unaffected limb Mean (SD) 186.14±35.54 199.71±39.52 189.57±61.91

Sig. p =.515 p =.082 p =.831

N=14
Knee flexion peak torque 60°/s 

(Nm)
Knee flexion peak torque 

180°/s (Nm)
Knee flexion peak torque 

300°/s (Nm)

Operated limb Mean (SD) 109.71±27.68 116.50±32.37 125.25±30,27

Unaffected limb Mean (SD) 108.78±25.25 122.64±31.00 116.50±41,05

Sig. p =.902 p =.461 p =.528

SD= Standard Deviation; Nm= Newton Meter; Sig= Significance.

Table 5. Isokinetic values for H/Q conventional (Hamstring concentric peak torque/Quadriceps concentric peak torque) between operated 
and unaffected limb.

n=16 H/Q Conv. 60°/s H/Q Conv. 180°/s H/Q Conv. 300°/s

Operated limb Mean (SD) 64.68±9.23 66.43±11.44 66.81±14.86

Unaffected limb Mean (SD) 62.87±10.02 65.12±12.15 65.06±14.28

Sig. Operated limb/ Unaffected 
limb

p =.456 p =.718 p =.678

SD= Standard Deviation; H/Q Conv= Hamstrings/Quadriceps Conventional Ratio; Sig= Significance.
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Limb Symmetry Index (LSI) for hop tests

Regarding the assessment of the LSI when performing the 
hop tests (Table 7), it was observed that for the SHD 14/16 
(87%) of the participants achieved the required symmetry of 
90-110%, for 6MTH 11/16 (69%) of participants achieved 
symmetry within 90-110%, for THD 11/16 (69%) achieved 
the required symmetry, for CHD 13/16 (81%) of participants 
achieved the required symmetry, while finally for SH only 
6/16 (37%) of the participants achieved the required 
symmetry value.

Limb Symmetry Index (LSI) for isokinetic test 

The assessment of limb symmetry during the isokinetic 
test for the knee extensors and flexors (Table 8) showed that 

at 60°/s for the knee extensors 5/16 (31%) of the participants 
achieved the required value within 90 -110%, and for knee 
flexors at the same angular velocity 11/16 (69%) were within 
normal limits. At 180°/s for knee extensors 6/16 (37%) and 
6/16 (37%) for knee flexors achieved 90-110% symmetry 
between the two limbs. Finally, at 300°/s the required 
symmetry was achieved for the extensors by 9/16 (56%) 
participants, while for the flexors by 6/16 (37%) participants.

Correlations between knee extensors peak torque and hop 
tests

Regarding the Pearson correlation analysis results 
between hop tests and all knee extension measurements of 
the operated limb, a strong positive correlation was found 

Table 6. Isokinetic values for H/Q Functional (Hamstring eccentric peak torque/Quadriceps concentric peak torque) between operated and 
unaffected limb.

n=16 H/Q Func 60°/s H/Q Func 180°/s H/Q Func 300°/s

Operated limb Mean (SD) 0.65±0.14 0.89±0.22 1.26±0.28

Unaffected limb Mean (SD) 0.57±0.10 0.85±0.17 1.04±0.36

Sig. Operated limb/ Unaffected limb p =.124 p =.468 p =.130

SD= Standard Deviation; H/Q Func= Hamstrings/Quadriceps Functional Ratio; Sig= Significance.

Table 7. Limb symmetry Index percentages of hop tests for 16 semi-professionals soccer players.

Limb Symmetry Index (LSI) 90-110% (LSI) >110% (LSI) <90% (LSI)

SHD (cm) 14/16 (87%) 0/16 (0%) 2/16 (13%)

6MTH (sec) 11/16 (69%) 1/16 (6%) 4/16 (25%)

THD (cm) 11/16 (69%) 2/16 (12%) 3/16 (19%)

CHD (cm) 13/16 (81%) 1/16 (6%) 2/16 (13%)

SH number of hops) 6/16 (37%) 3/16 (19%) 7/16 (44%)

LSI= Limb Symmetry Index; SHD= Single Hop for Distance; 6MTH= 6 Meter Timed Hop; THD= Triple Hop for Distance; CHD= Crossover Hop 
for Distance; SH= Side Hop; cm= centimeters; sec= seconds.

Table 8. Limb symmetry index percentages for knee extensors and flexors between operated and unaffected limb.

Limb Symmetry Index (LSI) 90-110% (LSI) >110% (LSI) <90% (LSI)

Knee extension peak torque 60°/s (Nm) 5/16 (31%) 2/16 (13%) 9/16 (56%)

Knee flexion peak torque 60°/s (Nm) 11/16 (69%) 1/16 (6%) 4/16 (25%)

Knee extension peak torque 180°/s (Nm) 6/16 (37%) 2/16 (13%) 8/16 (50%)

Knee flexion peak torque 180°/s (Nm) 6/16 (37%) 3/16 (19%) 7/16 (44%)

Knee extension peak torque 300°/s (Nm) 9/16 (56%) 1/16 (6%) 6/16 (38%)

Knee flexion peak torque 300°/s (Nm) 6/16 (37%) 3/16 (19%) 7/16 (44%)

LSI= Limb Symmetry Index; Nm= Newton Meter.
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between SH and all different angular velocities of knee 
extension peak torque (r = 0.635 – 0.654, p = .006 - .008). 
No other significant correlation was detected between all 
other hop tests with all different angles of knee extension 
torques (Table 9).

Discussion

Our research found that two years after ACLR soccer 
players continue to exhibit deficits in knee extensors muscle 
strength during isokinetic assessment, as well as affected 
functional ability related to lateral jump. We observed during 
the isokinetic evaluation of the mean peak torque for the knee 
extensors a significant difference between the operated and 
the non-operated limb, with the non-operated limb having 
better values for the concentric contraction. For the eccentric 
contraction, we found that the mean peak torque for the knee 
extensors and knee flexors was not significantly different 
between the operated and non-operated limb. Furthermore, 
most participants did not achieve the required 90-110% 
bilateral symmetry for both knee extensors and flexors. 

The evaluation of the hop tests did not reveal any 
significant difference between the two limbs. Regarding limb 
symmetry beyond the 30 second side hop in the remaining 
hop tests, most participants achieved the required symmetry 
index of 90-110%. The assessment of isokinetic balance 
indices of the muscles surrounding the knee joint for both H/
Qconv and H/Qfunc showed no significant difference between 
the two limbs at any angular velocity. However, participants 
were unable to achieve the required ratio values between 
competing muscles at most angular velocities for both 
indices.

One of the main findings of the study was the significant 
difference between the operated and non-operated limb for 
the knee extensors at the angular velocities tested, which is 
also verified by the relevant literature. In their review, Nagelli 
et al.20 states that quadriceps strength deficits continue to 
persist for several months to years, with strength recovery 
lasting beyond the two-year period20. Roewer et al.21 also 
found that quadriceps strength continues to recover two 

years after ACLR surgery. In the systematic review by 
Petersen et al.22, researchers observed that in many studies 
strength deficits persisted 12-24 months after surgery. 
Finally, Karanikas et al.23 found lower joint torques 12-24 
months after ACLR. 

Opposite results to our study were found by Aglietti et 
al.24, where at two years after surgical reconstruction the 
knee extensor strength of the operated limb was comparable 
and sometimes greater than that of the non-operated limb. 
The above study also agrees with Maletis et al.25, who 
reports that at two years after surgical reconstruction knee 
extensor strength was comparable to the healthy opposite 
limb. In the study by Buckthorpe et al.26, the importance of 
regaining knee extensor strength during the rehabilitation 
period is emphasized, as knee extensor strength deficits 
are associated to a high risk of re-injury, reduced knee joint 
functioning, risk of osteoarthritis, and poor biomechanics.

Another important finding of the study was that most 
participants did not achieve the required symmetry value 
between the operated and non-operated limb (LSI 90-110%) 
during the isokinetic assessment for both knee extensors and 
knee flexors two years after ACLR. The above observation 
agrees with many studies. Thomeè et al.27 found that the 
overall percentage achieving an LSI score ≥ 90% was 48% for 
the three strength tests (leg press, leg extension, leg flexion) 
24 months after surgical reconstruction. In the systematic 
review by Taifur et al.28, reported that muscle deficits for the 
quadriceps and hamstrings are encountered even more than 
two years after surgery. Xergia et al.29 found that strength 
deficits for both extensors and flexors did not resolve two 
years after surgery. Contrary to the above, Gokeler et al.30 
states that 90% LSI is satisfactory for recreational and non-
spinning sports. In contact sports with spinning movements, 
such as soccer, a 100% LSI is recommended.

Contrariwise, Aune et al.31 found that 24 months after 
ACLR during isokinetic assessment of knee extensors 
and flexors the strength of the operated limb was almost 
symmetrical with that of the healthy limb regardless of the 
type of graft used. Moreover, Nagelli et al.20 report that 
strength deficits for both knee extensors and flexors resolve 

Table 9. Pearson correlation coefficients for all pairs among hop tests and knee extension peak torque tests for the operated limb.

Knee extension peak torque 
60°/s (Nm)

Knee extension peak torque 
180°/s (Nm)

Knee extension peak torque 
300°/s (Nm)

r p r p r p

SHD (cm) 0.250 .350 0.286 .283 0.215 .425

6MTH (sec) -0.350 .184 -0.266 .319 -0.394 .131

THD (cm) 0,220 .412 0.198 .463 0.296 .314

CHD (cm) 0.156 .564 0.124 .648 0.386 .140

SH (number of hops) 0.654 .006 0.635 .008 0.653 .006

SHD= Single Hop for Distance; 6MTH= 6 Meter Timed Hop; THD= Triple Hop for Distance; CHD= Crossover Hop for Distance; SH= Side Hop; 
cm= centimeters; sec= seconds, r = Pearson correlation coefficient.
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two years after surgery. In our study, participants returned 
to activity without achieving the required limb symmetry for 
the knee extensors and flexors. It has been found that for 
every 1% increase in symmetry for the knee extensors there 
is a 3% reduction in the risk of re-injury26. Considering the 
high risk of re-injury in the two-year period after surgery, the 
importance of achieving symmetry for the knee extensors 
and flexors between the operated and non-operated limb can 
be understood.

The evaluation of the hop tests (SHD, 6MTH, THD, CHD, 
SH) revealed no significant difference between the operated 
and non-operated limb for the mean distance in (cm), time 
in (sec) and number of jumps. Additionally, regarding the 
limb symmetry index for the hop tests, it was observed that 
for the four classic hop tests most participants achieved the 
required symmetry (90-110%), except for SH. This finding is 
partially in agreement with the existing literature. Abrams et 
al.32, in their systematic review, examined functional ability 
6-24 months after ACLR. They found that the four most well-
known hop tests (SHD, 6MTH, THD, CHD) had an average > 
90% LSI at 6-9 months after surgery. However, for more 
demanding tests such as the 30” SH the results showed a 
reduction. It is worth noting that there are not many studies 
in the literature that use endurance hops. Gokeler et al.16 
states that SH requires increased endurance in the operated 
limb. Of course, as mentioned above, the LSI values for these 
tests were lower than those of the other hop tests, which 
could be explained by the fact that in the operated limb there 
is an increased effect of fatigue that persists for 6-12 months 
after surgical reconstruction. In our study, the reduced value 
of those who succeeded in the endurance lateral hop shows 
that there may be an increased fatigue effect even two years 
after ACLR on the operated limb, or that the participants 
were not sufficiently prepared. 

Abrams et al.32 found that these deficits normalize at 
24 months after surgical reconstruction as mean limb 
symmetry is in the mid-90% range. This observation of 
the above review also agrees with our study as many of the 
non-successors in the endurance lateral hop were within the 
mean LSI range of 90%. Davies et al.33 states that for these 
more demanding tests the required symmetry index can be 
reduced so that in turn this results in a higher percentage of 
passers. However, the same researchers point out that the 
reduction of the acceptable symmetry index will result in a 
reduction in the sensitivity of the tests. The participants of 
our study presented satisfactory symmetry in most of the 
hop tests, except in the SH test, which shows the importance 
of the recovery period and the secondary prevention of ACL 
injury in the intercostal movements as well as the endurance 
of the operated limb.

Regarding the isokinetic relationship indices of the 
antagonistic muscles surrounding the knee joint, no 
significant differences were observed between the two limbs, 
while in most of the angular velocities examined, the ratios 
suggested by the literature for both H/Qconv and H /Qfunc 
were not achieved. It is worth mentioning that the operated 
limb had higher values than the non-operated limb due to 

training maladaptation of the non-operated limb during 
the recovery period which is reported within the literature. 
Davies et al.19 states that the non-operated limb presents 
lower values because of detraining which creates a problem 
in terms of the image of physiological characteristics of 
muscle performance.

According to Ruas et al.34, a very important parameter for a 
safe return is the isokinetic ratio of knee flexors and extensors 
(H/Q ratio). The H/Q index is used to detect an imbalance 
between the knee flexors and extensors. Specifically, for 
H/Qconv at 60°/s the mean ratio was 64.68±9.23 for the 
operated limb and 62.87±10.02 for the non-operated limb, 
which is within the range that the literature suggests. Lehnert 
et al.35 states that for H/Qconv at 60°/s the value should be 
above 0.6. Our results for this angular velocity agree with the 
proposed value. However, this does not happen for 180°/s and 
300°/s where the operated limb had values of 66.43±11.44 
and 66.81±14.86 respectively and the non-operated limb 
had values of 65.12±12.15 and 65.06±14.28 respectively. 
Therefore, at these two angular velocities for both limbs the 
required values were not achieved. Davies et al.19 reports that 
for 180°/s the H/Qconv index should have a value of 0.70-
0.80, while for 300°/s 0.85-0.95, something that was not 
achieved in our study. In the systematic review by Baroni et 
al.36, it was found that for soccer players H/Qconv for slow to 
intermediate (12°/s -180°/s) angular velocities should be at 
60%, while for fast angular velocities (240°/s-360°/s) 70-
80% should be achieved.

The participants of our study achieved the required 
value for 60°/s and for 180°/s characterized by slow to 
intermediate angular velocities at both limbs according to 
the measurements in soccer players36. However, they did 
not achieve a satisfactory measurement for 300°/s which 
is characterized as fast, which is probably due to the lack 
of explosive power training. The above opinion is confirmed 
by the study of Eniseler et al.37, where isokinetic values 
were observed to improve within a soccer season, with 
the most significant improvements in angular velocity of 
500°/s. The authors of the study justified these results as 
the soccer players performed all strength training at least 
once a week at the highest speeds, performed additional 
hamstring strengthening exercises (if weakness was present) 
to improve H/Qconv, and performed strength training as 
well as knee extensions and flexions in 1:1 ratio for knee 
extensors and flexors. Even within the literature, strength 
training during the recovery period holds an important 
reference. In the systematic review of Nichols et al.38, the 
lack of high intensity in resistance training is highlighted as 
well as the use of proper restriction with an emphasis on 
strength training, which is a key feature because it reflects 
the demands placed on the athlete’s neuromuscular system 
when exerting maximal effort.

Buckthorpe et al.39 emphasizes the importance of 
plyometric training during rehabilitation, which includes the 
stretch-shortening cycle and is used to optimize the explosive 
performance of athletes. Plyometric training, according to 
the authors, shows superior results than resistance training 
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in terms of explosive performance of the lower limbs. 
According to studies, it has been found that the application 
of plyometric training can improve the H/Q index40-42. Finally, 
it is recommended to use training speeds that simulate the 
speed of movement of the sports activity43. Based on the 
above findings, it is understood that the training process 
should be simulated as much as possible in the antagonistic 
movements.

Another isokinetic index used in our study was H/Qfunc. 
Lehnert et al.35 states that H/Qconv identifies muscle 
imbalances, while H/Qfunc identifies the ability of the knee 
flexors to slow knee extension. In their systematic review, 
Kellis et al.44 states that when the quadriceps produce force 
concentrically, the hamstrings act antagonistically and 
contract eccentrically so the use of H/Qfunc is suggested. 
The above description occurs during knee extension. Ruas et 
al.34 reports that H/Qfunc better represents the functional 
ability of muscles in sports in actions such as running and 
kicking, while Islam et al.45 states that in most interval sports, 
such as soccer, H/Qfunc is more important as it represents 
the fatigue caused in the sport.

In our study, it was found that soccer players two years 
after ACLR do not show significant differences between the 
two limbs, with the operated limb having better results. For 
60°/s, the operated limb had an average value of 0.65±0.14, 
while the non-operated limb had an average value of 
0.57±0.10. Both values are not within normal limits. Lehnert 
et al.35 states that at 60°/s H/Qfunc should have a ratio of 
1.0, which demonstrates satisfactory stability of the knee 
joint. Baroni et al.36, in their systematic review, found that 
for the above index the value of 1.0 is hardly achieved at 
the angular speed of 60°/s, so they suggest a ratio of 0.8. 
The relationship suggested by the literature was also not 
achieved for 180°/s for both limbs with values of 0.89 (0.22) 
and 0.85 (0.17) for the operated and non-operated limb 
respectively. According to Baroni et al.36, for intermediate to 
fast angular velocities a ratio of 1.0-1.3 should be achieved. 
Failure to achieve satisfactory relationships for the angular 
velocities of 60°/s and 180°/s is due to the training process 
not emphasizing hamstring eccentric training. Islam et al.45 
suggests the use of the Nordic Hamstring to improve the 
eccentric strength of the hamstrings. Other exercises that 
can contribute to this are the single leg dead lift, the Swiss 
ball curl, and the foam roller bridge. 

On the contrary, for the angular velocity of 300°/s, 
satisfactory values were achieved for both limbs. The mean 
value was 1.26 (0.28) and 1.04 (0.36) for the operated and 
non-operated limb respectively. Kellis et al.44 states that for 
the functional index at angular velocities >240°/s the values 
must exceed 1.0. This contrast is probably because soccer 
players due to training and the fast nature of the sport have 
adapted and do not show a bad ratio in this velocity. 

Bogdanis et al.46 reports that elite soccer players develop 
velocities during kicking of 1200-1900°/s, while Kellis et 
al.44 states that speeds of about 500-800°/s are developed 
during sprinting.

In our research, we investigated a possible correlation 

between the performance of the hop tests and the strength of 
the knee extensors. Our focus was based on previous studies 
that have also tried to correlate the strength of the knee 
extensors during the isokinetic test with the performance in 
the hop tests47,48. However, from the results of our research 
no correlation was observed between knee extensor strength 
at all angular velocities examined (60°/s, 180°/s, 300°/s) 
with any of the widely used hop tests (SHD, 6MTH, THD, 
CHD) for the operated limb, which agrees with the existing 
literature data. Barford et al.48 attempted to correlate knee 
extensor strength with SHD six and 12 months after ACLR 
and found that SHD cannot replace knee extensor strength 
testing. Herrington et al.49 evaluated the relationship of knee 
extensor strength and functional jump test performance in 
15 professional soccer players at the time of returning to play 
and found that 80% of participants failed to reach ≥ 90% 
LSI for knee extensors while during functional jump tests 
75% of patients achieved the required values. On the other 
hand, the main finding of our correlation concerns the fact 
that the muscle performance of the knee extensors showed a 
significant positive correlation at all angular velocities (60°/s, 
180°/s, 300°/s) with the performance in SH for the operated 
limb, suggesting that the higher the strength of the knee 
extensors the better the SH performance. A corresponding 
correlation between knee extensors and SH has not yet been 
widely examined in the literature. Consequently, SH can be 
used if it is not possible to evaluate the knee extensors on 
the isokinetic dynamometer when examining the readiness 
of the athlete after ACLR. In any case, a test battery with a 
combination of both strength and functional measurements 
should be implemented, so that rehabilitation specialists can 
be led to a complete, valid, and safe conclusion about the 
functional status of the athlete when evaluating their return 
to competitive action.

Several limitations are present in our study. The small 
number of participating soccer players and their semi-
professional status do not allow for the results to apply to the 
entire range of soccer categories.

Conclusions

Two years after ACLR, soccer players continue to show 
deficits in both strength and functional performance. During 
the isokinetic evaluation, significant deficits were identified 
in the operated limb compared to the healthy one in terms of 
peak torque for the knee extensors, while a large percentage 
of participants did not achieve the required symmetry (90-
110%) for the knee extensors and flexors between the 
two limbs. Regarding the isokinetic indexes H/Qconv and 
H/Qfunc there were no significant differences between 
the operated and the non-operated limb, with most of the 
indexes not being within the acceptable values. In the hop 
tests, a significant percentage was not found to achieve 
the required LSI in the SH, which points to the existence of 
a lateral hop deficit and a risk of re-injury. Moreover, SH 
performance may be used as an indirect assessment of knee 



64www.ismni.org

K. Chatzilamprinos et al.: Effect of Anterior Cruciate Ligament Reconstruction on Soccer Players

extensor strength. More studies need to be implemented in 
the future that will examine why soccer players continue to 
have deficits in strength as well as function two years after 
ACLR. The evaluation of the performance should be based 
on the requirements of the sport, while finally, in addition 
to the quantitative evaluation, a qualitative evaluation of 
the movement (motor and kinematic assessment) should be 
applied to correct the wrong movement patterns.
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