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Abstract

The purpose of this study was to examine the effects of 8-week
retraining programs, with either two or three training sessions
per week, on measures of functional performance and muscular
power in athletes with anterior cruciate ligament reconstruction
(ACLR). Sixteen male athletes were randomly assigned to two
groups after ACLR: a functional training group (FTG, n = 8)
training 2 intense sessions per week (4hrs/week), and a control
group (CG, n = 8) training 3 sessions per week with moderate
intensity (6hrs/week). The two groups were assessed at four and
six months post-ACLR and the effects of retraining were meas-
ured using the following assessments: the functional and the
muscular power tests, and the agility T-test. After retraining, the
FTG had improved more than the CG in the operated leg in the
single leg hop test (+34.64% vs. +10.92%; large effect), the five
jump test (+8.87% vs. +5.03%; medium effect), and single leg
triple jump (+32.15% vs. +16.05%; medium effect). For the
agility T-test, the FTG had larger improvements (+17.26% vs.
+13.03%, medium effect) as compared to the CG. For the bilat-
eral power tests, no significant training effects were shown for
the two groups in the squat jump (SJ), the counter movement
jump (CMJ) and the free arms CMJ (Arm CMJ). On the other
hand, the unilateral CMJ test with the injured and the uninjured
legs showed a significant increase for the FTG with respect to
CG (p < 0.05). The present study introduces a new training
modality in rehabilitation after ACLR that results in good recov-
ery of the operated limb along with the contra-lateral leg. This
may allow the athletes to reach good functional and strength
performance with only two physical training sessions per week,
better preparing them for a return to sport activity at 6 months
post-ACLR and eventually sparing time for a possible progres-
sive introduction of the sport specific technical training.

Key words: ACL reconstruction, knee injury, retraining, agility,
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Introduction

Anterior cruciate ligament (ACL) rupture is a serious
knee injury sustained by athletes during sport and leisure
time activities. The risk of ACL injury is significantly
greater in individuals during pivoting and cutting move-
ments (Dye et al., 1998). Athletes often find it difficult to
return to full function after injuring the ACL, and fre-
quently surgery is carried out to re-establish joint stabil-
ity. However, it has been suggested that, after surgery the
ability to perform functional activities and balance may be

decreased (Noyes et al., 1991), and deficits have been
reported in the muscular and sensory processes after re-
constructive surgery (Ben Moussa et al., 2008; Legnani et
al., 2010).

In this context, the ultimate goal after ACL recon-
struction (ACLR) and rehabilitation is to regain normal
range of motion, knee joint stability, muscle strength, and
neuromuscular control, which all contribute to normal
functional performance (Tegner et al., 1986). These goals
have to be achieved without jeopardising the healing graft
while preventing the development of osteoarthritis (OA).
Most studies reported the effects of the neuromuscular
programs on decreasing the incidence of ACL injury
among athletes as a preventive program (Myer et al.,
2005; Nyland et al., 2010) or in increasing strength and
function in healthy subjects especially in women (Chi-
mera et al., 2004; Williams et al., 2001). Nevertheless, to
the best of our knowledge, the latter programs’ effects on
the late post-operation phase of ACL rehabilitation or on
improvement of performance have not been studied.

Rehabilitation following ACLR is commonly di-
vided into two phases: (1) early (occurring immediately
after ACLR mainly composed of sub-acute strengthening)
and (2) late rehabilitation (functional progression towards
returning to sport). Standardized ACL rehabilitation fo-
cuses on acute and sub-acute management with relatively
stringent guidelines. These regard the progression of
weight bearing, improvement of range of motion, and
progressive introduction of specific types of exer-
cises through the rehabilitation phase (Wilk et al., 2003).
Conversely, the final phases of rehabilitation are typically
more general, with more global categorizations of appro-
priate exercises and progressions, without specific mile-
stones for when it is safe to introduce risky and high-
joint-loading activities, and also with the goal to transit
the athlete after ACLR from the ability to perform daily
activities to proficiency with higher level sport-related
activities (Kvist, 2004; Wilkerson et al., 2004). Standard-
ized rehabilitation exercises are initially performed at
slower speed, with low to moderate forces, and often in
single plane of motion and with later introduction of
plyometrics and agility at 5 and 6 months, respectively
(Beynnon et al., 2005; Edson, 2003). In the context of
rehabilitation, accelerated return to athletics activities is
encouraged (Myer et al., 2006). In late phase of rehabilita-
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tion, when athletes may be prepared to perform more
functional training to better prepare for sport competition,
they may also present deficits (in the injured leg or the
balance between the injured and contra-lateral leg) that
limit their potential for safe integration into full competi-
tive sports (Myer et al., 2006). This phase is supposed to
be organized to help systematic transition of the athlete
through return to sport training in an efficacious manner
(Myer et al., 2006).

In the context of regular training with healthy sub-
jects, the inclusion of intense exercises such as plyomet-
rics, high intensity strength contractions along with agility
drills, could lead to improved general functional perform-
ances without threatening knee safety (Adams et al.,
1992; Potteiger et al., 1999; Wrobble and Moxley, 2001).

Several studies report the use of various assess-
ments to evaluate functional outcomes, such as hopping
tests (Beynnon et al., 2005; Hamilton et al., 2008; Noyes
et al., 1991), agility tests (Paule et al., 2000), and vertical
jumps tests (Lange and Bury, 2002). These tests are also
used commonly in field or clinical settings to assess the
progress made in a training program or to determine the
level of recovery after lower extremity injury or surgery,
especially after ACLR. With respect to training fre-
quency, rehabilitation programs are performed for several
sessions per week. Nevertheless, performing too many
intense sessions could lead to over-reaching or higher risk
of injury or re-injury (Myer et al., 2006). Clinical experi-
ence suggests that a subject should tolerate 2 sessions at a
specific intensity without any adverse responses before
the intensity of the program is progressed (Adams et al.,
1992). In this context, performing plyometrics and intense
exercises only twice per week allows sufficient recovery
between workouts (Adams et al., 1992; Chu, 1995) and
possibly induces effective training stimuli increasing the
outcome of training with such a low training frequency.

Therefore, the purpose of the present study was to
examine the effects of an 8-week retraining program
(from the 4™ to 6™ month post-ACLR) on measures of
functional performance and muscle power in athletes with
ACLR. It was hypothesised that the intense training pro-
gram implemented only twice per week (4hrs/week)
would result in significant improvements in performance
in horizontal and vertical jump, agility, and muscle power
as compared to a standardized rehabilitation program with
3 training sessions per week (6hrs/week).

Methods

Subjects
Twenty-four male athletes with unilateral injury and

ACLR with patellar tendon, who had previously played
competitive sports, including contact and pivoting sports,
at regional or national levels, were recruited for post-
surgical intervention from the orthopaedic department
(Table 1). Exclusion criteria were applied when subjects
had additional injury or previous surgery to the lower
extremities (with the exception of partial meniscal injury)
or with pain or swelling at 4 months post-operation. The
study was conducted according to the Declaration of
Helsinki and the protocol was fully approved by the
Clinical Research Ethics Committee of the National Cen-
ter of Medicine and Science in Sport before the com-
mencement of the assessments. Written informed consent
was received from all subjects after a detailed explanation
about the benefits, and risks involved with this investiga-
tion. Subjects were told that they were free to withdraw
from the study at any time without penalty. After applica-
tion of intra-operative exclusion criteria, 16 subjects con-
tinued the rehabilitation and returned for the follow-up
examination. No subjects experienced setbacks with this
rehabilitation study causing them to drop out. Subjects
were randomly assigned to two groups: a functional train-
ing group (FTG, n = 8) and a control group (CG, n = 8).
At 4 months post-ACLR, there were no significant differ-
ences between the FTG and the CG for any of the charac-
teristics of the subjects (Table 1).

Rehabilitation and training procedures

Standardized postoperative rehabilitation

All subjects underwent a standardized post-ACLR physio-
therapy protocol supervised by the same group of six
physiotherapists. During the first 3 months, the training
included electrostimulation, range of motion improve-
ment, proprioception and coordination exercises, focusing
on neuromuscular control of the involved knee. Running
was allowed when the quadriceps deficit measured by
isokinetic test (Cybex; Cybex Norm (6000, Manufacturer,
Ville, USA)) in the involved knee was less than 35% with
respect to contralateral leg (Davies, 1987; Rochcongar
2004), rather than after a fixed post-surgery time period of
12 weeks. Functional training and plyometrics exercises
were progressively authorized at 4 months post-surgery
(16 weeks) after some criteria were applied, such as:
symmetry (isokinetic deficit under 70% of the contralat-
eral side (Edson et al., 2003; Rochcongar 2004)), ability
to hop on one leg without pain, no effusion or swelling,
and attainment of full range of motion evaluated by clini-
cal examination (Gerber et al., 2006; Gobbi et al., 2002).
Further details on the rehabilitation program have been
described in previous studies (Cascio et al., 2004; Myer et

Table 1. Characteristics of the subjects at 4 months post-surgery.

Variables FTG (n=8) CG (n=8)
Age (years) 21.7 (3.0) 21.5(4.1)
Height (m) 1.77 (.09) 1.80(7.9)
Body mass (kg) 73.4 (7.8) 75.4 (5.0)
Time between injury to surgery (weeks) 11.6 (7.7) 12.6 (14.7)
Time post-surgery to rehabilitation (weeks) 3.1(1.7) 22(1.5)
Sport practice (Football/Other) 5/3 6/2
Leg injured (left/ right) 5/3 4/4
Leg injured (left/ right) 4/4 7/1

Presence of partial meniscal repair (left/right) 1/7 1/7
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Figure 1. Study logistics of subjects in the two groups.

al., 2006).

Rehabilitation protocols

The 2 groups were tested at 4 and 6 months post-surgery
(pre-test and post-test) by an experienced physiotherapist
who was blinded to the present study protocol design
(Figure 1).

The FTG was supervised by a fitness coach and
the CG was supervised by a physiotherapist and the 2
groups were under supervision and responsibility of the
physical physician at the Centre of Medicine and Science
in Sport and Exercise. A physical physician performed the
joint stability follow-up by clinical testing. The subject in
each group with a partial meniscal repair had no pain or
joint problem during the rehabilitation.

The CG did not participate in any exercises per-
formed by the FTG, but their rehabilitation was monitored
by the six aforementioned physiotherapists following the
standardized rehabilitation protocol, i.e., 3 sessions per

week (6hrs/week) (consisting of running and strengthen-
ing, a few plyometrics exercises with low intensity and
slow progression, very few exercises of directional chang-
ing but no horizontal jump nor agility exercises (Table 2).
The FTG participated twice per week in the functional
training program (4hrs/week) including: a variety of in-
tense, more aggressive and complex exercises designed to
specifically increase neuromuscular control, muscle
strength and power, proprioception, speed, and agility of
the lower limbs, combined with an aerobic running train-
ing (Table 3). These exercises were gradually and care-
fully progressed with low to high intensity. For each exer-
cise the introduction of more distance, time or height and
difficulty was progressively introduced. As tolerance
improved, the subject advanced to a more intense exer-
cise. The safety and efficacy of adding intense exercises
were fully monitored. These exercises accompanied by
extensive verbal feedback to help the athletes to develop
safe movements. The elements of this program were

Table 2. Training protocol for the control group (CG).

Exercises
Week Strengthening Jumps Speed Proprioception
1 P{?IS: Zcfﬁsﬁ 5(5)0 Forlvgazdlzgrél(esr 6223) 2 Balance with injured leg on unstable
Cﬁair 5590 & circle platform 10*15s
Press 2-legs 3*50 Forward barrier jump 2- P
) Tnjured log gurl 3%50 legs 1#20 ( 58cm§) Balance.wnh injured leg on unstable
Chair 7%20 circle platform 10*15s
Press injured leg 3*50 Forward barrier jump Moderate speed run s
& Injured leg curl 3*50 Non injured leg 1*20 forward 5*10m Balancec:i:zllt? ligtufi)er(rinli%”??;;nsmble
Chair 5*30 Injured leg 1*20 (50cm) P
4 I;fflsrelgjige(illﬁlg;* 5500 i%?ﬁ:i E;irrlfr _111;11218 Moderate speed run Balance with injured leg on unstable
J Chairg 7430 Injured feg 1%2 (%( 50cm) backward 5*10m circle platform 10*15s
Press injured leg 3*50  Lateral barrier jump 2- High speed run for- s
5 Injured leg curl 3*50 legs 1*20 (50cm) ward Baliti?avl;llthl:ru lﬁi?ol:fl (1)1(;”? 111 Ss;able
Chair 5*40 5%10m+180°turn gwlatp
Press injured leg 3*S0  Lateral barrier jump 2- High speed run sy
6 Injured leg curl 3*50 legs 1¥20 (50cm) backward Baligi;?ﬁ;?ﬂig;:ﬁ ?l(;;llll;;able
Chair 7%40 5%10m+180°turn guiarp
7 I;;?isr;?}ggillﬁlg;* 5500 ﬁg;eflﬂuﬁzgllzrgj?g% Lateral sprint 5*10m Balance with injured leg on unstable
*
Chair 5*50 Injured leg 1*20 (50cm) e e
.. _ Forward
*
8 };;?flsrégjilere(illlilg;* 5500 Ifldgrtleirl?ulizgllzrj 1111112% sprint+180°turn+ Balance with injured leg on unstable
) Chaif 7550 Injured ljeg 12 Og (50cm) back;irg sprint rectangular platform 10*15s
m

Add 5kg in leg press and 2kg in leg curl+chair every 2 weeks. Charge depending on individual capacity: Press (between 80-100 kg for 2 legs, 40-
50kg for 1 leg). Leg curl+chair (between 40-50kg).
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Table 3. Training protocol for the functional training group (FTG).

Exercises
Week Aerobic Jumps/hops Speed+ agility Proprioception
Double leg vertical forward Jump with 2-legs in trampoline
1 2*10°(60-70%HRmax) hops (3*10) +floor landing 2*10
3*10°(60-70% HRmax) Double leg vertical backward Jump with 2-legs in trampoline +
hops(3*10) floor landing 3*10
Moderate speed run forward
5*10m
Double leg vertical forward + Moderate speed run backward g i s fn il 4
2 1*20°(70-75% HRmax) backward hops (3*10) 3*10m floor landine on 1-lea 3*5
1*25°(70-75% HRmax) Single leg vertical hops 3*10 Moderate speed run forward . 1g on 1-1eg
8*10m rope jumping with 2legs
Moderate speed run backward
5*¥10m
Single leg forward+backward ~ Moderate speed run 10m Jump with 1-leg (left-right) in
hops 3*10 forward+2 one leg hop for- trampoline +floor landing on 1-
3 1*15°(80% HRmax) Single leg lateral,left+right ward*5 Jeg 3*10
2*15°(80% HRmax) hops 3*10 Moderate speed run 10m Rope jumping with 2-legs
forward +2one leg hop back- forward +backward 3*10
ward*5
High speed run
Single leg vertical hops 10m backward +2one hop  Rope jumping alternating 2 legs
4 1*¥12°(80-85% HRmax) 5%10+180° turn forward *5 3*20
2*12°(80-85% HRmax) Single leg square*5 High speed run Rope forward jumping alternat-
10m backward+2 one leg ing 2-legs 3*20
backward *5
High speed run in slalom 2-legs jump from
between 12cones(4fect box(30cm)+floor landing on
5 1*6°(85-90% HRmax) Leg even surface*S space)*5 ews*8
2*6°(85-90% HRmax) Scissors jumps 3*5 High speed run in slalom log i % 15em)3*10
between 12cones(5feet I-leg jump on box(15em)
Floor to box
space)*5
Sprint in slalom in shuttle 2-legs jump from
3%6°(85-90% HRmax) ‘ ‘ . runs*3 Sprint in s,lkalom in box(40cm)+ﬂoc;r landing on
6 1%4°(90-95% HRmax) Single-leg Triple hop*5 shuttle runs*5 ‘ 2legs*8
1-leg jump on box(20cm)5*10
Floor to box
Sprint in slalom in shuttle Landing from box (30cm)on
- 2*4°(90-95% HRmax) S-jump start left *3 runs+jump bench*2 lleg*5

3*4°(90-95% HRmax) S-jump start right *3

8 4*4°(90-95% HRmax) Single-leg Triple hop*5
5-jump start left *2
5-jump start right *2

Sprint in slalom in shuttle
runs+jump bench*3
8-form run to the right *2
8-form run to the left*2

1-leg jump on box(30cm)5*10
Floor to box
Landing from box (40cm)on
1leg*5

1-leg jump on box(40cm)10*5

For all exercises with one leg, subject performed 2 sets less than with the uninjured leg. Recovery: 30s between sets and 2’ between exercises for
jumps, speed and proprioception exercises. In hopping exercise, subject hop as far as possible (maximum distance)

previously reported in the literature (Hewett et al., 1996).
Training was performed under direct supervision of a
fitness coach guiding the subjects on how to perform each
exercise.

Each training session began with a warm up of 20-
min (including 10-min of active static stretching, and
lower limbs exercises). The plyometric training compo-
nent progressively emphasized double, then single-leg
movements throughout the training sessions. Neverthe-
less, the uninjured leg was trained with fewer sets than the
injured side. The goal was to achieve pre-injury level of
strength for both legs. The plyometrics exercises were
initiated when the patient could tolerate them without
adverse reactions (Chmielewski et al., 2006). Subjects
were trained on flat and regular ground wearing adequate
footwear.

Functional tests
Three functional tests the single leg hop (SLH), the single

leg triple hop (SL3H) and the five jump test (5JT) were
used to evaluate general lower limb function. During
these tests, the subjects performed the first trial with the
injured leg, followed by the uninjured one. Firstly, the
modified (SLH) as reported by Tegner et al. (1986), al-
lowing the use of the arms for accelerating the jump, was
carried out. The single-leg hop for distance scores are
commonly expressed as a limb symmetry index (LSI).
Noyes et al. (1991) considered an LSI score over 85% to
be normal. Secondly, the (SL3H) test was performed by
the subjects (Hamilton et al., 2008). The SLH and the
SL3H tests were performed 3 times with each leg. Finally,
the (5JT) as described by Chamari et al. (2008) was per-
formed by the subjects. The 5JT consist of 5 consecutive
strides with joined feet position at the start and end of the
jumps. From the starting position, the subject had to di-
rectly jump to the front with one leg and after the first 4
strides, i-e, alternating left and right feet for 2 times each,
he had to perform the last stride and end the test again
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Table 4. Reliability of tests employed in this study.

Pooled data ICC (inter-subject reliability) Intra-subject
(pre-test plus post-test, all groups) ICC 95% Confidence interval reliability

Single leg hop (m) Injured leg .98 .97-.99 .95
Uninjured leg .98 .96-.99 .93

Single leg triple hop (m) Injured leg .99 .98-.99 .85
Uninjured leg .99 .98-.99 .96

Five jump test (m) Starting with injured leg 97 .95-.98 91
Starting with uninjured leg .99 .98-.99 .98

Agility T-Test (sec) .99 .98-.99 .96
Squat jump (SJ)(cm) 98 .97-.99 .95
Counter movement jump (CMJ)(cm) .99 .98-.99 .96
Arm CMJ (cm) .96 .93-.98 .89
CMJI (cm) .94 .90-.96 .84
CMJNI (cm) .93 .89-.96 .82

with joined feet. In the present investigation each subject
performed the 5JT starting twice with the injured leg
followed by twice with the uninjured leg. The best per-
formance (as indicated by the distance) of each of the
three tests was used in the data analysis. All tests were
separated by one minute recovery.In case of unsuccessful
trial, e.g. the subject felt that he did not perform the test
appropriately, it was possible to re-perform the test again,
but this seldom occurred.

Agility test

The agility “T” test is a standard test for the assessment of
agility. As described by Sporis et al. (2010), it is used to
determine speed with directional changes and is com-
posed of forward sprinting, left and right side shuffling,
and backward running (Miller et al., 2006; Pauole et al.,
2000; Sporis et al., 2010). The agility “T” test perform-
ance was measured by a photocell electronic timing sys-
tem (Brower Timing, USA). Subject performed 3 trials

with 2 minutes of rest in-between, and the fastest one was
used for analysis.

Muscular power test

The subjects performed 4 jumping protocols evaluating
power on a force platform (Quattrojump, Kistler, Switzer-
land). The first protocol consisted of jumping with both
legs from a fixed semi-squat position with the hands held
at the hips, i.e. squat jump (SJ). The second vertical jump
test was a countermovement jump either with the hands at
the hips (CMJ). The subject was encouraged to react as
quickly as possible on the platform, to jump as high as
possible and land on their feet. The last jump test was a
CMJ with free arm swing (Arm CMJ) (Chamari et al.,
2008). After these tests, subjects were assessed for their
ability to perform a unilateral vertical jump CMJ with
hands at their sides. Each subject stood with one leg on
the force plate and jumped as high as possible, landing on
the same foot. They began with the uninjured leg

Table 5. Functional, muscle power, and agility performance from 4 to 6 months post-surgery.

Effect size
Variables Group Pre-test Post-test % progress based on the % progress
(value/classification)
Single leg hop FTG 1.45 (.26) 1.91 (.18) * 34.64 (24.16) 1.38 /Large
(injured) (m) CG 1.69 (.12) 1.77 (.16) 10.92 (10.42)
Single leg hop FTG 1.77 (.15) 2.02 (11) *% 14.27 (4.97) 2.66 /Large
(uninjured) (m) CG 1.85 (.16) 1.88 (.11) 3.69 (2.64)
Single leg triple hop FTG 4.14 (.78) 5.28 (.40) * 32.15 (30.57) .71 /Medium
(injured leg) (m) CG 438 (.48) 5.04 (.15) * 16.05 (9.54)
Single leg triple hop FTG 5.04 (.51) 5.79 (34) * 15.78 (13.24) .71 /Medium
(uninjured leg) (m) CcG 5.03 (.57) 5.39 (.29) 7.55 (9.70)
Five jump test (starting with FTG 10.36 (.93) 11.25(.83) * 8.87 (6.14) .73 /Medium
injured leg) (m) CG 10.18 (.73) 10.67 (.57) 5.03 (4.15)
Five jump test (starting with  FTG 10.26 (.93) 11.00 (1.06) 7.32 (4.02) 43 / Small
uninjured leg) (m) CG 10.07 (.83) 10.60 (.78) 5.43 (4.74)
o FTG 11.92 (.59) 10.18 (39) *F  17.26 (7.86) 52 /Medium
Agility T-Test (sec) cG 11.24 (.60) 10.86 (71)*  13.03 (8.37)
Squat i FTG 38.82 (5.79) 43.15 (5.24) 12.28 (12.91) .57 Medium
GRECILILIOEL) CG 38.58 (4.77) 40.8 (4.76) 6.50 (6.50)
Counter movement jump FTG 41.61 (5.99) 43.57 (4.62) 6.71 (6.16) .16 /Trivial
(CMJ)(ecm) CG 40.62 (4.12) 42.95 (4.44) 5.83 (4.98)
FTG 50.97 (5.23) 52.91 (3.62) 3.72(5.37) .80 /Large
e (G (En) cG 4895 (549)  49.06 (4.93) 61 (1.24)
FTG 23.18 (435) 2872 (2.12) % 27.54 (24.55) 1.11 /Large
CMJI (cm) cG 2531 (3.77)  2653(3.04)  6.54(10.71)
FTG 27.93(3.85)  31.18(1.85)*1  13.34(12.31) 1.49 /Large
(R () cG 2832(3.18)  27.97 (3.54) 33(.79)

* Significant difference (p < 0.05) between 4 and 6 months.
T Significantly different from control group (CG) (p < 0.05).
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(CMINI), followed by the injured leg (CMJI). Peak height
of the jumps was recorded. One minute recovery was
allowed in-between jumps and each jump was repeated 3
times.

Statistical analysis

The mean and standard deviation (mean + SD) were cal-
culated for all tests. Multivariate analysis of variance
(MANOVA) was used to examine the differences in per-
formance with two factors (GROUP x training interven-
tion). Follow-up pairwise comparison using Bonferroni-
corrected method was used when appropriate.

Test-retest reliability of the each assessment was
determined by intraclass correlation coefficient (ICC)
with a 95% confidence interval. All data were initially
analysed using Microsoft Excel (Microsoft, Redmond,
Washington). Statistical analysis was completed using
SPSS version 10.0 (SPSS Inc, Chicago, Illinois). Effect
sizes (Coden’s d) and statistical power were calculated to
determine the practical difference between the FTG and
the CG. Effect size values of 0-0.19, 0.20-0.49, 0.50-0.79,
and 0.8 and above were considered to represent trivial,
small, medium, and large differences, respectively
(Cohen, 1988). Statistical power greater than 0.84 was
considered optimal (Muller and Benignus, 1992). The
level of significance was set at p < 0.05.

Results

The statistical power of the present study was 0.85. The
reliability (ICC) of the following tests: the horizontal
jump tests— forward hop tests- (SLH, SL3H, and 5JT), the
vertical jump tests (SJ, CMJ, Arm CMJ, CMJI, CMJNI),
and the agility “T” test was excellent (Table 4).

The functional training group (FTG) showed
higher improvements than CG in the SLH with the injured
leg (+34.64% vs. +10.92%, large effect, Table 5), the 5JT
starting with the injured leg (+8.87% vs. +5.03%, medium
effect), SL3H with the injured leg (+32.15% vs. +16.05%,
medium effect). Concerning the uninjured leg, The FTG
had larger improvements in the SLH test (+14.27% vs.
+3.69%, large effect) and the SL3H (+15.78% wvs.
+7.55%, medium effect) as compared to the CG.

The single leg hop scores are expressed as a limb
symmetry index. According to the cut-off value (85%)
suggested by Noyes et al. (1991), only 37.5% of the FTG
subjects and 50% of the CG subjects were regarded as
normal in the pre-test. The LSI increased to 87.5% for
both groups in post-test after either training protocols. For
the SL3H test, only 37.5% of the FTG and 62.5% of the
CG had an LSI score higher than 85% in pre-test. In the
post-test, all subjects in both groups presented an LSI
score higher than 85%.

With regard to the agility “T” test, there was a
significant difference between the FTG and the CG after
training (+17.26% vs. +13.03%, p<0.05, medium effect).

For the muscular power assessed by vertical jump-
ing, the CMIJI test showed significantly increased per-
formance for the FTG with respect to the CG (+27.54%
vs +6.54%, large effect). Improvement was also observed
in LSI after 8 weeks of training. The percentage of sub-

jects with an LSI higher than 85% in the FTG increased
from 50% to 87.5% compared to the CG who presented a
decrease from 75% to 62.5%.

Discussion

The present study showed that from the 4™ to 6™ months
post-surgery, the functional training program resulted in
significantly greater improvements than the standardized
rehabilitation program concerning the functional tests
(the SLH injured, the SLH uninjured and the 5JT with
injured leg), the CMJ with one leg, and the agility “T” test
performance.

The SLH test is a measure of functional perform-
ance of the lower limb, allowing the evaluation of
strength and confidence in the tested extremity. It has
significant positive relationship to the subject’s subjective
knee function and it has been designed to reflect the de-
mands of a high level of physical activity (Noyes et al.,
1991). This is thus a good marker of training efficiency. A
reduced hop distance has been reported in most subjects
after ACL injury (Kvist, 2004; Toumi et al., 2004) and
improvement has been found after various training pro-
grams (Tegner and Lysholm 1985). The present study is
consistent with a previous study (Tegner and Lysholm
1985) in which a functional training protocol improved
SLH distance and SL vertical jump in both legs. Con-
versely, the subjects in the CG still demonstrated im-
paired function of their lower limbs. The results of the
present study echoed the suggestion by Nyland et al.
(1994) that functional training could better improve the
function of the reconstructed knee by more effective utili-
zation of afferent neural input and more complete use of
motor learning concept than the traditional rehabilitation
program.

At the post-test, 87.5% of the FTG subjects had a
normal LSI value (LSI higher than 85%) in the SLH test,
whereas Wilk et al. (2003) found that only 43% of the
studied subjects had a LSI score higher than 85% by 6.45
months post-surgery. Similarly, DeJong et al. (2007)
found a LSI score below the safe range value for 31% of
the subjects at 9-months post-surgery. Others studies have
shown a LSI of 83 % at six months post-surgery (Keays et
al., 2000). In the present study, a higher proportion of
subjects reached normal/safe values for the SLH test by 6-
months post-surgery, indicating the efficacy of the current
functional training program. Although the difference in
the functional performance between the injured and unin-
jured legs has not been shown to have a definite relation-
ship with a propensity towards injury during athletic ac-
tivities (Wilson et al., 1993), a difference of 10% or more
can be considered to reflect a real difference in the capac-
ity of performance and a possible threat for higher injury
risk (Sapega, 1990).

The results of SL3H test showed that the two
groups progressed significantly in the injured leg but only
the FTG showed significant progress in their uninjured
leg. The strength increase in the uninjured leg may have
occurred due to compensation for the loss of function
after the injury and subsequent surgical reconstruction
and/or be a natural adaptation to the proposed program,
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which focused on both legs. In the CG, the improvements
were largely dependent on subject’s motivation, and the
training of the uninjured leg might have been underesti-
mated in the classical rehabilitation program. The advan-
tage of the use of the unilateral SL3H (and SLH and jump
tests) is that each leg can be evaluated independently, so
that asymmetries may also be identified. For this test also,
the FTG showed a higher proportion of subjects reaching
normal values compared to the CG after 2 months train-
ing, which confirmed the efficiency of the FTG rehabilita-
tion program.

A recent study (Chamari et al., 2008) proposed the
5JT performance as a practical alternative to estimate
lower limb explosive power for particular athletes and to
measure the function of stretch-shortening cycle. The SJT
may be regarded as a reliable, very useful, and simple
testing tool that provides information about athletes stride
power, which is considered as a crucial measurement in
many running sport activities (Chamari et al., 2008).
Moreover, Paavolainen et al. (1999) showed that this test
is sensitive to training effects. FTG subjects’ increased
5JT performance starting with the injured leg significantly
more than CG, showing the efficacy of the functional
training program performed in the improvement of stride
power.

The agility of the subjects was assessed by the
agility “T” test and the performance improved signifi-
cantly more for the FTG group than the CG (p<0.05).
Results indicated that the functional training program
improved agility performance possibly due to better mo-
tor recruitment and/or neural adaptations. Indeed, Pot-
teiger et al. (1999) reported that the agility improvements
resulted from enhanced motor unit recruitment patterns.
Such increase in agility is beneficial for athletes who
perform quick movements while performing sport. Renfro
(1999) measured agility testing using the “T” test after
plyometric training while Robinson and Owen (2004)
used vertical, lateral and horizontal plyometric jumps
training and showed improvement in agility. Potteiger et
al. (1999) have shown that plyometric training, when
incorporated with a periodized strength training program,
could contribute to the improvement of vertical jump
performance, acceleration, leg strength, muscular power,
and increased joint proprioception. Plyometrics drills
usually involve starting, stopping, and direction changing
in an explosive pattern (Young et al., 2001). It has been
suggested that these movements are components that can
assist in developing agility (Zatterstrom et al., 1992). The
effect of a training program specifically targeted for speed
enhancement on injury risk reduction is unknown. How-
ever, Heidt et al. (2000) showed that a speed and agility
protocol is able to prevent injury, in terms of a reduction
of lower extremity injuries in the trained female athletes
by 98% when compared with athletes who did not go
through such training. It has also been reported that speed
training enhances speed performance and that the addition
of plyometrics or resistance training can provide combi-
natory effects for increasing speed (Risberg et al., 1999).
Neuromuscular training often induces increased power,
agility and speed (Kraemer et al., 1998).

The 8-week functional training program signify-
cantly improved CMIJI performance as compared to the

training of control group. Relevant literature has shown
that vertical jump performance can be improved through
various types of training methods, such as resistance
training (Baker, 1996), jumping (Wrobble and Moxley,
2001) and combination of plyometrics exercises and elec-
trostimulation (Maffiuletti et al., 2000). It was suggested
that enhanced jumping performance after plyometrics
training was attributed to neural adaptation, i.e., the pat-
terns of motor unit recruitment and muscle activities of
agonists and antagonists (Kyrolainen, 1991).

The present study showed that neither groups
demonstrated improvements in the SJ, the CMJ, and the
Arm-CMJ. This is in agreement with Chimera et al.
(2004) who demonstrated small and insignificant im-
provement in vertical jump height between plyometric
and control groups among athletes. In addition, Luebbers
et al. (2003) and Herrero et al. (2010) demonstrated no
improvement immediately after a plyometric training but
rather after a period of recovery of 4 weeks. However,
these results contrasted those of Field (1991), who re-
ported improvement in vertical jump after plyometric
training program in athletes. It appears that these studies
employed different frequency, intensity, duration and type
of plyometrics exercises, which may explain the different
training effects. In this context, vertical jumping, even if
present in several sports, seems less relevant to general
sport performance than horizontal hopping tests. Indeed,
much more sports rely on horizontal displacements than
vertical jumping.

The FTG group improved significantly more than
CG in the horizontal single leg hop and the agility test,
demonstrating its efficiency. Achieving higher improve-
ments for vertical jumping could be attempted in future
studies, even if it could be possible that a ceiling effect
could be reached quite soon in ACLR rehabilitation pro-
grams for vertical jumping.

When designing a program, especially a high im-
pact program, we need to be aware that one of the major
long term sequel following ACL injury and surgery is the
development of OA. Recent studies (Oiestad et al., 2010)
found a 62% and 80% incidence of OA 10-15years after
reconstruction. Several factors have been related to the
development of OA including the presence of menis-
cal/chondral injury (Gillquist et al., 1999), weak quadri-
ceps (Slemenda et al., 1997), and altered knee kinematics
(Deneweth et al 2010). By ensuring good quadriceps
strength and eccentric control, together with correct
exercise technique and biomechanics, by training mus-
cles actively to act as shock-absorbers (Bennell et al.,
2008; Bennell et al., 2009), and by avoiding any further
injury especially to the menisci we can minimize the
development of OA. It is possible that we may reduce
OA by wearing athletic shoes, and by working on predict-
able level surfaces.

The 8-week functional training program was de-
veloped using 2 training sessions per week (4hrs/week).
From a physiological and psychological standpoint, four
to six weeks of high intensity power training is an optimal
duration for the central nervous system to be stressed
without excessive strain or fatigue (Adams et al., 1992).
The present study showed that this frequency and period
seems to allow sufficient time to induce additional neu-
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romuscular benefits on some functional and power per-
formances such as the single leg hop test (horizontal and
vertical), the five jump test and the agility. In this context,
it could be interesting to study the effects of a training
extension from 8 weeks to longer periods on the benefi-
cial effects and the return to sport for the athletes after
ACLR.

The present study showed that from 4 to 6 months
post-ACLR, 2 physical training sessions a week
(4hrs/week) of intensive training is at least comparable
and even more effective (for some functional perform-
ances) than 3 sessions a week (6hrs/week) of relatively
low intensity training. This could spare time for an even-
tual progressive introduction of sport specific technical
training. Further research is needed to determine whether
the implementation of an additional weekly intense ses-
sion, i.e., 3 sessions of intensive training instead of 2,
could lead to even higher neuromuscular adaptations. In
this context, it has to be stressed that attention has to be
paid to the safety of such a program, i.e., absence of any
injury, joint/muscle pain and joint swelling, or OA which
could threaten the rehabilitation process.

Conclusion

The present study provides evidence of the efficiency of
functional training in knee rehabilitation and provides
important information that is highly relevant to clinicians,
physiotherapists, coaches and trainers who are in charge
of the injured athletes during the later phase of the reha-
bilitation after ACLR.

The present study introduces a new training mo-
dality in rehabilitation after ACLR which results in better
recovery of the operated limb along with the contra-lateral
leg. This may allow the athletes to reach good functional
and strength values with only two training sessions per
week, better preparing them for a return to sport activity
at 6 months post-ACLR.
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Key points

e Functional training (plyometrics, neuromuscular,
proprioceptive and agility exercises) in athletes dur-
ing 4™ to 6™ months post-ACLR further improved
functional outcomes, compared to a conventional
rehabilitation program.

e The former program was more time-efficient com-
pared to the latter one as indicated by the weekly
training duration (4hrs/week vs. 6hrs/week).

e This study provides evidence of the functional train-
ing in knee rehabilitation and provides important in-
formation that is highly relevant to clinicians,
physiotherapists, coaches and trainers who are in
charge of the injured athletes during the later phase
of the rehabilitation after ACLR.
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