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Mepianym

H mAeloPnoia twv abAntwv mou €xouv unmoPAnBel oe eméUPaocn aAmMOKATACTACNG
npocBlou xlootol ouvdéopou (MXZ) aduvatolv HETA TOV TPAUUATIONO va
enavéABouv ota apyka enineda anodoong. AKOUN KAl LETA OO LA KETILTUXNUEVN»
eméuPaocn Kal amokataotacn ol aobeveig avripetwnilouv avénuévn aotabela oto
yovarto, mou Ba pmopoloe va odnynoeL O UTIOTPOT] UE TEPETALPW KAKWON OTO
unvioko kat gpdavion ooteoapBpitidag. H veupouuikn KOMwaon €miong ouvdEsTal
HE avénuévn aotabela yovatog, xoAapotnta (laxity) kot auvénuévo pioko
TPAUMATIONOU Kath Tn Sldpkela aBANTIKWY SpaoTnPLloTATWV Tou Tepappavouv
KLVNOELG OTWG AApaTa Kal arndotoun aAlayn katevBuvong. O okomog TnG mapol oag
HEAETNG ATV va e€eTaoTEL N eMISpacn TNG KOTIWONG OTLG OTPATNYLIKEG TIPOOYELWONG
o€ atopa mou €xouv unmoPAnbel oe enépPaon amokatraoctaong MX2. Itnv mapovoa
€peuva APaAvV HEPOG evEa €0gNOVTEG Tou elxav UTIOBANOEL Oog amokatAoTACH TOU
MXS nAwiog 25.7+8.75 £tn kot Seiktne pdZac owpatoc (AME) 24.6 + 1.58 kg-m™. H
opada eAéyxou amoteAdouvtav amo entd Avopeg nAkiag 21+1£to¢ kot AMX 23.1 +
1.76 kg:'m™. To MPWTOKOAO KOMWoNG TePLeEAGUBAVE EMAVONAUBAVOLEVO OET WE
LOOKLVNTIKEG MELOUETPLKEG KAUPELC-EKTAOELS yOvaToG oTic 180°/sec HEXPLC OTOU oL
TIEVTE PWTECG EMAVOANYELG TO EMOEVOU OET VAL €lval KATW arod To 50% tng HéyLotng
LOOKLVNTIKAG POTAG. Tal KWVNUATIKA Kol Kntika dedopéva avalubnkav yla tpia
ETUTUXNUEVA GApATO LE €va TTOSL yla amootaon on pe to 80% tou pnkoug modlou
TPV KOL META TNV €dappoyn TOU TMPWTIOKOAOU KOTwong. lMNa Tnv OoTATLOTIKA
avaAuon twv dedopévwy edpapuootnke avaluon Stakupavong SU0 MoPAYOVIWV HE
emavalapBavOoUeVES LETPHOELG OTOV Ttapayovta Xpovo. Asv uttipxe aAAnAenidpaon
HeTaL opddag kal xpovou. Mpoékue KUpLa enidpacn Tou XpOvou oTLG LETOPANTECS
ywvia kapyng yovatog, pomrn kapdng yoévatog, péylotn duvaun avtidbpaong tou
edadoug kat UPog mtAonG. Ot CUUPETEXOVTEG LETA OO KOTIWON TPOCYELWVOTAV LE
HULKPOTEPN Ywvia KapuPng yovatog Kot ixav HELWUEVES apBPLKEC pOTIEC OTO YOVaTO.
Eniong, epdavicav peltwpévn Suvaun aviidpaong tou eddadoug Aoyw XaUnAOTEPNC
nitiong (p<.05). Ot aBAoupevol mou €xouv umoBAnBel oe eméUPacn AMOKATACTAONG
MNXZ epdavitouv mapopola oTpATNYLKA TIPOoYelwonG UE LYLELG aBAoUevoug HeTA
amo KOmwon. H otpatnylkn auth xapoktnpiletal and auvénuévn okAnPOTNTO OTO
yovaro, mou Ba pnopouoe va 0dnyroeL 0 TPAUUATIONO. OTOTE, N KOTIwaon lval pLa
ONUOVTLKA TIAPAUETPOC Kal Ba mpémel va AapBavetal umoyn TOOO KATA TO
oXeSlLAOUO TPOYPAUUATWY QTOKOTAOTAONG OCO0 KOl KOTA TIG AELTOUPYLKEG
Sdoklpaoiec.
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Abstract

The majority of athletes undergoing ACL reconstruction are unable to successfully
return to pre-injury levels of sport participation and even after successful
reconstruction and rehabilitation they are exposed to increased knee instability that
might lead to damage of the knee menisci and the development of osteoarthritis.
Neuromuscular fatigue is also related to increased knee instability, increased knee
laxity and risk factors for knee injuries during sport activities with landings and
cutting movements. The purpose of the proposed study was to examine the fatigue
induced changes in landing strategies after ACL reconstruction. Nine physically-active
ACL-reconstructed male individuals with an average age of 25.7+8.75 years, and BMI
of 24.6 + 1.58 kg-m™ participated in this current study. Seven healthy and physically-
active male subjects with an average age of 21+1 years, and BMI of 23.1 + 1.76 kg-m”
2 were used as control group. The subjects performed alternating concentric knee
flexion/extension contractions at 180°/sec until the first five repetitions of a set were
below 50% of the peak torque assessed at a previous set of Maximum Voluntary
Contractions on the isokinetic dynamometer. Three dimensional kinetics and
kinematics were analyzed for the lower extremities during three pre and post-fatigue
single leg hops at a distance of 80% of subject’s leg length. Two-way ANOVA with
repeated measures (pre-post) was used to analyse the data. There was no
interaction between group and time. Significant main effect of time came up for the
parameters: knee flexion angle, knee extension moment, peak vertical ground
reaction force, max jump height. Results indicated that the post-fatigue vertical jump
height was lower and subjects landed with more extended knee and demonstrated
lower knee joint moments. A further decrease in vertical Ground Reaction Forces
and jump height was also observed (p<.05). In conclusion, ACL reconstructed
recreational athletes demonstrate landing strategies similar to uninjured subjects
after fatigue. Those patterns are characterized of increased knee stiffness that could
lead to re injury. Fatigue should be considered for the planning of rehabilitation
programs and functional tests.
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1. Introduction

The knee joint is highly susceptible to injury during sports and recreational
activities (Louw, Manilall, & Grimmer, 2008). Amongst all knee injuries the incidence
of ACL tear is estimated at almost 20% (Majewski, Susanne, & Klaus, 2006).
Regardless of the severity of the incidence, ACL injury causes great pain and leads to
absence from work or sport. There are approximately 100.000 ACL ruptures reported
each year in the US (Prodromos, 2008) and the ACL reconstructions are estimated to
be at 6.600 annually in Scandinavian countries (Chen et al., 2008). Furthermore,
complete ACL rupture can instigate other pathological knee conditions, including
knee instability, damage to the menisci and development of osteoarthritis (Yu &
Garrett, 2007).

The majority of athletes undergoing ACL reconstruction are unable to
successfully return to pre-injury levels of sport participation and therefore retire
from sports (Ortiz et al., 2008). There is a variety of functional tests that are used
after ACL reconstruction to estimate the surgery success, the patients’ progress
during the rehabilitation program and the ability to return to sport activities. The
dynamic stability of the knee seems to be the most important factor to return back
in sport activities. Single-leg hop test is the most commonly used test in current
clinical practice to assess knee function following ACL reconstruction (Augustsson,
Thomeé, & Karlsson, 2004). Single limb landing tasks could also be useful for
detecting changes in dynamic knee stability (Webster, Gonzalez-Adrio, & Feller,

2004).
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1.1 Significance of the proposed study

It is reported that patients with ACL injury are exposed to neuromuscular and
proprioceptive deficits even after surgical reconstruction and rehabilitation (Ortiz, et
al., 2008).It is also well-documented that neuromuscular fatigue alters lower limb
biomechanics during demanding sport movements and leads to high risk movement
patterns, especially during landing and cutting maneuvers (Benjaminse et al., 2008;
Kernozek, Torry, & lwasaki, 2008; McLean & Samorezov, 2009; Thomas, McLean, &
Palmieri-Smith, 2010).

To our knowledge, the effects of neuromuscular fatigue on landing performance
have not been examined for physically active patients who have undergone ACL
reconstruction. Defining the probable differences could lead to a new methodology
in functional clinical examination using the available up-to-date technological
equipment. New methods of examination could help clinicians to make safer
decisions regarding the ability of injured athletes to return to high level physical
activities. Moreover, the early recognition of incorrect strategies could help to
further refine rehabilitation programs and avoid future problems such as knee

osteoarthritis etc.

1.2 Purpose of the Proposed Study

The purpose of this study is to examine the fatigue induced changes in landing
strategies after ACL reconstruction. We expect that the ACL-reconstructed (ACLr)
group will show different adaptations at the post-fatigue state compared to the
healthy control group. We expect to define strategies appertaining to injury

mechanisms.
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2. Review

2.1 ACL anatomy and function

The function of the ACL is to limit the combined motions of the anterior tibial
translation and the internal tibial rotation (Zancan, Beretta, Schmid, & Schieppati,
2004). The ACL is a structure composed of numerous fascicles of dense connective
tissue (Prodromos, 2008). It is attached proximally to the posteriomedial edge of the
lateral femoral condyle and distally to the anterior intercondylar fossa on the tibial
plateau (Zancan, et al., 2004). Two bundles of the ACL were described for the first
time in 1938 by Palmer et al (Prodromos, 2008). The two distinct functional bundles
have been termed anteromedial (AM) and posterolateral (PL) bundles, based on
their tibial insertions (Husemann, Miiller, Krewer, Heller, & Koenig, 2007). It is
approved that each bundle has a different contribution to resist anterior tibial
translation and tibial rotation, depending on the tibiofemoral joint flexion. In vitro
studies show that the anteromedial (AM) bundle functions more in high flexion
angles whilst the posterolateral (PL) is more stressed at low flexion angles (Wu et al.,

2010).

2.2 Epidemiology

The ACL injury continues to be the largest single problem in orthopedic sports
medicine (Renstrom et al., 2008). As reported from a number of researchers, there
are variations to ACL tear according to gender and sport. It is commonly reported
that females have a greater incidence of ACL tear than males. The latest meta-

analysis stated that the female/male ratio of incidence of ACL tear is 3:1
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(Prodromos, Han, Rogowski, Joyce, & Shi, 2007). With regards to differentiations
between sports, those of American football, skiing and soccer have been
characterized as high-risk events when considering ACL injury (Bradley, Klimkiewicz,

Rytel, & Powell, 2002).

2.3 Mechanisms of ACL injury and risk factors

Non-contact ACL injuries are likely to occur during deceleration and
acceleration motions with excessive quadriceps contraction and reduced hamstring
co-contraction (Shimokochi & Shultz, 2008).

Generally speaking, sagittal plane biomechanical factors such as small knee
flexion angles and great posterior ground reaction forces, are the major ACL loading
mechanisms (Yu & Garrett, 2007). Churchill at al (2003) using a cadaveric model
showed that an aggressive quadriceps load with the knee near full extension,
produces significant anterior tibial translation causing injury to the ACL, which
suggests that the quadriceps can serve as the major intrinsic force in a noncontact

ACL injury.

2.4 Reconstruction and rehabilitation

In recent years, ACL reconstruction has been a common surgical approach to
restore knee stability after ACL injury. The surgery is performed arthroscopically. The
torn ligament has to be completely removed from the knee and reconstructed.
There are many surgical approaches in terms of graft choice and reconstruction

techniques.
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Both allograft and autograft can be used. The allograft is the use of tissue
from a donor’s (cadaver) body. The patella tendon, anterior tibialis or achilles tendon
can be utilized. It is significant that there is a risk of rejection when using allograft.
The autograft is the use of tissue from the patient’s body. The patella tendon or
hamstring tissue is commonly used.

Graft choice is subjective with regards to all the options having both
advantages and disadvantages. The most common practice nowadays is to employ
the hamstring graft as it is easier and causes les knee pain post operation.

Alongside the graft choice, there are also different techniques available. It has long
been debated whether double- bundle technique would lead to improved
anteroposterior and transverse plane stability compared to the single-bundle

technique (Tsarouhas et al., 2010).

2.5 Muscle Fatigue

Over the past years there have been several different definitions for muscle
fatigue. Despite the complexity of the issue according to Gandevia (2001) the most
useful definition for muscle fatigue is “any exercise induced reduction in force
generating capacity”. It is also known that fatigue can be caused by many different
mechanisms and there is no global mechanism responsible for neuromuscular
fatigue (Enoka & Duchateau, 2008).

Those mechanisms are divided as central and peripheral. Central fatigue
refers to a progressive reduction in voluntary activation of muscle during exercise,

whether fatigue produced by changes at or distal to the neuromuscular junction is
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described as peripheral fatigue (Gandevia, 2001). Both mechanisms are responsible
for the failure to maintain the initial maximal force during exercise.
In terms of competitive sport fatigue is believed to have been contributing to injuries

through several changes that affect proprioception and postural control.

2.6 Effects of fatigue and ACL injury on lower extremity biomechanics

As discussed above, a wide range of changes on many physiological aspects
are related to fatigue. Those changes are believed to affect negatively
proprioception and muscle response while resulting in altered biomechanics.

Concerning movements that involve rapid deceleration such as landings and
cutting manures there is increasing evidence that neuromuscular fatigue leads to
altered patterns that may increase ACL injury risk. Thomas et al (2010) investigated
the effects of quadriceps and hamstrings fatigue on single leg landing strategies,
using a concentric fatigue protocol on isokinetic dynamometer. The subjects show
significant increases in initial contact hip internal rotation and knee extension and
external rotation angles, with the increases in knee extension and external rotation
being maintained at the time of peak vGRF.

In their study Benjaminse et al. (2008) investigated the effects of fatigue
induced via exhaustive running changes on single-leg jump for male and female
subjects. They found significant decrease on knee valgus and knee flexion at initial
contact post-fatigue.

There is a controversy in the literature about the ability of the patients that
have undergone ACL reconstruction to restore physiological movement patterns

during daily life or more stressful sport movements. It has been reported that
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patients after ACL reconstruction demonstrate adaptations such as earlier onset of
muscles and increased knee joint stiffness as a protective mechanism.

Although there is increasing evidence that despite the existing differences
ACL reconstructed patients tent to demonstrate similar patterns with uninjured
patients. Ortiz et al (2008) examined the biomechanics during single leg drop jump
and 20 cm up and down hop task for women. They concluded that ACL
reconstructed patients land similar to uninjured individuals.

On the other hand Gokeler et al (2010) concluded that landing strategies
after ACL reconstruction are abnormal. In this study the researchers analyzed the
muscle activity and movement patterns for male and female ACL reconstructed
patients. They found significantly earlier onset times for all muscles, except vastus
medialis for the involved leg and differences in the kinematic variables.

Decker and colleges (2002) compared kinematic and kinetic performance of
ACL reconstructed recreational athletes during a 60 cm drop-jump. This study
concluded that ACL reconstructed athletes have an adapted landing strategy that
employ the hip extensors less and the ankle plantarflexor muscles more.

Gait analysis studies show that the parameters shift towards normal values
patterns (Bulgheroni, Bulgheroni, Andrini, Guffanti, & Giughello, 1997) but there are
also graft- specific differences in knee biomechanics (Webster, Wittwer, O'Brien, &

Feller, 2005).
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3. Methods

3.1 Participants

Nine physically-active ACL-r male individuals with an average age of
25.748.75 years, and BMI of 24.6 + 1.58 kg-m'2 participated in this study. Seven
healthy and physically-active male subjects with an average age of 21+1 years, and
BMI of 23.1+ 1.76 kg-m'2 participated as the control group. The inclusion criteria for
the ACL-r group were: 12 months post-operatively, and participation in recreational
or competitive sports activity from three to five times per week. The Exclusion
criteria_included other ligamentous injuries in the same knee, reported knee pain or
instability during sports. The control group exercised three to five times per week in
recreational sports such as football, basketball etc. The subjects signed an informed

consent-form approved by the Institutional Review board to participate in the study.

3.2Equipment

Pelvic and lower extremity kinematic data were collected via a ten-camera
optoelectronic system (Vicon T-series, Oxford, UK), sampling at 100 Hz. A force
platform (type 4060, Bertec, Worthington, OH) was used to collect Ground Reaction
Force (GRF) data at a sampling frequency of 1000 Hz and was synchronized with the
Vicon system. An isokinetic dynamometer (Cybex-Norm, Ronkonkoma, NY) was used
for the assessment of muscular strength and the performance of the fatigue

protocol.
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3.3 Experimental procedures
A pre-post design was used to examine the effects of fatigue on landing
strategies. The subjects’ maximum voluntary contraction (MVC) for knee
extension/flexion was assessed at 60 and 180 degrees/s for both legs on the
isokinetic dynamometer. Subsequently the participants performed the single-leg hop
task. Three successful hops were recorded and then the subjects underwent the
fatigue protocol on the isokinetic dynamometer. When the fatigue protocol ended

they repeated this single-leg hop task.

3.4 MVC Assessment and Fatigue Procedures

A warm-up protocol of seven minutes cycling at 50 Watts and stretching of
the major muscle groups of lower limbs were systematically applied before isokinetic
testing could take place (Tsatalas et al., 2010). Participants were securely seated
(100" hip angle) on the dynamometer and the axis of the rotation was aligned with
the most prominent point of the lateral femoral condyle. The alignment was
performed at 90 to the knee flexion under sub-maximal muscle-contraction
conditions. The ROM of the knee was set at 0-100° and 100- 0" for the knee flexors,
respectively (0= full knee extension). Gravitational corrections were also employed.
All contractions were performed at a speed of 180/s through a knee range of motion
0-100'.

The subjects performed a set of five alternating quadriceps- and hamstrings-
maximum-voluntary contractions. The peak torque value for both extension and
flexion was recorded so that it could later be used to quantify percentage-strength

degradation and fatigue (Thomas, et al., 2010).
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To fatigue the knee extensors and flexors, the participants performed
alternating maximum voluntary contractions (MVC) until the torque, measured in
both groups, dropped below 50% of that of the peak torque measured before
(Ochsendorf, Mattacola, & Arnold, 2000). Once the point was reached, subjects were
given 20 s of rest and then asked to resume the alternating tasks of MVC and rest,
and was repeated until fatigue was achieved. This then corresponded to when the
first five repetitions of a quadriceps and hamstrings MVC performed below 50% of
subjects’ baseline peak torque in both muscle groups.(Thomas, et al.,, 2010).

Immediately after the fatigue protocol the subjects performed the hop task.

3.5 Single-leg hopping procedures

The participants were asked to perform a single-leg forward hop on to the
force platform. The hopping distance was determined at 80% of each subject’s leg-

length, recorded from the anterior superior iliac spine (ASIS) to the medial malleolus.

Figure 1. Initial Position Figure 2. Landing on the FP
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3.6 Kinematic and kinetic analyses
Twenty-four retro-reflective markers were attached to the pelvis and lower
extremities of each subject, according to the model described by Schwartz and
Rozumalski (2005). According to this model there are two stages, static and dynamic,
in order to calculate the joint centres and axes of rotation. The standard Davis model
(Davis lii, Ounpuu, Tyburski, & Gage, 1991) is used at the static stage to define the
initial position of joint centres and axes of rotation. During the dynamic stage, the
subject is asked to perform specific movements such as knee extension- flexion and
hip adduction- abduction, and the new positions are refined based on mathematical
optimization procedures. The maximum jump height was calculated as the maximum
value of the left or right posterior iliac spine marker on the Z axis. The marker was

chosen according to the leg used for the movement.

Figure 3. Position of 24 reflective markers. The model includes the well-known position of the 16 markers from
Davis model with the addition of 2 markers positioned on a plate strapped tightly around the calves and thighs
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3.7 Statistical Analysis

Two-way ANOVA (pre-post X 2 groups) with repeated measures (pre-post)
was used to compare the kinetic and kinematic variables during the single-hop task.
The SPSS was used to perform statistical analyses. Post-hoc analysis of significant
interactions and main effects were further investigated using Bonferroni adjustment.
Paired t-tests were used to examine differences on peak isokinetic torque and knee
flexors/extensors ratios between groups and between involved and uninvolved legs

for the ACLr group. The significance level was set at p< 0.05.
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4. Results

4.1 Sagittal Plane Kinematics at Initial Contact

There was no interaction between group and time for any joint angle at Initial
Contact (IC) (p > .05). There were no significant differences between ACL-r and
control group for the hip joint at IC. Fatigue did not affect hip flexion/extension at IC.
There was no significant difference between groups, although both groups landed

with more extended knee (less knee flexion angle) at the post fatigue state (p=.005).

Table 1.Sagittal Plane Joint angles at Initial Contact

ACL CONTROL
Prefatigue Postfatigue Prefatigue Postfatigue
Hip Flex/Ext 38.26 +7.66 37.04 18.80 3493 4855 36.18 557
Knee 20.96 +4.08 16.78* 16.86 18.90 +4.26 15.58* 1453

Note. Values are presented as mean *sd.
*indicates statistically significant differences for the factor time

Knee angle at IC
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Figure 5. Knee angle at IC pre and post fatigue.
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4.2 Joint angles at Peak GRF

There was no interaction between group and time for any joint angle at peak
vertical GRF (VGRF) (p> .05). There were no significant differences between ACL-r
and control group for the hip joint at peak vGRF. Fatigue did not affect hip
flexion/extension at peak VGRF. There was no significant difference between groups,
although both groups demonstrated less knee flexion at the post fatigue state at

peak VGRF (p=.039).

Table 2. Sagittal Plane Joint angles at peak GRF

ACL CONTROL
Prefatigue Postfatigue Prefatigue Postfatigue
Hip 39.28 +11.49 40.10 +10.42 38.55 897 40.19 +6.64
Knee* 26.84 1861 25.09 +12.36 33.58 +3.03 30.43 1638

Note. Values are presented as mean #sd.
*indicates statistically significant differences for the factor time
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Figure 5. Knee angle at peak GRF pre and post fatigue.
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4.3 Maximum Joint moments

There was no interaction between group and time for the hip maximum joint
moments. Peak knee external moment was significantly decreased at the post

fatigue state (p<.05) and hip external moment tended to decrease (p=.075).

Table 3. Peak Joint Moments (Nm/kg m™)

ACL CONTROL
Prefatigue Postfatigue Prefatigue Postfatigue
Hip External 213 084 140 41076 166 1125 1.42 1079
Knee External* 2.04 +055 175 4057 2.12 1042 1.76 1043

Note. Values are presented as mean (sd).
*indicates statistically significant differences for the factor time

4.4 Time to Peak Vertical GRF

The peak vGRF was significantly lower at the post-fatigue state for both
groups. The jump height was significant lower for both groups at the post fatigue

state.

Table 4. Max Normalized GRF and Max jump height
ACL CONTROL
Prefatigue Postfatigue Prefatigue Postfatigue

Max Normalized
VGRF(%BW)* 285.94 +70.14 256.74 +38.63 341.15 14333 316.52 +31.40

Max Jump
Height (m)* 131 +0.10 1.24  +0.07 1.25 +0.04 1.22 +0.04

Note. Values are presented as mean (sd).
*indicates statistically significant differences for the factor time
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4.5 Muscle Strength

The ACL-r group demonstrated normal values for the peak torque ratio
between knee flexors and extensors for both uninvolved and involved leg. Although
we detected statically significant differences for the knee extensors peak torque
ratio between involved and uninvolved side. They had an average deficiency of 5% at

the involved side.
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Figure 4. Knee flexion extension angle during single leg hop task. The solid vertical line represents the
take-off, while the dashed vertical line indicates the initial contact.
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Figure 5. Ground reaction forces during single leg landing

5. Discussion

The main objective of the present study was to examine the effects of
guadriceps and hamstrings fatigue on the lower extremity kinetics and kinematics
for ACL-r recreational athletes during demanding sport movements. In contrast to
our hypothesis, both ACL-r and healthy group had similar landing strategies after
exercise demonstrating comparable adaptation to fatigue.

As commonly reported (McLean et al.,, 2007; Thomas, et al.,, 2010), lower
extremity fatigue leads to abnormal landing strategies with a high risk of ACL injury.
Furthermore, the majority of the athletes who have undergone ACL reconstruction
are unable to successfully return to pre-injury level sport participation as
impairments in muscle strength, functional performance and postural control have
been reported to continue even after surgical reconstruction and rehabilitation

(Ortiz, et al., 2008). Thus, functional tests are commonly used in order to estimate
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the ability to return in challenging sport activities. Recent studies suggest that
functional testing should be performed both under non-fatigued and fatigued

conditions (Augustsson, et al., 2004).

5.2 Kinemantics

The single-leg hop task was selected to describe better the proposed highly
demanding sport activities that usually lead to ACL tear (Shimokochi & Shultz, 2008).
We analysed hip and knee joint parameters focusing in sagittal plane. There were no
significant differences for hip joint angles before and after fatigue protocol. Similar
to our findings, Thomas et al. (2010) did not observe significant changes for the hip
joint during single leg landings after fatigue. We agree with Thomas’s theory that the
non-fatigued hip flexors and extensors were able to maintain the pre-fatigue
postures and loads.

We observed significant decrease in knee joint flexion angle at initial contact
post-exercise for both groups. Knee flexion angle decrease was also observed at
maximum vertical GRF. This fact confirmed our hypothesis that subjects would
demonstrate strategies related to knee injury. Reduced knee flexion angles increase
the likelihood for knee injury by decreasing the ability of the hamstrings to resist to
anterior shear forces on tibia (Ortiz et al., 2010). The majority of the researchers that
investigated the effects of fatigue on landing strategies found decreased knee flexion
angle during landing and/or peak vertical GRF, as in our study. The most common
theory is that at the post fatigue state subjects tend to have increased knee joint
stiffness during landing as a protective strategy against great knee flexion and

subsequent collapse (Ortiz, et al., 2010; Thomas, et al., 2010), or trying to keep trunk
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centred within the base of support (Ortiz, et al., 2010). Decreasing knee flexion is
reported to increase the risk of ACL injury (Churchill, et al., 2003; Yu & Garrett,

2007).

5.3 Kinetics

After fatigue protocol the kinetic parameters of both groups were also
altered. We observed significant decreased vertical GRF at the post fatigue state.
This fact could be explained by the significant decrease in vertical jump height at the
post fatigue state. Our results are comparable to those in a previous study, where
significant decrease in jump height was observed during double leg stop-jump
performance after fatigue (Yu & Garrett, 2007). It is likely that this reduction is
observed due to impaired ability to produce muscle force because of fatigue.

The reduction in joint external rotation moments was probably due to the
decreased GRF. Especially the decrease in knee joint external moment resulted due

to the decreased knee flexion that alters the moment arm about the knee.

5.4 Limitations

The present study analyzed the effects of fatigue on single leg landing
strategies. There are also different fatigue protocols that could have different effects
on landing performance. The ACL-r patients that took part in our study used to take
part in recreational sporting activities three to five times per week. The majority of
the ACLr patients may not have the same level of physical activity and thus may
demonstrate different strategies. Given that the majority of the athletes do not

return to competitive sports after ACL reconstruction (Ardern, Webster, Taylor, &
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Feller, 2011), if we had chosen inactive subjects they might had shown different

landing strategies.

6. Conclusion

Our study showed that ACL reconstructed recreational athletes demonstrate
similar landing strategies with uninjured individuals after a fatigue exercise protocol
of quadriceps and hamstrings. Those patterns are related to knee injuries and thus
biomechanical analysis of specific high demanding sport movements could be used
in order to address wrong technique and improve the rehabilitation programs.
Fatigue is a parameter that everyone should consider when designs functional tests.
Further research should be focused on the effects of different fatigue protocols on
landing performance and the improvement of the functional tests in order to
provide more reliable assessment of the functional ability of the ACL-r patient to

participate in competitive level in sport activities.
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9.Appendix

9.1 'EVTUTIO 6LVAIVESTC

Tithog €peuvag : H emidpaon g KOMWaoNG oTa EUPLOUNXAVIKA XOPAKTNPLOTIKA TWV

KATW AKPWV UETA amnod eméuPaocn anokatdaotaong Npdoblou Xlaotou TuvbEapou.
Emotnuovikwg umtevBuvog: Ap. Mavvng Nakog

‘Evtuno cuvaiveong SoknalOLLEVOU O EPEVVNTLKN Epyaoia
1. IKOTOG TNG EPEVVNTIKAG Epyaoiog
IKOTOG NG MeAETNG eival va SlepeuvnBel n enibpaon NG MUIKAG KOMWONG ota

EUPBLOUNXAVIKA XAPAKTNPLOTIKA TWV KATW AKPWV KATA TNV E€KTEAECN GAMOTOG,
otpodwv Kol amotoung aAlayng SlevBuvong HETA amd KOMwOon yla ATOUd Tou
€xouv umoBAnBel oe eméuPaocn amokatdotaong MNpooBiou Xiaotou JuvoEopou
(MXZ). EmutAéov va evtomiotouv TOaveéG SlopopeC avapeoa oOTIC SUO TEXVIKEC
amokatactacng, armAol Kat SUTAoU LOCXEVUUATOC.

2. Alodikaoia HETPROEWV
Ot ouppetéxovteg Ba aflohAoynBouv otn PEYLOTN LOOKLVNTLKNA KOl LOOUETPLKA SUvapun

MPOOBLWV Kal OToBLWY UNpLaAiwV HUWVY OE LOOKLVNTIKO SUVOLOUETPO. 2TN CUVEXEL
va TomoBetnbolv o010 owpa Tou e€eTalOMEVO HME  QUTOKOAANTN  Ttawia,
avakAaotnpeg(markers) mpokelpuévou va yivel n kataypadn twv efetalOpevwy
KLVI)OEWV LE TO OMTONAEKTPOVIKO cUoTnUa Kataypadng kal avaAuong Kivnong tou
gpyaotnpiou pog (Vicon).

Me tnv oAokAnpwon TNG apxkng ofloAdynong Kal TNV TOomoBEtnon Twv
avakAaotipwv o eéetalopevog Ba kALBel va mpayuatonol)oet TG NG Kwvnoelg 1)
QALO O€ UNKOG PE €va TIOOL 2) AApa o€ UAKOG Kal oTpodr oTnPL{OUEVOC OTO £va TTOSL
3) dApa oe pRkog kot aAAayn SlevBuvong 4) éow Kal €€w otpodn oTnPL{OUEVOG OTO
€va odL.

Metd tnVv OAOKANpwWON TWV KWWAOEWV 0 efetalOpevog Ba MPayUATOMOLRoeL éva
TIPWTOKOAAO KOTIWONG TPOoBLWVY Kol onicBlwv oTo LooKWVNTIKO SUVOUOUETPO TIOU
amoteAeital and dekddeg ekolOLlEG KAMWPELG KOL EKTACELS TOU yoOvaTOCG HEXPL va
¢taoel og aduvapuia mapaywyng Suvaung iong pe to 50% tng pueyotng SUVAUARG Tou
otic 180 poipeg/ SsutepoAermro.

Emetta Oa ekteAeoTel N apxLki poutiva Kvoswv oL omoleg Ba kataypoadouv anod to
OTITONAEKTPOVLKO cUCTNUA.
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3. Kivéuvol kot evoxAnoeLg
Agv UTIAPXEL KOVEVAC KIVOUVOG TPAUUATIOMOU KOTA TN SLAPKELD TWV SOKLUOOLWV.

Map’ 6Aa autd umtapxel MPOPBAedn MPWTWV BonNBELWV KAl EKTTALSEUUEVO TIPOCWTILKO
yla kaBe evdexopevo. OL Sladikaocieg afloAdynong kal KOmwong yivovral pe
€KOUOLEG KLvNOEeLS. Av aloBavbBeic ornoladnimote evoxAnon n Stadikacio Slakomretal
Aueoa.
4. MNpoodokwHeveG WPEAELEG
e OLouppetéyxovieg Ba AdaBouv dueca tnv agloAdynon tng duvapung npocObwv
Kol omioBOlwyv pnplaiwv KatL mou anoteAel Bacikd OTOLKELO yLa TNV EKTiKNONG
KQTAOTAON KAl TNG MOPELAG AMOKATAOTACNG UETA TOV TPAUUATIOUO.
e Me Bdon tnv mopamdavw oafloAoynon Ba pmopolv va 606oUv aodaleig
TIPOTIOVNTLKEG 08NYLEC KOl CUUPBOUAEG
e HOwn wavomoinon and tn cupBoAr otnv mapaywyr VEog yvwonc.

5. Anpoocicuon 8£60UEVWV — AMOTEAECHATWY
H GUUUETOXN 00U OTNV £€PEUVA CUVETAYETAL OTL CUUPWVELG pe TN dnpooieuon Twv

6e60UEVWY KAL TWV QMOTEAECUATWY TNG, HE TNV MpolToBeon 6tL ol mAnpodopieg Ba
elval avwvupeg kat 6 Ba amokaAudpBouv T OVOHATA TWV CUPUETEXOVIWV. Ta
6ebopéva mou Ba cuykevtpwBouv Ba kwdikomolnBouv pe aplBPo, WOTE To Ovoud
oou &g Ba dpaivetal mouBeva.

6. NAnpodopieg
Mn O&l0TA0El va KAVELS E€PWTNOEL YUpw OO TO OKOMO /KAl Tov TPOTo
TipayHOTOMOoiNoNG TG gpyaciag. Av €Xelg KAmoleg apdLBoAieg i epwtnoelg, INtnoé
HOG VA 00U SWOOULE TIPOOBETEG ENYNOELG.

7. EAeuBepia cuvaiveong
H adeld oou va CUUUETAOXELS otV gpyaoia sival eBglovtikn. Eloal eAevBepoc va

LNV CUVALVECELC 1 va SLAKOYELC TN CUMETOXH OOU OTOTE eMLOUUELC.
AldBaca to £VTuTio aUTO Kal Katavow Ti¢ Stadlkaoieg mou Ba ekteAéow. Zuvalvw va
CUUMETEXW OTNV gpyaocia.
Huepopnvio: _ /_ /__
OVOUOTEMWVUHO Kall Yrnoypadn epguvnti
umoypadn CUUUETEXOVTOG

OVOUATEMWVUHO Kal
uToypadr rapatnenty
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9.2 Muscular strength ratio
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Isokinetic peak torque ratio(%) measured at 60°/sec for knee extensors and flexors(ACL-r group)

Flexors/ Extensors

Involved Leg

Flexors/ Extensors

Uninvolved Leg Knee Extensors

Knee Flexors

Uninvolved/involved Uninvolved/involved

75.09 75.00 99.62 99.50
64.36 64.22 100.99 100.77
78.18 73.36 97.27 91.28
63.69 69.75 90.50 99.12
66.56 72.16 95.41 103.45
73.54 74.29 92.59 93.53
75.83 77.39 94.31 96.25
76.19 87.94 94.76 109.38
65.31 64.29 97.14 95.63
Mean 70.97 73.16 95.84 98.77
SD 5.86 7.18 3.30 5.46

Isokinetic peak torque ratio(%) measured at 60°/sec for knee extensors and flexors (Control group)

Dominant leg

Flexors/ Extensors

Non-dominant

Flexors/ Extensors

Knee extensors

Dominant/non-dominant

Knee flexors

Dominant/non-dominant

65.19 66.67 99.448 101.69
80.25 80.65 98.726 99.21
76.50 71.98 99.454 93.57
88.48 94.58 100.606 107.53
67.63 67.32 99.034 98.57
64.33 59.35 98.726 91.09
66.39 66.67 100.840 101.27
Mean 72.68 72.46 99.548 98.99
SD 9.24 11.70 0.859 5.44
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