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ABSTRACT

The purpose of the present study was to examine the relationship between single
limb standing balance as measured by total Centre of Pressure (CoP) pathlength in a fixed
time interval using the Wii™ Balance Board, objective outcome measures of knee function
as assessed by single-legged hopping test, vertical jump test, isometric muscle strength of
both the quadriceps and hamstring muscle groups, and common subjective knee rating
scales in participants with ACL- deficient and ACL- reconstructed knees. Fit and physically
active participants were recruited from the Sports Injury Clinic in Rockhampton Hospital.
Participants were recruited to the ACL Deficient (ACLD) group with a clinical diagnosis of
ACL rupture confirmed by MRI (n = 25, male = 13; female = 12; mean age = 29.0 + 9.6
years). Similarly the participants for the ACL Reconstructed (ACLR) group were identified as
those who have had an ACL reconstruction at least six months prior to recruitment (n = 25,
male = 18; female = 7; mean age = 29.3 + 9.4 years). Pearson-product moment
correlation analysis revealed that a statistically insignificant weakly negative correlations
between the CoP measure and other independent variables in the ACLD group. Similarly
statistically insignificant weak correlations were identified between the CoP measure and the
variables examined in the ACLR group. The present findings indicated that no statistically
significant relationship existed between CoP measure, subjective functional scores, and

objective measures of muscle strength and power.
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CHAPTER ONE: INTRODUCTION

Tears or rupture of the ACL are the most common injury to the ligaments of the knee
(DeLee, 2009). In Australia, ACL injuries account for over 20% of all injuries in Australian
Football at both professional and amateur level (Cochrane et al, 2007). The data from the
Australian Institute of Health and Welfare (which included all ACL reconstructions performed
in private and public sectors in Australia) suggested that 50,187 ACL reconstructions were
performed between 2003 and 2008. This equates to just over 10,000 procedures per year

(Janssen et al, 2011).

It is estimated that in the USA there are more than 200,000 ACL tears occurring
annually in the general population (Erikson et al, 2014). Dragoo et al. (2012) showed the
incidence of ACL tears in National Collegiate Athletic Association (NCAA) athletes to be 1.42
per 10,000 athletic exposures. This high incidence of ACL injuries is also observed in
servicemen. For example, the Defence Services Medical Rehabilitation Unit admits
approximately 400 patients with ACL- deficient and ACL- reconstructed knees per year for

rehabilitation (Carter et al, 1997).

The knee joint is a complex system with its main purpose to accept, transfer, and to
dissipate loads generated at the ends of the long mechanical lever arms of the both femur
and tibia (Dye, 2003). To maintain a functional and stable system, the knee is reliant not
only on the surrounding ligaments to provide sensate adaptive linkages, but also the
neuromuscular interactions between the central nervous system and the periarticular
muscles of the joint. This mechano-sensory interaction is referred to as proprioception and

is critical to maintain balance (Howell et al, 2013).

Adaptive balance is upset when the knee joint ligaments rupture with a rupture of the
Anterior Cruciate Ligament (ACL) the most common form of ligament rupture of the knee

(Janssen et al, 2011). A successful reconstruction of the ACL must accomplish both the
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restoration of ligamentous stability and the restitution of proprioception (Dhillon et al., 2011).
It has been theorised that the ACL serves both a proprioceptive and mechanical function to

provide stability to the knee.

To clinically validate ACL reconstruction outcome measures, three rating scales are
widely recognised and frequently used to assess knee functions following ACL
reconstruction. These are the Lysholm Scoring System (Lysholm 1982), the Tegner Activity
Rating Scales (Tegner, 1985), and the International Knee Documentation Committee (IKDC)

(Hefti, 1993).

Many ACL reconstruction studies have employed a spectrum of methods to
objectively measure the relative degree of success, with several investigations observing
poor relationships between the clinical signs, knee assessment scores, and the patients’
satisfaction and functional abilities (Barrett et al, 1991; Harter et al, 1998; Roberts, 2007).
To date there are studies yielding contrasting results regarding the role of proprioception in
ACL- deficient and ACL- reconstructed knees (Friden, 2001; Dhilion et al 2011). Thus more
investigations are required to examine the role of postural control in knees that are ACL-

deficient and in knees following an ACL reconstruction.

The simple task of standing requires synergistic actions of muscles in the lower
limbs. Impaired standing balance manifests itself in reduced functional ability and increased
risk of falling (Clark et al, 2009). Studies have concluded that assessment of standing
balance can provide useful assessments such as risks of falls in the elderly (Pirrtola, 2006;
Deutsch et al, 2008; Higgins et al, 2010). Thus, measuring Centre of Pressure (CoP)
pathlength is one of the most effective assessment tools for measuring standing balance
(Jarnlo, 2003). Centre of Pressure (CoP) pathlength is essentially the tracing of the sway
paths as the person stands in single-limb stance. Researchers have identified that CoP is
an important objective outcome measure that is too subtle to detect using subjective scales

(Pirrtola, 2006). Pirrtola (2006) critically reviewed and extracted the findings of prospective
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studies in literature where force platform measurements have been used as predictors of
falls among elderly populations. The researcher observed that the mean amplitude of the
medial-lateral (ML) movement of the CoP with the eyes open and closed, and the root-
mean-square value of the ML displacement of CoP were the indicators that showed
significant associations with future falls. It is widely agreed that CoP recordings taken from a

force platform is the gold standard measure of balance (Lee, 2012).

While the force platform provides useful data for assessing standing balance, it is not
without its problems. The equipment is costly, cumbersome to transport and set up, the test
is time consuming, and the test procedure requires considerable technical expertise. Such
limitations make the integrated use of force platforms difficult in a clinical setting (Clarke et
al, 2009). Development of subjective assessment tools such as Berg Balance Scale (a 14-
item written scale designed to measure single limb standing balance of the older adult in a
clinical setting) provides useful clinical data, but it has been shown to be imprecise in
detecting subtle changes in single limb standing balance as noted in the systematic review
carried out by Blum (2008). In her review of 21 studies examining the psychometric
properties of the Berg Balance Scale with a stroke population, Blum (2008) noted excellent
internal consistency, interrater reliability (Interrater Correlation Coefficient = 0.97), and test-
retest reliability (ICC = 0.98). However, the author also concluded that the Berg Balance
Scale was unable to capture subtle changes in balance in some studies. Furthermore, a
previous investigation had found that the relationship between the measure of CoP
pathlengths and subjective assessments could only be described as moderate (Frykberg et
al, 2007). Previous studies have argued that the amalgamation of the two modes of
measurements may vyield vital information that cannot be obtained by either method alone

(Adkin 2003; Blum 2008).

Given the above issues with the use of force platforms, there is a need to develop a

portable, inexpensive balance assessment system that is widely available and can
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consistently provide valid and reliable CoP pathlengths measurements such as those
observed with a force platform. The Wii™ Balance Board, part of the unique Wii Fit™ video
exercise game by Nintendo®, fits all the above criteria. It uses Bluetooth technology and
employs four pressure transducers in each corner to measure the user’'s CoP, as well as the
amount of body sway similar to that of the force platform. It is inexpensive, portable, easy to
use, reliable to produce consistent results and capable of providing instant feedback (Clark

etal, 2011).

The Wii™ balance board has in recent times been incorporated into rehabilitation
programmes for those with a neurological balance deficit, as well as in some elderly
populations (Deutsch et al, 2008; Higgins et al, 2010, Holmes et al, 2013). Clark et al.
(2009) compared the data produced using the Wii™ Balance Board and a laboratory-grade
force platform in 30 participants aged in the 20’s, healthy and injury free. The participants
were asked to perform a combination of single and double leg standing balance tests. The
researchers observed that the Wii™ Balance Board produced reliable data comparable to
that produced by the force platform. In their analysis, in conjunction with the ICC values,
standard error measurements, and minimal detectable change values were calculated to
assess the concurrent validity between the Wii™ balance board and the force platform. The
study concluded that the Wii™ Balance Board is both a valid and reliable tool to assess

standing balance.

More recently, Holmes et al. (2013) evaluated the validity of the Nintendo® Wii™
Balance Board in their cohort of twenty participants with diagnosed idiopathic Parkinson
Disease. The participants completed testing on two balance tasks with eyes both open and
closed on a Wii™ Balance Board and a force platform. The researchers were able to
observe and demonstrate excellent concurrent validity across all tasks with significant

intraclass coefficient values of 0.96, 0.98, 0.92 and 0.94 with eyes open and closed. They
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concluded that the Wii™ Balance Board is a valid tool for quantification of postural stability

among individuals with Parkinson Disease.

Wii™ Balance Board has also been utilised in other studies such as Pua et al.
(2011). These researchers evaluated relationships between knee extensor strength,
standing balance, and the interactions with subjective physical function. In their study, the
investigators recruited 104 participants with end stage osteoarthritis waiting for a total knee
replacement. Standing balance was measured by the CoP displacement during quiet
standing on a Wii™ balance board, and isometric knee extensor strength was measured
using an isokinetic dynamometer. They found that standing balance in the saggital plane
was positively correlated to physical functions among participants with lower knee extensor
strength. While the relationship is complex, the study recommended further studies to

develop interventional strategies for patients with osteoarthritis.

Clinically, the use of Wii™ Balance Board does not just validly and reliably measure
the CoP, it is also able to measure isometric muscle strength by calculating the force vectors
when coupled with computer software. This ability allows clinicians to objectively assess
both the CoP measure and isometric muscle strength using this inexpensive, portable and
valid system (Clark et al, 2010). Thus the Wii™ Balance Board could provide great benefits
in the clinical assessment of function in patients who are ACL- deficient or who have had an
ACL reconstruction. The data produced by the Wii™ Balance board, supplemented by the
subjective assessment scales such as IKDC, Tegner Activity Rating Scale, and Lysolm
Functional Score, may thus yield a more complete representation of knee function in patients

who are ACL deficient or rehabilitating from an ACL reconstruction.

In a typically busy hospital orthopaedic outpatient clinic, with time pressures and the
lack of expensive instrumentation to measure muscle strength and knee function, clinicians
currently rely solely on common assessment scales and clinical examination findings to

assess knee function. To date, minimal research has examined correlations between
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commonly used outcome scores, objective knee function, objective testing of muscle

strength and single limb standing balance via CoP.

PURPOSE OF THE STUDY

The purpose of the present study was to examine the relationship between single
limb standing balance as measured by the overall CoP pathlength in a fixed time interval,
objective outcome measures of knee function and commonly used subjective knee rating

scales in participants with ACL- deficient (ACLD) and ACL- reconstructed (ACLR) knees.

The following hypotheses were generated in relation to this study:

* There is a significant relationship between single limb standing balance, and
subjective knee outcome scale scores in participants with ACL- deficient (ACLD) and

ACL- reconstructed (ACLR) knees.

* There is a significant relationship between single limb standing balance and muscle

strength measurements in participants with ACLD and ACLR knees.

* There is a significant relationship between objective functional tests (single legged

hop and vertical jump) and single limb standing balance.

This study aims to highlight that:

* If the study reveals a significant relationship between the three commonly used rating
scales, and single limb standing balance, it would suggest the need for single limb

standing balance testing to be considered as a rehabilitative criterion.

* If no significant relationship is observed between the rating scales, functional tests

and single limb standing balance, then other criteria may need to be evaluated as
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criteria that may predict the ability for ACLD and ACLR patients to return to their daily

and/or sports activities.

ASSUMPTIONS

The following assumptions were made in the present study:

1. Participation was voluntary from the participants.

2. Participants followed the given directions when answering the questionnaires.

3. Participants answered all questions honestly and by themselves.

The following exclusions were applied to this study:

1.

Age group was delimited to 16 and 55 years of age

Physically active participants who play or train for sports on a regular three day

per week basis were recruited for the study.

Participants were required to be residents of Central Queensland Health

catchment area.

Potential participants were not considered if unable to comprehend the
instructions or explanations given due to impaired intellectual/mental capacity, or

a language barrier.

Potential participants who are highly dependent on medical care were not

considered.

Participants who were unable to maintain balance in single leg stance, and thus a

potential risk of injury to self were excluded.

The following limitations apply to the study:
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1. Small sample size.

2. Reliance on participants’ subjective responses to the function — based

questionnaires.

3. Types of graft used in ACLR group were not specified.

4. ACLR group participants’ operations were done by more than one surgeon.

ACLD Group: Group of voluntary participants with clinically diagnosed and MRI verified ACL
deficient knee, with the index injury occurring more than six weeks prior to being recruited to

the study.

ACLR Group: Group of voluntary participants who had undergone ACL reconstruction more

than six months prior to being recruited to this study.
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CHAPTER TWO: LITERATURE REVIEW

This chapter presents the anatomical and functional roles of the ACL, examines the
debate regarding neuromuscular properties of the ACL, examines the relationship between
proprioception and balance as well as the research literature examining the relationships
between single leg postural control, objective muscle strength tests and subjective functional

Scores.

21 ANATOMY AND BIOMECHANICAL FUNCTIONS OF ACL

Anatomically, the knee is a synovial joint connecting the distal ends of the femur and
the proximal end of the tibia, with the patella articulating with the femur anteriorly. The
hamstrings muscles are the major flexors of the knee, while the quadriceps muscle group
extends the knee. The quadriceps muscle group has four parts which converge to form the

quadriceps tendon that inserts into the patella (Canale & Beaty, 2007).

Knee ligaments contribute to the stability of the knee. These ligaments can be
classified as extra-capsular and intra-articular. The major extra-capsular ligaments of the
knee are the medial collateral ligament (MCL), and lateral collateral ligaments (LCL). These
structures are tested when assessing the lateral stability of the knee. The main intra-
articular ligaments are the anterior and posterior cruciate ligaments (ACL and PCL) that are
essential for the antero-posterior stability of the knee joint (Dhillion et al, 2011). The ACL,
combining with the medial and lateral supporting structures, maintains not only the stability in
the saggital plane, but also contributes to the rotatory stability of a knee (Yoo et al, 2005;
Howells et al, 2014). The ACL prevents posterior displacement of the femur on the tibia, and
the PCL prevents anterior displacement of the femur on the tibia (Rockwood & Green, 2009).
Apart from the simple flexion-extension movements, the knee also passively rotates when
moving from flexion to full extension. The shorter, more highly curved lateral femoral

condyle exhausts its articulation and is checked by ACL. In contrast, the larger and less
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curved medial femoral condyle continues its forward roll and skids backwards, assisted by
tightening of the PCL. As the knee continues to reach full extension, the femur rotates
internally, the tibia moves forward and internally rotates, the collateral ligaments tighten and
the lateral femoral condyle impacts the posterior lateral tibial plateau (Canale & Beaty,
2007). This is known as the ‘screw home’ mechanism, and allows the knee to lock into a

rigid structure that can support the body weight (McMinn, 1994).

Patella (reflected)

Patellofemoral
groove

Posterior
cruciate
ligament
T~ Tibial
J collateral
ligament

BWE D QY] £00Z @ MBUAde]

|

Medial meniscus

Tibial plateau

FIGURE 1. Anatomy of the knee.
Reprinted from Tandeter HB, Shvartzman P, Stevens MA. Acute Knee Injuries: Use of Decision Rules for Selective

Radiograph Ordering. Am Fam Physician 1999; 60:2600.

The ACL is composed of longitudinally oriented bundles of collagen tissue arranged
in fascicular subunits within larger functional bands. It consists of an anteromedial band,

and a bulky posterolateral band (Diermann et al, 2009). The ACL is surrounded by
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synovium (the inside soft tissue lining of the knee producing small amount of fluid lubricating
the knee), thus making it extrasynovial. The ACL inserts on the tibial plateau, medial to the
insertion of the anterior horn of the lateral meniscus in a depressed area anterolateral to the
anterior tibial spine (McMinn, 1994). The tibial attachment site is larger and more secure
than the femoral site. It is typically 31 to 35 mm in length and 31 mm? in cross section

(Canale & Beaty, 2007).

The ACL is the primary restraint to anterior tibial displacement, accounting for
approximately 85% of the resistance to the anterior drawer test (where the tibia is pulled
anteriorly on femur on clinical examination to assess stability of the knee in the
anteroposterior plane) when the knee is flexed at 90 degrees (Canale & Beaty, 2007).
Selective sectioning of the ACL has shown that the anteromedial band is tight in flexion, and
provides the primary restraint when the knee is flexed (Canale and Beaty, 2007; Zantop et
al, 2007). The posterolateral bulky portion of this ligament is tight in extension, thus
providing the principal resistance for hyperextension (Hoppenfeld, 2009). Tension in the
ACL is least at 30 to 40 degrees of knee flexion (Zantop et al, 2007). The ACL also
functions as a secondary restraint on tibial rotation and varus-valgus angulation (angulation
of lower leg away or towards the midline of the body) at full extension (Canale & Beaty,

2007; Gabriel et al, 2004).
2.2 SENSONEURAL FUNCTION OF ACL

In addition to its mechanical restraining function, the ACL also possesses an
extensive sensory neural network (Dhillion et al, 2011). This neural network provides the
anatomical basis for vital neuromuscular control including joint positional sense and motion,
as well as muscular reflex stabilisation about the knee joint (Gomez- Barrena et al, 2008).

This is referred to as proprioception.
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There are several reports examining the presence of mechanoreceptors within the
ACL (Lee et al, 2009). For example, Schutte et al. (1987) noted an extensive intra-
ligamentous neural network in the cavaderic ACL specimens they obtained. Using a
modified technique of Gairns gold chloride stain for neural elements, three types of
mechanoreceptors and free nerve endings were identified. Two were of the slow adapting
Ruffini type, and the third, a rapidly adapting receptor, the Pacinian corpuscle (Schutte et al,
1987). The rapidly adapting receptors register motion, and the slow adapting receptors
detect speed and acceleration. The free nerve endings are found to be responsible for
pain. In a series of studies, Kraupse et al. (1992 & 1995)" found that there was a functional
connection between ACL mechanoreceptors and the posterior articular and sciatic nerves
(Kraupse et al, 1992; Kraupse, 1995). The proprioceptive mechanism serves to protect the
joint against excessive strain during activities and provides prophylaxis to recurrent injuries

(Nagai et al, 2013; Taketomi, 2014).

2.3 SEQUALAE OF ACL RUPTURE AND ACL RECONSTRUCTION

Biomechanically, leaving a ruptured ACL untreated may result in antero-lateral
rotatory instability, leading to excessive forward rotation of tibial plateau with excessive
lateral opening of the joint, and excessive internal rotation of tibia on femur in flexion (Yoo et
al, 2005). A subluxation of the tibia on femur will result as the knee extends (Rong, 1987).
Leaving a ruptured ACL untreated can also result in repeated episodes of ‘giving way’ in
which the knee fails under conditions of rotational stress (Tashiro et al, 2009). Non-
operative management of the knee symptomatic of anterior cruciate deficiency has also
been shown to lead to further rotatory instability, meniscal or chondral injury as well as

premature joint degeneration (Noyes et al, 1983; Tashiro et al, 2009).

The goal of ACL reconstruction has always been to improve the patients’ level of
function, with minimal disability. In the past, the focus of ACL reconstruction has been on

perfecting how to reconstruct a mechanically strong ligament (O’Neill, 2001; Canale & Beaty,
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2007). However, researchers have also hypothesised that to achieve a successful ACL
reconstruction, not only is there a need to maintain or develop the strength, range of motion
and integrity of the ligament graft, but also a need for recovery of proprioception following
ACL reconstruction (Barrett, 1991; Reider et al, 2003; Yoo et al, 2006; Roberts 2007;

Ingersoll, 2008; Cooper 2011).

24 MEASURES OF RESTORATION OF FUNCTION AND ASSOCIATED DEBATES

Many ACL reconstruction studies have examined a variety of methods to objectively
measure the relative degree of success of the procedure. Several investigations have
observed poor correlations between the clinical signs, knee assessment measures, and the
patients’ satisfaction and functional abilities (Barrett et al, 1991; Harter et al, 1998; Roberts,
2000). For example, Barrett et al. (1991) assessed 45 patients who had undergone ACL
reconstruction by a modified technique using bone-patellar tendon-bone graft (BPTB graft).
Using standard knee scores and clinical ligament testing, the investigators reported that
there was a poor correlation between the objective testing results, the patients’ own
opinions, and functional outcomes. However, employing similar techniques, other
researchers have observed positive correlations between the improvement of proprioception
in the knee, knee function and patients’ satisfaction following ACL reconstruction (Kocher

2004; Roberts 2007).

Fischer-Rasmussen and Jensen (2000) examined the performance and
proprioception of the knee joint in three groups of participants: ACL- deficient (ACLD)
patients, ACL- reconstructed (ACLR) patients and a group of healthy participants acting as
controls. The subjective function was evaluated using Lysholm Knee Score and Tegner
Activity Rating Scale, the knee joint laxity was measured with Stryker’s laxity tester with the
knee flexed at 25 degrees and 70 degrees, and objective performance was assessed using
results of one legged hop test as well as a triple jump distance. The researchers observed a

significantly lower hop and triple jump distance in both the ACLD and ACLR groups when
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compared to the control group. They also reported a significantly decreased level of

proprioception in both the ACLD and ACLR groups.

Other studies have drawn attention to both the sensory role of the ACL and the
proprioceptive deficits following ACL injury (Corrigan et al, 1999; Pap et al, 1999; Roberts et
al, 2000; Friden, 2001; Gomez- Barrena 2008). However a number of other investigations
have not observed a significant difference when comparing patients’ proprioceptive abilities
to those of uninjured controls or the patient’s own uninjured limb (MacDonald et al, 1996;
Hooper et al, 2003; Mir et al, 2008, Taketomi et al, 2014). Furthermore, several published
studies have documented significant improvement of pre-operative deficits in proprioception
following ACL reconstruction (Fremerey et al, 2000; Roberts et al, 2000; Reider et al, 2003;

Muaidi et al, 2009).

Thus, to date there are studies yielding contrasting results regarding the role of
proprioception in ACL- deficient and ACL- reconstructed knees (Friden, 2001; Dhilion et al
2011). Bryant (2008) investigated the neuromuscular variables that related to the functional
outcomes in 13 patients who had BPTB graft ACL reconstruction. Using the Cincinnati Knee
Rating Scale to evaluate subjective knee function, and the median electromyographic (EMG)
readings from Vastus Medialis and Vastus Lateralis as objective measurements, the data
was compared with the same readings taken from the uninvolved limb. The researchers
observed only a moderate correlation between the knee functionality and EMG readings.
Gokeler et al. (2012) recently reviewed all currently available studies to establish any clinical
relevance of proprioceptive deficits in ACLD or ACLR participants from English, Dutch and
German electronic research databases. The literature search included studies published
between January 1990 and June 2009. Of all 1161 relevant studies, only 24 met the
inclusion criteria. The authors commented that most of the 24 studies failed to perform
measurements of reliability of the test devices employed. They also noted four studies

reported a moderate correlation between proprioception, strength, balance or single-legged
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hop test results. Thus, it appears that more investigations are required to examine the role

of proprioception in ACLD and ACLR knees.

A number of previous studies have evaluated changes in proprioception in both the
ACLD and ACLR participants (Carter et al, 1997; Iwasa et al, 2000; Hopper 2003; Mir et al,
2008; Muaidi et al, 2009). These researchers agreed that with current reconstructive
methods, the restoration of mechanical stability is very successful (Woo et al, 2002; Sasaki
et al, 2014). However, there continues to be an ongoing professional debate regarding the
re-establishment of proprioceptive function in the injured knee following ACL reconstruction,
and its relationship to both patients’ and surgeons’ perception of a successful outcome
(Howells, 2013). Some researchers have noted that a patient’s perception of a successful
ACL reconstruction seems to more positively correlate with restored proprioception rather

than with mechanical stability (Reider, 2003; Roberts, 2007).

2.5 PROPRIOCEPTION AND SINGLE LIMB STANDING BALANCE

With the advancement of

technology available, the search
for a valid tool to better assess
knee function continues. Authors

such as Boerbroom et al. (2008)

measured the reliability and
validity of methods commonly

used to quantify proprioception.

They examined the validity of Fig. 2: Apparatus to assess validity of TTDPM as used in
Boerbrooms (2008) study

Threshold to Detect Passive

Motion (TTDPM). With 16 healthy volunteers lying on their side, with the tested leg strapped

on an apparatus.(Figure 2), the apparatus held the leg in 20 degrees and/or in 40 degrees of

flexion, while the hydraulic part of the apparatus passively moving the knee towards
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extension or towards further flexion. By lying on their side, the researchers argued that any
movements of the limb were eliminated at the pelvis and ankle, so that the only movement
the participants could feel would be from the knee only. The participants were blind folded
as well as with earphones to eliminate any visual or auditory cues (Figure 3). The
participants were encouraged to push a button in their hand as soon as they could register
the knee being flexed or extended. The authors noted that the threshold to detect passive
motion were different depending on both the direction of motion and the starting position of

the limb. They also observed that the threshold was lower when the knee was held in twenty

degrees flexion and was moved
passively towards extension, and when
the knee was held in forty degrees flexion
and was moved passively towards further
flexion. Furthermore, they reported that

this threshold rose with age. However,

they concluded that TTDPM was a valid
and reliable method to quantify

proprioception in individuals.

Few studies have examined the

relationship between the concept of

proprioception and single limb standing Fig. 3: Hydraulic apparatus as outlined in
Boerbroom et al (2008) study

balance. Research groups such as Lee et

al. (2009), examined whether proprioception, muscle strength, and knee laxity were related

to dynamic standing balance with ACLD knees. In their study, they employed an apparatus

(see Figure 4) not dissimilar to that of Boerboom et al. (2008) to measure TTDPM as well as

Passive Repositioning (PRP). They also performed quadriceps and hamstrings strength

tests, single limb balance tests using a force platform (see Figure 5), as well as measuring

amount of knee laxity using an instrument known as KT 1000. They concluded that knee
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laxity, PRP proprioception, and
muscle strength did not correlate
with single limb standing balance.
However they observed a positive
and significant correlation
between TTDPM proprioception
and single limb standing balance

(r=0.579, p < 0.05).

Cooper et al. (2005)

completed an extensive literature

review to investigate the effect of
proprioceptive and balance

exercises on outcomes following

injury and surgical reconstruction

Fig. 4: the apparatus designed in Lee et al (2009) to assess
proprioception

of the ACL. They initially
reviewed 1532 papers in the English speaking literature. These studies included
randomised control trials, randomised ftrials, case series, cohort studies, and observational
studies. Through their stringent criteria, only seven studies were analysed and of these five
were randomised controlled trials and two retrospective analyses. They concluded that
proprioceptive and balance exercises improve outcomes in people with ACLD knees. They
also concluded that there was an improvement in proprioception, muscle strength, perceived
knee joint function, and hop testing performance after these exercises. Finally, they
concluded that further research on the effect of proprioceptive and balance exercise was

required.
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Fig. 5: Force plate platform used in Lee et al. (2009)
study

More recently, Howells et al. (2011)
conducted a systematic review to determine
whether lower limb postural control and static
balance was restored in patients following
ACLR when compared to healthy controls.
Searching through a number of databases
and having inclusion criteria, ten studies were
identified for review. These ten studies
included 644 participants with a mean follow-
up period of 29 months. While there were
marked discrepancies between the postural
control protocols used, all studies evaluated
a single-limb stance task and four studies
measured postural control in bilateral stance.
Howells et al. (2011) noted a limited number
of studies had investigated postural control
and static balance in ACLR participants.
They concluded that there is a trend towards
impaired static and dynamic postural control

in patients following ACL reconstruction

surgery.
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To date, there are only limited
number of studies available evaluating
relationships  between the CoP
pathlength measure, objective and
subjective function of the knee in ACLD
and ACLR cohort of participants.
Ageberg et al. (2005) evaluated the
relationship  between single Ilimb
stance, proprioception, leg strength and
subjective function in a cohort of 36
participants.  The participants were
young males and females (mean = 26
years old), with no visual or vestibular

disturbances, and no other known limb

injuries other than a knee that is

diagnosed to be ACL deficient. Knee

Fig. 6: Force plate demonstration to assess single

limb standing balance in Ageberg et al.

laxity, proprioception, single limb standing balance and muscle strength were measured in

these participants. The participants were instructed to stand on the force platform barefeet,

with foot facing forward and the tested leg kept straight at the hip and the knee joints (see

Figure 6). The opposite leg was flexed at 90 degrees at both the hip and knee joints, and

the participants were asked to stand motionless for 20 seconds. This was repeated three

times for each leg. Using an isokinetic dynometer, the leg muscle strength was measured,

and estimation of subjective extremity function was obtained using a visual analogue scale.

They reported that high knee laxity values were associated with higher values of excursion

of CoP pathlengths in women but not in men, and those with low excursion values in single

leg stance were those with better subjective function. In summary, with the current evidence
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available, there appears to be some relationship between single leg balance and overall

knee function.
2.6 NINTENDO® Wii" BALANCE BOARD

Employing a Wii" Balance Board (WBB), Howell et al. (21013) more recently were able
to compare static single leg postural control in their cohort of 45 participants who have
undergone ACL reconstruction surgery to a group of healthy controls.  The age-matched
cohort included 30 men and 15 women were between six months to two years following a
four strands hamstrings graft reconstruction of ACL. The researchers noted that when
compared with the control group, the antero-posterior excursion of CoP pathlengths were
significantly increased in the ACLR group for both the operated and non-operated leg. It
was concluded that those who have had their ACL reconstructed exhibited reduced ability in
both limbs to control the movement of the body in the anterior-posterior plane. The study
also recommended that a Wii™ Balance Board may help clinicians to identify patients with

deficits who may benefit from targeted neuromuscular training programmes.

In their study, Abujaber et al (2015) evaluated the validity of the WBB during dynamic
tasks in 35 individuals before or within one year of total knee joint arthroplasty. The purpose
of the study was to determine the concurrent validity of force measurement acquired from
the WBB as compared to the laboratory grade force plates. The participants performed a sit-
to- stand and return-to-sit task in two conditions. First subjects performed the task with both
feet placed on single WBB. Secondly the task was repeated with each foot on an individual
force plate. They reported that both the force plates and the WBB exhibited excellent
agreement for all outcome measurements (ICC = 0.83 — 0.99). They concluded that the
WBB may serve as a valid, suitable and low cost alternative to expensive, laboratory force

plates for measuring weight bearing asymmetry in clinical settings.
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There is a constant evolution of methods to assess knee function from proprioception, to
the concept of stabilometry, the study of postural control in standing stance. The role of
proprioception in knee function is fiercely debated in the literature, and there is limited data
available on incorporating stabilometry in assessing knee function. From the few studies
currently available, there may be a relationship between single leg standing balance, leg
muscle strength and subjective function of the knee. There needs to be more studies

examining such possible relationships.

Coupled with appropriate software, the Wii™ balance board has established to be a valid
and accurate tool to assess leg balance (Clark et al, 2010; Abujaber et al, 2015). It is
versatile to not only measure CoP pathlengths, but also to measure muscle strength in
quadriceps and hamstrings. It is portable, inexpensive and can potentially be available to

every orthopaedic outpatient clinic to assess knee functions of ACLD and ACLR patients.
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ABSTRACT

Background:

Few studies have examined the relationship between single limb standing balance using
Centre of Pressure (CoP) pathlength, objective tests, and subjective functional outcome measures in

knees that are either ACL deficient or have had an ACL reconstruction.

Hypothesis/Purpose:

The purpose of the present study was to examine the relationships between the total CoP
pathlengths when participants are standing on the affected leg, objective outcome measures of knee
function as assessed by the single-legged hopping test, single leg vertical leap test, isometric muscle
strength of both the quadriceps and hamstring muscle groups, and commonly used subjective knee

rating scales in subjects with ACL- deficient (ACLD) and ACL- reconstructed (ACLR) knees.

Study Design:

Case — Control Study

Methods:

Fit and physically active participants were recruited from the sports injury clinic in the
hospital where the study took place. The participants are recruited to the ACLD group with a clinical
diagnosis of ACL rupture confirmed by MRI (n = 25, male = 13; female = 12; mean age = 29.0 £ 9.6
years). In ACLR group, the participants were identified as those who have had an ACL
reconstruction at least six months prior to the recruitment (n = 25, male = 18, female = 7; mean age =

29.3 + 9.4 years). Using the Wii™ Balance Board, the total Centre of Pressure (CoP) Pathlength was
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used as the CoP measure, with the participants performing single limb standing balance. The strength
readings of the quadriceps and the hamstrings were also obtained employing the Wii' Balance Board.
Single-legged hop and single vertical leap tests results were also obtained as objective functional
measurements, the participants also completed the Tegner, the Lysholm and the IKDC subjective

functional outcome measures.

Results:

In the ACLD group, weak negative correlations were noted between CoP measure, objective
tests, and the three subjective functional outcome measures. There were statistically significant
strong correlations between the variables examined in the ACLD group. The quadriceps strength
measure was strongly correlated to the single legged hop distance reading (#(23) = 0.70, p < 0.05).
There were strong correlations between the single-legged hop distances and the single leg vertical
leap distances (#(23) = 0.80, p < 0.05); between the single-legged hop distances and the Tegner
subjective score values (#(23) = 0.50, p < 0.05), and between the single-legged hop distances and the
IKDC values (#(23) = 0.55, p < 0.05). Similarly, the single leg vertical leap measure was strongly
correlated with all three subjective functional outcome measures in the present study. There was also
a strong correlation noted between the Lysholm subjective functional outcome measure and the IKDC

subjective functional outcome measure.

In the ACLR cohort of participants, weak correlations were revealed between the CoP
measure and other independent variables examined at the p level of 0.05. Moreover, we noted that the
quadriceps strength measure was strongly correlated with the hamstrings strength measure (#(23) =
0.57, p <0.05), and the single-legged hop measure ((23) = 0.63, p < 0.05). A strong correlation was
demonstrated between the single-legged hop measure and the single leg vertical leap measure ((#(23)
= 0.58, p < 0.05). Similarly, a strong correlation was also observed between the Tegner subjective

functional outcome measure and the IKDC functional outcome measure (r(23) = 0.89, p < 0.05).

34| Page



There was a statistically significant moderate correlation between quadriceps strength measure and

single leg vertical leap measure (#(23) = 0.44, p < 0.05).

Conclusions:

Neither group demonstrated a statistically significant relationship between the CoP measure,
objective muscle strength tests, objective functional tests and the subjective functional outcome
measures. Single limb standing balance cannot be used as the lone criterion to predict the ability for

ACLD and ACLR patients to return to their daily and/or sports activities.

Clinical Relevance:

Coupled with appropriate software, the Wii™ balance board is able to not only assess CoP

pathlengths, but also to measure muscle groups strength in the lower limbs.
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INTRODUCTION

Single limb standing balance asymmetry is prevalent in a wide range of clinical populations,
such as those who have had lower limb surgery, or those with neurological deficits (Clark, 2011). It
requires the continuous adjustment of muscle activity and joint position to retain the body’s centre of
gravity over the base of support (Clark et al, 2009). Very few studies have used Centre of Pressure
(CoP) pathlengths to assess function in ACL deficient (ACLD) individuals and those who have had

ACL reconstruction (ACLR).

Few studies have examined the relationship between proprioception and single limb standing
balance. Research groups such as Lee et al. (2009) have examined whether proprioception, muscle
strength and knee laxity are related to dynamic standing balance in individuals with ACLD knees. In
their study, they measured Threshold for Detection of Passive Motion (TTDPM) as well as Passive
Repositioning (PRP). They also performed quadriceps and hamstrings strength tests, single limb
balance tests using a force platform (see Figure 3), and knee laxity using a KT 1000. They concluded
that knee laxity, PRP proprioception, and muscle strength did not correlate with standing balance.
However they observed a strong and statistically significant relationship between TTDPM

proprioception and single limb standing balance (= 0.579, p < 0.05).

To investigate the effect of proprioceptive and balance exercises on outcomes following
injury and surgical reconstruction of the ACL, Cooper et al (2005) conducted a systematic review
examining more than 1500 papers in the English literature. These studies included randomised
control trials, randomised trials, case series, cohort studies, and observational studies. Seven studies
were analysed after satisfying the set of stringent inclusion criteria. ~The researchers concluded that
proprioceptive and balance exercises improve outcomes in people with ACLD knees. Furthermore,
the authors concluded that there was an improvement in proprioception, muscle strength, perceived
knee joint function, and hop testing measures after proprioceptive and balance exercises. They also
noted that only one study included in their review investigated proprioceptive exercise following ACL

reconstruction. There were benefits noted in the proprioceptive group for measures of strength and
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proprioception, although no benefits were noted for any measures of activity. The authors
commented that in the longer term, it would be desirable that outcome measures that assess whether
people have returned to participate in their desired societal roles are incorporated into future studies.
The authors concluded that further research on the effect of proprioceptive and balance exercise was
required.

To date, there are few studies examining the relationships between single limb standing
balance, leg muscle strength, and subjective function tests in a young, active population who either
have had the ACL torn, or have had an ACL reconstruction. No study to date has investigated the
relationships between single leg standing balance and simple function tests such as the distance of a

single-legged hop or the height of the single-legged vertical leap in these two populations.

Hence the purpose of the present study was to determine if there was a significant relationship
between the CoP measure, and subjective knee outcome scale scores in participants with ACLD and
ACLR knees. We also aim to determine if there was a significant relationship between the CoP
measure, objective functional tests and muscle strength measurements in participants of both groups.
Means and standard deviations of the participants’ physiological characteristics and each dependent
variable were calculated. The Pearson product-moment correlation coefficients () were calculated to
examine the relationships between the CoP measure, objective, and subjective outcome measures. An

alpha level of p < 0.05 was used to determine statistical significance.

METHODS AND MATERIALS

The project has been approved by the Human Research and Ethics Committee of the Health
Service District, as well as the University Human Research Ethics Review Panel. All participants

signed a written informed consent form prior to commencement of all testing sessions (see Appendix

B).
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The research took place with the support of the Department of Orthopaedics at the base
hospital within the district health catchment area. Moreover, those who have had the ACL
reconstruction performed are also followed up through the outpatient process. Referrals are either
made through the emergency department of the district health hospital, surrounding peripheral

hospitals, or via the General Practitioner of the injured athlete.

Participants

Fit and physically active participants (play or train for sports on a regular three-days a week
basis) who are 16 years and older were recruited
from the Department of Orthopaedics Sports Injury
Clinic at base hospital. In the ACLD group, a total
of 25 (13 males, 12 females) participants were
recruited with a mean age of 29.0 £ 9.6 years, mean
height of 1.7 + 0.1 m and a mean body mass of 76.3
+ 9.4 kg. In the ACLR group, 25 (18 males, 7
females) participants with a mean age of 29.3 +£ 9.4
years, mean height of 1.75 £ 0.1 m, a mean body
mass of 79.7 + 17.8 kg, and at a mean of 40.4 +
52.1 months since their respective operations were

included.

Fig. 7: Wii™ Balance Board setup to measure CoP

pathlengths
PROCEDURES

Based on the research published by Clark et al. (2010), the project utilised the Nitendo®
Wii™ Balance Platform to compute the overall Centre of Pressure (CoP) pathlength on both the

affected, and non- affected leg (control) as a measure of postural control.
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Centre of Pressure Pathlengths (CoP)

Participants stood on the Wii™ balance
board with both legs and with hands by their
sides. They were then asked to stand on the
affected leg in the marked centre of the board for
30 seconds (see Figure 7) with the other leg lifted
and the knee flexed at 90 degrees on the board,
followed by the non- affected leg for the same
amount of time. The tasks were performed with
the eyes open with the participants asked to focus
on one point on the wall. This ensured
participants’ safety as outlined in the Ethics
approval. One minute’s rest was allowed between
tests. Each test was repeated five times for each
leg, with the highest and the lowest values of the

data eliminated, and the remaining three values

used to obtain the mean for data analysis.

The data recorded from the Wii™ Balance
Board were interpolated to 100Hz before being
filtered using an undecimated wavelet-based filter
(Symlet 8) with a low pass frequency of 12 Hz as
per protocol used in Clark et al (2010). As per
Clark et al. (2010), the CoP measure used in this

study was the total CoP pathlength in a fixed time

intervals, the results are analogous to a measure of

the average CoP wvelocity, as recommended by
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Fig. 8: Verfication of Angle with a Goniometer

Fig. 9: Wii™ Balance Board setup to measure

isometric strength of the quadriceps in study

39| Page



Salvati et al. (2009) to be a valid and reliable measure of single limb standing balance.

Quadriceps Isometric Strength

The participants sat in an armless chair with arms by their sides holding on to edge of the
chair, and lower back against the back of the chair. The Wii™ Balance Board was placed against the
wall (Fig. 9) and the participants asked to push against centre of the board with the affected leg for as
hard as they could for six seconds with the knee maintaining 30 degrees flexion as measured by
goniometer similar to the protocol used in Carpenter et al (2006). For the safety of the participants,
the back legs of the chair were bolted to the floor, and two research assistants stood behind and
pushing against the chair to avoid it from tipping back during the exercise. One minute of passive rest
was taken between each of the five trials. The process was repeated for the non-affected leg. The
highest and lowest values from the five trials were eliminated and the mean value obtained from three

other trials used for data analysis. This was performed to remove the potential for outlying data to

influence the results.

Hamstrings Isometric Strength

The isometric strength of hamstring muscle group
was tested as shown in Figure 10. The Wii™
balance board was placed on the floor in front of
the participants. The participants sat in an
armless chair with arms by the sides holding onto
the edge of the chair. A goniometer was used to
ensure 90 degrees angle of the hip flexion as per
Leelarthaepin (1992). Using the affected leg, the

subject was asked to flex the knee to 30 degrees as

Fig. 10: Wii™ Balance Board setup to measure

. . .. hamstrings isometric strength
verified by the goniometer. The participants then & g
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used the heel of the foot to push down against the marked centre of the board for six seconds without
flexing the trunk as per Carpenter et al. (2006). After a minute of passive rest, the process was
repeated with the non- affected leg. This was repeated five times for each leg. The highest and
lowest values of the five trials were eliminated to remove the potential of outlying data influence the
result, and a mean value was obtained from the middle three scores. This was performed to remove

the potential for outlying data to influence the results.

Single-Legged Vertical Leap

The participants were asked to perform a

single-legged vertical jump test as measures of

lower extremity power. Similar to Leard et al
(2007), the participants were first asked to stand on
the affected leg. Once they were able to achieve
and maintain balance standing on one leg, the
subject would then jump single legged as high as

they can as shown in Figure 11. The height (cm)

was recorded from the Vertec system. Following

one minute of standing passive rest, the  Fig. 11: Vertical jump station using the

Vertec system
participants were asked to stand on the other leg

and to perform the same action.

This process was alternated five
times. The height of the jump
was measured by the Vertec
system (cm) with the highest and

lowest measures discarded, and

Fig. 12: Single legged hop demonstration for participants in the
the remaining three readings of study
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jump heights (cm) averaged for data analysis.

Single-Legged Hop

The participants were asked to stand on the affected leg. Once able to achieve balance, the
participants were asked to jump forward as far as they can on the affected leg as outlined in Ross et al.
(2002, see Figure 12). The distance of the jump (cm) was measured, and a minute break allowed
before the participants perform the same task standing on the non-affected leg. This process was
repeated five times for each leg, with the highest and lowest measurements (cm) removed, and the

middle three measurements averaged to obtain the mean (cm) for data analysis.

Questionnaires

Each subject was asked to fill in the knee outcome scores from the Lysholm, Tegner, and
IKDC subjective outcome questionnaires. The investigator was on hand to answer any queries the

participants may have regarding the questionnaires.

DATA ANALYSIS

Means and standard deviations of the participants’ physiological characteristics and each
dependent variable were calculated. Pearson product-moment correlation coefficients (r) were
calculated to examine the relationships between the CoP measure, objective, and subjective outcome
measures. An alpha level of p < 0.05 was used to determine statistical significance. The CoP
measure used in this study was the total CoP pathlength as per Clark et al. 2010. Given that the trials
were for a fixed time interval, these CoP pathlength results in the study are analogous to a measure of
average CoP velocity (pathlength per time interval tested). Therefore the total CoP pathlength was

adopted as it is known to be a reliable and valid measure of standing balance. (Salavati et al. 2009)
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RESULTS

As shown in Table 1, there was a significant difference between the ACLR and ACLD groups

for both the mean distance of single leg hop and vertical single leg leap. The distance for both single

leg hop and vertical leap were statistically significantly greater in the ACLR group than the ACLD

Differences
ACLD group ACLR group between Two
Group
CoP measurements (cm) 110.7 £ 30.7 105.0 +25.3
Quadriceps Strength (kg) 47.8 +30.6 59.3 £36.1
Hamstrings Strength (kg) 11.5+5.0 11.9+59
Single-legged hop (cm) 107.1 £ 46.5 136.2 + 33.8* p=0.02
Vertical single leg jump (cm) 16.1 = 8.0 20.6 = 6.4* p=0.01
Tegner 3216 5.1+2.0% p=0.03
Lysholm 63.4 +15.7 80.4 = 18.5* p=0.01
IKDC 53.1+18.3 74.1 + 18.6* p=0.02

Table 1: Summary of results of each station for both groups. * denotes difference between two

group is statistically significant at p < 0.05

group.

As shown in Table 1, there was a significant difference between the two groups in Tegner,

Lysholm and IKDC scores. There was also statistically significant difference between the two groups

in single-legged hop distance, and vertical single leg leap height.
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ACLD Group

In our data analysis, negative correlations existed between the CoP and other independent
variables examined. There was a weak negative correlation between the CoP measurements and the
quadriceps strength readings; between the CoP measurements and the single-legged hop distances;
between the CoP and the Tegner subjective functional outcome measure; as well as the CoP
measurements and the single leg vertical leap values. There was a very weak negative correlation
between the CoP measurements and Lysholm subjective functional outcome measure (#(23) = -0.08, p

< 0.05; and between the CoP measurements and IKDC subjective functional outcome measure (#(23)

Table 2: Correlation Matrix ACLD Group

Single Syl
CoP  Quadriceps Hamstrings Legged Leg Tegner Lysholm IKDC
Blas Vertical
Leap
CoP 1
Quadriceps  -0.27 1
Hamstrings  -0.15 0.09 1
Single
Legged -0.24 0.70* 0.03 1
Hop
Single Leg
Vertical -0.27 0.45* 0.09 0.80* 1
Leap
Tegner -0.29 0.21 0.05 0.50* 0.51* 1
Lysholm -0.08 -0.04 0.05 0.47* 0.68* 0.41 1
IKDC 0.03 0.09 -0.03 0.55* 0.64*  0.45%* 0.59* 1
*Correlation is significant at p < 0.05
=0.03, p <0.05).

We noted some statistically significant strong correlations between the variables examined in
the ACLD group. The quadriceps strength measure was strongly correlated to the single legged hop
distance reading (#(23) = 0.70, p < 0.05). There were strong correlations between the single-legged
hop distances and the single leg vertical leap distances ((23) = 0.80, p < 0.05); between the single-
legged hop distances and the Tegner subjective score values (r(23) = 0.50, p < 0.05), and between the

single-legged hop distances and the IKDC values (#(23) = 0.55, p < 0.05). Similarly, the single leg

44 | Page



vertical leap measure was strongly correlated with all three subjective score values in the present
study as shown in table 2. There was also a strong correlation noted between the Lysholm subjective

functional outcome measure and the IKDC subjective functional outcome measure.

There was a statistically significant moderate correlation between the single-legged hop
measure and the Lysholm subjective functional outcome measure (#(23) = 0.47, p < 0.05); Similarly,
the Tegner subjective score measure was moderately correlated to the Lysholm subjective functional

outcome measure (7(23) = 0.41, p < 0.05), and to the IKDC measure (#(23) = 0.45, p < 0.05).

A weak correlation was observed between the quadriceps strength measure and the Lysholm
subjective score measure ((23) = 0.21, p < 0.05). Very weak correlations were noted between some
independent variables in the ACLD group. Hamstring strength measure showed very weak
correlations to all other independent variables apart from CoP measures in the ACLD group as shown

in Table 2.

ACLR Group

In the ACLR group, the data analysis revealed that the correlations between the CoP measure
and to all the other independent variables were weak and statistically insignificant as shown in Table
3. A moderate correlation was noted between the CoP measure and the single-legged hop measure

(7(23) =0.33, p < 0.05), however it was not statistically significant.

The quadriceps strength measure was noted to be strongly correlated with the hamstrings
strength measure (7(23) = 0.57, p < 0.05), and the single-legged hop measure ((23) = 0.63, p < 0.05).
A strong correlation was demonstrated between the single-legged hop measure and the single leg
vertical leap measure ((r(23) = 0.58, p < 0.05). Similarly, a strong correlation was also observed
between the Tegner subjective functional outcome measure and the IKDC functional outcome

measure ((23) = 0.89, p < 0.05).

We noted a statistically significant moderate correlation between two independent variables in

this group of cohorts in the study. The quadriceps strength measure was moderately correlated to the
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single leg vertical leap measure (#(23) = 0.44, p < 0.05). The hamstring strength measure to the single
leg vertical leap measure was also moderately correlated (#(23) = 0.35, p < 0.05), however it was not

statistically significant. Similarly, the single leg vertical leap measure was moderately correlated with

Table 3: Correlation Matrix ACLR Group
Single Slengle
CoP Quadriceps Hamstrings Legged g Tegner Lysholm IKDC
Vertical
Hop
Leap
CoP 1
Quadriceps 0.23 1
Hamstrings 0.18 0.57* 1
Single-
Legged Hop 0.33 0.63* 0.20 1
Single Leg
Vertical
Leap 0.12 0.44* 0.35  0.58%* 1
Tegner 0.17 0.23 0.08  0.46%* 0.39 1
Lysholm 0.16 0.07 0.26 0.02 0.11 0.33 1
IKDC 0.20 0.05 0.22 -0.04 0.01  0.48* 0.89* 1

*Correlation is significant at p < 0.05

the Tegner subjective functional outcome measure (#(23) = 0.39, p < 0.05), and the Tegner subjective
functional outcome measure showed a moderate correlation to the Lysholm subjective functional

outcome measure (7(23) = 0.33, p < 0.05), however neither were statistically significant.

The quadriceps strength measure showed weak to very weak correlations to the three
subjective functional outcome measures in this group. Similarly, there was generally weak correlation
between hamstrings strength measure and the three subjective functional variables, as shown in Table

3”.
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DISCUSSION

The purpose of the present study was to examine the relationships between single limb
standing balance, muscle strength, and subjective function tests in a physically well, active population
who have ACLD knees or have had an ACL reconstruction. Furthermore, no study to date has
investigated the relationship between the total CoP pathlength in a fixed time interval, and simple
function tests such as the distance of a single-legged hop, or the height of a single leg vertical jump in

participants with knees that are ACL deficient or have had an ACL reconstruction.

Neither of the two cohorts demonstrated statistically significant relationships between the
CoP measure and other independent variables examined. These findings were similar to those of Lee
et al. (2009) who measured quadriceps and hamstrings peak torque at a number of angular velocities
using expensive and clinically difficult to access isokinetic dynamometry in a cohort of 12 young
participants (mean age of 23.1 years) with unilateral ACL deficient knees. Similar to our findings
using inexpensive and clinically accessible strength measures, they reported no correlations between

single limb standing balance and the peak torque of both the quadriceps and hamstring muscle groups.

In contrast to our findings in the present study, Pua et al. (2011) examined the relationship
between single limb standing balance in the anteroposterior plane using Wii™ Balance Board and
knee extensor strength. Single limb standing balance was measured by the CoP displacement during
quiet standing on a Wii™ balance board, and isometric knee extensor strength was measured using an
isokinetic dynamometer. They observed a positive relationship between single limb standing balance
and physical function as measured using the Short Form 36 (SF-36) general health survey in their
cohort of elderly participants with end stage knee osteoarthritis. They also observed an inverse
relationship between the single limb standing balance and physical function association in the

participants with higher knee extensor strength.

In the study done by Ageberg et al. (2005), the authors employed similar methodologies to the

present study and was not able to observe significant relationships between muscle strength and the
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CoP measure in their cohort of fit and active population of 36 men and women whose knees were
ACL deficient. Furthermore, in the same study, the authors further analysed the data from the
participants separately by gender, and was not able to uncover any statistically significant relationship
between muscle strength and the CoP measure. Clinically the findings from Lee et al (2009),
Ageberg et al (2005), and current study may have implications in an outpatient setting. All three
studies were unable to derive a relationship between the CoP measure and the strength of quadriceps
and hamstrings muscle groups. This would suggest further studies involving larger samples may be

required to verify these findings.

In the present study, no statistically significant relationships were observed between the CoP
measure and subjective functional outcome measures such as Lysholm, Tegner and IKDC. Ageberg
et al. (2005) used visual analogue scale score (VAS) to assess relationships between CoP and
subjective functions in their cohort of participants with documented ACL injury. They reported lower
amplitude values of CoP pathlengths correlated with better subjective extremity function. In other
words, those who demonstrated higher value of CoP excursion in single limb standing balance on a
forceplate, also reported poorer results on the VAS. In the present study, VAS was not used to
evaluate the level of subjective knee function as the panel wished to focus on the three commonly

employed subjective functional outcome scales.

In both cohorts, the quadriceps strength measure was strongly correlated to both the single-
legged hop and single leg vertical leap measures. It was also strongly correlated to the hamstring
strength measure in the ACLR group. The single-legged hop measure was strongly correlated to the
single leg vertical leap measure in both groups. Both the single-legged hop and single leg vertical
leap are seen as objective functional measurements, some would consider the two measures to be
measurements of muscular power of the lower extremity, whereas others see the two as measurable
coordinated activities (Ross et al, 2002; Leard et al, 2007). Thus it was expected that there would be a

relationship between the muscle strength of the lower limb and the associated power produced in the
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involved limb, and the two measurements of single limb power would be related positively in both

groups.

The Tegner and the Lysholm functional outcome measures showed strong correlations to the
IKDC measure in both groups, however the correlations between the Tegner and the Lysholm
functional outcome measures in both groups were statistically insignificant. All three subjective
measures of knee function are used frequently and are valid, reliable, responsive and sensitive to
change over time (Briggs et al. 2009). Hence it was expected that the correlations between the Tegner
and the IKDC, also the Lysholm and the IKDC were strong in both groups. We were unable to
explain the statistically insignificant relationship noted in this study between the Tegner and Lysholm

subjective functional outcome measures.

The present study has a number of limitations. Firstly, we were not able to recruit more than
the suggested 36 participants in either group identified by a power calculation to achieve 80%
statistical power. Secondly, the participants were not matched for their characteristics such as age,
height, body mass, or BMI. The district health catchment from which the cohort was recruited
encompasses a vast geographic area that can require in some cases, more than eight hours of commute
to and from the hospital. The potential participants were mostly full-time employees working in the
peripheries of the Health District catchment. Without any incentives for these potential participants to
travel to the hospital for testing, the inconvenience of travel time and distance meant that the subject
response rate was low in the ACLD and ACLR groups. Thirdly, the patient cohort in the study was
extracted from the hospital waiting list and theatre audit database for the lead investigator. Due to the
low rate of response of recruitment of potential participants in either group, we also sought potential
participants from other orthopaedic surgeons working also in the catchment area. In the present
cohort, while the senior author performed most of the operations, a small number of ACL
reconstructions were performed by other orthopaedic surgeons in the unit. Other surgeons would use
different operative techniques for the same procedure. Different operative techniques, tourniquet

time, types of graft fixation and types of graft harvested for the ACL reconstruction may lead to
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variability with the data obtained, particularly in the ACLR group. There are many techniques and
choices of grafts to reconstruct the ACL. Techniques such as single, double or even triple bundles are
used to reconstruct the ACL. Types of graft include the bone-patellar-bone graft, hamstring graft,
allograft and synthetic graft (Spindler et al, 2004). There is a distinct lack of empirical research
demonstrating the effect or lack of effect of types of surgical technique and ACL graft on single limb
standing balance (Lee et al 2009). Hence in the present study, we did not consider these factors and

were not ‘graft type specific’ in our inclusion criteria for the participants in ACLR group.

The study used the total CoP pathlength in a fixed time interval as the CoP measure. This
approach was basing on the previous research by Clark et al. (2010). However, while the software has
been updated since, at the time of the study was performed, the software was unable to further discern
the pathlengths in either anteroposterior (AP) and medial-lateral (ML) directions. Future studies
could further refine the data and examine relationships between the AP and ML CoP measures and

other independent variables.

Another limitation may be that we used auditory or visual cues in our CoP testing. The
participants in the present study were instructed to solely focus on a spot provided on the wall in the
quiet physiotherapy gymnasium while data was collected. Eliminating the visual cues using
blindfolding may have resulted in potential falls and injuries to our participants. This practice would
be unsafe and posed a small but real falls risk to our participants. Moreover, it was a condition of

ethical approval that we would not use a blindfold.

Finally, the data collection from cohort of participants was also open to inter-observer
difference. In the present study, different but trained operators performed data collections at each
testing station. Due to a lack of resources, and limited availability of venues for testing purposes, we
were not able to assign the same data collector for every specific testing station. While each data
collector was university-qualified and well instructed in each method of testing in each station, inter-

observer error may have been present leading to variability of measurements.
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CONCLUSION

The present study showed no statistically significant relationship between the CoP measure,
objective functional tests and subject functional scores in our cohort of participants with either ACL-
deficient or ACL reconstructed knees. Based on this finding, the CoP values obtained in an outpatient
clinic would not truly reflect the status of knee function in fit and active patients with ACL-deficient
knees or who have undergone reconstruction of ACL in the last six months. Given the limitations of
the present study, more in depth investigations involving larger number of participants, more specific
requirement on graft choices, software able to further differentiate CoP pathlengths in AP and ML
directions, and more stringent criteria regarding participants selection would be recommended to

further explore possible relationships between these variables.
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CHAPTER FOUR: SUMMARY AND CONCLUSIONS

4.0 SUMMARY

In soft tissue knee reconstructive surgery, topics relating to ACL reconstruction are
some of the most widely researched. While the biomechanical contribution of ACL in knee
stability is fully elucidated, there are distinctly divergent opinions regarding its neuromuscular
role especially following ACL reconstruction surgery despite the vast amount of research in

this area in the current literature.

There is a growing body of literature postulating the somatosensory effect of ACL
on postural control (Howells et al, 2011). To date, few studies have inspected the
relationships between static single limb standing balance as measured by the CoP
pathlength, leg muscle strength, and subjective function tests in a fit and active population
who either have had an injury to the ACL, or have had an ACL reconstruction. Furthermore,
no study to date has scrutinized the relationships between the CoP measure and simple
function tests such as the distance of a single-legged hop or the height of the single-legged

vertical leap.

In order to determine the relationships between postural control, leg muscle strength,

objective and subjective knee functional tests, the present study specifically hypothesized:

1. There is a significant relationship between the CoP measure, and subjective knee
outcome scale scores in participants with ACL- deficient (ACLD) and ACL-

reconstructed (ACLR) knees.

2. There is a significant relationship between the CoP measure and muscle strength

measurements in participants with ACLD and ACLR knees.

3. There is a significant relationship between objective functional tests (single-legged

hop and vertical jump) and the CoP measure.
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Two groups of fit and physically active participants were recruited and stratified into
two groups. One group have had a confirmed diagnosis of rupture to ACL, and the other
group who have undergone reconstruction surgery to ACL at least six months prior to
recruitment. The participants underwent measurements of height, weight, BMI, as well as a
series of testing stations evaluating the CoP, quadriceps and hamstrings strength, simple
objective functional tests and questionnaires. Descriptive, and correlation statistics were

analysed to examine the relationships for all variables of interest in both groups.

4.1 MAJOR FINDINGS

This study did not identify any statistically significant relationship between the CoP
measure and leg muscle strength in either group. The study did not demonstrate any
statistically significant relationship between the CoP measure and objective functional tests
(single-legged hop and single-legged vertical leap. The present study also did not observe
any statistically significant relationship between the CoP measure and subjective knee

functional outcomes (Lysholm, Tegner, and IKDC).

We noted some statistically significant strong correlations between the variables
examined in the ACLD group. The quadriceps strength measure was strongly correlated to
the single legged hop distance reading (n(23) = 0.70, p < 0.05). There were strong
correlations between the single-legged hop distances and the single leg vertical leap
distances (r(23) = 0.80, p < 0.05); between the single- legged hop distances and the Tegner
subjective score values (r(23) = 0.50, p < 0.05), and between the single-legged hop
distances and the IKDC values (r(23) = 0.55, p < 0.05). Similarly, the single leg vertical leap
measure was strongly correlated with all three subjective score values in the present study
as shown. There was also a strong correlation noted between the Lysholm subjective

functional outcome measure and the IKDC subjective functional outcome measure.
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There was a statistically significant moderate correlation between the single-legged
hop measure and the Lysholm subjective functional outcome measure (r(23) = 0.47, p <
0.05); Similarly, the Tegner subjective score measure was moderately correlated to the
Lysholm subjective functional outcome measure (r(23) = 0.41, p < 0.05), and to the IKDC

measure ((23) = 0.45, p < 0.05).

In the ACLR group, we noted that the quadriceps strength measure was noted to be
strongly correlated with the hamstrings strength measure (r1(23) = 0.57, p < 0.05), and the
single-legged hop measure (r(23) = 0.63, p < 0.05). A strong correlation was demonstrated
between the single-legged hop measure and the single leg vertical leap measure ((r(23) =
0.58, p < 0.05). Similarly, a strong correlation was also observed between the Tegner
subjective functional outcome measure and the IKDC functional outcome measure (r(23) =

0.89, p < 0.05).

We noted a statistically significant moderate correlation between two independent
variables in this group. The quadriceps strength measure was moderately correlated to the

single leg vertical leap measure (r(23) = 0.44, p < 0.05).
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CHAPTER FIVE: FUTURE RESEARCH RECOMMENDATIONS

A number of research questions emerged as a result of the findings of the present

study. These include:

1.

The study did not scrutinize the possibility that the role of gender may have on
the relationships of the variables examined. Hence a similar study design
investigating the relationships between the same factors as the present study
between genders in ACLD and ACLR groups. The future research may
examine whether there is any relationships in young, active males and females
who have had either an ACL rupture, or have undergone a recent

reconstruction to ACL.

The study used the total CoP pathlength in a fixed time interval as the CoP
measure as per Clark et al. (2010), the software version used in the testings
was not able to discern the pathlengths in anteroposterior (AP) and medial-
lateral (ML) directions. Since the conclusion of the study, the software has
gone through several updates and iterations. It is now able to examine the

amount of body sway in single limb stance in both AP and ML directions.

This study was not ‘graft specific’ in the ACLR group as discussed in previous
chapter. It would be of great interest to examine if there is any relationship
between these factors in cohort of ACLR participants with bone patellar tendon

bone (BPTB) graft, and compare with ACLR group with hamstring graft.

Same study could be used in patients who have undergone total knee joint
replacement arthroplasty. In the procedure of a knee replacement arthroplasty,
the ACL is completely excised. It would be of great interest to see if there is
any relationship between single leg balance, muscle strength, simple function
tests and subjective knee outcome scores.
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Descriptive Laboratory Study: An in vivo or in vitro study that describes characteristics such as anatomy,
physiology, or kinesiology of a broad range of participants or a specific group of interest. Authors should choose
the design that best fits the study.

The Editor will make the final determination of the study design and level of evidence based on the Center for
Evidence Based Medicine guidelines.

Text
In general, follow the standard IMRAD (Introduction, Materials and Methods, Results, Discussion) format for

writing scientific articles. The author is responsible for all statements made in the work, including copyeditor
changes, which the author will have an opportunity to verify. Authors with limited fluency in English should have
the paper reviewed or edited by a native English speaker to ensure clear presentation of the work. Papers
including human or animal participants must include a statement of approval by appropriate agencies in
the text, and a copy of the approval letter must be uploaded with the submission. If approval was not
required, authors must upload a waiver statement from the appropriate agency. For case reports, include a
letter from the patient granting permission for his/her information to be included in the publication.

Reports on surgery, except in rare instances, require a minimum follow-up of 2 years.

Use generic names of drugs or devices. If a particular brand was used in a study, insert the brand name along
with the name and location of the manufacturer in parentheses after the generic name when the drug or device is
first mentioned in the text.

Use metric units in measurements (centimeter vs inch, kilogram vs pound).
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Abbreviations should be used sparingly. When abbreviations are used, give the full term followed by the
abbreviation in parentheses the first time it is mentioned in the text, such as femur-ACL-tibia complex (FATC).

Use of a CONSORT flow diagram is recommended to illustrate the grouping and flow of patients in all clinical
studies, whether randomized clinical trials or otherwise.

Statistical methods should be described in detail. Actual P values should be used unless less than .001.
Reporting of 95% confidence intervals is encouraged.
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Type the acknowledgments in the box provided on the submission page; do not include it in the manuscript. This
information will be added to the accepted manuscript at the time of publication. Give credit to technical assistants
and professional colleagues who contributed to the quality of the paper but are not listed as authors. Please
briefly describe the contributions made by persons being acknowledged. Note: anyone who has contributed to
the preparation of the submitted text must be included on the author disclosure form, under Statement of
Authorship, and disclosures included there.
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References should be double-spaced in alphabetical order and numbered according to alphabetical listing.
Except for review articles, references should be limited to 60. If references are not in alphabetical order the
uploaded file will be REJECTED and will have to be resubmitted with the references in the correct form. When
author entries are the same, alphabetize by the first word of the title. In general, use the Index Medicus form for
abbreviating journal titles and the AMA Manual of Style (10th ed) for format. Note: References must be
retrievable. Do not include in the reference list meeting presentations that have not been published. Data such as
presentations and articles that have been submitted for publication but have not been accepted must be put in
the text as unpublished data immediately after mention of the information (for example, “Smith and Jones
(unpublished data, 2000) noted ...”). Personal communications and other references to unpublished data are
discouraged. For review purposes, unpublished references that are closely related to the submitted paper or are
important for understanding it should be uploaded as supplemental files.

References will be linked to Medline citations for the reviewers. Authors can include articles that are in Epublish
mode. To ensure that these Epub references are linked correctly, please provide the PMID number from Medline
at the end of the reference. For example: Emery CA, Meeuwisse WH. Injury rates, risk factors, and mechanisms
of injury in minor hockey. Am J Sports Med. 2006 Jul 21; [Epub ahead of print] PMID: 16861577

Figures and Tables

Figures and tables should not exceed 3 journal pages. One journal page equals 1 large table or figure, 2
medium-sized tables or figures, or 4 small tables or figures. Medium-sized tables and figures will be a page width
and half the length of the page; small tables and figures are 1-column width and take up half the length of the
page or less.

Any material that is submitted with an article that has been reproduced from another source (that is, has been
copyrighted previously) must conform to the current copyright regulations. It is the author’s responsibility to obtain
written permission for reproduction of copyrighted material and for providing the editorial office with that
documentation before the material will be reproduced in the Journal.

All image files for figures should be labeled with the Figure number (label each part if figures include
multiple parts, eg, 2A, 2B). Be sure to include figure legends in the text. The figure legend should include
descriptions of each figure part and identify the meaning of any symbols or arrows. Terms used for labels and in
the legend must be consistent with those in the text.
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Color will be used in the Journal where needed (eg, histology slides or surgical photographs). All other figures,
such as bar graphs and charts, should be submitted in black and white.

Figures for papers accepted for publication must meet the image resolution requirements of the publisher, Sage
Publications. Files for line-based drawings (no grayscale) should ideally be submitted in the format they were
originally created; if submitting scanned versions, files should be 1200 dots per inch (dpi). Color photos should be
submitted at 600 dpi and black-and-white photos at 300 dpi.

Charts and graphs can be submitted in the original form created (eg, Word, Excel, or PowerPoint). Photographs
or scanned drawings embedded in Word or PowerPoint are not acceptable for publication. If figures are
embedded in the submitted manuscript for ease of reading they should also be submitted as separate files for
use in the publication process.

All photographs of patients that disclose their identity must be accompanied by a signed photographic release
granting permission for their likeness to be reproduced in the article. If this is not provided, the patient’s eyes
must be occluded to prevent recognition.

For tables, the system accepts most common word processing formats. Tables should be numbered
consecutively and have a title that describes the content and purpose of the table. Tables should enhance, not
duplicate, information in the text.

Videos

Use of supplementary video is encouraged. Videos may be submitted with a manuscript and, if approved by the
editor, will be posted online with the article when published. Video submission is strongly encouraged for
manuscripts reporting surgical, examination, or exercise techniques or injury mechanisms. For more information
about the format requirements for videos, please review the Video Format Guide. For detailed information
pertaining to copyright and permissions requirements, view the Video Permission and Fair Use Quick Guide. For
videos with identifiable participants, participants will need to sign the Audio-Visual Likeness Release form. It is
the author’s responsibility to submit signed release forms, if necessary, for each video.

ACCEPTED MANUSCRIPTS

Once an article is accepted and typeset, authors will be required to carefully read and correct their manuscript
proofs that have been copyedited by the publisher. Any extensive changes made by authors on the proofs will be
charged to authors at the rate of $2 a line. Authors are responsible for ordering reprints of their articles; a reprint
order form is provided with the page proofs. Completed articles will be published on our website before print
publication.

NIH-Supported Studies

Authors of studies funded by grants from the National Institutes of Health can deposit a copy of their accepted
final peer- reviewed manuscript and associated figure/table files (pre- typeset versions) to the NIH database after
a 12-month embargo period from the time their article is published in AJSM.
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APPENDIX B: RESEARCH PROJECT PROPOSAL CQUNIVERSITY

Research Title

The Relationship between Lower Extremity Balance, Objective, and Subjective Outome Measures in Patients
with ACL — Deficient and ACL- Reconstructed Knees.

Supervisors

Associate Professor Peter Reaburn — p.reaburn@cqu.edu.au

Associate Professor Erik Hohmann — Erik_ Hohmann@health.gld.gov.au

Dr. Ross Clark — Ross.Clark@acu.edu.au

Introduction

The knee joint is a complex system, where its main purpose is to accept, transfer, and to dissipate loads
generated at the ends of the long mechanical lever arms of the femur and tibia." To maintain such a functional
stable system, the knee is not only reliant on the various ligaments to provide sensate adaptive linkages, but
also the neuromuscular interactions between the central nervous system and the periarticular muscles. This
mechano-sensory interaction is referred to as proprioception.2

Such adaptive balance is upset when ligaments rupture as in those with rupture of the Anterior Cruciate
Ligament (ACL). It has been theorised that ACL serves both a proprioceptive and mechanical function to
provide stability to the knee joint. 2

Hence a successful reconstruction of the ACL must accomplish both the restoration of ligamentous stability,
and the restitution of proprioception. 34

Aim

To investigate the relationship between balance, the objective, as well as subjective outcome measures in
participants with an ACL — deficient and ACL — reconstructed knee.

Ethics

The research would be subject to approval by the Human Research and Ethics Committee of the Central
Queensland Health Services District (CQHSD), as well as CQ University Human Research Ethics Committee.
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Research Site

The research would take place with the support of the Department of Orthopaedics at Rockhampton Hospital.
Rockhampton Hospital is the secondary referral hospital for the Central Queensland district serving a
population of approximately 150,000.

Rockhampton Orthopaedics receive referrals for patients with suspected ACL deficient knees, at the same
token also judiciously track those with ACL reconstruction performed in the outpatient setting.

Methodology

Basing on Clark’s (RA Clark, Gait and Posture 2010)5, we will look to utilise the Nitendo® Wii™ Balance
Platform. It will aid to compute the Centre of Pressure (COP) pathlength on the affected, and non- affected leg
as a measure of proprioception. The findings obtained will then be correlated to not only the objective
measures (isometric strength of the quadriceps, hamstring muscles, and function hopping tests, single leg
squat test using the Wii™ platform as a measure of lower extremity strength), but also the subjective measures
(using common knee outcome scores such as Lysholm, Tegner, IKDC, and Cincinnati).

Patients will be recruited from the Department of Orthopaedics Sports Injury Clinic at Rockhampton Hospital.
This clinic caters for approximately 80% of the sporting community of Central Queensland. It covers mostly
sports injuries of the knees and shoulders. Referrals are either made through the Emergency Department of
Rockhampton Hospital or surrounding peripheral hospitals, or via the General Practitioner of the injured
athlete. ACL —reconstructed patients are followed up through this clinic.

Analysis

The Means and standard deviations will be calculated for the dependent variables. The Pearson’s product
moment correlation coefficients will be employed to establish the strength of the relationships between
balance, objective, and subjective outcome measures. A level of significance of p < 0.05 is selective in all
analysis to limit the chance of Type | error to 5%. All analysis will be conducted using SPSS (Version 12.0.1,
Chicago, IL) for Windows.

Proposed Research Timeframe

Time Schedules

Enrolment in Research in Higher Degrees Programme
at CQ University
1. Applications for Ethics Approval to CQU and
Rockhampton Human Ethics Committees

September 2010/Early October 2010 lodged

2. To Melbourne to familiarise with the
softwares required for the project

1. Awaiting for Ethics Approval

2. Set up outpatient clinics to accommodate for
subject testing

3. Finalise setting up of softwares

Mid September 2010

October to January 2010
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February 2011/March 2011 Commence Testing and Data Gathering

July 2011/August 2011 Completion of data collection
September 2011 Data Analysis Commence
October 2011/November 2011 Write ups, presentatio.ns a.t conferences, journal
publications
January 2012 Drafting of thesis
March/April 2012 Submit thesis
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APPENDIX C: LETTER OF SUPPORT DEPARTMENT OF ORTHOPAEDICS, ROCKHAMPTON

HOSPITAL

Queensland Government
Queensland Health

CENTRAL QUEENSLAND HEALTH SERVICE DISTRICT
ORTHOPAEDIC CLINIC

18" November 2010

Dear Dr Young

Enquiries to:

Telephone:
Facsimile:
Our Ref:

Department of Orthopaedics
(07) 4920 6536

(07) 4920 7232

FDT:rm

With regard to your e-mail, I would like to confirm that on behalf of the Orthopaedic
Department, permission and access is permitted to allow you to access clients and conduct

the research required for your proposal.

Access to computers, library facilities and medical records will also be provided to support
you in this matter. I understand that Professor Hohmann has the necessary permission for his

research proposals.

If you need any further information please do not hesitate to contact me on the above number.

Yours Sincerel

Dr Francois Du Toit

Director of Orthopaedics
Department of Orthopaedics
Central Queensland Health Service

Office i Postal
Department of Orthopaedics Rockhampton Hospital
Central Queensland Health Service District Canning Street

ROCKHAMPTON QLD 4700

Phone
(07) 4920 6775

Fax
(07) 4920 6263
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APPENDIX D: CENTRAL QUEENSLAND HOSPITAL HREC APPROVAL FOR STUDY

Queensland
Government
CENTRAL QUEENSLAND HUMAN RESEARCH Queensland Health
ETHICS COMMITTEE
Enquiries: Rodney Boddice
Telephone: 07 4920 5765
Facsimile: 07 4920 6335
Email: rod_boddice@health.qld.gov.au
Our Ref: HRECH# 11/QCQ/09
Dr Tony Young
26 Prudence Parade
Alamanda Estate
POINT COOK VIC 3030
Dear Dr Young
HREC Reference number: HREC/11/QCQ 09
Project Title: The Relationship between Lower Extremity Balance, Objective,

and Subjective Outcome Measures in Patients with ACL -
Deficient and ACL — Reconstructed Knees

Thank you for submitting the above project for ethical and scientific review. This project was first
considered by the Central Queensland Health Service District Human Research Ethics Committee
(HREC) meeting held on 31 March 2011 and again on 26 May 2011. Following discussion you were
invited to attend the meeting on 28 July 2011 to discuss your application. | thank you for providing the
addendum as discussed in the July meeting.

This HREC is constituted and operates in accordance with the National Health and Medical Research
Council's (NHMRC) National Statement on Ethical Conduct in Human Research (2007), NHMRC and
Universities Australia Australian code for the Responsible Conduct of Research (2007) and the
CPMP/ICH Note for Guidance on Good Clinical Practice.

| am pleased to advise that the Human Research Ethics Committee has granted approval of this
research project effective from 28 July 2011. The documents reviewed and approved include:

Document ; e [N ersion o nr s EE i Date]

Amended NEAF Version 7 July 2011
Amended Consent Form July 2011
Amended Information Sheet — ACL = R Group July 2011
Amended Information Sheet — ACL — D Group July 2011
Information Sheet Demonstration Pictures May 2011

Study Protocol May 2011

2000 IKDC Knee Forms May 2011
Cincinnati Scoring System (Noyes Score) May 2011

Letter of Support from Dr Francois Du Toit 1 18 November 2010
Approval letter from CQUniversity 1 4 July 2011
OFFICE: POSTAL : PHONE FAX:

Level 2, CQU Building PO Box 871 (07) 4920 5765 (07) 4920 6335
36 East Street ROCKHAMPTON

ROCKHAMPTON Q 4700
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APPENDIX E: CQ UNIVERSITY HREC APPROVAL

niversity
AUSTRALIA

Secretary, Human Research Ethics Committee

Ph: 07 4923 2603
Fax: 07 4923 2600
Email: ethics@cqu.edu.au
4 July 2011
Dr Tony Young

26 Prudence Parade
Alamanda Estate )
Point Cook VIC 3030

Dear Dr Young

HUMAN RESEARCH ETHICS COMMITTEE CONDITIONAL APPROVAL: PROJECT H11/05-096,
THE RELATIONSHIP BETWEEN LOWER EXTREMITY BALANCE, OBJECTIVE, AND SUBJECTIVE
OUTCOME MEASURESTN PATIENTS WITH ACL - DEFICIENT AND ACL - RECONSTRUCTED
KNEES

The Human Research Ethics Committee is an approved institutional ethics committee
constituted in accord with guidelines formulated by the National Health and Medical
Research Council (NHMRC) and governed by policies and procedures consistent with
principles as contained in publications such as the joint Universities Australia and NHMRC
Australion Code for the Responsible Conduct of Research. This is available at
http://www.rhmre.gov.au/publications/synopses/_files/r39.pdf.

On 28 June 2011, the committee met and considered your application. The project was
assessed as being greater than low risk, as defined in the National Statement. The
committee is pleased to tell you that they have granted conditional approval for.your
research The Relationship between Lower Extremity Balance, Objective, and Subjective
Outcome Measures in Patients with ACL - Deficient.and ACL - Reconstructed Knees (Project
Number H11/05-096). There are a number of conditions to be met:

a} Although it was not picked up at the May meeting, members noticed that your
supervisors are also listed as principal or associate researchers, and also as other
relevant personnel. The committee is unsure whether this is an error and asks for
clarification as this may present the potentiai for challenging the student’s
contribution.

b) Please provide a copy of approval from the Rockhampton Health Service District
HREC

The period of ethics approval will be from date of compliance with the conditions above to
20 June 2012. The approval number is H11/05-096; please quote this number in all dealings
with the Committee. HREC wishes you well with the undertaking of the project and fooks
forward to receiving the final report and statement of findings.

PLEASE NOTE: It is important that you do NOT commence any aspects of the project
involving human participants until you have lodged with the Human Research Ethics
Committee the required information and/or acceptance of the outlined conditions.

Cemiral Queensiand University ERICOS Provider Codes: QLD -90219€; NSW - 013155 VIC - 01624D
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APPENDIX F: CONSENT FORM FOR STUDY

<

niversity

STRALIA

Department of Orthopaedic Surgery, Rockhampton Hospital

The Relationship between Lower Extremity Balance, Objective, and Subjective Outcome

Measures in Patients with ACL — Deficient and ACL — Reconstructed Knees

CONSENT FORM

I consent to participation in this research project and agree that:

Signature: Date:

An information Sheet has been provided to me that | have read and understood;

I have had any questions | had about the project answered to my satisfaction by the
Information Sheet and any further verbal explanation provided;

| understand that my participation or non-participation in the research project will not affect
my treatment.

| understand that | have the right to withdraw from the project at any time without penalty;
| understand the research findings will be included in the researchers’ publication(s) on the
project and this may include conferences and articles written for journals and other methods
of dissemination stated in the Information Sheet;

| agree that the results of the study may be published providing that | am not identified in
any way.

| am aware that a plain English statement of results will be available at my request;

| agree that | am providing informed consent to participate in this project.

Full Name:
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YES NO

1. 1 wish to have a plain English statement of results posted to me at the
address | provide below.

2. |give permissions for photographs and digital images of me to be used in
any publication(s) from the research project

Postal Address:

Email Address:
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APPENDIX G: PARTICIPANTS CLEARANCE FORM FOR PHYSCIAL TESTINGS

<

niversity

USTRALIA

Department of Orthopaedic Surgery, Rockhampton Hospital

The Relationship between Lower Extremity Balance, Objective, and Subjective Outcome Measures
in Patients with ACL — Deficient and ACL — Reconstructed Knees

PARTICIPANTS CLEARANCE FORM FOR PHYSICAL TESTINGS

I, Professor Erik Hohmann, Orthopaedic Consultant, Department of Orthopaedics Surgery,

Rockhampton Hospital, approve , to

undertake the series of tests involved with Dr. Tony Young’s research project titled “The Relationship

between Lower Extremity Balance, Objective, and Subjective Outcome Measures in Patients with ACL

— Deficient and ACL — Reconstructed Knees.”

Signature: Date:
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APPENDIX H: INFORMATION SHEET FOR ACLD GROUP

<

niversity

AUSTRALIA

Department of Orthopaedic Surgery, Rockhampton Hospital

The Relationship between Lower Extremity Balance, Objective, and Subjective Outcome Measures
in Patients with ACL — Deficient and ACL — Reconstructed Knees

INFORMATION SHEET
ACL - D Group

You are invited to participate in a study to determine the functionality of your knee, sense of your
balance, as well as strength of your thigh muscles before the anterior cruciate ligament of your knee
is reconstructed. Before agreeing to take part in this study, it is important that you read and
understand the description of the study. One researcher will also explain the study to you, and
testing session to ensure you understand.

This study will be performed by Dr. Tony Young, the orthopaedic registrar, and Associate Professor
Erik Hohmann of Department of Orthopaedics, Rockhampton Hospital.

This study also forms the major part of Dr. Young’s Master of Human Movement Science degree in
CQuUniversity.

PURPOSE OF THE STUDY

The objective of the study is to assess your sense of balance, the functionality of your knee, as well
as testing the strength of your thigh muscles, we would like to compare your results with other
participants who have had the anterior cruciate ligament of the knee surgically reconstructed. This
will give us a subjective and objective outcome of strength and stability in your knee. This will help
us to evaluate if there is any difference in sense of balance, thigh strength and stability between the
two groups.

PRIOR TO THE PROCEDURE
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We will ask you to stand on your affected leg on the Wii™ Balance Board for thirty seconds with
arms by your side and with eyes open. This is to help us to assess your baseline leg strength, and if
you are not able to perform this particular task, we will not be able to continue with further tests as
we believe that there is a higher than acceptable risk of you sustaining further injury from
performing these tests.

STUDY PROCEDURE

The following is an outline of the study including what you are required to do if you choose to
participate. Please feel free to ask the researcher if you do not understand.

In this study, you will be asked to do the following during your clinic appointment:

1. Stand on your ‘bad’ leg (the side of the knee needing ACL reconstruction) on a platform
shown in Fig. A for 30 seconds at a time, this will be repeated five times with a break of one
minute in between, the data produced will be recorded.

2. We will then ask you to stand on your other leg (Fig. B), and repeat the same test, this is also
repeated five times;

3. Sitin the chair facing the platform as shown in Fig. C, and push hard against the platform,
with it leaning against the wall for six seconds. This measures your quadriceps strength. You
will be asked to do this five times, this will alternate on both legs with a break of one minute
in between;

4. Sitin the chair with the platform placed as shown in Fig. D, you will then push into the
platform with your heel as hard as you can for six seconds. This again will repeated five
times for each leg with a break of one minute in between;

5. We will then measure how high you could jump from standing on either leg, we will record
the height of your jump to assess your muscle strength, you will be asked to do this five
times on each leg in alternate fashion with a break of one minute in between;

6. You will be asked to hop forward on one leg as far as you can, the distance will be measured,
and this is to be repeated five times on both legs in alternate fashion with a break of one
minute in between;

7. We will ask you to complete 4 health questionnaires regarding your knee to assess your pain
and ability to perform daily activities, with the help of an examiner if required.

POSSIBLE RISKS & DISCOMFORTS

During the study, you may experience some discomfort such as muscle lethargy, as it is encouraged
that maximal effort be exerted for these tests. You may also develop delayed onset of muscle
soreness due to maximal testing of strength involved. This however can be alleviated with icepacks
applied to the sore region, and also by reducing your level of activity for a few days after the test.
Any risk or harm will be minimised by adhering to standard techniques.
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You may lose balance and fall off the platform during the balance testing, or fall when jumping on
either leg, please be assured that you will be fully supervised at all times to minimise this risk,
however shall you fall, we will take you to the Emergency Department here to be fully assessed.

Additionally, all results will be collected by qualified personnel.

CONFIDENTIALITY

Any information that is obtained in this study, and that can be identified with you will remain strictly
confidential. Only the researchers involved with the study will have access to your personal records.
Individual data will not be identified in any published material.

PARTICIPATION IN THE STUDY

If you decide to participate in this study, you are free to withdraw your consent and discontinue
participation at any time, for any reason without prejudice. Should you choose to withdraw from
the study, we would appreciate some notice in advance.

FEEDBACK

Written summary of results from this study in plain English can be made available upon your
request.

INFORMED CONSENT

If you decide to participate in the study you will be required to complete the ‘Informed Consent
Form’, and the researcher will keep the consent form for our records.

INQUIRIES

If you have any questions, please contact:
Dr. Tony Young

Rockhampton Hospital

Department of Orthopaedic Surgery

Ph: (07) 4720 7565
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Please contact Central Queensland University's Office of Research (Tel: 07 4923 2607; E-mail:
research-enquiries@cqu.edu.au; Mailing address: Building 32, Central Queensland University,
Rockhampton QLD 4702) should there be any concerns about the nature and/or conduct of this
research project.
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APPENDIX I: INFORMATION SHEET FOR ACLR GROUP

<

niversity

AUSTRALIA

Department of Orthopaedic Surgery, Rockhampton Hospital

The Relationship between Lower Extremity Balance, Objective, and Subjective Outcome Measures
in Patients with ACL — Deficient and ACL — Reconstructed Knees

INFORMATION SHEET
ACL - R Group

You are invited to participate in a study to determine the functionality of your knee, sense of your
balance, as well as strength of your thigh muscles before the anterior cruciate ligament of your knee
is reconstructed. Before agreeing to take part in this study, it is important that you read and
understand the description of the study. One researcher will also explain the study to you, and
testing session to ensure you understand.

This study will be performed by Dr. Tony Young, the orthopaedic registrar, and Associate Professor
Erik Hohmann of Department of Orthopaedics, Rockhampton Hospital.

This study also forms the major part of Dr. Young’s Master of Human Movement Science degree in
CQuUniversity.

PURPOSE OF THE STUDY

The objective of the study is to assess your sense of balance, the functionality of your knee, as well
as testing the strength of your thigh muscles, we would like to compare your results with other
participants who have not yet had the anterior cruciate ligament of the knee surgically
reconstructed. This will give us a subjective and objective outcome of strength and stability in your
knee. This will help us to evaluate if there is any difference in sense of balance, thigh strength and
stability between the two groups.

PRIOR TO THE PROCEDURE
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We will ask you to stand on your affected leg on the Wii™ Balance Board for thirty seconds with
arms by your side and with eyes open. This is to help us to assess your baseline leg strength, and if
you are not able to perform this particular task, we will not be able to continue with further tests as
we believe that there is a higher than acceptable risk of you sustaining further injury from
performing these tests.

STUDY PROCEDURE

The following is an outline of the study including what you are required to do if you choose to
participate. Please feel free to ask the researcher if you do not understand.

In this study, you will be asked to do the following during your clinic appointment:

1. Stand on your ‘reconstructed’ leg (the side of the knee needing ACL reconstruction) on a
platform shown in Fig. A for 30 seconds at a time, this will be repeated five times with a
break of one minute in between, the data produced will be recorded.

2. We will then ask you to stand on your other leg (Fig. B), and repeat the same test, this is also
repeated five times;

3. Sitin the chair facing the platform as shown in Fig. C, and push hard against the platform,
with it leaning against the wall for six seconds. This measures your quadriceps strength. You
will be asked to do this five times, this will alternate on both legs with a break of one minute
in between;

4. Sit in the chair with the platform placed as shown in Fig. D, you will then push into the
platform with your heel as hard as you can for six seconds. This again will repeated five
times for each leg with a break of one minute in between;

5. We will then measure how high you could jump from standing on either leg, we will record
the height of your jump to assess your muscle strength, you will be asked to do this five
times on each leg in alternate fashion with a break of one minute in between;

6. You will be asked to hop forward on one leg as far as you can, the distance will be measured,
and this is to be repeated five times on both legs in alternate fashion with a break of one
minute in between;

7. We will ask you to complete 4 health questionnaires regarding your knee to assess your pain
and ability to perform daily activities, with the help of an examiner if required.

POSSIBLE RISKS & DISCOMFORTS

During the study, you may experience some discomfort such as muscle lethargy, as it is encouraged
that maximal effort be exerted for these tests. You may also develop delayed onset of muscle
soreness due to maximal testing of strength involved. This however can be alleviated with icepacks
applied to the sore region, and also by reducing your level of activity for a few days after the test.
Any risk or harm will be minimised by adhering to standard techniques.
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You may lose balance and fall off the platform during the balance testing, or fall when jumping on
either leg, please be assured that you will be fully supervised at all times to minimise this risk,
however shall you fall, we will take you to the Emergency Department here to be fully assessed.

Additionally, all results will be collected by qualified personnel.

CONFIDENTIALITY

Any information that is obtained in this study, and that can be identified with you will remain strictly
confidential. Only the researchers involved with the study will have access to your personal records.
Individual data will not be identified in any published material.

PARTICIPATION IN THE STUDY

If you decide to participate in this study, you are free to withdraw your consent and discontinue
participation at any time, for any reason without prejudice. Should you choose to withdraw from
the study, we would appreciate some notice in advance.

FEEDBACK

Written summary of results from this study in plain English can be made available upon your
request.

INFORMED CONSENT

If you decide to participate in the study you will be required to complete the ‘Informed Consent
Form’, and the researcher will keep the consent form for our records.

INQUIRIES

If you have any questions, please contact:
Dr. Tony Young

Rockhampton Hospital

Department of Orthopaedic Surgery

Ph: (07) 4720 7565
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Please contact Central Queensland University's Office of Research (Tel: 07 4923 2607; E-mail:
research-enquiries@cqu.edu.au; Mailing address: Building 32, Central Queensland University,
Rockhampton QLD 4702) should there be any concerns about the nature and/or conduct of this
research project.
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APPENDIX J: INFORMATION SHEET FOR INVESTIGATORS

<

niversity
AUSTRALIA 4
Subject ID:
Gender: Mo Fo
Date of Birth: /] (DD/MM/YYYY)
Height: cm Weight: kg

Affected Leg: Lo

STATION 1: Balance

RO

Side COP Measurement Mean
LEFT
Side COP Measurement Mean
RIGHT

STATION 2: Quads & Hamstrings Strength
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Side Quads Peak Strength Mean
LEFT
Side Quads Peak Strength Mean
RIGHT
Side Hamstring Strength Mean
LEFT
Side Hamstring Strength Mean
RIGHT
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STATION 3: Single Legged Hop

Side Distance (cm) Mean
LEFT
Side Distance (cm) Mean
RIGHT
STATION 4: Single Legged Vertical Jump
Side Height (cm) Mean
LEFT
Side Height (cm) Mean
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RIGHT
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APPENDIX K: DEMONSTRATION PICTURES FOR BOTH GROUPS

Department of Orthopaedic Surgery, Rockhampton Hospital

The Relationship between Lower Extremity Balance, Objective, and Subjective Outcome Measures

in Patients with ACL — Deficient and ACL — Reconstructed Knees

Fig. A
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Fig. C

Fig. D
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Lysholm Knee Questionnaire / Tegner Activity Scale

Name: | |
First Last

Physician: |

1. Limp:
(" a) None
(™ b) Slight or periodical
(" ) Severe and constant

2. Support:
(" a) None
(" b) Stick or crutch
(" ¢) Weight-bearing impossible

3. Locking:
(™ a) No locking and no catching sensations
(™ b) Catching sensation but no locking
(" ©) Locking occasionally
(" d) Locking frequently

(" ) Locked joint on examination

4. Instability:
(" a) Never giving way
(" b) Rarely during athletics or other severe exertion
c ] Ffequemly d_u'ing athletics or| other severe
exertion (or incapable of participation)
(" d) Occasionally in daily activities
(" e) Often in daily activities
(" f) Every step

Date: |

5. Pain:
(" a) None
¢ b) Inconstant and slight during severe exertion
¢ c) Marked during severe exertion
(" d) Marked on or after walking more than 2 km
(" €) Marked on or after walking less than 2 km
¢ f) Constant

6. Swelling:
(" a) None
" b) On severe exertion
(" c) On ordinary exertion
(™ d) Constant

7. Stairclimbing:
(™ a) No problems
" b) Slightly impaired
¢ c) One step at a time
(" d) Impossible

8. Squatting:
(" a) No problems
" b) Slightly impaired
" ¢) Not beyond 90°
(™ d) Impossible

APPENDIX L: SAMPLE OF AUTOMATED LYSHOLM & TEGNER ACTIVITY SCALE
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APPENDIX M: IKDC 2000 QUESTIONNAIRE FORM

2000 IKDC SUBJECTIVE KNEE EVALUATION FORM
Your Full Name

Today’s Date: / / Date of Injury: / /
Day Month Year Day Month Year
SYMPTOMS*:

*Grade symptoms at the highest activity level at which you think you could function without
significant symptoms,

even if you are not actually performing activities at this level.

1. What is the highest level of activity that you can perform without significant knee pain?
sQVery strenuous activities like jumping or pivoting as in basketball or soccer
sWStrenuous activities like heavy physical work, skiing or tennis

2dModerate activities like moderate physical work, running or jogging

1Light activities like walking, housework or yard work

oldUnable to perform any of the above activities due to knee pain

2. During the past 4 weeks, or since your injury, how often have you had pain?
109876543210

Never d O O O O O O O O O QO Constant

3. If you have pain, how severe is it?

109876543210

Nopainld O OO O O O O O O O O Worstpain
imaginable

4. During the past 4 weeks, or since your injury, how stiff or swollen was your knee?
4lNot at all

sMildly

:dModerately

1dvery

odExtremely

5. What is the highest level of activity you can perform without significant swelling in your knee?
aQVery strenuous activities like jumping or pivoting as in basketball or soccer
sWStrenuous activities like heavy physical work, skiing or tennis

2Moderate activities like moderate physical work, running or jogging

1Light activities like walking, housework, or yard work

olUnable to perform any of the above activities due to knee swelling

6. During the past 4 weeks, or since your injury, did your knee lock or catch?

oldYes 1dNo

7. What is the highest level of activity you can perform without significant giving way in your knee?
aQVery strenuous activities like jumping or pivoting as in basketball or soccer
sWStrenuous activities like heavy physical work, skiing or tennis

2dModerate activities like moderate physical work, running or jogging

1Light activities like walking, housework or yard work

olUnable to perform any of the above activities due to giving way of the knee
Page 2 — 2000 IKDC SUBJECTIVE KNEE EVALUATION FORM

SPORTS ACTIVITIES:

8. What is the highest level of activity you can participate in on a regular basis?
4QVery strenuous activities like jumping or pivoting as in basketball or soccer
30Strenuous activities like heavy physical work, skiing or tennis

20Moderate activities like moderate physical work, running or jogging

10Light activities like walking, housework or yard work

oQUnable to perform any of the above activities due to knee

9. How does your knee affect your ability to:

Not difficultat all
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Minimally difficult
Moderately Difficult
Extremely difficult
Unable to do
a.Goupstairs s 0 0 O Q4
b. Go down stairs s s 0 Q4 o4
c. Kneel on the front of your knee s 3 0 0 o4
d. Squatsd 0 0 O o4
e. Sit with your knee bent s 0 0 O o4
f. Rise from a chair«Q 0 0 0 o4
g. Run straight ahead -0 s 0 . o4
h. Jump and land on your involved leg < s 0 Qd o4
i. Stop and start quickly .4 Q.0 . o4
FUNCTION:
10. How would you rate the function of your knee on a scale of 0 to 10 with 10 being normal,
excellent function
and 0 being the inability to perform any of your usual daily activities which may include sports?
FUNCTION PRIOR TO YOUR KNEE INJURY:
Couldn’t perform No limitation
daily activities 01234567 89 10 in daily
O O a a a a a a a QA Q activies
CURRENT FUNCTION OF YOUR KNEE:
Cannot perform No limitation
daily activities 0123456789 10 in daily
O O o a aa aa a a Q activies
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