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CHAPTER 1 - Introduction

Total knee replacement (TKR) is a successful operation as measured by functional, objective, clinical
outcomes and quality-adjusted life years. It relieves the pain of patients suffering from severe disease
of the knee caused by osteoarthritis in over 95% of cases. Although it leads to satisfaction levels of
80% this compares poorly with total hip replacement's satisfaction levels of around 90%. There is
therefore considerable clinical and research interest in the gap in satisfaction levels between the two

procedures.

Rehabilitation is a large part of the recovery from a TKR operation. The type, amount, and duration of
rehabilitation vary from country to country as well as within countries and even between surgeons in
the same hospital facility. There has been a lack of evidence to support choice of appropriate
rehabilitative therapy for TKR patients and quality evidence has only begun to appear in the last five

years.

Adherence to any rehabilitation protocol is a known problem with rates of 50% non-adherence
reported. It should be self-evident that not only do we need to know the most effective exercises to
prescribe for these patients but we also need to prescribe them in a manner which will encourage

ongoing adherence to the protocols.

The Nintendo Wii-Fit (Nintendo of America, Redmond, WA, USA) software with associated balance
board, designed to work with the Wii console, was released for sale to the Australian public in 2008.
The upgraded Wii-Fit ‘plus’ software was then released in 2009. It has proved to be a very popular
game with over 22 million units sold worldwide up to March 2012. From the very early days, clinicians
and researchers saw the potential for its use as a therapeutic tool and began to use it for fitness

purposes as well as various rehabilitative uses.
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The advantages of the Wii-Fit include: real-time feedback on balance, progress updates, increasing
difficulty of exercise, variety, and automatic data recording. These features can benefit both the

subject using it and the clinician or researcher directing the rehabilitation period.

To date, there has been no registered, randomized clinical trial using the Wii as a rehabilitation tool in
the TKR population. The objectives of this thesis are to evaluate the Wii-Fit as a balance testing tool

and a rehabilitation adjunct for patients to use at home.

The specific aims include the following:

* systematically review the literature for current methods used for rehabilitating patients
following knee surgery, focusing on TKR

* assess the validity and reliability of the Wii-Fit for measuring standing balance in healthy
volunteers

¢ evaluate the association of balance and function in patients with severe osteoarthritis of the
knee

* evaluate the ability of elderly patients to cope with technology such as the Nintendo Wii

e evaluate functional outcomes when the Nintendo Wii is used at home as part of a
rehabilitation protocol following TKR surgery

e evaluate adherence to the rehabilitation protocols with the Nintendo Wii compared with a

routine protocol
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Chapter 2 gives an in-depth background of TKR surgery, rehabilitation, outcome measures and current
uses of the Nintendo Wii.

Chapter 3 describes the methodology of the various studies.

Chapter 4 details the pilot studies with subsections on the validation of the Wii balance measure, the
association of balance with function in those with knee osteoarthritis, and the use of technology in
the elderly.

Chapter 5 details the main randomized trial and the associated study of adherence.

Chapter 6 summarizes the results and discusses their relevance.
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CHAPTER 2 - Background And Literature Review

2.1 CONCEPTS IN TOTAL KNEE REPLACEMENT

2.1.1 THE SURGERY

Total knee replacement (TKR) surgery is performed for patients with end-stage disease which is
causing them severe pain or functional disability. There should be radiographic evidence of significant
arthritis and the patient should have failed non-operative measures such as regular analgesia, the use

of walking aids, lifestyle modification, weight loss, and exercise. !

The number of people who have a TKR is increasing year on year in the developed world. In Australia,
the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) reported

42,202 surgeries in 2012. This is an increase of 4.1% from 2011 and 92.4% from 2003 (see Figure 1).

Figure SK3: Trends in Usage of Knee Replacement by Procedure Year
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Figure 1 — Number of knee replacements in Australia 2003-2012 2
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The prosthesis is a combination of a metallic femur resurfacing made of titanium or cobalt-chrome
and a metallic tibial tray with a polyethylene insert. The biomechanics of the replacement do not
match the native knee. The implants have been developed over the years to mimic some of the
properties of the native knee, such as femoral rollback. This is aimed at improving function, as
measured by metrics such as the degree of flexion. There are hundreds of prostheses available
worldwide although there are only 34 TKR combinations with over 350 procedures and ten-year data
in the Australian Joint Registry. The cumulative percentage revision at 12 years for primary TKR

undertaken for osteoarthritis is 6.5%.

The surgery routinely takes between one and two hours. Patients remain as hospital inpatients for
three to five days before being discharged. They can be sent home or released into the care of a
rehabilitation specialist as either an inpatient or an outpatient. The patient will have ongoing
postoperative pain which can be severe in the first week for between 6 and 12 weeks. The knee

remains swollen for weeks and can feel warmer than the other knee for months.

2.1.2  PATIENT SELECTION

Osteoarthritis (OA) is the most common diagnosis (97.4%) in the AOANJRR for patients who have TKR
surgery.2 This is followed by rheumatoid arthritis, other inflammatory arthropathies, and
osteonecrosis (see Table 1). Of those with OA, approximately 80% have medial compartment disease,
with the loss of medial cartilage and even bone, giving them a varus or ‘bow legged’ deformity. Five to
ten per cent develop lateral compartment OA resulting in a valgus or ‘knock-kneed’ deformity.
Although patellofemoral joint OA is common in association with medial or lateral compartment OA, a

small percentage of patients have isolated patellofemoral joint OA.
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Primary Diagnosis Number Percent

Osteoarthritis 342574 97.4
Rheumatoid Arthritis 5648 1.6
Other Inflammatory Arthritis 1715 0.5
Osteonecrosis 1181 0.3
Tumour 439 0.1
Fracture 184 0.1
Chondrocalcinosis 17 0.0
Osteochondritis Dissecans 4 0.0
Other 113 0.0
TOTAL 351875 100.0

Table 1 — Primary diagnosis of primary TKR. 2

The majority of osteoarthritis of the knee is primary or idiopathic. Secondary OA can be caused by
trauma, congenital deformities (such as axial or rotatory deformities), or rneumatoid arthritis. The
established risk factors for developing osteoarthritis are age, genetic predisposition, obesity, previous
knee injury or surgery, osteoarthritis at other sites, and female gender. More controversial risk factors

include physical activity, smoking, oestrogen and vitamin D deficiency. 36

The demographics of TKR patients in the 2013 AOANIJRR indicate that 56% are female and 40% of are
aged between 65 and 74. In recent years, there has been a trend towards younger patients being
operated on with the proportion of 55-64-year-olds (28%) overtaking the 75-84-year-old group (22%)
for the first time in the registry. Fewer than 5% are over 85 and 7% are younger than 55 (See Figure

2).
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Figure 2 — Primary total knee replacement by age in Australia, 2003-2012. 2
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2.1.3 THE UNSATISFIED 20%

It is widely reported that whereas approximately 90% of patients who have total hip replacement

7-11

surgery are satisfied, the satisfaction rate for total knee replacement is only 80%." ~~ In addition, more

total hip replacement (THR) patients would choose to have the surgery again, given the choice. 1213
Greater deficits in pain and function exist after TKR compared with THR.™ These consistent findings

have been a source of much conjecture and researchers have tried to establish the causes and

provide a remedy.

The perceived success of TKR surgery relies on a complex mix of patient, surgical, and rehabilitation
factors. Success is also defined by the outcome which is being measured. Surgeons have always been
interested in the longevity of implants, as measured by revision rates. Initial scoring systems focused
on objective measures such as alignment and range of motion. This made sense, as these outcomes
are easy to measure and quantify. The concern with objective outcomes measured by the surgeon is
that they may not reflect the level of patient function or satisfaction. It would be difficult to class a
TKR surgery as a success because it is well aligned, has a good range of motion and is not wearing out

if the patient is in pain and totally dissatisfied.

In recent years, researchers have focused on this issue by measuring patient reported outcome
measures (PROMS). These outcomes are subjective and are administered in the form of
guestionnaires, completed by the patient. Surgeons or their research staff usually collect these scores
from the patients. The Joint Registry of England and Wales now includes PROMS as part of its follow-
up of TKRs. This is in conjunction with the online data collection program, ‘My Clinical Outcomes’,
which will be described later (www.myclinicaloutcomes.co.uk). In Australia, the Arthroplasty Clinical
Outcomes Registry (ACORN) are now collecting PROMS data, which are being analysed alongside the

revision data of the AOANJRR. They have just published their first annual report for 2013. 15

Revision is seen as a ‘hard’ end-point, making it relatively easy to measure. However, TKRs should
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only be revised for a specific and reversible cause. Without this, the knee may not be revised even
though the patient is unhappy. The patient with a revised knee may well be more satisfied after their
revision, but the registry does not give us that information. The PROMS data give clinicians an
opportunity to quantitatively assess a patient’s perceived level of function and satisfaction and

compare their patient population with the national average.

The approach to the unsatisfied 20% has to be multimodal, with continued research into preoperative
expectations, perioperative management including analgesia, surgical technique, the kinematics of

prosthesis design, and, importantly, postoperative rehabilitation.

2.1.4 THENINTENDO WII

The Nintendo Wii" with Wii-Fit"" software is a popular, motion-controlled gaming system used
across a broad age range and available to the general public. The Wii-Fit software uses the Wii
balance board as a control device via adjustments in the participants' balance and proportions of
body weight through each leg. It is easy to use and can deliver a varied exercise routine, with a focus

on balance.

The Wii has been used to rehabilitate patients with neurological injuries 119 hut there have been few
quality studies describing the use of the Wii to rehabilitate orthopaedic patients. 20,21 A feasibility
study using the Wii as an adjunct to physiotherapy concluded that it has potential for patients
following TKR. The study found no difference between the groups for a range of outcome measures
including pain rating, subjective balance reporting, patient reported functional outcomes and length
of outpatient rehabilitation. Their post hoc power analyses calculated that ‘the sample size of 50
patients did not provide sufficient power for the majority of the outcomes assessed.” They calculated
that a sample size of 136 in two evenly sized groups would be powered appropriately for one of their
main outcome measures, the lower extremity functional scale. The study used the Wii in the

physiotherapy rooms during a supervised session, not as a home-based device. 2 Although published
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after the completion of the Patient Outcomes using Wii Enhanced Rehabilitation after TKR trial
(TKR-POWER) this paper by Fung et al was useful in justifying certain decisions made in the design of

that study (see chapter 5.1).

2.2 CONCEPTS OF TKR REHABILITATION

2.2.1 INTRODUCTION TO REHABILITATION

The World Health Organization's definition of rehabilitation is a progressive, dynamic, goal-oriented,
and often time-limited process, which enables an individual with impairment to identify and reach
his/her optimal mental, physical, cognitive, and/or social functional level. *2 The aim is to maximize
the functional capacity of the patient with a given pathological condition by taking into account their

physical, psychosocial, and social factors.

The knee is a joint which allows us to stand upright with a straight leg, walk, and ascend stairs, but
also sit in a chair. In order to do this it needs to be well aligned in relation to the mechanical axis of
the leg, powered by surrounding muscles with appropriate levels of proprioception while giving the
patient little or no pain.

With a mechanical replacement in place, it is vital that the patient rehabilitates, allowing the soft
tissues to recover from the surgery while maintaining and even improving the strength and
coordination of the supporting musculature. This can be even more challenging for the TKR

population because of their advanced years.

TKR surgery is a highly cost-effective treatment for severe symptomatic osteoarthritis>*® but the
costs and cost-effectiveness of rehabilitation are less extensively studied.”” There is also a lack of
evidence-based clinical guidelines for physiotherapy rehabilitation after TKR surgery. With annual

increases in the number of TKR surgeries performed, the costs and effectiveness of different modes of
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rehabilitation need to be investigated to maximize functional recovery at the best cost to the

healthcare system.

2.2.2 METHODS OF REHABILITATION

2.2.24 PREOPERATIVE PHASE

Rehabilitation after a TKR involves a number of stages. The first stage starts even before the
operation with patient education. It can include options for optimizing health and strength, what to
expect from the hospital stay, and what type of rehabilitation is planned. It is important to make
patients aware that the success of their knee surgery is heavily influenced by their efforts in the
recovery phase. The knee will be painful and difficult to move; without significant efforts on their
part, they may be left worse off than before the operation. This education phase should start in the
surgeon’s rooms when the case is booked and continuing education sessions are often run by the

treating hospital.

2.2.2B PERIOPERATIVE AND EARLY REHABILITATION PHASE (WEEK 0 To WEEK 6)

A 2011 study found the mean length of stay following TKR surgery to be 5.6 days (s.d. 2.1). 2 This
figure can vary significantly according to the hospital where the surgery is performed According to

www.myhospitals.gov.au the average length of stay at Royal North Shore public hospital in Sydney

following TKR surgery was 7.1 days. »

The goals of rehabilitation during this in-patient period are to prevent the hazards of bed-rest (e.g.

deep vein thrombosis, pressure ulcers) and to control pain. The focus is then on assisting the patients

to gain an adequate and functional range of motion including strengthening of knee musculature.
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The physical therapists concentrate on these goals with a focus on gaining functional independence
with their activities of daily living including independent ambulation to enable discharge. A functional
range of motion is a key requirement following TKR surgery. A paper by Laubenthal et al in 1972 is
most commonly quoted in the literature to demonstrate that patients require 67 degrees during the
gait balance phase, 83 degrees for stepping up stairs, 93 degrees to rise from a chair, 100 degrees for
stepping down and at least 105 degrees in order to be able to rise from a toilet seat of normal
height.30 If the patient has bilateral disease or replacements then one of the knees needs to flex to at
least 105 degrees to allow this basic level of function. It is worth considering the number of patients
who will undergoing simultaneous or staged bilateral TKR surgery necessitating a functional range in
at least one of the replaced knees. The AOA National Joint Replacement Registry for 2014 reports on
85,473 bilateral TKR procedures out of a total of 396,472 primary TKRs. Of these, 18,146 were
simultaneous bilateral surgery (18.6% of all bilateral TKR surgery in the registry). 9,731 patients (10%
of patients who have had both knees replaced with primary TKRs) had the second surgery within 6
months of the first and a further 36,081 between 6 months and 3 years after the first. This means that
11.6% of all patients entered into the Australian National Joint Replacement Registry for a primary

TKR on one side had a primary TKR to the other side within 3 years.g'1

When investigating methods of improving rehabilitation, it has been common practice to take
exercises and protocols which have been used in age-matched subjects with or without arthritis and
transpose these into a post-surgical TKR population. The theory is that if declining function or arthritic
symptoms are treated by these exercises, then they may have similar success in the postoperative
TKR population. This would seem a reasonable starting-point and, indeed, studies have shown
beneficial effects from these exercises, especially in terms of reducing pain and improving function.*”
» However, a prosthetic knee is very different from a native knee. The surgery involves the release
and excision of ligaments which affect the proprioception of the joint and can realign a limb which has
been functioning out of alignment for many years.e'6 This is one reason why improving the balance

and proprioception of the operated leg is likely to be an important focus for rehabilitation.
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The type of exercise which should be prescribed is not clear. A recent evaluation of RCTs and
systematic reviews found only one relevant systematic review®’ that addressed the issue TKR
rehabilitation. Their findings regarding the type of exercises that should be included in a rehabilitation
program were indeterminate. *® Traditional exercise programmes for patients following a TKR
concentrate on regaining a range of motion, strengthening musculature, and building endurance into
those muscles. Studies have also tested the effectiveness of functional exercise versus traditional and
demonstrated some good results. However, these are often short-lived, not lasting beyond the 3-4-

month postoperative point.** > *

2.2.2¢ PosT-ACUTE REHABILITATION (WEEK 6 ONWARDS)

The timing of rehabilitation is also under review in the literature.>” *>*!

The traditional approach has
been to concentrate efforts into the first six weeks and then discharge the patient from formal
rehabilitation. Current research is investigating the idea that delaying the more intense phases of a
rehabilitation protocol to start at the six-week point may allow a patient the chance to address their
swelling and pain.40 Once the knee is less acute, the intense muscle building and functional exercises
may have more effect, as the patient will be more comfortable. This also has significant implications

for the cost of current practice, especially for those patients prescribed physiotherapy either as an

inpatient or an outpatient.

2.2.3 LOCATION AND DURATION OF REHABILITATION

The location and duration of rehabilitation in Australia is driven by a number of factors. Rehabilitation
team protocols, hospital policy, insurance status, and patient preference all play their part. However,
surgeon preference can be a significant factor. There are a variety of opinions on the role of
rehabilitation following joint replacement surgery ranging from dogmatic protocols to individually

tailored programmes.

27



The location of post-acute rehabilitation varies between and even within countries. Lingard et al
showed that in Australia and the United Kingdom, this stage tends to be conducted via outpatient-
based services, in contrast to the inpatient rehabilitation prescribed in the USA.* This has changed
over time with the USA now aiming for a reduced hospital stay and more discharges to home driven
largely by cost. In terms of Australian management, this study looked at one public and one private
hospital so is not representative. The majority of TKR procedures in Australia are performed in the
private sector, over 30,000 a year, and 46% of these in New South Wales and 32% nationally received
inpatient rehabilitation in 2011-12.° Even outpatient services vary widely between one-to-one
physiotherapy and a more clinic-style approach. Each of these rehabilitation options has a cost
implication, and so knowledge of the effectiveness of each is essential, especially in a public health
system, if the cost-effectiveness is to be calculated. ™ Itis also important to know the results of not

rehabilitating the patients adequately from a clinical and financial perspective.

As part of this thesis, an online questionnaire was sent to the members of the Australian Arthroplasty
Society and the Australian Knee Society in February 2012, with respect to their views on rehabilitation
following TKR surgery. The questionnaire assessed the number of arthroplasty surgeries which each
respondent performed each year to establish the nature of their orthopaedic practice. The questions
related to what their current practice involved in the acute, post-acute and long-term phases of
rehabilitation, and what level of importance they placed on each of these phases. Data were also
collected on where this rehabilitation took place in their practice and how important the location was.

See questions below:

1. Whatis your area of speciality? - 17 responses

a. Kneesonly 9 (53%)
b. Hips and knees 5(29%)
c. Lower limb 2 (12%)
d. Hiponly 1(6%)
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2.

How many TKRs do you perform a year? — 17 responses

a. Unilateral TKR

i. 0 1 (6%)
ii. 1-50 1 (6%)
iii. 51-100 3 (18%)
iv. 101-250 10 (58%)
v. 251+ 2 (12%)

b. Simultaneous Bilateral TKR

i. 0 3 (18%)
ii. 1-50 11 (64%)
iii. 51-100 3 (18%)
iv. 101-250 0 (0%)
v. 251+ 0 (0%)

What is your preferred choice of post operative destination for the majority of your TKR

patients?
a. Home 7 (41%)
b. Home with out patient physiotherapy 6 (35%)
c. Inpatient rehabilitation 4 (24%)

How long do you routinely send your patients to inpatient rehabilitation? — 4 responses

a. <1week 0 (0%)
b. 1-2 weeks 4 (100%)
c. >2weeks 0 (0%)
d. No preference 0 (0%)

How important do you think post operative inpatient rehabilitation is to the outcome for

your patients? — 17 responses

a. Essential 5 (30%)
b. Important 6 (35%)
c. Notimportant 6 (35%)
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6.

7.

d. Noview 0 (0%)

How long do you routinely advise your patients attend out patient rehabilitation?

a. <6 weeks 3(18%)
b. 6-12 weeks 9 (52%)
c. >12weeks 4 (24%)
d. noview 1(6%)

How important do you think post operative rehabilitation is for the outcome for your
patients?

a. 0-2weeks

i. Essential 7 (41%)
ii. Important 9 (53%)
iii. Notimportant 1(6%)
iv. Noview 0 (0%)
b. 2-8 weeks

i. Essential 8 (47%)
ii. Important 7 (41%)
iii. Notimportant 2 (12%)
iv. Noview 0 (0%)

c. 8 weeks onwards

i. Essential 4 (24%)
ii. Important 6 (35%)
iii. Notimportant 7 (41%)
iv. Noview 0 (0%)

How important do you think post operative home exercise is to the outcome for your
patients?
a. 0-2weeks

i. Essential 9 (53%)
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ii. Important 6 (35%)

iii. Notimportant 1(6%)
iv. Noview 1(6%)
b. 2-8 weeks
i. Essential 9 (53%)
ii. Important 8 (47%)
iii. Notimportant 0 (0%)
iv. Noview 0 (0%)

c. 8 weeks onwards

i. Essential 8 (47%)
ii. Important 7 (41%)
iii. Notimportant 2 (12%)
iv. Noview 0 (0%)

9. Do you feel the current TKR rehabilitation practice is ideal? — 16 responses
a. YES 7 (44%)

b. NO 9 (56%)

The survey invitation was sent by email to the members by the secretaries of each society. The survey
was designed and conducted on ‘Survey Monkey’. From the 78 questionnaires sent out, there were 17
respondents (22%), of whom 9 were purely knee surgeons and 8 performed more than 100 TKRs a

year. One respondent was a hip surgeon who performed no TKR surgery.

The results demonstrated that these knee and lower limb surgeons had no single preference or
protocol for how they rehabilitated their patients. While 41% preferred to discharge their TKR
patients straight home from hospital with no formal rehabilitation, the remainder chose some form of
postoperative rehabilitation. This was consistent with how important they felt postoperative inpatient

rehabilitation to be, which ranged from essential through important to not important in three equal
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groups. The majority recommended that the duration of outpatient rehabilitation should be 6-12

weeks.

Only those who indicated that they sent their patients to in-patient rehabilitation were then
questioned on the length of that rehabilitation (n=4). The 41% (n=7) of surgeons who indicated that

their preferred post operative destination was home, did still respond to the remaining questions.

More surgeons felt that the first two weeks of outpatient rehabilitation were essential (41%)
compared with the period from eight weeks onwards (24%). Equally, only 6% felt the first two weeks
were not important although they attached less importance to phases which followed (two to eight

weeks 12%, eight to twelve weeks 41%).

Around half the surgeons (47%) thought that home exercise was essential from discharge to beyond
eight weeks. Only 6% felt that these exercises were not important. Beyond 12 weeks, 89% thought

that home exercises were essential or important.

To the question, ‘Do you feel that current TKR rehabilitation practice is ideal?’, 56% answered ‘No’,

compared with only 25% for total hip replacement rehabilitation.

This survey was limited by a low response rate but did give an indication of how some high volume
knee surgeons approached post-operative rehabilitation for TKR surgery. On questioning several of
the members, this survey came at a time of particularly high survey traffic and there was a sense of

fatigue for online questionnaires.

In summary, there is a disparate view as to where patients should be discharged for their
rehabilitation with no consensus on the importance of inpatient rehabilitation. This is mirrored in the
literature (see chapter 2 section 2.3.2.3)., The majority of respondents felt out patient rehabilitation

to be important or essential up to and even beyond 8 weeks (59%) and home exercise to be essential
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(89%) even beyond 8 weeks. This shows both that there are knee surgeons who value and promote
rehabilitation for their patients but that there are also surgeons who feel it has little role. The
numbers involved do not allow for further conclusions to be drawn about the relative size of these

groups in Australia.
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2.2.4 CURRENT PROTOCOLS

The various approaches to postoperative TKR rehabilitation have led to significant variation in the
protocols used in different practices. Most institutions have a protocol that can be found with a quick
internet search, and they are broadly similar. There is limited evidence for protocols as a whole. The
evidence base for TKR physiotherapy rehabilitation has tended to concentrate on specific questions

such as timing of interventions and specific types of interventions such as proprioceptive training.37’ »

Most protocols target swelling, range of motion (ROM), strength, patella mobilization techniques as
well as balance and proprioception to some degree. Current practice in Australia involves many
different protocols.47 It would seem opportune to examine the evidence, to assess the optimal start
time, duration, type of exercise, and the location of postoperative TKR rehabilitation. It may be that
we do not even have the appropriate evidence yet, leaving room for further research into this critical

area of patient management.

The final report of the National Institute of Health consensus meeting in 2003 on TKRs concluded,

‘there is a notable lack of consensus regarding which medical and rehabilitative peri-
operative practices should be employed, mostly because of the lack of well-designed studies
testing the efficacy and effectiveness of such practices... The use of rehabilitation services is
perhaps the most understudied aspect of the peri-operative management of TKR patients’
and that ‘no evidence-based guidelines exist for promoting or limiting post-TKR physical
activity.'48

This has yet to be updated, even though it is over 10 years ago.

A Cochrane review in 2008 looking at multidisciplinary rehabilitation programmes following joint

replacement at the hip and knee in chronic arthropathy failed to find the evidence to suggest an
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optimum ‘dose’ of therapy.49 Their recommendation was that the evidence provided only modest

support for TKR patients being assessed for their need for an appropriate rehabilitation intervention.

Westby et al synthesized a consensus statement in 2014 across two expert panels of clinicians,
researchers and patients from Canada and the USA.>® There were increasing levels of agreement for
two thirds of the key statements for TKR rehabilitation. However, there was a lack of consensus with
widely ranging opinions from strongly agree to strongly disagree, regarding the level of direct
supervision needed. There were also disparate views on the subjects of timing, dose, format and
specific interventions. This was partly due to strongly entrenched local practice regardless of the
evidence supporting cost savings associated with group programs versus individual supervision for
example. They state in their discussion that ‘the literature contributes little to our understanding of
optimal timing,” and ‘lack of clear consensus in the present study is consistent with the literature,
indicating optimal exercise dose and progression is unknown and there remains a need to identify the

“active ingredients” of effective rehabilitation interventions for both THR and TKR.’
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2.3 LITERATURE REVIEW ON THE REHABILITATION OF

PATIENTS AFTER TKR FOR KNEE OSTEOARTHRITIS AND THE

OUTCOME MEASURES USED

A literature review evaluated the current state of patient rehabilitation following a total knee
replacement. The objectives were to:
* review outcome measures that have been utilized in the evaluation of rehabilitation
post TKR
¢ evaluate current types of rehabilitation programs including the location and duration of
rehabilitation
* assess the extent to which novel technology such as the Nintendo Wii has been used in

rehabilitation to date

2.3.1 METHODS

A literature search was performed in Medline, EMbase, Cochrane Musculoskeletal Group Trials
Registry and Cochrane Central Register of Controlled Trials up to October 2014. Inclusion criteria were
articles reporting all methods of rehabilitation following TKR surgery, articles reporting any
rehabilitation using the Nintendo Wii and articles relating to relevant outcome measures. The search

was limited to humans and publications in English.

The strategy shown in Appendix i was for the Medline search and demonstrates the medical subject
headings (MESH) and keywords used. The bibliographies of the relevant articles were searched for
further articles. The results are set out according to:

* subjective outcome measures

*  objective outcome measures
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* location, timing, and type of rehabilitation including the Wii

2.3.2 Results

2.3.2.1 SUBJECTIVE OUTCOMES

Patient-reported outcome measures (PROMS) are mostly questionnaire-based subjective outcome
measures. They are commonly expressed as a score. The questions can be divided into categories,
such as functional ability, perceived pain, or emotions. There are many outcome scores which have
been validated for use in various diseases and operations. PROMS give clinicians data on the outcome
of an intervention from a patient’s perspective. This is as valuable as objective outcomes which often
provide clinicians with data which are of clinical relevance but not important to the patient. PROMS
are quick to complete and the data can be collated and analysed easily. They have been adopted by
individual hospitals and clinicians for many years but their use in health systems is still uncommon

and largely restricted to England, Sweden and the US. >t

They suffer a number of disadvantages, however. There is a trade-off between providing enough
detail to classify all patients accurately and too many questions which are time-consuming for patient
and clinician, limiting completion rates.” This can lead to important areas relevant to the patient such

.. . . . . . 53
as driving, interpersonal relationships and community life.

Subjective questionnaires may be prone to bias. A patient may put down a more favourable score
either because of coercion (intended or otherwise) by a researcher or surgeon or from a sense of
loyalty to their clinician. The score can be influenced by other factors such as psychological states like
depression or a preoperative expectation of outcome.

The same absolute value of outcome score for a particular test often represents a different result for
different patients. This can be due to levels of preoperative function, expectation levels or pain
tolerance. Change scores represent improvement on an individual level, resulting in a more

meaningful clinical result.
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A selection of relevant studies and systematic reviews were evaluated In order to focus this literature
review towards particular outcome measures. In the systematic review by Minns-Lowe and colleagues
in 2007, there were only six different trials identified which met the inclusion criteria which looked at
effectiveness of physiotherapy exercise after TKR. 7 All the selected studies were asking the same
clinical question but they chose to measure a wide variety of different outcomes. This highlights both
the range of options in terms of outcome measures for this subject and the lack of a consensus on the
most appropriate outcomes to select. The trials in this review included questionnaire-based scores
such as the Oxford Knee Score (OKS), the American Knee Society Score (AKSS), the Western Ontario
and McMaster Universities (WOMAC) Index of Osteoarthritis, the Bartlett patellar score, and the SF-

36, and SF-12 scores.

Dunbar and colleagues looked at the appropriateness of a number of outcome scores for knee
arthroplasty. They selected 3,600 random patients from the Swedish registry with a diagnosis of
primary OA.>? They split these patients into 12 groups of 300, each being sent a combination of one
general health questionnaire (Nottingham Health Profile (NHP), SF-12, SF-36, Sickness Impact Profile
(SIP)) and one disease/site-specific questionnaire (Algofunctional Index for the Knee (Lequesne),

Oxford Knee Score (OKS), and WOMAC).

The mean age of the patients at surgery was 71.0 (range = 55-90 years). The mean follow-up time was
6.7 years (range = 1-23 years). Seventy per cent of the sample was female and 95% had not

undergone revision surgery. Eighty-five per cent responded to the mail-out within four weeks.

There was a significantly higher response rate for SF-12, SF-36, and NHP than for SIP (p<0.001) .There
was no difference in the response rate for the disease/site-specific questionnaires. The SF-12 had the
highest percentage of completed questionnaires returned at 75.4% (p<0.001). The SF-36 had a
significantly lower efficiency of completion at 63% (p<0.001). Of the disease/site-specific

questionnaires, the OKS had the highest percentage of completed questionnaires (85%) followed by
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WOMAC (83%), and the Lequesne (79%). The completion efficiencies for these questionnaires were

all significantly different (p<0.001).

Of the general health questionnaires, the SIP required the most time to complete (23 minutes) and
the SF-12 the least (7.7 minutes). Of the disease/site-specific questionnaires, the WOMAC required
the most time (12 minutes), followed by the OKS (10 minutes), and the Lequesne (8 minutes). The
differences between all the times for general health and disease/site-specific questionnaires were

significant (ANOVA p<0.0001) .

Patients reported a significantly greater frequency of requiring assistance to complete the SF-36 than
the others (28.7% p=0.005). The disease/site-specific questionnaires had similar frequencies for

requiring assistance.

The SF-12 had no floor effect whereas the SF-36 did (17.1%) but this floor was lower than for the
other two general health questionnaires. The WOMAC had the highest floor effect of the
disease/site-specific questionnaires (18.3%) with the OKS scoring much lower at 6.8%.

The SF-12 ranked best overall for the general health questionnaires and the Oxford Knee Score ranked
best overall for the disease/site-specific questionnaires when the mean individual ranks for each

parameter were considered.

The studies and reviews detailed above guided the search strategy and therefore the focus of the

following review.

2.3.2.14 WOMAC

This section reviews the Western Ontario and McMaster (WOMAC) Osteoarthritis Index as a potential

primary outcome measure evaluating patients following TKR surgery for osteoarthritis of the knee.
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WOMAC is a patient-administered, multi-dimensional, health status questionnaire. It was designed to
be a purpose-built, disease-specific, and high-performance instrument for evaluative research in
clinical trials looking at osteoarthritis. It was developed within the context of a double-blind,

randomized, controlled, parallel trial of two non-steroidal anti-inflammatory drugs. >

The index consists of three subscales and a summative total score. It can be scored on a visual
analogue scale (VAS), a numeric rating scale or a Likert scale. The VAS is scored from a mark made by
the patient, which crosses a 10cm long line. The line is marked at each end by the extremes of the
response options: i.e. no pain at one end and extreme pain at the other. The distance along this line
to the patient’s mark is then measured and turned into a score and each question has a score range of
zero to 100. The 24 questions in the WOMAC questionnaire give a total score range of up to 2,400.
The Likert scale offers five choices for each question: responses are none, mild, moderate, severe, and
extreme. These responses score from zero to four points respectively. The pain subscale has five
guestions with a score range of zero to 20, the stiffness subscale has two questions with a score range
of zero to eight and the function subscale has 17 questions with a score range of zero to 68. In all
scales, a score of zero indicates the best functional outcome. The total score has a range of zero to 96.

On average, the patients take five to ten minutes to answer the questions.

The response criteria model for expressing data from the OsteoArthritis Research Society
International (OARSI) and Outcome Measures in Rheumatology Group (OMERACT) requires the units
to be normalized on a scale of zero to 100, 100 being the worst possible outcome. This is to allow

comparison with other scores in the literature if they are transformed in a similar manner.

WOMAC is recognized in Osteoarthritis Research Society International (OARSI) Guidelines for clinical
trials, by the FDA, European Medicines Agency, Outcome Measures in Rheumatology Clinical Trials
(OMERACT),56 and Initiative on Methods, Measurement and Pain Assessment in Clinical Trials

(IMMPACT) Guidelines.”” >
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The WOMAC index has been amongst the most commonly used patient-reported outcome in the
rheumatology literature with Angst et al stating that It “is the most widely used and best proven
condition-specific health assessment instrument for patients with OA of the lower extremities to
measure condition-specific dimensions as well as overall state of health”.>® While it is a valid, reliable,
and responsive measure of patient-reported outcome in osteoarthritis,60 ®% it has been further
validated for measuring outcomes following knee and hip arthroplasty.62 In this validation study,
Bellamy and colleagues selected 30 patients with primary OA requiring a total joint replacement (14
for TKR & 16 for THR). Their mean age was 68.3 years (range 54-83 years). They needed to be
ambulatory, unrestricted in their functional capacity by any associated condition, and not have
undergone prior replacement surgery on the joint under study. Trained examiners assessed them the
day before surgery, at six weeks, and then at six months postoperatively. The assessment included
the WOMAC OA index and a global assessment. Both scores were completed by the interviewer and
the patient. The patients were given two versions of the WOMAC. One was on Likert scales and the
other on 10 cm horizontal visual analogue scales. Secondary outcome measures were chosen to test
the construct validity of the five WOMAC dimensions. These measures were the modified Doyle index
for hip and knee, the Lequesne index, the Bradburn index of well-being, and the social component of
the McMaster Health Index Questionnaire. The tertiary outcome measures for the TKR patients were
50 foot walking time and total range of motion. These surgical outcomes were selected to measure

the relative efficacy of the final WOMAC question battery.

The pain, stiffness and physical function components of the WOMAC questionnaire all showed
statistical significance for responsiveness at six weeks and six months. The reliability of Cronbach’s
alpha was greater than 0.8 in all cases and on both scales, at all three timepoints. The authors point to
a previous publication conferring face and content validity. 63 Validity was demonstrated by
correlations between the appropriate WOMAC dimension and the relevant component of the
comparative measures. The authors withdrew the social and emotional components of the score
because of poor correlation with other indices such as the MHIQ social component. The authors

concluded that the WOMAC offered the advantages of superior efficiency over existing indices,
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potentially reducing sample size requirements in clinical studies which used the WOMAC as the
primary outcome measure. They also state that it is more patient-relevant than other unidimensional

measures as it probes patient-relevant outcomes.

Dunbar et al found that even though it takes a few more minutes to complete, the response rate is
similar to the Oxford Knee Score (OKS). Although the floor rate appears to be higher, the effect size of
the WOMAC leads to a much more realistic sample size of up to 200 patients for a clinical trial

compared with the OKS requirement of nearer 1,000. %% ©°

Bellamy and colleagues also developed a survey questionnaire to assess normative values for the
WOMAC index in the general population. They captured demographic information and the function
subscale of the WOMAC index.*® They removed the attribution statement to OA so that the questions
were relevant to a population without arthritis. The sample size was calculated at 24,000 with a
return rate of 30%. They stratified the subjects into six male and female age groups from 30 to >80
years old. They received 5,560 (23%) questionnaires back. Importantly for the age groups of 70 to 74
and 75 to 79 which represent the mean age of TKR patients, the mean WOMAC function scores were
2.08 (s.d. 2.20), and 2.11 (s.d. 2.26) respectively. The original scores were on a range of zero to 170
and were normalized to a range of zero t010, 10 being the worst function. Therefore, these
normalized scores equate to a score of 14.14 (s.d. 14.96) and 14.35 (s.d. 15.37) on a standard 0-96

scale WOMAC with function scored from zero to 68.

Fortin and colleagues split a cohort of TKR patients into low or high preoperative WOMAC using the
median score as a cut-off. > Those patients who scored a lower WOMALC prior to surgery made the
most improvements afterwards but they did not reach the same functional level as those with higher
preoperative scores. This difference remained at two years.67 A regression analysis found the baseline
physical function subscale of the WOMAC and SF-36 as well as the pain subscale of the WOMAC to be
the most important predictors of the six-month scores. This showed that the single best predictor of

pain and function at six months after THR or TKR is the subject’s baseline pain and function.
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Furthermore, advanced functional loss because of OA of the knee was associated with worse

outcome at six months.

Minimum Clinically Important Difference and related measures

Although the large effect size for patients with knee arthroplasty has been well documented, there is
a lack of estimation of smaller effects. It is these smaller effects and their clinical relevance, in which

. . s 63, 68-70
we are interested, when comparing two rehabilitation protocols.

The minimum detectable change (MDC) is the smallest increment of change possible on that
instrument. It represents the amount needed to be observed before it is considered above the
bounds of measurement error for that instrument in that application. This is calculated as 1.96*
(SQRT(2))*SEM with SEM calculated as (S.D. of baseline scores) * SQRT (1-ICC test retest).71 This gives

a 95% confidence interval around zero which represents no change.

We can assess the response of individuals to treatment by the degree of improvement in the health
state to be measured, by analysis of the proportion of patients who respond with a given degree of
improvement or by the proportion of patients who achieve an acceptably low level of undesirable
sentinel symptoms or signs. This is also referred to as state attainment. The use of the Minimum
Clinically Important Difference (MCID) is an example of this. Other examples of similar measures
include minimal perceptible improvement (MPI) and minimum clinically important improvement
(MCII). While this review will quote the specific measure for each relevant study, they can all be

considered similar to MCID as a measure of clinically relevant change

MCID was first defined by Jaeschke as “the smallest difference in score, in the domain of interest
which patients perceive as beneficial and which would mandate in the absence of troublesome side
effects an excessive cost, a change in the patient’s management”.72 Since then the definition of this

concept has varied.
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Beaton and colleagues describe a taxonomy of MCID with six categories.71' 7% The categories include

differences between people at one point in time, within-person differences over time, and relative

changes within a group compared with a control group.

Angst and colleagues investigated the MCID for WOMAC in patients with osteoarthritis of the knee or

hip. > They specified MCIDs for both differences of improvement and worsening:

WOMAC
global = - 0.82 points for improvement and 0.96 for worsening
function =-0.80 for improving and 1.03 for worsening
stiffness = -1.01 for improving and 0.29 for worsening

(on a 10-point scale)

They found the MCID for improvement from the baseline to be between 17 (s.d. 39%) and 22% (s.d.
35%) for the subscales and 18% (s.d. 37%) for the total score. As in previous literature, they found a
regression to the mean effect, the patients with better preoperative WOMAC scores showing lower
improvement than those with worse preoperative WOMAC scores. Those below the median baseline
WOMAC score showed improved MCID of 20% (s.d. 44%) and those above the median had an MCID
of 17% (s.d. 24%). The regression to the mean was more apparent in the worsening scores, below
median patients showing an MCID of 35% (s.d. 66%) and those above scoring 8% (s.d. 31%). They also
looked at effect size and found an effect size of 0.39 for pain and 0.37 for function, which compared

well with the results of Kazis and colleagues and Deyo and colleagues. 7376

Minimum Clinically Important Improvement (MCll) is another method intended to quantify which
changes are clinically relevant. It is defined as the 75th percentile of the distribution of change in
WOMAC for patients who considered they had a slightly or moderately important improvement

during the study. 7
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Tubach and colleagues investigated MCII in patients with hip or knee OA.%* The 603 patients with
knee OA had a baseline WOMAC function score (Normalised to a range of 0-100 NU) of 42.8 (s.d.
16.1). The MCII for these patients’ WOMAC function scores was: absolute change of 9.1 NU
improvement (95% Cl -10.5 to -7.5); and the relative change was 26% improvement (95%Cl -28.6% to
-23.3%). When they stratified the patients into low, intermediate, and high baseline scores, they
found that the absolute and relative change scores were higher in those with higher baseline WOMAC
function scores (worse function). This means that those with higher baseline scores needed a larger
change to consider themselves clinically improved. The estimates of MCII did not vary across age,

disease duration tertiles or gender.

Norman and colleagues looked at MCID across 33 published studies and found that MCID was

approximately half of a standard deviation for all but six studies (mean 0.495 S.D. = 0.1555).78’ 7

Ehrich and colleagues investigated the minimal perceptible difference for WOMAC in patients with OA
of the knee or hip.80 They treated each of three groups with one of two NSAIDS or a placebo for six
weeks. The MPCl was defined as the difference in the mean change from baseline in WOMAC
(100mm normalized Visual Analogue Scale) between patients who had recorded either no response
or only a mild response to therapy on a Likert scale. MCPI was determined to be 9.7, 9.3 and 10.0 for
WOMAC pain, stiffness, and function subscales respectively. They concluded that mean changes of
between 9 and 12 points on a 100mm normalized scale for WOMAC subscales were perceptible

changes to patients with hip and knee OA.

Response levels are important in analysis. Bellamy and colleagues performed a secondary analysis of
data from a previously conducted randomized controlled trial (RCT).81 They split subjects into groups
depending on whether their WOMAC scores had reduced by at least 20%, at least 50%, or at least
70%. This method changes the comparison from a between-group continuous data analysis to a

responder criteria-based analysis which can categorize individual patients according to levels of
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improvement. This method allows for an assessment of clinical significance. Although it should not be

the sole assessment of improvement, it is a helpful tool for adding to an analysis of WOMAC scores.

The Low Intensity Symptom State-attainment (BLISS) Index was proposed by Bellamy and colleagues.
82,83 They used data collected in a previously reported health outcomes trial. That trial evaluated
visco-supplementation in patients with symptomatic knee OA. The pre-defined threshold levels of the
WOMAC subscales were <5, <10, <15, £20, and <25 on a 0-100 normalized unit (NU) scale. They chose
35 NU as the baseline pain intensity requirement for inclusion in the BLISS study. They randomized
255 patients with 127 in the treatment arm and 128 in the control arm. In their analysis, they made
many assessments of BLISS scores in different situations such as the number of days required to reach
a BLISS score. Importantly, they found that if only a single BLISS threshold had been posited a priori,
then the uncorrected analyses indicated that a threshold of <15 NU would have resulted in uniformly
significant results, irrespective of the WOMAC subscale or specific state-attainment definition used. If
all subscales and definitions were included then the Bonferroni-corrected analyses (p<0.01) indicated
that a threshold of <25 NU would be required. The WOMAC stiffness scale appears to be an especially
sensitive measure of BLISS states. The analyses based on patients with a BLISS response at any time
during the study observed a statistically significant between-group difference in WOMAC stiffness,

function, and total score at <10 NU consistent with the previously published value for the pain

subscale.

Change scores can be defined using absolute or relative differences in outcome scores. The absolute
difference is ‘final value — baseline value’. This is a measure of the change in value between two
timepoints. Using the relative difference is one method of accounting for any differences in the
baseline measurement. This can be important as baseline scores can affect outcomes independently

of intervention. The relative difference is ‘(final value — baseline value) / baseline value’.
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MCID is an alluring concept but one which has been described as ‘elusive as the crock of gold at the
end of a rainbow’.®* For many reasons, the use of a single value which represents an important

change may prove impossible to agree upon.

2.3.2.1B OXFORD KNEE SCORE

This is a patient-administered, disease-, and joint-specific questionnaire developed by Dawson and
colleagues in Oxford, UK. ® It was first published in the JBJS in 1998. They interviewed 20 patients in
their outpatients’ clinic who were under consideration for a TKR. A questionnaire was drafted from
their initial responses. The questionnaire was tested on 20 new patients who were also given a
second copy to fill in the next day and return in the post. Modifications were based on additional
comments from these patients. This process was repeated for two further sets of 20 patients to

produce the final questionnaire.

The final version contains 12 questions, each with five categories of response, scored from one to
five. The single final score ranges from 12 (fewest difficulties) to 60 (most difficulties). Unlike the
WOMAC questionnaire, it asks about the patient in the last month compared to the WOMAC asking

about the current situation.

It was tested prospectively on 117 consecutive patients with an average age of 73 years (46-89), who
were booked for a unilateral primary TKR. They were scored preoperatively in clinic and again at six
months by mail with a new OKS questionnaire, an SF-36, and a few extra questions. Some 86% had
advanced primary OA, 8% had secondary OA to fracture or osteonecrosis, 8% had inflammatory

arthritis, and 7% had diagnoses representing a variety of diseases such as gout or Paget’s disease.

The authors found the questionnaire had a high test-retest value of 0.92. There was moderate

correlation with both components of the American Knee Society Score (AKSS) and parts of the SF-36,
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with content particularly related to physical function and pain. In terms of responsiveness, there was

a very substantial improvement reported at six-month follow-up. Effect sizes were larger than for any
of the individual parts of the SF-36 and the change scores were significantly greater for patients who

retrospectively reported the greatest improvement in their condition. It proved sensitive to the

improvements obtained by TKR. They also reported a high completion rate.

Murray and colleagues suggested some amendments to the original scoring system.86 Along with a
couple of wording changes to aid clarity, the scores are now generated from responses graded from
zero to four, giving a possible range of up to 48, 48 being the best function. They do not recommend

transforming the score to a 0-100 scale, as they feel it could lead to confusion.

The OKS was developed by recording changes in the first six months after TKR. Murray and colleagues
state that most of the improvement in function and knee scores takes place in the first year so it is
not unreasonable to assess the outcome at one year. It is of questionable benefit beyond one year.
Murray and colleagues summarized the data from a large, multicentre RCT of patients who had TKR
surgery. & They used the OKS, SF-12, and the EuroQol as their principal outcome measures as well as
intraoperative and postoperative complications. These data showed that absolute scores tend to

decrease with age so a score less than the maximum 48 may be normal for an elderly patient. 8

Garratt and colleagues performed a systematic review of the literature concerned with patient-
assessed instruments for the knee. They found 31 articles relating to 16 patient-assessed instruments,
which they assessed for reliability and validity. # The OKS has demonstrated acceptable evidence for
internal consistency reliability (0.45-0.83) % as well as test-retest reliability (0.92).89 It has been
assessed for face and content validity. Garratt and colleagues recommended that a general health

guestionnaire should be used as well, such as SF-12 or SF-36.

Bremner-Smith and colleagues randomly selected volunteers from elderly persons’ clubs, churches

and voluntary hospital workers. Volunteers were excluded if they had any history of hip, knee or spine
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disorder, or dementia. The 100 remaining volunteers were scored for the International Knee Score,
the Bristol Knee Score, and the American Knee Society Score. The scores were obtained for both
knees and a mean calculated. The scores were then normalized to obtain a percentage. % The scores
were also examined in the presence or absence of a co-existing major medical condition. These were
cardiovascular, respiratory, malignancy, visual disorder, or Meniéere’s disease. They also divided the

OKS into pain and function to assess for age-related changes.

They found a significant negative correlation between knee score and increasing age (p<0.001). They
found the presence of a major co-existing medical condition was associated with a significantly lower
knee score (p<0.001). The most significant negative correlations for both age and co-existing medical
conditions were found in the function component of the score. This study found no significant

. . . . 90
relationship between score and socio-economic status.

Murray and colleagues also reiterate that, with the OKS, if one or two questions are left unanswered,
it is reasonable to enter the mean values representing all their other responses in order to fill the
gaps. If more than two questions are unanswered, the overall score should not be calculated. If a
patient indicates two answers for one question, the worst response should be adopted. 8
Bremner-Smith suggests that the statistical analysis needs to be non-parametric because of skewed
data. *° However, the Oxford Group has found parametric statistics to be satisfactory in most
analyses and using a change score is less likely to be problematic as change scores tend to be more

normally distributed. 8

The MCID tends to be half of the standard deviation of change in other patient-reported outcomes.
In joint replacement studies, the standard deviation of the Oxford change scores tend to be about ten
but dips as low as six. Therefore the expected MCID is between three and five. A recent study

identified an MCID for the OKS as five.”
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Harcourt and colleagues 2 looked at the specificity of the OKS with special focus on the part played by
co-existent hip or spinal pathology. They contacted 346 patients on the waiting list for hip or lumbar
spine surgery, asking them to complete the OKS questionnaire. They also filled out a questionnaire to

determine the possibility of co-existing or previous knee pathology.

They compared their results with a group of patients who had undergone TKR and completed an
Oxford Knee Score, two years after their procedure. They received 194 complete responses and
divided them into three groups. Group A were the 104 patients awaiting hip surgery who denied any
knee symptoms. Group B were the 37 patients awaiting spinal surgery who denied any knee
symptoms. Group C were the 53 patients awaiting either surgery who admitted to knee symptoms.

Group D was the comparator TKR group.

They found that a patient awaiting hip or spinal surgery had a significantly lower Oxford Knee Score
than those patients who were two years on from their TKR, regardless of whether the preoperative
patients had previous knee symptoms. Analysis of groups A to C found no significant difference
between the means, suggesting that knee pathology does not significantly affect the score in patients

awaiting hip or knee surgery.

In a pilot study comparing post-discharge physiotherapy with usual care, Minns-Lowe and colleagues
calculated that measuring OKS as the primary outcome at 12 months would need 521 patients per
arm to achieve 90% power and a 0.05 level of significance. This was based on a minimum clinical

difference of 2.5 on the OKS. ®

Overall, the Oxford Knee score has been shown to be a valid, responsive disease/site-specific
instrument which is of use in a clinical trial for the first year of assessment following total knee
replacement. There were some issues with a couple of questions, which have been addressed by the
original authors, and a change to the way the final score is presented has reduced confusion about

the direction of benefit. It is suggested for use in combination with a general health questionnaire.
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When one analyses the results, it is important to bear in mind that the functional component of the
score is likely to be inversely proportional to the age of the patient and to be negatively associated
with any pre-existing medical conditions as well as any hip or spinal pathology. Finally, the Minns-
Lowe pilot study suggests that over 1000 subjects would be needed to adequately power a study
looking at a rehabilitation intervention in a TKR population using the Oxford score as a primary

65
outcome.

2.3.2.1c SF-12/36

It is well recognized in the literature that studies looking at outcomes from TKR surgery use a general
health questionnaire as well as specific joint- or disease-specific questionnaires. The 12-item Short
Form (SF) Health survey and SF-36 Health Survey are two of the most well-known and widely used
general health questionnaires in the orthopaedic literature. In my proposed studies, they are
important in certifying that the intervention and control groups are comparable in terms of their

general physical and mental health before their operations.

The SF-36 has satisfactory reliability in patients with OA of the knee and was more responsive than
OA-specific instruments in a group of outpatients. » There is evidence for SF-36 responsiveness

5,96
It has been

following physical therapy for knee impairments % and total knee arthroplasty. ?
recommended that the SF-36 is used in conjunction with the OKS or the WOMAC for assessing the
outcomes of TKR. >’ The WOMAC was found to be more responsive than the SF-36 in patients

undergoing knee surgery % where the SF-36 was more responsive than the WOMAC in patients with

OA attending a rheumatology clinic. s

The SF-12 HSS was developed using normative data for the SF-36 in the United States but there have
been local equivalence studies finding it suitable for use in Australia.” All 12 guestions were from the
SF-36. These include 2 questions concerning physical functioning; 2 questions on role limitations
because of physical health problems; 1 question on bodily pain; 1 question on general health; 1

guestion on vitality; 1 question on social functioning; 2 questions on role limitations because of
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emotional problems; and 2 questions on general mental health. Like the SF-36 it is not age or disease
specific but has been recommended in preference to SF-36 amongst other scores for patients who

have undergone TKR, and it takes less time to complete. >

The SF-12 is weighted and summed using a scoring algorithm to provide both physical composite scale
(PCS) and mental health composite scale (MCS) from the 12 questions with a range from 0-100 for
each score. A score of zero represents the lowest level of health and one hundred represents the
highest. The algorithms have been developed to give a mean score of 50 with a standard deviation of
10. The data obtained with the SF-12 has been developed, tested and validated by Quality Metric

100
Incorporated.

The scores change with age with the MCS increasing with age and the PCS declining. This means that
it is important to compare scores within a study to the scores of age-matched cohort. This
comparison gives an age-specific mean difference score. Each individual score has a cut-off point
which is a 95% confidence interval calculated at 1.96 time the standard error of the measurement
which for PCS is +/- 6.97 and MCS is +/- 6.24.” If the individual’s difference score falls within this

range then their health is considered to be average for their age.

2.3.2.1p VisuAL ANALOGUE SCALE FoR PAIN - VAs

The Visual Analogue Scale (VAS) for pain is a subjective outcome which is easy to use across a variety
of clinical settings. It can be a global measure of pain or an activity based measure of pain, such as in
the WOMAC, depending on the specific wording of the question asked. It can also be analysed with

parametric statistics.'®"

The patient is presented with a 100mm long line drawn horizontally across a sheet of paper. The left

end of the line is marked with a zero and the description ‘No pain’. The right end is marked with ‘100’
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and the description ‘Extreme pain’. The patient is instructed to place a mark perpendicular to this

horizontal line to indicate the level of their pain according to a specific question. The question used in
this study is ‘How much pain are you feeling in the operated knee on an average day
within the last week?’ The distance from the zero end is then measured to obtain a score in

millimetres.

Using this score, moderate pain is defined as a score of more than 30mm.'”

Pain is a very important outcome for patients following TKR surgery. Although the WOMAC index

includes a pain subscale, this additional measurement can add more information to the analysis.
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2.3.2.1F ADHERENCE

Studies suggest that non-adherence to physiotherapy is similar in proportion to drug therapies, where

up to half of all patients do not follow recommended drug regimens. 103-106

Positive incentives, such as improved function, can encourage adherence to a prescribed
physiotherapy protocol. The incentive can also be an avoidance of a negative outcome such as not
recovering to a level enabling participation in a favourite hobby or pastime. However, it is well noted

that adherence to exercise regimens drops off over time.™”’

There have been efforts to reduce the proportion of non-adherent patients in medication-based

103, 104

trials, but to little effect. Sociological research suggests that patients use their own beliefs

about drug taking, their personal experiences, and the information they have at hand to make

. .. . . L. 106, 108
‘reasoned and rational’ decisions about taking their medication.

Campbell and colleagues explored adherence with physiotherapy from the patients’ perspectives in a
study which was nested inside an RCT designed to test the effectiveness of a complex physiotherapy
intervention in reducing knee pain and mobility restriction associated with osteoarthritis of the
knee.'” They used qualitative research methods to find the levels of and reasons for non-adherence
to physical therapies in 87 subjects with symptomatic patellofemoral osteoarthritis. The results of the
RCT showed that five months after the start of the treatment, there was a small decrease in pain and
a significant increase in the strength of the quadriceps muscle in the index knee. However, after one
year, there were no significant differences in the outcome levels, most of which had returned to pre-
treatment levels.

Adherence was assessed by the trial physiotherapist and then a group of patients were selected from
the intervention arm with a mix of adherence and demographic variables. Twenty informants were
interviewed in depth after their eight weeks of physiotherapy and eight participants identified as

mostly adherent were interviewed after the one-year point.
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Of this initial group of 20 patients at the 2-5-month stage, eight were fully adherent, and the rest only
partially. The adherence of the physiotherapist's assessment had a high degree of concordance with
the patients’ accounts. They tended to continue with the exercises which they found easiest or felt
were giving the most benefit. They also demonstrated two phases of adherence: initially when still

attending physiotherapy sessions and a later phase.

The patients described an obligation towards the physiotherapist and a desire not to let her down as
important reasons for high levels of initial adherence. There were also reasons of reciprocity and
altruism given such as wanting to help the researchers and wanting to contribute to something
worthwhile or future knowledge. This must be borne in mind when adherence is investigated.
Continued adherence was more complicated and revolved around the interplay between the
condition (symptoms of pain and stiffness in the knee), the perceived effectiveness of the
intervention (exercises and taping), and “motivation” (the reasoning behind adherence and non-
adherence).109 Campbell and colleagues devised a model based around the “motivation to comply”

(see Figure 3).

This was associated with the following themes.

e  Attitudes towards exercise

The successful attitude towards exercise seemed to be that of those who could accommodate the
exercise in their regular routine. This was more important for them than a positive disposition to
exercise. However, when interviewed, patients also admitted to stopping the exercises because of a
mixture of difficulties in doing them alone and a perceived lack of progression in the improvement of

their symptoms. Competition with a partner was suggested.

*  Perceived severity of the knee symptoms

Those patients with the most severe pain and/or loss of mobility were most likely to continue to

exercise. They were encouraged by the reduction of their symptoms. In contrast, those with co-
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morbidities, those who felt that they had less severe disease than others or those who just had a stoic

attitude to knee symptoms lost the motivation to comply.

* |deas about the cause of arthritis

There was a more resigned attitude in those who saw arthritis as caused by immutable factors such as
age, obesity, and ‘wear and tear’. They found it difficult to believe that the intervention would have
any effect and this reduced the resolve to comply. On the other hand, those who felt that there was
no cure for arthritis and there were things they could do to minimize its impact, including

physiotherapy, were most likely to be continuing compliers.

* Perceived effectiveness of the intervention

There was a close relation between high levels of continued compliance and the perception that the
physiotherapy intervention was effective. Those who noticed an improvement in their knee

symptoms were much more likely to comply than those who did not.

Comparison
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Figure 3 — Model of continued compliance (from ‘Why don’t patients do their exercise’)109
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The paper concludes that all informants were adherent to some extent initially, usually citing loyalty
to the therapist or an altruistic desire to help in the research. However, long-term adherence was
more complex. Although most understood the need for performing the exercises regularly, many only
partially complied with what was easiest to accommodate into their usual daily routine or with the
exercises which they felt gave most benefit. The similarities to drug regimen adherence were found to
be that symptoms had to interfere with life sufficiently to warrant the treatment, and that the

intervention needed to be perceived as effective while fitting into daily life. 106

Therefore, Campbell and colleagues provided further evidence that the decision to cease therapy is
often rational and reasoned. This needs to be taken into account in any future trials involving exercise

intervention.

A further interesting point raised by Campbell and colleagues was the timing of the measurement of
outcomes in an exercise intervention study. Should the measurement take place at the end of the
supervised intervention period when adherence is maximal, nine weeks in their case, or at a later
time when there is a split in the group between those who have incorporated the exercise into their

daily life and those who have not?

As there was such an effect of adherence when patients were still seeing the physiotherapist,
continued surveillance or follow-up may be necessary to maintain enthusiasm, education, and

adherence.

The authors concluded that the patients needed to perceive the symptoms as interfering with life

sufficiently to require treatment and that an intervention needed to be perceived to be effective and

suitable for incorporation into everyday life.
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This is an important observation. If the patient deems that the symptoms cease to warrant the extra
effort, then the exercises will not be done. adherence is driven by the perceived reward from the

point of view of the patient.

Another large incentive seems to be doing well to please the therapists and the surgeon. Arthroplasty
patients are clearly informed during the preoperative and acute phases or rehabilitation that their
recovery is largely down to their own efforts. They must do their exercises regularly in their hospital
bed, even if they are painful. The physiotherapist judges their progress on a daily basis and the range
of motion of the knee is a very visible marker of progress and therefore a proxy for effort made by the
patient. The surgical team reviews the patient’s range of motion on their daily ward round. If this is
not satisfactory, they will ask the treating physiotherapist for reasons why. The patient does not want
to be seen to have not done the work in front of the surgeon. The patient often has a clear goal of

attaining 90 degrees of flexion before discharge.

Following discharge, most patients are seen regularly at a rehabilitation centre, either as an inpatient
or an outpatient. They are faced with clear markers of progression and targets to aim for. They know
they have a six-week appointment with the surgeon and they will again assess their range of motion
as well as their general function. There are clear incentives to improve and to do this through physical

therapy exercises.

Following the six-week check, there is often little further interaction with healthcare professionals
until the one-year point. The outpatient physiotherapy finishes around this time and there is no
further monitoring. 1% There is a significant decrease in supervision, new goal-setting, and assessment

of progress.

The important factor here has to be the level of function which the patient is aiming for.
In 2002, Frost and colleagues looked at 47 patients after TKR and randomized them into functional or

traditional exercise groups.32 They lost nearly 50% at one-year follow up and these patients were
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assessed as having low motivation during inpatient rehabilitation. This only tells us that patients with
low motivation in the immediate inpatient phase of their postoperative recovery tended to be less
inclined to continue in a research project. The majority were lost to follow-up as they refused to

continue or were just not contactable.

Adherence to a rehabilitation protocol is a significant issue in clinical trials and in clinical practice. The
strategies employed to improve adherence must take into account the patients’ beliefs about exercise
and its association with their recovery from surgery. The exercise has to be incorporated into their
daily routine and they must feel that it is effective and perceive a benefit to them personally.

An element of oversight by the treating clinician via the automatic recording of quantity and
regularity of exercises performed could also help. Finally, it is important to recognize the level of
function which each patient is trying to return to, and if necessary change their expectations so that
they are aware of the possibility of gaining a higher level of function than they previously believed

possible, with the appropriate volume of rehabilitation.

2.3.2.1¢ SATISFACTION

Following a TKR, most patients show improvement in pain, stiffness, self-reported function and

quality of life. Only 75 to 89% of patients are satisfied with their outcome, which is a worse statistic

8,9, 14,110-116

than that for patients having a total hip replacement. The greatest improvement is

117,118

reported in the first six months. Studies have shown the factors which contribute to this

satisfaction include self-reported quality of life variables, preoperative mental functioning,

. . . .. . 7,9, 10,114, 116
expectations, postoperative pain, and joint stiffness.

It is vital to know the nature and strength of these relationships so that they can be addressed before
the operation. It is possible to use methods to educate patients regarding their expectations before
the operation to maximize their postoperative satisfaction. There is a conflict between measuring

expectations in a quantitative or a qualitative manner.
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Westby and Backman explored the experiences of patients and health professionals in Canada
through focus groups. The stakeholders of interest were TKR (and THR) patients, allied health

professionals, physicians and orthopaedic surgeons. They uncovered six major themes:

1. Let’s talk — poor inter-professional as well as patient-provider communication.

2. Expect the unexpected — patients felt inadequately prepared for certain challenges — pain
intensity and management, sleep disturbances, psychological issues, and unrealistic activity
expectations. Advice on whom to go to for more pain meds.

3. It's attitude which counts — the importance of patients remaining motivated.

4. It takes all kind of support — peer, spousal and family support.

5. Barriers to recovery — patient, provider and system level factors.

6. Back to normal —the most important view of patients was to return to ‘Normal’ after surgery,
over and above being pain-free and mobile. This normalcy also included the desire for a

consistent method of measuring outcome.

The overriding tenet of the whole paper was that the health professionals wanted more integrated

communication throughout the whole process and the patients wanted to be treated as a whole with

. . . . . 119
inter-professional communication about their own progress.

An interesting suggestion was the use of centralized information in the form of a communication
document, which stayed with the patient. Eight years on, the obvious suggestion is a personalized

website with accessibility for smart phones and tablets. 19

Mahomed and colleagues 2% ysed a quantitative methodology to show that expectations played a

‘central and dominant’ role ***in influencing satisfaction, although the nature of this relationship

. 122-124
remains unclear.
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Woolhead and colleagues, in a letter to the editor of the Journal of Rheumatology, explained that
although patients have been shown to be able to describe their expectations in quantitative studies
using questionnaires, rating scales, or open-ended questions, qualitative studies using semi-

structured interviews found the opposite. 125,126

They described how patients tended only to be able
to describe their hopes and fears, hope being either idealistic or pragmatic. These feelings reflected
an optimistic view of the outcome and the probability of achieving this. They described how hopes
are emotionally based whereas expectations tend to be based on rational thought and logical
reasoning. Therefore, the patients in their qualitative study were not able to forecast their
‘expectations’ but only theorize their hopes and fears. The patients could, however, retrospectively
describe their expectations after the operation. As many realities are unanticipated, individuals may
not know what to expect. Woolhead and colleagues suggest that for this reason, expectations cannot
be used as a starting-point on which to base an assessment of satisfaction level. 12 They postulate a
public positive expression of outcome which matches the socially desired view of the operation as a
success and a private expression of outcome which reflects ongoing issues such as pain.

Mahomed and colleagues responded to this letter by disagreeing on two major points. First, they
pointed out that retrospective recall of preoperative expectations is open to recall bias. Second, they
argued that Woolhead and colleagues were confusing satisfaction and the WOMAC score as a marker

. . 121
of functional outcome, a well-validated measure.

Vissers and colleagues looked at two further factors which they felt were relevant and potentially
modifiable — the functional capacity of daily activity and actual daily activity.127 As these factors have

been demonstrated to be related to quality of life and mental health,lzs’ 129

the authors hypothesized
that TKR patients with a higher functional capacity and actual daily activity level would be satisfied
with their results more often. Patient satisfaction was measured with the question ‘How satisfied are
you with the results of the surgery?’ and responses were graded on a five-point Likert scale. The
functional capacity of daily activity was assessed by three tests. Walking was assessed with the six-

minute walk test, a timed five-step stair-climbing assessment, and a timed five sit-to-stand movement

assessment. They measured actual daily activity using an activity monitor for 48 hours, six weeks
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before the operation, and six months afterwards. Expectations and fulfilled expectations were
assessed by questioning the patients preoperatively on expectations of pain after surgery, the
limitations of daily activity, and the overall success of the surgery. They were then questioned six
months after surgery as to whether these expectations had been fulfilled. Joint strength was
measured with a hand-held dynamometer, and the patients completed the WOMAC, Hospital Anxiety

and Depression Score (HADS) and the SF-36 questionnaires.

The satisfaction levels were 50% very satisfied, 22.7% moderately satisfied, 11.4 % neutral, 9.1%
moderately dissatisfied, and 6.8% very dissatisfied. They found that whereas preoperative functional
capacity and actual daily activity were not related to patient satisfaction, a higher mental function on
SF-36 and HADS was. Only the walking test showed a relationship with patient postoperative
satisfaction.

Therefore it was concluded that functional capacity and actual daily activity do not contribute to
patient satisfaction. The patients who were satisfied more often were those who experienced less
pain and fulfilled their expectations relating to pain.127 As the authors only followed the patients up
for six months, it was unclear what the results would be at one year. The question which remains is
whether patients have a low MCS score preoperatively because they are suffering pain and functional
disability or whether a preoperative psychological intervention aimed at reducing distress could

improve their satisfaction following surgery.

It appears that the greatest improvement in satisfaction occurs in the first six months. This could
mean that this time period is the one to target or that the period beyond six months is relatively
neglected by healthcare professionals and satisfaction gains can be made here. Pain seems to be
more important than function in the postoperative satisfaction ratings given by patients. Whatever
the cause and time period, patients want a unified approach from the healthcare professional team

with good communication and empathy.
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2.3.2.1E COMPUTER ABILITY AND ACCESSIBILITY OUTCOMES

In preparation for allocating a group of arthroplasty patients to rehabilitation with the Nintendo Wii-
Fit, it was important to know if they possessed the ability to use technology and had a willingness to
do so. The main trial required all patients with access to the internet and a working email address to
fill in their questionnaires online in response to a prompting email. It also required the intervention
group to be able to use a Nintendo Wii at home. One of the concerns raised about the trial in the set-
up phase was that the age of the patients undergoing a total knee replacement meant they would not

be technically competent enough to meet either of these two requirements.

In 1989 Davis and colleagues said that “Understanding why people accept or reject computers has
proven to be one of the most challenging issues in information systems research’.”*° Studies have
shown that attitudes play a key role in predicting the acceptance of the user as well as their

131,132

satisfaction with the use of computers. Further studies tried to determine the effects of

attitudes and beliefs on individuals’ use of computers.m'm5

A formal assessment of the technology available to the patients, their competency with it, and their
willingness to use it would be useful for planning the trial and as a baseline demographic measure.
There are a number of outcome measures for computer attitudes and abilities, including the
Computer Attitude Scale (CAS). Unfortunately, many of them either concentrate on specific areas of
computing which are irrelevant to this study such as setting up a database and writing computer
code, or they were out of date, asking questions about using floppy discs and mainframes. Looking at
over 30 instruments designed to assess attitudes towards computers, Shaft and colleagues found that
only four had been assessed for stability over time and three were specific to an educational
setting.136 With the rapid pace of change in computers and digital technology, this is even more of an
issue ten years on. For example, demographic data from 1988 indicated only 1% of adults over 65
years old use a computer. 7 More recent data from the UK show that whereas less than 10% of over

65-year-olds used a computer daily in 2006, by 2013 the number was 37%."%®
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The CAS was validated in 1985." It incorporates the three subscales of computer liking, computer
confidence, and computer anxiety. It was initially targeted towards secondary students but two
further papers in 1986 applied it to teachers and the general population. However, the sampled

. 140, 141
groups were still students and secondary teachers.

The Computer Attitude Questionnaire was validated in 1993. It is a self-reported instrument using a
Likert-type scale. It was designed for use with middle school children aged between 10 and 12 years
old.* It has many specific references to teachers and homework, which makes it unsuitable for
adults.

The Attitudes Towards Computer Usage Scale was developed in 1987 by Popovich and coIIeagues.143

It comprised 20 items and a seven-point Likert scale. It has some questions relating to video cassette

recorders and typewriters which date it considerably.

The validation studies show that the majority of these studies took their sample population from
student teachers, undergraduates, or college students. These may well not be appropriate for the age

group in arthroplasty studies.

The Attitudes Towards Computers Questionnaire (1992) was designed for the elderly and tested 101

144 .
It examined

adults in a community home between the ages of 57 and 87 (mean 75.1 s.d. 5.93).
whether the attitudes of older adults became more positive as they gained computer experience. It
demonstrated that older adults’ computer attitudes are modifiable and that direct experience with

computers is an effective means of change. It also found that it was important for the elderly subjects

to experience success when operating the computer as they felt more comfortable.

The Nintendo Wii software has been designed to be simple to use and provides regular feedback and

advice on both the use of the device and the exercises. The simple advice relating to navigating the
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software to find the relevant exercises and tests is likely to add to the feelings of comfort and

achievement as the subjects use it for the first time.

It has been known for some time that attitudes drive behaviour and that these attitudes can be

. 103, 145-148
changed through experience.

In the case of attitudes towards computers, this can be
through direct use of a computer or indirectly, through the observation of others using one. This
indirect observation now pervades the ubiquitous nature of technology in our daily life from smart
phones to smart televisions. The media make everyone very aware of available technology such as

gaming devices and tablet devices. In the case of the Nintendo Wii, an extensive advertising campaign

targeted the elderly, using more mature actors or depicting games played with grandchildren.

The instruments described all contained too much detail or did not ask about aspects of computing
which are relevant to this thesis. The subjects of this thesis were going to be subjected to a large
volume of questionnaires and so it was felt that this one needed to be concise. This was the driver of
the decision to create a simple questionnaire focused on the specifics relevant to the TKR-POWER
study. The questions assess the ability to access the Internet at home, access to an email account,
shop on the internet as a proxy for general internet ability, and the awareness and use of gaming

consoles. It was named the Computer, Internet & Gaming Ability for Rehabilitation score (CIGAR).
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2.3.2.2 Objective Outcomes

Objective outcomes are assessed by the clinician and those specific to the knee include range of
motion, alignment and stability. These values can be combined into an objective score such as the
objective part of the American Knee Society Score. There are also more functional assessments

including quadriceps strength, timed walks, stair climbs, and the TUG. 149,150

The majority of patients who have a TKR attain good-to-excellent ratings on self-assessment
guestionnaires. L This improvement in scores is not matched by improvement in performance-based
functional scores. Only 50% of subjects in the rehabilitation trial of Moffet and colleagues reached
the level of the age-matched controls at one-year post-TKR surgery.g'9 Walsh and colleagues found
patients with TKRs had long-term deficits in walking speed and stair-climbing ability, with women

affected more. They took twice as long as controls to ascend and descend a flight of 10 stairs. 1>

The advantage of objective scores is that they measure a quantifiable variable. The results can be
compared with those of other surgeons and patients as well as across research papers. They give an
absolute measure as to the result of an operation such as a total knee replacement. The main

disadvantage is that they do not always correlate well with patient-reported function or satisfaction.

2.3.2.24 AMERICAN KNEE SOCIETY SCORE

In 1989, Insall and colleagues published the rationale behind the Knee Clinical Rating System, which

has become known as the American Knee Society Score (AKSS).153

They separated the functional
rating from the objective knee rating. The knee was rated in three areas — pain, stability, and range of
motion. They dealt with flexion contracture, extensor lag, and malalignment as deductions from the

score. A well-aligned knee with no pain, flexion > 125 degrees, and negligible AP and ML instability

scored 100 points. The patient function considered walking distance and stair-climbing with
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deductions for walking aids. The maximum score for function was 100 if the patient could walk

unlimited distances and go up and down stairs normally.

The objective knee rating is a detailed examination of the surgical outcome. It is useful to be able to
stratify patients with this rating so if any functional deficit is present a surgical cause can quickly be

investigated or discounted.

The functional rating, however, is limited in its scope. Many patients now demand more from their
knee than merely walking and going up and down stairs. This rating has a ceiling effect which limits its

use in studies looking to improve high-end function for active, motivated patient groups.

Bremner-Smith assessed the Bristol Knee Score, OKS and AKSS for demographic-related changes in
the knee scores in a normal population.90 The AKSS suffers the same significant reduction with age
and co-existing morbidities as other scores. The functional component was the major component of

change, which was the same for all scores.

In summary, the objective rating of the AKSS is a useful tool with which to assess the surgical outcome
of a knee post-TKR but the functional rating is limited compared with other available outcome
assessments. The range of motion of the knee is a common parameter which is measured and

analysed separately in the knee literature.
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2.3.2.2B BALANCE

Humans need to maintain and control their balance over a small base of support to be able to stand
and walk. This balance control has many inputs including the brain, the musculoskeletal system, the
visual system, and the inner ear. Balance control can be affected by pathologies, medications, and the

. . . 154
general functional decline of ageing.

The risk of falls increases with age, with approximately one in three people over the age of 65 years

old living in the community falling at least once in the course of a year. This number increases if the

155, 156

individual is living in an institution. These falls are of importance as they can decrease

confidence, reduce independence and also place a burden on the healthcare system as 50% of the

155,157

falls lead to injury. Of these injuries, 5 to 10% are fractures. When the injury is a fractured neck

of the femur, it is worth bearing in mind that the one-year mortality rate can be as high as 36%."°

Risk factors can be intrinsic or extrinsic. **° The risk factors most associated with falls include muscle
weakness, gait deficits, balance deficits, history of previous falls, use of assistive devices, arthritis,

. . . . . . 155, 160
depression, and older age. The risk of falls increases with an increased number of risk factors.

Of these, postural instability is an independent risk factor and it increases with ageing. 161163

The majority of patients with a TKR in Australia in 2013 were aged between 65 and 847 Itis
understood that balance ability decreases with age and the rate of falls increases. 155,164,165 1o
decline is multifactorial in nature and is affected by musculoskeletal factors such as deteriorating
joints and lower limb strength as well as deteriorating visual ability to assess hazards and a slower
reaction time to an unexpected change in circumstances such as a slip. A good sense of balance is
important for the patient’s confidence in activities of daily living as well as sporting activities. It is
therefore an essential part of the rehabilitation programme if the aim is to maximize patients’

postoperative function. A large body of literature deals with assessing and training the elderly with a

risk or history of falls regardless of musculoskeletal surgery.
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A link has been shown between poor balance and the risk of falling. The priority in terms of assessing
patients who have fallen is trying to work out their risk of falling again. Consequently, preventative
measures can be directed towards those who need them.

There is evidence demonstrating the importance of assessing both the nature of the fall itself and the
patient’s objective balance ability. Overstall and colleagues observed that patients who had fallen as a
result of a trip or slip during activity had normal sway for their age. This differed from those whose

falls had occurred in the absence of a hazard.'®

Wild and colleagues performed a study on elderly
people who had fallen at home. They found that those subjects who had impaired balance, as
determined by the response to pressure over the sternum, had a much greater tendency to further
falls. They also had much higher mortality in the year following the index fall than had subjects whose

balance was apparently normal using this test (Chi squared 17.52, p<0.01).166

Interest in the assessment and management of balance deficits has led to the development of a

number of balance-measuring instruments.

To assess the physical parameters associated with fall risk, there are observational performance tests

such as the Berg Balance Scale. This has been shown to provide valuable information but suffers from

167, 168

ceiling effects and limited precision in detecting small changes in performance. Other tests

include the Tinetti Balance scale and the Timed Up-and-Go test.* "

Physical parameters can also be assessed by looking at performance measurements and using
equipment. These assessments can look at static or dynamic balance. The equipment is often a force
platform, measuring the centre of pressure (CoP). These are considered the gold standard of balance
measurement and have identified important outcome measures too subtle to detect with a subjective

174 175
scale.
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However, the use of force platforms to assess balance is limited by cost, the need for technical

expertise, and their lack of transportability.

It is important to clarify the instrument used to measure balance in any assessment and establish the
variable it is trying to measure. Standing balance measures can look at symmetry or steadiness.
Symmetry relates to the ability to distribute weight evenly between the two feet whereas steadiness

is the ability to keep the body as still as possible.176

Centre of pressure describes the location of the ground reaction force on the surface of a balance
plate. Its position can be described by co-ordinates along the medial-lateral axis (x-axis) and antero-
posterior axis (y-axis) of the force platform. Gait analysis force platforms can also measure the vertical
component (z-axis) of the ground reaction force. With the z-axis, the co-ordinate described represents
the centre of gravity. The centre of pressure moves in response to the motion of the centre of gravity
(CoG), thereby correcting the sway of the body. In order to achieve this, the motion of the CoP must

be greater than the CoG."" 17

A number of assessments of standing balance have been calculated from the raw CoP data used in the

176,179,180 (see Table 2). They each measure a different aspect of the CoP movement such as

literature
the path length of the line traced between each successive CoP coordinate or the size of an ellipse

covering 95% of the data points.
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Table 2 — Measures of standing balance

Measure Formulae Key
= Sum(SQRT(((ABS(X™*-X")))* + ,
Path Iengthlgo ( ((( ( ))) ABS — magnitude
((ABS(Y”+1_Yn)))2 without a sign
: n U2 n o l2 X"=n" x-axis value
Distance from start = Sum(SQRT((X"-X7)"+ (Y'-Y7)9)
X'=1* x-axis value
5.99 = {[X(t)-uX]/sX}"2 + {[Y(t)- u=mean
95% ellipse s=stdev
UY]/SY}AZ t = timepoint
Sum of x-axis & y- = ABS(MAX(X)-MIN(X)) + ABS(MAX(Y)- ,
ABS — magnitude
axis amplitudes MIN(Y)) without a sign

There is no consensus in the literature as to which measure is better for any given population or
clinical situation. It is important to work out which aspect of balance the trial is focused on and match

it to the characteristics of a chosen measure.

Voluntary postural sway movements represent a simple approach to examining deficits in postural
control which may contribute to falls. The three main categories of voluntary postural sway tasks
include maximum voluntary leans, continuous steady-state voluntary sway, and rapidly initiated
voluntary sway movements. ¥ Maximum static lean amplitudes have been found to be weakly
associated with or non-predictive of falls in healthy older adults. Reactive postural sway movements
significantly differentiate between younger and older men and between young adults, older adults at
low risk of falls, and older adults at high risk of falls. For rapid orthogonal switches of voluntary
postural sway between the AP and ML directions, ageing, and elevated fall risk among the elderly
result in a slower reaction time, reduced COP response amplitudes, and altered postural coordination

relations.
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There is a significant increase in postural sway under single-task conditions in older subjects
compared with younger ones."® There is also a significant increase in postural sway in both age
groups while performing dual-task tests. The study showed that postural adjustments require
cognitive processing and more attention. The cognitive task interfered with the ability to maintain
postural stability because of resource competition. Teasdale and Simoneau showed that as the
sensory information decreased, the postural task became increasingly difficult for older subjects and

required more of their attention capacity.183

These findings suggest that balance control is not only a
motor output as a discrete entity but is also concerned with motor behaviour as an integrative
outcome of perceptual, cognitive, motor, and sensory processes. The notion that the restoration of

postural control is partly based on cognitive processes which are not directly accessible in a motor

. . .. . . . 184
assessment procedure using simple tasks has clear clinical implications.

In a systematic review, Piirtola and colleagues looked at prospective follow-up studies using force
platform equipment to measure postural balance as a change in CoP.*”® The study had to analyse the
association between balance and risk of falling in people aged 65 years or older. They found that out
of the nine studies which fulfilled their criteria, the most common outcome variables measured
included mean or maximal amplitude, speed of the medio-lateral (ML) and antero-posterior (AP)

movement of the CoP, mean ML, and AP CoP displacement (in mm or cm).

Predictive sway parameters for falls were higher ML sway amplitude with eyes open and closed,

higher AP speed with eyes open, and higher root-mean-square values for ML CoP displacement with

185, 186

eyes closed. Boulgarides and colleagues found the predictive parameter for falls was higher

mean speed of CoP displacement while standing on a firm surface with eyes closed. 187 Bergland and
colleagues found a higher amplitude of ML CoP movement was predictive of indoor falls but not of
outdoor falls. **

For recurrent fallers, the values of the amount of ML sway (cm) with eyes open % and sway area

. 186 . . . 175
ellipse ™ were higher compared with non-fallers or those falling only once.
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It must be taken into account, however, that these predictors come from a review of only nine studies
of which only five were able to provide evidence of the predictive value of force platform measures
for falls. "

In all but two of the studies, the subjects were community-dwelling older people who were relatively
healthy. Piirtola and colleagues surmised that as subjects become frailer and have a substantial risk
of falling, the balance tests could be more sensitive as the overall importance of intrinsic risk factors
increases. This theory is supported by the results of Bergland and colleagues who found an

. 4 . 188
association between force platform measures and indoor falls but not outdoor falls.

Sihvonen and colleagues conducted an RCT and found that targeted balance training could reduce
falls risk during a one-year period and the CoP measures demonstrated a reduced speed and area of

190, 191
CoP movement.

Poor results in force platform tests are associated with difficulties in activities of daily Iiving.lg2 The
ability to assess standing balance can provide important information which ranges from predicting

193-196

falls in the elderly to assessing post-operative recovery after orthopaedic surgery. However, the

evidence for prediction falls from standing balance measures is mixed and unclear.

There is a loss of functional fitness associated with the decline of the ability to produce force.
Therefore it can be postulated that the maintenance of muscular strength is crucial for older adults'

197199 The decline of lower body strength in older individuals can

maintenance of their independence.
vary from 14 to 16% per decade.”® We know that this can be reversed, to a degree, by strength and
aerobic training. The optimum timeframe is long-term, non-stop. However, most studies look at

periods of between10 and 12 weeks. Patients recovering from an operation are even more likely to
have declined in strength. This occurs before the operation because of the reduced mobility caused

by painful arthritis, and after the operation because of the pain of the procedure. It is fair to assume

that any activity following an operation is likely to increase the patients’ strength and functional
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ability. However, the protocols used are important as the lower limb pain which patients experience

following a TKR gives them an extra disincentive to exercise.

Balance plays an important role in the overall functional outcome following a TKR. Many studies have
demonstrated the decrease in proprioception of the postoperative TKR knee. This manifests as a
reduced ability to detect joint position and motion, delayed muscle latency, altered amplitude of

.. 36, 201-203
muscle activity, and decreased postural control.

This suggests that targeting exercises in the
rehabilitation period towards the balance and proprioceptive system could improve functional

outcome.

Howe and colleagues undertook a Cochrane review in 2007 looking at exercise interventions designed
to improve balance in older people living in the community or in institutional care. Statistically
significant improvements in balance were observed across a variety of outcome measures for exercise
interventions compared with controls. The exercise interventions were heterogeneous, occurring
mainly in gyms or clinics with supervision. The duration ranged from four weeks to twelve months
and was typically for an hour, three times a week. Gait, balance, co-ordination and functional tasks
exercise interventions showed statistically significant improvements compared with control in
measures such as AP stability during stance with eyes open, single leg stance with eyes open and the
Berg Balance Score. General physical activity demonstrated statistically significant improvements in

Timed Up-and-Go and functional reach testing. 208

Piva and colleagues performed a pilot study in 2010 to investigate the feasibility and safety of an
exercise programme using challenging balance tasks for TKR patients. 2% A minimum of two months
from TKR was required and no recent history of falling or a current walking distance of less than 100ft
(30.48m). The patients received 12 sessions of supervised exercise over six weeks with the functional
training programme based on Moffet and colleagues and a balance programme based on the protocol

39, 206

of Fitzgerald and colleagues. At the end of the supervised programme, participants were asked
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to continue their exercises at home twice a week for four months. Adherence was recorded in an
exercise log. They were called once a month to encourage adherence. The study personnel who
performed all outcome assessments were blinded to group allocation. Outcome data were collected
at baseline, after the supervised programme (two months), and after the four-month home
programme (six months). They collected the WOMAC score, the Lower Extremity Function Scale,
exercise diaries, self-selected gait speed, a timed chair rise test, and single leg stance time. Forty-
three patients were randomized of the 76 who were assessed for eligibility and 35 completed the
study (20% drop-out). Adherence to the supervised sessions was 100% and to home sessions was
67% in the functional group and 64% in the balance group. Importantly the balance exercises did not

increase pain or stiffness via the WOMAC subscales compared with the Functional group.

Schwartz and colleagues looked at balance outcomes preoperatively and at one year post-TKR and
found that, although balance improved overall, those in whom balance improved more had better
functional outcomes. **° Webster and colleagues showed in an observational study that a group of

patients post-TKR showed improved functional outcomes if they had improved balance confidence.

207

A fall can have serious consequences for a patient. The risk of falling can be due to a deficit in the
patient’s balance and proprioception following TKR surgery. Levinger et al compared a group of
patient shaving TKR surgery with an age-matched control group performing a battery of tests as part

of a physiological assessment to quantify falls risk. 194

They found that both groups had a low risk of
falling at 4 months post surgery and were not significantly different. However, there were individual
components of the risk assessment where the surgical group had significantly worse proprioception

and quadriceps strength both before and after surgery. The surgical group also had a significantly

greater fear of falling compared to the controls.

Swinkels et al conducted a longitudinal study of falls in 99 TKR patients, recruited preoperatively.208

There were 24 patients who had fallen in the three months prior to surgery and 46% of those
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continued to fall post-operatively. They found that the odds of a pre-operative faller becoming a faller
in the first post-operative year are almost eight times those of a non-faller (adjusted OR 7.75, 95% ClI
1.7-35.7, p=0.008). The pre-operative WOMALC scores did not significantly affect the odds of falling in
the first post-operative year. While balance confidence improved significantly post-operatively in the

non-fallers, this was not seen in the fallers.

Balance is an obvious function for targeted rehabilitation. It is an important outcome to measure as
the link between balance, function and risk of falling is investigated further in this population.
However, it is highly complicated and without a clear consensus regarding assessment in the elderly
patient population. This means that it is an outcome of interest but is secondary to an outcome which

can be measured and understood more clearly.

2.3.2.2¢ STRENGTH MEASURES

Muscle weakness through loss of muscle mass and overall strength has been well documented in

209-213

ageing as well as its effect on functional performance. Specific weakness of the quadriceps

femoris muscle has been implicated in the development and progression of joint degeneration 214,215
and has been reported to be the strongest single predictor of functional limitations in patients with

216

knee OA.” To add to this problem, quadriceps strength loss of 60% has been demonstrated in the

acute postoperative period.217 It is rare for such strength to be restored to normal levels and the
majority of evidence points to substantial weakness in long-term assessments. "> **°

Therefore, quadriceps muscle strength represents an outcome measure which has a direct clinical
relationship with the patient’s postoperative function and it can be measured preoperatively. Were it
to have a predictive value, it could be used to direct exercise therapy preoperatively.

Reduced quadriceps muscle strength is frequently observed in orthopaedic patients with knee
pathology. The quadriceps are affected by the pain inhibition of osteoarthritis and post- surgical pain

and relative immobilization. It has been suggested that reduced quadriceps muscle strength is a

surrogate marker for the progression of osteoarthritis in some patients as well as one of the most
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important predictors of functional disability. The strength of the quadriceps can be related to both
subjective knee scores and functional test outcomes following TKR. 220
Muscle strength and power can be measured in different ways.

* The maximum force generated by an isometric contraction

*  The maximum load which can be lifted once

* The peak torque during an isokinetic concentric eccentric contraction
There is little agreement in the literature on the ideal method for measuring orthopaedic patients.
Isometric strength assessment is easy, quick, and reliable and is therefore well suited to
measurements in clinical rooms. Isokinetic testing can take a long time and is much more expensive.
Usually the large dynamometer is housed a reasonable distance from where the patients are usually
assessed by the surgeon, making it impractical on a large scale.
Isometric activity is rare in everyday life but the measure has a strong predictive relationship with
functional capacity.
Maffiuletti describes the isometric evaluation of knee function using a handheld dynamometer.220
This method allows for quick and cheap assessment of maximal isometric contraction of quadriceps
and hamstrings. This is preferable to transporting every patient to the lab for a formal strength

assessment which can take a long time to set up, let alone perform. The inter-rater reliability is easy

to calculate thanks to the limited data processing and standardized calibration procedures.

Observational studies have demonstrated that lower limb strength is markedly reduced in the

221 219,222

operated limb compared with both the unaffected limb “°* and age-matched control subjects.

Strength and pre-existing gait deficits persist for up to 2 years after surgery.219’ 222224

There is a loss of functional fitness associated with the decline of the ability to produce force.

Therefore it can be postulated that the maintenance of muscular strength is crucial for older adults to

197-199

maintain their independence in their capacity to perform ADLs independently. Strength
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declines by as much as 16% per decade’® but in an older population, this decline can be slowed by

aerobic and strength training over 10-12 weeks.

The TKR patient population is even more likely to suffer a reduction in strength preoperatively
because of the reduced mobility caused by their painful arthritis. Postoperatively, they experience

disuse and pain inhibition of their knee muscle groups.

Strength is dependent on the integration of muscular and neurological systems. Isokinetic
performance used to measure strength is the optimal integration of the neuromuscular properties to
generate force. The potential for strength training to improve physical performance in older adults is
dependent on the inverse relationship between strength (kg) and fatigue (sec). A weaker person is
incapable of sustaining the contraction which allows performance in the most efficient manner. Time

. . . 225
required to complete a task can also be a measure of balance and coordination.

Lower levels of preoperative quadriceps muscle strength and lower levels of self-perceived functional
ability predict decreased function between 6 and 24 months.??%?%

The strength of the non-operated leg has been shown to be an important factor in overall function
post-TKR. Zeni and Snyder-Mackler looked at 155 patients with primary unilateral TKRs for OA with
minimal pain in the contralateral knee. These patients underwent a standard rehabilitation protocol,

. 229
assessed at six weeks, one year, and two years.

Quad strength of the non-operated limb in the
early postoperative period significantly improved the predictive ability of their model for TUG, stair-

climbing test (SCT) and activities of daily living (ADLs) subscale of the Knee Outcome Survey (KOS)

score. KOS-pain subscale and strength of the operated leg did not predict outcome scores.

Mizner and colleagues looked at the predictive value of strength in 40 subjects with OA scheduled for
unilateral TKR.??’ They were assessed two weeks preoperatively and one year postoperatively via self-
report questionnaires (SF-36 and KOS-ADLS), ROM, functional assessment with TUG and SCT, and

measurement of quadriceps strength. Isometric quadriceps strength was measured in a seated
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dynamometer with hips flexed to 90° and the knee flexed to 75°. The authors used a burst
superimposition technique for a maximal voluntary contraction reading, normalized to BMI.

There was a significant improvement in bodily pain, extension ROM, SF-36 PCS, KOS-ADLs, SCT, and
TUG between the preoperative assessment and the one-year assessment analysed with paired T-
tests. However, there was no significant change in quadriceps strength, knee flexion ROM, or SF-36
MCS. The regression analysis using predictive models showed no significant correlations between any
of the independent variables (preoperative involved quad strength, preoperative bodily pain score,
age, and preoperative knee flexion.) Preoperative quad strength was a significant predictor of TUG
and SCT score, accounting for an R squared of 41% and 54% respectively (p<0.001). However,
qguadriceps strength did not significantly affect the predictive power for SF-36 PCS or KOS-ADLs. The

. . . . . . . 13,67,
greatest predictors of postoperative questionnaire scores are preoperative questionnaire scores.

228 Therefore, although knee ROM and bodily pain are seen as important markers of outcome, neither

was predictive for postoperative function in these tests. It is quadriceps strength which accounts for

the R squared rising from 0.1 to 0.5 on the SCT.

In conclusion, although self-reported measures improved one year after surgery, the improvement

was not matched by that of the objective functional tests. This is consistent with other studies.” **

12 This study has limitations in that it has a higher proportion of males than is usual in the TKR
population and used a generic bodily pain measure, not a knee-specific pain measure. The sample size

was small but based on an analysis of 19 subjects with preoperative quad strength and one-year

functional assessments as the outcomes of interest.

One conclusion of this study is that a potential side-effect of delaying surgery is the development of
substantial weakness of the quadriceps. Quadriceps strength decreases over time in people with
progressive knee OA, over and above the age-related changes.230 This can limit the ultimate

functional success of the surgery.
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Valtonen and colleagues found that knee extensor strength deficits persisted ten months after TKR,

suggesting that stairs could be limiting without this being addressed. 21

Muscle strength is vital in recovery from TKR surgery. The quadriceps muscles extend the knee and
are essential for all aspects of effective gait and function such as rising from a chair. Strength can be
assessed as a direct power measurement of individual muscle groups or as a composite function such

as rising from a chair.

2.3.2.2D TIMED UpP-AND-GO

The test assesses lower body strength and power as well as serving as a simple and objective measure
of dynamic balance and mobility. This test started as the Get-Up-and-Go test (GUG). In 1986, Mathias
and colleagues studied a mixture of 40 inpatients, outpatients and day patients of medical and

geriatric departments of a large urban hospital in the UK. 232

They ranged in age from 52 to 94 (mean
73.8 years) and there was an equal number of men and women. All subjects were believed to suffer
from some degree of balance disturbance although the authors do not elaborate further on how this
conclusion was reached. A straight-backed, high-seat office chair with arm rests was placed three
metres from a wall in a video studio. Subjects sat comfortably in the chair and then were asked to
rise, to stand still momentarily, to walk towards the wall, to turn around without touching the wall, to
walk back to the chair, and to turn around and sit down. After a trial run, subjects performed the test
while two remote-controlled video cameras focused on them. They then stood on a force platform
with feet part and eyes open for 30 seconds while a recording was made of body sway. The mean
overall body sway in the AP and lateral planes was used as a measure of sway. Subjects were then
asked to walk a short distance on a walkway while automatic recordings were made of gait speed,
step length stride width, frequency of stepping, and the ratio of double support time to stride time.
Video tapes of the tests were arranged randomly in blocks of ten and each block was viewed by

medical professionals who scored performance on the following scale: 1 = normal, 2 = very slightly

abnormal, 3 = mildly abnormal, 4 = moderately abnormal, 5 = severely abnormal. Normal meant that
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the subject gave no evidence of being at risk of falling during the test or at any other time. Severely
abnormal meant that the subject appeared at risk of falling during the test performance. Intermediate
grades related to the presence of undue slowness, hesitancy, abnormal movements of the trunk or
upper limbs, staggering, and stumbling as indicators of the possibility of falls in less favourable
circumstances. The authors measured observer variation between the senior doctors, junior doctors,
medical students, physiotherapists, occupational therapists, and laboratory technicians who observed

the tests.

The observer variation analysis showed that doctors and medical students scored subjects more than
half a point higher on average, grading a perceived abnormality as more serious than the
physiotherapists or occupational therapists. The doctors’ results also demonstrated a larger standard
deviation than those of the physiotherapists or occupational therapists. The laboratory technicians,
who were not trained clinical observers, scored very similarly to doctors. Although the difference
between physiotherapists’ scores and doctors’ scores was significantly different, the Kendall
coefficient of concordance confirmed that agreement within each group was higher than would be

expected by chance.

The Pearson correlation coefficient between score and sway path was significant at 0.50 (p<0.001).
Virtually all subjects with scores <2 corresponding to very slight abnormality, had a sway path of < 18
m/s, which is approximately the upper limit of normal for elderly people in their laboratory. However,
many patients with a sway path of between 15 and 20 mm/s had high scores on the GUG test. Many
of these were stroke patients whose gait appeared grossly abnormal but who in fact had good
balance. This would suggest that observers were scoring gait, not balance. No patient with a sway

path of >25 mm/s had a score of <2.

The correlation between score and gait speed was significant at 0.75 (p<0.001). Subjects were given
no instructions about the speed at which they were to walk on the walkway. The authors felt that the

results should reflect their feelings of comfort. All patients with a gait speed >1 mm/s had scores of
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two or under. All subjects with a score of two or more had a gait speed of <0.8 m/s. This could be a
simple correlation between the observers' scoring based on gait speed or it could be because of a

subject feeling insecure and walking slowly.

When sway path was plotted against gait speed in 32 subjects, the Pearson correlation coefficient was
-0.482 (p<0.01). All subjects with a gait speed of >1 m/s had a sway path of <20 mm/s and all subjects
with a gait speed of <0.8 m/s seemed to form two groups, those with a sway path ranging from 25 to
50 mm/s and those with a sway path of between 10 and 20 mm/s. This could represent a group of
patients walking slowly because of balance disorders and a group walking slowly because of other
causes such as cardiorespiratory disease. Spearman rank correlation showed that the relationship

between score & speed and score & sway, respectively was significant (p<0.001).

The authors concluded that the GUG test is almost as reliable as a measure of balance provided that
other factors that may affect gait speed are allowed for by a trained observer and are not allowed to
distract the observer from the estimation of the balance function in action. They confidently
recommend the GUG test as a simple practical guide to balance function. It should be regularly
assessed during rehabilitation and communicated between hospital staff, as a score of three or more

indicates a risk of falling. 232

Podsiadlo and Richardson developed the timed version of the test (TUG) in 1991 as a simple objective
measure of dynamic balance and mobility. It assesses lower body strength and power and can
discriminate between older adults who are functionally independent and those who are

dependent.ze'3

The timed test requires the subject to stand from a seated position, walk 3 m (9.84 feet) as quickly
and as safely as possible to a line marked on the floor, turn around and walk back to the chair, and
turn again and sit down, in the shortest time possible. The time is measured to the nearest tenth of a

234,235

second and it has a high test-retest reliability in older women (R=0.90; 95% Cl 0.83-0.95).
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To discriminate between functionally independent and dependent older adults, participants who
could complete the test in fewer than 20 seconds were considered to be independent in transfer
tasks associated with basic activities of daily living. They also scored in the upper third of the Berg
Balance Scale. Participants requiring longer than 30 seconds tended to be much more functionally
dependent. Most required assistance with basic transfers. Only one patient in this group could climb a
set of stairs independently and none were able to go outside without requiring some type of

assistance.

In 1999, Rikli and Jones found that the distance needed to perform the test was impractical for home
administration and that there was often confusion with regard to whether the patient had to cross
the line fully with one foot or with both. They reduced the overall distance required to perform the
test to 8 ft (2.44 m) and replaced the line with a cone to signal the turnaround point. They reported
the test-retest reliability to be very high at 0.95. 234 They called this shorter test the Up-and-Go Test

(UG test).

Zeni and colleagues found TUG and stair-climbing to be better predictors than subjective outcome

scoring with KOS-ADLs with more than twice the R squared value. 229

Gunter and colleagues found that the TUG was the best predictor of faller status compared with other
clinical tests of mobility and laboratory assessments of strength and power. It was highly sensitive as
98% of 109 fallers were accurately classified, but had considerably lower specificity as only 31% of 48
non-fallers were correctly classified. 236 Shumway-Cook and colleagues were able to correctly classify
87% of the 15 recurrent fallers and 87% of the 15 non-fallers who participated in their study. Their
sample size was smaller and their criteria for fallers were more stringent. They also put the cut-off
point for discriminating fallers from non-fallers at 13.5 seconds. This was considerably shorter than
the original Podsiadlo value of 30 seconds. The authors attributed this to the fact that the earlier

study had included many elderly patients with known neurological diseases. 27
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The scores of the UG test can be used directly to compare the performance of an older adult with
others of the same age and gender and still discriminate between physically independent and
dependent older women. Rose and colleagues investigated the ability of the test to predict fallers.”*®
They tested 134 adults (112 women) aged between 60 and 90 years old who lived independently in
the community and could walk 50 feet without any assistive devices. They tested them with the TUG
and the UG tests as well as the other elements of the Senior Fitness Test, Berg Balance Scale, a 50-
foot walk, and five additional balance measurements using computerized standing balance
assessment. Falls were defined as an event resulting in an individual unintentionally coming to rest on
the ground, floor, or other lower level and not as the result of a major intrinsic event or
overwhelming hazard. They excluded adults who had fallen on only one occasion in the previous year

or had a medical reason for the fall. This was in an attempt to maximize the identification of true

fallers as compared with non-fallers.

Their results suggested that there were significant performance differences between the two groups
(fallers and non-fallers) for both the TUG and the UG tests. The mean scores for the TUG were 8.2
seconds and 12.3 seconds for the non-faller and faller groups respectively. For the UG test these
results were 7.1 seconds and 10.6 seconds respectively. Logistic regression analyses showed that
those adults requiring 8.5 seconds or longer to complete the UG test were classified as fallers, with an
overall prediction rate of 82%. The specificity was 86%, with 61 of 71 non- fallers correctly identified.
The sensitivity was lower at 78%, with 49 of the 63 fallers correctly identified. The authors pointed
out that the results from the TUG are at odds with Shumway-Cook and colleagues' findings. > The
cut-off score of 13.5 seconds established in the latter's paper of 2000 gave a prediction rate of 64%
instead of the reported 90%. Only 19 of the 63 fallers in this study by Rose and colleagues required
longer than 13.5 seconds to complete the TUG test, yielding a sensitivity of 30%. The cut-off which
they found to be most accurate was 10 seconds with a sensitivity of 71%, specificity of 89% and

predictive value of 80%.”® There are a number of potential reasons for this: the Shumway-Cook study
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had a smaller sample size (30 vs. 130), frailer patients, an older falls group compared with the non-
fallers group, and inclusion criteria necessitating two falls or more within the last six months.
Therefore, the UG test would seem to be a useful test to predict fallers in a community sample of
elderly adults as it demonstrates significantly different results for fallers and non-fallers. The cut-off

score for the two groups is 8.5 seconds.

Balance and agility are broadly studied neuromuscular components of functional fitness in older

239

adults, because of their relation to the ability to perform ADLs. “~ The dynamic balance and agility as

tested by the eight-foot UG test were shown by Hallage and colleagues and Shigematsu and

. 235, 240
colleagues to improve by around 20%.

The Up-and-Go test is a useful functional outcome which can be easily and quickly tested in a

relatively small space. It measures and quantifies a function of everyday living for most patients,

which makes it relevant for the overall outcome of TKR surgery.
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2.3.2.3 OVERVIEW OF REHABILITATION STUDIES POST TKR BY LOCATION,

TIMING OF DELIVERY AND INTERVENTION TYPE

The review by Minns-Lowe and colleagues examined the effectiveness of physiotherapy after total
knee replacement. *’ The review included studies comparing location of physiotherapy, types of
physiotherapy intervention such as functional exercises or group sessions versus individual
supervision. The overall result was a pooled standardized effect size at three to four months of 0.33
(95% CI: 0.07, 0.58) demonstrating a small effect in favour of physiotherapy. However, at 12 months
the effect size was -0.07(-0.28, 0.14), demonstrating no effect. The quality of life, pooled, weighted,
mean difference in score after three months was 1.70 (95% Cl: -1.0, 4.3), but after 12 months it was
0.03 (95% CI: -0.2, 0.25).3'7 These results merited further investigation of different aspects of

physiotherapy interventions commencing in the first few months after a TKR.

2.3.2.34 LocATION

The provision of postoperative TKR rehabilitation differs around the world. Rehabilitation in some

47, 241, 242

form is recommended in the first six weeks. This can be provided to both inpatients and

outpatients. The outpatient provision can be one-to-one, group-based, or a home visit.

Post-acute rehabilitation in the United States is mostly provided as an inpatient or as home visits. In
contrast, in Australia and the UK it tends to be conducted via outpatient services. The reasons behind
the specific rehabilitation prescribed for a patient can be as much to do with anecdote, financial

incentives, and sociopolitical influences as scientific evidence supporting a particular choice.

A 2002 study based on three public hospitals in Victoria, Australia, found that 56% of patients had
achieved functional independence enough to be discharged home. However, only 36% of TKR patients

were actually discharged directly home from their acute hospital stay, which lasted on average 6.5

243

days.”” This is longer than current averages, especially in the US where 3 - 3.5 days is a more

common average length of stay.244
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Naylor and colleagues surveyed 95 Australian hospitals of the 270 registered with the Australian
Orthopaedic Association National Joint Replacement Registry for performing primary TKR as of
November 2004.* They collected data from 60 acute hospitals and 5 rehabilitation providers and the
respondents were orthopaedic physiotherapists and department managers. Routine referral for
outpatient or community-based physiotherapy was commonly reported (73%, 95% Cl 61-83%).
Routine referral for inpatient rehabilitation was uncommon (3%). A majority were offered or referred
to a primary programme with the predominant mode of service being delivered via outpatient
programmes (71%). One-to-one treatments (63%) outstripped supervised classes (23%) and
monitored home exercise programmes (9%) as the primary programme. Twelve per cent were not
routinely referred on for further physiotherapy as it was deemed unnecessary by either the unit or by
the treating surgeons. The mean frequency of one-to-one treatments was 2.1 (0.5-12) inpatient
sessions per week compared with a mean of two (range 1-3) for supervised group or home-based
therapy. The average outpatient session lasts 31 to 45 minutes in 71% of cases. Of the 52 centres
which did refer patients on to further programmes, the mean reported duration of post-acute

rehabilitation was 5.6 weeks (mode 4 weeks, range 1 to 18 weeks).

Artz and colleagues studied the provision of physiotherapy following TKR in the UK via a telephone
survey of 22 high-volume public orthopaedic centres. They found that eleven centres provided group

physiotherapy to patients after discharge and five offered one-on-one outpatient therapy.241

A telephone survey of 24 major orthopaedic centres in England and Wales asked the physiotherapy
departments about the current rehabilitation practice after TKRs. Seventy per cent were referred for
outpatient physiotherapy, 48% for group therapy, and 22% to one-on-one after discharge. The
centres which did not routinely refer patients for outpatient physiotherapy offered a variety of

options from referral if clinically indicated to a needs assessment at two weeks post-discharge.241
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In Canada, 2001 data for Ontario showed that 42% of patients received inpatient rehabilitation and
30% had home care services on discharge.245 Compare this with a teaching hospital in British
Columbia, Canada where fewer than 5% of primary, non-complex cases are discharged to inpatient
rehabilitation or other hospital settings.245 There is a wide variation in the USA, where it is common in
some cities for patients to receive two weeks of inpatient rehabilitation followed by outpatient
rehabilitation as needed, if appropriately insured."” Data from France in 2001 showed that 44% of

TKR patients were discharged into inpatient rehabilitation.”*®

Many studies have shown no significant difference between rehabilitation results when comparing

locations such as outpatient or home-based therapy. They are detailed below.

Ko and colleagues ** studied TKR patients in an RCT in three treatment arms lasting six weeks,
randomized at two weeks post-op. All patients received the same initial home exercise programme.
Exercises were progressed by the therapist for centre-based programmes (one-to-one and group) and
monitored home programme participants were given fortnightly progression instructions in their
exercise booklet. Outcomes were assessed up to one year post-surgery. The primary outcome was the
OKS. Secondary outcomes included WOMAC pain and function subscales. They showed no significant

difference between the three groups at any timepoint, up to one year after surgery.

Kramer and colleagues 248 randomly assigned 160 patients to either one-to-one clinic-based or home-
based rehabilitation post TKR from the second week to the twelfth week post-surgery. They found no
difference in any of the nine criteria measured including the American Knee Society Clinical Rating

Scale, WOMALC total or function score, 30-second stair test, ROM, or SF-36.

Moffet and colleagues observed small but significant differences in mobility eight months after
surgery in the group of one-to-one exercises versus usual care. The intensive group attended twelve
60-90 minute sessions in two months supervised by physiotherapists. The control group had usual
care, which did include supervised home visits in some cases. The treatment effect size of the
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WOMALC total score at four months between the intervention and control groups was 7.9 (95% CI 2.7

-13.1, p=0.004).

Madsen and colleagues found no difference between group education sessions and individual home-

based therapy in 80 patients after TKR. 249

Mitchell and colleagues found no difference between group-based and home visit physiotherapy. 20
They did observe that the supervised home visit physiotherapy sessions were significantly more
expensive than the hospital outpatient sessions (mean difference = —£136.5, 95% Cl -£160 to -£113;

p=0.001).

Mahomed and colleagues looked at home-based rehabilitation versus clinic-based physiotherapy.
They randomized 234 patients, and empowered their study to detect an effect size of 0.5 with a type-I
error of 5% and 95% power. i They found no significant difference between the two groups in their

WOMAC or SF-36 scores.

The paper by Rajan and colleagues is titled ‘No need for outpatient physiotherapy following Total
Knee Arthroplasty: a randomized trial of 120 patients.” However the authors based the conclusion in
their title on their study finding no difference post operative ROM, between patients given outpatient
physiotherapy or no physiotherapy at all. While ROM is an important outcome of TKR surgery it is
difficult to justify dismissing the need for physiotherapy based solely upon this single outcome

251
measure.

Current practice with regard to location of rehabilitation varies across the world, even within a local
area in Australia. The evidence suggests that there is no advantage of one-to-one or group-based
physiotherapy compared with home-based therapy using standard protocols. Moffet and colleagues

demonstrated that increasing the intensity of prescribed exercise in a one-to-one setting produces a
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small effect. It could be hypothesized that the intensity of the exercise may be the crucial factor

rather than the setting or level of supervision and this has potential cost implications. 20

2.3.2.3B TIMING OF REHABILITATION

Current practice has been described already. It begins with the acute stage before an inpatient is
discharged to either an inpatient or an outpatient rehabilitation programme. It lasts for a varying
amount of time but often up to six weeks after the operation. Beyond six weeks, the rehabilitation is
generally home-based and with little or no further supervision. The main question regarding timing is
when it is most beneficial to begin the intensive phase of post-acute rehabilitation. Traditionally this
intensive therapy continues from discharge from the acute hospital stay. It is hypothesized that

delaying this phase for six to eight weeks may prove more beneficial.

Vuorenmaa and colleagues found that an exercise programme started at two months after TKR
surgery had a positive effect on maximal walking speed and flexion strength but there was no
difference in WOMAC improvement compared with a group receiving usual care with no additional

guidance beyond the two-month point. 2

Valtonen and colleagues randomized patients from a population-based sample who had had TKR
surgery between four and eighteen months earlier. The intervention was a small class, a progressive
aquatic resistance training class prescribed twice a week for 12 weeks. The intervention group
showed superior quadriceps strength, walking speed, and stair-climbing ascent time compared with a

control group receiving no intervention. There was no change in self-reported WOMAC score.”

These studies suggest that delaying the intensive phase of rehabilitation could be more beneficial

than current practice in terms of functional gains, even if the patients do not report WOMAC as

beneficial.
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LaStayo and colleagues compared a traditional progressive resistance exercise programme with an
eccentric resistance training programme in individuals one to four years after a TKR in a randomized
trial. >* Both groups trained for 30 minutes three times a week for 12 weeks. Both groups showed
improved TUG and stair ascent at the end of training. The eccentric group also demonstrated
additional gains in quadriceps strength, six-metre walking distance, and stair descent time. This study
demonstrates that gains can be made in function, even well beyond the traditional time period of

recovery from surgery.

The MARKER study was set up to examine the long-term effectiveness of starting intensive
rehabilitation six weeks after TKR surgery rather than on discharge from hospital. The hypothesis is
that patients are unlikely to be able to exercise at an intensity which would contribute significantly to
muscle strength in the first few weeks after TKR. This could be because of swelling, pain, or even

.40
anaemia.

Moffet and colleagues began an intensive exercise intervention two months post-surgery lasting for
two months. They observed a significant difference in self-reported WOMAC score in favour of the
intervention group, as described above. (treatment effect at four months post-op WOMAC total 7.9

(95% Cl 2.7 — 13.1, p=0.004). *°

The evidence suggests that a variety of exercise programmes, if started at a minimum of six weeks
from surgery, can demonstrate a significant difference in outcomes favouring intervention compared
with usual care. The objectively measured functional outcomes are more commonly improved over

subjectively self-reported measures such as WOMAC.

2.3.2.3¢ TyYPES OF EXERCISE

In the survey of current Australian rehabilitation practice by Naylor and colleagues involving inpatient
physiotherapy, the responses were multifactorial, with all citing more than one criterion. Gait

retraining and exercise prescription were the only interventions almost universally cited. Nearly half
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cited CPM as well as transfer practice, cryotherapy, and hydrotherapy. All respondents specified
independent and safe mobility as a criterion for discharge, with the criteria of a specified range of

motion only cited by 40% of respondents. i

Of the studies in a 2007 review, Frost and colleagues found no significant differences between groups
when comparing a traditional exercise group with a functional exercise group.32 They performed an
RCT of unilateral arthroplasty patients performing home-based exercises in a functional exercise
group versus a traditional exercise group. They assessed walking ability, leg extensor power, knee
flexion, and pain for the year following the operation. The intervention for the 24 patients in the
traditional exercise group was to continue with the exercises they had been taught in hospital. The 23
patients in the functional exercise group were taught three functional exercises aimed at increasing
general activity and function. Interestingly, 50% of patients did not attend their one-year follow-up
appointment. There were no significant differences between the groups in terms of their selected
outcomes at any follow-up — 3, 6, and 12 months. However, post hoc analysis of required sample sizes
ranged from 100 per group for a significant difference at 12 months in walking speed to 545 per group
for pain during walking. The authors concluded that the differences between groups were likely to be
of moderate size for any trial comparing exercise regimens of similar intensity. This trial was subject

to a type Il error because of its small size. This is common in clinical research because of lack of funds.

Moffet and colleagues looked at intensive versus standard rehabilitation. » They found a significant
difference at four months in walking distance for the group receiving functional rehabilitation versus
usual care (treatment effect 22.5 metres (95% CI 1.1, 44.0, p=0.040)) but this difference was not

present at one year (treatment effect 26.4 metres (95% Cl; -1.3, 54.0, p=0.061)).

Mockford and Beverland found a significant difference in range of motion favouring the intervention
of outpatient physiotherapy versus controls receiving usual care.”®> However, this was work was an
abstract for presentation at the Irish Orthopaedic Association. The article published in 2008

demonstrated a significant difference in range of motion at three months but none at one year. This
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would have affected the outcome of Minns-Lowe's meta-analysis and may have changed her

conclusions. 3’

Piva and colleagues ran a pilot study investigating the feasibility of applying a balance exercise
programme in patients with a recent TKR and whether the addition of balance training could improve
physical function. The results suggested balance may be beneficial but importantly, in this elderly

population, the training was well tolerated and adherence was high. 26
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2.3.2.3d SUMMARY

There is a large variation in the type, location, duration and intensity of rehabilitation offered to
patients after a knee replacement. They are determined by surgeon preference, rehabilitation facility,
funding source, geographical variations and patient preference. The literature supports patients
receiving rehabilitation following TKR surgery although there is no strong evidence for one type of
exercise over another. The literature is providing more evidence that most patients do not need
individually supervised rehabilitation and that group or home based rehabilitation is equally effective
but more cost efficient. There is a move towards investigating a delay to the start of intensive
rehabilitation to beyond the six week mark. Should the delay prove beneficial, there could be a
significant cost saving on the reduction of routine inpatient or intensive early outpatient therapy.
Functional training may have benefits over traditional therapy.a'9 This has not been shown in other
studies® but the large effect size in Moffet’s paper may have been due to the delay in starting

intensive therapy until 2 months after surgery.

There have been limitations in the literature to date. There was little in the way of quality evidence
prior to 2007 with few studies and those that available had small sample sizes or contained significant
bias in their design. The topic seemed of little interest to the wider clinical and research community.
The more recent studies of Mahomed et al, Ko et al and Moffet et al for instance demonstrate the
elements of good study design limiting bias and they were appropriate powered to answer their

. 39, 43, 247
research questions.

While the recent literature has shown that the location of rehabilitation and level of supervision don’t
significantly affect patients’ outcomes, there is clearly a need for further studies in the other
important area of rehabilitation following TKR surgery. The optimal time to start intensive
rehabilitation, the dose of exercise given and the type of exercises prescribed are all questions yet to
be answered. The relationship between balance, proprioception, falls and functional outcome with

any particular rehabilitation program is yet to be established in this population.
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2.3.3 The Wii Balance Board And The Wii-Fit

The Wii-Fit has been used for training and rehabilitation but its various balance tests have received
little scrutiny in the literature and none of them has been validated. In order for the Wii-Fit to be used
by clinicians, notwithstanding the lack of regulatory approval, the measures need validation. The
potential outcome measures that can be collected from the Wii and WBB include various non-
validated balance measures from the Wii console, validated balance measures when the WBB is
connected to a laptop running custom software, data on adherence including time spent on the

machine exercising and which exercises were performed and to what level.

Validity and reliability

The Wii-Fit software runs on the Wii console and the Wii balance board (WBB) transmits centre of
pressure data to the console via a Bluetooth signal. Clark and colleagues validated the WBB as a force
platform capable of assessing standing balance in a healthy population.180 Holmes and colleagues
then validated its use in a population of patients with Parkinson’s disease.” They both used the WBB
connected to a laptop via Bluetooth, running a custom software program, making it impractical
outside a laboratory setting. Pagnacco and colleagues challenged the findings of Clark, making a
number of points mainly centred around the construction quality of the WBB. They stated that it
should be treated as a toy rather than a piece of scientific equipment.257 It is worth noting that
Pagnacco is the designer of a posturographic device for assessing standing balance which costs
considerably more than the WBB.

Negus and colleagues presented data on the Wii Stillness measure, part of the Wii-Fit software.”®
With a WBB connected to a Wii console running Wii-Fit and a laptop running the custom software
used by Clark, the Wii Stillness test was tested for validity and reliability in healthy volunteers. The
software measured the sum of the maximum amplitude or range in the x and the y-axis, which was

then transformed into a percentage score. This measure was valid and reliable in three of the four
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stances tested. As regards the unilateral stance with eyes closed, too many of the subjects were
unable to maintain the stance for the full 30 seconds. When a subject failed a trial in this way, there

was no centre of pressure data from the Wii to analyse.

Jorgensen and colleagues have the only published data on the Stillness test.” They found them to be
reliable in a test-retest format in community dwelling older adults (ICC 0.86 (95% Cl 0.74 — 0.93)).
They also found that the Stillness test had moderate to excellent concurrent validity compared with
selected force plate measures. (i.e. CoP velocity & CoP confidence ellipse). This was in contrast to the

258

concurrent validity for the selected measures of Negus and colleagues.”™ The measures used to test

for concurrent validity need to be investigated further.

Wikstrom found that there were poor correlations between all 96 comparisons of Wii-Fit activity
outcomes and established balance outcomes (r<0.50). He also found intraclass correlation coefficients
from 0.39 to 0.80 for intrasession reliability and intersession reliability (ICC = 0.29-0.74) to be poor for

11 out of 12 scores.”®

Feasibility

Several authors have investigated the feasibility of using the Wii in an older population. Bieryla and
Dold randomized 12 subjects into a group training on the Wii and a group continuing their usual
activities."® The average age was 81.5 years (s.d. 5.5) and they were all healthy subjects living
independently in a senior community facility. The intervention group attended one-on-one supervised
training sessions three times a week, for three weeks, with each session lasting 30 minutes. The
chosen exercises were a combination of yoga, aerobics, and balance games. There was no variation of
the exercise choice between or within subjects. The control group continued with their usual daily
activities. All subjects had balance assessments pre-intervention and then one week and one month

after the end of the intervention. The Wii group had significantly increased Berg Balance Scale scores
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at the one-month post intervention assessment. The Wii as a tool was generally well received by the

intervention group and many expressed enjoyment during the study.

Acceptability

Laver and colleagues examined the acceptability of the Wii among an older population using a
discrete choice experiment design.261 They included 21 patients with a mean age of 85.4 years (s.d.
4.7) from a geriatric rehabilitation hospital. The patients were questioned about their preferences for
different therapy options by means of six choice sets. These included questions about using the Wii or
traditional gym-based physiotherapy after they were shown pictures of elderly people using both. The
other sets were related to intensity, cost and recovery. They were then prescribed Wii-Fit-based
therapy for 25 minutes per day five days a week for the duration of their stay. They were assessed

again one month after discharge from hospital.

The mode of therapy offered did not significantly influence the subjects’ choice of therapy
programme at the initial assessment. The patients showed an aversion to longer and more
demanding therapy sessions and favoured a longer recovery time. At the post-intervention
assessment, the subjects preferred the therapy which did not use the Wii. The interviewer
administering the discrete choice experiments reported that the subjects often commented “that
they perceived that the conventional therapy was more effective than therapy using the Wii-Fit”. The
authors concluded that this evidence is at odds with the widely held belief that the elderly would
respond well and value the Wii once they had been exposed to it. They raise some interesting points
about the nature of the games not being specific to this age group and that games more specifically

targeted at the elderly may have a greater effect.'® 2% %%

They also acknowledge that were there
more evidence that this intervention worked, the subjects might have been more willing to embrace

it.
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Williams and colleagues studied the acceptability of using the Wii-Fit in 15 community dwelling
subjects over the age of 70 who had fallen at least once in the previous 12 months.”** They were
compared with a control group recruited from a local falls clinic. However, of the 13 potential recruits,
7 were excluded or dropped out. The subjects were assessed on a number of balance scales, an
attitude to falls intervention scale, and monitored attendance. The Wii group was also interviewed to
assess the acceptability of the Wii-Fit. The intervention lasted 12 weeks during which time the Wii
group attended one-on-one supervised sessions twice a week. The control group attended a local falls
group. The average age was 76.6 years (s.d. 5). Attendance was good and 80% of the participants
attended 75% or more of the sessions. There was no significant difference in the attitude scale
between the two groups. Although a statistically significant (p=0.02) improvement in the Berg Balance
Score was recorded in the four-week assessment of the Wii group, but not the control group, it was
not present at week 12. The authors do not provide any comparative analysis between the two

groups as the control group of six subjects was deemed ‘frailer’ at baseline.

All the intervention group found the Wii-Fit to be enjoyable and acceptable and 92% expressed a
strong desire to exercise with the Wii-Fit in the future with no preference for exercising on their
own/with company or supervised/unsupervised. The main finding of this study is that the Wii appears
to be acceptable and enjoyable to subjects in their seventies and may be equivalent to a falls group as
an intervention. The subjects also indicated that they would be willing to exercise with the Wii in their

own homes.

Prosperini and colleagues trialed Wii training at home in a pilot study of patients with multiple
sclerosis.”® The important finding in relation to any study of home based treatment was that there
were five adverse events of joint pain but no-one had to retire from the study and there were no

serious adverse events.
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Clinical trials

Nitz and colleagues investigated eight healthy women in a pilot study of convenience.”® All subjects
needed to have access to a Wii-Fit. Their mean age was 46.6 years (s.d. 9.9) and they were healthy.
The intervention involved two sessions lasting 30 minutes every week for 10 weeks. The exercises
were of the subjects' choice and they kept a log. The overall adherence measured by sessions
completed was 70%. The subjects showed an increase in function (TUG p=0.09), strength (p<0.02),
and unilateral stance balance (p<0.05) outcomes. More importantly, the authors used the results of
this small study to calculate a sample size to power a study at 90% with a significance of 0.05 to
demonstrate clinical improvement in TUG and six-minute walk test. They calculated a total sample

size of 61, allowing for a 15% drop-out rate.

Baltaci and colleagues randomized 30 men with anterior cruciate ligament (ACL) reconstructions into
a Wii group and a conventional ACL rehab group.267 The Wii group exercised at the physiotherapist
centre, spending 15 minutes in each of four games over a one-hour session, three times a week. The
control group had the same number of sessions following a conventional protocol. The intervention
period lasted three months following surgery. The subjects were assessed by evaluations of
coordination, proprioception, response time, and modified star excursion balance test. The authors
found no significant difference between the two groups in any of the outcomes assessed at the first,
eighth, or twelfth week following surgery. This study suggests that use of the Wii-Fit in this patient
population was equivalent to conventional physiotherapy despite the small sample size. The power
analysis gave a sample size of 15 per group and was calculated to find a 1.1cm difference in a
modified star excursion balance test with power of 80% and significance of 0.05. This suggests a large
effect size and there is no mention of the effect size of the other outcomes. The small sample risks a

type Il error in these other outcomes.

Fung and colleagues carried out a randomized pilot study in patients who had had TKR surgery.21 They

recruited 50 subjects with an average age of 68 years (s.d.11), a recruitment rate of 58%. All subjects
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were outpatients of a rehabilitation hospital who had had a unilateral TKR. Each group attended the
rehabilitation centre twice a week for a one-hour conventional session followed by 15 minutes of
lower extremity exercises in the control group and 15 minutes of Wii-Fit exercises in the intervention
group. A variety of objective, functional, and subjective outcomes were measured on the first visit
and then every two weeks until discharge. There was no difference between the groups in any of the
outcomes. The effect size for the self-perceived lower extremity function scale was 0.50. The authors
calculated that a total sample size of 136 would be needed to demonstrate a significant difference
although they do not mention the power or significance level of this calculation. The authors also
state that during the satisfaction survey, although both groups reported enjoyment, the Wii group

often stated that the Wii was fun and that they were glad they were in the Wii group.

A good summary of ‘Wii-search’ is provided by Goble and coIIeagues.268 They conclude that, ‘Multiple
studies now show improvement in balance control following reasonable periods of training with the
Wii Fit games and custom design applications’. However, ‘Greater emphasis must still be placed on
implementing more powerful, randomized control designs with larger sample populations to test

guestions of interest’.

2.3.4 DISCUSSION

This literature review revealed an increasing level of interest in rehabilitation following TKR surgery
since the systematic review of Minns-Lowe and colleagues in 2007 which demonstrated a paucity of
high-quality investigation to that point. This development mirrors the increasing interest of the
surgical community in patient-related outcome measures. A number of studies have also considered
the Wii balance board and the Wii-Fit in musculoskeletal and elderly populations. The WBB has been
found to be valid and reliable as a force platform but there is little work on the validation of the Wii-
Fit software or any of its measures. No high-quality, randomized trial adequately powered to compare

the Wii-Fit with routine care after a total knee replacement is as yet available.
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2.3.4.1 CHOICE OF OUTCOMES

It is clear from the literature that, in order to assess fully the outcome of a TKR, the clinician must use
a variety of outcome measures to cover general health and joint specific function and pathology.
Subjective, objective, and functional measures are needed to give a complete picture of the patient

and their knee.

The WOMAC has been validated for use in the TKR population and has a minimum clinical difference
which gives a practical sample size for a clinical study. The SF-12 covers the patient’s general health
status. The Hospital Anxiety and Depression Score can be used in addition to the locus of control and
the SF-12 mental subscale to quantify patients’ mental state. A satisfaction score should be used

although there is little consensus over the ideal validated score.

It must be factored into the analysis that studies have shown that preoperative self-report

. . . . . . . 13, 67, 228, 269, 270
guestionnaires consistently predict postoperative questionnaire scores.

Objective assessment of the American Knee Society Score gives information on the range of motion
and alignment of the knee. It is a consistent finding that the strength, especially in terms of the
qguadriceps, of both the operated and non-operated leg affects outcome after a TKR. Because of time
and money constraints, as well as applicability in the real world, a hand-held dynamometer can
provide adequate information on isometric force production. The UG test can be easily tested in a
clinic scenario to provide a functional assessment. Finally, the majority of training on the Wii-Fit

involves an element of balance work so standing balance on both legs and one leg is assessed.

There is no suitable questionnaire relating to abilities with computer technology and the internet in
this age group. A questionnaire was designed to produce the required data and it was called the
Computers, Internet and Gaming in Rehabilitation (CIGAR — see chapter 3). Finally, adherence to the

prescribed exercises should be recorded to inform the results.
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2.3.4.2 LocATION, TIMING AND TYPE OF REHABILITATION INTERVENTION

The evidence is becoming clearer that rehabilitation after a TKR does not need to be supervised and
does not need to happen in an outpatient setting. If exercise at home is appropriately directed, there

should be no negative effects.

Current practice in Australia is varied but tends more than many other countries to apply supervised
rehabilitation through the first six weeks after a TKR. However, gains are likely to be limited in this
initial period because of postoperative oedema, pain and low haemoglobin levels which can persist
for the first six weeks after surgery. This reinforces the need to investigate the efficacy of a cost-
effective method of rehabilitation beyond six weeks to achieve physiological and lasting change. As
this coincides with a surgical outpatient appointment in the majority of cases, it also allows for clinical

assessment of patient suitability for any intensity increase.

The effect of any physical intervention is related to the amount of exercise. Although intensity can be
increased, it can be difficult for the patient and poorly tolerated in an elderly population recovering
from an operation. Therefore, an intervention with low-to-moderate intensity, performed daily, is

preferable. To enable daily intervention, this needs to be a home-based intervention to control costs.

There is no clear evidence that any one type of intervention is more effective than another. A

combination of strength, balance, and aerobic and functional exercises would seem to be the ideal.

2.3.4.3 THE WII

The WBB has been validated as a force platform for assessing standing balance, but only when

connected to a laptop running software which measures its Bluetooth transmitted CoP data.™®
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As training tools in the musculoskeletal population, the Wii balance board and Wii-Fit software have
shown promise in a number of clinical trials although most are pilot studies. The Wii is designed as a
games console for the home and its relatively low cost makes it ideal for the study of exercise at

home.

Some of the exercises in the Wii-Fit software are similar to standard rehabilitation exercises which
allow a protocol to be developed which mimics the basics of routine care. One of the advantages of
the Wii-Fit is that there are many different exercises offering variety and an ability to progress as the
subject improves their performance. A combination of yoga, strength, and aerobic and balance

exercises should offer the necessary variety.

The intensity of the exercises can be tailored to the patient, allowing for an increase in difficulty and
intensity as the patient progresses with their rehab. This is likely to maximize the gains from the time
spent exercising without intimidating those patients at an early stage in the protocol. It is also likely to
increase their boredom threshold as they are continually challenged to perform new and more

difficult exercises.

The Wii console records the amount of time spent by each subject in performing the exercises. This

enables data collection on adherence during the intervention period, in addition to a self-reported

patient diary.
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CHAPTER 3 - METHODS

3.1 Objectives Of The Thesis

1. Is the Wii-Fit Stillness score a valid and reliable measure of standing balance?
2. Which preoperative factors affect outcomes in patients with a TKR, with a particular focus on
balance?

3. Does using the Wii-Fit improve outcomes after TKR?

3.2 RECRUITMENT OF HEALTHY SUBJECTS FOR WII VALIDATION

STUDY

(Chapter 4.1)

All healthy subjects were recruited via a recruitment poster at the Kolling Institute of Medical
Research, North Shore Hospital campus, St Leonard’s, NSW or via the staff and students of the Sydney
Orthopaedic Research Institute (S.0.R.l.), Chatswood, NSW. They were screened via interview for co-

morbidities which could affect balance such as inner-ear disease or Parkinson’s disease.

All subjects were fully informed of the requirements of the test including the need for repeat
measurements at a later date. They all gave verbal consent, with study approval and requirements
according to the local ethics committee (Harbour Human Research Ethics Committee) and the

University of Sydney Ethics Committee.
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3.3 RECRUITMENT OF PATIENTS FOR WII VALIDATION STUDY

AND RANDOMISED CONTROLLED TRIAL

(Chapters 4.2-3 & 5.1-2)

All patients were recruited from the rooms of Dr David Parker, Dr Myles Coolican and Dr Brett Fritsch
in Chatswood, NSW. They all had a routine clinical appointment with one of the surgeons after a GP
referral. If they were then put onto a waiting list for a primary TKR, they were directed to Sydney
Orthopaedic Research Institute (S.0.R.l.) next door, which was usual protocol. They were then
screened for suitability against the inclusion and exclusion criteria. All subjects gave oral and written
consent, with study approval and requirements according to the local ethics committee (Harbour

Human Research Ethics Committee) and the University of Sydney Ethics Committee.

3.4 CLINICAL ASSESSMENT AND DATA COLLECTION

In Chapter 4.1, basic demographic data not limited to age, gender and BMI were collected from the

subjects at recruitment. During the study, balance data were collected.

Chapters 4.2-3 and 5.1-2 provide more detailed demographic data collected from the patients
including co-morbidities and medications. The other baseline measurements included objectively
measured outcomes such as muscle strength and range of motion, multiple patient-reported
outcome measures such as the Western Ontario and McMaster (WOMAC) index of osteoarthritis, and

other functional measurements such as the ‘Timed Up-and-Go’.

Patients were seen either at one timepoint (cross-sectional) or at a number of timepoints from the
baseline preoperative assessment and then over the course of one year after the operation
(longitudinal).
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3.5 PATIENT-REPORTED OUTCOME MEASURES

Patient-reported outcome measure (PROMs) data were collected in the form of questionnaires. A
number of collection methods were used. Whenever possible, these data were collected via a website

designed for PROMs, www.myclinicaloutcomes.co.uk.lIt is used by a number of NHS trusts in the UK

for patient data collection and so has high levels of data security and confidentiality appropriate to
clinical data. It has been shown to be comparable to paper-based collection of outcome scores. a7
The website was not always used, as some patients did not have access to email or the internet and
some had just forgotten or not managed to complete their questionnaires by the time they attended
the research institute for their assessment. In these circumstances, they completed the PROMs on a
computer in the institute using the ‘Socrates’ database system used by the institute. This is an
Orthopaedic outcome specific database preprogrammed with many of the commonly used outcome
scores.””” If they were unable to use a computer, a research staff member asked them the questions
and filled in the answers for them. A small number of scores were completed on paper either because
of technical issues or because people needed the forms to be posted to them at home. For the VAS
pain and satisfaction scores, there were no computer options so they were all completed on paper

and manually added to a database.

3.51 WOMAC

The Western Ontario and McMaster (WOMAC) index of osteoarthritis is a questionnaire which was
developed for osteoarthritis but has been validated for use in arthroplasty of the knee.>®* It can be
scored as three subscales and a total score. The questionnaire can be completed on a Likert scale with
five options scored from zero to four as follows: none, mild, moderate, severe, extreme. Each
guestion can also be answered using a visual analogue score. The Likert scale was used and the five

guestions in the pain subscale gave it a range of scores from 0 to 20, the two questions in the stiffness
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subscale scores from 0 to 8, and the 17 questions in the functional subscale from 0 to 68, giving a

total score of 96, with 96 being the worst score.

The score is often normalized to a range of 0 to 100 to allow easier comparison with other scores in

the literature.

The WOMAC data were collected on a computer when possible using www.myclinicaloutcomes.co.uk

or the Socrates database. Otherwise they were completed on paper.

See Chapter 2.3.2.1a and appendix (ii)

3.5.2  OXFORD KNEE SCORE
The Oxford Knee Score (OKS) is a patient-administered, disease- and joint-specific questionnaire
developed in Oxford in the UK.® It has 12 questions, each with five categories scored from zero to

four, giving a range of scores from 0 to 48 with a score of 48 indicating the best function.

The score can be normalized to a scale of 0 to 100 but this is not recommended because of confusion

over previous changes to the scoring method. 8

The OKS data were collected on a computer when possible using www.myclinicaloutcomes.co.uk or

the Socrates database. Otherwise they were completed on paper.

See Chapter 2.3.2.1b and appendix (iii)
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3.5.3 SF-12

The SF-12 is a general health questionnaire. It is recommended that a general health questionnaire is
used in conjunction with a disease-specific questionnaire such as WOMAC for assessing the outcomes
of TKR surgery.97 It is a questionnaire consisting of 12 questions. The score is divided into a physical
component and a mental component. The scoring algorithm is complicated and computed
automatically in a preprogrammed database. It is based on a population mean score of 50 with a
standard deviation of 10. Zero is the worst score and 100 the best in both the mental and physical

domains.

The SF-12 data were collected on a computer when possible using www.myclinicaloutcomes.co.uk or

the Socrates database. Otherwise, they were completed on paper.

See Chapter 2.3.2.1c and appendix (iv)

3.5.4 VISUAL ANALOGUE SCALE FOR PAIN

The Visual Analogue Scale (VAS) for pain is a simple one-page score using a horizontal line of a set

length with ‘0 — No pain’ marked at one end and ‘10 — Extreme pain’ at the other. Patients were asked

a standard question —

‘How much pain are you feeling in the operated knee on an average day within the last week.’

The VAS pain data were collected on paper for all patients.

See Chapter 2.3.2.1d and appendix (v)
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3.5.5  SATISFACTION ASSESSMENT

There was no validated satisfaction questionnaire appropriate for the patient group in the TKR-

POWER study. Therefore satisfaction was assessed with three self-reported questions.

1) How satisfied are you with your operated knee?

(four-option Likert score — very dissatisfied, dissatisfied, satisfied, very satisfied)

2) How satisfied are you with your rehabilitation?

(four-option Likert score — very dissatisfied, dissatisfied, satisfied, very satisfied)

3) Does the operated knee feel normal?

(two options — Yes/No)

The Satisfaction assessment data were collected on paper for all patients.

See Chapter 2.3.2.1g and appendix (vi)

3.5.6 CIGAR - COMPUTER, INTERNET AND GAMING ACCESS FOR REHABILITATION

The Computer, Internet and Gaming Access for Rehabilitation (CIGAR) questionnaire was devised for
this study. It is not validated and has not been used before. It has eight question stems and the final

two stems are multiple choice answers.

The CIGAR questionnaire has not been tested or validated and its reliability, internal consistency, and
stability over time are not clear. It was designed purely as a descriptive tool for the population in the

following studies and not for comparison with other populations or detailed analysis.
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The questionnaire does not have an overall score but generates descriptive data on the use and levels

of comfort associated with using various forms of computer technology.

The CIGAR data were collected on a computer when possible using www.myclinicaloutcomes.co.uk.

Otherwise, they were completed on paper.

See Chapter 2.3.2.1e and appendix (vii)
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3.6 Objective measures

3.61  AMERICAN KNEE SOCIETY CLINICAL RATING SCALE (AKSCRS)

Objective data from the American Knee Society Clinical Rating Scale (AKCRS) were collected for each

patient. However, in all the data analyses, only the range of motion components was used.

The centre of a goniometer was positioned over the lateral knee joint space with the arms aligned
with the lateral midline of the femur using the greater trochanter as a reference and the lateral
midline of the fibula using the head of the fibula and lateral malleolus as a reference (see Figure 4).
Knee extension was measured with the leg flat on the bed while the patient was supine. Knee flexion

. . . . 273
was measured as an active movement while the patient was supine.

Figure 4 — Measuring knee flexion using a goniometer
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3.62 MUSCLE STRENGTH

Maximal isometric knee flexion and extension strength are assessed with a handheld dynamometer
(see Figure 5). The subject is seated for quadriceps with the knee sitting between 2 and 5cm from the
edge of the bed and flexed to 90 degrees. Hamstrings are tested with the subject prone and the knee
flexed to 60 degrees. The maximum from three attempts is used for the analysis. 274

The results are in kilograms.

Figure 5 — Testing knee extension (quadriceps) strength using a handheld dynamometer
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3.7 FUNCTIONAL MEASURES

3.7.1 TUG

This is the shortened version of the Timed Up-and-Go test. It is the time it takes the participant to get
up from a chair, walk 2.44m, turn around a cone, and return to the chair to sit down. The subjects had
one practice attempt and then two recorded attempts, with the mean score being used for analysis

according to standard methods.”**

The result is recorded in seconds to one-tenth of a second.

3.7.2 BALANCE

In the validation studies, the Biodex Balance SD (Biodex Medical Systems 1999) platform was used
(see Figure 6). This is an integrated force platform and computer. It assesses balance with options to
customize the type and duration of test. It also has the capacity to unlock the base, changing the
stability of the platform in which the subject is standing. The data are stored in the built-in computer

and raw data can be exported as a .csv file for analysis on a standard computer.

The Wii and Wii balance board were used for balance testing and training (see Figure 7). In the
validation studies for balance testing, the Wii balance board was connected to either the Wii console
or a laptop for different tests. When connected to the Wii console, data were collected by the Wii-Fit
software Stillness program. The results were given as a percentage. When connected to the laptop,
the data were collected via the Labview software. The Labview software produces a series of x, y
coordinates, at a specified frequency, representing the centre of pressure (CoP) measured. Our data
were sampled at 40 Hz and filtered using an eighth order Butterworth filter with a low-pass cut-off

frequency of 12 Hz as per Clark and coIIeagues.180 The Stillness test in the Wii-Fit software generates a
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percentage score. The data filtering and cut-off levels used by the Wii-Fit software were not available

to the author and are not readily supplied by Nintendo for commercial reasons.

Figure 6 — The Biodex SD Balance platform with integrated screen

Figure 7 — Nintendo Wii console with handheld controller

114



Figure 8 — A patient exercising on the Wii with balance board

For balance training, the patients in the intervention group all had a Wii console running Wii-Fit
software and balance board at home (see Figure 8). They had it connected to their television in a
convenient room. The Wii console recorded data on their usage, levels of attainment and balance

testing scores throughout the intervention period.
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3.8 ADHERENCE

Adherence was recorded by the patients in self-reported diaries and by the Wii consoles which saved
data on each exercise as it was completed. The Wii group received a separate diary for the Wii
exercises. Both groups received a set of instructions and a diary for the routine ‘control’ exercises.
The diaries produced data on the number of each exercise type performed each day throughout the

intervention period.
The Wii consoles recorded the time spent exercising each day and the category of exercise (yoga,
strength, balance, or aerobic). It also recorded high scores and when increasing levels of difficulty had

been attained.

For the Wii group diaries - see appendix (viii)

For the control exercise instructions and diary - see appendix (ix)
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3.9 STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS version 21 or 22 (SPSS Chicago, IL) and SAS (SAS, Cary,
NC). Variables were presented either as numbers (%) or means with standard deviations. For non-

parametric datasets medians with interquartile ranges were presented

3.9.1 CONTINUOUS DATA

Normality was tested by assessing both the Shapiro-Wilk test and the skewness and kurtosis of the
data.

Comparison of continuous data between two groups was made with the Student’s t-test —
independent and paired where appropriate.

Comparison of the main outcome measure in chapter 5.1 was made with the ANOVA and ANCOVA

tests.

3.9.2 CATEGORICAL DATA
Categorical data were compared using the Chi-squared test or, if the frequency of occurrence was

small, the Fisher’s exact test.

3.9.3  STATISTICS FOR ASSESSMENT OF VALIDITY AND RELIABILITY

A two-way, random-effects, single measure (median of the three trials) intraclass correlation
coefficients (ICC,1)) model was used to assess reliability. Point estimates of the ICCs were interpreted

as follows: excellent (0.75-1), modest (0.4-0.74), or poor (0-0.39).275

Comparison between two measuring devices was analysed by plotting the difference in percentage

score between the two devices against the mean results. This resulted in a Bland-Altman plot (also

117



known as a Tukey mean difference plot). The upper and lower limits are 95% limits of agreement and

are used to evaluate the smallest detectable difference.

Standard error of measurement (SEM) and minimum detectable change (MDC) values were calculated
to assess the concurrent validity between device outputs, as well as the within-device test-retest

reliability and measurement error over two testing sessions. The MDC, which is based on the reliable
change index score, was calculated using the equations reported previously by Jacobson and Truax.”’®

It is expressed as the percentage test-retest change in score, required to find a significant difference

at an alpha level of 0.05 based on the Day 1 mean value.

3.9.4 REGRESSION ANALYSIS

The correlation between two continuous variables was analysed by simple linear regression to obtain

a Pearson’s correlation coefficient (r) (see chapter 4.2).

Multiple regression models were constructed for covariates considered clinically significant from the

Pearson’s correlation coefficient values and with p values <0.2 (see chapter 4.2). Checks were made

for outliers, linearity, homoscedasticity, independence of errors, and normality of residuals.

Given that the TKR-POWER trial (see chapter 5.1) collected data at multiple timepoints (preoperative,

week 6, week 18 and 1 year assessments) general Equation Estimate models were constructed.
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CHAPTER 4 - Pilot Studies

4.1 VALIDITY AND RELIABILITY OF THE WII STILLNESS

SCORE IN HEALTHY SUBJECTS

This study has been submitted to ‘Gait and Posture’ and is currently under review.

4.1.1 INTRODUCTION

Humans need to maintain and control their balance over a small base of support to be able to stand
and walk. This balance control has many inputs including from the brain, the musculoskeletal system,
vision, and the inner ear. Balance control can be affected by pathologies, medications, and the

. . . 154
general functional decline of ageing.

161-163

Postural instability increases with age and is an independent risk factor for falls. The risk of falls
increases with age, and approximately one in three people over the age of 65 years old and living in
the community falls at least once over the course of a year. This number increases if the individual is

.. . . . . 155, 156
living in an institution.

Poor balance also affects the ability to mobilize and carry out the activities of daily Iiving.277 This is
even worse in patients with osteoarthritis of the knee whose balance is worse than that of their age-

164, 278-281
matched controls.
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Interest in the assessment and management of balance deficits has led to the development of a
number of balance measuring instruments. A subjective assessment such as the Berg Balance Scale is
commonly used. This has been shown to provide valuable information but suffers from ceiling effects

. .. . . . 167, 168
and limited precision in detecting small changes in performance.

Objective measurements can
be made from centre of pressure (COP) measurements on a force platform. These are considered the
gold standard of balance measurement and have identified important outcome measures too subtle

to detect with a subjective scale. 7 *”® (

outcome measures discussed in detail in chapters 2 and 3)
However, the use of force platforms to assess balance is limited by cost, the need for technical

expertise and the lack of transportability.

The re-education of balance functions is included in most lower limb rehabilitation protocols but is
still relatively neglected compared with strength and range of motion exercises. % The focus of many
rehabilitation trials is still range of motion and strength.40 The review of Minns-Lowe and colleagues
on rehabilitation for patients who had a TKR for knee OA did not include a specific balance search

37
term.

The ability to assess standing balance can provide important information which ranges from
predicting falls in the elderly to assessing postoperative recovery after orthopaedic surgery. 193196
Significant improvements in pain, function, and proprioception have been reported following TKR

surgery.zoz’ 2% |n these patients, the proprioception of the operated leg improves compared with the

... 36,201, 282,283
contralateral leg also affected by osteoarthritis.

However, there have been few studies on the risk of falls after TKR surgery. Swinkels and colleagues
found a 24% fall rate in the last preoperative quarter in a cohort of patients undergoing a primary
TKR. Forty-six per cent of preoperative fallers continued to fall postoperatively, giving them an
eightfold increase in the risk of postoperative falling. 208 Although across the whole cohort, patients

improved their function and balance confidence up to one year after surgery, the preoperative fallers
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did not show the improvements in function or balance confidence between 3, 9 and 12 months of the
non-fallers. They found that the odds of a pre-operative faller becoming a faller in the first post-
operative year are almost eight times those of a non-faller (adjusted OR 7.75, 95% ClI 1.7-35.7,

p=0.008).

Levinger and colleagues found that at four months post-TKR surgery, patients had decreased knee
extension strength and proprioception when tested as part of a falls risk assessment compared to

194

age-matched controls. ©~ The most effective fall prevention strategies target high-risk populations or

C e . 284, 285
individuals.

Given these findings of fall risk after TKR it would seem reasonable to investigate the role of balance

and include more balance-related exercises in postoperative rehabilitation exercise regimens.

It is important to clarify the instrument used to measure balance in any assessment and establish the
variable it is trying to measure. Standing balance measures can look at symmetry or steadiness.
Symmetry relates to the ability to distribute weight evenly between the two feet whereas steadiness

is the ability to keep the body as still as possible.176

A force platform measures the centre of pressure (CoP) and describes the coordinate on the force
platform in the x- and y-axis of the movement around the centre of gravity of the subject. The centre
of gravity is located above the CoP point in the z-axis. During movements, the CoP moves in response
to motion of the centre of gravity. This CoP measurement can be used to produce a value to describe
the subject’s balance. There are many valid measures (see Table 4) such as the length of the path
traced by the CoP in a set time period or the ‘spread’ (amplitude) of the coordinates or variability
(standard deviation) of this spread. They can be used to measure balance while the subject maintains
a static pose, in response to a stimulus designed to disrupt their balance (a perturbation) or during an

active balance task such as shifting their centre of gravity in order to move their CoP as shown on a
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screen to different locations to hit certain targets. These methods all measure subtly different aspects

of balance.

The Biodex balance SD (BIODEX, USA) (described in detail in chapter 3.7.2) is a force platform which
has a standing platform which can be unlocked from a static position into an unlocked unstable state.
It has an inbuilt console which provides instruction and feedback as well as collecting and storing
balance data at the end of each trial. It is well recognized as a force platform for data collection and

. . 286,287
balance training.

The Nintendo Wii balance board (WBB) (Nintendo, Kyoto, Japan) is a reliable and valid tool for

assessing standing balance.”®’ It is a gaming system designed for use in the home and consists of a
small console plugged into the TV and a wireless force platform the size of a large set of bathroom
scales. As it is a relatively cheap and portable system, this could prove very useful for clinicians and
rehabilitation specialists. 9 However, the software used in many of the studies on its use is custom

. . . 19, 180, 288-290
designed and not universally available.

The WBB is designed to work with the Wii console
and Wii-Fit software, which contain both balance tests and training games. It has already been
integrated into rehabilitation protocols of neurological patients with balance defects in one study and

has been shown to have the potential to enhance motivation levels in another. 17,180

The Wii-Fit software contains a number of tests which give the user a variety of scores such as a
percentage score or a ‘Wii-Fit Age’. These scores suggest a quantification of the user’s standing
balance, with the option to chart improvements or deteriorations in that ability, but it is not known
how the software generates these scores from the WBB raw data. A number of clinicians have started

291 18

to investigate patients’ standing balance based on these scores. Until they are validated, any

data from the Wii-Fit software should be used with caution in a clinical setting.

The WBB has been shown to have the potential to provide clinicians with an inexpensive, portable,

and valid alternative to a laboratory grade force platform to assess standing balance. This has been
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demonstrated by Clark and colleagues, who validated it against a laboratory grade force platform in
healthy volunteers'® and Holmes and colleagues who investigated its use in patients with Parkinson’s

. 19
disease.

However, the use of the WBB as a force platform to measure standing balance has been questioned
on technical grounds. The WBB demonstrates more electronic noise than clinically approved
platforms as the cables are not shielded and the electronics are not designed for noise minimization
and the channels are not simultaneously sampled. Pagnacco and colleagues found the precision of the
CoP coordinates to be approximately 0.5mm, which is much less than in other devices and force

pIatforms.257

The aim of this study was to investigate the reliability and validity of the Stillness score generated by a
Wii console running the Wii-Fit software in terms of assessing standing balance. The Stillness scores
from the Wii-Fit were compared with data from a WBB connected to a laptop running custom

software during a variety of balance tests performed on a WBB.

4.1.2 METHODS

Reliability
The first step was to test the reliability of the Wii-Fit software using a test-retest method.

Participants — Reliability

Twenty-four injury-free individuals were tested on two occasions within four weeks of each other
(mean 9.5 days (sd 5.5)) and at least 24 hours apart. There were 8 males and 16 females with a mean
age of 28.4 years (s.d. 9.1) and mean BMI of 23.3 (s.d. 4.4). No participant reported any major
symptoms, history of pathology, or recent injury in the back or lower limb. There was also no history

of medication use or neurological disease history which could have influenced standing balance.
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The local Human Research Ethics Committee approved the study and all participants provided

informed consent.

Procedures - Reliability

On each of the two assessment dates, participants performed standing balance tasks on a WBB placed
on the floor 1.5 metres from a wall. A cross was marked on the wall at eye level to provide a
consistent focal point. The real-time output and results were displayed on a screen in front of the
assessor but were not visible to the subjects. All sound was muted so they received no visual or

auditory feedback during testing.

In each assessment, the subjects were instructed to take up one of the four stances and attempt to
complete three trials for each. This was repeated for all four stances. These stances were chosen to
mirror the stances studied by Clark and colleagues when they validated the Wii balance board as a
force pIatform.180 The WBB was connected via its Bluetooth connection to either the Wii console
(referred to from now on as ‘Wii’) measuring the Stillness score or a laptop running custom software
(referred to as ‘Laptop”) to measure CoP coordinates. The Stillness test is a measure of CoP
movement over 30 seconds which results in a percentage score.

Once the participants had completed all the trials in each of the four stances and the data were
collected on one device, the WBB was connected to the second data collection device. They then
repeated their trials in the same four stances. The order of stances and testing devices was randomly

assigned for each participant, but remained consistent between testing sessions.

The four stances:

DSEO Double-leg Stance with Eyes Open and feet apart.
DSEC  Double-leg Stance with Eyes Closed and feet together
USEO  Unilateral-leg Stance with Eyes Open

USEC  Unilateral-leg Stance with Eyes Closed
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The subjects were instructed to take a comfortable stance for the DSEO and the distance between
their heels was measured and kept consistent between tests and sessions for that subject. All

unilateral stances were performed with the subject standing on their dominant leg.

During each trial, the participants were instructed to keep their hands by their sides and to remain as
still as possible for the duration of each trial, which lasted 30 seconds. If their support foot shifted
position or their non-support foot touched the floor then the trial ceased and was recorded as

unsuccessful.

Three successful trials were attempted for each stance and testing ceased if there were three
unsuccessful attempts at any particular stance. There was a 15-second rest between trials and 60

seconds between stances and devices.

Validity

To work out what the Stillness test was actually measuring, the ideal testing scenario would have
been to have one WBB transmitting identical CoP data simultaneously to a laptop and a Wii console.

This would have given a percentage score from the Stillness score to correlate with the raw CoP data.

As each individual WBB only allows its output signal to be received by one Bluetooth linked device,
the data of each separate trial had to be collected simultaneously by two different devices. To achieve
this, two WBBs were stacked on top of each other, transmitting a separate but simultaneous
Bluetooth signal for each trial. One was linked to a Wii console with its data analysed by the Wii-Fit
software. The other was linked to a laptop running the custom software, producing CoP coordinate
data. This configuration was tested for accuracy and then the simultaneous balance data were

analysed for correlation.
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Procedures - Validity

Testing Configuration of WBBS

The accuracy of stacking the WBB on a force platform has been shown to be accurate,291 but the
stacked WBB configuration was still tested. Two WBB were placed on top of each other and
positioned on the centre of the Biodex SD force platform (BIODEX, USA). First, the uppermost WBB
was paired via Bluetooth with the laptop running custom software. A single subject then performed
multiple standing trials. The data output was collected simultaneously on the laptop and also by the
Biodex SD force platform. The lower of the two WBBs was then paired via Bluetooth with the laptop
and the subject repeated multiple standing trials with simultaneous data collection by the Biodex SD
and the lower WBB. The output of the WBBs in each position was correlated with the Biodex SD data.

The Biodex SD was not used for the remainder of the reliability or validity testing.

Deriving Stillness formula

The two WBBs were stacked one on the other and placed on a solid surface. One was connected to a
Wii console running Wii-Fit software and the other to a laptop running the custom software. A single
subject performed 50 trials (DSEO) in 5 sets of 10 with the subject varying the variability and direction
of their CoP position in a methodical manner to replicate as many potential standing balance
situations as possible. The simultaneous data sets from the custom software and the Wii-Fit Stillness
test were collected from these 50 trials (see Table 3).

Table 3 - 50 trials of Stillness correlated with simultaneous CoP data from custom software

Trials Variation

0-10 Low sway amplitude and velocity in any direction
11-20 High ML sway amplitude — low velocity

21-30 High AP sway amplitude — low velocity

31-40 High sway amplitude - all directions — low velocity
41 -50 High sway amplitude - all directions — high velocity

AP — Antero-posterior direction

ML — Medio-lateral direction
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Each trial produced two sets of data. The WBB that was paired to the Wii console generated a
percentage Stillness score. The WBB paired to the laptop generated a set of x, y coordinates

representing the CoP was generated.

The laptop data sets were analysed with formulae of known valid measures of standing balance.'”
For each trial, the results of each formula were then correlated with the Wii Stillness scores for the
corresponding trial.

Data Analysis

The data from the WBBs were transmitted via Bluetooth connections. The Wii console analysed the
WABB data using the 30-second Stillness test in its Wii-Fit software (Nintendo, Japan). This produced a
percentage score, a higher percentage suggesting less movement of the centre of pressure.

The laptop computer used custom-written software (Labview 8.5 National Instruments, Austin, TX,
USA). The Labview software was calibrated as detailed in Clark and colleagues’ paper.180

The Labview software produces a series of x, y coordinates, at a specified frequency, representing the
CoP measured. Our data were sampled at 40 Hz and filtered with an eighth order Butterworth filter
with a low-pass cut-off frequency of 12 Hz, as per Clark and colleagues. The Stillness test in the Wii-Fit
software generates a percentage score. The data filtering and cut-off levels used by the Wii-Fit
software were not available to the author and are not readily supplied by Nintendo for commercial
reasons.

The Biodex force platform also produces x. y coordinates representing the CoP measured. These data

are stored in the integrated console and exported to a .csv file.

The median value of each set of three trials was used. The median was chosen to reduce the

opportunity for outlying data to skew the results.
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Statistical Analysis

The maximum CoP (X-Y) amplitude for each trial of the laptop data was converted into a percentage

score with the equation of the line of best fit from Figure 12.

Maximum X-Y amplitude (cms) = ABS (Max X — Min X) + ABS (Max Y — Min Y)

This resulted in a derived Stillness % score from the laptop data, enabling direct comparison with the

Wii Stillness % score from the Wii console.

292

Agreement between these two datasets was examined by means of Bland-Altman plots.”™ The
Bland-Altman plots (also known as a Tukey mean difference plot) plot the difference in percentage
score between the Wii console data and the custom laptop data against the mean results When a
sample has a large standard deviation, there may be a good correlation between two methods of
measuring but this correlation does not necessarily mean that there is agreement between the two
measuring devices. One solution is to use a Bland-Altman difference plot, which is used to analyse the
agreement between two different methods for measuring the same parameter. The plots have two
functions.

1) There should be no relationship between the two methods across the range of
measurements. If a proportional bias exists, the methods will not agree across the range of
measurements. The data points will show a linear relationship.

2) The 95% limits of agreement lines tell us how far apart the measurements taken by the two

methods are. If this range is not clinically relevant, then the two methods of measurement

can be used interchangeably.

A two-way, random-effect, single measure (median of the three trials) intraclass correlation
coefficients (ICC,1)) model was used to assess reliability. In conjunction with the ICC values, standard

error of measurement (SEM) and minimum detectable change (MDC) values were calculated to assess
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the concurrent validity between the laptop-derived Stillness score and the Wii Stillness score, as well
as the within-device test-retest reliability and measurement error over the two testing sessions. Point
estimates of the ICCs were interpreted as follows: excellent (0.75-1), modest (0.4-0.74), poor (0-
0.39).”
All statistical analyses were conducted with the Statistical Package for the Social Sciences. (SPSS, IBM
Version 21.0) The MDC, which is based on the reliable change index score, was calculated using the

equations reported previously by Jacobson and Truax.”’®

It is expressed as the percentage test-retest
change in score, required to find a significant difference at an alpha level of 0.05 based on the Day 1

mean value.
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4.1.3 RESULTS

Validity

The comparison of the CoP coordinate data from the Biodex with each of the stacked WBBs paired
with the laptop showed an excellent correlation (R2= >0.99). The position of the WBB tested had no

effect (see Figure 9).

R? Linear =0.994

Biodex - CoP amplitude cm

T T T
0 10 20 30

Custom software - CoP amplitude cm

=95% confidence intervals

----------- = 95% prediction lines

Figure 9 - Centre of pressure data from stacked WBBs linked to the laptop, placed on a Biodex force platform.

Calculating the Stillness measure

The Stillness score was correlated against a number of known balance measures. Each formula was

applied to the raw CoP data from the WBB connected to a laptop running the custom software, giving
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a result for each trial. The results for each formula were then correlated against the Stillness

percentage scores from a stacked WBB connected to a Wii console.

I I O D

TESTIN 20101COP CAL FACTOR, 5 BOARDL. v

COMBINED

Path Velocity (cm/s) AP amplitude (cm)

AP SD

ATERAL RESULTS
ML amplitude (cm) ML SD (cm)

2. 16565 |
File

\\vmware-host|Shared Folders\jonathannegus On My Mac\Dropbox\J PhD folder\Equipment\BALANCE BOARD Labview - 2nd Release|2nd Release - May 2010\BALANCE
DATA\wibiodex calibr 16.csv

Figure 10 — Centre of pressure graph from a balance trial

Figure 10 demonstrates a line which represents the path taken by the CoP coordinate throughout a

single balance trial. The length of the line connecting all these dots is the path length.

Table 4 illustrates some of the measures of standing balance investigated in the relationship between

the Wii-Fit Stillness score and the raw CoP data from a WBB connected to a laptop: path length, sum

of distance from origin, standard deviation, and variance of total and directional coordinates and 95%

ellipse area, amongst others. The graphs demonstrate that Stillness did not correlate well with path

length or sum of distance from the origin.
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Table 4 - Validated measures of standing balance with Pearson correlation coefficients — WBB connected to

Laptop correlated to Biodex platform data

Measure Formulae Key R
Path length = Sum(SQRT(((ABS(X"- ABS — -0.691
X"))+((ABS(Y"*-Y")))? wRhouta.
sign
Distance from | = Sum(SQRT((X"-X")*+ (Y"- X'=n"xaxis | 0 505
start Y)?) ;I(?:i?‘ x-axis
value
95% ellipse 5.99 = {[x(t)-ux]/sx}*2 + {[y(t)- S -0.873
uy]/sy}’\2 t = timepoint
Sum of x-axis | = ABS(MAX(X)-MIN(X))+ S e | 0-958
& y-axis ABS(MAX(Y)-MIN(Y)) without a
amplitudes sign

A selection of the results of correlating Wii-Fit stillness with more commonly used standing balance

measures is shown in Figure 11.
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Figure 11 — Wii Stillness correlated with a) path length and b) sum of distance from origin

Ultimately, the measure of balance which showed the greatest correlation was the sum of the

mediolateral (ML) and anteroposterior (AP)) ranges. The range can be calculated from the value

representing the maximum excursion of CoP at one end of the x-axis added to the value of the

maximum excursion at the other end of the x-axis. This value is the range of the x-axis. This was
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summed with the range in the y-axis. Using Figure 10 as an example, it was calculated as the most
extreme CoP point on the x-axis, which is approximately 8cm, and in the y-axis it is approximately
8cm. This gives a maximum amplitude value for this trial of approximately 16cm. This figure was

applied to the formula derived from the line of best fit in Figure 12 to give a Stillness percentage.

When the following formula was applied to the raw CoP data, the results demonstrated an excellent

correlation: R*=0.919.

Maximum X-Y amplitude (cms) = ABS (Max X — Min X) + ABS (Max Y — Min Y)

Laptop Maximum X-Y amplitude (cm)

v T T T T T
0 20 40 60 80

Wii-Fit Stillness %

Figure 12 - Correlation of Wii Stillness % score against laptop maximum X-Y amplitude data

The equation for the line of best fit was X = (Y - 8.86) / - 0.1). Three outliers at very low Wii Stillness %
scores were excluded to maximize the accuracy of the line of best fit. The outliers were in an
extremely low range of measurement which was deemed less clinically relevant to the scores that
would be investigated. The lack of predictive accuracy in this low range (less than 20%) was taken into

account.
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The CoP data in centimetres were transformed into a percentage score with the equation above so
that the data from both measuring devices (Wii console and Custom software on the laptop) were in

the same units, as required when Bland-Altman plots are used for comparison.

validity

Table 5 - Reliability and validity analysis of Stillness % and Labview sum of range converted to % scores during

each of the three analysed standing balance trials.

Laptop sum of range converted to % Wi Stillness % Mean Diff (95 % Cl) ICC (95 % Cl)
USEO % SD % N
Day 1 303 (13.6) 30.5 (8.8) 0.2 (-16.4t017.2) 0.72 (0.45 to 0.87)
Day 2 29.5 (16.3) 33.0 (11) 35 (-16.0to 23.1) 0.70 (0.42t0 0.86)
Mean diff (95% ClI) 0.80 (-24.53t0 21.85) 2.52 (-1.1t0 0.67)
1CC (95% Cl) 0.65  (0.34t00.83) 0.85  (0.68t00.93)
SEM 7.74 3.44
MDC % 71% 31%
DSEO
Day 1 57.0 (14.3) 65.3 (10.8) 83 (-9.6 t0 26.3) 0.74 (0.49 to 0.89)
Day 2 59.1 (8.35) 64.3 (10.9) 51 (-8.1to0 18.4) 0.77 (0.54 t0 0.89)
Mean diff (95% CI) 218  (-17.53t0 21.89) 1.04  (-14.61-18.24)
1CC (95% Cl) 064  (0.31t00.82) 0.88  (0.74t00.95)
SEM 8.68 3.80
MDC % 43% 16%
DSEC
Day 1 35.7 (18.9) 42,6 (20.2) 73 (-10.4 to 25.6) 0.91 (0.80 to 0.96)
Day 2 38.9 (18.2) 433 (17.7) 48 (-12.0t0 21.7) 0.89 (0.77 t0 0.95)
Mean diff (95% CI) 318  (-17.50 to 23.86) 069  (-14.57-19.88)
1CC (95% Cl) 0.85  (0.68t00.93) 0.89  (0.75t00.95)
SEM 7.42 6.86
MDC % 58% 45%

USEO: Unilateral-leg stance, eyes open; DSEO: Double-leg stance, eyes open; DSEC: Double-leg stance, eyes closed; SD:
Standard Deviation; diff: difference; ICC: Intraclass correlation coefficient; Cl: Confidence Interval; SEM: Standard error of the
measurement; MDC: minimum detectable change, expressed as a percentage of the Day 1 mean value

The complete results of the inter-device ICCs between the laptop custom software and the Wii

console Stillness score for each balance stance with confidence intervals are shown in Table 5. In

summary -

DSEC validity was excellent in both testing sessions -0.91&0.89
DSEO validity was modest to excellent -0.74 & 0.77
USEO validity was modest -0.72 & 0.70
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USEC - for the single limb stance with eyes closed, 14 participants were unable to complete at least
one trial on both testing days for both machines. Because of this paucity of test-retest data,

meaningful analyses were not possible for this stance.

The Minimum Detectable Change values showed considerable variation ranging from 16 to 96% for
both the Wii console Stillness score and the laptop-measured maximum X-Y amplitude. This was

expected, given the results of previous studies.'®

The Bland-Altman plots for the Stillness % score and the % score derived from applying the line of
best-fit equation to the laptop amplitude data are shown in Figure 13. It is usual practice to interpret
Bland-Altman plots informally with no further analyses. The discrepancy between the two devices was
approximately +/- 20% in all stances in 95% of cases, as evidenced by the limits of agreement lines set

at+/-2s.d..

No relationship was evident in the Bland-Altman plots for the DSEO and DSEC stances.
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Figure 13 - Bland-Altman plots representing comparisons between a WBB linked to the Wii console and a WBB

linked to a laptop (amplitude converted to %) under the three testing conditions: (DSEO) double-limb, eyes

open; (DSEC) double-limb, eyes closed; (USEO) single-limb, eyes open. The mean line represents the mean

difference between the devices, with the upper and lower lines representing the limits of agreement (2 s.d.)
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4.1.4 DISCUSSION

This study demonstrated the Wii-Fit Stillness score to be a reliable measure of standing balance in
three of the analysed stances. There were excellent correlations between the two testing sessions in

these stances.

The reliability in the USEC stance was not analysed, as a majority of the subjects were unable to
maintain their balance in this stance for the full 30 seconds. A patient population which is older or has
balance pathology would be likely to struggle even more, suggesting that a USEC stance over 30
seconds is not a good test for these populations. Springer and colleagues showed that the ability to
stand on one leg diminishes rapidly from the age of 50 with eyes open or closed.”®® Whereas the
mean time to failure for the eyes-open condition is more than 40 seconds for subjects under 50 years
of age, it drops to 15 seconds for those in their seventies. When the eyes are closed in unilateral
stance, the same age groups can only manage seven and two seconds respectively.

Bohannon and colleagues found that the mean time in seconds whereby healthy subjects could
maintain a one-legged stance with their eyes closed was 28.8 (s.d. 2.3) for those aged 20 to 29, but

only 4.3 seconds (s.d. 3.0) for those aged 70 to 79. 29

This suggests that a more relevant test for the USEC stance would be either a 10- second trial length
or a measure of the total length of time a subject can maintain the stance and analysis of the centre
of pressure data over that time period. In this study, the Wii-Fit software has a rigid time parameter
of 30 seconds. If the subject does not reach 30 seconds, no meaningful centre of pressure data are
recorded by the Wii. For the safety of the elderly participants and for accuracy and completion of the

data, the USEC stance was not utilized in the later trial.

The measured reliability of the Wii-Fit Stillness software score is not surprising. The results which the
software produces from an identical input on two different occasions will differ only in terms of the

variability of the measuring device and the software. Both the WBB and the Wii-Fit software will be
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affected by ‘noise’ artifacts and by sampling rate, partly because there is no cable shield between
each load cell and the main board. Pagnacco and colleagues reported that the WBB channels are not
sampled simultaneously and that there was a large amount of noise in the system compared with
their posturographic machine.” This led to an over-estimation of mean velocity by the WBB of 46%

compared with the force platform.

The WBB uses a first order filter and has a data frequency output of approximately 70 Hz. The data
output frequency cannot be altered by the user, differently from other force platforms which have a

range of output data frequencies, e.g. CAPS Lite 10-1000Hz.””’

The CoP resolution of the WBB is about 0.5mm, which is low precision compared with other gait

257 .
The noise leads

analysis or standing balance platforms (e.g. CAPS™ Lite force platform = 0.01mm).
to an overestimation of velocity by 46% with the WBB compared with the CAPS™ Lite device, even

when the data are filtered.

The validity of Nintendo’s Stillness measure is more complicated. Albeit this score can provide valid
information about the maximum range of the subject’s centre of pressure movements, it is prone to
underscoring a subject’s balance ability through the inclusion of outlying data points. For example, a
subject with very good balance could complete a trial with the vast majority of their CoP points in a
tight circle around the origin, save for one excursion. The score would only reflect the maximum limits
of that one excursion, not the bulk of the data points close to the centre. Other validated measures,
such as path length, are less affected by single, aberrant CoP excursions. This is a limitation of the

Stillness measure. In order to minimize this effect, the median or best score should be used.

While working out the algorithm used by the Stillness test (Figure 12), there were three outlying data
points in the low percentage range on the X-axis. The low percentage range equates to large CoP
amplitudes or ‘poor balance’. These needed to be excluded from the line of best-fit calculation in

order to maximize the correlation with the majority of the data to maximize the predictive power of
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the algorithm. The exclusion of these data points means that in balance trials with a large amplitude

likely to lead to a ‘Stillness’ score below approximately 20%, the conversion algorithm is unlikely to be
correct. However, in all but the USEC stance, a score of less than 20% was very uncommon. Therefore,
it made sense to calculate the line of best fit in the zone between 20 and 100% where the majority of

data points were plotted.

However, it was important to examine why these outliers existed. They all represented a larger
amplitude measurement in the custom software than in the Wii Stillness score. A possible explanation
could be a difference in the measurement threshold of the two software programs. The Wii Stillness
appears to have a maximum threshold range, which can be exceeded by the CoP amplitudes of some
trials with large amplitudes (low Stillness percentage scores). The CoP trace, visible on the television
screen during the Wii-Fit Stillness tests, appeared to reach this threshold in a number of the USEC
trials. The Labview custom software is able to measure beyond this threshold. This means the custom
software measures a larger amplitude than the Wii, represented on the graph by the outliers sitting

above the line of best fit.

As a laboratory measure of balance the Stillness test has a number of limitations. It produces a single
percentage result giving no access to raw data from the Wii console. The AP and ML components of
the CoP range cannot be discriminated, not allowing for further investigation of a low score. The CoP
path is traced on the screen at the conclusion of each trial but there is no accurate way to extract
these data. The resolution of the line drawn on the screen means that even digital photography of the

screen at the conclusion of the trial would not give enough information to produce CoP data.

The length of the test is also set at 30 seconds, reducing the usefulness of the score for more difficult
tests such as USEC, when participants are less likely to be able to complete the whole test. It is worth
noting that Clark and colleagues, in their paper validating the WBB as a force platform, could
customize their testing protocols and their unilateral stances were only held for 10 seconds,

explaining why they completed a higher number of successful trials. 180
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Finally, we know from Clark and coIIeagues180 that the WBB cannot measure force in the horizontal

plane, limiting its use as a gait analysis force platform.

The recommendation from this study is that the median or maximum score of three trials is analysed.
This study used median score to maintain consistency with the original validation by Clark and
colleagues, but a later analysis of the data showed that the maximum or best score was equally valid
and is more clinically relevant. It was the maximum score which was used in the clinical trial with
patients. The subjects often had an outlying trial with a much lower score than the other two. If the
mean score were to be used, the scores analysed would be lower than the expected compared with

other validated balance measures.

Minimum Detectable Change (MDC) is the minimum amount of change in a patient’s score which
ensures the change is not a result of measurement error. For the DSEO, stance was calculated as 16%
(see Table 5). Applying this to the median Stillness score on day 1 of 65.3%, the MDC in a test-retest
study would mean a difference in Stillness score of 11% (MDC * day 1 mean score = 0.16*0.653). For
DSEC it was 19% and for USEOQ it was 9.5%. This suggests that the USEO stance is the more clinically
relevant because the minimum value of the difference between two separate tests needed in the

USEO stance is half that of the DSEC stance.

These MDC values suggest that the maximum amplitude method of assessing standing balance may
be clinically relevant in assessing a younger and healthier population using the USEO stance but less
so with the DSEO and DSEC stances. However, in the elderly patient population or those at risk of
falls, the Stillness score may prove more useful as the subjects are likely to have a lower starting score
with potential to make greater improvements, greater than the MDC of all three stances. It is
important to be aware that the results of validity tests can only be applied with confidence to a
similar population in terms of age or co-morbidity. Therefore, the MDC needs to be calculated for the

population in question.
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The Bland-Altman plots showed little difference between the two software programs (Wii-fit on Wii
console and Custom software on laptop) for the three analysed stances across the range of scores,
demonstrating good concurrent validity (Figure 13). This suggests no proportional bias throughout the
measurement range for the two devices. In the USEO stance, the points demonstrate a positive slope
with an increasing average % score by the two devices. As the average percentage score of the two
machines increases, indicating a better balance trial result, the WBB connected to the laptop custom
software is outputting a higher percentage score than the WBB connected to the Wii console running
the Wii-fit software. Conversely, at lower percentage scores, especially below 20%, the Wii console is
measuring a larger % value than the laptop custom software. This is in agreement with the earlier
findings shown by the outliers in the line of best fit of Figure 12, showing a measurement discrepancy
between the two devices at percentage values below 20%. The fact that this does not happen in the
DSEO and DSEC stances may be because of a greater velocity of CoP movement in a single-leg stance

compared with a double-leg stance.

The Wii Stillness ICCs on the same device when measured on different days were excellent (0.85 -
0.89) and the ICCs comparing the different devices on the same day were modest to excellent (0.70 -

0.91) for the three analysed stances (see Table 5).

It is worth noting that the subjects never received visual or auditory feedback from the Wii for this
validity testing. The Stillness test is designed with three levels of visual perturbation as well as
auditory feedback. As the relative contribution of each of these could not be measured from raw
data, all of this feedback was removed. In practice, clinicians may leave this perturbation in the test.
For the TKR-POWER study, the subjects were always tested in the same manner as in this validation,

with no visual or auditory perturbation.

The Wii Stillness score is one of a number of balance tests offered by the Nintendo Wii-Fit software.
Although it is sold as a video game for recreation and is not classed as a medical device, it has been

. .. . .. . 17,18,264
used in clinical research and, anecdotally, in clinical practice.
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Although the WBB has been shown to be an alternative to laboratory-grade force platforms, albeit
with significant caveats, the results of this study cautions against assessing standing balance with the

Stillness component of the Wii-Fit software.’****’

Software parameters, such as the inability to modify the length of the test and the inclusion and
summation of maximum amplitude of all CoP movements, limit its clinical utility. This is particularly
relevant in an older population where the ability to hold stances for longer than 30 seconds or the
occasional wide excursion of movement before gaining control or when starting to fatigue is likely to
be more prevalent. The inability to further examine the contribution of different planes of movement
or the spread of the measurements in those planes and therefore to target particular muscle groups

for more focused exercise strategies is another potential limitation.

In conclusion, this study validated the measurement of the Stillness score by the Wii-Fit software and
it proved reliable for three of the four tested stances. For future studies the recommendation would
be that, although subjects can be tested standing on both legs with eyes open or closed, if standing
on one leg, their eyes need to be open. The best score from three trials should be recorded to reduce

the influence of outliers. This will maximize the relevance of the data collected by this machine.
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4.2 INVESTIGATING THE ASSOCIATIONS BETWEEN BALANCE

MEASURED ON THE NINTENDO WII AND FUNCTIONAL OUTCOMES IN

PATIENTS WITH END-STAGE KNEE OSTEOARTHRITIS

4.2.1 INTRODUCTION

Osteoarthritis is a common, painful and disabling condition, which affects the knee more frequently

295, 296

than any other joint of the lower limb. The prevalence of knee OA increases with age. Patients

with end-stage osteoarthritis of the knee have functional limitations which commonly include

297, 298

prolonged sitting, squatting, kneeling, rising from a chair, and getting in and out of a car. These

limitations are largely because of a decline in the neuromuscular control of the knee. This coordinated
activity provides stability to the knee joint helping to absorb much of the load placed on it during

weight-bearing activities.””

Functional control requires adequate muscle strength, knee joint proprioception, and standing

balance. There is a steady decline in joint position sense (JPS) and knee proprioception with age in

201, 300, 301

subjects with normal knees. This is worse in those with osteoarthritis and in these patients,

201, 302, 303

is less age-dependent. Knee OA is also associated with a 50-60% reduction in maximum

quadriceps torque.***

Patients who have had a total knee replacement (TKR) have a better JPS in the operated knee than

before the operation,g'00 and better JPS than patients with osteoarthritic knees which have not been

replaced,201 but they show a significant impairment compared with age-matched controls.*®

Interestingly, in the patients who had a TKR, there was no difference between the operated and non-

300, 305

operated knee. This has led to the conclusion that the non-operated knee appears to be

201, 283, 300, 302 .
Therefore it has

affected by impaired JPS, independently of whether it is itself arthritic.
been postulated that in studies on JPS and proprioception, it is better to use the patient's own

contralateral knee as a control than knees of age-matched normal or arthritic patients. This may be
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appropriate for studies of a surgical technique or implant design, but in a rehabilitation-based study,
the intervention will affect both legs and the aim is to return the patient to the level of function of an

age-matched control.

Balance is an integral component of many of the activities of daily living. The task of maintaining

balance becomes increasingly difficult with age, as evidenced by the high frequency of falls in older

156, 306, 307 164, 278-281

adults. Patients with OA have worse balance than age-matched controls.
Understanding the mechanisms and interactions of knee OA on balance will lead to a better

understanding of the possible mechanisms of disability in this population and may direct treatment

for patients.

Standing balance has a direct relationship with threshold JPS in subjects over 70 years old. The ability
to recover from a perturbation does not have this direct relationship with threshold JPS in these older
subjects. In the context of standing balance, a perturbation is an outside influence such as an uneven

standing surface or a physical stimulus which causes a deviation in the balanced state. There was no

negative effect on standing balance in subjects with a TKR. 308

There is good evidence for the association between functional deficits and knee extensor strength149’

199:299 b1t the evidence for associations between functional deficits with standing balance is limited.

277,309

In patients with knee OA, reduced knee extensor strength, with body weight accounted for, was

moderately associated with impairment of standing balance (Spearman’s r=-0.40, p=0.002).310

Some studies have reported that not all patients with knee OA have a greater standing CoP

displacement than healthy controls.*****?

This could be explained by the interaction of this association
with muscle strength, investigated by Pua and colleagues. 309 They looked at the interactive effects of

knee strength and standing balance on function in patients with knee OA. They found a complex
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disordinal relationship with more than one strategy employed to maintain balance but used SF-36,

not a knee-specific measure (see Figure 14).309

In subjects with low knee extensor (quads) strength (<1.10 Nm/kg), balance was negatively related to
physical function. The balance variable was the standard deviation of the CoP excursion in the antero-
posterior or forward and backwards direction. (The association described in the paper was positive

because poor balance gave a higher value for the balance variable.)

In patients with greater knee extensor strength, better balance (s.d. of AP CoP) was positively related
to function. The optimum knee extensor strength for threshold for separating patients with and
without a poor gait speed was 1.22 Nm/kg. The association was only observed in the AP and not the

mediolateral or side-to-side direction.

Fast-pace gait speed (m/s)
SF-36 physical function

Figure 2. Three-dimensional plots showing the influence of standing center of pressure (COP) SD anteroposterior (AP), knee extensor
strength, and their interaction on fast-pace gait speed (A) and Medical Outcomes Study 36-item Short Form health survey (SF-36) physical
function (B), adjusted for sex, age, body weight, and SF-36 bodily pain.

Figure 14 — The disordinal relationship between balance, strength and function — Pua et al 2011 309

There is growing evidence that CoP displacement may represent the exploratory activity of the CNS to
ensure an adequate level of sensory input. In the presence of substantial muscle weakness, the CNS
may actually increase CoP excursion in an attempt to increase sensory input or it may employ a global

314,315

stiffening strategy with global muscle contraction. The patients with knee extensor weakness

were using a co-contraction strategy to maintain balance which led to a small CoP excursion but is

145



associated with a low level of physical function. The patients with knee extensor weakness who had a
greater CoP excursion were actually associated with better function, suggesting the exploratory
strategy. This departs from the conventional wisdom that lesser CoP displacement is associated with

better postural control and physical function.

Schwartz and colleagues found that there was a strong correlation between improved quality of life

19> They performed a linear

according to SF-36 and several measures of static and dynamic balance.
regression which showed that balance may have a more significant influence than pain on the
outcome of TKR as measured by a functional test (four square step test) and the Oxford Knee Score.

They showed that in patients who were one year on from a TKR, those whose balance had improved

more had better functional outcomes.

Van der Esch and colleagues examined the relationship between balance, muscle strength, and
function in patients with OA of the knee. They found the interactions between muscle strength and
balance to be more complicated than a purely linear relationship.316 Bivariate analyses of
proprioception, muscle strength and function showed that muscle weakness was related to functional
limitation (r=-0.55 to -0.66, p<0.001) and poor proprioception was related to greater limitation in
function (r=0.26 to 0.30, p<0.05) and muscle weakness (r=-0.42, p<0.001). However, these
relationships were weak. Their multivariate analysis showed that 54% of the variance of the walking
time measure of function was explained by muscle strength, proprioception, and their interaction. In
the presence of poor proprioception, muscle weakness was associated with even more severe
deterioration of functional ability than when proprioception was accurate. The results were similar for
the Get-Up-and-Go measure of function. Therefore ‘poor proprioception aggravates the impact of
muscle weakness on limitations in functional ability. In the absence of adequate motor control
through a lack of accurate proprioceptive input, muscle weakness affects a patient’s functional ability

316
to a greater degree’.
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Studies have been cited in the literature as having found no significant association between standing

279,310, 311
Of these, Hassan and

balance and physical function in bivariate or multivariate analyses.
colleagues used the WOMAC score to assess function in 140 patients.310 Objective functional
assessments such as gait speed have been associated with balance and strength whereas the
functional subscale of WOMAC has not.>*® Hurley and colleagues compared 103 patients with
osteoarthritis of the knee with 25 controls and, although there was no association between standing
balance measured by postural stability and functional outcome overall as measured by a battery of
objective functional tests, there was a subset of 23 patients who could not maintain the bipedal eyes-
open stance.’™ When this group was compared with the rest of the patients who could, there was a
significant difference between the two for the functional outcome. Hinman and colleagues examined
33 patients with knee osteoarthritis and 33 controls using a sway meter and a functional step test.””®
They did find significant inverse but weak associations between the step test and 7 of the 12 postural

sway variables. They felt these relationships were not strong enough to be used for predicting balance

from the step test.

The CoP displacement measured in a standing balance test represents the net neuromuscular
response in terms of controlling the passive centre of gravity. Standing balance is therefore a complex
and multivariate phenomenon. As both extensor strength and standing balance have been linked to

these neurophysiological processes, they should be examined together.

Physical function can be measured subjectively by general measures such as SF-36°" or disease-
specific questionnaires. The WOMAC index is a validated measure used in knee OA and has subscales
to examine pain, stiffness, and function.

%189 byt it has limitations.””” The software available

The WBB can be used as a basic force platform
from retail outlets which comes with the balance board is Wii-Fit. It contains a number of balance

‘tests’. One is the Stillness % score, which is a measure of maximum CoP range. The WBB and Wii-Fit
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are used by therapists to measure balance performance as well as therapeutically as a rehabilitation

tool.

Therefore, this study aims to measure the associations between knee extensor strength measured in
Kg by handheld dynamometer and standing balance measured using the Wii Stillness measure on the
Wii Balance board with physical function using the knee-specific questionnaire — WOMAC or the UG

(up and go test) in patients with severe osteoarthritis of the knee.

4.2.2 METHODS

Sixty patients with end-stage knee osteoarthritis on the waiting list for a total knee replacement were
recruited from one orthopaedic centre in Sydney, Australia between March 2011 and September
2012. They were recruited within three months of surgery as part of a randomized controlled trial
investigating the use of the Nintendo Wii as a post-surgery rehabilitation tool (TKR-POWER study).
Patients were excluded if they 1) had secondary knee OA because of inflammatory disease or sepsis,
2) had a pre-existing neurological, inner ear or other pathology affecting balance, or 3) did not speak
English. The study was approved by the local ethics committee and all patients provided informed

consent.

Patients attended the research institute after being booked for their TKR. They underwent a physical

assessment of height, weight, and knee range of motion. They then completed the following surveys.

Patient-reported outcome measures

Western Ontario McMaster University Osteoarthritis index (WOMAC).SS’ 60,62

An osteoarthritis-specific
subjective questionnaire with a total score comprised of pain, stiffness and function subscales. It is

scored on a five-point Likert scale from zero to four with a maximum score of 96, a higher score

denoting worse outcome. The subscales are scored on: pain (20), stiffness (8), and function (68).
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Functional measures

1) Up-and-Go (UG) test over 2.44m** (a shortened version of the Timed-Up-and-Go TUG test).
2) Standing balance — Double stance eyes closed (DSEC) - on both legs with eyes closed

3) Knee flexion and extension strength test.

1) Up-and-go

Patients sat in a chair with arms on the armrests. They were instructed to get up after a countdown to
go, and walk up to and then around a cone placed 2.44m away, return to the chair, and sit down. The
time was recorded from the ‘go’ signal to the point at which they sat down, recorded to one-tenth of
a second. They had a practice trial to ensure they understood the instructions and then the average of
two trials was recorded. This is as per the protocol of Rikli and Jones.”* The Up-and-Go test over

3

2.44m (8ft) is a shortened version of the Timed-Up-and-Go (TUG) test which was over three metres.”

TUG is measured in seconds — lower score indicates better function

2) Standing balance was assessed with both the Wii balance board (Nintendo) and the Biodex balance
platform. The patients stood with feet a comfortable distance apart, arms by their side, and eyes
closed for three tests of 30 seconds each. If they touched the side rail or a foot shifted position, the

trial ceased and time in seconds to that point was recorded.

The WBB was placed on top of the Biodex and data were simultaneously recorded from the Wii
console connected via Bluetooth to the WBB in the form of a Wii Stillness % score and from the
Biodex via its integrated console, recording anteroposterior and mediolateral CoP coordinates. The
range of the CoP represents the distance between the most positive and negative CoP trajectory
positions in the respective planes and the standard deviation of the CoP represented the variability of
the CoP around the mean value. Three successful trials were attempted and testing ceased if there
were three unsuccessful attempts. There was a 15-second rest between trials.. The median of three

trials was used to reduce the effect of outliers. Although the previous chapter (4.1) describes the
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maximum score as the most valid, the median score was used as per the protocol used by Clark and
colleagues as this study was designed prior to the results of Chapter 4.1 being available.”® Wii DSEC is
measured in percentage — higher score indicates better function whereas the DSEC AP and ML values

are amplitudes measured in cms and a higher score indicates worse function.

3) Maximal volitional isometric contractions of the knee extensors at 90 degrees of knee flexion were
performed with a hand-held dynamometer. The patient was in a seated position on the side of the
bed, holding onto the edge of the bed with the non-tested leg hanging free. The dynamometer was
placed 5cm proximal to the medial malleolus. The maximum of three trials was recorded in kilograms,
converted to Newtons and divided by the patient’s height to normalize the data. Standardized verbal

encouragement was given for each trial to encourage a maximal effort.
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Data Analysis

* Demographic comparison — Student’s t-test
* Pearson’s correlation coefficients were used to examine bivariate relationships between —
¢ Balance and muscle strength
* Balance and function
*  Muscle strength and function
* Linear regression models were constructed to examine the relationship between balance,
muscle strength and function
o The dependent variables were the functional measures - either the WOMAC
function subscale score or the UG score
o The first analyses used independent variables measuring balance (Wii DSEC) and
quadriceps strength

o The second analyses also included age, BMI and gender as independent variables.

Categorical data were presented as counts (%) and continuous data as mean (s.d.)

p-values of <0.01 were considered significant

The data from the WBB were transmitted via Bluetooth connections. The Wii console analysed the
WABB data using the 30-second Stillness test in its Wii-Fit software (Nintendo). The Stillness test
produces a percentage score with a higher percentage suggesting less movement of the centre of
pressure. The percentage score is a measure of the sum of the AP and ML range of CoP. The authors
do not know any data filtering and cut-off levels used by the Wii-Fit software. The median value of
each set of three trials was used. The median was chosen to reduce the potential for outlying data to

skew the results.
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4.2.3 RESULTS

Table 6 shows the demographics of the group and the outcomes are shown in Table 6. There is a

statistically significant improvement in time taken for the UG test (p<0.0001) as well as the functional

subscale of the WOMAC score (p<0.0001).

Table 6 — Demographics

AGE (years) 70.42 (6.9)
Gender (m:f) 30:30
BMI 30.2 (4.48)
TUG (s) 7.4(2.1)
Knee Extensor strength (N/m) 2.80(0.86)
Knee Flexion strength (N/m) 2.80 (0.86)
DSEC Wii (%) 45.1 (13.7)
WOMAC Function 23.6 (9.40)

mean (s.d.)
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Table 7 — Pearson correlation coefficients (p-value)

Age UG Gender Quadriceps | Hamstrings | Wii DSEC DSEC AP | DSEC ML WOMAC
strength strength function
Age 1 0.400 -0.173 -0.770 -0.118 -0.083 0.205 0.028 -0.375
(0.002) (0.187) | (0.558) (0.370) (0.526) (0.116) | (0.832) (0.005)

UG 0.400 1 -0.372 -0.378 -0.492 -0.029 -0.118 -0.032 -0.020

(0.002) (0.003) (0.003) (<0.0001) | (0.826) (0.367) | (0.777) (0.884)
Gender -0.173 -0.372 1 0.450 0.452 -0.427 0.332 0.214 0.200

(0.187) | (0.003) (0.0003) (0.0003) (0.001) (0.009) | (0.100) (0.148)
Quadriceps | -0.770 -0.378 0.450 1 0.669 -0.294 0.209 0.023 -0.269
strength (0.558) | (0.003) (0.0003) (<0.0001) | (0.023) (0.109) | (0.841) (0.037)
Hamstrings | -0.118 -0.492 0.452 0.669 1 -0.293 0.235 -0.027 -0.115
strength (0.370) | (<0.0001) | (0.0003) | (<0.0001) (0.023) (0.071) | (0.837) (0.263)
Wii DSEC -0.083 -0.029 -0.427 -0.294 -0.293 1 -0.402 -0.616 0.108

(0.526) | (0.826) (0.001) (0.023) (0.023) (0.001) | (<0.0001) | (0.438)
DSEC AP 0.205 -0.118 0.332 0.209 0.235 -0.402 1 0.383 -0.049

(0.116) | (0.367) (0.009) (0.109) (0.071) (0.001) (0.002) (0.685)
DSEC ML 0.028 -0.032 0.214 0.023 -0.027 -0.616 0.383 1 -0.162

(0.832) | (0.777) (0.100) (0.841) (0.837) (<0.0001) | (0.002) (0.177)
WOMAC -0.375 -0.020 0.200 -0.269 -0.115 0.108 -0.049 -0.162 1
function (0.005) | (0.884) (0.148) (0.037) (0.263) (0.438) (0.685) | (0.177)

UG — Up and Go test, DSEC — Double stance eyes closed, AP — Anteroposterior, ML - Mediolateral

Looking at age, the functional subscale of the WOMAC score and TUG time have poor to modest

correlations that demonstrate a decreasing function with increasing age. TUG time is also negatively

correlated with male gender, knee flexion and extension strength meaning that a lower and therefore

better TUG time is correlated with male gender and stronger muscles around the knees.

Males have a modest negative correlation to the Wii balance score (Wii DSEC). The Biodex balance

data enables analysis of the two components that make up the Stillness score, maximum amplitude in

both AP and ML directions. The only significant correlation was in the AP direction not ML which was
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at a similar level of correlation to the overall DSEC correlation. This positive correlation means male

gender is associated with a poorer score.

Knee extension strength is strongly correlated with knee flexion strength. Both extension and flexion

strength are correlated with balance as measured by Wii DSEC.

Balance as measured by Wii DSEC is negatively correlated with gender (modest), knee extensor (poor)

and flexor strength (poor) and both the AP and ML measurements of balance on the Biodex.

The Pearson correlations demonstrate no significant association between standing balance as

measured by the Wii-Fit Stillness score and function as measured by the function subscale of WOMAC

or TUG (Table 7).

Linear regression models found no significant effects of balance on function as measured by TUG or

WOMAC function.

Table 8 - Linear regression models testing the association of Functional measures against balance and strength

Coefficient of significant

Dependent Independent R p-value p-value
predictors
1 WOMAC F Q Strength, DSEC 0.079 | 0.095 N/A
2 uG Q Strength, DSEC

Q Strength, DSEC,
3 WOMACF 0.249 0.007 Quad S =-4.209 0.009
age, BMI, gender

Q Strength, DSEC,
4 UG 0.340 | 0.0001 Age =0.096 0.008

age, BMI, gender

WOMAC F — WOMAC functional subscale, UG — Up and Go test, DSEC — double stance eyes closed, Q strength — Quadriceps

strength, BMI — Body mass index
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4.2.4 DISCUSSION

The aim was to investigate the association between balance and function in a sample population of
patients with severe end-stage knee osteoarthritis. The study used a new gaming device that is easily
available to most clinicians and is gaining popularity in the research and clinical community to
measure balance. There was no correlation between standing balance as measured by DSEC Wii Fit
Stillness and function as measured by WOMAC function or the UG test. This could be because of the
following reasons:

* No association between standing balance and function in this patient population

* The WOMAC function score does not correlate with balance deficits

* The UG measure of function does not correlate with balance deficits

*  The Wii Stillness DSEC measure of standing balance is not valid for this patient population

No association between standing balance and function in this patient population

There were no significant correlations between the balance and function outcomes in this study. The
regression models showed that when looking at just quadriceps strength and Wii DSEC measured
balance as predictors, the models weren’t predictive. When age, BMI and gender were added in, the
quadriceps strength was predictive for WOMAC function and age was predictive for the UG result.
However, the R’ values were low suggesting that these variables were not accounting for much of the

variability.

No previous study has looked at standing balance measured with the Nintendo Wii and its association
with functional outcomes in these patients. This study concentrated on balance ability in an attempt
to investigate further, why TKR patients are less satisfied with the results of their operation compared
with those who have had a total hip replacement. Joint proprioception and the ability of the patient

to control the stability and movements of that joint are important to promote the feeling of the joint
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being more natural. Combining the damage from chronic arthritis and surgical trauma to the

ligaments and the joint capsule leads to significant proprioceptive disruption.ml’ 300,317

Replacement surgery should produce a mechanically stable knee through the balancing of ligament
tensions, but the dynamic stability is provided through the muscles and reflex arcs firing those

muscles.

Albeit there may be no association, standing balance is a debatable measure of functional balance.
Schwartz and colleagues found that there was only a significant improvement in one of five static
standing balance measures in osteoarthritic patients one year after a knee replacement whereas
three out of five dynamic tests showed a significant improvement.195 However, their modeling with
linear regression indicates that one year after TKR there is a strong correlation between improved
quality of life and improvement in a number of measures of static and dynamic balance. This suggests
that balance may have a significant influence on the outcome of TKR. However, all the data from our
analysis demonstrate no significant association of our chosen static balance measures with function

or quality of life in patients with osteoarthritis.

Males had significantly more quadriceps and hamstring strength on the side affected by arthritis
compared with females. However, they had significantly worse Wii Stillness balance scores. The
analysis of the force platform data showed this to be because of movement in the AP rather than the
ML direction. This may be due to poor balance or a specific balance strategy in that ML direction. This
strategy could be due to increased muscle strength tolerating greater excursion in the AP plane
without losing balance. Gender specific effects have been shown in obese subjects where obese

318,319 .
Menegomi et al

males show an increased sway in the ML direction compared to obese females.
showed that the increased body weight produced a significant increase in postural activity in men.
The increase in postural activity in the ML direction has been reported to be from a more hip centred

balance strategy than an ankle based strategy. 320
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The WOMAC function score does not correlate with balance deficits.

The function subscale of the WOMAC score showed a negative correlation with the age of the
patients. The older the patient, the poorer their functional WOMAC score. This association is well

known and is the same trend as age-matched non-arthritic controls.**!

The UG measure of function does not correlate with balance deficits

An increased time to complete the UG test was significantly correlated with increasing age, female
gender, and decreased quadriceps and hamstring strength., Age was not correlated with decreased
muscle strength. This may have been due to the limited age range of the cohort. There may have
been other reasons why more elderly patients take longer for the TUG than just having weaker legs.
These could be less upper limb strength (to help them rise from the chair), co-morbidities, a feeling of

unsteadiness during the test, or simple reluctance to move too quickly for fear of falling.

The Wii Stillness DSEC measure of standing balance is not valid for this patient population

Measuring standing balance with a force platform can cost tens of thousands of dollars and often
requires additional equipment such as a laptop and specialized data collection software. Although
they can collect detailed information on the balance of the subject, the level of detail may not be

clinically relevant, making them unnecessary and uneconomical.

The previous chapter (4.1) described the ‘Stillness’ measure used by the Wii-Fit software. It is a 30-
second balance test, which scores a subject’s balance ability with a percentage value. It measures the
maximum range of the centre of pressure in the AP and ML directions and sums the two results
before converting them into a percentage. This is a gross measure of standing balance which is only

likely to be useful as a screening tool. In order to quantify its ability to screen the balance of patients
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with severe OA, the baseline values needed to be established and then checked for associations with

validated patient-reported and more objective functional measures.

The Wii balance board has been shown to be a valid and reliable tool for measuring standing balance
in healthy volunteers as well as in patients with certain pathologies such as Parkinson’s disease.”” %

It has the advantage of being widely available to clinicians and the public alike, and is relatively cheap
and extremely portable because of its size and weight. There are concerns about the accuracy of the

WBB when used as a device measuring balance and sway (posturographic). Of note, these concerns

were raised by authors with a commercially available posturographic machine. »7

A number of studies have used the Wii-Fit software as part of a balance and rehabilitation protocol. 1
18,21,265,267, 268 55 me have used the in-built balance test results such as the Stillness % score or the Wii-
Fit age as a balance outcome. These tests have not been validated and in some cases it is not clear
how the software generates the result from the raw CoP data it collects from the WBB. Negus and
colleagues tested the validity and reliability of the Stillness test as a measure of standing balance.**
The single percentage score generated by the software is a summation of the range in both the AP
and the ML directions. The range or amplitude of CoP is a gross measure of standing balance which is
used in many studies but it is mostly reported as separate AP and ML values. The Wii does not allow
any further interrogation of the combined result, limiting further investigation. This measure is also
prone to underestimating balance because of one-off excursions of CoP being captured as the result
of an individual transient wobble, even if for the majority of the test the CoP is maintained in a tight

cluster around the centre. This is why in Chapter 4.1 there was a recommendation for multiple tests

and recording the median or best score.

Some studies have used the Wii-Fit age, which is very difficult to assess. The Wii-Fit age is based on
two balance tests, which are randomly selected each time the assessment is selected. Therefore, the
only way to reliably test an improvement in Wii-Fit age is through multiple tests. Other than Stillness,

however, none of these tests have been validated or the background calculations explained.
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The results of this study reinforced those of previous studies which describe associations between
muscle strength and balance as well as muscle strength and functional limitation. An association
between the quadriceps strength of the affected leg and the time taken to perform an UG test is
understandable. The quadriceps are the main muscle group used to drive the action of rising from a
chair and then in an eccentric mode sitting back down again. Lower body strength declines with age

at the rate of approximately 15% per decade.”®

Female gender was associated with worse TUG scores. This may be because of the lower quadriceps
strength to weight ratio of females. As female patients start with less quadriceps strength, and as
their arthritis causes a further decrease in strength, they cross the line of functional minimum before

males do.

Females also showed significantly decreased hamstring strength. The loss of strength for co-
contraction could affect balance, explaining the effect of the association between gender and Wii

DSEC max scores.

Balance is a difficult clinical assessment to quantify. Measures such as path length and spread can
provide information on standing balance. Path velocity can be used for postural sway. More active
tests such as limit of stability or perturbation tests can assess dynamic balance. Each test looks at a
different aspect of balance, which will have varying levels of relevance for individual patient

pathologies (see Chapter 4.1).

Balance control has been shown to be complicated and not just a function of motor output but motor

. . . . 183,184
behavior as an integrative outcome of perceptual, cognitive motor and sensory processes.

This study used the DSEC Wii-Fit Stillness score as a balance measure, even though it has been shown
to have a number of limitations. This measure was chosen because the Wii balance board and Wii-Fit

are increasingly being used in both research and clinical practice to investigate standing balance in
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patients with varying clinical pathologies. Therefore, it is important to further investigate the clinical

relevance of this software’s output as a measure of standing balance.

This study did not find a link between balance and function in patients with end-stage osteoarthritis
of the knee. The subjects went on to have a total knee replacement and it has been shown in other
studies which not only do functional outcomes improve for those patients who improve their balance

207 . . . . .
outcomes, ©° but the patients with a greater improvement in balance outcomes show more improved

. 195
functional outcomes.

Therefore, the preoperative data from these patients will be used to investigate the improvement in

balance measures from before TKR surgery to one year after surgery and compare the results with

functional outcomes.
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4.3 THE USE OF TECHNOLOGY IN THE TKR AGE GROUP (CIGAR)

4.3.1 INTRODUCTION

Traditionally, the younger generation embraces technology and is more comfortable and competent
with its use than the older generation. The computer and the internet have become integral in the
lives of the majority of those in the developed world. Those who have not mastered the basics of this

technology are at a disadvantage in a number of areas.

In 1989, Davis and colleagues said that ‘Understanding why people accept or reject computers has

proven to be one of the most challenging issues in information systems research’.”*° Studies have

shown that attitudes play a key role in predicting the acceptance of the user as well as their

satisfaction with the use of computers.*" ¥

This is still likely to be true today. Laver and colleagues
looked at the acceptability of using the Nintendo Wii as a rehabilitation device in a geriatric
rehabilitation hospital. They found that the subjects perceived conventional therapy to be more
effective after using the Wii for five days a week during their stay.261 This was relatively early in the
evolution of using the Wii-Fit for rehabilitation and the authors acknowledged that with more
evidence of its benefit the subjects might have been more receptive. The lack of perceived benefits
may also have been exacerbated by the generic nature of the available exercises on the Wii-Fit. They

are designed to be very game-like and may not seem like ‘serious’ rehabilitation to the more elderly

population.

Further studies tried to determine the effects of attitudes and beliefs on individuals’ use of

133-135 ore . 136 . .
computers. Many suffer from a lack of stability over time. "~ The rapidly changing face of
technology, from the hardware which is available to the average abilities of the general public, means
that a score which is specific to one type of technology is likely to date very quickly. It is noteworthy
that the majority of these papers were conducted on students and undergraduates. Such validation is

unlikely to be appropriate for a population in their seventies. A study of demographic data from 1988

indicated that only 1% of adults over 65 years old used a computer.137 More recent data from the UK
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show that although less than 10% of over-65-year-olds used a computer daily in 2006, by 2013 the

138
number was 37%.

In the field of research, many patient-reported outcome measures (PROMS) which were filled out on
paper forms have now been developed as an online questionnaire (www.myclinicaloutcomes.co.uk).
This leads to easier collection, database maintenance, and data analysis. However, in order to collect

data online, the subject must have access to the internet, preferably at home, and the ability to use it.

The TKR-POWER study plans to ask patients in their seventies and eighties to use a Nintendo Wii at
home for three months. It is likely that a number of patients will never have seen or heard of the Wii,
let alone know how to use it. There can be a reluctance to use technology which is unfamiliar,
especially among the older generation. Therefore, it is important to establish an understanding of the
technology with which this age group are comfortable using and to what extent they use it already in

their everyday lives.

The Attitudes Towards Computers Questionnaire (1992) was designed for the elderly and tested on

101 adults in a community home between the ages of 57 and 87 (mean 75.1 s.d. 5.93). %% 1t examined
whether the attitudes of older adults became more positive as they gained computer experience. The
results demonstrated that older adults’ computer attitudes are modifiable and that direct experience
with computers is an effective means of change. The authors also found that it was important for the

elderly subjects to experience success when operating the computer.

It has been known for some time that attitudes drive behaviour and that these attitudes can be

145-148 . . .
In the case of attitudes towards computers, experience includes

changed through experience.
direct use of a computer or indirect use through observation of other users. This indirect observation

is now pervading the ubiquitous nature of technology in our daily life from smart phones to smart

televisions. The media make everyone very aware of available technology such as gaming devices and
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tablet devices. In the case of the Nintendo Wii, an extensive advertising campaign targeted the elderly

through the use of older actors or depiction of games played with grandchildren.

All of the scales and instruments contained either too much detail or did not ask about aspects of
computing on which the studies were focused. The subjects were already going to be subjected to a
large quantity of questionnaires and the new one needed to be concise (see chapters 2 and 3). This
consideration was the driver of the decision to create a simple questionnaire focused on specifics
relevant to the TKR-POWER study. The questions assessed the ability to access the Internet at home,
access to an email account, shopping on the Internet as a proxy for general internet ability, and the
awareness and use of gaming consoles. The final questionnaire was named the Computer, Internet &

Gaming Ability for Rehabilitation score (CIGAR).

This study aims to determine the ability of patients, who are of average age for a TKR, to use
computers, gaming devices and related computing functions such as internet and email. It will use a
non-validated questionnaire with questions targeted towards the equipment relevant to the planned

rehabilitation study using the Nintendo Wii.

4.3.2 METHODS

One hundred and thirty-six patients enrolled in the TKR-POWER RCT. The questionnaire was
administered on enrolment into the study, prior to TKR surgery. It was offered in both a paper and an

online format (see appendix vii).

The questions were chosen based on the applicability to the future rehabilitation study. This study will
require the use of a Nintendo Wii, an internet based questionnaire and email. There was no previous
validated study in the literature that was relevant to constructing this questionnaire. The

guestionnaire was not validated.
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The questionnaire consisted of the following questions.

1. How comfortable do you feel using computers in general?

2. Do you have family or friends who help you with technical and computing issues?

3. How often do you check your emails?

4. Do you check your emails on a computer, a smart phone or both?

5. If you have internet at home, what type do you have?

6. How often do you use the internet?

7. How comfortable are you using the following —

a.

Desktop computer

Internet clothes shopping
Internet music / book shopping
Internet grocery shopping
Internet banking

Nintendo Wii / Wii fit
Playstation 3 / X-Box 360
Nintendo DS i.e. braintrainer
Facebook

Twitter
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4.3.3 RESULTS

For the first 155 patients who were screened for inclusion to the TKR-POWER study, there were 128

responses with 27 (17%) not completed.

All of the subjects randomized in the TKR POWER study were included in this study (n=136). The

remaining 19 were screened but not randomized. Comparing these two groups, 18% of those subjects

randomized in the TKR-POWER study did not complete the questionnaire compared with 11% who

were screened but not randomized.

The mean age of the subjects was 71.7 years (s.d. 7.61). There were 70 male subjects (46%).

Question 4 yielded a poor response rate as there was confusion over the response options. The

responses to this question are excluded from the results.

The results are shown in the following graphs (see Figure 15).
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How comfortable are you
using computers?

M Uncomfortable
n=22 (17%)

MWill use if have
to n=25 (20%)

\

Comfortable - desktop
M Uncomfortable
n=29 (22%)

MWill use if have
to n=19 (15%)

L Comfortable
n=74 (58%)

k Comfortable M No response n=6
n=81 (63%) (5%)
How often do you check What type of internet
your emails? connection do you have at

M Daily n=94
(75%)

MWeekly n=13
(10%)

L Monthly n=4
(3%)

MDon't have email
n=15 (12%)

?
home? M Broadband n=75

(60%)

MWireless n=21
(17%)

L Dial-up n=5 (4%)

MNot sure n=10
(8%)

/
\

How often do you use the
internet?

M Daily n=85
(67%)

MWeekly n=15
(12%)

L Monthly n=8
(6%)

MDon't use at all
n=19 (15%)

J
\

How comfortable are you
using the Internet?

M Uncomfortable
n=21 (31%)

MWill use if have
ton=10 (15%)

L Comfortable
n=29 (42%)

M No response n=8
12(%)

J
S

J
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58% shopping on the internet?
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M Uncomfortable
n=70 (55%)
MWill use if have
to n=22 (17%)
L Comfortable
n=19 (15%)
MNo response
n=17 (13%)
J
~ N
How comfortable are you using: How comfortable are you
Nintendo Wii, DS, X-Box, using social media:
Playstation? Facebook. Twitter,
YouTube?
4 Happy to
usen=10 kM Happy to
(8%) use n=23
(18%)
M Not
comfortable “Not
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(92%) using n=105
(82%
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Figure 15 — Graphs of the responses to the CIGAR questionnaire

167



4.3.4 DISCUSSION

The completion rate for this survey was 83% of the 155 subjects surveyed. This was an acceptable
sample for this population. There was a similar rate of non-completion of 18% as regards those who
were randomized in the TKR-POWER study and 11% as regards those who did not go on to be

involved in that study (p=0.465 (Kruskal-Wallis)).

The results demonstrate that the majority of this population are using a computer and feel
comfortable doing so. Sixty-three per cent are very comfortable or happy using computers and 73%
are happy to use their desktop computer. Seventy-seven per cent have a high-speed internet
connection at home and 75% check their emails daily, so computer use is a significant part of their
daily lives already. The use of emails is becoming a necessary part of modern life and so this question
was used to act as a baseline between the technology which the subjects need to use and the tools

which they choose to use.

As regards use of the internet, 67% used the internet daily and only 15% did not use it at all. This
value did not surprise me because the more elderly in our society are exactly those who can benefit
from using the internet for information, banking or shopping. Communicating via social media is less
necessary but still provides a valuable service for keeping in touch with families and friends. There
was a disparity between the 67% who used the internet daily and the 42% who felt comfortable using
it. Some 15% were happy only occasionally and 31% were not happy at all. This would suggest that a
proportion of the respondents used the internet regularly even though they did not feel comfortable

doing so.

The majority used the internet for banking (58%) and buying music (41%) and books (30%). Nearly a
third of respondents (27%) did not report using the internet for any of the given tasks but only 15%
reported not using the internet at all. It would be interesting to know what the former do use it for.

This was not part of the questionnaire.
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It was also interesting to note that although 42% were happy to use the internet, only 15% were
comfortable shopping on the internet. The 17% happy to shop on the internet occasionally is similar
to the 15% who were happy to use the internet occasionally. However, a majority (55%) were not

comfortable using the internet to shop.

The survey investigated the comfort levels associated with using social media to get an idea of the
non-essential uses of the internet and it was low (18%). For social media to be relevant to an
individual, they need to be able to connect with friends and family. Therefore, if the respondent peer
group is not connected on social media, which these data would suggest is the case (Facebook
demographic data), then family must drive the usage. It is likely to evolve slower than that among the

younger generations who manage more of their social life through social media.

The use of gaming systems such as the Nintendo Wii (12%) was low as well. This was expected and it
was of interest in the light of the proposed intervention arm in the randomized TKR-POWER trial. The
proportion of respondents comfortable using the Nintendo Wii, X-box, or Playstation, was expected
as it was hypothesised that they would have experience playing with their children and grandchildren.
The Nintendo DS's popularity was hypothesised to be slightly higher as a proportion through the use
of the brain training systems which have been aggressively marketed as a tool for maintaining
memory and mental agility, especially in the elderly. However, the proportions for each category of

gaming system were within 2% of each other.

This was a non-validated questionnaire developed specifically for this study because there was no
validated questionnaire which could provide the necessary data, as those available were out of date

or too technical.

It would have been useful to debrief the participants cognitively to determine if they understood or
whether all the questions being asked were relevant— for example it was not specifically asked

whether they searched for information on Wikipedia.
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The initial hope was to categorize information on smart phone use but this was too complicated in
the event. In an age of smart phones and tablets, however, it would be sensible to incorporate these

devices into a new questionnaire.

An obvious use of technology which was not mentioned was Skype or Facetime. These programs
allow many people to keep in contact with family and friends, especially if they are overseas or live in
outback Australia. They fall into the category of essential services, much like banking, but could

explain the gaps in the usage categories.

The respondents are all demographically similar. They are all patients living in the North Shore area of
Sydney, have private medical insurance, and plan to have their knee replaced by a specialist in a
private hospital. There were no data on education level or household income, which may have shed
more light on the explanations. These results should be generalized to other populations in different

socioeconomic situations with great caution.

This questionnaire was designed to answer some important questions about technology use in the
elderly in relation to the proposed TKR-POWER study. The results suggested that the majority of
people in this age group, who live in an affluent area of a major city, are comfortable about using
computer technology in their homes. The majority have access to high-speed internet at home which
they use on a daily basis for emails and internet use. This internet use is mostly for banking, followed
by book and music shopping. Finally, the exposure and comfort level as regards various gaming
systems is low at around 10%, which means that any study using these gaming systems could
potentially encounter resistance from subjects unfamiliar with the technology. However, given the
ability to use computers and the internet for necessary purposes, it is possible that they would learn

to use the gaming systems and become comfortable with them.
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This study aimed to determine the ability of patients, who are of average age for a TKR, to use
computers, gaming devices and related computing functions such as internet and email. This study
population with an average age of nearly 72 years old, found the majority to be comfortable using
computers, emails and the internet, with all three incorporated into their daily life in one way or
another. This was important in the planning of the TKR-POWER study (Chapter 5.1) due to the
emphasis on technology throughout the planning, data recording and intervention stages. There was
concern that this population may not be able to manage this technology. It was apparent that the
majority did not feel comfortable using gaming devices. The TKR-POWER study relies on the
intervention group using the Nintendo Wii-Fit. The results of this study suggested that in the design of
the TKR-POWER study, the set-up and use of the Nintendo Wii needed to be explained clearly with
plenty of support, but that this was a population that could manage technology when needed. The
results also suggested that the planned options of online questionnaire completion was a possibility

for the study subjects.
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CHAPTER 5 - Clinical Studies

5.1 TKR-POWER STUDY. PATIENT OUTCOMES USING WII-

ENHANCED REHABILITATION AFTER TOTAL KNEE REPLACEMENT

5.1.1 INTRODUCTION

The number of total knee replacement (TKR) surgeries performed annually is increasing across the
developed world. The Australian Joint Registry notes that over 40,000 TKRs are performed each year
in Australia, and the number is increasing by approximately 6,000 each year.2 Patients with severe,

painful, osteoarthritis of the knee expect that a TKR will reduce or eliminate their pain and improve

110, 323-325

their physical function and overall quality of life. There is good evidence that a TKR leads to

the relief of pain but studies consistently report that 20% of patients remain dissatisfied after surgery.

113, 115, 326, 327

Patient satisfaction scores average approximately 80%, leaving 20% of patients less than satisfied. 1

115,326,327 Yoalth-related quality of life scores remain lower in patients who have had TKR surgery than

the scores of an age-matched population. This is despite significant improvements in their scores

110, 113, 324, 328-330

from their preoperative levels. Functional deficits remain in most patients one year

after TKR surgery and beyond. These deficits include reductions in quadriceps strength, gait speed,

152, 331-333

and stair-climbing ability. It is not known if these deficits are the inevitable result of disease

and surgery or if they can be improved with targeted rehabilitation.

The provision of postoperative TKR rehabilitation differs around the world. Rehabilitation in some

47, 241, 242

form is recommended in the first six weeks. This can be provided to both inpatients and

outpatients. The outpatient provision can be one-to-one, group-based, or a home visit.
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Post-acute rehabilitation in the United States is mostly provided as an inpatient service or via home
visits. In contrast, in Australia and the UK it tends to be conducted via outpatient services. A
nationwide survey in Australia reported that 73% of hospitals performed routine referrals to
community or outpatient physiotherapy.47 In England and Wales, 72% of 22 high-volume public
orthopaedic centres questioned offered routine outpatient physiotherapy, 11 as a group service and 5
on a one-to-one basis.”** The reasons behind the specific rehabilitation prescribed to a patient can be
as much to do with anecdote, financial incentives, and sociopolitical influences as scientific evidence

supporting a particular choice. 2

A systematic review in 2007 analysed the results of six randomized trials which looked at
rehabilitation after a TKR. >’ The studies comparing the location of the rehabilitation found no

34, 251
A more recent

difference between outpatient therapy and home-based or usual care.
randomized superiority trial with an intervention period of six weeks found that one-to-one therapy
does not provide superior self-reported or performance-based outcomes compared with group-based
therapy or a monitored home programme.247 These studies are in agreement with others in finding
that unsupervised exercise at home can be as effective as physiotherapist-led rehabilitation on a one-

. 43,249, 250
to-one or group basis.

Moffet and colleagues randomized TKR patients to an intensive functional rehabilitation programme
or usual care but started the intervention two months after surgery. They measured functional ability

and health-related quality of life in 75 patients. 3

The patients attended 12 supervised sessions
lasting 60 to 90 minutes each, over an average of six weeks. They found a significant increase in the

walking distance and improvement in WOMAC score in the intervention group with less pain and

stiffness at four and six months after the operation but not at the final follow-up at one year.

The Maximum Recovery After Knee Replacement (MARKER) study was set up to examine the long-
term effectiveness of starting intensive rehabilitation six weeks after TKR surgery rather than on

discharge from hospital. The hypothesis is that patients are unlikely to be able to exercise at an
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intensity which would contribute significantly to muscle strength in the first few weeks after TKR. This

. . . 40
could be because of swelling, pain, or even anaemia.

Historically, in trials investigating adherence with a rehabilitation study up to 50% of patients did not
follow the recommended regimens showing that the majority of the non-compliant patients had low
motivation levels in the week after surgery during inpatient rehabilitation. 3 Campbell and colleagues
1% f5und that patients with osteoarthritis who were prescribed physiotherapy tended to continue
with the exercises which they found easiest or felt were giving the most benefit. Patients who could
incorporate them into their regular routine tended to show approval. Patients who stopped the
exercises talked of the various difficulties of doing them alone and cited a perceived lack of progress
or improvement. Patients who saw the causes of arthritis as immutable were less likely to exercise
than those who saw the intervention as a possibility to minimize the impact of the arthritis. There was

a close relation between high levels of adherence and those who saw improvement and hence felt

the intervention to be effective.

The Nintendo Wii-Fit is a popular piece of fitness software used by members of the general public
ranging from children to the elderly. It is easy to use and can deliver a varied exercise routine; it
endows users with the ability to focus on balance when using the Wii balance board. It has been used
in a number of trials ranging from stroke rehabilitation to balance training in the geriatric population.
18,19, 180, 266, 267 The inherent ability to produce scores and demonstrate progress over time could
improve adherence with a given programme. Various levels of acceptability have been reported by

the older patient population using the Nintendo Wii-Fit. 18,261

The Nintendo Wii with Wii-Fit software and balance board cost approximately $300 as of 2012. The
cost per unit device used for each patient needs to be considered in the context of rehabilitation in
the home with no outpatient visits or supervision. The benefit paid by health insurance companies in
Australia per TKR surgery was between $17,888 and $20,423 in 2012-13. At most the hardware is a

few percent of the overall cost, before the cost of physiotherapist supervision is taken into account.
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It was assumed for this study, that for an intervention to be feasible, clinically effective, and cost-
effective it should be home-based, intensive, and start six weeks after TKR surgery. The six-week start
time means that the more intensive exercise only begins once the pain and swelling have largely

settled.

The aim of the proposed clinical trial is to investigate the effectiveness of using the Nintendo Wii-Fit
as a rehabilitation device at home, following primary TKR surgery using the change in the WOMAC
total score as a primary outcome. The intervention group will perform the Wii-Fit exercises in place of
the routine home exercises. The hypothesis is that compared with usual care, the Wii-fit will improve

functional outcomes and increase adherence to the recommended rehabilitation programme.

5.1.2 Methods

The TKR-POWER study (Total Knee Replacement — Patient Outcomes Using Wii-Enhanced
Rehabilitation) was a prospective, parallel-group, double-blinded, randomized clinical trial registered
with the Australian New Zealand Clinical Trials Registry (ACTRN12611000291987). It was conducted
according to the extension of the CONSORT (Consolidated Standards of Reporting Trials) guideline for

.. . 334
clinical trials.

Ethical approval was obtained from the Northern Sydney Central Coast Area Health Service Human
Research Ethics Committee (Harbour) (EC00333) (protocol no: HREC/10/HAWKE/123), after

submission of the National Ethics Application form (http://www.neaf.gov.au/), and the University of

Sydney Ethics Committee (Protocol No: 13996). All participants were required to provide informed

consent prior to their involvement in the study.
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Study Participants

Potential participants were screened and recruited at the rooms of the three operating surgeons

when the decision was taken to undergo elective TKR.

Inclusion criteria were: 1) over 18 years old; 2) primary unilateral or bilateral TKR; 3) English speakers.
Exclusion criteria were: 1) previous septic joint; 2) revision surgery; 3) inability to return for all extra

follow-up visits; 4) dementia, Parkinson’s, or other medical condition severely affecting balance.

The trial ran from March 2011 to September 2012. There was no change to the usual medication or
rehabilitative care during the perioperative inpatient or postoperative period up to six weeks after the

operation.

Research staff performed baseline preoperative assessments. Once the subjects had been
randomized by the clinical researcher (JN), JN did not perform any further assessments. All the other
research staff were blinded to the group allocation and instructed not to ask the patients about their
specific protocols. Participants were reminded at each assessment visit not to reveal their group. The
patients were blinded inasmuch as they did not know the details of the two rehabilitation strategies
employed in the study. Therefore, neither group was aware of what the other group’s rehabilitation

consisted of or whether they were in a control or intervention group.

Randomization

Randomization was performed with a computerized random number generator to generate a

sequence for patients with a 1:1 ratio for each group. An independent administrative officer sealed

randomization codes in sequentially numbered, opaque envelopes. Randomization was performed

after recording all the outcome data at the baseline appointment. The groups were assigned to the
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participants by one clinical researcher, who opened the next numbered envelope as each patient

reached the six-week mark.

Interventions

Control group

Participants were provided with written instructions and diagrams detailing the exercises to be
continued at home between 6 and 18 weeks post-op, which is standard practice at the hospitals in
the study (see appendix ix). They were given a paper diary in which to record their daily exercise. The
diary served as a source of instruction on when to perform which exercises. All diaries and exercises
were explained by the lead author (JN) in an interview at randomization lasting approximately 20
minutes.

The exercises were taken from the standard rehabilitative exercise sheet given to patients for home
use at one of the major rehabilitation hospitals where the majority of the participants received
treatment. These included advice on performing squats, step-ups, and calf raises for a total of 30
minutes each day. Participants in the control group were free to perform any other exercises

prescribed or otherwise, including physiotherapy, hydrotherapy, walking, and sports.

Wii Group

Participants received a set of paper diaries, which detailed three stages of Wii exercises of increasing
difficulty every four weeks. (see appendix viii) They were given a Wii console and balance board plus
the Wii-Fit software to take home. The exercises included yoga, strength training, aerobics, and

balance work. The Wii was installed by the lead author (JN).

Participants also received the same standard rehabilitation exercise program instruction sheet and

paper diary as the control group and were asked to record any of the standard rehabilitative exercises
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which they performed. (see appendix ix) Participants in the Intervention group were free to perform
any other exercises prescribed or otherwise, including the routine exercises given to the control

group, additional physiotherapy, hydrotherapy, walking, and sports.

The Wii Fit and Balance Board

The Wii is the computer console running the Wii-Fit software. It is connected to a standard television.
The Wii balance board connects to the Wii console wirelessly via Bluetooth technology. The
participant controls the choice of exercise by using an infra-red camera-based handheld remote
control. They then perform their exercises while standing on the balance board. The participants are
aiming to control the position of their centre of pressure on the board, which is relayed to them via a
positioning dot on the screen or the movement of a character or device on screen. The Wii-Fit

exercises are divided into yoga, strength, balance, and aerobic tasks.

Outcome Assessments

Assessments were conducted preoperatively when the participant was first recruited (and repeated if
the recruitment date was more than three months before the operation). Assessments continued
postoperatively at 6 weeks (study baseline), 18 weeks, 6 months and 12 months. All assessments after
six weeks were performed by investigators blinded to the treatment allocation. Demographic
information collected at baseline included socio-economic status, co-morbidities, height, weight,

history of lower limb arthritis, trauma, and previous orthopaedic surgery.

Primary outcomes

The primary outcome was the self-reported Western Ontario and McMaster Universities (WOMAC)
Osteoarthritis Index total score, which used a five-point Likert scale (WOMAC LK3.1). The WOMAC

consists of 24 items covering three subscales: pain (5 items), stiffness (2 items), and physical function
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(17 items). Each item could score from zero (no pain, stiffness, or difficulty) to four (maximum pain,
stiffness, or difficulty). This led to a minimum score of zero and a maximum score of 96, a high score
representing a worse outcome. The WOMAC is a widely used questionnaire specifically designed to

evaluate knee and hip OA. Its clinimetric properties have been validated in patients undergoing TKR.

93,335, 336

Secondary Outcomes — see Table 9
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Table 9 - Secondary outcomes and timeline of assessments

TEST

DESCRIPTION

STATISTICAL

TEST

Measured at all Assessment Timepoints

Oxford Knee Score®

5

12-item self-reported functional score for TKR. Range 0-48.

Unpaired t-test of

change score

SF-12"

12-item Short-form Health Survey. Data from the 12 items is used
to construct the physical and mental component summary

scores.

Unpaired t-test

VAS - pain score'®

The patients bisect a 10cm line with 0 being no pain and 10 being
extreme pain. Standard question - ‘How much pain are you
feeling in the operated knee on an average day within the last

week?’

Unpaired t-test

AKCRS***

The objective score — includes knee ROM & alignment. The ROM
is measured with a goniometer. Knee flexion and extension are

measured as an active movement while the participant is supine.

Unpaired t-test of ROM

and score

19, 180, 204
Balance

Static standing balance tests are performed with the Wii-Fit
giving a Stillness score and the Biodex balance platform giving
raw coordinate data of double leg with eyes open (DSEO) or

closed (DSEC) stances.

Unpaired t-test

229,337

Strength

Maximal isometric knee flexion and extension strength for both
legs — isometric muscle strength assessed with a handheld
dynamometer seated for quadriceps and prone for hamstrings.

The best of three attempts is recorded in Kg.

Unpaired t-test

Up—and—Go234

This is the shortened version of the Timed Up-and-Go test. It is
the time taken for the participant to get up from a chair, walk

2.44m, turn around a cone and return to the chair to sit down.

Unpaired t-test

End of Intervention Period — 18 Weeks

Exercise diary

Participants record their exercise frequency in a paper diary. The

Wii group also have their exercises recorded by the Wii console.

Unpaired t-test of
mean number of

exercises per week

At 18 Weeks and 1 Year Only
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A 3-question self-reported assessment.
1)  How satisfied are you with your operated knee?
Patient satisfaction Chi Squared test

2)  How satisfied are you with your rehabilitation?

3)  Does the operated knee feel normal?

At each follow-up assessment, participants were asked about the occurrence of any adverse events.
Adverse events were defined as musculoskeletal or cardiovascular events resulting in hospitalization

and any falls for whatever reason.

Sample size

The sample size was calculated to detect a minimal clinically important difference in the WOMAC
total score at 18 weeks after total knee replacement between the control and Wii groups. The
minimal clinically important change was defined according to criteria suggested by Bellamy and
colleagues: a standard deviation of 14 for calculating sample size with use of this scale, and a change
of at least 7.4 points following a weak intervention, such as a low dose of Voltaren™ (diclofenac

sodium). 60

The sample size calculation was constructed to detect a difference of 8 with a standard deviation of
14, a ratio of treatment to control of 1:1, a type-I error of 5% and power of 80%. The sample size was
calculated to be 49 in each group. After allowing for a loss to follow-up of at least 20%, a sample size

of 128 (64 in each group) was chosen.

Statistical analysis

Data were analysed according to intention to treat principles. Unpaired T-tests assessed the
differences between the groups at six weeks, eighteen weeks and one year. The change in the
WOMAC total score from six weeks to eighteen weeks and six weeks to one year between the two
groups was compared by ANOVA analysis.
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There were no statistical methods applied to any missing data.

To account for any baseline differences, a linear regression model including the WOMAC total score at
week 6 as a covariate (ANCOVA) was used to compare difference in the WOMAC total score at week
18 between the two study groups. The same analysis was applied to the WOMAC total score at one

year as a secondary analysis.

A general estimate equation model was applied with WOMAC total at 18 weeks and one year as
dependent variables and independent variables were group, time of assessment, preoperative, and
six-week WOMAC total score. Models were built for further analysis of potential confounders and to
assess the effect of the intervention throughout the study taking all timepoints into account in one
analysis. The confounders analysed were age, BMI, gender, balance, SF-12 (mental) and flexion. Age,
BMI, gender and flexion have previously been demonstrated as variables that affect recovery from

329, 338, 339

TKR surgery. As age was correlated with WOMAC function score and gender was correlated
with balance in the analyses shown in chapter 4.2.3 (page 88), these two variables were included in

the regression models. The models also investigated the potential confounders of balance and mental

state (SF-12 mental) as they were of particular interest to the study question.

The 20,50,70 method of Bellamy was used to assess discriminant validity.81 The proportion of subjects
who reached the threshold level of at least a 20% improvement from baseline was compared
between treatment groups. The same comparison was then performed for a 50% and a 70%

improvement.

Appropriate statistical methods were used for the secondary outcomes.

e T-test for parametric continuous data

¢ Mann-Whitney-U and Chi-squared for non-parametric data
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Excluded (n+72)

a) Not eligible (n=11)

b) Declined to participate (n=41)
c) Missed baseline appointment
n=20)

—

Week 6 (n=22)

Surgery cancelled (n=12)
Missed appointment (n=7)
Declined to continue (n=3)

5.1.3 Results
Assessed for eligibility|
(n+230)
Consented
preoperatively
(n=158)
Randomized
(n=136)
Excluded (n=4) \
Control group
Didn’'t want to continue
(n=1) (n=68)

Live too far away (n=1)
Not enough time (n=2)

) TR
Excluded (n=8)
Week 18
Didn't want to (n=64)
continue (n=4) Still consented to
Medical (n=3) assessments (n=67)

\_ Not enough time (n=1) /

1 Year
(n=56)

Still consented to
assessments

(n=58)

Wii group

(n=68)

Week 18

(n=60)

Still consented to
assessments (n=67)

1 Year
(n=52)

Still consented to
assessments
(n=60)

Figure 16 — Flow chart of recruitment numbers for the TKR-POWER study

Excluded (n=8) \

Didn't want to
continue (n=5)
Medical (n=1)
Not enough time
(n=2)

—
Excluded (n=8) \

Didn't want to
continue (n=4)
Medical (n=2)

Family ill health (n=2)

From March 2011 to September 2012, 230 subjects were screened for eligibility after they had been

booked for their TKR surgery (see Figure 16). Some 158 consented to the study and 22 withdrew

before randomization at six weeks following surgery. This left 136 patients to be randomized (95

unilateral and 41 bilateral) in the trial; 68 were allocated to each group.

Between the randomization at six weeks and the end of the intervention period at eighteen weeks,

four participants withdrew from the control group (5.9%) and eight from the Wii group (11.8%). Of
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these that declined the intervention, two in the control group (2.9%) and one in the Wii group (1.5%)

declined to attend the assessments and were deemed lost to follow up.

Between the end of the intervention period at eighteen weeks and the one-year follow-up
assessment, eight participants withdrew from the control group and eight from the Wii group. Only
one of the eight in the Wii group agreed to continued assessments giving a loss to follow up of 14.7%

for the control group and 11.8% of the Wii group.

This left 66 in the control group and 67 in the Wii group who were continuing assessments at 18
weeks (133 total (97.8%)). At one year there were 58 in the control group and 60 in the Wii group
who were continuing assessments (118 total (86.8%)) and therefore included in the intention to treat
analysis. All subjects were analysed according to their randomised group and all data that was
collected was included in the analysis regardless of whether the patient continued with their allocated

intervention.

There was no difference between those lost to follow-up and those who were followed up in terms of

age, sex, BMI, and preoperative WOMALC.

Participant characteristics — Preoperative — (see Tables 10 & 11)

All patients had primary TKRs performed by three surgeons. Each surgeon used a consistent
prosthesis and protocol for each of their patients. The first used posterior cruciate sacrificing
prostheses, resurfaced the patellae and cemented all components. The second used cruciate retaining
prostheses, resurfacing the patellae and routinely cementing the femur and patella with some tibial
components cemented and some uncemented. The third used all cemented cruciate retaining

prostheses and resurfaced the patellae.
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Conventional surgical techniques were used for all patients including a medial parapatellar approach

and computer navigation.

All patients were given the option of up to two weeks of inpatient rehabilitation if requested by the
patient or advised by the rehabilitation specialists. They all had access to outpatient rehabilitation in
the first six weeks postoperatively. There was no change in treatment during these first six weeks of

any of the study participants.

There were 95 subjects who had unilateral TKR surgery (50 control group and 46 Wii group).

There were 41 subjects who had bilateral TKR surgery (18 control group and 22 Wii group).

They had a mean age of 71.5 years (7.6). There was no significant difference between the control and

the Wii group with regard to age, sex, or BMI.

There were no significant differences (p>0.05) in the other preoperative measures.

Participant characteristics — 6 Week BASELINE — (see Table 11)

There were no significant differences (p>0.05) between the groups at the Week 6 baseline

assessment.

Table 10 - Demographics

Control group Wii group P value
Age 72.3(7.8) 70.6 (7.2) 0.201
Sex Male : Female 31:37 32:36 0.864
BMI 30.4 (5.5) 30.1(4.1) 0.717

BMI - Body Mass Index
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Table 11 - Baseline characteristics PREOP and 6 WEEKS

Outcome Mean (sd) P value

Control group Wii group

PREOP WEEK 6 PREOP WEEK 6 PREOP WEEK 6
WOMAC Pain (;..A(‘)Z) (53472) (;i;) (2082) 0.790 0.314
simess | ae | sn | aoe | ey | 032 | o9
Function | (002 | (o) | Goes) | oy | 0985 | 016
wowe | e s | e | an e | oo
oxs R e
seazecs | 2028 | os Tl mem g o
waves | 2% | wn | wm T wm o | o
VA(sm_nF:)a ; (52(;'.32';) (Z::) éggi) ég'.%) 0-879 0.075
W" D:’/E)c - (ﬁi?g) (ii:g) (12'.792) (i%.;) 0.653 0.448
sremgth ) | (03 | (650 | % | oam | 0% | 090
srengthllg) | (@66 | Goa) | ey | s | 040 | 0s7
gomon | e g e e o | o
(s:Ss) (iéé) (Z:gg) (;:ﬁ) éﬁgi) 0.173 0.677

WOMAC — Western Ontario & McMaster Osteoarthritis Index, OKS — Oxford Knee Score, SF-12 — Short Form -12, VAS — Visual

analogue scale, DSEO — Double stance eyes open, DSEC — Double stance eyes closed, UG — Up and Go test
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Table 12 - Results at 18 weeks

Diff between

Control group Wii group groups P value

Outcome Mean (s.d.) Mean (s.d.) Mean
Stitiness (21'.22)) (12..93;) 0.03 0.927
Functon 959 679 2.0 0163
WOMAC Total (1;22) (181..5373; 3.82 0.054
OKS ?3923) ?;)19;) -0.69 0.502
SF-12 PCS ?953622) ??:?75) -3.43 0.129
SF-12 MCS ?579277) ((3??768) -3.33 0.016
V?ri ) (1131'.2) (1111'.1 ) 1> 0-543
" D(s;f)) - (2%2) (gééi) 17 0-347
arength ) | (193 628
(Zleez::s) 29 125) 1o 033
(Tsl:s) (61'.295) ((f;; ) 0-15 0-590

WOMAC — Western Ontario & McMaster Osteoarthritis Index, OKS — Oxford Knee Score, SF-12 — Short Form -12, VAS — Visual

analogue scale, DSEO — Double stance eyes open, DSEC — Double stance eyes closed, UG — Up and Go test
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Table 13 — Results at 1 year

Diff between

Control group Wii group groups P value

Outcome I(Vlse;? I(Vlse:r; Mean
< = B | e
WOMAC Stiffness (ig) &ig) 0.02 0.716
WOMAC Function ((;'.8518) (ggg) 1.82 0.168
WOMAC Total (2032) (;gﬁ) 0.89 0.303
os w256 340 078 0474
SF-12 Phy (igzi) ?96.'667(; -0.079 0.988
SF-12 Men ?SSSZ) (igg;) 1.00 0.847
(:\/1Ar:) (18i.6226) (166.9727) 170 0-593
Wii DSEO max (%) ggz) (697; 2.4 0.280
Wii DSEC max (%) (ii'i) (g:; 0.7 0.823
sﬁ:::::?z) f76..(}(§) fsngg) 0-9 0.734
e be | | o
((:I:ger::s) %1156.'59) (11127:) 10 0.734
(::ch) (i'.?;%)) (61;:‘7“21) 0.17 0.667

WOMAC — Western Ontario & McMaster Osteoarthritis Index, OKS — Oxford Knee Score, SF-12 — Short Form -12, VAS — Visual

analogue scale, DSEO — Double stance eyes open, DSEC — Double stance eyes closed, UG — Up and Go test
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There was no significant difference between the groups at any point for group average WOMAC total
score. This was not the primary outcome. The primary outcome was absolute mean change of
WOMAC total score from the six week post-op assessment and the end of the 12-week intervention
period (18 weeks post-op assessment) (Table 14). A one-way ANOVA of the data yielded the following

results.

Table 14 - ANOVA of WOMAC total score mean difference from 6 weeks to 18 weeks

Control Wii
mean difference mean difference Difference
(95% CI) (95% Cl) (95% Cl) P-value
Week 6 to 18 -8.03 -15.3 7.2 <0.0001
(-10.5t0-5.6) | (-17.9t0-12.7) | (3.7 to 10.8)
Week 6 to 1 year -12.2 -18.0 5.8 0.019
(-15.7t0-8.8) | (-21.5t0-14.6) | (1.0to 10.6)

(mean (95%Cl))

Both groups improved their WOMAC total scores significantly to the 18-week and the one-year point.
However, the Wii group improved nearly twice as much as the control group (15.3 vs. 8.0) at 18 weeks
and 50% more at the one-year mark (18.0 vs. 12.2). The difference between the improvements in the

two groups was significant at both these time points.

Table 15 - ANCOVA of WOMAC total score mean difference from 6 weeks to 1 year

Control Wii
PG | e | Pifference | prvalue
Week 6 to week 18 9.1 -14.2 5.1 <0.001
(-11.0t0-7.21) | (-16.1to-12.4) (2.5t07.8)
Week 6 to 1 year -14.0 -16.4 2.4 0.176
(-16.4to-11.4) | (-18.8t0-14.0) | (-0.57t07.12)

(mean (95%Cl))

Even though there is no significant difference between the groups at six weeks, the p-value was

0.089, suggesting that the difference of 3.8 points should be accounted for in the analysis. To account
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for this difference, the ANCOVA analysis was used. This compared the difference between the two

groups at the defined timepoints, adjusting for the six-week baseline measurements (Table 15).

Table 16 — Generalised Estimating Equation (GEE) Models adjusting for potential confounders and baseline
WOMALC.

M'\T:.el Independent variables Effect size 95% ClI p-value
Group (Control vs Wii) 3.99 1.60, 6.38 0.001
1 Time of assessment (1 year vs 18 weeks) -3.39 -5.09, -1.69 <0.001
Preoperative WOMAC Total 0.10 0.01, 0.20 0.04
WOMALC total at week 6 0.36 0.26, 0.47 <0.001
Group (Control vs Wii) 3.58 1.17, 5.99 0.004
Time of assessment (1 year vs 18 weeks) -3.36 -5.06, -1.67 <0.001
Preoperative WOMAC Total 0.11 0.01, 0.21 0.03
2 WOMALC total at week 6 0.38 0.27, 0.48 <0.001
Age 0.16 0.00, 0.33 0.05
BMI 0.15 -0.10, 0.41 0.24
Male gender 1.06 -1.32, 3.44 0.39
Group (Control vs Wii) 4.42 1.32,7.51 0.007
Time of assessment (1 year vs 18 weeks) 3.93 1.73,6.12 0.001
Preoperative WOMAC Total 0.15 0.02, 0.27 0.027
WOMALC total at week 6 0.22 0.08,0.36 0.003
3 Age 0.18 -0.04, 0.40 0.116
BMI 0.13 -0.21, 0.46 0.461
Male gender 1.81 -1.62,5.24 0.304
Flexion -0.04 -0.19,0.11 0.623
SF-12(MCS) -0.00 0.00, 0.00 0.436
Wii DSEC -0.10 -0.21, 0.02 0.111

(Wii DSEC = double leg stance, eyes closed; SF-12 (MCS) — Short Form 12 Mental component subscale; Effect

size = coefficient for effect of Wii intervention vs control, Cl = confidence interval)

The regression was performed using General Equation Estimate models (Table 16). Models 2 & 3
include additional independent variables. These variables were chosen for the model as they
demonstrated statistical significance in the ANCOVA analysis or have been shown in the literature to
affect outcome following TKR. The models take all the independent variables into account with
WOMAC Total score throughout the study as the dependent variable and calculates the co-efficient as
an indicator of the size of the effect being in the intervention group has on the Total WOMAC score at

any time point.

Using the models to take multiple assessments into account, the analyses showed that the Wii group

had a better average difference in WOMAC total score from the six-week to the one-year timepoint

190



without confounding adjustments. The addition of confounding adjustments for variables such as age,
BMI, gender and flexion improved the coefficient of the model but all models shown in table 16 were

statistically significant.

Table 17 - Analysing the 18-week results using the 20 & 50 of the 20,50,70 method of Bellamy and coIIeagues.81

Control Wii Difference P value

W 20 18 weeks 41 (71%) 56 (93%) 22% 0.001*
W 50 18 weeks 23 (40%) 36 (60%) 20% 0.028
W 20 1 year 47 (81%) 55 (92%) 8% 0.093
W 50 1 year 37 (64%) 50 (83%) 13% 0.016*

((W=WOMAC Total score; 20 or 50 = Improvement from baseline of 20 or 50% (* a Bonferroni adjustment gives

a significant result as p<0.0125 (0.05/4))

There was a significant difference between the groups with a greater number of the Wii group
improving by 20% of their 6 week baseline WOMAC total score at 18 weeks (p=0.001) but not at 1
year (p=0.093). When looking at those who had improved their score from 6 week baseline by 50%,
there was no significant difference between the groups at 18 weeks (p=0.028) but it was significant at
1 year favouring the Wii group (p=0.016). (Table 17). After a Bonferroni adjustment for the two

analyses of 20% and 50%, the level of significance was set at 0.025.

It was deemed highly unlikely that there would be enough patients showing a 70% reduction in scores
because of the high level of function already shown at 6 weeks, so it was decided a priori not to assess
the 70% improvement. Therefore, only the 20 & 50 part of the 20,50,70 method of Bellamy was used
to assess discriminant validity.81 A post hoc analysis comparing the groups by those showing a 70%
reduction in scores showed no significant difference for the total score at 18 weeks (Wii n=20 vs

control n=12 (p=0.124)) or at 1 year (Wii n=38 vs control n=28 (p=0.101)).
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Secondary outcomes

The mean scores for the secondary outcome measure are presented in Table 12 for 18 weeks and

Table 13 for one year.

Satisfaction

Analysis of the satisfaction questions revealed no statistically significant difference between the
groups in terms of those who responded (see Table 18). The patients expressed a very high level of

satisfaction with their operated knee and their rehabilitation.

Table 18 — Chi-square test of satisfaction answers - Q1 — How satisfied are you with your operated knee? Q2 —
How satisfied are you with your rehabilitation? Q3 — Does the operated knee feel normal?

Control Wii p-value

Dissatisfied Satisfied | Dissatisfied | Satisfied

Q1 1(3%) 30 (97%) 2 (5%) 35 (95%) 0.665

Q2 1(3%) 30 (97%) 1(3%) 36 (97%) 0.900
Not normal Normal | Not normal Normal

Q3 10 (32%) 21 (68%) 7 (19%) 30 (81%) 0.209

There was a low number of satisfaction assessments returned and as such the lack of statistical
significance with question 3 may be a type Il error. Of the total cohort of 136 patients, only 68 (50%)
returned a satisfaction assessment. However, this was partly due to a clerical error in distributing
them and once the assessments were administered, there were 68 returned out of a possible 110

(69%).
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Table 19 - Table of falls in the two groups throughout the study period

% Questionnaire Control group | Wii group P-value

returned

18 weeks | Control 74% / Wii81% | 12/52=23% |8/56=14% 0.240

1Year Control 68% / Wii63% | 8/39=21% 7/38=18% 0.849

Table 19 illustrates that there was no significant difference between the number of falls experienced
by the subjects in either group. None of the falls occurred while subjects were on the Wii balance

board.
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5.1.4 DISCUSSION

The aim of this randomized controlled trial was to compare the effectiveness of the Nintendo Wii-Fit
and balance board in place of the usual rehabilitative care in terms of improving function in people

who have had a primary Total Knee Replacement.

The primary outcome was the change in total WOMAC score from six weeks to eighteen weeks and
then secondarily from six weeks to one year post-operatively. The ANCOVA analysis adjusted for
baseline showed a statistically significant improvement in primary outcome for the Wii group
compared to the control group at 18 weeks. The regression analysis demonstrated that the Wii group
was significantly improved compared to the control group throughout the study period post
randomization, which lasted out to one year post-operatively. Importantly, a variation of the Bellamy
20,50,70 method demonstrated clinical significance by showing that there was a significant difference
in the numbers of patients in the Wii group compared to the control group who improved by more
then 20% of baseline at one year in total WOMAC (p=0.093). This was also true for a 50%
improvement in WOMAC score at 1 year (p=0.016). It is extremely uncommon for a rehabilitation
study to show a significant difference in primary outcome to one year, many months after the
intervention has ceased. This intervention did result in an enduring improvement although this has
been shown using one of many available methods that try to demonstrate clinical significance. There

is no consensus yet as to the best method to do this.

The review of the literature in chapter 2 (section 2.2) and the survey of Australian arthroplasty
surgeons on p.21 (section 2.23) showed us that although the location of rehabilitation can vary in the
six weeks following TKR surgery, from that point onwards, the majority of patients are usually
discharged from rehabilitation therapy with advice to continue their exercises at home. The
rehabilitation therapists usually give the patients written instructions and diagrams demonstrating
which exercises they should continue. For the purposes of this randomized trial, this was replicated

for the control group to represent ‘usual care’.
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The patients in the control group received usual care and were blinded to what was involved with the
intervention for each group. Therefore, they only knew that they were being studied and had been
given exercises to do. There was a concern that this could lead to increased adherence on the part of
the subjects in trying to please the investigators by doing their exercises. The patients all knew that
this study was focused on rehabilitation and was part of a PhD thesis. There were comments made
from some patients in the control group that there was a desire to ‘work hard’ to help the study. This
may have led to increased adherence to the standard exercise protocol, above the usual level of
adherence to a standard protocol, observed in a group of patients not enrolled in a study. If this were
the case, it could have biased the results in favour of the null hypothesis. However, it was not possible
to control for this effect within this study design or to differentiate between the groups in terms of
increased adherence due to trial participation. This could be the focus of future studies looking at
results of patients following a standard rehabilitation protocol, knowing that they are in a control

group.

The evidence suggests that this effect only lasts for the early stages of rehabilitation and, regardless
of the artificial study setting, the adherence to a protocol tails off as the intervention period
continues. This is described in Chapter 5.2 where adherence to exercise protocols by two groups was

investigated.

The Nintendo Wii has aroused interest in various medical specialties since its introduction. The

introduction of the Wii balance board and Wii fit software has led to a number of studies on its use in
a musculoskeletal population.289 This study is the first appropriately powered RCT to look at the effect
of rehabilitating postoperative TKR patients with the Wii and is one of the few studies that has had an

emphasis on balance exercises in the intervention and measured balance as an outcome measure.

Current evidence supports the practice of post-acute rehabilitation at home following TKR surgery.34’

7% Exercises which focus on balance as well as strength and flexibility can improve self-reported
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outcomes’” and intensive therapy may well provide more benefit if initiated six to eight weeks after
the surgery.sg’ 40 However, few trials concentrate on an intervention with a particular focus on balance
as shown by the review of Minns-Lowe et al. * The TKR-POWER study had at its centre, an
intervention with a large component of balance training. One of the original hypotheses of the
authors was that by improving the proprioception of the knee and the overall balance of the patient,
we may get closer to a replaced knee feeling normal. The data showed that more of the Wii group felt
they had a normal knee but it was not to a statistically significant level. The ‘Wii DSEC max %’
outcome did show a statistically significant difference of 6.4% (p=0.009) at 18 weeks in favour of the

Wii group.

The WOMAC score was similar in both groups at the preoperative assessment. At the week 6
assessment there had been a significant improvement in total WOMAC score in both groups. Both
had improved by between 10 — 13 points. There was a difference between the two groups of 3.8
(p=0.089) points. This was neither statistically or clinically significant but was factored into the
analysis because the patient group was a high functioning group. This was demonstrated by the post
intervention period total WOMAC score of the controls which was 15.2. This is very close to the total

WOMAC score of 14.2 of age-matched controls without significant arthritis.®®

Secondary outcomes

This study included many secondary outcomes which were analysed for statistical significance. It is
noted that the study was designed and powered to detect a significant difference in the mean
difference of the WOMAC total score at 18 weeks and 1 year from the 6 week baseline. While some of
the secondary outcomes did demonstrate a statistical significance to the p<0.05 level, this is without
adjusting for multiple analyses making the results an interesting base from which to investigate

further but on which no firm hypotheses can be confirmed or rejected.
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Oxford Knee Score

Both groups also showed a significant improvement in Oxford score at 6 weeks from their baseline
preoperative scores without any significant differences between the two groups. The disparity
between the results of the WOMAC score and the Oxford score raises questions. It may be that the
positive result from the WOMAC analysis is an example of type-I error. Similar studies that repeated
similar positive results or found no difference would help discriminate this possibility. It is also
apparent that the Oxford score measures different parameters to the WOMAC index. WOMAC goes
into more detail in all three areas of its pain, function and stiffness subscales. WOMAC focuses 17 of
its 24 questions on function whereas half of the Oxford score’s 10 questions relate specifically to pain.
The Wii rehabilitation was targeted at balance and functional improvement which may explain the

larger effect as measured by WOMAC over Oxford score.

When designing the study, the Oxford score was considered as a primary outcome, not least because
it is widely used and quick to complete. However, calculations which were backed up by the paper of
Minns-Lowe et al suggested that in order to detect a difference of 2.5 on the Oxford knee score, the
sample size for a study of this type would need to be 521 per arm. This score of 2.5 is not clinically
significant based upon the mean clinically important difference when calculated using one half of a
standard deviation with most studies putting the standard deviation around 10 (MCID 5).91 This study
was never powered to detect a difference in the Oxford score between the two groups, but the data

is useful for comparison with other patient groups.

SF-12

The two groups both started with a SF-12 Physical Component Summary (PCS) score of 36, which is
lower than the population mean of 50 (95% Cl +/- 6.97). At 18 weeks, both groups had returned to
within the 95% Cl for PCS (Wii = 49.1, control = 45.6) and there was no significant difference between

the groups at 18 weeks or one year. This improvement in the PCS score following a TKR is expected.
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Preoperatively, their SF-12 Mental Component Summary (MCS) score was above average at 54.8
(control) and 55.8 (Wii) but within the 95% Cl of +/- 6.24. There was a significant difference between
the two groups at 18 weeks for the MCS with both groups having scores higher than the 95% Cl but
the absolute difference between their scores of 3.53 is unlikely to be clinically significant. This
difference did not last to one year and the scores of both groups returned to within the 95% ClI of the
population mean. These results raise the question of whether the higher MCS score in the Wii group
was from carrying out the Wii intervention itself or as a result of the improvement in their subjective

result, as measured by WOMAC score, causing them to feel better.

VAS - Pain

There was no significant difference in the Visual analogue scale for pain score at 18 weeks. Both
groups were reporting significantly reduced pain levels from the preoperative baseline and this
continued out to one year where the control group scored 8.62 (11.26) and the Wii group 6.92
(10.77). While there was no statistically significant difference in VAS pain score between the two
groups, the Wii group did have significantly lower pain scores as measured by the WOMAC pain
subscale score than the control group. The WOMAC pain subscale focuses on functional pain in the
knee whereas the VAS is a more generic score. Therefore, as the WOMAC pain subscale
demonstrated, the Wii group were reporting less functional knee pain and the lack of significant

difference in the VAS scores may have been due to pain from other sources.

Falls

There was a reduced falls frequency in the first 18 weeks which was not statistically significant. This

study was not appropriately powered to detect such a difference. Any intervention that could be

shown to reduce the frequency of falls would prove very clinically and economically important.
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Satisfaction

There was no significant difference between the two groups when looking at satisfaction. Only 50% of
the patients returned a satisfaction survey due to a clerical error during the early part of the study.
This left the results of this questionnaire underpowered and open to type Il error. Both groups
expressed very high satisfaction rates with both their knee and their rehabilitation scoring over 95%
satisfied or very satisfied. This is much higher than the commonly quoted literature values of 80%
satisfied. This reduced the likelihood that the study would find a significant difference between the
groups with such high satisfaction levels in the control group. The third question in the satisfaction
survey asked if their operated knee felt normal or not. This question of a ‘normal knee’ was added
because we had concentrated so much of the rehabilitation training on balance exercises. One
hypothesis behind the decreased satisfaction levels in the literature is the loss of proprioception in
the operated knee. Therefore, even if pain free, it may not feel normal. This may be a dissatisfying
result for some patients. The study postulated that the emphasis on balance retraining could have
improved proprioception in the operated knee, making it feel more normal, regardless of overall
satisfaction with the knee. There was no significant difference between the groups (Wii 81% normal,
Control 68% p=0.209). Future studies should concentrate on a higher return rate of satisfaction

guestionnaires and be powered appropriately for the ‘normal knee’ question.

Range of motion

The degree of knee flexion achieved by the patients was very similar to their preoperative average.
This result was expected because patients tend to converge towards the mean after a TKR. Those with
very poor flexion tend to achieve good gains in range whereas those with a very high degree of flexion
tend to lose flexion postoperatively. At 6 weeks, both groups had lost flexion from the preoperative

average of 108-111 down to 98-99 degrees. At 18 weeks they had both returned to levels very similar
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to their preoperative baseline. Both groups did continue to make gains out to one year, which is

expected with the control group finishing at 116.9 degrees and the Wii group at 117.9 degrees.

Knee strength

There was no significant difference in strength of knee flexion of extension between the two groups
at any point. This was not surprising as neither of the rehabilitation protocols involved any exercises
using significant resistance. The lack of resistance training is an area that could be addressed in future
studies, incorporating it into a Wii protocol. This does often require further equipment and training
which could reduce adherence and incur expense. It could also be argued that in this patient
population, the resistance involved in these exercises seems to be enough. Most exercises are using a
variable amount of the patient’s own body weight to generate resistance. By virtue of the total
WOMAC score returning to the levels of age-matched controls without arthritis, either protocol does

seem to return the patient’s strength to the required level for their age.

Up and Go test

There was no significant difference between the two groups for the time taken for the Up-and-go test
(UG) at 18 weeks or one year. The UG test combines strength and balance in a functional assessment
and it was hypothesised prior to the study that the UG test may have demonstrated a difference.
However, as discussed previously, the population being studied was functioning at a high level and
the UG time of the control group (6.7 seconds) at 18 weeks compares very favourably with the
literature. The group of community dwelling non-fallers in the study by Rose et al had an average age

of 76.7 years and averaged 7.1 seconds (s.d.1.4) for the UG test.”*®

While this group is 4 years older
than the control group (mean = 72.3 years) in the TKR-POWER study, they are community dwellers
who could walk without assistive devices. Therefore, it would seem that the lack of a significant

difference is due to the patient population already being at such a high level that improvement would

be very difficult to achieve using this test.
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Balance testing

The assessment of balance was described in Chapters 2 and 4. It is a complicated process with many
different testing options using a variety of instruments from a simple pencil attached to a belt through
to a very expensive laboratory-grade force platform. The work in Chapter 4 detailed the use of the
Nintendo Wii balance board as a force platform using the Wii-fit software to analyse the data. For the
TKR-POWER study, the patients were assessed using the Wii-fit as a novel tool for assessing balance.
There was no significant difference between the groups at preoperative baseline or at 6 weeks for the
eyes open or the eyes closed tests. At 18 weeks, the Wii group showed a statistically significant
difference in the eyes closed stance scoring 51.4% against the control group who scored 45.0%
(p=0.009). The difference between the groups was 6.4% but this difference was not present at one
year. There is a possible effect from the familiarity that the intervention group would have had with
the Wii balance tests because they were using the equipment regularly at home whereas the controls

didn’t.

The validity study for the Wii-fit Stillness score in chapter 4.1.3, showed that the Stillness score was a
measure of total amplitude in the ‘x’ and ‘y’ axes. While amplitude has been used as a validated
measure of standing balance, it is usually reported in the separate axes with standard deviations. The
Wii-fit software does not offer this option. Therefore, the Stillness score offers limited scope for
analysis of any balance deficiencies found during testing. In order to maximize the utility of the score,
as per the findings of chapter 4.1.3, the TKR-POWER analysis attempted to eliminate outliers by taking

the best score of three.

In chapter 4.1.3, the standard error of the measurement was found to be 6.96%. Therefore, this could
suggest that the difference found in the TKR-POWER study, while statistically significant, are right on
the edge of the measurement error of the Wii-fit and Wii balance board combination. It is also

important to note that when validating standing balance measurements, the results are often specific
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to that patient population. The validation in chapter 4.1.3 was in healthy young volunteers and so the

results may not be applicable to the patients with arthritis in their seventies.

While the results show a statistically significant difference in Wii DSEC standing balance between the
groups at 18 weeks as measured by the Wii Stillness score (p=0.009), this analysis was not adjusted
for multiple analyses and the clinical significance of this outcome measure in this population is still
not well understood. There needs to be more research before clinical meaning is ascribed to this

finding.

Adherence

The difference in adherence to the rehabilitation protocols is covered in Chapter 5.2. It would be of

interest to attempt a correlation of the intensity of exercise in this trial compared to other studies in
the literature. Unfortunately, the interventions are so diverse that the analysis would be difficult to

run in any meaningful manner.
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STUDY STRENGTHS AND WEAKNESSES

The trial methodology was designed in accordance with CONSORT criteria to minimize bias where
possible. The participants were assigned to their groups by random, concealed allocation with an
audit trail. Given the nature of the intervention however, it was not possible to provide a true placebo
control. To minimize bias, the outcome assessors were blinded to the group allocation and the
participants were blinded to the nature of each intervention group. Consequently, neither group
knew if they were control or intervention and only the Wii group knew about the Wii once they were
randomized to it. The assessors and the subjects were reminded throughout the study not to discus
the type of exercises they were doing. All questions relating to the exercises or the Wii were directed
to the lead author. The statistical analysis was blinded to treatment allocation and in accordance with

‘intention to treat” methods.

The randomization process was not stratified. The sample size was deemed large enough to account
for all other variables of concern. Analyses were adjusted for confounders and covariates deemed to
be potentially important such as age, BMI and flexion. The baseline characteristics of each group were
consistent with those reported elsewhere and there were no significant differences between the
groups. The baseline variables were found to improve significantly at all postoperative assessment
points, in line with what is expected after TKR surgery. Despite this, the analyses of the primary
outcome WOMAC total score were adjusted for baseline values according to recommendations in the

peer-reviewed literature (see chapter 2, section 2.3.2.1a).

The intervention group received a home visit from the study author to install the equipment. It would
be interesting to assess the willingness of this population to use the equipment were it not set up for
them. The results of the CIGAR survey demonstrated that a high proportion did not feel comfortable
with gaming technology and as the aim of the study was to see if performing the exercises themselves
improved function, adding the extra step of setting up may have decreased adherence and reduced

the chances of answering the study question. The study of the equipment's application in the real
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world, including set-up, is a potential future study. The effect on adherence of a home visit could have
been mitigated by a home visit to the control group to show them the exercises. The exercises were
demonstrated by the lead author, in an extended appointment at the research unit instead. The Wii

group did not receive this extended appointment.

The follow-up stopped at one year as it has been shown that there are few functional improvements

in TKR patients beyond that time. > 34034

However, some of the patients were still exercising up to
and presumably beyond one year. Data were collected at the one year assessment on the levels of
exercise in each group beyond the end of the intervention period. This will prove the basis of further

analysis of the effect of the Wii intervention on continued adherence to an exercise protocol which is

investigated further in chapter 5.2.

The WOMAC osteoarthritis index was used as the primary outcome as it has been validated and
shown to be clinimetrically relevant as a functional outcome assessment in the total knee
replacement population. It can be subdivided into pain, stiffness, and functional subscales, allowing
for further sub-analysis of each patient. It has been used extensively in the literature, allowing for

comparison with other studies.

The data collected looking at contralateral leg osteoarthritis was not analysed. This is known to have a
potential effect on the overall score and although the randomization process should have accounted

for any differences, that data will be worth investigating.

It has been shown by some authors that there is discord between objective observed functional

disability and subjective patient-reported outcome measures.>*”**

However, Wittink and colleagues
only used the SF-36, which is a general health-specific and not a disease-specific measure.*® The

conclusion that both objective and subjective measures should be assessed is valid. It must also be

borne in mind that the evidence shows the best predictor of the postoperative subjective score is the

204



13, 67, 228, 269, 270

preoperative subjective score. This can be mitigated somewhat by the use of relative

change scores and the analysis of levels of response such as the WOMAC 20,50,70 method.®

The latter is a method for calculating discriminant validity, an area which has proven to be
controversial over the years. There is no agreed, valid method for calculating a minimum clinically

59, 64, 71, 73-76, 78-80, 344, 345

important difference with many variants and formulas. The 20,50,70 method
allows for ‘a categorization of individual patients according to whether they achieve levels of

. . 81
improvement at or above prescribed response thresholds.’

The data from these patients needs to be further examined to assess the potential for a patient
selection tool. As mentioned earlier, the ability to identify the 20% who will be unsatisfied before
their operation would be a valuable tool for directing further preoperative management. Such data
may help towards that goal. They may also help to identify those patients who would benefit most
from extra supervision from a physiotherapist. This could limit the need to provide supervised
physiotherapy to all patients, enabling it to be targeted just at those who need it. This would save

resources and increase the benefits to those most in need.

There is a discrepancy between the positive results of the WOMAC Total score and the lack of
significant difference in the Oxford knee score, knee strength or balance amongst other secondary
outcomes. It has been noted earlier that the TKR-POWER study was only powered to detect a
difference in the WOMAC score and the lack of difference in these other measures may be a type Il
error. It may also be that the difference in WOMAC total score is a type | error. It would be sensible to
perform more studies looking at this intervention in a TKR population before firm clinical
recommendations can be made. These studies could be powered using a post-hoc analysis of the data
form this study to examine more of the secondary outcomes as well as confirming or disputing the

WOMAC total score findings.
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The overall goal is to use this Wii technology to allow the majority to maximize their outcomes with
the most cost-effective use of resources. It could reduce patients' time and transport costs and the
costs to the healthcare system. However, it is important to have a system which can identify before or
during the rehabilitation process the patients who need a more careful eye to be kept on their

progress. That analysis has not yet been possible.

Wii equipment is widely available in retail outlets for a modest price and can be reused or shared
once patients have finished with it. If effective, it could optimize outcomes for patients and further
reduce the need for costly supervised outpatient rehabilitation in this group. It is also possible that
because of the interactive and personalized nature of the intervention, it can improve compliance

with and adherence to prescribed exercise treatment.

The results of this study are widely applicable in the developed world. The technology is available in
most countries and age has been shown to be no barrier with the oldest person in the study being 88
years old when recruited. The cost is within the realm of many patients and should a cost-analysis
prove beneficial to the healthcare system, it may be available through hospitals or insurers. The cost
analysis could include investigate a range of durations of the intervention period through varying the

exercise intensity and types of exercise recommended.

The development of software tailored to this population and specific to their rehabilitation needs is

now required in order to maximize the potential patient benefits and applicability.

As part of the study, more data were collected on anxiety, depression, and locus of control. The
mental state of the patient is an important but poorly understood factor in recovery. Self-efficacy in
the early post-op period has been shown to be a better predictor of long-term outcome than
preoperative seIf-efficacy.346 It will be the task of further work to see if pre- or postoperative mental
state and locus of control predicts outcome in a similar manner. This may also be of benefit to a

predictive model of those patients who are not satisfied with the results of their surgery.
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The TKR-POWER study was sufficiently powered to detect a clinically meaningful benefit as
demonstrated by the change in the WOMAC total score. It has shown that the Wii-Fit can improve
outcomes for patients after their knee replacement and that according to the regression model these
improvements continue to be present up to one year compared with the control group. The statistical
analysis showed some variability in the results depending on how they were analysed. The one-year
results were significant when the mean difference scores were compared using ANOVA but not when
adjusting for baseline using ANCOVA. Importantly, the regression models took all preoperative and
baseline WOMAC scores into account and compared the groups throughout the study period and
found the Wii group to be significantly improved as measured by total WOMAC score throughout the
intervention period to one year post-operatively. This indicates the importance of the model’s

analysis and taking confounders into account.

There are many ways to assess a minimum level of clinical difference or importance (see Chapter 2).
However, the subgroup analysis of the WOMAC score using the 20,50,70 method of Bellamy and
colleagues demonstrates that a greater proportion of patients in the Wii group achieved a 20% and

50% improvement in their function over baseline compared with the control group.

The intervention has been shown to be safe with no major clinical incidents reported by the patients.
There were no falls off the balance board. There was no statistically significant difference in the
number of falls experienced by subjects in either group during the study period. There was a
difference at the 18 week follow up in favour of the Wii with only 14% experiencing a fall compared to
23% of the control group. This is an area to investigate further by powering a similar study specifically

for falling and also assessing the other outcome measures of the fallers compared to the non-fallers.
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The results support the study hypothesis that the Wii is safe and effective for use in the home for this
patient population and using it for three months improves functional outcome as measured by the

WOMAC score.

The study was designed and carried out using an intention to treat analysis. Of the patients who
withdrew from the study, the majority stopped performing the exercises specified by the study for
health or personal reasons but still continued to attend their assessment appointments when
requested. All subjects with data were included in the final analysis although there were no statistical
methods employed to account for missing data. Future work is planned to analyse the patients that
withdrew to check for any significant differences from those who continued. It is also planned to run
analyses imputing any missing data where appropriate. This was not felt to be critical to the initial
data analysis as the groups were evenly matched for withdrawals not attending for assessments at

eighteen weeks (Control 3% vs Wii 1.5%) and at one year (Control 14.7% vs Wii 11.8%).

There was a high level of patient satisfaction in this study and there was no significant difference
between the groups. Some 89% were very satisfied with their operated knee in the Wii group and
77% were very satisfied in the control group. However, if the patients who were either satisfied or
very satisfied were combined, the satisfaction levels were above 95% in both groups. This is
significantly higher than the satisfaction rates reported in the literature and so high that
demonstrating a difference between groups would be very difficult. Therefore it is not surprising that
none of the satisfaction questions relating to the operated knee or the rehabilitation process were
discriminatory. The third question asked if patients' operated knees felt normal. The control group
felt their knee was normal in 68% of cases compared with 80% of the Wii group. This was not a
significant difference. Only 68 satisfaction surveys were received because of an administration delay
in getting them to the first 50 patients in the study. A future study should be powered appropriately

to ask this ‘normal knee’ question .
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5.2 ADHERENCE TO A TKR REHABILITATION PROTOCOL

5.2.1 INTRODUCTION

Historically, up to 50% of patients do not follow the recommended regimens in trials investigating

103-106
There have been many

adherence. This is similar to physiotherapy and drug trial rates.
attempts to increase adherence, with mixed results. A study of two differing rehabilitation protocols
following TKR surgery had a loss to follow-up of nearly 50% in the first year and the majority of these
patients had low motivation levels when assessed during their immediate postoperative inpatient

rehabilitation. The patients were lost to follow-up as they either refused to continue or were not

32
contactable.

Campbell and colleagues explored non-compliance (non-adherence) with physiotherapy in patients

109 Only 8 of 20 subjects were fully compliant at the 2-5-month stage

with osteoarthritis of the knee.
post-surgery and the rest only partially. The patients tended to continue with the exercises which
they found easiest or felt were of the greatest benefit. They also demonstrated a bimodal pattern of
adherence with an initial phase when still attending physiotherapy sessions and then a later stage.
The initial stage was easier to explain, patients describing an obligation to the therapist, altruism
towards the researchers, and a direct benefit to themselves in a period when they were still

recovering from pain and stiffness. The reasons for continuing adherence were more complicated.

Campbell raised the following themes.

There was a tendency towards a positive attitude towards the exercises on the part of those patients
who could incorporate them into their regular routine. Patients who stopped the exercises talked of a
number of difficulties in doing them alone and a perceived lack of progress or improvement.

Those with more severe knee symptoms tended to continue their exercises. Patients who saw the
causes of arthritis as immutable were less likely to exercise than those who saw the intervention as a

possibility to minimize its impact.
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There was a close relation between high levels of adherence and those who saw improvement and
hence felt the intervention to be effective. This study aimed to investigate levels of adherence in
patients rehabilitating from TKR surgery. The difference in adherence was assessed between the

group using the Nintendo Wii and a control group.

5.2.2 METHODS

The 136 patients who were participating in the TKR-POWER study completed exercise diaries to
record their exercises. TKR-POWER was a prospective, parallel-group, double-blinded, randomized
clinical trial registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12611000291987). It was conducted according to the extension of the CONSORT

(Consolidated Standards of Reporting Trials) guideline for clinical trials. 33

Ethical approval was obtained from the Northern Sydney Central Coast Area Health Service Human
Research Ethics Committee (Harbour) (EC00333) (protocol no: HREC/10/HAWKE/123), after

submission of the National Ethics Application form (http://www.neaf.gov.au/), and the University of

Sydney Ethics Committee (Protocol No: 13996). All participants were required to provide informed

consent prior to their involvement in the study.

Study Participants

Potential participants were screened and recruited at the rooms of the three operating surgeons at

the time a decision was taken to undergo elective TKR.

Inclusion criteria were: 1) over 18 years old; 2) primary unilateral or bilateral TKR; 3) English speakers.
Exclusion criteria were: 1) Previous septic joint; 2) revision surgery; 3) inability to return for all extra

follow-up visits; 4) dementia, Parkinson’s, or other medical conditions severely affecting balance.
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Timeline

The trial ran from March 2011 to September 2012. There was no change to the usual medication or
rehabilitative care during the peri-operative inpatient or postoperative period up to six weeks after

the operation.

Randomization and blinding

For details of randomization and assessments see Chapter 4.

The patients were blinded by not knowing the details of the two rehabilitation strategies being
employed in the study. Therefore, neither group was aware of what the other group’s rehabilitation
consisted of or whether they were in a control or intervention group. The use of the Wii was only
known to the Wii group and they did not know that the other group were not receiving the Wii. The
outcome assessors were blinded to the treatment allocation. Both patients and assessors were

instructed not to discuss the exercises or allocation.

Diary monitoring

Both groups maintained exercise diaries. All patients were given a diary to record the frequency with
which they performed the routine exercises prescribed by the rehabilitation facility on discharge from
outpatient physiotherapy. There were nine possible exercises in the standard diary, each of which
could be completed a maximum of seven times a week. There was no division into different phases or
change of intensity. In the Wii diary, there were 13 exercises in phase 1, 16 in phase 2 and 19 in phase
3, each for a maximum of seven times a week. Each 4 week phase had the option of adding

progressively more challenging Wii exercises for the Wii group. (See Appendix viii)
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The diary data was analysed from the ninth week of the trial, which was the third week of the
intervention. This was because some patients were delayed getting to the clinic to collect exercises or

receiving their Wii-Fit hardware in those first two weeks.

The intervention group also had diaries to record the frequency of the exercises performed on the
Wii. They had three diaries which split the intervention period into four-week phases. Each phase
added extra exercise choices to those already prescribed. The difficulty of the exercises increased as

the patient progressed through each phase.

Each diary consisted of a column allocated to each prescribed exercise. Each row corresponded to one

week of the 12-week intervention period.

For all diaries, the subjects were asked to record each exercise performed that day with a tick in the
corresponding box. There was a maximum of one tick per day and seven ticks per box to indicate
whether a particular exercise had been performed every day that week.

At each assessment, the research staff asked about any extra ongoing physiotherapy and any falls or

incidents since the last assessment.

Data analysis

The data were checked for normality with Shapiro-Wilk statistics.

The mean number of exercises per week was compared between groups specifically in terms of :

e overall adherence between groups

* adherence over time

e particular favourite exercises

Adherence was assessed as recording a minimum of four exercises per day four times a week.
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Statistical analysis

The data were tested for normality and then analysed using Student t-test.
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5.2.3 RESULTS

Table 20 — Number of patients recruited and rate of diary completion and return

Control group Wii group
Standard Standard Wii diary
diary diary
Number of 68 68 68
patients
Diaries returned 37 42 44
Blank diaries 1 17 4
returned
Rate of return 54% 62% 65%
Rate of 53% 37% 59%
completion

Of the 136 patients in the study, 81 (60%) returned a diary. The rate of return was slightly higher in
the Wii group (62% vs. 54%) for the standard diary and even higher for the Wii exercise diary (65%).
The rate of completion of a diary was higher for the Wii group (59% vs. 53%) compared with the

standard diary of the controls.

There were more blank standard diaries returned by the Wii group than by the control group. This

was expected as the Wii group had been told that they did not need to complete any of the standard

exercises (Table 20).

The mean number of exercises completed per week for each group was normally distributed (Shapiro-

Wilk p=0.574 and 0.717).

The average number of times each exercise was completed per week over the course of 10 weeks was

5.6 (s.d. 0.38) for the Wii group and 3.6 (s.d. 0.59) for the control group (p<0.001) (see Figure 17).
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The average number of times each exercise was performed per week was markedly different
throughout the intervention period. The Wii group started with a higher average number of each
exercise performed per week at 5.6 (s.d. 0.59) compared with 4.2 (s.d. 0.4). The difference between
the groups became larger as the trial continued. The number of each exercise performed per week
dropped off in the control group in the latter half of the trial where the Wii group maintained their

rate to the end.
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Figure 17 - Graph comparing mean number of exercises completed per week. Error bars +/— 2 standard

deviations
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Table 21 - The most and least popular Wii exercises in the trail during each phase

Phase 1 Phase 2 Phase 3
Most popular Least Most Least Most Least
popular popular popular popular popular
Deep Hula hoop Ski slalom Bridge Tilt city Balance
breathing (B) (B) () (B) bridge
(Y) (M)
Half moon Stillness Balance Jogging Single leg | King of the
(Y) (B) bubble (A) extension dance
(B) (M) (Y)
Warrior Cycling Penguin Supa Hula Balance
(Y) (A) (B) (B) bubble
(B)
Torso twists Parallel Sun Driving Palm
(M) stretch salutation range (Y)
(M) (Y) (B)
Table tilt Chair Spine
(B) (Y) extension
(M)
Rowing squat Side lunge Lunge
(M) (M) (M)

Table 21 shows the 6 most popular and the least popular exercises performed on the

Wii according to the Wii diaries. (Y = Yoga, M = Muscle, B = Balance, A = Aerobic) As

the 12 week intervention period progressed, the Wii group moved from more Yoga

and balance exercises to strength-based muscle exercises.

Figure 18 shows the number of times that the six most popular exercises were

performed by each group. The difference between the two groups is significantly

different with the Wii group averaging 5.68 (s.d. 2.64) exercises per week and the

control group averaging 3.73 (s.d. 0.72).
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Figure 18 — Graph comparing average number of top 6 most popular exercises completed per week between

groups Error bars +/- 2 standard deviations
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Figure 19 — Graph comparing the number of exercises completed per week during each of the trial’s phases

There was a significant difference between the groups throughout all phases of the trial for the
average number of exercises performed per week. This is shown in Figure 19 where the groups are
compared in each of the three phases of the intervention period as well as overall. The differences

between the groups are significantly different in each analysis.
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Figure 20 — Graph comparing the rate of adherence to the protocol minimum of 4 exercises per day 4 times a

week

The percentage of patients adherent to the target of four exercises a day four times a week was
different between the two groups. The Wii group maintained an adherence rate of between 20 and

35% higher than the control group, especially in the later phase of the trial (see Figure 20).
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5.2.4 DISCUSSION

This study looked at the adherence to two different rehabilitation protocols within the TKR-POWER
study. One group had written instructions on 9 standard exercises that remained unchanged for the
12-week study period. The other had a 3-phase written protocol with increasing intensity for
exercises to be carried out on the Wii. They were both instructed to carry out 30 minutes of exercise a

day minimum and had no other restrictions.

The results show that not only did the Wii group perform significantly more exercises over the 12
weeks but they continued to increase their rate of exercise beyond the peak of the control group and

maintained the increased rate for longer.

The number of exercises is a surrogate for time spent exercising. Each of the Wii-Fit exercises takes
several minutes to carry out. This equates well to the time needed for each of the exercises on the
control group’s list. It is sensible to compare the number of exercises from each as well in terms of

time.

In terms of total time spent exercising, both groups were given the same instructions, i.e. to exercise
for 30 minutes per day. The exercise sheets for each group were designed to take 30 minutes to
complete if each exercise was completed once with the directed number of repetitions. The patients
could only tick the exercise once, so if they repeated the exercise that day the time spent was not
reflected in the diaries. This was to simplify the data collection and maximize diary completion. Some

patients did actually tick the boxes more than the maximum seven.

Adherence was established as completing a minimum of four exercises a day four times a week. This
allowed for patients taking some days off while still maintaining a regular pattern of exercise. It
represented an exercise rate of more than once every second day. The Wii group were significantly

more adherent to this level than the control group by between 20 and 35%. One reason for this could
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be that the Wii group had a greater variety of exercises to attempt. The diaries recorded a higher
number for those performing many different exercises just once compared with those repeating a

single exercise over and over again.

However, the instructions were to perform each exercise only once every day as this would take up
the suggested 30 minutes. The rate of performance averaged between three and six times per week,
suggesting that the patients were not doing every exercise once a day and were often not completing
some exercises at all in a week. Therefore, the adherence rates are likely to reflect a real increase in

the volume of exercise performed.

Compared to the literature, the adherence rates for the Wii group were similar to the home exercise
group of Piva et al which were 64% and 67% for their two groups.205 Ko et al received 73% of their
exercise diaries from all participants although two of the three groups were supervised. They
reported moderate adherence to the home-based exercises with 65% of the monitored home

program performing >80% of the required sessions.>

There was a relatively low return rate of diaries. It will be a focus of any future studies to ensure a

higher rate or diary return.

The popularity of the Wii exercises are demonstrated in Table 21. The popular exercises in each phase
either fulfilled the category of ‘seeming to give some understandable benefit’ or being fun. The
warrior pose and torso twists for example, make the patient work the legs and the trunk in such a way
as to feel the benefit. The hula hoop and the supa-hula are complicated movements which feel much
more like games and are likely to be frustrating as they are difficult to complete well. The cycling and
jogging games involve walking on the spot and anecdotally many patients expressed a preference to
walking outside if that was the exercise of choice. Finally, some exercises were just too hard. The king
of the dance exercise is very difficult, as it involves extreme levels of balance, flexibility, and strength.

This is difficult for the healthy younger age group, let alone a postoperative group.
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The Wii-Fit provides variety and a stepwise increase in difficulty of available exercises. Although it
could be argued that the control group did not have a stepwise increase in the difficulty of the
exercises provided, the study was interested in replicating real-world rehabilitation. When patients
are discharged from outpatient rehabilitation, often at six weeks, it is common that they have
nothing beyond the exercise sheet given to them on discharge. The study looked to test the
hypothesis that by offering them more variety and the option of increasing the difficulty of the

exercises, it would encourage them to maintain adherence to their exercise protocol for longer.
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CHAPTER 6 - Discussion

6.1 SUMMARY OF THE AIMS OF THIS THESIS

The objectives of this thesis were to evaluate the Wii-Fit as a balance testing tool and a rehabilitation
adjunct for patients to use at home following total knee replacement (TKR) surgery with the overall
objective being to improve outcomes and patient satisfaction levels. The pilot studies aimed to
qguantify and validate what the Wii-Fit Stillness balance test measured, test for associations between
balance and function, and finally assess the use of technology by the older age group which would be
involved in the clinical trial. The TKR-POWER clinical trial compared rehabilitation using the Wii with
usual care and the adherence trial quantified the volume and specifics of the exercises performed by
the subjects.

Although primary TKR surgery has been shown to be very cost-effective, up to 20% of patients
reported being dissatisfied at the one-year follow-up. One avenue of investigation for improving
outcomes is rehabilitation.

The literature review raised many interesting points about the current practice of rehabilitation
following knee surgery. There is little evidence-based consensus on the ideal type of exercise, and the
timing and quantity of rehabilitation. There is a gathering weight of evidence to suggest that the
location where the rehabilitation takes place and even the level of supervision is not critical as long as
the patient is doing the exercises. However, there is emerging evidence that adherence with exercise
regimens is poor.

Balance is a relatively neglected function in the assessment and rehabilitation of TKR patients which
becomes highly relevant when considering the increased falls risk of this group (see chapter 2.3.2.2b).
Although balance training is easy to incorporate into a protocol, especially with a Wii, it is unclear
how best to measure and interpret balance in this population.

This study aimed to validate the Wii-Fit as a balance-measuring device which could be used quickly

and cost-effectively by clinicians when assessing patients.
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The validity of the Nintendo Wii-Fit software as a measure of standing balance was first assessed in
healthy volunteers. The Stillness score was measured in patients with severe osteoarthritis of the
knee who were awaiting a total knee replacement. The results were examined for any associations
with preoperative function with the aim of identifying people who should be targeted given that

preoperative function is a good predictor of better postoperative outcomes.

The TKR-POWER study aimed to assess the effectiveness of the Wii-Fit software as a rehabilitation
tool when used in conjunction with the Wii balance board. The patients had full use of the Wii at
home for three months and a raft of outcome measures were recorded throughout their recovery

until one-year post-surgery.

The level of adherence to the given rehabilitation protocols was recorded to compare the two groups

and assess the preferred exercises of the patients as the intervention period progressed.

6.2 SUMMARY OF THE RESULTS AND INTERPRETATION

The assessment of standing balance is complicated by a lack of standard measurements and unclear
implications for the findings. The evidence is mixed as to the level of effect which standing balance, as
measured on a force platform, has on the functional abilities of these patients. The Wii balance board
has been shown to provide a measure of centre of pressure which is similar to a force platform in the
horizontal plane (x and y) but not in the vertical (z) plane, albeit with reduced accuracy because of
limitations of hardware and software. This limits its use as a force platform and makes it more of a
posturographic tool for measuring stillness or sway. The Stillness measure used by the Wii-Fit
software was shown to be a reliable measure of standing balance in healthy individuals in three of
four tested stances. The eyes-closed stance standing on one leg could not be tested with Stillness as

the time parameters of the test are set to 30 seconds. Most of the subjects could not maintain the
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stance for this long. Therefore, even if it could be shown to be a reliable measure, it cannot be a valid

test for standing balance if tested for over 30 seconds.

The validity of the Stillness score in the three tested stances is limited. The algorithm used to calculate
the score sums the maximum range of CoP coordinates in the x and y planes. Although this measure
has been used in the literature, the mean value and standard deviation for each of the separate

planes are generally described individually.

Standing balance measurements can show the majority of movement occurring in either the ‘x’ or the
‘v’ axis. This results in larger CoP ranges and standard deviations in one direction over the other. Each
type of balance movement can be due to different pathologies, which can help to target intervention

for specific pathologies.

The literature also often demonstrates that the results are only significant in one plane for certain
patient populations. The Stillness score cannot differentiate the two planes, summing them together
to create a score. The measurement of maximum amplitude is described as a poor measure of
balance and without the ability to discriminate the components of the two axes, then at most, it could
only be recommended as a screening tool. In a situation where a deficit was picked up, the clinician
would need to investigate the patient in more detail using a force platform and software combination
with the ability to measure specific validated tests allowing for more detailed analysis of data from

both axes.

The Stillness balance measure for a person standing on both legs with eyes closed was not associated
with function at the preoperative stage or predictive of function at one year postoperatively in a
population with severe end-stage osteoarthritis of the knee necessitating TKR. Therefore, in this
population, the use of the Wii-Fit Stillness cannot be recommended as a tool for screening or
directing management. It may be that there is an association with different stances and that the data

need further investigation.
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When the plans for asking patients in their mid-70s to rehabilitate using the Wii-Fit at home for three
months were initially considered, concerns were expressed about their ability and willingness to use
the technology. The Computers, Internet and Gaming in Rehabilitation (CIGAR) questionnaire allayed
some of those concerns. It illustrated that of this group of 155 patients the 128 respondents showed a
good baseline level of technical ability. This was demonstrated by the 60% who were comfortable
using a computer, the 67% who used the internet daily, and the 75% who checked their emails daily.
However, exposure to gaming systems such as the Nintendo Wii and the Microsoft X-Box was limited
to approximately 10% of the respondents. There was ongoing concern that this population might only
use the technologies which they felt they had to or which offered a perceived direct benefit. Laver
and colleagues used a discrete choice experiment to show how elderly subjects given a Wii

rehabilitation protocol described a desire to use the standard rehabilitation over the wii.”

The
subjects wanted a programme to have proven benefits before they put any effort into it. As the TKR-
POWER study was the first of its kind, such assurances could not be given. Consequently, some
resistance to the Wii was anticipated as a benefit could not be proven compared with routine care. As

such a small proportion of this population had been exposed to gaming systems such as the Nintendo

Wii, a more positive effect of the novelty factor was anticipated.

The main study in the thesis was the randomized controlled trial “TKR-POWER’. The 136 patients who
were randomized were followed for a year from their surgery. There was a statistically and clinically
significant difference between the intervention and the control group in the mean difference in
WOMAC total score. This improvement in function was evident at the end of the 12-week
intervention period, which is not uncommon in physical therapy trials. However, the Wii group had a
better WOMAC total score on average throughout the year of the trial, as shown by a linear
regression model. This is the only trial in the literature which demonstrates a lasting difference in
change from the 6 week baseline between groups at long-term follow-up, more than six months after
the intervention has finished. This may have been specifically because of the effect of the Wii

exercises. The extra balance component could have made the difference. Other potential reasons
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include: the competitive element with the ability to chase higher scores, the real-time feedback on
performance with coaching and encouragement to do better, and the variability leading to increased

frequency and volume of exercises.

The Wii group had a poorer WOMALC score at the six-week baseline. This difference was not
statistically significant and the groups had very similar scores at preoperative baseline. However, it
did warrant an analysis of the data which accounted for baseline differences. An ANCOVA analysis
was used which accounted for the phenomenon of regression to the mean. This showed that
difference between the groups in ANCOVA analysis was less than that shown by the T-test analysis.
The difference was still significant at 18 weeks but not at one year. Many studies in the orthopaedic
literature only use a T-test analysis if there is no significant difference between the groups at baseline.
The analysis used in this study is statistically rigorous and has reduced the potential impact of the
one-year results. However, the linear regression took considerably more of the data into account and
showed clearly that the Wii group were significantly better on average throughout the post-
intervention phase of the study than the control group. It was always going to be more difficult to find

a significant difference in these highly functioning patients.

Most TKR patients receive rehabilitation to a greater or lesser degree. The subjects in this trial were of
a high socioeconomic demographic, leading to a high uptake and utilization of rehabilitation services
through private insurance. The functional level of the patients at six-week baseline was consequently
high, and the mean WOMAC score of the control group was only one point worse than age-matched
Australian controls at 18 weeks (15.2 (study control group) vs. 14.2 (age-matched controls)) and 4.7
points better at one-year (9.5 vs. 14.2)(see chapter 2.3.2.1a). The control subjects were rehabilitated
to a very high functional level, making the task of improving the function of the intervention group to
a significantly higher level than the control group, very difficult.**" The control patients had already
returned to a similar level as measured by pain, knee stiffness, and function as their non-arthritic

peers. These normative data are not matched to the same population as that of the surgical patients
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in socioeconomic or educational metrics although it was an Australian population sample. They give a

good indication of a comparable normative score.

While the minimum measurable difference for the WOMAC score is 1.0, a reduction of two or three
points is unlikely to represent a significant clinical improvement. Studies that have investigated MCID
give a range of MCID values for WOMAC Total scores representing clinical improvement between 8.2

64,344

and 9.1 points on a normalized scale (0-100) or 18% (sd 37%) of the total score. MCID does

demonstrate a regression to the mean effect with those scoring below the median baseline WOMAC

** The TKR-POWER

score showing improvement MCID of 20% versus 17% for those above the median.
study demonstrated a score improvement of seven points at 18 weeks and six points at one year
before adjustment for baseline and 5.0 at 18 weeks and 2.5 at one year after adjustment for baseline.
These fall outside of the quoted MCID values of 8.2-9.1 but within the 18% of the total score. The
intervention group started at the 6 week baseline with a WOMAC score of 26.3 (12.6) and the control
group with 22.5 (12.6) giving an 18% MCID value of 4.73 and 4.05 respectively. Within the varying

parameters of the MCID measure, the changes seen in the TKR-POWER study are at the margins of

clinically relevant.

The two groups ended up with a similar mean WOMAC total score at the 18-week assessment
following the intervention (p=0.054). The study was designed to look at the change scores rather than
the scores at one particular time-point. This is of clinical importance because the change score
guantifies the individual improvements for each patient over a defined time period after an
intervention. By looking at this change in the scores of individuals, they can be analysed for clinical
significance. However, whereas it is relatively simple to assess WOMAC scores for statistical

significance, clinical significance is more difficult to quantify.

Many of the WOMAC analyses of minimum clinical difference scores have been in the osteoarthritic
population, assessing the effect of a single intervention. In the case of rehabilitation studies following

surgery, such as in the TKR-POWER study, the patients all had a major intervention in the form of a
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knee replacement, which dramatically improved their function and reduced pain. The change score
was calculated between the groups who only differed in terms of a secondary intervention, in this
case the Wii-enhanced rehabilitation. These change scores are much smaller and at the highly

functional end of the WOMAC index.

An appropriate method of analysis is not yet agreed on. It is possible to assess a difference in several
ways: the absolute change score, the relative change score, a subset of responders, or a level set by a

method such as half of the standard deviation of the baseline scores.

The 20,50,70 method posited by Bellamy and colleagues stratifies patients into those whose WOMAC
score had improved by 20, 50 or 70% of their baseline score. The analysis of the TKR-POWER patients
showed that a statistically significant proportion of the Wii group had improved their WOMAC score

by both 20% and 50% of their baseline scores at 18 weeks and one year compared with the controls.

The high level of function which the control group’s WOMAC score represents compared with age-
matched controls, the significance of the WOMAC 50% change, and the highly significant regression

analysis all point towards the difference between the two groups being clinically important.

In this study, the levels of satisfaction were higher for the Wii group but the difference did not reach
significance. Eighty-nine per cent of the Wii group were satisfied with their knee compared with 77%
satisfied in the control group. The data were similar for satisfaction with rehabilitation at 92% for Wii
vs. 84% for controls. Interestingly, 81% of the Wii group reported that their knee felt normal
compared with 68% of the control group. This is perhaps the most important factor in the success of
the knee replacement. If the knee feels normal, the patient is likely to be satisfied and happy with the
whole process. The delay in collection of satisfaction surveys resulted in lower overall numbers for
comparison and left the possibility of a type Il error; the satisfaction rates might have been

significantly different with larger numbers.
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It is important to question the possible reasons why the Wii intervention demonstrated an
improvement in functional outcome over the standard exercises given that the other studies have
found no particular exercises programs have an advantage. The Wii provided an increase in the
variety, the type, and the number of exercises offered. In any exercise-based intervention, it is vital to
maintain the motivation of the subject. Offering a larger number of different exercises is likely to

decrease boredom.

The Wii-Fit encouraged patients to increase the level of difficulty as their performance improved. This
gave them a sense of competition and progress. It also led to a more efficient intervention. For every
unit of time spent exercising, they were more likely to be working at an appropriate level of difficulty.
This continued increase in the challenge to their aerobic, strength, and balance systems was likely to

lead to greater gains than repeating exercises at a similar level of intensity.

The majority of the Wii-Fit exercises incorporate an element of balance training and give balance
feedback in real time. Combining a balance challenge and feedback with a strength exercise, for
example, increases the challenge to the patient's neural feedback mechanisms including
proprioception and conscious balance systems. The dynamic nature of the training is potentially more

applicable to function in the real world than the more static exercises of a routine protocol.

The Wii-Fit group performed a greater quantity of exercises per week throughout the study period
than the control group. This was an encouraging finding. It is difficult for any population to maintain
enthusiasm for exercise protocols. This intervention managed to fulfil enough criteria for adherence
to a protocol to sustain interest and participation throughout 12 weeks with no sign of stopping.
However, there were still fewer than 60% of patients who completed four exercises a day for four
days of the week. This intervention has proved itself to be better than many in the literature in terms
of unsupervised adherence but still does not capture all subjects. The diaries were all self-completed,
which could have led to bias. However, neither group knew that they were a control or an

intervention group. If there were intentions to try to please the investigators with a diary filled with
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more ticks than actual exercises performed, the randomization process should have evened this out
between the groups. The Wii consoles also store the data for each day’s exercise volume. It is a
follow-on project to extract those data and compare them with the self-reported diaries and

investigate their accuracy.

There are several theories which could explain why the difference in WOMAC score between the two
groups remained significant beyond the intervention period up to one year. The intervention may
have caused a change in behaviour. The patients who had noticed a greater improvement in function
were more inclined to continue their rehabilitation for a longer period of time. Even when the Wii was
returned, they could still continue to exercise. It was also known that a number of patients either
already had a Wii or bought a Wii at the end of the intervention period, allowing continued use during
the post-intervention period. This in itself can be seen as a marker of the success of the intervention
as it encouraged continued rehabilitation on a long-term basis, something which has proved so

difficult with other interventions.

When the adherence rates were examined in the final study, it was clear that the intervention group
performed more exercises per week throughout the study. With each exercise taking a similar
amount of time, by extrapolation the intervention group spent more time rehabilitating. The Wii
exercise diaries offered many more options for exercises than the control group. This was designed
into the study as it reflected real life. The local practice is for formal rehabilitation to cease six to eight
weeks after the operation. The patient is left with the instructions they had on finishing their last
session. Neither group was limited from performing any other exercise, so they were free to seek
extra physiotherapy, exercise tuition, or information and protocols from the internet. This was
perceived as making the results more applicable to a clinical setting. It is also worth noting that,
regardless of the generous choice of exercises, there was no rigid prescription for what to do. The
patients were at liberty to choose. It was interesting that the Wii patients chose to do more Wii
exercises. Future work needs to look at the qualitative data on the extra exercises and physiotherapy

sought and performed by each group during the intervention period. It may be that the control group
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did more exercise which was not recordable in the diaries. Even so, it would show that the Wii offers
most of the exercises which are required without the need to seek extra ones and incur additional

time and money costs.

6.3 OVERALL SUMMARY OF THE THESIS

To date, there has been no registered, appropriately powered, randomized clinical trial using the Wii
as a rehabilitation tool in the TKR population. This study has demonstrated that the Wii could be an
effective rehabilitation tool for use at home, particularly through improved adherence to the exercise

regimen.

It is important that the results of any clinical study are read in context with the available evidence in
the field. It should also be acknowledged that further research should be carried out to confirm these
findings in other study populations. This study was conducted among a group with higher than

average education and income levels, which may have influenced the uptake of new technology.

It is not clear which components of the Wii schedule were responsible for the improved outcome. The
exercises contained a large balance component yet the pilot studies which looked at whether balance
is associated with function did not provide a clear association . As the literature review suggested, it is
a complicated area and a great many methods are used to measure balance and proprioception.
Studies have tried to break the effect of balance down even further into bimodal effects associated
with muscle power.195 This is an area which is clearly too complicated for a simple screening test in
the rooms and although the Wii balance board has been shown several times to be a valid and
reliable force platform for custom software, the Wii-Fit software is not suitable for that task at the

moment.

There was no significant difference in satisfaction between the two groups. The Wii group

demonstrated satisfaction levels around 90%, which is the level of satisfaction seen in total hip
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replacements. This is an achievement in itself. At the very least, the Wii group were as satisfied with

their rehabilitation and the results of their TKR as the controls were.

6.4 FUTURE DIRECTIONS

The performance of a randomized clinical trial in the context of a private orthopaedic practice was a
huge undertaking. There was an opportunity to collect data on a wide variety of additional outcomes

which remain to be analysed. Future analyses could explore the following.

The associations of patients’ psychosocial characteristics such as locus of control, anxiety, and
depression with adherence to exercises, pain, and functional outcome warrants further investigation.
This is a topic with the potential to interest many clinicians. There is often a belief amongst surgeons
and physiotherapists that they can spot certain patients who will not ‘do well’ after a knee
replacement. These patients form a proportion of the dissatisfied 20%. The accuracy of these

clinicians' ability to identify these patients has not been tested.

There are patients who, regardless of how they score on objective tests and even some PROMs, will
not be satisfied with their knee replacement. If these patients can be identified at the preoperative
stage, then measures can be taken to try to improve their outcome. This may involve educational and

cognitive strategies to address their knowledge and expectations of this procedure.

If this technology were to be prescribed on a large scale in a clinical setting then the issues of medical
device approval and safety would need to be addressed. Although ethical approval was gained to use
the device in a research setting, it is likely that as a commercial and clinical device it would need to
undergo further approval. There was no statistically significant difference in the number of falls
reported during the study and there were no injuries reported from the use of the Wii in the study. As

a group of over 60 patients used the device, this suggests it is a safe tool for this population.
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This study did not include a formal cost analysis. The additional hardware cost per unit was
approximately $300 versus no cost for home exercises. Both groups needed their exercises explained
and demonstrated which involves the cost of a therapist’s time. The Wii group required a home visit
to set the Wii up but it is anticipated that not all patients would require that level of help. The Wii has
a simple design and set-up is not complicated. All exercises are well explained and continuous
feedback given. It would be an interesting study to investigate the proportion of patients in this age
group who could set their Wii up and start their rehabilitation with no home visit. It is planned to
follow the cohort beyond the 12 months to report patients' satisfaction and track them longer term to
record the rate of revision surgery. It would be feasible to conduct a cost-effectiveness analysis to
compare the cost per unit gain on the WOMAC score, even though the study was not powered for this

and numbers may be small.

Future analyses will factor in the cost of the intervention and the unit costs for the technology and
the time needed for technical support. However, the benefits would be more difficult to cost. Quality-
adjusted life years (QALYS) are a well-used method of costing procedures in the health sector. This
method would need additional data to those which were collected. Therefore, given the current data,
an estimate of the cost benefits of the functional gain would need to be made to offset the hardware
costs of the intervention. The hardware costs approximately $300 per unit, which is a relatively small
percentage of the overall cost of TKR surgery and rehabilitation programme which run into tens of

thousands of dollars per patient.

There is still a large database which will be used for continued analysis to investigate further the
effects of the intervention. This will include the associations of outcomes such as psychological
assessments and the effect of the intervention on continued exercise out to one year and beyond.
Further detailed statistical analyses will be employed to impute missing data and compare the non-

responders and those lost to follow up to be sure that they are not confounders to the results.
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Future Directions

This study has opened the door to many exciting areas of future study. The ethical approval included
a THR-POWER study for looking at total hip replacements in a similar manner. An ACL-POWER study
using similar basic methodology to the TKR-POWER study may demonstrate those functional
improvements. Even though Baltaci and colleagues found no difference between a control and a Wii-
Fit intervention group in an ACL reconstruction population, they did not give the patients the consoles

**’ These studies have the

to take home for use on a daily basis and the sample size was small.
potential to improve outcomes in these related patient populations. The hypothesis is that the Wii
offers variety, and increased exercise difficulty as patients progress can lead to increased adherence
to a protocol and an overall increase in the frequency and volume of exercise. Further qualitative

work with different subsets of patients may be useful to shed more light on this important issue of

adherence to exercise regimens.

The TKR population could be tested further. The individual Wii exercises could be tested with regard
to the popularity of the specific exercises measured in this study. Even though adherence was better
than in the control group, it was still only just over 50%. This leaves room for improvement. Some of

this could come from the software itself. It has a number of limitations.

The Wii-Fit software is a generic fitness-based software catering for all age groups and fitness levels.
There are timelines and personal messages which are less appropriate for this population. The Wii has
a general focus on weight and BMI, so much so that although the Wii-me character representing the
patient starts off with average build, once a patient with a high BMI steps on the Wii balance board
and they are weighed, the Wii-me grows around the waist in a very visible manner. The console then
states that the patient is either overweight or obese. This was uncomfortable for many of the

patients.
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The measures of balance could be designed to be more valid and comparable to those in the
literature. The exercises can generally be used as a replacement for the rehabilitation exercises which
are routinely prescribed. However, a software programme which is targeted specifically at this patient
population and their personalized recovery pathway would be ideal. It could lead to a faster transition
along a protocol for those who are recovering well and encouragement for those who are struggling

with the more individualized approach.

This leads us to an area of tele-rehabilitation which could revolutionize the postoperative process for
most patients. Appropriate devices could be linked to the internet, allowing surgeons and
physiotherapists to track the progress of their patients. Should a patient be obviously struggling or
not registering their exercises, an appointment or a phone call could be made to investigate the issue
and try to get things back on track. For those who are progressing as planned, an email or on-screen
personalized message of encouragement could be sent. This could save on clinic visits, which is

another potential cost saving, especially for those living in isolated areas like rural Australia.

The use of www.myclinicaloutcomes.co.uk was an innovation at the time. The study was the first user

in Australia and remained the largest user for several years. It has been taken up by several NHS trusts
in the UK and allows for vast quantities of PROMs data to be collected from patients followed up for
arthroplasty surgery. The website gives the clinician easy access to their patients' scores as an average
and on an individual basis. They can compare them with a national average to ensure they are getting
the results they are aiming for. Importantly, it is another method of spotting ‘red flags’. If a patient's
scores suddenly deteriorate or show a downward trend which is not expected, the clinician can be
alerted to it and call the patient back for follow-up to investigate the issue. This can save on expensive
and time-consuming regular follow-up, which is increasingly being seen as unnecessary for the
majority of arthroplasty patients. In this study the website collected PROMS data from more than 50%

of the study subjects via email reminders and online data entry.
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Medline Strategy

Rehabilitation in TKR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

exp Arthroplasty, Replacement, Knee/
exp Knee Prosthesis/

exp Knee Joint/

exp Joint Prosthesis/

knee.mp.

(replace$ or arthroplast$ or implant$ or endoprosthe$ or prosthe$).mp.

exp “Prostheses and Implants”/
3or5

or/4,6-7

8and 9

or/1-2,10

exp REHABILITATION/

exp REHABILITATION CENTERS/
exp REHABILITATION NURSING/
rehab$.mp.

exp Patient Care Team/
multidisciplinar$.tw.
interdisciplinar$.tw.
multiprofessional$.tw.
multimodal$.tw.

exp Patient Care Management/
exp Occupational Therapy/
occupational therap$.tw.

exp Physical Therapy Techniques/

exp “Physical Therapy (Specialty)”/
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

exp Physical Therapy Department, Hospital/

physical therap$.tw.

physiotherap$.tw.

(early adj1 (mobil$ or discharg$ or ambulat$)).tw.

exp Critical Pathways/

exp Therapy, Computer-Assisted/

exp Exercise Therapy/
(exercis$ adj3 therap$).tw.
or/12-33

11 and 34

functional outcome$.tw
subjective outcome$.tw
objective outcome$.tw
tgug$.tw

tug$.tw

ug$.tw

timed and up and go$.tw
dynamometer$.tw
handheld dynan$.tw
isometric strength$.tw
quadriceps$.tw

exp knee joint

exp balance

force plate$.tw
stabilometry$.tw

cent$ of pressure$.tw
sway$.tw

womac$.tw

western Ontario mcmaster$.tw
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55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

oks$.tw
oxford knee score$.tw
sf-12$.tw

hads$.tw

American knee society score$.tw

kscrs$.tw

computer efficacy$.tw

computer awareness$.tw

global health measure$.tw

disease specific$.tw
exp osteoarthritis
exp compliance

exp Adherence
exercise diary$.tw
Wii$.tw

X-box$.tw
Kinect$.tw
Playstation$.tw
Ps3$.tw

virtual$.tw
Telemedicine$.tw
Computer assisted$.tw
0r/36-76

35and 77
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ii) WOMAC index of osteoarthritis
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® ﬁ'g WOMAC - Knee ] C RS ]

r‘z‘tr
NIV eForm v 2.1
Patlent Name:
Patlent ID: Slde:
Date of Review: / / {complete either the date of review or the follow up period below)
Follow up perlod: PreOp OR Weeks / Months / Years (add the delay and circle one)

Patlents - please place an X In one box on each line to Indlc our response to th uestion.

These questlons concern the amount of paln you are currently experlencing due to arthritls In your knees. For
each sltuation please enter the amount of paln recently experlenced.

How much paln you have ..

1. Walking on a flat surface?

None Mild Moderate Severe Extreme

2. Golng up or down stalrs ?

None Mild Moderate Severe Extreme

3. Atnight while In bed ?

None Mild Moderate Severe Extreme

4. Sltting or lying ?

None Mild Moderate Severe Extreme
5. Standing upright ?

None Mild Moderate Severe Extreme

These questlons concern the amount of Joint stiffness (not paln} you are currently experlencing due to arthritls
In your knees. Stiffness Is a sensatlon of restriction or slowness In the use with which you move your joints.

6. How severe Is your stiffness after flrst wakening In the morning ?

None Mild Moderate Severe Extreme

7. How severe Is your stiffness after sitting, lying, or resting later In the day ?
None Mild Moderate Severe Extreme

. WOMAG Score Page 10f3 .
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JCRATES

WOMAC - Knee

These questions concern your physical function.

CRS

By this we mean your abllity to move around and to look after yourself. For each of the following
actlvitles,please Indicate the degree of difflculty you are currently experiencing due to arthritls.

What degree of difficulty do you have with ...

8. Descending stalrs
None Mild

9. Ascending stalrs
None Mild

10. Rlsing from slting

None Mild
11. Standing
None Mild

12. Bending to floor
None Mildd

13. Walking on fiat
None Mild

14. Getting out/ In of car
None Mildl

15. Golng shopping
None Mild

16. Putting on socks/stockings
None Mild

17. Rlsing from bed
None Mild

18. Takling off socks/stockings
None Mildl

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

WOMAG Score  Page 203

Severe

Severe

Severe

Severe

Severe

Severe

Severe

Severe

Severe

Severe

Severe

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme
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TES

WOMAC - Knee

These questlons concern your physical function.

GRS

By this we mean your abllity to move around and to look after yourself. For each of the following
activities,please Indicate the degree of difficulty you are currently experlencing due to arthritls.

What degree of difficulty do you have with ...

19. Lying In a bed
None Mild

20. Getting In/ out a bath or shower

None Mild
21. Sltting
None Mild

22. Getting on /off tollet
None Mild

23. Heavy domestic dutles
None Mild

24. Light domestic dutles
None Mild

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

WOMAG Score Page 30f3

Severe

Severe

Severe

Severe

Severe

Severe

Extreme

Extreme

Extreme

Extreme

Extreme

Extreme
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iii) Oxford Knee Score

268



® ’Li‘}'g; Oxford 12-item Knee Questionnaire [ C RS @

Ingm
eFormv 2.1

Patient Name: Side: Left

Patient ID: Right

Date of review: (complete either the date of review or the follow up period below)

Follow up period: Pre Op OR Weeks / Months / Years (add the delay and circle one)

Patients - please place an X in one box on each line to indicate your response to that question.

During the past four weeks

1. How would you describe the pain you usually had from your knee ?
None Very mild Mild Moderate Severe

2. Have you had any trouble with washing and drying yourself (all over) because of your knee ?
No trouble at all Very little trouble Moderate trouble Extreme difficulty Unable to do

3. Have you had any trouble getting in and out of a car or using public transport because of your knee ?
(whichever you tend to use)

No trouble at all Very little trouble Moderate trouble Extreme difficulty Unable to do

4. For how long have you been able to walk before the pain from your knee became severe ? (with or without a stic

No pain / >30 16 to 30 minutes 5 to 15 minutes Around the house Not at all
minutes only

5. After a meal (sat at a table), how painful has it been for you to stand up from a chair because of your knee ?

Not at all painful Slightly painful Moderately painful Very painful Unbearable

6. Have you been limping when walking, because of your knee ?

Rarely / never Sometimes or just at Often, not just at Most of the time All of the time
first first
. Oxford 12-item Knee Questionnaire Page 1 of 2 .
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¥ ""j"i Oxford 12-item Knee Questionnaire
Iz

During the past four weeks

7. Could you kneel down and get up again afterwards ?
Yes, easily With little difficulty With moderate
difficulty

8. Have you been troubled by pain from your knee in bed at night ?

No nights Only 1 or 2 nights Some nights

With extreme

difficulty

Most nights

|_Cgs

No, unable

Every night

9. How much has pain from your knee interfered with your usual work (including housework) ?

Not at all A little bit Moderately

Greatly

10. Have you felt that your knee might suddenly give away or let you down ?

Rarely / never Sometimes or just at  Often, not just at
first first

11. Could you do the household shopping on your own ?

Most of the time

Yes, easily With little difficulty With moderate With extreme
difficulty difficulty
12. Could you walk down a flight of stairs ?
Yes, easily With little difficulty With moderate With extreme
difficulty difficulty
. Oxford 12-item Knee Questionnaire Page 2 of 2

Totally

All of the time

No, unable

No, unable
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iv) SF-12
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@ r@ SF12 : Health Status Questionnaire | c RS
PZT -

SOCRATES eForm v 2.1
Patlent Name: Patlent ID:
Revlewer Name: Slde: Left Right
Fllled In by: Operating Dr. Cther MD Research Assistant Questionnaire Other
Date of review: Next vislt date:
Study Name: Study Number:
1. Ingeneral, would you say your health is:
Excellent Very good Good Fair Poor

The followlng Items are about actlvities you might do during a typical day.
Does your health now limit you In these activities ?

Yes, limited alot  Yes, limited alittle  No, not limited at all

2. Moderate activitiesmoving a table, pushing a
vacuum cleaner, bowling, playing golf

3. Climbing several flights of stairs
During the past 4 weeks, have you had any of the following problems with your

work or other regular dally activities...
... as a result of your physical health ?

Allofthe  Mostof the  Some of Alittle of  None of
time time the time thetime  thetime

4. Accomplished less than you would like
5. Were limited in the Kind of work or other activities

..as a result of any emotlonal problems (such as feeling depressed or anxlous)
All of the  Mostof the  Some of Alittleof  None of

time time the time thetime thetime
6. Accomplished less than you would like
7. Didn'tdo work or other activities as carefully as usual
8. During the past 4 weeks, how much did pain interfere with your normal work {including both work outside the home and

housework)
Not at all A little hit Moderately Quite a hit Extremely

These questions are about how you feeland how things have been with you during the past 4 weeks. For each
question, please give the one answer that comes closest to the way you have been feeling.
How much of the time during the past 4 weeks...
Allofthe Mostofthe  Some of Alittle of  None of
time time the time thetime  thetime

9. Have you felt calm and peaceful ?
10. Did you have a lot of energy ?
11. Have you felt downhearted and blue ?

12. During the past 4 weeks, how much of the time has your
physical health or emotional problems intetfered with your
social activities (like visiting with friends, relatives, etc) 7

*This fovm inchdes questiors from the SF12 : Health Status Questionnaire

. Reprodaced with the permissionof the Medical Outomes Twust, Copyright © 1992, SF12 : Health Status Questionraie v2 Page 1 of 1 .
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v) Visual analogue scale pain score
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® "‘7 VAS Pain Assessment Score | c RS @
PTG s

SOCRATES

eform v 3.1
Patient Name: Side: Left
Patient ID: Right
Date of review: (complete either the date of review or the follow up period below)
Follow up period: PreOp OR __ _ _ Weeks/Months/Years {addthe delay and circle ong)

Simply place a vertical line at the position on the line below that corresponds accurately with your

perception of your answer to the question. Please ensure that your line crosses the horizontal
ling, inside the shaded area.

The further to the left you put your line, the less you experience that symptom, the further to the
right you put your line, the more you experience that symptom.

NO PAIN EXTREME P AIN

WAS Pain Assessment Score

STANDARD QUESTION ASKED —

‘How much pain are you feeling in the operated knee on an average day within the

last week?’
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vi) Satisfaction assessment
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Subject ID :
Randomization number :

|8 week or | year :

Q1 How satisfied are you with your operated knee(s)? : Very dissatisfied Dissatisfied  Satisfied Very Satisfied
1 2 3 4

Q2 How satisfied are you with your rehabilitation? :

Q3 Does the operated knee (s) feel normal? : YES NO

Tuesday, 16 October 12
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vii) CIGAR
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CIGAR - Computers, Internet, Gaming in Rehabilitation

1. ID: Surname preop__ 6w__ 18w __ _6m__ 1y

* 1. How comfortable do you feel using computers in general?
O Very comfortable

O Happy to use them for most things

O | use them if | have to

O | am uncomfortable using computers and avoid if possible

%K 2. Do you have family of friends that help you with technical and puting i ?

O Yes
O No

O Don't need help

* 3. How often do you check your emails?
O Daily or more

O Weekly
O Monthly or less
O | don't have an email address

* 4. Do you check your ils on a puter, a smart phone or both?

O Computer

O Smart Phone

O Both

O | don't use email

%X 5. If you have internet at home, what type do you have?

D No internet
D Dial-up

I:I Broadband (wired, wireless or mobile)

% 6. How often do you use the internet?
O paily
O Weekly

O Monthly or less
O | don't use it at all
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CIGAR - Computers, Internet, Gaming in Rehabilitation

2.1D: Surname

% 7. How comfortable are you using the following -

A Desktop computer

Internet clothes
shopping

Internet music / book
shopping

Internet grocery
shopping

Internet banking
Nintendo Wii / Wii-fit

Playstation 3 / X-Box
360

Nintendo DS i.e.
Braintrainer

Facebook

Twitter

Have never or will not
use

OO0 O OO0 O O OO

Not comfortable but
will use if have to

OO0 O OO0 O O OO

preop__ 6w_ 18w _ _6m__ 1y

Happy to use
occasionally

OO0 O OO0 O O OO

Comfortable using
regualarly

OO0 O OO0 O O 00
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viii) Exercise diaries for Wii group
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P

Sydney Orthopaedic

ID : XXX
Research Institute
Wii Diary |- Week 7 onwards
Click on Wii Board in | BALANCE Trainin,
Jocker room GAMES YOGA MUSCLE WORKOUTS AEROBIC olus 2
Week | Beginning Stiness [ Basic baance Table tile Deep Half Moon | Warrior Torso Rowing Parallel 1\ kife * | Basic ste Hula Cyclin,
Monday Needs test breathing twists Squat strecch * | ) P Hoop yeling
unlocking
7 3rd Sep
8 10th
Se|
17th
4 Se
1o | 24eh
Sep
] Ist Oct
12 8th Oct
15th
13 Oct
14 | 22nd
Oct
29th
5 Oct
16 Sth
Nov
17 | 12k
Nov
18 | 19th
Nov
Place a tick in each box every time vou perform that exercise in that week.
4 .
~/ “</ es: the exercise was done 4 times this week * = opt|ona|
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s

Sydney Orthopaedic ID : XXX
Research Institute
Wii Diary 2 - Week | | onwards
BALANCE GAMES YOGA MUSCLE WORKOUTS AEROBIC Tr;:"ing
e sz | o 1 e | pme | v e [ e [ o [t s | s e [ st | st [ | o
1 Ist Oct
12 | 8thoce
29¢h
is [ B
16 | sthNov
12¢th
17 Nov
19¢h
8 | Nov
Place a tick in each box every time you perform that exercise in that week.
:; “</ eg: the exercise was done 4 times this week
[ |
Sydney Orthopaedic .
Research Institute 105 200K
Wii Diary 3 - Week |5 onwards
BALANCE TESTS & GAMES YOGA MUSCLE WORKOUTS AEROBIC
Tile
Single leg Balance King of Down Single Single ) Cycling
Beginnin sk | cieys Snow | Standing | Paim Spine Single le Balance B8 Hul !
Week | 8y ba":;‘:e jump Tablo it b::’:s'e bourd | e | e d:‘; extansion ";:: axtonsion :f“ bridge | “U"8¢ n';gh S::: Hou:p ‘:‘:ﬂ:‘
plus
29th
15 Oct
16 | 5th Nov
12th
17 Nov
19¢th
18 Nov
Place a tick in each box every time you perform that exercise in that week.
:; “</ eg: the exercise was done 4 times this week
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ix) Exercise instructions and diary for both groups
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1

Sydney Orthopaedic

Research Institute Rehabilitation Study Exercises

O }\E 0
L |
4 f
Heel Raises SiftaSiang Y Squat at Wall
Bend knees, feet back and hands on the chair .
SIandV\aII With weight through both legs, lean forward Fest 2-3 inches from well .
Push into balls of feet “nose over toes” But(c_cks on wall, hands on thighs Stairs b) Step Up
Raise heels as high as Assist with upper body as you push evenly Keeping your chest up, bend your
)’;’“ CIH"] through both legs to stand Ié::lersmand slide down &8 far 28 You can a) Foot placement Place
Slowly lower Stand tall with hips and knees straight " operated leg
Return to sitting at a controlled pace Push through legs to retum to standing Stand close to step on step .
Feet shoulder width Use handrail
apart for support
i Stand tall as needed
Balance Exercises Bend operated leg hip ;Nosweb‘;\éer
. d knee up to place oes Yy
a) Step Stance b) Stride Stance o
) ¢) Single Leg Balance your foot on the step . f;;\ge;r{ihomo
Weight shift onto front/ Weight shift onto operated leg, ) ) ;’;Srcnt ff,’ Pf,ﬁ'{g’ ?rl,‘er bip other leg
operated leg Lift heel of un-operated leg Do not risk falling, stand floor Return to
Tense thigh muscles Stand tall, don't lean close to a stable support standing
Tighten core trunk muscles  Tighten buttocks Stand tall
by exhaling as you draw Hold for 5-10 seconds Keep knees relaxed c) Step Down
navel up 10 reps Draw in navel
Squeeze buttocks Squeeze buttocks Standing on the step facing
Lift heel of the un-operated Move weight over onto down
leg operated leg, lifting other Use handrail for support as
Hold for 5-10 seconds leg needed
10 reps Hold Bend operated knee to lower

the other leg onto the floor

P Exercise Diary

Sydney Orthopaedic

Research Institute ID : XXX
BALANCE STRENGTH STAIRS
Week B;fj::;’;g Stepstance | Stride stance S.',’;ﬂ‘:‘f HeelRaises | Sittostand | 172 squat ac wall | Foot placement | Step up Step down

7 10th Sep
8 17th Sep
9 24th Sep
10 Ist Oct

1 8th Oct

12 15th Oct
13 22nd Oct
14 29th Oct
15 5th Nov

1% 12th Nov
17 19th Nov
18 26th Nov

Place a tick in each box every time vou perform that exercise in that week.

v “</ eg: the exercise was done 4 times this week
v

284



X) Publications included in the thesis

285



- oo

10
11
12
13
14

35
36
37
38
39
40
41

42

43
44

CONCLI-01091; No of Pages 7

Contemporary Clinical Trials xxx (2014) Xxx-Xxx

journal homepage: www.elsevier.com/locate/conclintrial

Contemporary Clinical Trials

Contents lists available at ScienceDirect

Patient outcomes using Wii-enhanced rehabilitation after total
knee replacement - The TKR-POWER study

ot JJ. Negus®*, D. Cawthorne ™!, |.S. Chen¢?, CJ. Scholes **, D.A. Parker **, L.M. March <>

2 Sydney Orthopaedic Research Institute, Level 1 The Gallery, 445 Victoria Avenue, Chatswood NSW 2067, Australia
b Orthopaedic Department, Royal North Shore Hospital, St Leonard’s, NSW, Australia
© University of Sydney Institute of Bone and Joint Research and Department of Rheumnatology, Royal North Shore Hospital, St Leonard’s, NSW, Australia

ARTICLE INFO

ABSTRACT

Article history:

Received 3 July 2014

Received in revised form 2 November 2014
Accepted 5 November 2014

Available online xxxx

Background: Home-based rehabilitation following total knee replacement surgery can be as
effective as clinic-based or in-patient rehabilitation. The use of the Nintendo Wii has been postulated
as a novel rehabilitation tool that adds an additional focus on balance and proprioception into the
recovery protocol. The aim of the proposed clinical trial is to investigate the effectiveness of this
novel rehabilitation tool, used at home for three months after total knee replacement surgery and to

assess any lasting improvements in functional outcome at one year.
Keywords: Methods/Design: This will be a randomised controlled trial of 128 patients undergoing primary
Total knee replacement total knee replacement. The participants will be recruited preoperatively from three surgeons at a
ﬁ?:sgﬁ;?&;? single centre. There will be no change to the usual care provided until 6 weeks after the operation.
Randomised clinical trial Then pamcu?ants will be randomlsedlto either the Wii-Fit group or usua! rehabilitative care group.
Baince Outcomes will be assessed preoperatively, a 6-week post surgery baseline and then at 18 weeks,
WOMAC 6 months and 1 year. The primary outcome is the change in self-reported WOMAC total score
from week 6 to 18 weeks. Secondary outcomes include objective measures of strength, function
and satisfaction scores.
Discussion: The results of this clinical trial will be directly relevant for implementation into clinical
practice. If beneficial, this affordable technology could be used by many patients to rehabilitate at
home. Not only could it optimize the outcomes from their total knee replacement surgery but
decrease the need for clinic-based or outpatient therapy for the majority.
Trial Registration: (ACTRN12611000291987).
© 2014 Published by Elsevier Inc.
1. Background community in the last decade. These gaming systems have
been shown to be more fun than conventional exercise in a
The use of video game systems in the rehabilitation of rehabilitation setting [1-3]. The Nintendo Wii™ and Wii-Fit™
patients has been increasing in the medical and allied health (Nintendo of America, Redmond, WA, USA) is a popular, motion

* Corresponding author. Tel.: +61 406 919 574.
E-mail addresses: jonathan.negus@cantab.net (J.J. Negus),
donald.cawthorne@gmail.com (D. Cawthorne), jschen@med.usyd.edu.au

controlled gaming system used across a broad age range and

varied exercise routine, with a focus on balance. The Wii has

(J.S. Chen), cscholes@sori.com.au (CJ. Scholes), dparker@sydneyortho.com.au been used to rehabilitate patients with neurological injuries

(D.A. Parker), lyn.march@sydney.edu.au (LM. March).

! Tel: +61421372148.
2 Tel: +612 9463 1890.
3 Tel: +61411032987.
4 Tel: +612 9904 7182.
5 Tel: +612 9463 1890.

http://dx.doi.org/10.1016/j.cct.2014.11.007

1551-7144/© 2014 Published by Elsevier Inc.

[4-7] but there have been few quality studies describing the use
of the Wii to rehabilitate orthopaedic patients [8,9]. A feasibility

study using the Wii as an adjunct to physiotherapy concluded 5

that it has potential for patients following TKR, but the study
was underpowered to find a difference. The study also used the

Please cite this article as: Negus JJ, et al, Patient outcomes using Wii-enhanced rehabilitation after total knee replacement - The
TKR-POWER study, Contemp Clin Trials (2014), http://dx.doi.org/10.1016/j.cct.2014.11.007

available to the general public. It is easy to use and can deliver a 5
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Wil in the physiotherapy rooms during a supervised session, not
as a home-based device [9].

The number of total knee replacements (TKR) surgeries
performed annually is increasing across the developed world.
The Australian joint registry has recorded over 40,000 TKRs
performed each year in Australia, increasing by approximately
6000 each year. [10] There is good evidence that a TKR leads to
the relief of pain but studies consistently report that 20% of
patients remain dissatisfied after their surgery [11-14].

Health related quality of life scores, especially physical
function, remain lower after TKR surgery than an age-matched
population, despite significant improvements from their pre-
operative levels [12,15-19]. Functional deficits remain in most
patients at one year after TKR surgery and beyond [20-23]. It is
not known if these deficits are the inevitable result of disease and
surgery or if they can be improved with targeted rehabilitation.
The WOMAC index is a validated subjective outcome measure
for TKR arthroplasty patients and includes pain, stiffness and
functional subscales making it ideal for a rehabilitation study.

Home-based exercise can be as effective as physiotherapist
led rehabilitation [24-29]. Applying this gaming technology as
a rehabilitation tool at home is likely to be of equal benefit to a
supervised setting and may be more cost-effective.

Delaying the intensive phase of rehabilitation until six weeks
post operation has been shown to be effective in the short term
[30]. This could be due to swelling, pain and even anaemia
delaying exercise at an intensity that would contribute signifi-
cantly to muscle strength [31].

The aim of this proposed clinical trial is to investigate the
effectiveness of using the Nintendo Wii-Fit for rehabilitation at
home after a primary TKR. It is to be used daily for 3 months,
starting at six weeks post surgery with the primary outcome
being change in WOMAC total score from the six week baseline
to 18 weeks and 1 year. We hypothesise that it will improve
subjective and objective functional outcomes and increase
adherence to recommended rehabilitation programs when
compared to usual care in patients following unilateral primary
total knee replacement surgery.

2. Methods / Design

The TKR-POWER study (Total Knee Replacement -Patient
Outcomes Using Wii-Enhanced Rehabilitation) is a randomized
controlled trial that will be conducted from one research
Institute in Australia studying patients operated on at two large
private hospitals by three surgeons. Participants will be required
to provide written informed consent prior to starting the study.
Ethics approval was obtained from the Northern Sydney
Human Ethics Review Committee (HREC) and the University
of Sydney HREC using the National Ethics Application form
http://www.neaf.gov.au/ The TKR-POWER study has been
registered at the Australian and New Zealand Clinical Trials
Registry. (ACTRN12611000291987).

Following a routine decision made by the orthopaedic
surgeon and patient to undergo total knee replacement surgery
all potential participants will be invited to participate and
undergo initial screening for eligibility prior to signing the
informed consent and baseline assessments at the rooms of the
three operating surgeons. Inclusion criteria are 1} Primary
unilateral or bilateral TKR, 2} English speaking. Exclusion criteria

are 1) Inability to return for all extra follow up visits 2) Medical
conditions severely affecting their balance.

There will be no change to the usual medication or reha-
bilitative care during the peri-operative inpatient or postopera-
tive period up until 6 weeks after the operation. While this may
be a confounder, the groups are randomised. The study popula-
tion will all have private health insurance giving them access to
rehabilitation in the first 6 weeks. Previous studies that have
tried to change the rehabilitation in this period have struggled
with recruitment due to patient choice on early rehabilitation.
The quantity and location of rehabilitation in the first 6 weeks
will be recorded and analysed as a covariate.

At the 6-week visit, patients will be randomized into the Wii
group or the usual rehabilitative care specific to the treating
surgeon (Control group). Randomization schedules will be
generated a priori using a computer generated random number
sequence by an independent researcher with no participant
contact. Separate randomization schedules will be made for
unilateral and bilateral TKRs. Allocations will be sealed in opaque
and consecutively numbered envelopes with a clear audit trail.

The control group will have their exercises demonstrated in
the research institute. The Wii group will have a single home
visit to ensure correct set-up of the Wii and demonstration of
the exercises. Both groups will have the lead investigators
telephone number for any queries on exercises.

2.1. Interventions

2.1.1. Control group

Participants will be given written descriptions and diagrams
of the exercises to perform at home between 6 weeks and
18 weeks post-op. They will be given a diary to record their daily
exercise. The diary will also serve as the instructions for when to
perform the different exercises.

The exercises were taken from the standard rehabilitative
exercise sheet given to patients by one of the major hospitals in
which the majority of the participants had surgery and early
rehabilitation. The advice will be to perform exercises such as
squats, step-ups and calf raises for a total of 30 minutes each
day (see Appendix 1). The prescription will be for 3 sets of 10
repetitions of each exercise.

2.1.2. Wii Group

Participants will receive the same exercise sheet and diary
as the control group and will be asked to record any of these
standard rehabilitative exercises that they perform.

Participants will also receive a second set of diaries that
detail three stages of Wil exercises that increased in difficulty
every 4 weeks. They will also be given a Wil console and
balance board with Wii-Fit software to take home. The Wii-Fit
software splits its exercises into yoga, strength training, aerobic
and balance categories. The software explains the exercises and
gives feedback in real time. They will be asked to perform a
total of 30 minutes each day, using the Wii preferentially over
the routine exercises (See Appendix 2). The prescription will
be for 1 set of each exercise as the Wii-Fit automatically
builds in repetitions to each set. There will be three Wii diaries
corresponding to three phases of four weeks each. In each
phase, new and often more challenging exercises will be
introduced.

Please cite this article as: Negus JJ, et al, Patient outcomes using Wii-enhanced rehabilitation after total knee replacement — The
TKR-POWER study, Contemp Clin Trials (2014}, http://dx.doi.org/10.1016/j.cct2014.11.007
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WOMAC total score at week 18 between the two study groups.
Appropriate transformations of the WOMAC total score will be
considered if needed to meet the statistical assumptions of the
regression model.

The same analysis will be applied to the WOMAC total score
at one year as a secondary analysis. In addition to these analyses,
adjusting for any differences in potential confounders at baseline
will be considered as well as a mixed model using all repeated
measures. Appropriate statistical methods will be used for the
secondary outcomes (see Table 1).

3. Summary

The aim of the proposed trial is to investigate the effective-
ness of using the Wii-Fit as a novel home-based rehabilitation
tool to improve function in patients recovering from primary
TKR surgery. The functional improvement will be assessed by
the change in their WOMAC score, from the start of intervention
at 6 weeks to the end at 18 weelks. The change score at 1 year
will assess any lasting effect. The comparison group will receive
usual rehabilitative care. This is based on local practice where
most TKR patients are discharged from supervised rehabilitation
at six to eight weeks from their operation and given written
instructions for ongoing exercises. There is no additional
information given from that point, unless the patient actively
seeks it out.

The WOMAC index was chosen as it is a subjective
assessment of the patients’ own recovery, and it has been well
validated in a TKR population. The pain, stiffness and function
subscales allow for analysis of specific areas of improvement.
Secondary outcome measures such as balance and timed up and
go provide further information on functional aspects of recovery
but are too specific a primary outcome for this study. They are
objective scores and as such, they do not take the patient’s
subjective assessment of their own results into account.
Subjective outcomes are commonly assessed as an important
marker of the success of TKR surgery, from the patient’s
perspective.

Current evidence supports the practice of rehabilitation at
home following the initial recovery period after a TKR
[26,27,41], exercises focusing on balance as well as strength
and flexibility can improve self-reported outcomes [42] and
intensive therapy may well provide more benefit if initiated 6-8
weeks after the surgery [30,31]. As it is not necessary to bein a
supervised setting for rehabilitation after TKR, any attempts to
improve results from rehabilitation can be targeted at the home
environment. The use of the Wii offers the opportunity for
guidance, instruction, motivation and variety on a daily basis
without the need for the finandal and time costs of transport to
a rehabilitation facility. It may be that just increasing the
volume and chronicity of exercise by using the Wii at home
leads to an improved outcome. This age group is likely to
benefit from a little and often approach to exercise rather than
several hours of concentrated exercise two to three times a
week

This study is likely to provide a number of challenges. The
delivery and set-up of over 60 Wii consoles in the subjects’
homes will be time consuming with significant associated
costs. There is the potential for extra home visits should the
subjects encounter technical difficulties that cannot be man-
aged over the phone. Although studies have shown this age

group to be capable of using this technology, these studies have
usually been carried out in a supervised setting. Our subjects
will be using them unsupervised at home. The Nintendo Wii-fit
has been shown to have variable levels of acceptability in the
older patient population [643]. This could lead to subjects
dropping out of the study if they find that they can’t cope with
or just don't like using the technology.

This is a large study with many data points to collect over
the course of a year. There will be significant logistical
challenges in organization of assessments and subsequent
data collection. The assessments will all take place in an
established research institute that is located next to the
surgeons’ offices. This minimizes transport issues and addi-
tional visits over and above the routine surgical follow-up
visits.

There are a number of decisions that had to be made when
setting this study up. During the time period between the
operation and week 6, it has been determined to leave the
subjects to their usual care. This means that they will attend
rehabilitation or physiotherapy as deemed suitable by their
surgeons and rehabilitation staff. While it would be neater for
the study to standardize this period, the study population will all
be private patients with access to private rehabilitation. Previous
studies had difficulties recruiting from this population when
they thought that they may lose their choice of post-operative
rehabilitation, due to them via their insurance. Therefore, the

subjects will be randomised at week 6 to minimize the effect of 312

any differences in this period. The duration of any in-patient and
outpatient rehabilitation will be recorded for future analysis as a
covariate.

The Wii group will have a larger choice of exercises with the
option of increasing exercise difficulty as the intervention
progresses. This is different to the control group whose exercises
are limited and don’t change. However, this does mirror current
local practice, where after six to eight weeks, most patients are
discharged from formal rehabilitation with a sheet of exercises
and no more rehabilitative input. Both groups will be free to
perform any additional exercises of their choosing through the
study period and qualitative data will be recorded at each
assessment.

The Wil is hypothesised to improve subjective and functional
outcome for a number of reasons. It has a significant balance
component to most of the exercises. Improving the patients’
balance may be a factor in their subjective assessment of
recovery. The Wii produces performance scores for each exercise,
which demonstrates improvements over time, generating
interest and competition as well as a sense of achievement.
This is hypothesised to improve compliance with a given
program.

We made the assumption that for an intervention to be most
feasible and cost-effective it should be home-based, intensive
and should begin 6 weeks after TKR surgery. This allows for
more intensive exercise once the pain and swelling have settled.
The lack of supervision could offset the initial hardware costs of
the console and balance board we used.

The TKR-POWER study is designed with sufficient power
to detect a clinically meaningful benefit should it exist. The
Wii equipment is widely available in retail outlets for a
modest cost and can be reused or shared once patients have
finished with it. If effective, it could optimize outcomes for
patients and further reduce the need for costly outpatient

Please cite this article as: Negus J], et al, Patient outcomes using Wii-enhanced rehabilitation after total knee replacement - The
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Both groups will be free to perform any other exercises
prescribed or otherwise including physiotherapy, hydrotherapy,
walking and sports.

2.2. Outcome Assessments

Assessments will be conducted preoperatively either when
the participant is first recruited or planned for a future date, if it
is more than 3 months from recruitment to the date of
the operation. Assessments continue at 6 weeks (baseline),
18 weeks, 6 months and 12 months from the operation (see
Table 1). Research institute staff will perform all assessments
and will be blinded to the treatment allocation. Demographic
information collected at baseline will include socio-economic
status, comorbidities, height, weight, history of lower limb
arthritis, trauma and previous orthopaedic surgery. Question-
naire data will be collected online when possible using www.
myclinicaloutcomes.co.uk, otherwise directly into a databasein
the institute.

2.3. Primary outcomnes

The primary outcome will be self-reported total score on the
Western Ontario and McMaster Universities (WOMAC) Osteo-
arthritis Index using a 5-point Likert scale (WOMAC LK3.1). The
WOMAC consists of 24 items covering three subscales: pain
(5 items), stiffness (2 items) and physical function (17 items).
Each question has a 5 option Likert score from 0-4 giving a
score ranging from O (no pain, stiffness or difficulty) to 96
(maximum pain, stiffness or difficulty}). The WOMAC is a
widely used questionnaire specifically designed to evaluate

Table 1
Secondary outcomes and their statistical test.

knee and hip OA. Its clinometric properties have been validated
to be responsive to change in patients undergoing therapeutic
interventions for OA knee including TKR [32-35].

The occurrence of any adverse events will be sought from
participants during each follow-up assessment. Adverse
events will be defined as musculoskeletal or cardiovascular
events resulting in hospitalization and any falls for whatever
reason.

2.4. Sample size

The sample size was calculated to detect a minimal clinically
important difference in the WOMAC total score at 18 weeks
after total knee replacement between the control and Wii
groups. We defined the minimal clinically important change
according to criteria suggested by Bellamy et al.; A standard
deviation of 14 for calculating sample size with use of this scale,
and a change of at least 7.4 points following a weak intervention,
such as low dose of Voltaren (Diclofenac sodium). We calculated
a sample size to detect a difference of 8 with a standard deviation
of 14, a ratio of treatment to control of 1:1, a type-I error of 5%
and 80% power to be 49 in each group. After allowing for aloss to
follow-up of at least 20%, we calculated a sample size of 128 (64
in each group).

2.5. Statistical analysis

Data will be analysed according to intention to treat
principles according to the original group assignment. A linear
regression model including the WOMAC total score at week
6 as a covariate will be used to compare difference in the

Test Description

Statistical test

Measured at all Assessment Time points
Oxford knee score

SF-12
and mental component summary scores
VAS - pain score
HADS - Hospital Anxiety and
Depression Score
Locus of Control
Chance and Other people.
AKCRS [39,40]

Balance [7.36,37]

12 item self-reported functional score for TKR. Range 0-48.
12-item Short-form Health Survey. Data from the 12 items will be used to construct the physical

The patients bisect a 10 cm line with 0 being no pain and 10 being worst pain imaginable.
Data from the 14 questions will be used to construct an anxiety and a depression summary score.

Data from the 18 questions will be used to construct summary scores in - Internal, Doctors,
The objective score - Includes knee ROM & alignment. The ROM will be measured with a

goniometer. Knee flexion and extension will be measured as an active movement while supine.
Static standing balance tests will be performed using the Wii-Fit and the Biodex balance

Unpaired t-test of
change score
Unpaired t-test

Unpaired t-test
Unpaired t-test of
each score

Unpaired t-test of
each of 4 loci
Unpaired t-test of ROM
and score

Unpaired t-test

platform with eyes open and closed with both double leg and single leg stances.

Strength [38,39]

Maximal Isometric knee flexion and extension strength for both legs - Isometric muscle

Unpaired t-test

strength assessed with a hand held dynamometer seated for Quadriceps and prone for
hamstrings. The best of three attempts will be recorded.

Up and Go [40]

This is the shortened version of the Timed up and Go test. It is the time taken for the participant

Unpaired t-test

to get up from a chair, walk 2.44 m, tum around a cone and retum to the chair to sit down.

End of Intervention period - 18 weeks
Exercise diary

At 18 weeks and 1 year only

Patient satisfaction A 3 question self-reported score.

Participants will record their exercise frequency on a written diary. The Wii group will also
have their exercises recorded by the Wii console.

Unpaired t-test of
mean number of
exercises per week

Chi Squared
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rehabilitation in this group. It is also possible that due to the
interactive and personalized nature of the intervention, it will
improve compliance and adherence with prescribed exercise
treatment.

The study is anticipated to be completed and report on its
findings in early 2015.

List of abbreviations

TKR total knee replacement
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Rehabilitation Study Exercises

fo

o
R ~

Q ®)
) § ’{5
o
\A ” ( LN
= /]
Al N
e K
!
Sit to Stand
Heel Raises
Bend knees, feet back and hands on the chair
Stand tall

Push into balls of feet
Raise heels as high as
you can

Slowly lower

With weight through both legs, lean forward
“nose over toes”

Assist with upper body as you push evenly
through both legs to stand

Stand tall with hips and knees straight
Return to sitting at a controlled pace

Balance Exercises

a) Step Stance

b) Stride Stance

Weight shift onto front/
operated leg

Tense thigh muscles
Tighten core trunk muscles
by exhaling as you draw
navel up

Squeeze buttocks

Lift heel of the un-operated
leg

Hold for 5-10 seconds

Weight shift onto operated leg,

Lift heel of un-operated leg
Stand tall, don't lean
Tighten buttocks

Hold for 5-10 seconds

10 reps

% Squat at Wall

Feet 2-3 inches from wall
Buttocks on wall, hands on thighs

Keeping your chest up, bend your Stairs b) Step Up
knees and slide down as far as you can a) Foot placement Place
:'?Jr:rﬁlmou h legs to return to standin operated leg
i "3 Stand close to step on step
Feet shoulder width Use handrail
apart for support
Stand tall as needed
Bend operated leg hip Nose over
and knee up to place ;Oes b:dy
¢) Single Leg Balance your foot on the step forward onto
Y Single Lew Try not to hitch your hip ~ Step with
Do not risk falling, stand Return to foot to the other leg
close to a stable support floor F:t::j;:\ to
Stand tall 9
Keep knees relaxed <) Step Down
Draw in navel

Squeeze buttocks

Move weight over onto
operated leg, lifting other
leg

Hold

Standing on the step facing

Use handrail for support as

needed

10 reps

Bend operated knee to lower
the other leg onto the floor
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Exercise Diary

ID : XXX

BALANCE

STRENGTH

STAIRS

Week

Beginning
Monday

Step stance

Stride stance

Single leg
balance

Heel Raises

Sit to stand

172 squat ac wall

Foot placement [ Step up

Step down

7 10th Sep

8 17th Sep

9 24th Sep

10 Ist Oct

1 8th Oct

12 15th Oct

13 22nd Oct

14 29th Oct

15 5th Nov

12th Nov

17 19th Nov

18 26th Nov

Appendix 2

Place a

Sydney Orthopaedic
Research Institute

ID : XXX

eg: the exercise was done 4 times this week

ick in each box every time you perform that exercise in that week.

v /
v v

Wii Diary |- Week 7 onwards

Click on Wii Board in
locker room

BALANCE
GAMES

YOGA

MUSCLE WORKOUTS

AEROBIC

Training

plus

Begnning

Wees
= Monday

Stilness -
Needs
unlocking

Basic balance

Deep

wbeue | oS

Half Moon

Warrior

Torso
owists

Rowing
Squat

Parallel
strech *

Jackknife *

Hula

BasicStep | o

Cyeling

7 |3rdsep

8 10th
Sep

17ch
9
Sep

o | 24en

1| 1stoee

12 [8thoc

15th
13
Oct

22nd
]
Oct

29th
|
* | o

16 | S
Nov

v | 1
Nov

18 | 19tk
Nov

Place a tick in each box every time vou perform that exercise in that week.

es: the exercise was done 4 times this week

* = optional
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