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ABSTRACT

Up to 20% of adults annually seek healthcare for musculoskeletal problems. The
prevalence of shoulder problems in this population is approximately 2.5%.
Musculoskeletal problems are managed with different modalities of treatment including
pharmacological nterventions, physiotherapy and surgery. Physiotherapy is applied
either in isolation or in conjunction with the other methods. Studies have shown that
physiotherapy outcome is dependent on patient engagement. Patient's engagement and
motivation plays animportant role in determining the outcome of therapy and it is
estimated that up to 65% of patients are either non or partially adherent to their

rehabilitation program.
Objectives

Physiotherapy exergames were created using a combination of commexealable
hardware, the Microsoft Kinect, and bespoke software incorporating games which are
based on expertise from specialist clinicians. The exergawere mapped to

physiotherapy goals and apply principles of gamification to them.
Methods

This studywasa randomised prospective controlled tnahich investigatedhe use of
exergames for patients with Shoulder Impingement Syndrome (SIS) hake
undergme Arthroscopic Subacromial Decompressiofhe intervention group [n = 10
receivedphysiotherapy ided by automated sensbased technology whidielpedthem
perform exergames and track their rehabilitation psgy The control group [n =10
weretreated by standard physiotherapy protocols. The two gneapscompared using
patient reported outconmaeasures and assessment of shoulder range of movement pre

and post operatively. Dataere collected on patient engagement with the rehabilitation



process and the usability of exergames. This guidievelopment of methods to

guantify patient engagement.
Results

The results from the study show that there was an improvement in the range of
movement in both the control and the intervention groups. There was no difference in
the intergroup comparisons percentage changes from 6 weeks postoperative and 12
weeks posbperative for external rotation, forward flexion and abductidre results

for the Patient Reported Outcome Measures, Oxford Shoulder Score skmwitghat

shows therewas a significantchange for the control group at 12 weeks to Ppre
operdive (p= 0.02), although thergas no significant change for the intervention group
p=0.193. The results for the DASH scoring tool shows that theseno significant
change for the control group (t test p=0.01) compared to the intervention groump(t test

= 0.088).The results using the-fest for the EQ5D score show that theves no

difference in the intervention group p=0.135 compared to the control group 0.171
Conclusion

Results suggest that in both the control and intervention groups there was an
improvement in the range of movement and patient reported outcome measures at 12

weeks compared to paperative assessnt.
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Chapterd: Introduction

1INTRODUCTI ON

BACKGROUND

Musculoskeletatlisordersareoneof the mostcommonreasongor seekingmedicaladvicein
England,with estimatef up to 20% of adultsannuallyconsultingtheir generalpractitioner
(GP)in primary care(Jordonet al, 2010) Furtherto this, in 20162017 therewereover 7.7
million outpatientappointmentdor traumaand orthopedicsin secondarycarein England.
This accountedor 9.3% of all outpdient attendances4 million of which were follow-up
appointmentafter aninitial consultation(Hospital EpisodeStatistics) The averagedariff for
the initial orthopaedicoutpatientappointmentn 2018/2019is £151 with further follow-up

appointmentgaosting£59.

Total health expenditureis the sum of public and private health expenditure,including a
provision of health servicesboth preventativeand curative such as nutrition activities,
emergencyare,andfamily planning.Countriesspendbetweeril.3% (World bank,2013 and

17.1%, (US) of total health expenditure.In 20117 2015, the United Kingdom health
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expenditurecalculatedo 9.1%. With an expandingpopulationandanincreasen the costof
medical care in combinationwith a reducedhealth expenditure,the NHS is constantly
looking at waysandmeansof reducingthe numberof outpatientappointmentandthe length

of time for which a patientrequiredfollow-up.

The prevalenceof shouldermproblemsin the populationis approximately2.5% (Jordon,et al.
2010) Commonshouldempresentinggomplaintsincludeshouldempainandmobility problems
including muscleweaknes®r stiffness.Vitd et al. (2016) suggesthat around44-65% of all
shoulder complaints referred to the GP, are patients diagnosedand further treated for
ShoulderimpingementSyndrome(SIS). SIS occursdueto rotator cuff tendinopathywhich
in turn is causeddue to multiple factors. If the loadsappliedon the rotator cuff tendons
exceedthe physiologicalcapacity,reactivetendinopathyresults. This may then progressto
tendondisrepairandfinally tearsunlesstreatmentis institutedto preventthe progressiorof
thedisease.

Managemenbf SIS usuallyinvolvesnortinvasivetreatmentmodalitieswhich aresuccessful
in the vast majority of cases.The rehabilitationprogrammemust be individualisedfor the
patientand will consistof avoidanceof provocativeactionsand manoeuvers as well as
physiotherapyexercisesto achievespecific physiotherapygoals such as improve range of
movement, improve strength and pattern etc. There is good evidence that expert

physiotherapyvith appropriatgrotocolsis beneficialfor thesepatients.

A major factor determiningsuccesf physiotherapyprotocolsis patientengagementhat

resultsin good compliancewith the rehabilitationregime. Thereis significant evidenceto

showthatthis canbelackingin somepatients.
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Thereforeimproving rehabilitation protocols and patient adherenceto such regimescan
increaseefficiency and effeciveness of rehabilitation regimesthat in turn may reduce

healthcarecostsfor this clinical problem.

In addition, technology solutions may allow these protocols to be more effective and efficient
by reducing the need for specialist physiotherapistuetdron with these patient$his may
free up this valuable resource which can be directed towards more complex clinical

requirements.

Within the NHS, there have been numerous attempts to motivate patients and engage in their
care, decision making and to assist in the improvement of the healthcare $st@ming

and motivating patients in the research process is feasible yet crudla welivery of
research. However, research is lacking and is needed to identify the best methods to gain an
in-depth knowledge of patient engagement and how this is to be implemented into the
healthcare systenGamification is a new method of engagingdamotivating patients in
health@are. Exergames are a combination of exercise and gamification wiashused to

enhance standard physiotherapy protocols.

1.1 OVERVIEW OF SHOULDER IMPINGEMENT SYNDROME

ShoulderimpingementSyndromeis a commonshoulderdisorderreferringto the symptoms
of pain and dysfunctionthat resultsfrom any pathologywhich decreaseshe size of the

subacromiakpaceor increaseshesizeof its contentgOlley etal., 2008).
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Neeret al. (1983), suggestghat the subacranial spaceis betweenthe undersurfaceof the
acromionof the shoulderand the superioraspectof the humeralhead.The spacebetween
thesetwo structureds usuallysmallaround1.0to 1.5 cm (Masood,2012).Whenthearmis
abductedi.e. movedin an arc away from the body, the subacromialspacenarrows. This
movement,along with any other pathologythat narrowsthe spacefurther, can causethe
clinical symptomsof SIS and when the arm is abducted,this can be exacerbatedAny

conditionwhich narrowsthis spacefurthercancauseslis.

1.1.1 CAUSES

Thereare many causesof SIS, including the mechanism®f the rotator cuff tendinopathy,
which can be classicallydescribedas extrinsic, intrinsic impingementor a combinationof

both(Masood.2012).

Michener (2003), believesthat intrinsic factors are usually partial or full thicknesstendon
tearswhich may be a result of the degenerationprocess.On the other hand, Extrinsic
Impingementincludesthe mechanism®f the rotator cuff which may lead to symptomsof

compressionresultingin anatomicafactors,biomechanicafactorsor combinationof both.

Anatomical factorsinclude the variationsof the structureand the shapeof the acromion,
which consistsof the slope/angleor prominentosseoushangedo the inferior aspectof the
acromioni clavicularjoint (AC Joint). Anatomicalfactorsalsoincludealterationsn scapular
kinematics posturalabnormalitiesddecrease@xtendibility of the pectoralisminor which may
causeSIS (Seitz, 2011). Often, the anatomicalfactors, decreasehe suprahumerakpace

which could potentiallyrequiresurgery.
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Biomechanicalfactors include altered orientation of the scapularand the clavicle during
movemenbr increasechumeralheadtranslationsthis may occurwith atight Glenolumeral
capsule(Kisner, 2012). There are severalclassificationsystemswhich are usedwith SIS.

Neer(1972),first introducedSISto theliterature.

Neer,(1972)classifies3 stagesmpingement:

1 Stageone which commonlyeffects youngindividuals under25 yearsold, which is
causedy acuteinflammation,edemaandhemorrhagen the rotatorcuff, thisin turn,
may be the resultof excessiveoverheadusein sportsor at work. This stageusually
requiresconservativeéreatment.

1 Stagetwo usually effectspatientsaged25 to 40 yearsof age,which is a continuum
from stageone. With repeatecepisodef mechanicainflammation,the bursamay
becomehickenedwhich mayexacerbat¢he symptomsof SIS.

1 Stage three commonly effects patients over 40 years of age often impacts the
mechanicaldisruption of the rotator cuff tendon, which may lead to partial or

completetearsof therotatorcuff.

Stage Age Diagnosis Treatment
Stagel .
Subluxation .
Edema and Hemorrhag <25 AC Arthritis Conservative
Stagell S25< 40 Frozenshoulder Conservative +/-
Fibrosis and Tendonitis Calcium surgery
Stagelll
Bone Spurs and Tendd i 40 Impingement on the | Conservative +/-
rotatorcuff surgery
Rupture

Table 1 The three stages of Impingement (Neer, 1972).
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1.1.2 SYMPTOMS

Pain,weaknessand loss of motion are amongstthe most commonsymptomsreportedwith
SIS (Allen, 1998). Painmay occurfrom overuseor a traumaticincident, however this pain
mayworsenovera periodof weeksor evenmonths(Koester,2005). Painis typically located
on the antelaterabcromionwhich often radiatesto the humerus.Somepatientscomplainof
pain when lying on the affectedshoulder,and when it is raisedabovethe headat night.
Symptomsmay also be exacerbatedvhen completingoverheadtasks, this often causesa
poppingor grinding sensatiorduring the movementof the shoulder,andthereforea loss of

strengthwill develop.

Shouldemaincanhavea substantialmpacton the biopsychosociaaspectofani ndi vi dual 6
daily life. SIS may develop individual risk factors including depressivesymptomsand
biomechanicatonstraints. Coolsetal. (2010) found thatpain associateavith SIS confirms
the psychologicalsymptomswhich may be reported Therefore,it is fundamentalhat the

correctdiagnosisandtreatmentareconfirmed(Koester,2005).

1.1.3 DIAGNOSIS

To successfullydiagnosea patient with SIS a careful history and thorough clinical
examinationis obtained this usuallyinvolves an examinaion of the shoulderandthe neck,
including an assessmertf strength.Therearemanyclinical testswhich areusedto assistin

theclarification of decisionmaking.
One clinical test usedwidely is The N e e infpiagementTest, which is widely usedin
orthopaedicexaminationgo diagnoseSIS. Dr. Neerdevelopeda testbaseduponhis findings

when operating,which he believedthat the focus should be on the supraspinatusendon,
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anterior infraspinatusand occasionallythe long head of the biceps. The test movement
involves the examinerto internally rotate the patientsarm, and forcefully move the arm
through the full range of forward flexion. Neer (1972) describesa positive test to be

consideredf painis reportedn theanteriori lateralaspecof theshoulder.

Anotherwidely usedtestto diagnoseSIS is The Hawkinsi Kennedytest, (Hawkinstest).
The Hawkinstestwasfirst describedn thel 9 8 @ndlsasfoundedby Drs. R. Hawkinsand
J. Kennedy.A positive Hawkins test is an indicator to suggesta diagnosisof SIS. The
impingedstructuresassessedrethe rotator cuff, supraspinatususcleandthe infraspinatus
muscle.The patientis examinedn a sitting positionwith their armflexedto 90 degreesand
their elbow flexed to 90 degreeswith supportfrom the examiner.The examinerthengrasps
the proximal wrist, the patientand the examinerthen internally rotate the arm, (Hawkins,
1995).

Pain which is locatedbelow the acromioclavicularjoint with internal rotation is a positive

test.

Calis etal. (1999),found thatthe mostsensitivetestwasthe Hawkinstestat 92.1%,with the
Neer testsresultingin a sensitivity of 88.7%. In the sameway, Macdonaldet al. (2000)
foundthatthe Hawkinstestproduceda sensitivityof 92% comparedvith the Neertestwhich
showsa sensitivityof 75%. However,Hegalus (2007),foundthatthe sensitivityfor boththe
Neerand Hawkinstestwas 79%, thusthereis a needfor further studiesto be conductedo
determinethe accuracyof theseclinical diagnostictests,andfurther diagnostictestsmay be
requiredsuchas Magnetic Resonancémaging (MRI). Robertset al. (2002), usedMRI to
measurghe changesn the anatomicstructureswvhilst performingthe HawkinsandNeertest

manoeuversjt was found that the Hawkins test is clinically consistentwith SIS .The

Amy Elizabeth Barratt October 2019 7



Gamification for Activation Motivation ahEngagement

diagnosisof SIS is typically made clinically, however,imaging has a role in assisting

cliniciansto makedecisiondor treatment.

An MRI scanwill allow the clinician to identify andcharacterizéhe causeof SIS, (Radiol et
al., 2009). Likewise, Segaret al. (2009) statesthat a MRI can be usedto depict the
abnormalitiesthat have been clinically describedin SIS. However, Myers et al. (2006)

suggestshatMR Arthrogramsaresometimesisedin clinical practice.

An ultrasoundscanof the shouldercanalsobe a usefultool in the assessmeranddiagnosis
of SIS. Sonerbend2008)foundthatultrasoundwvasreliablein the diagnosisof full thickness
rotator cuff tearsyet a few false positiveswere produced.Readet al. (1998) found that
dynamicultrasoundcanassisto confirm, but notexclude a diagnosisof SIS.

OnceSlIShasbeendiagnosedtreatmenplanregimewill commence.

1.1.4 TREATMENT

SIS is usually treated conservatively,(Taziehm, 2005); Conservativetreatmentusually
consistsof pain managemenin combinationwith physiotherapyand if required,surgical

intervention.

Physiotherapyfor SIS usually focuses on maintaining the range of movementwhilst
strengtheninghe shouldemusclesandreducingpain. It is tailoredto eachindividual patient
andsupervisedy specialistphysiotherapisor self-directedby the patientvia patientexercise

worksheets.
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Physiotherapyimsto reducefunctionalimprovementy enhancingposture musclestrength,
scapularstability, scapulahumeralrhythm, (Kibler et al., 2001). Systematicreviewsin the
literature statethat physiotherapyaims to reducepain and dysfunction,however,most of
thesetrials focusedon short term effects (Hanratty et al., 2012). The initial goals with
physiotherapyis to relieve pain and inflammation, preventmuscleatrophy,and establisha
range of movement.Rangeof movementexercisesinclude pendulumexerciseand acive
assistiverangeof movementStrengtheningxercisesnayfocuson externalrotators,internal
rotators, biceps, deltoid, and scapular stabilizers. Patient educationis vital regarding
pathology,activity and lifting, which in turn will aim to improve rangeof movementand

reducepain.

Painmanagementisually beginswith non-steroidalantrinflammatorydrugs(NSAIDs), and
ice packsfor instantrelief, however,this is not alwaysfound to be an effective methodof

treatmentandfurtherinterventionis needed,(Chenetal., 2003).

Therapeutidnjectionsof corticosteroidand local anesthetianay be usedfor persistenipain
with SIS. Oncetheinjectionis administeredthe patientmay experiencanstantpain relief,
howeverdue to the possibleside effeds of this form of treatment,injections are typically
restrictedto threeinjections,andthe treatment/managemenplanis reviewed(Chenet al.,
2003). Blair et al. (1996), found that the use of corticosteroidinjections can substantially
decreaseain and increaserange of movementin the shoulder.In the sameway, Akgun
(2004) statesthat corticosteroidsshow shortterm pain relief, in combinationwith non
steroidalantrinflammatorydrugswithout any complication. However,Thomaset al. (2015)
state that a recent Cochranereview concludedthat there is insignificant evidenceto

recommendnjectionsfor SIS.
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Thomaset al. (2015) statethat 60-90% of patientswith SIS are successfullytreatedwith
conservativdreatment)ikewise Garofaloet al. (2011 statesthat conservativemanagement
resolvesin 70-90% of patients. Supporting this, Khan et al. (2013), suggeststhat
conservativareatmentincluding the use of NSAIDs and physiotherapywith or without the
use of steroidinjections is a well-establisked method of practice and theseconservative
treatmentsshouldbe closely monitoredprior to a surgicaldecision.However, conservative
treatmentneedsto be monitoredfor a longer periodin patientswho are over fifty yearsof
age, (Khan et al., 2013). Often, conservativetreatmentsare unsuccessfuland surgical

interventionis required.

Therearetwo operativesurgicaltechniquesvhich may be usedwhich includesan openor
arthroscopidechniqueClinical andpatientoutcomedollowing surgeryhavebeensimilar for
the arthroscopiomethodwhen comparedto the opentechnique.However,the arthroscopic
techniqueallows quicker rehabilitationless scarringand less deltoid morbidity, (Johansen,
1997). Arthroscopic proceduresoften tend to be more favourable option than other
treatmentsthisis usuallydueto the advantagesf the arthroscopidechniquevhencompared
to the open procedure.Surgical decisionsare particularly important when treating the

younger/athleticcohortof patients(Khanetal.,2013.

ArthroscopicSubacrominaDecompressioifASD) surgeryis a procedurewhich is usedto
treat SIS. ASD is a methodof performinganterioracromioplastyutilizing the arthroscopic
technigue An ASD procedureusesa keyholeinterventiontechniquetypically performedasa

day case. An arthroscopes insertedthroughthe skin andthe deltoid muscle,the surgeonis
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thenableto identify andinspectthe structuresncluding the ligaments musclesandtendons.
Two structuresvhich aretypically focusedon is theacromionandtherotatorcuff itself.
Often, findings during the ASD proceduretypically include an impingementlesion which
presentfrayedtissueand abnormalcontactbetweenthe bursalsurfaceand the undersurface
theacromion.Throughoutheoperationthisis removedandcleaed.

One week postoperativeit is usually expectedthat the patient can resumeto usually
activitiesof daily living. Ketold etal. (2009),foundthattherewasno evidenceo suggesthat

surgeryprovidesadditionalvalueto treatmentwhencomparedo conservativdreatment.

1.1.5 REHABILITATION

Following surgery, a physiotherapy rehabilitation program is commenced. Patient
progression is dependent on patient engagement and compliance with the rehabilitation

program, this may consist of specific exercisegtviare required to be performed regularly.

Rehabilitation is a process which requires patience, engagement and willingness to make
adjustments. Rehabilitation programmes are dependent on the surgery which has been
performed. Protocols should be ini@dtin a sequential and organised structure, which is

divided into several phases. Each phase builds on the previous stage and should consist of

specific goals, exercises and precautions.

Prior to designing a postsurgical rehabilitation programme, thezefour rehabilitation

phases which ought to be applied (Donatelli, 2011).

Phase one comprises of the immediate-pasgical phase. Phase one would typically occur

within 0-1 week following the ASD procedure. The aim is to protect the surgery and preven
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excessive scarring, whilst considering the rate at which the tissues are likely to heal to bone.
This phase is designed to protect the surgical intervention but prevent negative side effects of
immobilisation, a sling generally used for the first 48 ofollowing the ASD surgical
procedure. One of the most significant challenges following shoulder surgery is empowering

early tissue healing whilst restoring strength, motion and function (Klintberg et al 2008).

Mechanical and biologic factors shouléd b consi dered such as pat.
position. The position must induce maximum blood flow to the surgical repair, activities such
as exercising the opposite limb may improve circulation and cold therapy may be useful to

reduce swelling (DonatejlR011).

Depending on the surgical intervention and current tissue state will determine the permitted
range of motion, (ROM). Motion is used in a protected and restricted arc, early motion assists
in decreasing the patient pain through neuromusculaulaton, (Salter, 1984). ROM will
gradually increase in the internal and external rotation, this is particularly important for

overhead athletes.

During this phase joint stabilization exercises are performed, and the physiotherapist will
initiate gentle sometric contraction, alternating the plane of resistance. Exercises at this
stage may include active finger, wrist and elbow exercises, shoulder dumps, weight bearing
through upper limbs, active assisted ROM, table slides and passive stretches, (sdix appe

1).

Corrected thoracic posture combined with retracted and a depressed scapula restores shoulder
function and reduced pain (Greenfield 1995). In the same way, Lewis, (2005) analysed the
effect of changing posture in patients who have had ASD anudfthat pain free ROM
improved significantly. Therefore, the scapular setting to improve the shoulder position is

essential at phase one to improve shoulder function.
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Loss of function can be due to pain (Rahme et al. 1998), positive results of active ROM
shows reduction in pain, allowing a patients recovery to progress more quickly, (Klintberg.

2009).

Phase two of the rehabilitation process for the ASD surgical procedure will progress at week
1-3 postoperative. Prior to progressing to the second pludsthe rehabilitation process,
there are several criteria which must be met such as diminishing the pain, inflammation and

developing adequate muscle control (Donatelli, 2011).

Within this phase, the advancement of shoulder ROM is emphasizegailibed ROM is
gradually increased through active assisted and passive ROM exercises, such as stretching
and joint mobilization techniques. Guidelines for ROM progress is usually based on the

patiteingwse scarring and the physiotherapisto

Goak at phase two also include improving muscle strength and scapular control. The
rhomboids, trapezius, serratus anterior, latissimus dorsi, pectorals, levator scapulae are the
muscles which assist to control the scapula. Scapular exercises are introdinieglzse,
focusing on the control and normal movement exercises. Scapular control includes the
elevation, depression, upward rotation, downward rotation, and protraction and retraction
exercises through range including exercises such as table slidegatrslides Donatelli,

(2011)

Tate et al, (2008) found that scapular exercises which are initiated in phase one of the
rehabilitation process leads to improved clinical outcome and a faster recovery of shoulder
function. However, limitations of thisslly suggest that a larger randomised control trial is

required to confirm these results.

Phase three is typically commenced & @®eeks following the ASD procedure, this is the

advanced strengthening phase, enhancing strength, power, endurance aiodeptapr
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training (Lephart, 1994). Strengthening of rotator cuff includes static supported through range
or if unsupported through range, gravity resisted this is assessed as pain and quality of
movement allows. Training drills are designed to increas®R@d gradually increase the

functional stress in the shoulder joint. Strengthening of the rotator cuff includes the use of

theraband and free weights, however, this decision is the judgement of the physiotherapist.

Phase four usually occurs 6 weeks pmsiical intervention of the ASD procedure. This
phase requires the patient to return to their usually activities. For this to occur, fulBROM
satisfactory muscle strengtith endurance, and a satisfactory clinical examination is
essential. Oncéhese have been fulfilled the patient is ready to return to full, unrestricted

sports or daily activities..

Activities of daily living such as working should be commenced at 6 weekopesative,
however, this is dependent on the type of wbtk this should be discussed with the
physiotherapy and or clinician. Activities such as swimming including breast stroke and
racquet sports should be returned at 12 weeks following surgical intervention of ASD. It is
the role of the physiotherapist and or clinicito advise on strategies which may increase

stress on the shoulder joint, (Conti, 2009).

Evidence has suggested that successful physiotherapy is dependent on patient engagement

and motivation in their rehabilitation programme.

1.1.6 ENGAGEMENT

Patient engagement is a term which can be used to describe any interaction which the patient
has with the healthcare system however, ter
interactiondéd and O6épatient p a adknowledging patiemtn 6 i s
engagement, therefore this suggests that the understanding of terminology has not yet been

theoretically underpinned.
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In the NHS today, the importance of patient engagement is focused on and considered to be

the cornerstone of the akthcare system (Danzer, 2013).

Factors affecting patient engagement within the process of healthcare delivery include patient
attributes such as patient age, sex, educat
Emotional experiences and copiagt r at egi es can al so have an
experiencesd can | ead to negative interpret
therefore, resulting in lack of patient engagement and motivatealthcare professionals

can influence ah advocate the importance of patient engagement. The way in which a
healt hcare professional i nteracts with a p
healthcare. Patient engagement can be increased by health care professionals who respond
positvd y t o t he patient ds n eEodltsretal((200)fotusedonet al
patient engagement for physiotherapy regime-posgical intervention and found that the
patientés treat ment was meditated dhe d mo t

physiotherapist and the patient.

The recent focus on patient engagement acknowledges that patients have an imperative role
to play in their own careatient involvement, engagement and motivation are major factors
which can influence patient outcom@geichenbaum et al., 1987pimilarly, Carmen et al.

(2013) suggests patient satisfaction and quality outcomes have been proven to increase when
patients are actively engaged in their own care. Therefore, to engage patients in their own
care and makethe 6acti ve playerso, may al so assi st

the length of hospitalizations and poor clinical outcomes.

Within the NHS, there have been numerous attempts to motivate patients to engage in their
care, decision making and tgsast in the improvement of the healthcare systengaging
and motivating patients in the research process is feasible yet crucial to the delivery of

research. However, research is lacking and is needed to identify the best methods to gain an
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in depth kmwledge of patient engagement and how this is to be implemented into the
healthcare system. Motivation can determine the outcome of rehabilitation t(idcatscher
et al., 1984)Over half of patients are naompliant to their home exercise progrand over
10% fail to complete their prescribed course of physiotherapy (King et al., 2013).
Traditionally, the rehabilitation program consists of patients completing home exercise
diaries, however, studies have suggested that these are often completgukecatrely and

patients tend to exaggerate the amount of activity performance.

1.1.7 GAMIFICATION

Gamificationis definedasthe useof gamedesignelementsn nongamecontextto improve
user experienceand engagementDeterdinget al., 2011). It is a systemin which players
engagdn an artificial conflict, definedby rulesthat resultsin quantifiableoutcomefocusing
on engagementmotivation and behavioral change via games, (Katie Salen and Eric
ZimmermannGamificationincorporateghe following prinicples:

Incorporatingthe eight individual elementso a gameallows the principlesof gamification.
To apply gamificationdevelopersieedto usethe elementsof gamification,integratingtheir
specific intervention. Gamification incorporatesserious gameswhich is a term used to
describethe developmenbf gameswhich are specificallydesignedo achievesomechange
in the player.

Gamificationusedin healthis recognizingandproviding personalizednterventionsfocusing
on the needsof the patient with the intensionto improve and changeoutcomes.In the
healthcaresystem, there is an increasingneed for the use of gamesand game based
approachesvith the aim to encourageatientengagemenénd motivation. The gamification
approachn healthcareseeksto improve the healthandwellbeing of patients,thusallowing

themto becomemoreengagedto takecontrolandresponsibilityfor their healthdecisions.
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A review of the literature suggestghat gamificationis currently being usedfor a rangeof
specialtiesin healthcare from weight control, exercisephysiotherapyprogramsand falls
prevention.Gameshave beenusedin many areasof healthcaresuch as exergaming.The
Gamedor Healthprojectprovidesa way of categorizinghesedifferenttypesof gamesused

in healthcare.

1.1.8 EXERGAMING

Exergamingis a portmanteauof 6 e x e randiésgeadm iwiniap & widely usedform of
gaming used in healthcaretoday. Exergamingis the use of videogamesin an exercise
activity, combiningexercisewith gameplaywith the aim to improve healthstatus(Sinclair et
al., 2007). Exergamesavealsobeenprovento enhancesychosociahndcognitiveissues,

gaininganincreaseof selfesteemengagementnotivationandsocialinteraction.

Exergames may generate more physical activityeratgy expenditure, however, there are
mixed opinions in the literature to suggest whether Exergames can engage levels of activity
which is consistent with public health recommendations for receiving health benefits (Daley.,

2009).

Rosenberg (2010) stuweti the use of Exergames in patients diagnosed with Subsyndromal
Depression, eighty six percent of patients completed a 12 week intervention and found a
significant improvement in mental health quality of life (QoL) and cognitive performance.
However, theravas no improvement in physical quality of Life. Alternativ8iaianoet al.

(2012) used Exergames to encourage weight loss and physical activities in adolescents.
Results show that the experimental group were more engaged in the physical activity regime
and a mean loss of 1.65kg when compared to the control arm of the study, which did not lose

weight. It is recognised that Exergames may provide an enjoyable experience, this may be a
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key factor in engaging and motivating patients to actively be involvéitein physiotherapy
regime.
To summarize, from a review of the literature there are no studies using exergames for

shoulder rehabilitation. Therefore, a randomized control trial will be delivered on NHS

patients using Exergames for shoulder rehab.
Theaim of this study:

1 To implement a multicenter randomized controlled study using the exergames to
understand if exergames are safe and effective in this patient population.

1 To work with the clinical team to develop a physiotherapy exergame protocol
specifially for this study.

1 To understand if there is a difference in pogeérative rehabilitation using the Mira
software in the intervention group compared to the control group.

1 To understand if there is a difference in engagemdimical outcome andPatient

Reported Outcome Measures in the intervention group compared to the control group.

1.2LITERATURE REVIEW

A literature review was performed to identify Randomised Control Trials which evaluate the

use of Exergames for physiotherapy.

1.2.1AIMS
This literature review aims to:

1) Provide an overview oft®ulder Impingement Syndrome.
2) To discuss gamification and how this is used in the healthcare setting.
3) Discuss the use of technology to improve patient engagement.

4) Conduct a literature review to idefyti studies which include gamification in
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healthcare.

1.2.2METHODS

An electronic database search was carried out on the following databases from the dates 01

January 2010 until 31 December 2016.

1) Pub Med

2) CINAHL

The terms which were used in the searchekéy criteria included, Gamification, Games,
Gaming, Exergames, Orthopaedic, Physiotherapy, Musculoskeletal, and Rehabilitation. This
concluded in a high volume of studies, therefore terms were used in combination; Exergames
and Physiotherapy, Exergamesmnd Rehabilitation, Exergames and Musculoskeletal,
Exergames and Orthopaedics, Exergames and Range of Movement (ROM), Games and
Physiotherapy, Games and Rehabilitation, Games and Musculoskeletal, Games and

Orthopaedics, Games and Range Of Movement.

During the prescreening phase, the search included human subjects and only Randomised

Control Trials (RCTs) with a date restriction of > 01/01/2012 were encompassed
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Gamification
Game

Gaming
Exergames
Orthopaedic
Physiotherapy
Musculoskeletal
Rehabilitation

Exergames+
physiotherapy

Exergames+
rehabilitation

Exergames+
musculoskeletal

Exergames+
orthopaedics

Exergames+
ROM

Games+
Physiotherapy

Games+
rehabilitation

Games+
musculoskeletal

Games+
orthopaedics

Games+{ROM

Total Studies

Pubmed

109
19099
1782
150
105569
142532
60107
421768

27

39

488

1275

102

90

35
2072

Pubmed RCT
+ DATE

>01/01/2012

90

125

0

10
236

CINAHL

25
9360
494

80
32554
9444
14958
106317

3

33

55

602

59

41

5
800

CINAHL RCT

+ DATE
>01/01/2012

0

0
35
271

Table 22 THE KEYWORDS USED TO SEARCH THE DATABASE AND THE

TOTAL NUMBER OF STUDIES ASSOCIATED WITH THESE KEYWORDS .
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A total of 271 studies were identifiddllowing the initial search. PubMed identified 236
studies and CINAHL 35 studies. An inclusion and exclusion criteria was formulated to
identify specific findings relating to the research. The studies were screened by the author

using an inclusion / exgsion criteria
Inclusion

Patients wusing Exergames, Stroke, MS K, P

PROMs, RCT
Exclusion
Patients using Exergames but not for physiotherapy. Patients under the age of 18

The abstracts for the 271 identifiedudies were screened (level 1) by the researcher,
according to the inclusion/ exclusion criteria. The eligible full text articles were screened

again using the sanmeclusion/exclusion criteria (level 2 screening).

1.2.3RESULTS

A total of 271 studiesvere eligible for level 1 screening. From reviewing the abstracts
following the inclusion / exclusion criteria, 83 studies were suitable for level 2 screening. At
level 2 screening, 39 of the studies were excluded as they were duplicates and 16 studies
were omitted as no full text publication was made available. Following the screening period

a taal of 27 studies were include.

1.2.4STUDY SELECTION PROCESS
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Identification

Level 1

Level 2

Figure 1 showing the study selection process including identification, level 1 a
level 2 screening.

1.1.9 OVERVIEW OFRESULTS
Within the 27 includedtudies a number @merging themewere extracted

These themes were categorized into patient engagement and clinical improvement which

were then classified further.

Clinical Improvement
i) Patient Reported Outcome Measures (validated scores)
i) Function
iii) Strength

iv) Balance

PatientEngagement
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i) Diaries

i)  Engagement/ motivation Questionnaires

Clinical Improvement No of studies
Strength 3

Balance 13

Function 17

PROMs 23

Table 2 Keywords for clinical improvement which were used to search the database as

well as the number of studies associated with these key words

Clinical Improvementtable 3)has been categorized into 4 significant areas which include
strength, balance, PROMsadfunction. Of the 27 included studies, 63% (n=17) focused on
the functional aspect of clinical improvement. Remarkably, only 11% concentrated on
strength. Additionally, only 4% (n=1) incorporated all four common themes (strength,

balance PROMs and funah.
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Patient Reported Outcome Measure Number of studies
BERG Balance SCALE 6
Barthel Index (MMSE) 1

Falls Efficacy Scaldnternational for fear o] 2
falling assessment

International Physical Activity 1
Questionnaird.ong Version (IPAGL)

Disability Arm Shoulder and Hand (DASH 1

Uni fied Parkinsondlsl
(UPDRSII)

Lower Extremity Functional Scale (LEFS) 1
Generic Health Related Quality of Life

European Quality of Life 5 Dimensions 11

(EQ-3D)
Short FormHealth Survey$F36) 7

Table 3 Keywords for Patient Reported Outcome Measures which were used to search

the database as well as the number of studies associated with these key words

Within the 27 included studies, 23 involved the use of PRQMde 4) The PROMs were

then categorized further into, condition specific PROMs and Generic Health Related quality
of life PROMs. The PROM (condition specific) which is most frequently used in the BERG
balance scale accounting for 26 % (n=6) of the questiamaged. Additionally, the health
related quality of life PROM which is most frequently used is the widely kn&unpQol

five dimensions questionnaire (E&D), accounting for 48% (n=11) of questionnaires used.
Furthermore, 48% (n=11) of the included s&sdopted to incorporate both condition specific

and health related quality of life PROMs.
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Function No of studies
Device 5

PROMs 13

ROM 1

Physical assessments 6

Table 4 Keywords for function which were used to search the database as well as the
number of studies associated with these key words.

Function

Devices were only used in 18% (n=5) of the included studies, with only 4% (n=1) study using
ROM to measure functi¢rtable 5) The use of device and PROMs were most frequently
used in combination, accounting for 11% (n=3) of the selected studies. Functional physical
assessments and PROMs were prevalent in 22% (n=6) of the included studies. Physical

assessments includadb and 10 meter walk test and stepping reaction time.

Balance No of studies
Physical Assessments 9
Device 12

Table 5 Keywords for balance which were used to search the database as well as the

number of studies associated with these key words.

Physical assessments accounted for 33% (n=9) of the included studies, with devices being
used for balance in 44% (n=12physical assessments in combination with the use of devices
were used in 25% (n=7) of the studies. Additionally, from the 27 included studies 25% (n=7)
used the Time up and Go Test (TUG) and 7% (n=2) used the 10 meters walk test to assess

balance.
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PatientEngagement No of studies
Questionnaires 10
Diaries 6

Table 6 Keywords for patient engagement which used in the search and the number of

studies associated with the selected key words

In comparison, patienéngagemengtable 7) is measured in 44% (n= 12) of the included
studies, of which 37% (n=10) used questionnaires and 22% (n=6) used diaries.

Questionnaires and diaries were used in combination in 11% (n=3) of the included studies.
The aim of this study:

1 To implement a multicenter randomized controlled study using the exergames to
understand if exergames are safe and effective in this patient population.

1 To work with the clinical team to develop a physiotherapy exergame protocol
specifically for this study

1 To understand if there is a difference in pogeérative rehabilitation using the Mira
software in the intervention group compared to the control group.

1 To understand if there is a difference in engagement, clinical outcome and Patient

Reported Outcome Bhsures in the intervention group compared to the control group.
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ZMETHODOLOGY

INTRODUCTI ON

Exergaming is a portmanteau of O&éexercised a
gaming used in healthcare today. Exergaming is the use of videogames in an exercise
activity, combining exercise with gameplay, with the aim to improve health status.
Exergames have also been proven to enhance psychosocial and cognitive issues, gaining an

increase of selésteem, engagement, motivation and social interaction.

Range of Movement (ROM) is an assessment which is widely used by Orthopaedic surgeons
and physidterapists to measure the potential movement in a joint. However, range of
movement measurements have not yet been introduced in combination with gamification for

patients undergoing shoulder surgery.

The research involved complementing rehabilitation following Arthroscopic Subacrominal
Decompression surgery, using Exergames and ROM measurements using software in

combination with the Microsoft Kinect sensor. The Exergames used for this study is
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softwae which have been developed byra Rehab. Mira Rehab is a compahgsed in
London, England who hawteveloped software designed for the rehabilitation for a range of

medical conditions.

2.1StUuDY DESIGN

Patients were recruited to a thmeenth rehabilition programme following a standard
Arthroscopic Subacromial Decompression for Shoulder Impingement Syndrome. Patients
were enrolled onto the study between 29/3/2016 and 1/3/2017. Each patient recruited was

randomised into one of two groups:

1. Standargbostoperative physiotherapy (Treatment as usual GrdRgjents were followed
up for 12 weeks post surgery with the researcher measuring their engagement and range of

movement on a weekly basis.

2. Postoperative regime of physiotherapy plus exergamesgu the principles of
gamification (Treatment as usual plus Exerganieadients were given the exergames to take

home and were followed up by the researcher for 12 weeks post surgery.

2.1.1 SETTING

This was a prospective, multicentre, randomised, chedrstudy. Central Manchester
Foundation Trust (the sponsor) and the lead recruitment site with several research sites which
were set up to assist with the recruitment of patients. The additional research sites included
Salford Royal Foundation TrudBolton Royal Hospital and Wrightington Wigan and Leigh
Foundation Trust . Within each research site, a designated principal investigator and lead
research nurse were assigned to assist with the setup, delivery, recruitment and retention of
study patients.Patients, who were recruited from the additional sites, continued in the study

and commenced their pegperative physiotherapy sessions with the research physiotherapist
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based at Trafford General Hospitél was decided that Trafford General Hospitakedo

room availability and this is where all of the core research team were.based

2.1.2 ETHICAL APPROVAL
Milestones

1 28/09/2015 Documentation was submitted to the Regional Ethics Comen{fREC)
by the researcherThe submission included the Integrated d&esh Application
Submission (IRAS) form, as well as essential documentation such as a study protocol
and patient information sheets (P1S). REC invited the team to a committee meeting

1 21/10/2015. REC committee meeting. The team whintiuded the researeh
attended this meeting included, the Chief Investigator Bibhas Roy, Usman Butt
Principle Investigator for Salford Royal Foundation Trust, James Wilson Principle
Investigator for Bolton RoyaHospital Following the meeting, amendments were
made as suggeed.

1 17/12/2015 REC approval was granted on. REC Nurmi&®371.

Central Manchester Foundation Trust (CMFT) agreed to sponsor the study and local

research and development approval was granted on 15/3/2016.

Ethical approvalfrom The University of Séord was granted on 24/3/2016.

2.1.3 PATIENT POPULATION
Inclusion Criteria:

1. A diagnosis of impingement syndrome based upon history, clinical examination and

radiological findings that require arthroscopic subacromial decompression.
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2. Patient access to the internet to allow for the remote monitoring element of the

interventon.

3. The patient needs to be able to use the sévas@d technology safely, as judged by the

research team.
4. The patient is willing to consent to follewp over a twelvanonth period.
5. The patient has capacity to consent to the study.
Excluson Criteria:
1. Aged less than 18 or greater than 70
2. Patients who are unwilling or unable to consent
3. Previous arthroscopic shoulder surgery
4. Patients undergoing radiotherapy
5. Patients with type 1 or type 2 diabetes
6. Patients notfifor general anaesthetic
7. Patients with significant cardiac dysfunction
8. Uncontrolled hypertension
9. Acute iliness
10. History of stroke / neuromuscular conditions preventing the use of Exergames

11. Patient is currently enrolled in anotk&nical trial.

2.1.4 CONSENT

Patients were referred from their General Practitioner into the orthopedic outpatient
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department where they are examined and listed in clinic for surgical intervention. At this
appointment the patient was required to completeresent to contact form (Appendix 1)

and a Patient Information Sheet (Appendix 2) was given to patient for their consideration.
Prior to their surgery date, the patient was contacted by a member of the research team, to see
if they would like to participte in the study. On the date of their surgery, the study doctor
reviewed the inclusion/exclusion criteria. Eligible patients were asked to consent to the study
(Appendix 3), and patients were then randomised to either treatment group following their

surgcal intervention.

2.1.5 RANDOMISATION

As the surgical procedure can be altered dependent on the clinical findings, patients were

randomised following their surgery.

Participants were given a uniqgue comptgenerated identification number that vedlecated
rancbmly, using block randomization. Envelopes were usethe researcher identify each

patient intoeither the control or intervention group.

Patients were randomisexh a patienby-patient basis using a randomised block design to

minimise pogntial confounding variables.

2.1.6 TREATMENT AS USUAL GROUP

Patients attended physiotherapy on a weekly asisvelve weekdor assessment (standard
physiotherapy The patients within this group were assessed for progression and were
provided with a standardised home exercise program. The research physiotherapist recorded
the patients shoulder Range of motion, measuring three cardinal planes, on a weekly basis,
using the Mira Rehab technology. Patients were required to complete an exercise diary

documenting the exercises performed as well as duration and frequency.
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Figure 2 Home exercise programme for theontrol (standard of care) group.

2.1.7 TREATMENT AS USUAL PWJS EXERGAMES GROUP,

The Mira software together with the appropriate hardware was given to the patient on their
first physotherapy appointment, ongeek following their surgery. This group of patent
required access to the systefio enable access, patient credentials which includes patient
usernames and passwords were generated post randomisation. A laptop in combination with

the Kinect sensor was given to the patient and Exergames were assignelihgcio the
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physiotherapy protocol.

A full demonstration and training of the laptop / Kinect and Mira Rehab system was given to

the patient including:
1) Setup and logging into the laptop and Mira Rehab
2) Ilnstructions on AHow to play the games©o.
3) Contact details should the patient need to contact team.

Following set up of the system patients were required to attend physiotherapy on a weekly
basis as well as partaking in a set of tailored Exergames to play in the home system. The Mira
Rehab softwareecorded the patient engagement with the Exergames including number of

sessions and duration of play. These were reviewed regularly.

All data collected wasransferred via secured networks and this has appropriate Information

Governance approval ae@tral Manchester Foundation Trust.
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Figure 3 Flow chart showing the operational set up ar
process for Exergames patients
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2.1.8 ASSESSMENTS

The researcher carried out baseline assessments on all patients prior to randomization (Table
9). Postoperative, the research physiotherapist assessed each individual patient on a weekly

basis. The collection of patient data included:
1)Sociodemographic datthis included the patients date of birth, address and gender.

2) Shoulder range of movement which was measured by the Mira rehab system and assessed

for full return of motion in three cardinal planes:

M Forward Flexion
1 Abduction

1 External Rotation
3)Clinical status / history of present and past comorbidities.
4) Shoulder function, this was measured using two scoring tools:

1 The Oxford Shoulder Score (OSS) (Appendix 5) which is a twigdre PROM which
is condition specificand focuses on assessing outcomes for shoulder surgery. The
OSS has undergone rigorous testing for the reliability, validity and the sensitivity to
change and it has been proven as a robust tool for assessing outcomes in shoulder
surgery.

1 The Disabilities of the Arm, Shoulder and Hand (DASH) (Appendix 6.. This is a
thirty item questionnaire which measures the patients ability to complete tasks absorb

forces and severity of their symptoms.
5) Pain was measured using the Visual analogue Sagbaifo (VAS) (Appendix 4).

6) Health outcome and quality of life was measured using The European Quality of Life 5

Dimensions (EQ5D) (Appendix 4). This is generic yet standardized tool which is widely used
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to assess the measure of quality of life. EQ5Eu$es on five different dimensions which

include, mobility, selfcare, usual activities, pain and discomfort and anxiety and depression.

7) Diaries were used in each arm of the study to measure patient engagement and adherence
to their rehabilitation proggmme (Appendix 7). Diary data such as, time exercised (minutes)

and scale was used to measure exercise exertion. For those patients randomised to the
OExergamesd arm of the study, their diaries
logged withinthe Mira system and includes data such as, length of duration logged into the

system
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2.1.9 STUDY ASSESMENTS

Study Task Pre .| Day 85
operative
Informed Consent| X
0SS
X X
Shoulder Function
DASH
X X
Shoulder Function
EQ5D
Q . ) X X
Quality of Life
VAS
_ X X
Pain
ROM X X
Inclusion/ X
Exclusion Criteria
Medical
History X
Reviewed
Demographics X
Diary dispensed
Diary Reviewed X

Table 7 Patient assessmentand the schedule of events

2.1.10 EQUIPMENT

The equipment used for this study was a combination of hardware and software. The software
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incorporates the gamification platform which has been developed to work in combination
with a standard windows computer aMicrosoft Kinect SenorThe rationale for using the

following equipment:

1) Microsoft Sensoi At the time of Exergames development, this was the only optical
sensor on the market which would allow body tracking, plus Mira Rehab had already
been previously wding with this sensor.

2) Laptopi it was required for visual feedback for patients when completing the games

but also needed to provide to the patients to take home and play the games.

2.1.10.1MICROSOFTKINECT SENSOR

The Microsoft Kinect Sensor (Figure 3) is a matisensor input device which has been
designed by Microsoft for the Xbox 360. It features a RGB camera, depth sensor and multi
array microphone running propriety software (Titilo, 2010). The device provides facial and
voice recognition as well as 3D moticapture. The Kinect is based around a webcam style
and allows the user to interact without the need for a game controller and is commonly
available for capturing andnalysing whole body patterns. The Kinect was used to capture

patient range of movementweh includes forward flexion, abduction and external rotation.

Figure 3 Microsoft Kinect Sensor
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2.1.10.2LAPTOP

The laptop used for this study was the Lenovo Idea pad7/B50his was a standard laptop
which was used for the patienedomised to the treatment as usual plxergiesgroup and

also to measure the range of movement in all patients. This laptop includes nVidia graphics
card which enhanced game playlhe software which incorporates the exergames was

downloaded onto theaop and dispensed to the patients.

2.1.10.3MIRA REHAB

Mira Rehab focuses on engaging and motivating patients towards their physiotherapy regime
using gamification. Games are built based upon the best clinical practice and expertise from
specialist clinicians. The Mira Rehab programme enables patients toegsotiprough
different levels within the games and visually track their progress, whilst engaging in their
rehabilitation programme (Figure 4 and 5). These games are prescribed Bsdhech
physiotherapist and Mireehab allows the research team to alutrack patient progression
and compliance. Addi t i ecmhilitation progtainmeathe dvireo u t

system provides random photographs to confirm patient engagement.

Figure 4 Mira Rehab Exergames "lzzy theBee"
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Izzy the Bee is one of the games whackused to improve shoulder range of movement.
The aim of the game:

The user is Izzy the Bee. The objective is for the Izzy the Bee to collect the pollen from the
flowers, using the bucket, whilst avoidingetblack circular object. The duration of the time
playing the game and the amount of pollen collected will increase the number of points

gained by the player.

This game is played using general shoulder movements on the affected arm, which the patient

hashad previous shoulder surgery.

00:04:00 70% 12% 18%

Figure 5 The Mira Rehab Exergames visual feedback which is generated following

playing the game

Mirais being used in over 30 institutions worldwide. Among its UK clients are clinical
institutions like Central Manchester University Hospitals NHS Foundation Trust, Guy's ad St.
Thomas' NHS Foundation Trust, Derby Teaching Hospitals NHS Foundation Truepallat

Star College, with additional clients in Romania, Malaysia, Pakistan and prospects in Spain,
Portugal, Germany, U.S.A., Canada, Australia and Brd#ita Rehab had previously been
used in a study conducted at Manchester University using Exergamé&sl$ prevention,

therefore the researcher wished to explore using these games in a different patient population.
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2.1.10.4 MEASUREMENT OFRANGE OFMOVEMENT

All patients completed their shoulder range of motimeasured by the Mireechnology to

exclude reseaher bias.

Prei operatively, each patient was taken into a private area within the surgical ward where

their shoulder Range of Movement was completed using the system. The system, with the
installed Mira Rehab software, in combination with the Microg¢itect Sensor was
previously set up with the patientds details

as the procedure and their affected side.

Visual and adio communication from the Miraystem allowed the patient to follow
instruction for sholder range of movement. The range of movement is completed on both the

affected side and the naffected side.

The patient followed the instructions from the software and should hold the position for 5
seconds until completion whilst the system analytbis patients range of movement

measurements (Figure 6).
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Completion bar to turn blue onc
measurements have been taken.

) completion
mira g mﬁé; Take a few seconds to relax until next movement starts.
- LINIC MOTION

Previously Recorded Angles

Latest Recorded Angle

Shoulder Abduction Left

Figure 6 Showing the interface which a subject will see

when using the system. Visual feedback for the range (

movement measured in angles.
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2.1.10.5MIRA ASSESSMENT ANDVALIDATION OF RANGE OFMOVEMENT

To use this system for the study, the haadain combination with the Mireehab platform

required valdation.

A previous research study using the system was conducted at Manchester Metropolitan
University. The aim of the research was to test the accuracy of measuring the shoulder range
of movement, using the Miraystem against full motion capture lalktorg equipment
(MoCap) and to compare this with the accuracy of specialist physiotherapist and surgeons
measuring the same range of movement. Infrared markers were placed on the thorax and
upper limbs of the 49 volunteer participants to allow the motiguiuca facility to measure
the shoulder movements. Movementere then measured by the Msaftware and the

trained observer.

During validation 1670 measurements were available for analysis. Results showed that there
was a good correlation between moeaq the Mra software. The results from this study
found that using the MoCap as the standard, Mira Rehab measurement of all cardinal

shoulder movements were significantly more consistent than trained observer measurements.

This validation study provesdhthe Mira software and the hardware are safe and effective in
healthy volunteers for range of movement in the shouldern&kestep was to introduce the
system to patients whom had previous shoulder problems and complete a feasibility study of
the system. Thaesearcher an@hief invesigator for this study, completethis feasibility
studyprior to themain protocol development, whidhcluded10 focus groups with a total of

70 patientsvho had previously had houlder operation (appendix. Ihis allowed patients

to provide feedback on the usability of the system therefore, at this point it was decided to

complete a multicentre randomised controlled study.
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2.1.11 MAPPING THEEXERGAMES TO PHYSIOTHERAPY AIMS

Delivering the Exergames through physiotherapy was the next task and it was essential that
the Exergames were aligned with physiotherapy goals to enable a physiotherapy protocol

using the Exergames to be developed.

A Delphi process was designed by theearch tean{orthopaedic shoulder surgeon, the
researcher and physiotherapisi)h an expert focus group composed of the multidisciplinary
team in identifying the key objectives of physiotherapy. Significant themes identified
included patient educationaim relief, improved Range of Movement and exercise. The
movement and exercise category were further divided into five key domains which included

the following physiotherapy goals:

1) Range of movement

2) Control

3) Speed

4) Activation of kinetic chain

5) Strength

The plysiotherapy goals were then used to understand the aims of the Exergames. Seven
Exergames were selected, played by experienced physiotherapists, and weighted for the
variables, ROM, Control and Speed. This was then and analysed (table 10). The Exergames
were subsequently mapped with their relative weighting in their ability to deliver each of the

physiotherapy goals.
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Exergames | ROM | Control | Speed

Catch 70% 0% 30%
Firefly 40% 60% 0%
Follow 10% 90% 0%

lzzy the bee | 30% 70% 0%

Move 10% 90% 0%
Frog 30% 50% 20%
Atlantis 50% 50% 0%

Table 8 Distribution assigned to the Exergames

The Exergames were then associated to specific timeframes in the rehabilitation programme
which were also in line with physiotherapy aims (tablg. This enabled the researcher to

formalise the Exergames physiotherapy protocol.

Activation of
ROM Control Kinetic chain Speed Strength
0-2 weeks
Timeframe 2-4 weeks | 2- 4 weeks | 6 weeks+ 6 weeks +
Firefly Catch Catch
Catch _ .
_ Follow Firefly Firefly
Atlantis
Appropriate Izzy the bee | Follow Catch Follow
Exergames Move Izzy the bee | Frog Izzy the bee
Frog Move Move
Atlantis Frog Frog

Table 9 The Exergames assigned to the appropriate timeframe.
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This exercise enabled the researchers to identify the games which were suitable depending on
rehabilitation progression. For the patients who were randomised to the experimental arm of
the study, a redbilitation protocol was designed. This was to standardise the games which
were prescribed to the patient, although patients were only progressed through their
rehabilitation programme once clinically examined and assessed by the research

physiotherapist.

2.1.11.1REHABILITATION PROTOCOL
Week: 13
Games: Catch and Atlantis
Level: Easy

Full Schedule Catch was played by the patient for two minutes using their affect arm. There
was a break for 30 secondand thenAtlantis was played for a further two minutes.
Following the full schedule Range of Movement measurements were recordeéithgaauh

further two minutes.

Week: 35
Games: Catch, Firefly, Follow, I1zzy the Bee, Move and frog.
Level: Medium

Full Schedule- Izzy the bee was played by the patient for two minutes. There was a
scheduledbreak forthirty second seconds. Fire flyas then played for a further two
minutes. Range of Movement measurements were recorded resulting in a further two

minutes.
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Catch was played by the patient for two minutes. There was a scheduled break for thirty
second seconds. Move was theaing played for a further two minutes. Range of

Movement measurements were recorded resulting in a further two minutes.

Frog was played by the patient for two minutes. There was a scheuhelekl forthirty
second seconds. Izzy the Bee when playedfor a furher two minutes. Range of
Movement measurements are recorded resulting in a further two mirRdesge of

movement was set up and prescribed by the research physiotherapist.

Week: 57
Games: Catch, Firefly, Follow, 1zzy the Bee, Move, Atlantis and frog
Level: Medium

Full Schedule Catch was played by the patient for two minutes usinekdofiram weight.
There was a scheduled break for thirty second seconds. Izzy the Bee was then played for a
further two minutes. Range of Movement measurements meeorded resulting in a further

two minutes.

Catch was played by the patient for two minutes usikkgjobram weight. There was a
scheduled break for thirty seconds. Atlantis was then being played for a further two minutes.

Range of Movement measurents were recorded resulting in a further two minutes.

Frog is to be played by the patient for two minutes. There will be a scheduled break for thirty
second seconds. Move using &ilbgram weight will then be played for a further two

minutes. Range dflovement measurements are recorded resulting in a further two minutes.

Week: 79
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Games: Catch, Firefly, Follow, 1zzy the Bee, Move, Atlantis and frog.
Level: Medium

Full Schedulei 1zzy the Bee was played by the patient for two minutes with the patien
standing on one leg. There was a scheduled break for thirty second seconds. Firefly using 1
kilogram weight was then played for a further two minutes. Range of Movement

measurements were recorded resulting in a further two minutes.

Frog was played byhe patient for two minutes. There was a scheduled break for thirty
second seconds. Atlantigasthenbeingplayed for a further two minutes usingkilogram

weight. Range of Movement measurements were recorded resulting in a further two minutes.

Catchwas played by the patient for two minutes. There will behadwaled break for thirty
seconds. Move was thdreing played for a further two minutes. Range of Movement

measurements are recorded resulting in a further two minutes.

Week: 912
Games: Catch, Firefly, Follow, I1zzy the Bee, Move, Atlantis and frog.
Level: Hard

Full Schedule Catch was played by the patient for two minutes with the patient standing on
one leg. There was a scheduled break for thirty second seconds. |R2gethveas then
played for a further two minutes. Range of Movement measurements were recorded resulting

in a further two minutes.

Catch using kilogram weight was played by the patient for two minutes. There was a
scheduled break for thirty second secantlantis playedor a further two minutes standing

on one leg. Range of Movement measurements were recorded resulting in a further two
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minutes.

Frog with Xkilogram weight is to be played by the patiéot two minutes. There was
scheduled break fahirty second seconds. Move was theing played for a further two

minutes. Range of Movement measurements are recorded resulting in a further two minutes.

2.1.12 OUTCOMES

The study outcomes included quality of life, health outcome and patient engagetaefibda
evaluate these outcomes in the study, the following assessment tools were used to quantify

this data:

1) Painiassessed using the EQ5D Visual Analogue Scale (appendix 4). The EQ5D
i ncorporates measurements s peptonoéfither t o pa
own pain. Patients wereequired to choose a statement which best describes their
pain today:
- | have no pain or discomfort
- | have moderate pain or discomfort

- | have extreme pain or discomfort
This statement was completed qmgeratively, 3nonths and again at 12 months.

2) Quality of Life - the EQ5D (appendix 4) which is a generic questionnaire was used
to measure the patients quality of life. The EQ5D is divided into 5 specific domains

with an aim to capture the patients perception of & health on the following:
- Mobility
- Self Care

- Usual Activities
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- Pain
- Anxiety and Depression

Within the tool the patient completed a Visual Analogue Scale which allows the patient
(VAS) to provide a score on their health status. The EQ5D whathdes VAS was required

to be completed by the patient preoperatively, 3 months and 12 months.

3) Health Outcomé assessedsing a combination of two validated scoring tools, the
Oxford Shoulder Score (appendix 5) and the Disability Arm Shoulder and Hand
(appendix 6). Both tools were required to be completed by the patient pre

operatively and again at 3 months and 12 months

Health outcome was also measured using Range of movement data. This enabled the
researcher to identify if a significant difference in psstgical improvement in range of

movement when physiotherapy is aided by Exergames.

4) Engagement patient engagememtas collected using a combination of the diaries
and also the Ma software. Patients engagement data from the physiotherapy plus

exergames group included:

Identifying the number of minutes each patient played the games, compared to the number of
minutesfor each session which was prescribed by the research physiotherapist. This data was

reviewed over the X#&eek rehabilitation programme.

2.1.13 DATA EXTRACTION
Patient data which is stored within Mira was extracted into a Microsoft Excel spreadsheet.

Data extacted from the Ma system for all patients includes the following Range of

Movement data which is measured in degrees:

- External Rotation
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- Frontal flexion

- Abduction

The above Range of Movement data was extracted for patients at the following time

points:

- Pre-operatively i this was completed for all patients on the day of surgery, before
their surgical procedure.

- The standard physiotherapy group Range of Movemeniising the hardware and
software,was completed postoperatively once every 2 weeks, when the patient
attended the research clinic for their scheduled physiotherapy appointments.

- The standard physiotherapy plus exergames groupRange of movement was
completed at the end of each prescrilbedabilitation session, the patient was

prescribed a session to play the games daily.

Additional engagement data was collected for patients randomised into the standard

physiotherapy plus the Exergames group, this includes:

- Total days of activity. This isdefined as the total number of days which the patient
has logged into the va software (n=84).

- Total time active in all sessions. This includes the total number of minutes the
patient has been active, defined as logged into tina $6ftware and plapg the
games. This data wdecusing on all prescribed rehabilitation sessions over the
12-week postoperative period.

- Average involvement in all sessions.Time involved in each of the prescribed
sessions. This was averaged over thewv&2k rehabilitationprogramme and
presented as a percentage.

- Total time moving whilst exercising The total timea patient is actively moving

whilst playing the games. This was defined by capturing wrist movement data
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and identifying the following for each patient:

1) Wrist speed- this an average measured in cm/s.

2) Wrist accelerationmeasured in cm/s2 ( an average)

3) Wrist Distancei total distance over the 12 week rehabilitation program,

measured in cm.

2.1.14 DATA ANALYSIS

Patient Reported Outcome Measures wasmpleted by each patient at the relevant time
frames (pre-operatively, 3 months and 12 months). Differences in the Patient Reported
Outcome Measures (0SS, DASH EQ5D and VAS) will be compared using independent
samples T tests (two tailed) using SPSSs@flware. Each patient paperative score as

compared against the 3 month score.

Range of Movement was completed by each patient at the relevant time frames dependant on
the group the patient was assigned to. Differences in the Range of Movement between both
groups will be compared. Roperative Range of Movement measurement and 3ttmon

measurements will be analysed. These metrics will be compared using independent samples

T tests (two tailed) using SPSS 22 software.

Patient Engagement data will be analysed looking at correlations between the ROM and the

wrist data. The followingvill be compared:

1. Range of movement and wrist speed
2. Range of movement and wrist acceleration

3. Range of movement and wrist distance.
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SRESULTS

INTRODUCTI ON

Twenty subjects were analyzed frora larger study over a ninenonth period from
01/04/2016 until 0®1/2017. Thirteen of the subjects were female and seven males, all
located within the Greater Manchester region. Fourteen of the twenty subjects had surgery to
their left shoulder and six subjects to their right. Nineteen subjects were recruited é&rom th
main center, Manchester Foundation Trust and one subject was recruited from Bolton Royal
NHS Foundation Trust. Complete setdafta was collected for all twenty subjects, control

group (n=10) and experimental group (n= 10).

54 Amy Elizabeth Barratt October 2019



Chapter3: Results

Amy Elizabeth Barratt October 2019

55



Gamificationfor Activation Motivation and Engagement

Subject | Age Location Trust (recruitment) Sex Side

Ci1 39 Manchester Manchegter Female Left
Foundation Trust

Cc2 52 Manchester Manchegter Female Left
Foundation Trust
Manchester .

C3 65 Manchester Foundation Trust Female Right
Manchester .

C4 69 Manchester Foundation Trust Male Right

C5 58 Manchester Manche;ter Female Left
Foundation Trust

C6 66 Manchester Manche_ster Female Left
Foundation Trust

C7 67 Manchester Manche_ster Female Left
Foundation Trust

C8 70 Manchester Manche_ster Male Left
Foundation Trust

C9 40 Manchester Manche;ter Male Left
Foundation Trust

C10 65 Manchester Manchegter Male Left
Foundation Trust
Manchester .

T1 27 Manchester Foundation Trust Male Right

T2 52 Manchester Manchester Female Left
Foundation Trust
Manchester .

T3 42 Manchester Foundation Trust Female Right
Manchester

T4 57 Manchester Foundation Trust Female Left
Manchester .

T5 51 Manchester Foundation Trust Male Right
Bolton NHS

T6 42 Bolton Foundation Trust Female Left

T7 58 Manchester Manche_ster Female Left
Foundation Trust

T8 48 Manchester Manchester Male Right
Foundation Trust 9

T9 44 Manchester Manche_ster Female Left
Foundation Trust

T10 44 Manchester Manche;ter Female Left
Foundation Trust

Table 10 Subject demographics including; Date of Birth, location, side,

sex and Trust

where subject was recruited. Subjects listed GC10 have been randomised to the

control arm of the study and listed T:T10 are test subjects.
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3.1RANGE OFMOVEMENT

Range ofmovement measurements (external rotation, forward flexion and abduction) were
completed for each subject poperatively, 6 weeks and 12 weeks pogeérative. Both the
range of movement and the change in the range of movement, béhedaro groups, were
compared.An ANOVA (single factor) was conducted for each of the measurenwnts
movementfor each group separately to test the hypothesis that there were no differences

between assessment points {pperatively, 6 weeks and 12 weglasstoperative).

Then a Wilcoxon rank test was used to compaspecific changes(for each of the

measurements for each group):

- Preoperative assessment to 6 weeks
- Preoperative assessment to 12 weeks

- 12 weeks to 6 weeks assessments

Percentage changat week 6 and week2, tothe preoperative values for all movements

were also calculatedThe Mann Whitney U Test was used bmtweergroup comparisons.

3.1.1 EXTERNAL ROTATION RESULTS

Figure 7 shows thexternal rotation at all time points for all subjects in both groups. Figure
8 shows the percentage change from 6 weeks topeeative and 12 weeks to poperative

assessment for all subjects in both groups.

Table 13 shows the values for the extemmahtion for the intervention subjects at all time
points for all subjects with descriptive statistics. Table 14 shows the external rotation results
for the control subjects.Also results are shown for the statistical test comparing results

between timgoints.
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External rotation
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Figure 7 External shoulder rotation for pre-operative, 6 weeks and 12 weeks for all

subjects in both the intervention (subjects T1 to T10) and control group (C1C20).
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Change in External rotation
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Figure 8 External shoulder rotation percentage change at 6 weeks tagxoperative and
12 weeks to preoperative assessments, for all subjects in both the intervention (subjects

1 to 10) and control groups (1420).
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Intervention Group:

Subject Preop 6 weeks 12 weeks Percentage Percentage
(degrees) (Degrees) (Degrees) Change Change

6 weeksi pre 12 weeks i
op pre-op

T1 56 51 56 -8.9% 0.0%

T2 67 90 82 34.3% 16.7%

T3 82 90 90 9.8% 8.9%

T4 56 54 59 -3.6% 5.6%

T5 38 44 68 15.8% 68.2%

T6 63 66 63 4.8% 0.0%

T7 57 64 67 12.3% 15.6%

T8 90 50 29 -44.4% -122.0%

T9 14 59 62 321.4% 81.4%

T10 16 85 90 431.3% 87.1%

Mean 53.9 65.3 66.6

Standard Dev 25.0 17.2 18.1

Minimum 14.0 44.0 29.0

Maximum 90.0 90.0 90.0

ANOVA

Source of
Variation SS df MS F P-value F crit

Between Groups 976.4667 2 488.2333 1.169743 0.325688 3.354131

Within Groups 11269.4 27 417.3852

Total 12245.87 29

Table 11: External Rotation results for intervention group at pre-operative assessment, Weeks

and 12 weeks postoperative with results for ANOVA

ANOVA showed no significant difference between assessment points for external rotation for the i
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The Wilcoxon paired statistical testas used to compare mean differefmethe intervention grop at ¢

weeks tgore-operative
At 6 weeks tqre-operativethe mean difference was 11.4 p= 0.1A#12 weeks to 6 weeks
Meandifferencewas 1.3 p= 0.512 and 12 weekpte-operativemean difference 12.7 p=0.123

Control Group

Subject Preop 6 weeks 12 weeks Percentage Percentage

(Degrees)  (Degrees) (Degrees) Change Change
6 weeks < pr@op 12 weeks < pre
op

C1 66 88 89 33.3% 34.8%

C2 57 74 88 29.8% 54.4%

C3 28 47 51 67.9% 82.1%

C4 22 59 65 168.2% 195.5%

C5 71 42 55 -40.8% -22.5%

C6 78 88 83 12.8% 6.4%

C7 37 47 55 27.0% 48.6%

C8 80 63 62 -21.3% -22.5%

C9 57 31 72 -45.6% 26.3%

C10 71 5 75 -21.1% 5.6%

Mean 56.7 59.0 69.5

StandardDev 20.8 19.1 14.1

Minimum 22.0 31.0 51.0

Maximum  80.0 88.0 89.0

ANOVA

Source of
Variation SS df MS F P-value F crit
Between Groups  905.6 2 452.8 1.361562 0.27329 3.354131
Within Groups 8979.1 27 332.5593
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Total 9884.7 29

Table 12 External Rotation descriptive statistics results and the results from Wilcoxon paired
statistical test for the control group at preoperative, 6 weeks and 12 weeks pesgperative, also

Including mean, standard deviation.

ANOVA showed no significant ffierence between assessment points for external rotation for the co

The Wilcoxon paired statistical test was used to compare mean difference faorttiel groupat 6 week:

pre-operative. At 6 weeks tqre-operativethe mean difference was8 p= 0.759. At 12 weeks to 6 weelk

Meandifference was 10.0 p=@25and 12 weeks tpre-operativemean difference 18 p=0066.

The mean value at pi@perative for the control group was 6XdBgrees and intervention
group were 56.5 deges. There waso difference at 6 weeks pestperative to baseline in
the control group (mean difference 2.8, p= 0.759) compared to the intervention group (mean
difference 11.4 p =0.114). There was a trenoléhg an improvement at 12 weeks post
operative compared to baseline in both the control group (mean difference 12.8 degrees,

p=0.066) and intervention group (mean difference of 12.7 degrees, p =0.123).

3.1.1.1INTERGROUPCOMPARISONI PRE- OPERATIVE

Comparisorbetween thdntervention and Control Group at preoperative assessment was

performed using the Mann Whitney U Test.

At pre-op there was there was no difference between the control group, who had an external
rotation of 56.7, and the intervention group wiaal 53.9 § <0.653;MannWhitney U Test)

(figure 9).
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Figure 9 Comparison of external rotation between thelntervention and Control Group

at pre i operative assessment was performed using the Mann Whitney U Test.

3.1.1.2INTERGROUPCOMPARISONT 6 WEEKS POST-OPERATIVE

Comparison between the Intervention and Control Group at pmstrative assessment using

the Mann Whitney U Test.

At 6 weeks posbperativethere wasno difference between the control grougxternal
rotation of 59.5, and the interventigmoup 65.3 |§ <0.653;MannWhitney U Test) (figure

10).
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Figure 10 Comparison of external rotation between the median for both the

Intervention and control group at 6 weeks posbperative.

3.1.1.3INTERGROUPCOMPARISONT 12 WEEKSPOST-OPERATIVE
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Comparisonbetween thelntervention and Control Group at 12 weeks pbsbperative

assessment using the Mann Whitney U Test.

At 12 weels postoperativetherewas no difference between the control group for external
rotation of 69.5, and the interventigmoup 66.6 |§ <0.971;MannWhitney U Test) (figure

11).
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Figure 11 Comparison of external rotation between the median for both the

Intervention and control group at 12 weekgpostoperative.
3.1.1.4INTERGROUP COMPARISON T PERCENTAGE CHANGES 6 WEEKS TO PRE
OPERATIVE

Comparison between the percentage change for the Intervention and Control Group at 6

weeks to pre operative assessment was made using the Mann Whitney U Test.

At 6 weeks to pr@perative there was no difference between the contreipgneercentage
chang of 226, and the intervention group %@ (p <-0.350 ; ManAWhitney U Test) (figure

12).
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External Rotation - Percentage Change 6 weeks to pre operative
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Figure 12 Comparison between the percentage change for both the Intervention and

control group at 6 weeks to pre operative

3.1.1.5INTERGROUP COMPARISON T PERCENTAGE CHANGES 12 WEEKS TO PRE

OPERATIVE

Comparison between the percentage change for the Intervention and Control Group at 12

weeks to pre operative assessment using the Mann Whitney U Test.

At 12 weeks to preperative there was no diffmce between the control grouwho
percentage change of 40, and the intervedion group 166 (p <-0.433;MannWhitney U

Test) (figure 13).

External Rotation - Percentage Change 12 weeks to pre operative
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Figure 13 Comparison between the percentage change for both the Intervention and

control group at 12 weeks to pre operative.

3.1.2 FORWARD FLEXION RESULTS

Figure 14 shows the external rotation results for all subjects and figure 15 shows the
percentage change from 6 weeks to-@perative and 12 weeks to poperative assessment.
Table shows the external rotation results for the intervention subjects. Table 18 shows the

external rotation results for the control subjects.

Forward Flexion

Pre op scores
m 6 weeks

m 12 weeks
200

180
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120
100
80
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1 2 3 456 7 8 91011121314 151617 18 19 20
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Figure 14: Forward flexion for all subjects in both the intervention (subjects T1 to T10)

and control groups (C11C20) at pre-op, 6 weeks and 12 weeks
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Forward Flexion
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Figure 15. Forward flexion percentage change at 6 weeks to preperative and 12 weeks
to pre -operative assessments, for all subjects toth the intervention (subjects 1 to 10)

and control groups (1120).
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Intervention Group:

Subject pre op 6 week 12 week Percent Percentage
change
6 weeks 12 weeks
<preop <preop

T1 149 134 149 -10.1% 0.0%
T2 156 178 156 14.1% 0.0%
T3 53 170 180 220.8% 239.6%
T4 99 178 157 79.8% 58.6%
T5 88 122 133 38.6% 51.1%
T6 104 139 123 33.7% 18.3%
T7 140 155 173 10.7% 23.6%
T8 108 125 70 15.7% -35.2%
T9 99 116 147 17.2% 48.5%
T10 147 160 180 8.8% 22.4%
Mean 114.3 147.7 146.8
Standard Dev 32.8 23.5 32.8

Minimum 53 116 70

Maximum 156 178 180

ANOVA

Source of
Variation SS df MS F P-value F crit

Between Groups 7242.067 2 3621.033 3.997412 0.030155 3.354131
Within Groups 24457.8 27 905.8444

Total 31699.87 29

Table 13 Forward Flexion results for Intervention group at pre-operative assessment, 6
weeks and 12 weeks posbperative, also including percentage changes at 6 weeks and
12 weeks.

ANOVA showed a significant difference between assessment points for forward flexion in
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