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ABSTRACT

Osteoarthritis is a common rheumatologic diseaswegl non operative interventions have been desdrfor the
treatment. But the available evidences of compattiregeffectiveness of Virtual reality training ovsmsory motor
training are very few. So, the purpose of this gtisdto compare the effectiveness of Virtual rgdiitining over
sensory motor training in the treatment of Ostelatis. 60 subjects who fulfilled the inclusion aedclusion
criteria were divided into three Groups (1, 2 &8jth randomized sampling method. Group 1 treatett Wirtual
reality training (VRT), Group 2 treated with senganotor training (SMT) and Group 3 (control) tredtevith
conventional exercise training (CET). The duratafrthe treatment was three times per week for &sveeall the
three groups. Subjects were assessed at basetid®, and 8" week. Pain Intensity by Visual Analog scale (VAS),
Joint Proprioception by Perception Sense, Functidpigability by WOMAC Score, and Quality of Life HRQOL
score were measured. A statistically significant<(p.05) difference between all the 3 groups weredatt the
period of 8 week for pain intensity, joint propregtion, functional disability and quality of lif&roup-1 treated
with (VRT) shows more significant improvement inparameters compared with Group-2 (SMT) and Gr8up-
(CET). In conclusion, the addition of virtual reglitraining to conventional training exercises abimprove pain
and proprioception which subsequently improve theefional level and quality of life of OA patients.
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INTRODUCTION

Osteoarthritis (OA) is the second most common rhaologic problem next to soft tissue rheumatisnis lbne of
the leading causes of disability among elderly med women. Some degree of osteoarthritis developséryone

by the age of 65 years and approximately 80 % hmasiographic evidence by age of 75 yddrRecent studies
show that Radiographic OA was seen in 89 out of &fes (53.3%) and in 81 out of 133 females (60.9%)
especially in SaudiArabi4.

The pathological changes associated with OA affetnly articular cartilage, but also all jointisttures? These
changes combine to result in pain, muscle weakaesseduction of joint proprioceptibhall of which lead to loss

of function®™ The presence of knee OA may cause changes thad sgethe deterioration of these systems or
compound the effects of ageifiySeveral protocols such as strength training, fiiibexercises and range of
motion exercises are available for management eé kDA with the aim of improving overall functiorativities!”
Nevertheless patient complaints often persist amdtfon activities levels cannot be fully restor@doprioception
deficits are documented in patients with knee ®Rroprioceptive training is often neglected durirabilitation

of patients with knee OA. It has been suggestetieghhancing sensorimotor function can lead to imgnaent of
functional performance in patients with knee 8JA.
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Virtual Reality Training (VRT) represents a promising area for the health cafessimnals with high potential of
enhancing the training in various medical cond#ioBmerging changes in physical therapy servicesially VRT
having significant impact on the treatment of ostethritis in proprioceptive perspective. It caroyide a rich,
interactive, engaging educational context, thugpeting experiential learning-by-doing; it can,fact, contribute
to raise interest and motivation in trainees anceffectively SU|]oport skills acquisition and transfsince the
learning process can be settled within an expéaieinamework!***

Sensori motor training (SMT) was developed by Dr. Vladimir Janda as part ofeatinent approach to chronic
musculoskeletal pain syndromes. It emphasizes mstontrol and progressive challenges to the sanstor
system to restore normal motor programs in patieitts chronic musculoskeletal pain. Patients pregréirough
static, dynamic, and functional phases using simglabilitation tools such as balance boards, fpads, and
elastic band8? The proprio sensory system helps the motor systemaintain equilibrium on a reflex, automatic
basisi*® In response to a sudden load, "the muscles wilaes rapidly to stabilize the body, i.e., they vt} to
maintain balance and postuf&’”

Conventional exercise raining (CET)has been shown to be successful in remedying métiyese conditions.
Balogun, et al., showed that balance board trainmgd be a very efficient tool in rehabilitatiordause it actually
produced greater lower extremity strength gainesddnger®

Despite the large quantity of research publisheganding the treatment of various aspects OA, n@lsin
intervention has been demonstrated and proved tbébenost effective protocol exists for balancéntrey in OA
rehabilitation. However, there are no objectiveadat determine the best conservative approacthisrsyndrome,
since the biomechanical and the neurophysiologisgeetive and function on VRT and SMT are consiodlgra
different.

The objective of the study is to compare the efffeciess of Virtual Reality training (VRT), Sensanptor training
(SMT) and Conservative Exercise Training (CET)dduce pain, improve proprioception, functional dikey and
Quality of Life in Unilateral Chronic Osteoarthsiti

MATERIAL AND METHODS

Design:Randomized controlled design.

Participants: Totally 110 subjects with the diagnosis of OA sabgevere recruited and assessed for the study from
University hospital and the study was conducteBépartment of physical therapy, Prince Sattam Bl Aziz
University, Al-Kharj, Saudi Arabia during the peadiof May 2015 to Apr 2016.

Selection criteria: 60 subjects who fulfilled the inclusion and exdabuscriteria were assigned for the study. The
subjects were included if, 1) age between 35 -d#ry, 2) males and females, 3) Chronic (with symptéor more
than 3 months), 4) able to walk at least 30 fe¢t wi without an assistive device and without pbaisassistance, 5)
not practicing in any sports or physical therapgsgms, 6) willingness to do physical exercisedhimes a week
with regular attendance.

The participants were excluded if they have acugdioal problems, Knee surgery within 6 months, Mietplants,

Peripheral vascular Disease, Any local or systanfactions, Febrile patients, Mentally deficit matts, Fracture of
femoral or tibial condyle, Joint effusion, Abnormadboratory Findings, Systemic or Psychiatric ilegTaking

Corticosteroids since last 30 days, Suspicious afdér, Osteomyelitis, Gout or any other diseasé ¢batra

indicated the treatment program.

Procedure: After institutional ethical approval, all the paipants completed detailed assessment. Prior to
participation in this study total 110 participafsm University Hospital were recruited into theidy, out of them

90 were willing to participate into the study. Owoft 90, 60 participants were selected for the stady20
participants weren't fulfil the inclusion criterend rest 10 participants were randomly excludedftbe study
using random number table method. So, total 6dgyeants were selected for the study.

Prior to participation participants were instructet explained about the intervention procedure.frticipation
evaluation form consisted of general demographiaildeof participant and general examination. Télecion and
allocation of participants was done by using randmmber table sampling method. A total 60 subjeatse
selected for study and assigned into three grodpS (group, SMT group and CET group) randomly (n=agh
group. Participants who were found suitable for pleticipation were requested to sign consent fd?rocedures
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followed were in accordance with the ethical staddaf experimentation (institutional or regionahd with the
Helsinki Declaration of 1975, as revised in 2000.

Group 1: [Virtual Reality Training + Conventionak&rcise Training].
Group 2: [Sensory Motor Training + Conventional Exge Training]
Group 3: [Conventional Exercise Training]

Outcome measures:

1.Pain Intensity: - VAS Score

The participants will be asked to mark their intgnsf pain on a 10 cm long line marked with nunt@ron one
end and 10 on other end and 10 on other, wheréifaited no pain and 10 will be maximum pain. Paiersity
scores (at rest, during motion) will be evaluatetbbe and after treatment with 10- cm Visual AnaBugle®

2.Joint Proprioception: Perception Sense

Position sense tests: In these tests the kneevedn@ctively or passively) towards a criterion lend\fter a few
seconds the knee is returned to the original mositrollowing this, the subject has to reprodueepérceived angle
with the same or contra lateral knee, or show teecgived angle on a knee model which is measure¢d wi
Goniometef”!

3.Functional Disability: - WOMAC Score

WOMAC Score will be calculated by asking questitmshe subjects on 3 sections. Section A for paith &ection
B for stiffness and Section C for functional disiypi Subjects will be asked to mark their scoreé olu5 grades of
severity, i.e. no pain, mild pain, moderate paieves pain, and extreme pain by marking the gradea dime

representing the 5 gradé¥.

4.Quality of Life;: HRQOL Score

The Centers for Disease Control and Preventiondeasloped a brief set of HRQOL items. It has bdews to
perform well in individuals with Musculo skeletaip. The CDC HRQOL assumes that HRQOL is a fundaatign
subjective construct whose core features (physical mental health appraisal) are expressed thrpagjents’
judgments of their general health and the numbelagé within the past month when they felt phy$jcahhealthy,
mentally unhealthy, and limited their activitieschase of their healt?!

Intervention

VRT Group received virtual reality training exersswhich are focusing on lower limb strength, fbéy, co-
ordination and balance. VRT exercise were heldnalsgroups of three or less subjects and lastedout 15-30
minutes. Exercises were done in sitting as welhastanding position which also challenges balanciés correct
execution. All exercises were done for 10 repetgiwvith a rest period of two minutes before comnrenthe next
exercise. Exercise was progressed in terms ofitigmst or advanced method at the earliest oppdstuni

The virtual reality interactive game implementedtlie present work was Light Race. Light Race cosi§ its
player standing on a virtual platform displayedthe game screen and doing steps on the platforrmdning
his/her left or right lower limbs back and forthdaleft and right according to the sigf8.

Sensory motor training (SMT) group subjects weenrd through three stages: static, dynamic andtifumal.
Each exercise was repeated 3-5 times during aosessid with enough periods of rest between eaclofset
exercises.

The exercise graduated from easy to more diffigott the patient was not progressed to a more diffstage until
performing the easier one according to the follaypnotocol?*!

1st and 2nd weeks: First phase (Static)

1. Standing upright position (30 s) on a firm soefathen on a soft surface (a mat).

2. Single leg stance with closed eyes (first tHecd limb, then the non-affected limb) for 10rsaofirm surface,
then on a soft surface (a mat).

3. Half-step position for 10 s.

4. One-leg balance for 10 s.

3rd and 4th weeks: Second stage (Dynamic), in addih:
1. Forward stepping thrust.
2. T-band kicks exercise
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5th and 6th weeks: Third phase (Functional), in adiion:

1. Walking exercise on a firm surface, then onarfeurface:

(a) Toe skipping with toes straight ahead for 2Qtams pointing outward for 20 m and toes pointimgard for 20
m.

(b) Heel skipping with toes straight ahead for 20t@es pointing outward for 20 m and toes pointimgard for 20
m.

2. Squatting exercise:
(a) Against a wall and away from the wall.
(b) One leg squats on the affected and non-affditdd

3. Balance exercise on wobble board:

(a) Multidirectional rolling movement from sitting.

(b) Multidirectional rolling movement from standirmn both legs between parallel bars with eyes offem eyes
closed.

(c) Multidirectional rolling movement from standiran one leg between parallel bars with eyes ogemn eyes
closed.

(d) Balance with two legs, eyes open, multidiratdilp then eyes closed.

(e) Balance with one leg, eyes open, multidirectipthen eyes closed.

CET group received intervention in the form of 5notes warm up followed by 12 minutes of walkingttair
comfortable pace and concluded with a 5 minuted doovn. All the groups received the above mentioned
interventions three times per week for a perio8 afeeks.

Statistical analysis: Analyses were done using SPSS-18. Descriptive sisalyas used to calculate mean and
standard deviation. Normality of distribution wasrified using Kolmogorov-Smirnov test and founchtove normal
distribution in all data. Comparison between growas done using ANOVA and intra group comparisos dane

by using student’s t-test. The level of significaneas set at 95%.

RESULTS

Out of ninety two (N=92) subjects sixty subjects§f) were eligible to take part in the study and\&2e excluded.
Sixty subjects were assessed at baseline and rawddliocated in three different groups. (Virtuahligy training
(VRT) group (n=20), Sensory motor training (SMTpgp (n=20) and Conventional training (CET) groupZ0).
All the patients completed the treatment and atdrttie last assessment.

Analysis of Demographic variables

The mean age (SD) of subjects in VRT, SMT group @& group was 58 + 6, 60 + 8 and 59 + 7 years old,
respectively. The mean height (SD) of subjects RTYSMT group and CET group was 168 + 6, 163 +@ Hb +

7 cm height respectively. The mean weight (SD)ubfjescts in VRT, SMT group and CET group was 72 +d2+

10 and 70 + 12 kg weight respectively. The mean B&MD) of subjects in VRT, SMT group and CET grougsw
26.9 + 4.8, 28.3 + 3.5 and 25.6 + 4.2 k§hespectively. The p values of all the demographidables such as age,
height, weight and BMI shows insignificant diffecen(p > 0.05) between the groups shows the homdyeufe
samples (Table-1).

Inter group Analysis:

Analysis at Baseline:

The mean baseline score of VAS (SD) of subject¢RT, SMT group and CET group was 6.81 + 6, 6.62%71
and 6.68 + 0.84 respectively (Fig-1). The mean lbasescores of position sense (SD) of subjects RTYSMT
group and CET group was 118.9 + 4.6, 120.5 + 4dd B20.95 + 3.79 respectively (Fig-2). The mearelias
scores of WOMAC (SD) of subjects in VRT, SMT groamd CET group was 71.65 * 3.43, 71.65 £ 2.75 ab# %.
0.51 respectively (Fig-3). The mean after 8 weakesof HRQOL (SD) of subjects in VRT, SMT grouma@ET
group was 1.35 + 0.48, 1.60 = 0.5 and 1.55 + Oesbectively (Fig-4). The p values of all baselilsdues such as
VAS, Position, WOMAC and HRQOL score shows insigraht difference (p > 0.05) between the groups shihe
homogeneity of samples (Table-2).

Analysis after 8 weeks:

The mean after 8 weeks score of VAS (SD) of subjecVRT, SMT group and CET group was 2.9 +0.9834t
0.84 and 4.74 + 0.72 respectively (Fig-1). The mafer 8 weeks scores of position sense (SD) gestdin VRT,
SMT group and CET group was 134 + 1.16, 126.9598 &nd 124.45 + 2.96 respectively (Fig-2). The nmafaer 8
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weeks sores of WOMAC (SD) of subjects in VRT, SMbyp and CET group was 14.65 + 3.13, 34.1 + 3.8b an
44.75 + 4.25 respectively (Fig-3). The mean aftave®ks sores of HRQOL (SD) of subjects in VRT, Sitoup
and CET group was 4.5 + 0.6, 3.3 £ 0.47 and 2.55% @espectively (Fig-4). The p values of all bamelalues
such as VAS, Position, WOMAC and HRQOL score shesigsificant difference (p< 0.05) between the groups
shows the difference in the effect of groups (T&t)le

Intra group Analysis:

Pain Intensity — VAS score:All the three groups (VRT, SMT and CET) showed Higant improvement in the
pain intensity with decrease in VAS scores. The M8l scores for VRT group (6.81 to 2.90), SMTpd6.62 to
4.53) and CET group (6.68 to 4.74) were found tostadistically significant at p<.05 (Table 3). Ramtage of
improvement shows that VRT group shows more sicguifi difference than other two groups (SMT and CET)

Joint Perception — Position SenseAll the three groups (VRT, SMT and CET) showed Bigant improvement in
the Joint Perception with increase in position sestores. The position sense total scores for ViRlig(118.9 to
134), SMT group (120.5 to 126.95) and CET groupd(22 to 124.45) were found to be statistically gigant at
p<.05 (Table 3). Percentage of improvement shows WRT group shows more significant difference tldner
two groups (SMT and CET).

Functional Disability — WOMAC score: All the three groups (VRT, SMT and CET) showed #igant
improvement in the functional disability with dease in WOMAC scores. The WOMAC total scores for VRT
group (71.65 to 14.65), SMT group (71.65 to 34400 CET group (71.90 to 44.75) were found to bassically
significant at p<.05 (Table 3). Percentage of improent shows that VRT group shows more significhfifitrence
than other two groups (SMT and CET).

Quality of Life — HRQOL score: All the three groups (VRT, SMT and CET) showed gigant improvement in
the quality of life with increase in HRQOL scor@he HRQOL total scores for VRT group (1.35 to 4SMT
group (1.6 to 3.3) and CET group (1.55 to 2.5) whkrend to be statistically significant at p<.05 fl&a 3).
Percentage of improvement shows that VRT group showare significant difference than other two gro(®sIT
and CET).

DISCUSSION

This study compares the effects of virtual realigining (VRT), sensory motor training (SMT) andngentional
training (CET) on pain intensity, proprioceptionn€tional disability and quality of life in patientvith knee OA.
The results establish that there was significairawement in outcome measures in all the trainirgghods;
however VRT showed a substantial improvement dvermther methods.

This study uses the 360 Kinetic sensors on OA stbfer eight weeks in the VRT group. Virtual réglinterface
game are considered as an intervention that catysaé applied to OA patients, however studies gidimtendo
Wii Fit applied the modified format of the game doesafety concerris:

Studies report the association between OA anddbpsoprioception, muscle weakness and [flfihe gate control
theory of pain modulation states that an increasafierent stimulates to large diameter nerve fibserves to
stimulate the input received from the small diameterve fibres conducting nociception. This carthee plausible

explanation for the changes observed in the VRTSM@ group'®

The SMT group showed more significant reductiopaih than the CET group. In chronic OA the patisnisually
entrapped in a physical reconditioning cycle whbeepatient tries to compensate for his pain bytdg unnatural
and restricted posture (patellar mal alignmentdaadncreased peak patella femoral pressure fpthssmay lead

to pain, muscle spasm and reduced joint range diomB* CET such as exercise is thought to improve patellar
alignment by correct tracking of the patéffa.

In the present study, both the VRT and SMT showvigdificant improvement in proprioception after tiaig. This
result was obtained because patients’ motivatios wereased through the virtual reality games, eragging their
active participation and improving their conceritmat Proprioception is essential to improve balandatervention
methods using open and closed eye condition in Gfjests. Virtual reality interactive games are ¢desed to
influence the proprioception in older women withemsrthritis®!

This study proves that SMT produced significant ioyement in proprioception than CET. SMT restorestan

control through maximizing sensory input from joieteptors to improve proprioception, joint stapiknd overall
function level of the patient through central inttepn?”! In SMT each exercise stimulates the automatic and
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reflective muscular stability through different lyogdostures and base of support which challengesé¢hére of
gravity to maintain posturé® It also maintains the functional joint stabilityrough complementary relationships
between static and dynamic restraints. The simiaults has been obtained by the studies proveigSMT affects
proprioception more than classic traditional ex@cprogram through improving sensory input to teatml
nervous system and improving function of the kruet{*%

Pain decreases activation level of the muscle amtdgtheir physical activities which in turn agguses the
disability® VRT like (Light Race and Virtual Smash games) gateerappropriate levels of joint and trunk
movements which improve functional disability likealking and activities of daily living in subjectsith
osteoarthriti$®™ Subjects were informed of their game results atoad to share with other subjects which
encourage the active participation in the studyevidus studies also reported that motivation antvec
participation produces better functional restiffs.

VRT games like bowling, skiing and golf induce mments which require the lower extremity to supploet body
weight, trunk stability and accurate control of thevements which improve the functional abilitym8ar effects
can also be obtained by gait exercises such asdraalking, walking with obstacles, and walking pwtairs
repeatedly. Also the visual and auditory feedbackamces the functional performance of subjectsNIT Slt is
unclear and extremely difficult to analyse the cterdnteractions and relationship in SNFf.The results of the
study has been supported by Demirhan et al., 26885véhTsauo et al. 2008 showed significant positiianges in
the SMT group compared with the strengthening graugunctional performance, pain and proprioception
respectively*”

The current results show that there was signifiqamditive correlation between proprioception andcfional

activity level at baseline and after exercise whiats in agreement with the study of Hassan'®&t also, Hurley et
al. studied the sensory motor changes and fundtipmdormance in patients with knee OA and conctudieat

decreased postural stability was associated withuaed functional performané® CVT should increase
neuromuscular control and meet the needs of deflyities "

Comparing all other measured parameters, VRT gpvaduced statistically significant improvementsjumality of
life. There are studies which investigated theatftd SMT and CVT training in the management of&i@A and
reported decreased pain and increased proprioceptth consequent improvement in quality of [

Table-1: Demographic variables of VRT, SMT and CETgroup:

VRT Group SMT Group CET Group p - value

Age(Years) 58+6 60+8 59+7 0.670
Height (cm) 168+ 6 163+8 1657 0.087
Weight (kg) 72+12 68 + 10 70+ 12 0.542
BMI (Kg/m 2) 26.9+4.8 28.3+35 25.6+4.2 0.136

VRT — Virtual reality training, SMT — Sensory Mofiarining, CET — Conventional exercise training

Table-2: Inter group comparison between VRT, SMT ad CET in Pain, Position sense, WOMAC and HRQOL sca.

Base line (T1) After 8 Weeks (T3)
VRT Group SMT Group CET Group p-value VRT Group SMT Group CET Group p - value
VAS score 6.81+0.87 6.62+1.17 6.68+0.84 0.819 2.9+0.97 45840  4.74+0.72 0.000

Position sense 118.9+4.6  120.5+4.16 120.95+#3.79 0.276 134+1.16  126.95+1.93 124.45+2.96 0.000
WOMAC score  71.65%3.43 71.65+2.75 71.9+3.05 0.957 14.65+3.13 .18385 44.75+4.25 0.000
HRQOL score 1.35+0.48 1.60+0.5 1.55+0.51 0.251 4.5+0.6 3.3+0.47 2.5+0.51 0.000
VRT - Virtual reality training, SMT — Sensory Mofarining, CET — Conventional exercise training
VAS — Visual Analog Scale, WOMAC — Western OntaribMc Master University, HRQOL — Health relatedbify of life

Table-3: Intra group comparison of VRT, SMT and CET in Pain, Position sense, WOMAC and HRQOL score.

VRT Group (n=20) p- SMT Group (n=20) p- CET Group (n=20) p-
T1 T2 T3 value T1 T2 T3 value T1 T2 T3 value
VAS score 66?817i 3'17{1 gg? 0.000 6i§127i 5()'.4936i 45?83;11 0.000 6(5?8%11 56.387; 45.77421 0.000
postonsense 585 12700 I3k gog 1205e 1S 12085 g 1085 1L 1205 o
wowa  Tieh dE S g TS S Ul g T Yl 4T oo

VRT — Virtual reality training, SMT — Sensory Mofiarining, CET — Conventional exercise training
VAS — Visual Analog Scale, WOMAC — Western OntaribMc Master University, HRQOL — Health relatedhbiy of life
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Figure - 1: Pain intensity (VAS) score of VRT, SMTand CET group at Baseline, 4 weeks and 8
weeks.
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Figure - 2: Position sense (Degree) score of VRTMS and CET group at Baseline, 4 weeks and 8
weeks.
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Figure - 3: WOMAC score of VRT, SMT and CET group & Baseline, 4 weeks and 8 weeks.
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Figure - 4: HRQOL score of VRT, SMT and CET group at Baseline, 4 weeks and 8
weeks.

In conclusion, the addition of virtual reality tn&tig to conventional training exercises could inygrgpain and
proprioception which subsequently improve the fioral level and quality of life of OA patients. Alsthe close
association between pain, proprioception and fonefi level should be kept in mind during rehabiiida of knee
OA. However, as the current study investigatesti@mt term effect of virtual reality training, stad with long term
follow up are needed. Ultimately, it might be fddsito include virtual reality training in the maygment protocol

of patients with knee OA.
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