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Efficacy of Neuromuscular Training on Pain, Balance and Function in
Patients with Grade | and Il Knee Osteoarthritis

Ganjave Pranita D and Dabholkar Twinkle

Abstract
Aim: To assess and compare the effect of conventionalcise program alone
(conventional group) with conventional exercise goaon in conjunction with
neuromuscular training (experimental group) ingras with knee osteoarthritiddethod:
Forty patients with unilateral knee osteoarthntisre randomly assigned to two treatment
groups for 12 sessions: Group A-Conventional esescgroup and Group B-Experimental
group.Patients in both the groups were assesseditocnme measures of knee pain, knee
range, muscle strength, balance parameters, ksesbility and function pre-treatment, 2
weeks and 4 weeks post treatmétesults: On between group comparisons, there were no
differences in pain, knee range of motion, isoradtriee and hip muscle strength and end
point excursion in balance. However, there wasisstzdlly greater improvement in
function and some components of balance in the rempatal group when compared to
conventional groupConclusion: Hence it is beneficial to add neuromuscular tragnio
conventional exercise program in patients with kosteoarthritis.
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Introduction

Osteoarthritis (OA) is a chronic degenerative disorof multifactorial etiology. It is the second
most common rheumatological problem with prevaleat®2% to 39% in India (Chopra A et
al.,1997,Chopra A et al.,2001,Mahajan A et al.30&nee OA has a major impact on physical
functioning in a daily activity and often leadsnmderate to severe limitations in participation and
activity limitations among elderly. Individuals Wwiknee OA undergo progressive loss of function
and other lower limb activities. In knee osteoatiththe intracapsular, as well as the periarticula
tissues, such as ligaments, capsule, tendons asderare affected in the disease process. Patients
with knee OA may complain of knee instability, délse as “giving way” or “buckling” of the knee
during activities of daily living. The prevalencé self-reported instability has ranged from 44%
among people with knee OA and is correlated witduced functional ability(Fitzgerald et
al.,2004).The sensation of joint instability putsetknee joint to harmful shear forces and
accelerates rate of disease progression is linkitd abnormal or extreme translations of the
articular surfaces (Andriacchi TP et al.,2004).dtshbeen reported that patients with knee OA
exhibit greater levels of muscle co-contraction, aaxompensatory strategy for knee stabili-
zation(Lewek MD et al.,2005),but it is an ineffeeti strategy for limiting knee joint
instability(Schmitt LC and Rudolph KS, 2008) as Hyenptoms and the rate of disease progression
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are affected by combined effects of excessive sfraes and muscle co-contraction(Andriacchi
TP et al.,2004).Takashi and Sharma in their revieme discussed that proprioception is impaired
in patients with knee OA(Takashi Nagai et al.,2@biarma L And Pai Y,1997). It has been
established that in patients with knee OA propntise acuity i.e. the awareness of joint position,
kinaesthesia declines both with age and as a rekalteoarthritis (Hurley MVet al., 1997,Pai Y et
al.,1997)and it may lead to reduced dynamic kneabilgly(Lephart SM and Riemann
BL,2002).When OA affects weight-bearing jointsjeéads to decline of muscle function and as a
result leads to a reduction in balance (R.S.Hinetaal.,2002). Balance is an essential component
of activities of daily living. Control of balance dependent on sensory input from the vestibular,
visual and somatosensory systems. Efficient cordfdbalance thus depends on precise sensory
input and also on a timely response of strong nes¢dbnes G et al.,2000).Control of balance is
essential in all postures and situations, bothcstatd dynamic. Postural sway is often used as an
indicator of static standing balance(Era P et #9085 ,Kollegger H et al.,1992) . Traditionally,
Exercise therapy programs for knee OA have beenaimmgnt based and primarily target
impairments associated with it i.e. muscle weaknesger-extremity joint motion deficits. Though
these programs may be useful in improving thesaimgents, they fail to offer the individual other
challenges of balance and motor function (eg. lq@ops, turns, and changes in direction,
challenges to balance) that may be encountereaglduinctional activities(GK Fitzgerald,2011).
Limited researches have evaluated the effect ok k@& on dynamic balance and functional
mobility (Afaf AM Shaheen et al.,2008,Khalaj N dt,2014). Most of the earlier studies utilized
force platforms and sway- meter to evaluate possway(Hurley MVet al., 1997, R.S.Hinman et
al.,2002,Hassan B et al.,2001)and simple cliniestst like step test and functional reach test/eing
leg stance test (R.S.Hinman et al.,20¢2atfield Get al.,2015)to assess dynamic balanc®An
patients. Also some studies to date have utilizathrite master system to assess balance in
individuals with knee OA as an assessment tool f(Afdl Shaheen et al.,2008) but the effect of
KBA training on balance and postural control in G#dies is not studied. The purpose of this
study was to find the effect of two different tn@&int protocol i.e conventional exercise program
alone and conventional exercise program along méthromuscular training (KBA) on knee pain,
balance, lower extremity muscle strength, rangemotion and function in patient with knee
osteoarthritis. In this study we have included hjective and postural control assessment with the
balance master in patients with knee osteoarthinitgidition to the other outcome parameters.
Materials and Method
This study, was conducted in D.Y. Patil Hospitall &esearch Centre, Nerul , Navi Mumbai. Forty
patients, both male and female, suffering from wiftade | and Il osteoarthritis of knee
joint(Kellgren JH and Lawrence JS,1957), and whaoewable to ambulate without any assistive
devices were included in the study. Exclusion detevere patients suffering from other type of
arthritis, severe arthritis (grade IIl) limitingdependent ambulation and activities of daily liying
neurological deficit involving trunk or lower extrity and with unresolved balance disorder.The
eligible patients were than randomly assigned te ohthe 2 groups: Group A (Conventional
Exercise Program) and Group B (Conventional ExerBisogram and Neuromuscular Training). A
written informed consent was obtained from thegud§ prior to recruitment, after explaining the
benefits, risks and study procedure. The patierdsassessed on the aforementioned outcome
measures pre-treatment, second week dhaiekk post-treatment. The patients of both the ggou
attended 3 treatment sessions per week for 4 wdeksy total of 12 treatment sessions. The
Outcome measures included in our study were asvsl|

1) Pain assessment: Numerical pain rating scale (NPRISre 0 corresponds to “no pain”

and 10 corresponds to “worst imaginable pain” wseduto measure pain (Ferrar JT,2001).
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2) Range of motion:Active knee flexion and extensi@nge of motion (ROM) were
measured in degrees using Universal(Norkin CC ahité\DJ,1995)

3) Knee stability: Knee outcome survey -activitiesdaifily living scale (KOS-ADLS)were
used to measure self-reported knee instabilitg#éing JJ et al.,1998).

4) Function: Western Ontario and McMaster Universit@steoarthritis Index (WOMAC)
Modified CRD Pune Version is osteoarthritis specgurvey consisting of sub-scales of
Pain, Stiffness, and Physical Function and a 8utaie additive of the sub-scales was used
to measure self-reported activity limitations(Ami€hopra et al.,2004).

5) Change in condition after intervention: Global Rgtiof Change Scale (GROC)was used
to review the overall outcome of condition with gloal therapy intervention(Steven J
Kamper et al.,2009)

6) Balance assessment:

a) Sensory impairment [postural sway as measured bgified clinical test of sensory

interaction on balance (MCTSIB) test and unilatetahce (US) test]
b) motor impairment [dynamic standing as measuredirnit lof stability (LOS) test, and
Rhythmic weight shifts (RWS) test]
These components were evaluated using Balance M&ststem (Neurocom System 8.6.0)
(NeuroConfinternational).All patients started with the assesst of static balance, which was
followed by the dynamic balance test. One trial ai®wved before data collection.

7) Muscle strength measurements: Isometrics strengisares in kilogram (kg) were taken
for the Hip Abductors, Hip External Rotators anda@Quiceps using a isokinetic Push Pull
Dynamometer. Participant were instructed to puskirsg the arm of the dynamometer
with maximal resistance. Subjects were made toopertest three times and average was
taken for the reading.one practice trial was gilefore beginning the test with 30 second
rest between trials.

Exercise intervention

Group A: This group received hot packs and perfardwaver limb flexibility exercises prior to
intervention. Strength training with weights wasegi as per patient tolerance without causing pain
for hip abductor in side-lying, hip external rotegtdn sitting, quadriceps in sitting and terminakk
extension and progression was done as per the coaffthe patient. 3 sets of 10 repetitions were
performed for improving strength.

Group B: In addition to the conventional treatmeetivered to conventional group, one set of
neuromuscular training consisting of KBA (Kinaestlag Balance & Agility) Exercises and balance
training on stable and unstable surface. Each smt vepeated twice in single treatment
session.KBA utilized walking agility exercises asrsnarized inTable1.This program was adapted
from the guidelines given by Matthew W. Rogerslgp@l1l.

Table 1. KBA agility and balance exercises

Exercise Description

Wedding Step forward and slightly to one side with leadfogt, bring trailing foot

march together with leading foot ; alternate leading foot

Backward As above, stepping backward

wedding march

Side stepping Stand with feet together, step to side with leadoy, bring trailing foot
back to leading foot; repeat for prescribed nemix steps, then repeat jn
opposite direction
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Semi-tandem Walk heel-to-toe with heel landing just in frontarid medial to great toe of

opposite foot

Tandem walk Advanced version of above; heel lands directlyramf of opposite foot

Cross-over Walk forward bringing each foot across midline oflly

walk

Modified Step to side with right foot, bring left foot betimight, step to side wit
grapevine right, bring left in front of right; repeat for pgeribed number of steps; change

leading foot and repeat in opposite direction.

KBA exercises were completed at a walking pace anojgressed by adding more steps.
Participants began with approximately 15 stepsagheexercise and progression was targeted to a
maximum of 75 steps. Three sets of mentioned sevalance exercises were performed.
Additionally, static balance exercises with botlktfen a stable surface with eyes open and eyes
closed were performed by the participants. This wamressed to one-foot standing on stable
surface for 10 seconds without losing balance. Otimie was achieved, the individual was
progressed to both-feet standing on the unstabfacgu To further challenge balance, upper limb
movements i.e. reach outs were given in all dioectiboth on stable and unstable surface.

Data was analysed using SPSS statistical softwarsjon 16 (SPSS), and data were checked for
normality prior to analysis. P-values of less tlarequal to 0.05 were considered to be significant.
Since the data were not normally distributed, narametric tests were used. Mann-Whitney U-test
was used for between group comparison and Friedtesinand Wilcoxon test for post hoc
comparison was performed to compare changes froseliha to four weeks for within group
comparison.

Results

Forty participants (30 women, 10 men) completeddthveeeks treatment. Participant demographic
characteristics at baseline are presented in Table

Table 2. Participant Characteristics at Baseline

Age BMI
Group A (Conventional) 55.4 £ 9.27 29.17 + 4.597
Group B (Experimental) 52.45+ 8.80 28.53 +4.62
p-value 0.1664 0.6620

The above data (Table.2) shows that there werdatistcal differences at baseline for Age and
BMI in both the groups which show that the groups@mparable.

Table 3. Within group analysis for Mean pain, knee ange of motion, knee and hip muscle
strength, WOMAC scale and KOS-ADL at pre-treatment,post 2weeks treatment and post 4
weeks of treatment (Both groups)

WITHIN GROUP analysis (Mean+SD)
Pre- Post 2 weeks Post 4 weeks P
treatment of treatment of treatment value
Pain at rest (NPRS) | Group | 1.7(1.1) 0.4(0.82) 0.2(0.41) 0.00(Q
A
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Group | 1.8(1.0) 0.45(0.83) 0.1(0.31) 0.000*
B
Pain on movement | Group | 4.21(0.36) | 1.95(1.73) 0.85(0.74) 0.000*
A
Group | 4.65(1.1) 2.35(1.46) 0.55(0.68) 0.000*
B
Knee flexion Group | 117.2(5.9) | 119.6(5.1) 123(4.5) 0.000*
A
Group | 116.3(6.1) | 119.2(5.2) 122.5(6.2) 0.000*
B
Knee flexor strength | Group | 8.8(2.7) 8.5(2.6) 10.4(2.5) 0.000*
A
Group | 8.6(3.4) 9(3.2) 10.8(2.6) 0.000*
B
Knee extensor Group | 9.3(2.9) 9.4(2.4) 10.4(2.6) 0.001*
strength A
Group | 8.7(3.5) 9.4(3.3) 10.6(3.2) 0.000*
B
Hip external Group | 10.3(3.7) 10.4(4.2) 11.6(3.3) 0.002*
rotation strength A
Group | 11(4) 11.4(3.6) 11.8(2.8) 0.039*
B
Hip abductor Group | 13.5(4.2) 13.3(4.2) 14.1(3.3) 0.024*
strength A
Group | 13.3(3.6) 13(3.7) 14.6(3.2) 0.000*
B
Womac CRD Group | 46.1(6.5) 30.3(7.5) 19.5(18.1) 0.000*
PuneVersion A
Group | 44.35(6.9) | 28.1(8.9) 12.7(4.8) 0.000*
B
KOS-ADL Group | 1.45(0.5) - 3.3(0.65) 0.000*
A
Group | 1.75(0.6) - 3.75(0.44) 0.000*
B
*P-value <0.05 indicate significant difference viitigroups.
Table 4. Within group analysis for all the componenbf balance
WITHIN GROUP analysis (Mean+SD)
Pre Post 2 weeks of | Post 4 weeks of | P
treatment | treatment treatment value
Mctsib Group | 0.75(0.17) | 0.77(0.18) 0.65(0.13) 0.002*
A
Group | 0.73(0.18) | 0.78(0.24) 0.54(0.1) 0.000*
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Unilateral stance with | Group | 2.27(1.2) 2.71(1.4) 1.63(0.83) 0.450
eyes open A
Group | 2.39(1.3) 2.4(1.3) 2.26(0.91) 0.001*
B
Unilateral stance with | Group | 3.5(1.8) 3.49(1.8) 3.33(1.1) 0.949
eyes close A
Group | 3.36(1.3) 3.31(1.3) 2.27(0.1) 0.002*
B
LOS Reaction time Group | 1.39(0.5) 1.52(0.58) 1.13(0.31) 0.005*
A
Group | 1.33(0.59) | 1.38(0.42) 0.83(0.19) 0.000*
B
LOS movement Group | 2.25(0.58) | 2.21(0.72) 2.78(0.63) 0.002*
velocity A
Group | 2.32(0.7) 2.57(0.63) 3.33(0.58) 0.000*
B
LOS Endpoint Group | 65.6(13) 67.1(12) 70.8(12) 0.047*
excursion A
Group | 66.7(9.8) 68.25(7.7) 76.6(9) 0.000*
B
LOS Maximum Group | 75.9(9.4) 77.1(6.7) 79.9(8.5) 0.008*
excursion A
Group | 76.9(8.7) 77.7(9.6) 86.2(6.7) 0.000*
B
LOS Directional Gro | 71.3(13) 74(9.3) 77(11.8) 0.000*
control up A
Gro | 70(18.8) 75.1(4.4) 83.9(4.8) 0.000*
up B
Rhythmic weight shift | Group | 79.8(4.5) 80.5(4.8) 82(3.5) 0.049*
Left & Right A
Group | 81.5(4.8) 82.3(4.3) 75(3.2) 0.007*
B
Rhythmic weight shift | Group | 70.6(7.4) 71.1(8.6) 73.3(11) 0.006*
front & Back A
Group | 73(7.9) 73.3(9) 79.2(6.8) 0.000*
B

*P-value <0.05 indicate significant difference viitlgroup

For within group analysis Friedman test was useth bonventional group and experimental group
showed statistically significant improvement in @une measures like pain, knee range of motion
,isometric knee and hip muscle strength, balanaalified clinical sensory interaction on balance,
limit of stability test, unilateral stance, rhytlanweight shift) and functional statusVOMAC
index Modified—CRD Pune versigrglobal rate of change scale, knee outcome suacéyities

of daily living scale). However there was no impeoment in balance component of sway velocity
for unilateral stance with eyes opened and eyesedlin conventional group.
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Table 5. Wilcoxon signed ranks test for pain, kneeange of motion, knee and hip muscle
strength, WOMAC scale at pre treatment, post 2weekiseatment and post 4 weeks of

treatment (Both groups)

WITHIN GROUP analysis (Mean+SD)

Pre Rx -Post 2wk| Pre Rx- Post| Post 2wk Rx-
of Rx 4wk of Rx Post 4wk Rx
P value P value P value
Pain at rest Group A .000* .000* .046*
Group B .000* .000* .038*
Pain on movement Group A .000* .000* .004*
Group B .000* .000* .000*
Knee flexion Group A .002* .000* .001*
Group B .009* .000* .016*
knee flexor strength | Group A .180 .000* .000*
Group B .206 .001* .002*
Knee extensor| Group A .008* .000* .005*
strength Group B .008* .000* .003*
Hip external rotation | Group A .543 .033* .073
Strength Group B .480 .008* .013*
Hip abductor | Group A 317 .083 .021*
strength Group B 157 .003* .000*
Womac scale Group A .000* .000* .000*
Group B .000* .000* .000*

*P-value <0.05 indicate significant difference viitlgroups

Table 6. Wilcoxon signed ranks test(p value)for witln group comparison of all the
component of balance at pre-treatment, post 2weekseatment and post 4 weeks of treatment

WITHIN GROUP analysis (Mean+SD)

Pre Rx -Post| Pre Rx- Post| Post 2wk Rx-
2wk of Rx 4wk of Rx Post 4wk Rx
P value P value P value
Mctsib Group A .601 .000* .019*
Group B .071 .001* .000*
Unilateral stance with | Group A 779 732 737
eyes open Group B 126 .001* .002*
Unilateral stance with | Group A .904 .628 .763
eyes close Group B .926 .002* .005*
LOS Reaction time Group A .601 .028* .019*
Group B .673 .001* .000*
LOS movement| Group A .888 .001* .001*
velocity Group B 135 .000* .000*
LOS Endpoint | Group A .322 .002* .089
excursion Group B .545 .000* .001*
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LOS Maximum | Group A .640 .008* .064
excursion Group B .556 .000* .000*
LOS Directional | Group A .098 .000* .029*
control Group B 743 .000* .000*
Rhythmic weight Group A .981 .016* .093
shift Left & Right Group B .614 .002* .011*
Rhythmic weight | Group A .940 .006* .170
shifts front & back Group B .952 .000* .007*

*P-value <0.05 indicate significant difference viitlgroups

For within group post hoc analysis (Table 5&6)ofp@RPS), knee range of motion, knee and hip
muscle strength, WOMAC scale, KOS-ADL,GROC andtlhd component of balance, Wilcoxon
test was used. On statistical comparison of basedtore with post 2 weeks score, there was
statistical significant improvement in pain,kneage of motion, and function (WOMAC), but non-
significant changes in knee and hip muscle streagith balance parameters in both the groups.
When post 2weeks and 4 weeks of treatment scorese wempared there was statistically
significant reduction in pain score and statisticaignificant improvement in all the component
(i.e. knee range of motion, knee and hip musckngth, WOMAC scale, KOS-ADL), with except
that there was no significant change in hip exterotation strength in conventional group. There
were significant improvements in all balance paramsein the experimental group, but in the
conventional group showed improvements only in # i balance parameters namely modified
CTSIB, Limit of stability reaction time, movementlacity, and directional control. When
comparing baseline scores with post 4 weeks sctitess was statistical significant improvement
in pain, knee range of motion, hip and knee mustiength, and function (WOMAC) in both the
groups, with the exception of non-significant impement in hip abductor strength in the
conventional group. There were significant improeets in all balance parameters in the
experimental group, with the exception of non-digant improvement in unilateral stance balance
parameter in the conventional group.

Table 7. Between group analysis for pain, knee raye of motion, knee and hip muscle
strength, WOMAC scale, KOS-ADL,GROC at pre-treatment, post 2weeks treatment and
post 4 weeks of treatment (Both group)

BETWEEN GROUP analysis (Mean+SD)
Pre —treatment Post 2 weeks of Post 4 weeks of

Outcome treatment treatment
Measures Group | Group | P Group | Group | P Group | Group | P

A B Value | A B value | A B value
Pain at rest 1.7 1.8 0.808 | 0.4 0.45 0.766 | 0.2 0.1 0.382

(1.1) [ (1.0 (0.82) | (0.83) (0.41) | (0.31)
Pain on 4.2 4.65 0.219 | 1.95 2.35 0.205| 0.85 0.55 0.185
movement (1.36) | (1.1) (1.73) | (1.46) (0.74) | (0.68)
Knee flexion | 117.2 | 116.3 | 0.407 | 119.6 | 119.2 | 0.742 | 123 122.5 | 0.625

(5.9 |(6.1) (5.1) | (5.2 (4.5) (6.2)
Knee flexor 8.8 8.6 0.603 | 8.5 9(3.2)| 0.415| 104 10.8 0.709
strength (2.7 (3.4 (2.6) (2.5) (2.6)
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Knee 9.3 8.7 0.228 | 9.4 9.4 0.942 | 10.4 10.6 | 0.966

extensor (29) | (3.5 (2.4) |(3.3) (2.6) (3.2)

strength

Hip external | 10.3 11(4) | 0.749 | 10.4 114 0.832| 11.6 11.8 | 0.989

rotation (3.7) (4.2) | (3.6) (3.3) (2.8)

strength

Hip abductor | 13.5 13.3 | 0.783 | 13.3 13 0.741 ] 14.1 146 | 0.626

strength (4.2) |(3.6) 4.2) |(3.7) (3.3) (3.2)

Womac Pune | 46.1 | 444 |0.328 | 30.3 | 28.1 0.569 | 19.5 12.7 0.007*

Version (6.5 |(6.9 (7.5) | (8.9) (8.1) (4.8)

KOS-ADL 1.45 1.75 | 0.090 - - - 133 3.8 0.020*
(0.5) | (0.6) (0.65) | (0.44)

GROC - - - - - - 112@) |19 0.004*

(0.96)

*P-value <0.05 indicate significant difference beém groups

Table 8. Between group analysis for all the compemt of balance at pre treatment, post 2
weeks treatment and post 4 weeks of treatment (Botjroup)

BETWEEN GROUP analysis (Mean+SD)

Pre —treatment Post 2 weeks of Post 4 weeks of
Outcome treatment treatment
Measures Group | Group | P Group | Group | P Group | Group | P
A B Value | A B value | A B Value
mCTSIB 075 |0.73 |0.107|0.77 |0.78 |0.752 |0.65 | 0.54 | 0.010*
(0.17) | (0.18) (0.18) | (0.24) (0.13) | (0.1)
Unilateral 2.27 2.39 0.635 | 2.71 2.4 0.524 | 1.63 2.26 | 0.017*
stance with (1.2) | (1.3) 1.4) | (1.3) (0.8) | (0.9)
eyes open
Unilateral 3.5 3.36 | 0829|349 |331 |0.978 |3.33 2.27 | 0.004*
stance with (1.8) | (1.3) (1.8) | (1.3) (2.1) | (0.2)
eyes close
LOS Reaction | 1.39 1.33 | 0.860 | 1.52 1.38 | 0.655 |1.13 |0.83 | 0.001*
Time (0.5) | (0.59) (0.58) | (0.42) (0.31) | (0.29)
LOS 225 |232 0.349 | 2.21 2.57 | 0.030*|2.78 | 3.33 | 0.006*
movement (0.58) | (0.7) (0.72) | (0.63) (0.63) | (0.58)
velocity
LOS 65.6 | 66.7 1.000 | 67.1 68.25 | 0.914 | 70.8 76.6 | 0.085
Endpoint (13) (9.8) (12) (7.7) (12) 9)
excursion
LOS 75.9 76.9 0.714 | 77.1 77.7 |0.786 |79.9 |86.2 | 0.049*
Maximum (9.4) | (8.7) (6.7) | (9.6) (8.5) | (6.7)
excursion
LOS 71.3 |70 0.914 | 74 75.1 | 0.776 |77 83.9 | 0.030*
Directional (13) (18.8) (9.3) | (4.9 (11.8) | (4.8)
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control

Rhythmic 79.8 81.5 0.206 | 80.5 82.3 0.260 | 82 75 0.002*
weight shift (4.5) | (4.8 (4.8) | (4.3) (3.5 | (3.2

Lt & Rt

Rhythmic 70.6 73 0.343 | 71.1 73.3 0.401 | 73.3 79.2 0.034*
weight shift (7.4) | (7.9 (8.6) | (11) (12) (6.8)

front& Back

*P-value <0.05 indicate significant difference beém groups

For between group statistical comparisons of attc@mme measures, Mann-Whitney U-test was
used. (Table.7 & 8).When both the groups were coethat baseline there was no statistically
significant difference in all outcome measures, chihshow that the groups are comparable.The
result of present study shows that on between gconmgparison(Table.7&8) at baseline and post 2
weeks of treatment, there was no difference ithalloutcome measures. However, post 2 weeks of
treatment there was difference in movement velggiiyit of stability) in balance in experimental
group. When both the groups were compared posteksvef treatment there was no statistically
significant difference in pain (numerical pain ngtiscore), knee range of motion, isometric knee
and hip muscle strength and end point excursiobalance (limit of stability test) in both the
groups. However, experimental group showed graéatprovement in functionWWOMAC index
Modified—CRD pune versionGROC scale, self-reported instability on Kneecouatie survey-
activities of daily living scale and some composemtf balance (modified clinical sensory
interaction on balance, limit of stability, unileaé¢ stance and rhythmic weight shift) than
conventional group.

Discussion

This study aimed to compare the efficacy of onlgv@ntional exercises with conventional exercise
program along with neuromuscular training on knaim pbalance, lower extremity muscle strength,
range of motion and function, in patients with kies¢eoarthritis. The results of study indicates tha
4 weeks of treatment consisting of conventionat@sge program or conventional exercise program
along with neuromuscular training (KBA) both led reduced pain, improved range of motion,
lower extremity muscle strength, knee instabilitygction and balance in both the groups. The post
treatment reduction of pain could be the resukexdrcise training in both the groups as exercises
stimulates mechanoreceptor in muscle (A beta fbrasich leads to suppression of impulses
through pain gate mechanism, which also applieswvehercises are administered in patients with
OA. The results of our study are in accordance i findings of Robert Topp et al.,2002in
supporting that the dynamic or resistance traimguyces knee joint pain in patients with knee OA.
Also hot packs given prior to intervention can bteilauted to reduction in pain as heat is oftenduse
in conjunction with exercises to treat chronic musskeletal problems(Val Robertson et al.)Pain
relieving effects of heat are mainly reflex, posian activation of pain gate mechanism. Heat
application reduces level of muscle spasm usuadlyoeiated with it (Val Robertson et al.).
Improvement in the knee range of motion could be ddministration of stretching exercises to
both groups(Dean C et al.,1990,Kieran O’Sullivaal.2009). Overall exercises improves the
proprioceptive mechanism of joint leading to mooemal excursion of the joint and contributes to
increased range of motion by inhibiting pain throwgntinued A-beta firing during these activities
and help in controlling pain. Lori et a.,2011 repdrthat rehabilitation should focus on quadriceps
and hip strengthening and additional attentionh® éxternal rotators along with gluteus medius
may be useful. A similar strength protocol was audstéred to both the groups. In our study both
the groups showed improvement in quadriceps, hamgstrand hip muscle strength post
treatment.Improvement in strength can be due toatémh ofpain, as pain may cause voluntary
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inhibition leading to an inability of the quadriceemuscle function properly and prevents it from
being activated leading to imbalance between mupdaps(Riann Met al.,2013) Use of resistance
training in rehabilitation and conditioning programas an impact on all systems of the body.
Adaptations to overload create changes in musaie fiesulting in hypertrophy of the muscle fibres
and thus become increasingly important adaptatibat taccounts for strength gain in
muscle(Roitman,JL,2001). Although KBA training wasgministered only in the experimental
group, even the conventional group showed improvesnén balance parameters. It has been
proven that strength training can lead to improvweimen balance(SP Messier et al.,2000)and
function(Jun Iwamoto et al., 2011).Lee and Parkehaported that improvement in the strength of
the lower extremities can enhance balance(Parki8)2@n between group comparisons there were
similar improvements in pain, knee range of motimd knee and hip muscle strength and balance
parameters in both groups, with the exception ghéi improvements in 6/10 balance parameters
in experimental group .The probable reasons forawvgment in pain, range of motion and strength
in both the groups are discussed earlier. The gréaprovement seen in modified CTSIB, limit of
stability, unilateral stance and rhythmic weighiftshin experimental group which was given
neuromuscular training could be the effect of inwe knee proprioception and knee stability
through neuromuscular training(KBA)(Mathews W.Raget al., 2011,Demirhan D et al.,2005) as
studies have shown that KBA techniques improvesudya joint stability using a series of physical
activities such as agility and balance exercisesadtivate, challenge, and adapt the nervous
system’s proprioceptors to maintain balance and irtgprove activities of daily living
function(Mathews W.Rogers et al., 2011).Exercisgagian unstable base of support had a positive
effect on improving balance ability and decreagiagn (Kyung Kim et al.,2016) Also it could be
the effect of repetitions of task aimed at imprgvimotor control at knee joint. The ultimate goal of
proprioceptive training is to improve or restorens@my and/or sensorimotor function.
Neuromuscular control mediated through proprioceptf joint takes into account three distinct
levels of motor control activation within the CNBeflexes at the spinal level mediate movement
pattern that are received from higher levels ofritbevous system. This action provides for reflex
joint stabilization during conditions of abnormatess about the articulation. The second level of
motor control, located within the brainstem, reesivnput from joint mechanoreceptors, vestibular
centres and visual input from the eyes to mainpaisture and balance of the body. The highest
level of CNS function provides cognitive awarene$dody positions and movement in which
motor commands are initiated for voluntary moveraghephart S.M et al.,1997). Incorporating
these three levels of motor control activities tidess proprioceptive deficiencies encourages
maximum afferent discharge to the respective CN&lleEnhancing motor function at the
brainstem level and at the cortical level to stiatelthe conversion of conscious and unconscious
motor programming can be achieved by performingysakand balance activities, both with and
without visual input. In our study balance trainingh eyes open and eyes closed on firm and non-
conforming surface and balance training with sét<BA exercises was given in the experimental
group. Closed chain exercises, which cause joipradmation, stimulate mechanoreceptors in
muscles and in and around joints to enhance semgouy for the control of movement (Kisner C,
Colby L A.,2007)The balance exercise training protocol of our stwdg conducted in the weight
bearing position (i.e. during standing or walkinig)nesthetic and proprioception training are such
type of activity that can enhance this function(heg, S.M et al.,1997). Also neuromuscular
training stimulates proprioceptive input, enhangesscular joint stabilization and postural
function(Aman, J.E et al.,2015).Thus the resulthef present study can be attributed to the effect o
neuromuscular training (KBA) which effectively aates the brainstem and cortical level of motor
control. Also the results of our study complemdmase of Sekir and Gur.,2005in supporting the
potential of KBA as a superior treatment optiorteB8gthening exercises alone have effects on
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improving functional outcomes and joint stability patient with OA (Pelland, L et al.,2004,

Oliveiraet al.,2012,Knoop, J et al.,2013) this tenattributed to improvement in function in both

the groups as measured on WOMAC index, global gath change scale as both the groups

received same strength training protocol. Alsositproven that lower extremity strengthening
enhances the balance in patients with knee OA (%8sMr et al.,2000) which contributes to
increase participation of an individual in functidmctivities. Incorporating neuromuscular training
has been shown to improve function(GK Fitzgeraldle2011) and reduce knee instability in knee
osteoarthritis patient$!W Rogers et al.,2011). Hence the greater improvenie functional
outcome scores [WOMAC, subscale of difficulty on WIAC scale (P= 0.020) and GROC] and
knee instability in experimental group could beilattted to improvement in postural control and
proprioceptive accuracy through neuromuscular imgiimal F Ahmed.,2011). KBA techniques
improves dynamic joint stability using number of ypital activities which challenge
neuromuscular system to maintain balance and aeatidn (Matthew W et al.,2011).

Further studies can be carried out on patients @ithde 1l osteoarthritis. Perturbation exercises

can be incorporated in neuromuscular training @Eogr

Conclusion

Based on our study results, we conclude that adfth@onventional exercise program is effective in

reducing knee pain, and increasing lower extremityscle strength and range of motion, adding

neuromuscular training (KBA) along with conventibeaercise program in rehabilitation leads to
higher improvement on balance and function in patigth knee grade | and Il osteoarthritis.
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