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EFFECTIVENESS OF DOUBLE TENS IN PATIENTS WITH MILD TO MODERATE DEGREE OF
KNEE OSTEOARTHRITIS
Areerat Suputtitada, Sek Aksaranugraha, Sasiwimon Aksorntung, Athikarn Theppabutr

Department of Rehabilitation Medicine, Faculty of Medicine, Chulalongkorn University

ABSTRACT
Objectives: To study the effectiveness of double TENS on pain and functional ability in patients with
mild to moderate degree of knee osteoarthritis.
Study Design: Experimental study, randomized observer blinded control trial was done.
Methods: Patients with mild to moderate OA knee were randomized into 4 groups. Group 1
received double TENS 50Hz and 100 Hz for 10 minutes, apply the poles of electrodes in
perpendicular each other make the current cross at the point of pain within the knee joint 10
minutes per day.Group 2 received 1 tablet (25 mg) of diclofenac orally, 3 times a day for 14 days.
Group 3 received single TENS 100 Hz 10 minutes per day. Group 4 received ultrasound 1-1.5
w/cm’ 10 minutes per day. All 3 groups had applied the modalities 10 workdays. The effectiveness
of treatment was evaluated by modified WOMAC score, VAS, VAS for passive and active motion,
and 20 metres walking time at week 0, 1, 2.
Results: 60 Patients that were19-in-double TENS group, 14 in-diclofenac group,15 in single TENS
group and 12 in ultrasound group had no difference in baseline data. The double TENS group
presented more statistically significant improvement in Modified WOMAC scale, VAS, VAS of active
ROM, VAS of passive ROM than the ultrasound, TENS and diclofenac groups when compare
between week 0 and week 1 and week 0 and week 2 (p<0.05).
Conclusions: Double TENS revealed greater effectiveness than diclofenac, TENS and ultrasound in
treatment of patients with mild to moderate degree of knee osteoarthritis.

Keywords: Knee osteoarthritis, double TENS, ultrasound, TENS, diclofenac , pain, functional ability
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VAS 43 (26-71) 18 (8-50) < 0.001* 10 (0-39) < 0.001*
VAS of active 40 (18-70) 18 (0-48) < 0.001* 11 (0-35) < 0.001*
ROM
VAS of passive 47 (24-75) 18 (0-55) < 0.001* 15 (0-40) < 0.001*
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VAS of passive 28 (13-55) 14.5 (3-61) 0.048* 13.5 (4-55) 0.009*
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Modified WOMAC 28 (14-44) 19 (8-45) 0.028* 17 (5-43) 0.023*
Scale

VAS 48 (27-95) 40 (6-75) 0.041* 33 (10-60) 0.006*

VAS of active 44 (23-80) 37 (2-80) 0.247 33 (9-60) 0.022*
ROM

VAS of passive 47 (25-65) 38 (6-79) 0.023* 30 (8-50) 0.001*
ROM

20 M walking 28 (13-36) 24 (12-37) 0.732 22 (12-38) 0.359
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Aawils &lpnin 0 p-value p-value

Modified WOMAC 28 (16-33) 24.5 (16-32) 0.083 17 (9-28) 0.002*
Scale

VAS 38.5 (8-63) 33 (8-52) 0.152 28.5 (4-44) 0.016*

VAS of active 39.5 (8-57) 31.5 (8-48) 0.091 25 (3-39) 0.008*
ROM

VAS of passive 37.5(8-61) 35.5(8-51) 0.441 25 (7-34) 0.023*
ROM

20 M walking 33.5 (20-45) 34 (25-42) 0.474 33 (25-40) 0.823

time(S)

dl ¥ 1 a KX o ' ! ° '
Wasanndayauanuaslilng asiaueluAings (AAge-A49en)

1
Ao o0 o aaa

* HUHAVATUNNADNFAN P

< 0.05 Tmel Wilcoxon signed rank test
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nangTaunauAuLAnFA luuAazdlaiuaziauinn masasainnsl sziliusag
Modified WOMAC score , VAS ,VAS of active ROM ,VAS of passiveROM, 20 Metres walking time
(A7) 7219 4 NN WUAIHAINAINANMNFINTBIAZILL WOMAC score, VAS VAS of active
ROM ,VAS of passive ROM uansingriuynnguetwiitdAsynisala i pvalue < 0.05 Tt Kruskal

Wallis Test uiiazuuuaad 20 Metres walking time ladupnsineiuasdelidadAynieaia aonanslu

A13147 6

A1519% 6 LFauiiaussudng 4 NaN s3nInedUlanninl 0-1 wazdlavn 0-2

Aauls FLUIN Double | Diclofenac | Single TENS | Ultrasound P-value
Al | TENS
Modified 0-1 17 (5-31) 2 (-5,14) 7 (-14,25) 5(-9,11) < 0.001*
WOMAC 0-2 23 (8-37) 6 (0-17) 11 (-10,32) 9 (2-17) < 0.001*
VAS 0-1 23 (15-39) 10 (1-35) 7 (-33,45) 1(-8,21) < 0.001*
0-2 30 (20-54) 14 (2-36) 14 (-12,65) 9 (-9,28) < 0.001*
VAS AROM 0-1 19 (2-46) 5% 3 (-35,33) 5.5(-9,21) < 0.001*
(-16,27)
0-2 26 (14-53) 9 (0-36) 14 (-30,34) 11 (-1,33) < 0.001*
VAS PROM 0-1 23 (4-57) 2.5 (-6,38) 11 (-49,31) 0 (-14,22) < 0.001*
0-2 28(9-65) 7(-4,38) 16(-1,36) 11 (-15,40) < 0.001*
20 M Walking 0-1 2(-2,7) 1(-1,2) 1(-6,11) -1.5(-9,10) 0.139
time (S) 0-2 31(-4,22) 1 (-1,3) 14-5,12) 0.5(-10,11) 0.577

dl ¥ 1 a K ° 3| U | °I 1
asanndayauanuadliing asiaueiduainats (AAqa-Agegn)

* YladnAtyneadan p < 0.05 Tae Kruskal Wallis Test

16



nan1nidTausuANwananluuAazdUaiiazieunin1meassainnistlsziliugae
Modified WOMAC score , VAS ,VAS of active ROM ,VAS of passiveROM ?:deﬂ@ju Double TENS
wazan 3 Ngu sxNINNALAIN 0-1 UazdLlnIN 0-2 WuFNHANRALANNNFNNTBIAZILL WOMAC
a lsl

score, VAS VAS of active ROM VAS of passive ROM UaNaANriuaeaiiad1Atynieana 79 p-value

< 0.05 Il one way ANOVA (Post Hoct Test) Aduandglumns19i 7

A15199% 71Fauiinusznang ngu Double TENS waz@n 3 nad 53udnedlanui 0-1 uaz
Amnii 0-2

s 521379 | Diclofenac P- Single P- urIs P-

Almni value TENS value value
f

Modified 0-1 12.53 (2.8) .000* 9.12 (2.8) .020* 12.98 (2.9) | .000*
WOMAC 0-2 15.24 (3.1) .000* 11.40 (3.1) .000* 12.07 (3.3) | .000*
VAS 0-1 11.68 (4.0) .006* 15.09 (4.0) .000* | 20.65(4.2) | .000*
0-2 17.95 (4.8) .000* 18.19 (4.4) .000* | 22.03(4.7) | .000*
VAS 0-1 13.08 (4.7) .008* 16.06 (4.6) .001* 15.29 (5.0) | .003*
AROM 0-2 14.86.(4.3) .001* 16.31.(4.2) .000* 15.66 (4.5) | .001*
VAS 0-1 15.24 (5.1) .004* 13.26 (5.5) 011* | 21.11(5.3) | .000*
PROM 0-2 19.16 (4.5) .000* 12.95 (4.4) .004* 19.03 (4.7) | .000*

o ° @ = |
1RYAUN el uARAY (AL Luuﬂflfflﬁfgf]u)

1
A o o0 o aaa

* NULAATUNINADRAN p < 0.05 Intl one way ANOVA (Post Hoct Test)

17



uniIangal
=® 1 = a a dd‘ QI
AINNM3ANHINLAT Double TENS Hilse@AvEHanngalunisanaulaalaziiANaunen
Tunninfanssndmslsyandu TnanudnAngr n13sudseniuen Diclofenac N5l single TENS waz
ultrasound TugilaeTsadanidennianinguussdeaiiviunans Wetlszidiugog Modified WOMAC
scale, VAS, VAS of active ROM, VAS of passive ROM 3z131941a19f 0-1 uazdlansin 0-2 aened

o 0 o aa
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(34

FauAdUa1iN 1 uazfansnauanTudilanin 2 adrelitadaAyn1eatin
o . i & a A . a

n1sfuLsznnuen Diclofenac Hilsz@nsnaniiludunu 2lun1sananulanuasifiuannuanungn

lunminfanssudmstseandy laenudn neuuazuasliiunisinming n1sfuilseniuan Diclofenac
) o X T e ol o ERY >, o | Ao o o aa
wudnFaulshauaAd AN 1 uazdvpnauanludlnin 2 esnaltiidAynieana
. = a a a @ o o QI o a

Single TENS Nuse@nsnandlusua 3 lunisanninuilan uaziiuanuainisnlunismnnangsy
Frsrlszandu Tnewudn neuuasudslaiunisinenlag Single TENS wudnynsaulsntusausdlaniin 1
uazdspspruanludlavin 2 agrelivdadiAtyn1eads anidu VAS of active ROM ludila1fn 1 uaz 20
metres walking time 1udla19i91 1 waz 2

= a a a v dl al o A o
Ultrasound ~ Hilss@vsuaniaengnlunisanmanuilan  waziuaauauisnlunisinfanssudss

sza1du Inewudn neulazuasldsunnsinenlag Ultrasound wudnynsiaudlslidnuuludilaniii 1 sasse
= el = aX | Ao o o aa
NAUAYY 2 A9azhTUBLNNNTHAATUNNAD A

NANTTANEHABAARBIAL Strength of recommendation by EULAR Recommendations Tl
2003 Fewud AvAnguatiuanu Diclofenac 52AU A (1A) single TENS 92#U B (1B) ua ultrasound
7¢AU C (1B) ® Diclofenac Hilsz@AnsnauasiadnalAestiaandn ibuprofen,naproxen Uag piroxicam4'7
Single TENS wudnléinanlunasantlan  nsldinussunnasinliianiiaunauazgnaantandaldls
Wgaululdn Aouussluniansefusasasiuie W nannslfusn ™ Ultrasound 1d3nenn1znszen da

T apilas NAdENNTeAaRlTesta’” Lazidang

LAZNANNILANAENZUAZTAINANNTNAALIN
) Ao 20,21 VA = X oA 9o
donumiada™ ! uaznudathgtiamsniiiaitinsg

Double TENS tlunisiseensiuannisues interferential current tneldiazas TENS dagiazasiian
Uaasnszualiinlifiniu s Wnndihadennistaauinigaainnisasasianie deenszualaciud
: ; - | 4 a o C e 4
A1 UWATANNUIIAN WUT interferential current aiflunszualniinpaaunigeansguisiniu azasliluiiie
dll P2 oA < % v Y P 1 23 =< v &
walfanndn Ngrsandanegudsnszsulfsrazinaiunm anufdanauiandn® waznisAnuludndnaany

wuIaanentaL e
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A protocol Hilaaannsald paracetamol tfu rescue drug 16 ue ldwudnfigiaaselald
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>
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|
v o %

=2 Yy a / % | v A o o =
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Index of Severity for Knee Osteoarthritis { Knee ISOA )

Pain or discomfort (a1n15Uqm)
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Modifled WOMAC Scale for Knee
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v Walking
2 Slair climbing
3  Noclurnal
4 Resl
5 Weight bearing
Stifiness

1 Marning stiffness

2 Stiftness occurring later in the day

Physical Functlon

1 Descending slairs
Ascending stairs
Rising from sifting
Standing
Bending to floor
Walking on flat

Getting in/oul car

o N OO s WN

Going shopping
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14
15
16
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Pulling on socks
Rising from bed
Taking olf socks
Lying = bed
Getling infout balh
Sitting

Getling orvolt tailet

Pain.

Heavy domestc duties
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Social Function
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Leisure aclivilies
Communily events
Church aliendance
With spouse

With family

With fricnds

With others

Emotional Function
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Anxiely
[rritability
Frustration
Depression
Relaxation
Jnsomnia
Boredom
Loneliness

Stress

{0 Wellbeing
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NAME:

CURRICULUM VITAE

Professor Areeral Suputtitada, M.D.

GENDER: Female

DATE OF BIRTH: May 19, 1968

MOBILE PHRONE: (6681) 4888549

E-MAIL:

sareeratl@yahgo.com

OFFICE ADDRESS: Department of Rehabilitation Medicine \Jarern-somsri Building Floor 1,King

Chulalongkorn Memorial Hospital,Rama 4 Road, Patumwan, Bangkok 10330. Thailand

OFFICE PHONE: {662)2564433 OFFICE FAX : (662)2664433

M )
| Instilute

]

e L

EDUCATION
Year Degree and Certificate of T;ir;ing Course
1991 | Medical Degree
1993 | Diploma, Basic course on sport medicine
1994 | Thai Board of Physical Medicine and
Rehabilitation
1995 | Centificate of training course in:
- Botulinum toxin injection by EMG guide in
management of spasticity and various
[ movement disorders
- Pain and Neurological Rehabilitation
1995 | Certificale of tramning course in;
[ - Management of spasticity and various
| movemenl disorders
1996 | Centificate of training course in;

| Gait, Movement analysis and Dynamic EMG.

Faculty of Medicine , Sirira) Hospital,
Mahidol Universily, 8angkek, Thailand
International Federation of Sporl
Medicine, Bangkok, Thailang
Chulalongkorn University, Bangkok,
Thailand.

Mount Sinai Medical Center, Mount Sinai
University Hospital, New York,

USA

Colorado Neurological

Institute,Colorado,USA
|
|
.I

| Vienna University Hospital, Vienna,

Austria




CONTINUING EDUCATION IN BIOETHICS/ RESEARCH ETHICS

1.
2.

10.
11.
12.
13.

14,

16.

"GCP training course” by Chulalegkarn University on 20-23 August 1999.

"Clinical Research Skill Workshop for Investigalers” by Thai FDA, Pfizer and PRE, Bangkok
on 6-7 November 2000

Theiland towards center ol excellence in clinicat trials "The fith GCP Annual Update:
Building Strategic Afliances in Promoting Thailard as Asian Drug Development Hub” on 25-
26 Auqust 2005.

Understanding the 9" ICH-Safety&Effficacy Guidieline on 26-29 Juty 2005.

Asean-EU University Network Programme Training Session on Introductory Bioethics:
Research Elhics on 23-25 November 2005

5 th Internationa! Conference on Defining the Roles, Responsibilities,and Relations between
National Health Autherities and Ethics Committees in Health Research on12-14 December
2005

Warkshop “Informed Consent: What,Why When and How" by FERCIT on11 January 2006
Institutional Ethical Conference by Chulalongkorn University on 9 Febuary 2006

Annual FERCIT Conference " Vulnerable subject” on 31 March 2006

“National Surveyer Training” by FERCIT and Medical Council on 8-10 May 2006

“Human Subject Protection Course” by FERCAP on 19-21 July 2008

five-day educational training at WESTERN [RB,USA on 24-28 July 2006

Thailand towards center of excellence in clinical trials " The sixth GCP Annual Update”

On 10-11 August 2006

Imecnational conference on Transparency and accountabilily in Health Research: Towards
an ethics of responsibility in human subject protection,on 29-30 November 2006.

GCP training for Ethics Commitiee Members on 28 November 2006.

EXPERIENCES IN RESEARCH ETHICS OR RELATED

1.

2.

Research Elhical Committee, Faculty of Medicine, Chulalongkorn University, 2004-2005
Research Elhical Commilttee and Secretary, Faculty of Medicine, Chulalongkorn University.

2004-present



Research Development and Joumal Editorial Bozrd Committee.Royal College of Physialrists
of Thailand, 1996-presen:

Head of Reseaich Development, Department of Rehabilitation Medicine, Faculty of
Medicine, Chulalongkorn Universily , Bangkok, Thailand.2C00-present

Secretary Forum for Ethical Review Commiiltees in Thailand (FERCIT),2006-present

ACADEMIC & ADMINISTRATIVE WORKS

1.

Medical slaff and Academic instructor,Depanment of Rehabilitation Medicine, Faculty of
Medicine,Chulalongkorn University, Bangkok, Thailand , 1398-present

Medical staff member Thai Red Cross Rehabilitation Center, Thailand, 1996-present
Director of Spasticity and Dystonia Clinic , Department of Rehabilitation Medicine, Faculty of
Medicine, Chulalongkorn University Hospital, Bangkok, Thailand. 1996-present

Hospilal accreditation and Quality assurance committee, Department of Rehabilitation
Medicine, Facuity of Medicine, Chulalongkorn University , Bangkok, Thailand, 2000-present
Patient administrative and recording commitiee.King Chulatongkern  Memorial

Hospital,Bangkok,2000-present

6. Scientific Exercise Strategies Committee, Ministry of Public Health, 2003-present

7. Healthy Aging Research Program Commilte2 and Secrelary, Chulzlongkorn University,
2004-present

8. Porfolio Assessment Committee, Chulalongko 'n University, 2005-present

9. Hezd of Neurorehabilitation Research Unit, Chulalongkorn University,2007-present

10. Head of Aging Coliaboration Clinical Excellent Center,King Chulalongkorn Memorial
Hospital, 2007 -present.

AWARDS

1. Scientific Award:The Project * Spasticity and Dystonia Clinic” from Royal Colleage of Thai
Rehabiliation Medicine Association in the Year 2001.

2. The besl researcher of Ratchadapiseksompotch Award of the Year 2002 from

Chulatongkorri University:The project * Effectiveness of Neurorehabilitation at Thai Red

Cross Rehabtliatation Center”



The Desl researcher of Ralchadapiseksompotch Award of the Year 2003 from
Chulalongkorn  Universily:The project” “Effectiveness of constraint-induced movement
technigue of unaffected upper exiremily in chronic stroke patients”

Research Awarg: The oroject “Local botulinum toxin lype A injections in the treatment of
spastic loes.” from Royal Colleage of Thai Rehabiliation Medicine association in the Year
2003

Research Award: The project “Effectiveness of low dose potulinum toxin in the treatment of
spasticity in adult patients.” from Royal Colleage of Thai Rehabiliation Medicine association
in the Year 2003.

Research Award: The project "Effect of exercice in pregnancy on maternal and fetal heallh”
from Roya! Colleage of Thai Rehabiliation Medizine association in the Year 2003.

Research Award: The project “Effectiveness of low dose botulinum toxin in various
movement disorders” from King Chulalongkorn Memorial Hospilal in the Year 2004.

The best researcher of Ratchadapiseksompotch Award of the Year 2004 from
Chulalongkorn University. The project :"The clnical trial to find the lowest effective dose of
botulinum toxin type A in upper limb spasticity of cerebral palsied children”

Exceilent Research Award: The project “Efiecliveness of constraint-induced movement
therapy in chronic stroke patients " from Royal Colieage of Thai Rehabiliation Medicine

Association in the Year 2004

10. Ratchdapiseksompotch Fund Award for Professarship in the year 2006

PUBLICATIONS
RESEARCHES

1.

Neurological Rehabilitation

Internationa!

1. Pajareya K, Suputtitada(Anannontsak) A., Paileekiee S.Functional skill after spinal cord

injury rehabifitation:a follow up study. J Med Thai Assoc 1698:81:310-5.

2. Suputlitada{Anannonlsak) A. The treatment of cenvical dystonia with low dose botulinum A
texin by EMG guidance. Proceeding of the 3rd Biennial Convention of the ASEAN

Neurological Associalion Congress on Febuary 3-5 1989.



3. Supullitada(Anannonisak) A. Three year experience in Botulinum toxin lype A treating of
wiriler's cramp.Procecding of the 3rd Biennia! Convention of the ASEAN Neurologicai

Association Congress on Febuary 3-5 1999,

4. Supultitada A. Managing spasticity in pediatric cerebral palsy using a very low dose of

botulinum toxin type A: preliminary report. Am J Phys Med Rehabil 2000; 320-6.

5. Suputtitada A. Local botulinum toxin type A injections in the treatment of spastic toes.
Proceeding of the 6th International Congress of Pzrkinson's disease and Movemenl

Disorders at Barcelona, Spain11-15 June 2000.

6. Suputtitada A. Cervical radiculopathy and myelopathy in cervical dystonia.Proceeding of the

1 st IFPRM at Amsterdam, Netherland 7-13 July 2001

7. Supultitada A. Local botulinum toxin type A injection in the treatment of spastic toes. Am J

Phys Med Rehabil 2002; 81: 770-5.

8. Suputtitada A, Phanthumchinda K, Locharernkisl C, Suwanwela NC. Treatment of writer's
cramp wilh very low dose botulinum toxin type A at King Chulalongkorn Memorial Hospital.
Abstracts of the International Conference 2002: Basic and Therapeutic Aspects of Botulinum
and Tetanus Toxins; 2002 Jun 8-12; Hannover, Germany. Naunyn Schmiedebergs Arch

Pharmacol 2002;365 Suppl 2:R7-50.

9. Suputtitada A., Aksaranugraha S., Granger CV., Sankaew M. Results of stroke

rehabilitation in Thailand. Disability and Rehabilitation 2003; 25(19): 1140-5.

10.Suputtitada A. Effectiveness of low dose botulinum toxin in the trealmenl of spaslicity in
adult patients. In: Ring H, Soroker N, editors. Proceedings of the 2" World Congress of the
International Society of Physical and Rehabilitetion Medicine (2™ ISPRM); 2003 May 18-22;
Prague, Czech Republic; 2003.p.611-8.

11.Suputtitada A, Aksaranugraha S, Granger CV, Sankaew M. Results of stroke rehabililation
Thailand. Disabil Rehabil 2003;25:1140-5..

12.Suputtitada A. Yooklanan P. Rarerng-Ying T. Effecl of partial body weight support treadmill

training in chronic stroke patients. J Med Assoc Thai 2004:87(Supp!2):S107-11.



13.Suputlitada A, Phantbumchinda K, Locharemkul C, Suwanwela NC. Treatment of hemifacial

spasm wilh low dose botulinum toxin injection: 3 & - year experience al King Chulslongkorn

q

Memorial Hospital. J Med Assoc Thai 2004; 87(10): 120¢

/

-11..

&

14.Suputtitada A, Suwanwela NC, Tumvitee S. Effecliveness of constraint-induced movement
herapy in chronic stroke palients. J Med Assoc Thai 2004;87(12): 1482-80.

15.Suputiitada A, Suwanwela NC. The lowes! effecive gose of bolulinum A toxin in adult
patients wilh upper limb spasticity. Disabil Rehabi' 2005:27(4) :170-84.

16.Suputtilada A, Thapioka S. The lowest effeclive dose of botulinum 1oxin type A in upper
limb spasticity of cerebral palsied children. Prozeedings of the 3" World Congress of he
international Society of Physical and Rehabilitation Medicine (3° ISPRM); 2005 April 10-15;

San Paolo,Brazil.

17. Suputtitada A, Suwanwela NC. Constraint-induced Movement Therapy fmproves
Spasticity and Dexterity after Stroke. Neurorehabiliatation & Neural repair 2006;20(1):106.
(Proceeding in the 4" World Congress of Neurological Rehabilitation, Hong Kong,Republic

People of China.).

18. Suputtitada A, Pconyachot T. 50% alccho! in water intramuscular neurolysis for
treatment of ankle spasticity. Neurorehabiliatation & Neural repair 2006;20(1):194.
(Proceeding in the 4" World Congress of Neurolagical Rehabilitation, Hong Kong,Republic

People of China.)

Thailand

1. Suputtitada(Anannontsak) A., Aksaranugraha S., Normal value study of blink refiexes at
Chulalongkorn Hospital. J Thai Rehabil. 1895 ; 5(1) : 39-47.

2. Pajareya K, Paileekiee S, Suputtitada(Anannontsak) A. Living conditions of rehabilitated
spinal cord injury persons in Thailand. Siriraj Hosp Gaz 1998;50(1):8-12.

3. Pajareya K, Intarakamhang P, Suputtitada(Anannontsak) A. Lower extremily bracing in

paraplegia. A follow-up study. Siriraj Hosp Gaz 1996;48(10):887-92.

4. Ratanatarn R, Suputtitada(Anannontsak) A, Aksaranugraha S. Epidemiology of cerebral

paisy at Chutalongkorn Hospital during 1986-1996. J Thai Rehabil 1999, 8(2): 58-66



5. Thaploka S, Suputtitada 4. The use of oral antispastic drugs in cerebral palsied children at
King Chulalongkorn Memorial Hospital between 1488-1398. J. Thai Rehabil 2001; 11(2): 63-

74,

8. Suputtitada A. Treatment of spastic agull palien(s with low dose of bolulinum toxin type A at

King Chulalongkorn memonal Hospital. Chula Med J 2002; 46{(4): 315-25.

7. Palangsaengwilai S., Supultitada A Neurorehabilitation in stroke patients at Thai Red Cross
Rehabilitation Center during 1996-2000. J Thai Rehabil 2004 ;14(3): 94-103.
8. Poonyachot T, Suputtitada A. The treatment of ankle spasticity in stroke patients with 50%

alcohol in water injection. J Thai Rehabil 2005 ; 15 (1) :21-29.
2. Electrodiagnostic Medicine

International

1. Suputtitada(Anannontsak) A, Massakulpan P, Aksaranugraha S, Phantumchinda K.
Somatosensory evoked potentials in X-linked recessive bulbospinal neuronepathy: a case

demonstration. Electromyogr. Clin Neurophysiol 1999; 39: 393-6.

Thailand

1. Suputtitada(Anannontsak) A, Aksaranugraha S Normal blink reflex study at Chulalongkom

hospital. J Thai Rehabil 1995:5(1):39-47

2. Jarunthum T, Suputtitada(Anannontsak) A, Bunnag Y. Normal H- reflex study at soleus

muscle at Chulalongkorn hospital. J Thai Rehabil 1996; 6(2):18-23.

3. Pinaikul H, Suputtitada(Anannontsak) A, Bunnag Y. Normal sensory nerve conduclion
study of superficial peroneal and saphenous nerve at Chulalongkorn Hospital. J Thai

Rehabil. 1897: 7° 85-90,

4, Massakulpan P. Suputtitada(Anannontsak) A, Aksaranugraha S. Distal median sensory
latency of middle finger in detection of early carpal tunnel syndrome.J Thai Rehabil

1997.7{1):35-42.

5. Reakatanan C.. Supuliitada(Anannonisak) A. Bunnag Y. Normal value of medial and {ateral

plantar nerve at Chutalongkorn Hospital. J Thai Rehabil 1999: 8(3): 248-54.



3.Musculoskeletal Rehabilitation

International

1. Suputtitada (Anannontsak) A Puapan P. Effecis of work postures on iow back pain.J
Human Ergol 1996:25(1):268-75.

2. Suputtitada A, Aksaranukraha S, Aksorntung S. Theppabulr A.  Effectiveness of Double
TENS in Mild to Moderate Knee Osleoarthritis. Proceedings of the 4th World Congress of the
International Scciely of Physical and Rehabilitation Medicine (4th ISPRM); 2007 June 10-15;

Seoul Korea.

Thailand

1. Suputtitada (Anannontsak) A, Aksaranugraha S. Spinal fracture complicaling
ankylosing spondylitis from swimming. A case report. Chula Med J 1995;3%(8):601-5.

2. Sukonthaman K. Suputlitada (Anannontsak) A, Bunnag Y. The study of low back pain in
the foundry plant  workers. J Thai Rehab Med 1338 ; 8(1) . 158-65.

3. Wechakitwanit L, Suputtitada A. Work-related neck and upper limb musculoskeletal
disorders in computer users. J Thai Rehabil 2000;9(3):97-110.

4. Suputiitada A. Three case reports of using botulinum toxin type A in chronic myofascial

peain syndromes. J Thai Rehabil 2001;11(1):35-4 1.

4 Therapeutic Exercise

International

i Suputtitada A, Wacharapreechanont T,Chaisayan P. Effect of the "Sitting pelvic tilt
exercise” during the third trimester in primigravidas on back pain. J Med Assoc Thai 2002;85
(Suppl 1):5170-0.

Thailana

1. Yongkiatpanich J, Supultitada A. The study of lypes and duration of exercise in Thai

geriatric population at Lumpini Park.J Thai Rehabil 2001;11(3):33-38.



2. Tanwattanz C, Supuftitada A, Aksaranugraha S. Srikiatkachon A, Samorrapoom C.
Effectiveness of modified quadriceps strenglhening exercise in patienls with osteoarthritis of
knees. J Thai Rehabil 2002; 12(1):32-43

3. Suputlitada A, Kanshana S.. Leetoagin S.. Pinmuang-Ngam C., Lamlenkittikul S,
Tachachainirun S,et als. Effecl of exercise during pregnancy on back, knee and leg pain,
Thait Journal of Health Promolion and Environmental Health 2002;4:59-72.

4. Suputtitada A, Kanshana S., Leelongin S., Pinmuang-Ngam C., Lamlertkittikul S,
Tachachainicun S.el als. Effect of exercise during pregnancy on matemal and fetal heallh.

Ministry of Public Heallh 2003;1:1-340.

5. Biomedical engineering

International

1. Suputiitada A, Jongrasittikul H,Pinthawirut K. Antispasticity ball splint, Thai material in stroke
patient. Proceeding in the US-Thai Biomedical Er gineering 12-15 December, 2005.

2. Suputtitada A, Sniyuthasak M,Techacheewin B. Biofeedback.Thai Equipment For Children
With Fecal Incontinence.Proceeding in the US-Thai Biomedical Engineering Symposium 12-
15 December, 2005

3. Kitisomprayoonkul W, Teeramongkonrasmee A Sriyudthsak M,Suputtitada A. Balance color
force sensor biofeedback for weight training in stroke patients. Proceeding in the US-Thai

Biomedical Engineering Symposium 12-15 December, 2005

_|

haitand



1.

Kijsiriku! A, Suputtitada A,Aksaranugraha S. The Jilot study of relationship in using Ocimum

Canum Linn Seeds ( Hziry Basil) in replacement of dinner ang lipid profile. J Thai Rehabil

2001;11(1):22-28.

TEXTBOOKS

1.

Suputtitada A.Rehabilitation trealment of osteoarthritis of knee joints. Proceedings in the
41s1 Annual Scientific Meeting,Faculty of Medicine,Chulalongkorn University on March 20-
24,2000,

Suputtitada A Botulinum toxin treatment in Spasticity and Cervical dystonia. Proceedings in
the Medicine Beyond Frontiers (the 42nd Annual Scientific Meeting), Facuity of
Medicine,Chulalongkorn University on June 25-29,2001.

Supullitada A.Rehabilitation in Stress Incontinence.: Proceeding in the 2" Urogynecology
workshop; Update management of female urinary incontinence. Department of Obstelic-
gynecology,Faculty of Medicine,Chulalongkorn University on 14-16 January,2002.
Suputtitada A. Spasticity. 1st ed. Bangkok: Ultra printing, 2004:384 pages.(Author of
1extbook) ="

Supultitada A. Exercise in low back pain.Bangkok:Ministry of Public Health,2004:25 pages.
Suputtitada A. Exercise in pregnancy and postparum. Bangkok: Ministry of Public
Health,2004:56 pages.

Suputtitada A. Guideline to exercise during pregnancy. Bangkok: Ministry of Public

Health,2004:30 pages.
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MOTION ANALYSIS AND MOTOR CONTROL iN
PATIENTS WITH OSTEQARTHRITIS OF KNEE
JOINT

Simon Fuk-Tan Teng

Chang Gung Memorial Hospital, Clinese Taipei

During the past decade, we have done a series of study relating
ta gait, muscle strength and clectromyographic analyses in
different age groups and palienis with knee osteoarthritis (OA).
In the study “Sagittal Plane Loading Response During Gail in
Different Age Groups and in People with Knee Osteoarthritis™,
gait parameters in elderly individuals and knee OA patients
were characterized by slower walking velocity, lower cadence,
shorter step length, longer sinde (ime, and longer double-
support tinie,; less heel contact and push-ofl forces, and with
mare loading force in the midfoot during midstance were also
noted. In the stdy “Changes in Sagittal Ground Reaction
Forees After Intra-Articular (IA) Hyaluronate (HA) Injections
for Knee Osteoarthritis™, gait patterns and sagittal ground
reaction forces (GRFs) were analyzed in patients with knee OA
before and afier IAHA injections. Results revealed distinctive
Tost of 2-peak force vector GRF and with delayed first peak rise
time. The distinctive 2-peak force vector GRF diagram
recovered after the completion of IAHA injections in patients
with knee OA. The study in knee OA was brought to another
leve! by investigating whether concentric and eccentric muscle
strengths of knee could be improved in patients with bilateral
knee OA after JAHA injections. In 25 patients with Ahlback's
grading scale of | or [l, concentric and eccentric muscle
strengths of knee were recorded belween 10 and 90 degrees of
knee flexion respectively before and after [AHA injections. The
recordings were done on two angular velocities: 80 and 240
degrees/second. Results had revealed significant increment in
both concentric and eccentric muscle strength, ranging between
5.1% and 27.7%. Our latest works, the alteration of muscle
activation patlemn were investigaled using surface electromyo-
graphy in patients with knee OA belore and after knee 1AHA
injections. In order to decrease pain and reduce instability. knce
OA paticnts need to gencrale compensalory muscle aclivities.
The balance of muscle activaton berween hamstring and
quadriceps s losl. angd co-activation of (hese muscles is
observed. The results revealcd that the aliered muscle activa-
tions patterns in knee OA patenls could be reversed (0 an
extent after IAHA injections that were similar 10 the healthy
non-OA knee control group. The resulls obtained in these
studies have provided new insights in the rehabilitative

102
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strategies in these patients. Perhaps the proper treaimen
seyuence in patients with knee OA s o restore muscle
aclivalion pattems initially before any muscle strengthening
therapies may be nnplemented 1o the lower extremity.

E-mail: fuang@adm.cgmh.org.tw

(OP13-1]

INITIAL CHANGE OF KNEE OSTEOQARTHRITIS
OBSERVED BY HIGH-RESOLUTION NUCLEAR
MAGNETIC RESONANCE IN MOUSE MODEL

Joon Shik Yoon, Sei Joo Kim, Gyu-Ho Lee, Jae Min Kim,
Hye Jin Baek

Korea Univ. College of Medicine, Korea

OBJECTIVES: X-ray findings of osteroarthrilis are cartilage
inflammation, denudation, osteosclerosis, and subchondral cy
But initia: change of osteocarthritis is hard to see in x-ray;
because it begins at canilage. This study was to observe the
cartilage of osteoarthritis 1a knee joint by high-resolution
nuclear magnetic resonance (NMR) and find the initial change. .
METHODS: Twelve 50g iCR mouse were raised for S wee
(2 are controls, 10 are experimental group) SOug solu(io:’_{'
(Monosodium todoacetate 0.2mg mixed with normal saline)}
injected in the right posterior knee joint. monosodiunt iodo-
acetate (MIA) 1s a molecule that induce osleoarthritts. Through:
the quadriceps tendon, MIA solution was vertically inject
with 30G needle for 30 seconds. We scrubbed the injection site!
Flexion- extension exercise was conducted for 30 seconds. They
knee joint of mice were obtained at 1, 2. 3, 4, 5 weeks afi
injection, 2 mice each week. Also knee joint of control grou
was obtained. We observed specimens by high-resolution
RESULTS: In the coronal and sagittal planes, there was o
pathologic findings in controls, 1, 2, 3 weeks group. 4 weel
group were observed thin bone cortex, inflammatory change GI2
bursa, synovial swelling. S weeks group were observed bong
cortex could be hardly seen and there were also inflammato
changes o7 bursae and syncvial swelling.

CONCLUSIONS: High-resolution NMR was 2 good device
see the early changes of osteoarthritis, especially in cartilagss
So the use of high resolution NMR was sirongly recommande
C-mail: Ikh5 14@hanmail.net

EFFECTIVENESS Of DOUBLE TENS IN
PATIENTS WITH MILD TO MODERATE DEGRE
OF KNEE OSTEOQARTHRITIS

Areerat Suputtitada, Emeritus Sek Aksaranukraha,
Sasiwimon Aksorntung, Athikarn Theppabutr

Chulalongkonm University, Thatland

OBJECTIVES: To study the etfectiveness of double TENS
pain and fonctional ability in patients with mild to mode®
degree of knee osteoarthriuis.

METHODS: Expenimenial study. randomized obsé
blinded control trial was done. Patients were randomized !
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, Expecnmental group A received double TENS 10
s per day for 10 days. Contrat group 8 ceeeived ulira-
‘qo minutes per day (or 10 days. Conirol aroup C
PR%d TENS 10 minotes pec day for 10 days. Control group
A ived | tablet (25 mg) of diclofenac orally. 3 Gimes a day
4 days. The eNectiveness of treatment was cevalualed by
ﬂ..o.ﬁ, WOMAC score, VAS, VAS for passive and active
o0, " and 20 metees walking time a1 week 0, 1, 2,
_‘L TS 60 Patients, 1S patients in each group had no
f|, ence in baseline daa. The double TENS group presented
Setatistically significant i improvement ia ali catcgories than
:msound and the TENS groups, aad more slalistically
cant reduction only in modified WOMAC score and 20

iy

Siresiwalkiag time than the diclofenac group at week 1.2

\:*w

03)-
.ﬁ‘f‘{ LUSIONS: Double TENS has grealer effecliveness
T :rasound and TENS but equal effeetiveness to diclofenac
eatment of patients with mild to moderate degree of knee
Garth 1us.
ik sareerat (@yahoo.com

e
55’. BLE FOR MEDIAL COMPARTMENT KNEE
STEOARTHRITIS

'. 'tﬂjro Shimada', Shigeru Kobayashi', Makoto Wada® 4
Kftzdc Ken(a Kamm , Masafumi Kubota', Shinichi

IVES: To show crelatiaaship between the effects of
2l wedged shoe insole and laxity of the knee in patients
medxal compartient osteoarthnus.
ETHODS: Forty medial compartment knces with osteoar-
ilis of 20 patients with bitateral disease and 38 knees of 19
< atched healthy subjects as contrals. We measured the first
gEcceleration peak after heel strke at the lateral side of the
“-- condyles during the siance phase of gait. We measured
Haxuy of the knee ysing Genucom knee analysis sysiem.
SULTS: The first acceleration peak was higher in osteo-
" itic knees than the control. Application of lateral wedged
Ples significantly reduced the first acceleration peak in
-"f‘ carthriuc knees. A positive relationship between total
-valgus laxity and improvement rate of the first accelesa-
;':" peak value afier application of lateral wedged shoe insole
BV4S recognized in osteoarthritic knees.
SONCLUSIONS: Osteoarthritic knees which have larger
valgus Jaxity would be expected the clicct of lateral
2dged shoe insolc, however 1hal have less varus- valgus laxity
fuld not be expecied. Our resulls suggest that varus-valgus
ty is one of important determinant of effect of latecal
°d8_€d shoc insole for osteoarthritic knees.

THE EFFECTIVENESS OF AQUATIC EXERCISE
FOR OBESE PATIENTS WITH KNEE
OSTEQARTHRITIS

Jae-Young Lim', Byung-tiee Kim', Esther Chac?, Yong-
Deok Kim', Hye-Jin Hong'

'Scoul National Univ. College of Medicine, Seoul Natioaal
Univ. Bundang Hospital, “Kangnam Health Center, Seoul
National Univ. Hospita), Karea

OBJECTIVES: We are intend 10 design The aquatic and on-
land cxercise program to eahance physical function and to
reduce body fat in obese patients with knee osteoasthrilis, and
to investigate the effectiveness of 2quatic exercise and on-land
exercise to body fat, functional fitness ard activity of daily
living.

METHODS: Participants were recruited among the paticats
who visited rehabilitation, oahopedic surgery and geriatric
outpatient clinic. [nclusion critznia are body mass index above
25 Kg/m2, abdominal circumference abave 90cm/85em (male/
female), clinically definite osteoarthritis, above Kellgren-
Lawrence scale 2 oa radiographic studics and independent
ambulation state. All partictpants were randomly allocated into
3 groups as aquatic (n=27), on-land (n=25) and control group
(n=23). Exercise mterventions werc done 3 times a week for 8
weeks. Body fat analysis, brief pain inventory (BP1), WOMAC
osteoarthritis index, SF-36 questionnaice and the isokinclic test
of knee were evaluated to assess the changes of body fat
component, pain, physical fuaction and quality of life before
and | month after exercise.

RESULTS: There were no significant differences ol demo-
graphic chacacteristics of each group before exercise: age. sex,
height, weight, BMI and the components of body fat analysis.
The weights and BMI afler aquatic and on-land execcises
showed the iendency of reduction but the differences of the
change between the two groups were not significant. There arc
no significant changes of body fa( analysis components among
each group. Both aquatic and on-land group showed a
significant improvement of pain, disabitity and qualiry of life
after exercises compared to conlrol group. [n addition, the
change of pain interference in aquatic group (50.817.9—
37.3x15.3, P=0.009) was greater than on-land group.
CONCLUSIONS: Aqualic exercise is an effective lool for
obese patients who have a difficulty in active exercisc due to
combined knee osteoarthritis

E-mail: drliml@snu.ac kr
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HIV ASSCCIATED ARTHRITIS - OUR
EXPERIENCE

Sinph Jav Akoijam

Regional fnstitute of Medical Sciences, India

OBJECTIVES: To find out pauem of joints mvolved and
cffectivencyss of a treatment program in HIV associated anhrits
METHODS: A cohort of 26 human immunodeficiency vifus
associaled arthritis patients (21 males and $ temales) who

103
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~ Mild to Moderate
~Knee Osteoarthritis
] Professor Areerat Suputtitada,M.D. %
| Emeritus Professor Sek Aksaranukraha,M.D. b 14
gj Sasiwimon Aksormtung, M.D. o
i Athikarn Theppabutr, M.D.

Degartment of Rehabilitation Medicine, Faculty of Medicine,
Qhulatongkem University, Bangkok, Thailand i

Introduction

|Knee osteoarthritis

'w One of the mest common causes of (unctional
limitatien and dependendy.

. w Symptoms such as pain, stiffness, and muscle

| weakness.

= Aim of treatment- decrease pain and Improvement
of functiona! ability

= EBM: Medication, exercises, ultzasound, TENS,
interferential current ,sole wedge

What is double TENS?

- Electrical stimulation by way of
!interferential current (1FC) was delivered
jwith two TENS of low frequencies and low
intensities.

‘a The low frequency IFC will cross at the
point of paln within the knee joint

Evidences of treatments???

Double TENS

Pervonnel expeciences af ut

The efficacy in pain relief is better when
compared with ultrasound and TENS.

Low cost, Easy to use, Home program

" [ Objectives

! To study the effectiveness of

| Double TENS compared with

| Ultrasound, TENS and Diclofenac in
mild to moderate knee osteoarthritis

| in pain and functional abilities.

Ethical consideration

Approved by the Research Ethic
Committee, Faculty of Medicine,
. Chulalongkorn University




Study design
!E){bgrim_en_'lfa.i _raﬁd;mTzed, obserVér
‘blinded, controlled trial

! . 1
‘ Setting |
Degpartment of Rehabifitation Medicine,
]t«ng Chulalongkorn Memorial Hospital

Studied population

s Mild to moderate OA knee by Index of
severity for knee osteoarthritis (1S0A)

! 214 - Most severe
1§-13 - Marked severe
8-10 - Severe
S-7 - Moderate
-4 - Mild

Inclusion criteria ’

American College of
Rheumatology

Knee pain + 1/3 of

1. stiffness < 30 min

2. Age > 50 Yrs >

3. Crepitation on knee motion with f§
Psteophy‘te in x-ray L

i

fLExclusion criteria

» Knee injury ,infection & surgery -
» Tendinitis or myofascial pain around knee
> Low back pain & Plantar fasciitis

» Cardiac pacemaker

> NSAID-7D

» Glucosamine ,corticosteroid-1 Mo

~ Hyaluronan — 6 Mo

+ Ultrasound , TENS - 1 Mo

Materials

Ultrasound

m 2 TENS

Materials

= Baseline data
s Modified WOMAC Scale
A. Pain § items (0 - 5)
B. Stiffness 2 items (0 - 5)
C. Functional abifities 17 items(0 - 5)
= Visual analog scele
A. Overall
8. Active ROM
C. Passive ROM
n 20 metres walking time (S)




Double TENS

Methods

Mild to Moderate
OA Knee

'

4 Groups by tabla of 7andom Aumbers
- Modifted WOMAC scabe, VAS, VAS for

paastva and »ctive motion, 20 metree walking
tme
j
Douhse TERS URrasound Slaghe TENS Didlofenac
50,150 +x 1-1.5 w/em2 100 Hz 2Smgx3

Modifled WORAL scale,VAS, VAS for pasuive
and activa maton, X0 meows walking Umae
at tha and af Wi 1 and Wk2

|

l
Table 1 Baseline data of each group
H

3

.| Double TENS |

| statistical analysis

= 3aseline data - Chi-square & Kruskal-
| Wallis test
u Comparison within group {before and
 after) - Wilcoxon signed rank test
« Comparison between groups - One-way
Anova

Significant at p<0.05 .

'l_lable 2 Comparison of Double TENS group
° between Week 0-1 and Week 0-2

«Slgnificant at p< 0.05 by Wilcoxon signed rank test




Table 3 Comparison of Ultrasound group
i between Week 0-1 and Week 0-2

Basefine weexd | 1% | p-value o | val
week | PYAVE | eek PRIV
Modifted WOMAC 0.083 002*
Sale
VAS S B R 0.152 0.016%
VAS of active. 0.091 ‘0.00R"
e et ke e ooty 4
VAS of [ (] 0.441 =
T 0.474 0823

* Significant at p< 0.05 by Wilcoxon signed rank test

T:able § Comparison of Diclofenac group
between Week 0-1 and Week 0-2

T#ble 7 Multiple comparison to Double TENS
| group between Week 0-1 and Week 0-2

[T
YIRS <

Table 4 Comparison of Single TENS group
between Week 0-1 and Week 0-2

* Significant at p< 0.0S by Wilcoxon signed rank test™

Table 6 Comparison between Week 0-1 and Week 0-2
between all group

trmsaiond | Sliga TENS | Dilatense | P=ralua

Tviluation [Tine

Discussion

iEffectiveness
1. Double TENS (most effective)

2. Diclofenac ( significant when
compare before and after both 1%
and 2" week)

3. Single TENS
4. Ultrasound- less effective




 Strength of 1|- Evidences of treatments
' Recommendation |

, = Diclofenac A (1A) Diclofenac

= TENS B (18) . The efficacy in patn relief is better and fewer
n Ultrasound C (1B) -side effects compared with ibuprofen, naproxen,
and piroxicam.

[ YT 2003; an cvh based app Lo Whe mansgement
of ke atecarthrits Report of 8 Task Force of the SRanding Committee for

| teesmatonsl Climcal Stusies Jnchxding Therapeutic Trat( ESCISTTY
Ann Rbeum Dfs 2003;52:1145-55,

| [Evidences o_f-‘treatments | Evidences of treatments

TENS Therapeutic US
. {:onventlonal TENS has been found to effectively relieve pain
= High (noxious) Intensity TENS are uncomfortable and

u Relieve OA pain

analgesic effect has not been established yet » Reduce edema .
» Current parameters (e.g. intensity) should be constantly a Enhance the fiexibility of connective tissues.
ad?usted during treatment to prevent adaptation. : e N R TG A w5 T AR o o rer s

S
| i A s s . S e A B S i i S
IE L

|l-—-:-—al\h.-\.»n-a—-v APt | g v Lo By 2 Vo - o G e e B e Vet

e | P B A Pt St . e s e . . e e

| FSSOREE S
{ et 1o Fonthr o et e i (o 14 101
|

'Evidences of-_fr.eatments Double TENS

Interferential current = Gate control theory
u Release endorphin
s Difference frequency

» Henetrating to deeper tissue levels
= Longer post stimulation effect

u More comfortablc to patients fow o I 1
® ement of infiarmmation in animal = @ =Low frequency, IOW !ntenSlty
| dies - » Double TENS has anti-inflammatory

action too? ESR&CRP-nonspecific

— —— B T Bt S B




Conclusion

Double TENS are statistically
significantly more effective than
Ultrasound, TENS and Diclofenac in
mild to moderate osteoarthritis of

| knee.

Suggestion

H Double TENS has anti-inflammatory effect?

— wider applications in other rheumatic
‘diseases

uProduce the double TENS machine -
current work

! Patent Application no. for our double TENS
liz 070-3000-613 dated June {1, 2007.

u
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EFFECTIVENESS OF DOUBLE TENS IN PATIENTS WITH MILD TO MODERATE DEGREE OF KNEE
OSTEOARTHRITIS

Areeral Suputtitada, Sek Aksaranugraha, Sasiwimon Aksorntung, Athikarn Theppabutr

Department of Rehabiiitation Medicine. Faculty of Medicine, Chulalongkorn University

ABSTRACT
Objeclives: To sludy the effectiveness of double TENS on pain and funclional ability in patients with mild 10
moderate degree of knes osteoarthritis.
Study Design: Sxperimental study, randomized observer blinded control irial was done.
Methods: Patients with mild t¢ moderate OA knee were randomized into 4 groups. Group 1 received double
TENS 50Hz and 100 Hz for 10 minutes, apply the poles of elect-odes in perpendicular each other make the
currenl ¢ross at the point of pain within the knee joint 10 minutes per day.Group 2 received 1 tablel (25 mg)
of diclofenac orally, 3 times a day for 14 days. Group 3 received single TENS 100 Hz 10 minutes per day.
Group 4 received ultrasound 1-1.5 w/em® 10 minutes per day. All 3 groups had applied lhe modalities 10
workdays. The effectiveness of treatment was evaluated by mcdified WOMAC score, VAS, VAS for passive
and active motion, and 20 metres walking time at week 0, 1, 2.
Results: 60 Palients thal were 19 in double TENS group. 14 in diclofenac group,15 in single TENS group and
12 in ullrasound group had no difference in baseline data. The double TENS group presenled more
statistically significant improvement in Modified WOMAC scaie:, VAS, VAS of active ROM, VAS ol passive
ROM Ihan Ihe ultrasound, TENS and diclofenac groups when compare between week 0 and week 1 and
week 0 and week 2 (p<0.05)
Conclusions: Double TENS revealed greater effectiveness than diclofenac, TENS and ultrasound in treaiment
of patients with mild to moderate degree of knee osteoarthritis

Kevwords: Knee osteoarthritis, doubie TENS, ultrasound, TENS. diclofenac . psin, funclional abilily

Osteoarthritis (OA) is the most prevalent disease associated with significant morbidity, and is ane
of the most common causes of functional limitation and dependency. QA of the knee is particularly disabling
due lo symptoms such as pain, stiffness, and muscle weakness'” Furthermore, restricted joint range of
motion (ROM) is associated with abnormal poslure and may exacerbale disabili!y.3 To date, no curative
treatment for OA exists. The primary goals for OA therapy are 1o relieve pain, maintain or improve funclicnal
slalws, and minimize deformity. The efficacy of diclofenac in pain relief should be considerably beter angd
also result in fewer side effects compared with ibuprofen, naproxen, and piroxicam.” Transcutaneous

eleclrical narve siimulalion (TENS) and ulirasound are commonly used in osleoarthritis.® Intererential

current ) was delivered with two current of high lrequencies and high intensities. Intederential current

revealed penetrating o deeoer tissue levels, longer post stimulation effect,more comfortabie to patients and

decrement of inflammation in animal studies. >



European League Against Rheumatism (EULAR) recommendations state thal both pharmacological
and non-pharmacologial interventions are needed for optimal treatment of OA knee wilh al leasl 33 potenlially
effective interventions at the cliniclans’ disposal ¥ Jen of these inlervenlions are listed as non-
pharmacological and § of these non-pharmacclogica! inlerventicns are physical agents. acupunciure. low
level laser therapy (LLLT). pulseda slectromagnetic fields (PEMF. including shortwave therapy SWT).
Iranscutaneous electrical nerve stimulation (TENS), and ultrasound ‘US). While paracetamol, opioids and
coxibs receive recommendations based on the second highest level of evidence (18)

By our personnel expariences, we use double TENS for a long time, and found lhe eflicacy in
decrease pain of OA knee. The efficacy in pain relief is better when compared wilh ultrasound and TENS,
Double TENS is the eleclrical stimulation by way of interferential current (IFC) was delivered wilh two TENS of
low frequencies and low intensities. The iow frequency IFC will crass at the point of pain within Ihe knee joinl..
Since we can use the double TENS as the home program by patients themselves and it was unexpensive.
easy to use, solhat we would like to study the effectiveness of double TENS in OA knee.

Objeclive

To study the efeclivenass of double TENS compared with Ultrasound, TENS and Diclofenac in mild lo
maderate knee osteoarthritis in pain and functional abilities.
Siudy Design

This was a prospective, randomized, observer-blind, clirical tria

Elhics
The swdy was approved by the Ethics Committee 3f the Faculty of Medicine, Chufalongkorn

University, Bangkok, Thaitand.

Materials and methods
Study population
Sixty adult patisnls with miic to moderate OA knee by Index of severity for knee osteoarlhritis (ISOA)
are fecruilec into the study wilh the following inclusion and exciusicn criteria. The sludy population are
random into fous groups by random tableFifleen patients each group.The Index of severity for knee
osteocanthyitis (ISOA) are as tha follows';
2 14 - Most severe

11-13 - Marked savere

8-10 - Severe
5-7 - Moderale
1-4 - Mild

Paliants were inciuded in the sludy based on the criteria of American College of Rheumatolegy (hat
consist of knee pain and one in Ihree of the follows;(1) stiffness < 30 min;(2) age > 50 years ;(3) crepitation

on knee maotion wilh ostecohyte in x-ray. Exclusion chleria were based on Lhe following criteria: (1) previous



kree injury .infection & surgery: (2)Tendinitis or myofascial pain 3round knee : (3) low back pain & plantar
tasciilis ; (4) have cardiac pacamaker; (5) use NASID wilhin 7 days - (8) use glucosamine or corticosleroid
within 1 month; (7) use hvaluronan within 6 months; and (8) apply ultrasounad or TENS wathin 1+ month.
Malerials
1. One ulttasound machine.intensity1-1.5 wicm’ fof 20 minutes, apply al the lender poinl
2. Two transcutaneous electrical nerve slimulation{TENS) machines,set paramelers as the lollows:
double TENS use 50Hz 2nd 150 Hz for 10 minutes, apply the poies of electrodes in perpendicular each other
make the cument ¢cross 3t the paint of pain within the knee joint as figure 1 ; TENS use 100 Hz for 10 minutes
apply al Ihe tender coint
3. Modifiec WOMAC Scale,3onsists of 3 catecories™;
A, PainSilems (€ - 5)
B. Stiffness 2 items (0 -5)
C. Functional abilities 17 items(0 - 5)
4. Visual analog scaie of the foliows";
A, Overall
B. Actlive ROM
C. Passive ROM

5. Walch and 1ape for 20 metres walking time (S)

Figure 1 Electrodes piacement and stimulation frequencies of double TENS

Methods : Experimental study, randomized observer blinded controi trial was done. Patients with mild 1o
moderate OA knee were randomized into 4 groups. Group 1 received double TENS 50Hz and 100 Hz for 10
minules, apQly the poles ol electrodes in perpendicular each other make the current cross al the point of pain
within (he knee joint 10 minutes per day.Group 2 received 1 tablel (25 mg) ol diclofenac orally, 3 times a day
for 14 days. Group 3 recewed single TENS 100 Hz 10 minutes per day. Group 4 received ultecasound 1-1.5
wiem’ 10 minutes per day. All 3 groups had applied the madalities 10 workdays. The efiectiveness of
treatment was evaluated by modified WOMAC score, VAS, VAS for passive and active mation, and 20 metres

watking time at week 0, 1, 2 as figure 2 of flow chan



i 4 Groups by table of random numibers
y - Modified WOMAC scale, YAS, VAS for .
| passive and active motion, 20 metres walking 5

§ Double TENS IR yitrasound 4 single TENS (Il
i 50,150 Hz BEH 1-1.5 w/cm2 M 100 Hz =

215

} Modified WOMAC scale,VAS,VAS for passive
and active motlon, 20 metres walking timve
4 at the beginning of Wk 2 and Wk3

Figure 2 Flow charl of (he study
Statistical analysis
Chi-square & Kruskal-Wallis test are used for comparing baseline data ol four groups. Wilcoxon signed

rank tesl are used for comparing within groups (before and aftar).One-way ANOVA are used for comparing

behveen groups. The statistically significance of ali comparison are &t p<0.05.

Resulls

Sixty Patients that were19 in double TENS group, 14 in diclofenac group.15 in single TENS group and
12 in ultrascund group had no difference in baseline data as teble 1. The double TENS group presented
statislically significant improvement in all categories between week 0 and week 1 and week 0 and week 2
(p<0.05) as table 2. The diciofenac group presented statistically significant 'rmprove.rnenl in Iall calegories
tetween week 0 and week 1 and week 0 and week 2 (p<0.05) as table 3. The single TENS group presenled
statistically significant improvement in all categories except VAS of aclive motion and 20 metres walking
times between week ¢ and week 1 and except 20 metres walking times between week 0 and week 2 (p<0.05)
as (abled The ulirasound group presented statistically significant improvement in all categories excepl 20
melres walking times only between week 0 and week 2 (p<0.35) as table3.. The comparison between Weesk
0-1 and Week 0-2 between all groups presented statistically significant difference (p<0.05) as table 6. The
double TENS group presenled more slalislically significant imarovement in all categories than (he diclofenac.
single TENS and ultrasound groups when compare betweer week 0 and week 1 and week 0 and week 2

(p<0.05) as teble 7.



Table 1

Baseline data of each group

i h”ﬁase!i_r':e : | Double TENS uIs Single TENS Diclofenac p-value
Numbers 19 12 15 14
Age (year) 61 (50-77) 62.5 (50-85) 56 (48-76) 66 (49-84) 0.108
Male 0 0 1 0] 1.000
Female 19 12 13 14
BMI (kg/m?2) 24.7 (19.3-34.6)}.3 (19.6-32.0) |25.2(21.3-37.8) 23.7(19.1-32.8) | 0372
Lefi 10 8 6 9 0.466
Right 9 4 3 5
Modified WOMAC 33 (14-77} 28 (16-33) 28 (14-44) 31 (7-53) 0.452
VAS 43 (26-71) 38.5 (8-63) 48 (27-95) 29 (4-58) 0.019°
VAS of aclive ROM 40 (18-70) 39.5 (8-57) 44 (23-80) 20.5 (0-56) 0.150
VAS of passive ROM 47 (24-75) 37.5(8-61) 47 (25-65) 28 (13-55) 0.061
20 M walking lime(s) 26 (13-55) 33.5 (20-45) 28 (13-38) 15.5(11-19) <0.001*
The data are shown as mediar (min-max)
“Significant at < 0.05 by Chi-square & Kruskal-Wallis test
Table 2 Companson of Double TENS group between Week 0-1 and Week 0-2
"'I.‘:!_aseﬂne' ' ; Week 0 {1t week _ \p-valu_e_' {2na week | p-value
Modified WOMAC Scale 33 (14-77) 16 (0-49) < 0.001* 9 (0-43) < 0.001*
VAS 43 (26-71) 18 (8-50) < 0.001" 10 (0-39) < 0.001°
VAS of active ROM 40 (18-70) 18 (0-48) < 0.001" 11 (0-35) < 0.001"
VAS of passive ROM 47 (24-75) 18 (0-55) < 0.001* 15 (0-40) < 0.001°
[ 20 M watking lime(S) 26 (13-58) |27 (11-52) 0.004 * 26 (10-35) 0.040°

The dala are shown as median (min-max)

“Significant at < 0.08 by Wilcoxon signed rank lest




Table 3 Comparison of Diclofenac group between Week 0-1 and Week 0-2

" Baseline : Week 0 : 1st week .: p-value '--2n:& week | p-value
Modified WOMAC Scale | 31(7-53) | 32 (0@7) 0.009° | 29(0-45) 0.001°
VAS 29 (4-58) 15 (0-43) 0.001* 14.5 (0-40) 0.001*

VAS of activa ROM 205(0-56) | 16(4-60) | 0041° | 15(0-45) 0.002
VAS of passive ROM 28(13-55) | 14.5(3-61)| 0.048" | 13.5(4-55) 0.009"
20 M walking time(S) 15.5 (11-19) | 14.5 (10-18) 0.005* 14 (10-18) 0.005°

The daia are shown as medtan (min-max)

* Significan! at < 0.05 by Wilcoxon signed rank test

Table 4 Comparison of Single TENS group between Week 0-1 and Week 0-2

[Baseline | Week0 1st week pvalue |2nd week | p-value

Modified WOMAC Scale 28 (14-44) 15 (8-45) 0.028* 17 (5-43) 0.023°

VAS 48 (27-95) 40 (6-75) 0.041" 33 (10-60) 0.006°
VAS ot active ROM 44 (23-80) 37 (2-80) 0.247 33 (2-60) 0.022*
VAS of passive ROM 47 (25-65) 38 (6-79) 0.023° 30 (8-50) 0.001°

20 M walking lime(sec) 28(13-36) |24 (12-37) 0.732 22 (12-38) 0.358

The data are shown as median {min-max)

“ Significant at < 0.05 by Wilcoxon signed rank test



Table 5 Comparison of Ullrasound group between Week 0-1 and ‘Neek 0-2

Baseline Week 0 18t weak p-value 2ng week p-valuo
Modified WOMAC Scale 28 {16-33) 24.5(16-32) (.083 17 (9-28) 0.002*
VAS 38.518-63) 33 (8-52) ).152 28.5 (4-44) 0.016’
VAS of aclive ROM 28,5 (8-57) 31.5(8-48) 2.091 25 (3-39) 0.008*
VAS of passive ROM 37.5 (8-61) 35.5 (8-51) 0.441 25(7-34) 0.023"
20 M walking time(S) 33.5(20-45) | 34 (25-42) 0.474 33 (25-40) 0.823
The data are shown as median (min-max)
~ Significant 21 < 0 05 by Wilcoxon signed rank test
Table 6 Comparison between Week 0-1 and Week 0-2 between all groups
- Evaluation Time Double TENS | Ultrasound |Single TENS | Diclofenac | P-value
Modified WOMAC Week0-1 17 (5-31) 5({(8.11) 7 (-14,25) 2(-5.14) <0.00%°
Week0-2 23(8-37) 9(2-17) 11(-10.32) 6 (0-17) < 0.001°
VAS Week0-1 23 (15-39) 1 (-8.21) 7 (-33.45) 10 (1-35) < 0.001*
Week0-2 30 (20-54) 9(-9,28; 14 (-12,65) 14 (2-36) < 0.00%"
VAS AROM Week0-1 19 {2-46) 55(-8,2") 3(-35,33) [5.5(-16,27) | <0.001*
Wegek0-2 26 (14-53) 11(-1,33) | 14(-30,34) 9 (0-36) <0.001*
VAS PROM Week0-1 23 (4-57) 0(-14,22) 11(-49,31) | 2.5(-6,38) < 0.001°
Week0-2 28 (9-65) 11 (-15,40) | 16(-1,36) 7 (-4,38) < 0.001"
20 M Walking time (S) | Week0-1 2(-2.7) 1.5(-9.10) | 1(6,11) 1(-1.2) 0.139
' Week02 | 3(422) [05(1011) | 1(:512) 1(-13) 0.577

The dala are shown as median (min-max)

* Significant at < 0.0% by Kruskal Wallis Test




Table 7 Mullipte comparison to Double TENS group between Week 0-1 and Week 0-2

Evaluation Time uis P-value }ingle TENS [P-value |Diciofenac P-value |

Modified WOMAC Week0-1  [12.98 (2.9) .000* 9.12(2.8) .020" 12.53(2.8) | .000°

Week(-2 [12.07 (3.3) .000" 1140 (3.1) 000" 15.24 (3.1) | .000*

VAS Weex0-1  [20.65 (4.2) .00e" 15.09 (4.0) .000° 11.68(4.0) | .006°

Weex0-2 [22.03(4.7) .000* 18.19 (4 4) .000° 17.95(4.8) | .000°

VAS AROM Week0-1 [1529(50) | .003* |16.06(46) | 001* [13.08(4.7) | .008"
week0-2 |15.66(4.5) | .001*  [16.31(a.2) | .000° [14.86(a3) | .00t
VAS PROM WeekO-1 [21.11(5.3) | .000*  |13.26(55) | 011 [1524(5.1) | .c04"

Week0-2 [19.03 (4.7) .000* 12.95(4.4) 004" 19.16 (4.5) | .000°

The dala are shown as mean difference (SD)

" Significant at < 0 05 by one way ANOVA (Post Hoct Test)

Discussion

Double TENS presentad the most statistically significant effective modalilies since presented morg
statistically significant improvement in all categories than diclofenac, TENS and ulirasound when compare
between week O and week 1 and week 0 and week 2. Diciofenac presented lhe second effeclive Irealment
since had statistically significant improvement in all categories when compare between week 0 and week 1
and week 0 and week 2. Single TENS presented the third effective treatment since had siatislically significant
improvement in all categories except VAS of active motion andg 20 metres walking times between week 0 and
week 1 and except 20 metres walking times between week (b and week 2. Ullrasound presented Lhe less
effective treatment since had statistically significant improvemsnt in all categories excepl 20 metres walking
times only between week C ang week 2.

The resufte of this study are compatible wilth the the strength of recommendalion by EULAR
Recommendations in 2003 , that Diclofenac had evidences c¢f grade A (1A),single TENS had evidences of
grade B (1B) and ultrasound had evidences of grade C (1E).  The efficacy in pain relief of Diclofenac is
beiler and fewer side effecls compared with ibuprofen, naproxen. and piroxicam.”’ Conventional TENS has
been found 1o effectively reiieve pain. High (noxious) intensity TENS are uncomforlable and analgesic effecl
has not been eslablished vet. Current paramelers (e.qQ. inlensity) should be constantly adjusted during
realment 0 prevent adapiation.™® Therapeutic uitrasound (US) has been used lo lreat many
musculoskeletal diseases and is also repuled to reduce edema,'”'® relieve pain. increase ROM.” and
accelerate tissue repair. 7' Some investigations have applied S to enhance the flexibility of conneclive

tissues.”



Double TENS 1s he glectical simulation by way of intederential current (IFC) was delivered with
two TENS of low frequencies and low intensities. The low frequency IFC will cross al the point of pain within
the knee jont.interferential current revealed penelating 10 deeper lissue levelslonger post stimulation
effect.more comfonaole 1o patiu-:ntsz'\ and decrament of inflammation in anima) sludies. >

Our hypotheses of the effectiveness of Double TENS are as the follows: (1) gale control theory:(2)
release endorphin;(3) difference frequency;(4) low (requency, low intensity;(5) Double TENS has anli-
inflammatory action too Since the ESR and C-reaclive protein are slill nonsgecific”, we will use anocther
specific laboratory for proving the anti-inflammatory action in the fture study.

Conclusion

Double TENS are statistically significanlly more effective than Diclofenac, single TENS and

Ultrasound in mild to moderate osteoanhyritis of knee.
Suggestion

We are questionable that double TENS also has anti-infammatory etfect or not? Since we would like
lo expand the wider applications in other rheumatic diseases as well  We are also producing lhe doudble
TENS maching .The palent apglication number for our double TENS is 070-3000-613 daled June 1, 2007.
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