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VISCOSUPPLEMENTATION

VERSUS

PHYSIOTHERAPY IN KNEE

OSTEOARTHRITIS: Short-term effects on biomechanical parameters of gait

DiZ OSTEOARTRITINDE VISKOSUPLEMENTASYON FiZYOTERAPIYE KARSI:
Kisa donemde yuriuylisun biyomekanik 6zelikleri Uizerine etkileri

Gunes Yavuzer!, Birkan Sonel Tur!, Nurben Siildiir!, Siireyya Ergin1

ABSTRACT

Aim: This aim of this prospective, controlled, single-
blind study was to compare the efficacy and side effects
of intraarticular Hyaluronan or Hylan G-F 20 injections
and a three weeks of physiotherapy (PT) program in
treatment of knee osteoarthritis (OA).

Methods: Thirty patients with knee OA were assigned
into one of the three groups. Groups teceived intraartic-
ular injections of Hyaluronan or Hylan G-F 20, or phys-
iotherapy program, respectively. The outcome parameters
measured before and one week after 3 weeks' intervention
were  Western Ontario  McMaster  Universities
Osteoarthritis Index (WOMAC), and kinematic and
kinetic gait characteristics.

Results: Pain subscore and total score of WOMAC,
sagittal plane excursions of the knee, extensor and adduc-
tor moments and scaled vertical forces improved in all of
the groups. However, the statistically significant differ-
ence was observed in only subjective clinical assessments
(pain subscore and total score of WOMAC) of PT group.
Conclusion: Intra-articular viscosupplements are found
to be effective and safe not only in relieving pain but in
altering the natural history of the knee OA, by decreasing
joint loading, as well.
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OZET

Amag: Bu prospektif, kontrollii, tek-kor ¢alismanin amact
diz osteoartritinin (OA) tedavisinde diz i¢i Hyaluronan
veya Hylan G-F 20 enjeksiyonlart ile 3 haftalik fizyoterapi
(FT) programinin etkinligi ve yan etkilerinin karsilastiril-
mastdir.

Metod: Diz OA'st olan 30 hasta ti¢ gruptan birisine dahil
edildi. Gruplara diz i¢i Hyaluronan veya Hylan G-F 20
enjeksiyonlar: veya 3 haftalik fizyoterapi (FT) programi
verildi. Sonug¢ degerlendirme 6lcekleri

Western Ontario McMaster Universities Osteoarthritis
Index (WOMAC), ve yiirtiytisiin kinematik ve kinetik
Szellikleri 3 haftalik tedaviden 6nce ve sonra uygulandi.
Bulgular: WOMAC agr1 alt skoru ve toplam skoru, diz
sagital plan toplam hareket agist, ekstansor ve adduktor
momentler ve vertical yer reaksiyon kuvvetleri her ig
grupta da dizeldi. Ancak subjektif klinik degerlendirmel-
erdeki (WOMAC agr1 ve toplam skoru) degisim sadece
FT grubunda anlamliydt.

Sonug: Eklem ici viskosuplementler diz OA'da agrinin
azaltilmasinda ve eklem yiklenmesini azaltarak hastalik
seyrinin dizeltilmesinde etkin ve gtivenli bulundu.

Anabtar kelimeler: Osteoartrit, hyaluronan, hyalan,
fizyoterapi
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INTRODUCTION

Osteoarthritis is the most prevalent and costly joint
disease in older adults. According to the American
College of Rheumatology (ACR) Guidelines for the
Medical Management of Osteoarthritis (OA), the goals
of management for patients with OA of the knee are
to control pain and other  symptoms,
maintain/improve joint mobility, minimize disability,
and educate patients and their families about the dis-
ease and its therapy [1]. Guidelines specify two major
treatment modalities: non-pharmacological therapy
(patient education, physiotherapy, weight loss, ambula-
tory assisstive devices and orthotics) and pharmaco-
logical therapy (simple, topical or opioid analgesics,
non-steroidal anti-inflammatory drugs (NSAID), mus-
cle relaxants, antidepressants, intra-articular steroids
and hyaluronic acid (HA) injections) [2]. At present,
pharmacologic therapy for OA is only palliative and is
based on the use of analgesic or anti-inflammatory
agents, which are singly or in combination. Also, ther-
apies devised to alter the course of the disease are few
(such as weight loss and exercise) and may depend on
the underlying etiopathogenetic processess. Therefore,
therapies that will be analgesic, anti-inflammatory and
ideally, that may alter the natural history of the disease
are needed [3].

Intraarticular viscosupplementations have been
proposed as effective and safe alternatives for the man-
agement of knee OA [4-10]. Hyaluronan (Orthovisc®)
and hylan G-F 20 (Synvisc®) are the viscosupplements
administered intra-articularly, as a course of three
injections, to supplement and restore the shock
absorbing, protecting, and lubricating properties of
the synovial fluid. They may also decrease production
of prostoglandins and cytokiness [4]. The net result is
a knee joint that has reduced pain and improved mobil-
ity. They requires 3-8 weeks to have its maximum
effect. Different studies confirm that HA therapy
relieves pain, reduces consumption of non-steroidal
anti-inflaimmatory drugs (NSAIDs) and delays surgery
[6]. However, the outcome parameters used in most of
those clinical trials are relatively subjective, self admin-
istered questionnaires such as visual analogue scales,
Lequesne Index, Lysholm scale, SF-36, Western
Ontario McMaster Universities Osteoarthritis Index
(WOMACQ), physician and patient global assessments
[6,9,11]. Being a developing country in financial crisis,
before prescribing expensive viscosupplementations in
the routine of our outpatient clinic, we would like to
investigate the objective efficacy of intra-articular
hyaluronic acid injections.

The effectiveness, safety and low economical bur-

den of physiotherapy (PT) for OA of the knees are

well known in most of the European countries.
Relieving pain and muscle spasms, and strengthening
quadriceps and hamstring muscles, PT programs
increase mobility and decrease disability in patients
with knee OA. A comprehensive graded exercise pro-
gram with isotonic resistive exercises for OA of the
knee has been shown to result in increased quadriceps
and hamstring strength and increased ability to per-
form chair rises, walking, and climbing [12].

The purpose of that prospective, single-blind, con-
trolled study was to compare the efficacy and side
effects of intraarticular Hyaluronan or Hylan G-F 20
injections and a three weeks of PT program in treat-
ment of knee OA, in terms of pain and stiffness sever-
ity, physical functioning and biomechanical parameters
of gait.

METHODS

Subjects

Thirty patients, (4 men, 26 women) from an outpatient
clinic of Physical Medicine and Rehabilitation, with
OA of the knees according to ACR [11] were assigned
into one of the three groups, according to their chart
numbers. Entry criteria consisted of, willingness to
participate in the study, older than 40 years of age,
radiographic evidence of Kellgren and Lawrence grade
I-IIT OA of the knee, symptomatic disease for more
than 1 year, no intra-articular hyaluronic acid injection
for 1 year, no intra-articular corticosteroid injection
within 3 months. None of the patients were on oral
glucosamine or chondroitin supplements. Adjuvant
medication with paracetamol was allowed during the
study if necessary. Informed consent was obtained
from all of the patients.

Interventions

First and second groups received a single course of
three 2ml bilateral injections of
Hyaluronan or Hylan G-F 20, respectively. Third

intraarticular

group was delivered a physiotherapy program, applied
by physiotherapists at our outpatient clinic, five days a
week for 3 weeks. After superficial heat application
with hot packs to relieve pain and muscle spasms,
patients received isotonic quadriceps and hamstring
strengthening exercises. All patients started the pro-
gram performing 20 repetitions with no resistance
(isotonic) throughout the full existing range of motion.
If no pain was performed resistance was added, it
began at 0.5kg and progressed by 0.5kg increments.
The physical therapist determined the rate of progres-
sion based on the patients' tolerance.
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Outcome parameters

The outcome parameters, measured by two blinded
evaluators, before and one week after the three weeks'
intervention were 1) Pain, stiffness and physical func-
tioning subscores of WOMAC [13]. 2) Time-distance,
kinematic and kinetic characteristics of gait using a

three-dimensional computerized gait analysis system.

McMaster

Osteoarthritis Index is a tri-dimensional, disease-spe-

Western  Ontario Universities
cific, self-administered, health status measure. It
probes clinically important, patient-relevant symptoms
in the areas of pain, stiffness and physical function in
patients with the hip and/or knee. The index consists
of 24 questions (5 pain, 2 stiffness, 17 physical func-
tion) and can be completed in less than 5 minutes.
WOMAC is valid, reliable, and sufficiently sensitive to
detect clinically-important changes in health status fol-

lowing a variety of interventions [14].

Computerized gait analysis has been used to quan-
tify objectively the changes on biomechanics of walk-
ing for patients with knee OA [15-20]. Sagittal plane
knee joint rotation angles, peak extensor and adduction
moments and peak scaled vertical forces are the most
recommended variables for the outcome studies of
knee OA [16-18,20]. Fifteen passively reflective mark-
ers were placed on standard and specific anatomical
landmarks: sacrum, bilateral anterior superior iliac
spine, middle thigh, lateral knee (directly lateral to axis
of rotation), middle shank (the middle point between
the knee marker and the lateral malleolous), lateral
malleolous, heel and forefoot between the second and
third metatarsal head (21). After the subjects had been
instrumented with retro-reflective markers, they were

instructed to walk at a self-selected speed over a 10-

meter walkway during which data capture was complet-
ed. Best data of three trials used in analysis. The trial,
in which all the markers were cleatly and automatically
identified by the system, was determined as best data.
Three dimensional gait data were collected with the
Vicon 370 systema and two Bertec forceplates.
Concomitant vidotape tecordings of the subjects’ gait
were also performed. Five cameras recorded (at 60Hz)
the three-dimensional spatial location of each marker
as the subject walks. Time-distance (cadence, walking
velocity, stride time, stride length), kinematic (joint
rotation angle of knee in sagittal plane) and kinetic
(scaled vertical forces, extensor and adductor moments
of knee) variables were processed using Vicon Clinical
Manager software. Calibration of the motion analysis
system was performed daily. Anthropometric data
including height, weight, leg length and joint width of
the knee and ankle were collected.

DATA ANALYSIS

Data analysis was done using SPSS for Windows ver-
sion 9.0b. Baseline characteristics of the groups were
compared using Kruskal-Wallis H test and chi-square.
WOMAC subscores (pain, stiffness and physical func-
tioning), time-distance parameters, kinematic and
kinetic variables of each group before and after treat-
ment were compared using Wilcoxon's matched pairs

signed-rank test.

RESULTS

Demographic data and disease characteristics were
presented in Table 1. No statistically significant differ-
ence was detected between baseline age, gender, dis-
ease duration, radiographic grade, and pain, stiffness,
and physical functioning WOMAC subscores of the

Tablo-l
Demographic data and disease characteristics of the patients
Hyaluronan Hyalan G-F 20 Physiotherapy P value
Age (years) 62.4 +10.5 632 +44 57.4+10.0 0.393*
Gender Male/Female 1/9 2/8 1/9 0.749*
Disease duration (years) 7.6+7.4 120+62 9.0+7.4 0.234*
Radiographic grade | 4 6 -
Il 5 2 7 0.054*
11} 1 2 3
Pain 12.1+4.2 92+27 9.7+2.3 0.118*
Stiffness 44+24 32+16 4.4+1.6 0.187*
Physical functioning 41.0+£9.4 29.7 £138 36.1+76 0.154*
WOMAC total score 57.5+14.6 421 +152 50.2 + 10.5 0.112*

* Kruskal-Wallis Test
** Chi-square
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Tablo-ll
Comparison of average scores of clinical parameters before and after treatment

Agent/variable Before treatment After treatment Z value P value
Hyaluronan (n=10)

Pain 12.1+£4.2 98145 -14 0.171
Stiffness 44+ 24 45+24 .00 1.000
Physical functioning 41.0+9.4 426+ 77 -1.0 0.322
WOMAC total 57.5+14.6 56.1+ 11.0 -14 0.173
Hylan G-F 20 (n=10)

Pain 92+27 78 +3.1 -0.77 0.441
Stiffness 32+ 16 34+13 -1.0 0.323
Physical functioning 29.7+13.8 307+ 124 -1.0 0.325
WOMAC total 42.1+15.2 419+ 135 -0.12 0.910
Physiotherapy (n=10)

Pain 9.7+23 41 +20 -2.8 0.005
Stiffness 44+ 16 44 £1.5 .00 1.000
Physical functioning 36.1+7.6 361 +7.5 .00 1.000
WOMAC fotal 50.2 £105 446 £9.5 2.8 0.005

Likert scale for pain, stiffness and physicalfunctioning: 1=none and 5=worst possible

groups. Comparison of average scores of clinical and
biomechanical gait parameters, before and after treat-
ment, was shown in Table 2 and 3. Pain subscore and
total score of WOMAC, sagittal plane excursions of
the knee, extensor and adductor moments and scaled
vertical forces improved in all of the groups. However,
the statistically significant difference was observed in
only subjective clinical assessments (pain subscore and
total score of WOMAC) of PT group. There were no
withdrawals for adverse effects for three of the groups.

DISCUSSION

This study revealed the beneficial impact of viscosup-
plementations on the gait patterns of patients with
knee OA. The gait in knee OA is characterized by slow
speed, limited peak knee flexion and extension

degrees, decreased weight bearing and increased
adductor and extensor moments at the knee [15,17,22].
In order to document the effectiveness of different
interventions on knee joint loading and gait deviations
because of knee pain and stiffness, we used knee
excursion in sagittal plane, extensor and adductor
moments of the knee and scaled vertical forces.
Carlson et al suggested to use the total excursion (peak
flexion - peak extension joint rotation angles in
degrees) of pelvis, hip, knee and ankle in the data
analysis rather than actual maximum and minimum
values to minimize errors inherent in minor changes in
marker placement between sessions [23]. Although the
difference was not statistically significant, an increase
in knee excursions and scaled vertical forces was
observed after treatment for three of the groups,
which show decreased pain and stiffness, and increased

Tablo-lll

Comparison of average scores of biomechanical gait parameters before and after treatment

Agent/variable Before treatment After treatment Z value P value
Hyaluronan  (n=10)

Knee excursion (degrees) 40.6+6.5 470+ 8.1 -1.15 0.251
Knee extensor moment (Nw/kg) 0.38+0.15 022 +0.4 -1.5 0.144
Knee adductor moment (Nw/kg) 0.44+016 043+ 012 -0.22 0.789
Scaled vertical foce  Peak 1 87.7+4A1 907+23 -1.8 0.071
Hylan G-F 20 (n=10)

Knee excursion (degrees) 41.2+8.1 433+85 -.21 0.833
Knee extensor moment (Nw/kg) 0.26+0.20 014 +0.07 -1.8 0.066
Knee adductor moment (Nw/kg) 0.45+0.11 044+ 012 -0.23 0.689
Scaled vertical foce  Peak 1 85.8+45 884+ 54 -0.2 0.027
Physiotherapy (n=10)

Knee excursion (degrees) 40.8+7.1 418 +5.6 -0.24 0.812
Knee extensor moment (Nw/kg) 0.18+0.16 020 +0.11 -0.28 0.783
Knee adductor moment (Nw/kg) 0.44+012 043+ 012 -0.25 0.785
Scaled vertical force Peak 1 89.0 +4.7 895 +4.6 0.00 1.000
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weight bearing, respectively. Higher adductor and
extensor moments are the major determinants of the
higher loading at the knees with OA [18-19]. The
patients with knee OA try to reduce internal knee
extensor moments to reduce the knee joint loading. In
this study, we observed that intra-articular Hyaluronan
and Hyalan G-F 20 injections decreased the adductor
and extensor moments of knee.

Physiotherapy was selected as a control interven-
tion instead of placebo because, 1) it is the most pre-
scribed intervention in physical medicine and rehabili-
tation departments in Europe, 2) ethically better than
placebo. In terms of subjective clinical parameters
such as pain severity, PT was better than viscosupple-
mentations. Clinically but not statistically significant
improvements were found in stiffness and physical
functioning for the viscosupplementation groups. PT
did not affect the severity of stiffness and physical
functioning or gait parameters. The use of superficial
heat for pain relief in patients with arthritis is well
known. Application of both superficial and deep heat
produce sedation and analgesia by acting on free nerve
endings of both peripheral nerves and gamma fibres
of muscle spindles [24]. This may explain the decrease
in pain severity for PT group. The benefits of PT on
knee OA (for at least 6 weeks) has been shown in pre-
vious studies [12,25-28]. This study shows that 3 weeks
time duration is not enough to examine objective
strengthening of the quadriceps and hamstring mus-
cles, which are mainly responsible for the biomechani-
cal characteristics of the OA gait.

Viscosupplementation is a process whereby exoge-
neous hyaluronic acid provides a replacement for the
lubrication that has been lost because of the disease. It
has also been shown that intra-articular hyaluronic acid
stimulate the synovial cells to synthesize endogeneous
hyaluronic acid; decrease the entry of polymorphonu-
clear cells into the synovial fluid, reflecting a decrease
in the severity of inflaimmation; and intercalate itself
into the folds of the soft tissues within the joint, insu-
lating pain fibers in the synovium and thereby decreas-
ing nociceptive activity; play role in the aggregation of
cartilage proteoglycans and increase proteoglycan syn-
thesis [3]. It has been suggested that patients with knee
OA who have failed conventional therapy, including an
education program aimed at decreasing potential exac-
erbating factors (such as obesity); physical therapy; and
analgesics, with or without NSAIDs, might be candi-
dates for intra-articular hyaluronic acid therapy [3].
Because the treatment is expensive the use of this
modality must be carefully considered.

Hyaluronan (hyaluronic acid, HA or hyaluronate) is
a glycosaminoglycan with a repeating disaccharide unit
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of N-acetylglucosamine and glucuronic acid. Hylan is
the generic name for crosslinked hyaluronan chains
when the crosslink does not affect the two specific
groups of the molecule, namely the carboxylic and N-
acetyl groups. Superiority of high molecular weight
sodium hyaluronate (HA) and lower molecular weight
HA preparations to each other in the treatment of
joint disease has been discussed by various authors
[5,29]. High molecular-weight products theoretically
are superior to lower molecular-weight products, in
part because of their greater elastic and viscous prop-
erties [8,29]. Wobig et al supported this theory with
their clinical comparative study using a 3-injection reg-
imen [7]. In this study we could not demonstrate any
significant difference between Hyaluronan and Hylan
G-F 20 in terms of clinical or biomechenical parame-
ters.

There were no withdrawals for adverse effects for
three of the groups. Intraarticular hyalan was associat-
ed with significant local inflaimmatory reactions of
which mechanism and long term sequelae is unclear
[30]. However, we did not obsetve such a side effect.

The low statistical power of clinical improvements
in this study can be explained by the low number of
patients in the groups. Because of financial limitations
the number of the patients could not have been
increased. Moreover, viscosupplementations require 3-
8 weeks to have its maximum effect. If we had made
the second gait analysis in 8 weeks, instead of 4 weeks
time after the first injection, we might have found
more significant improvement in biomechanical gait
characteristics. Schnitzer et al, investigated the effects
of piroxicam on gait characteristics of patients with
OA and suggested the agents capable of relieving pain
while reducing loads at the knee would be desirable
[15]. In this study, intra-articular viscosupplements are
found to be effective and safe not only in relieving pain
but in altering the natural history of the knee OA, by
decreasing joint loading, as well.

KAYNAKLAR

1. Hochberg MC, Altman R, Brandt K, Clark B, Dieppe P,
Griftin M, et al. Guidelines for the medical management
of osteoarthritis: part II. Osteoarthritis of the knee.
Arthritis Rheum 1995;38:1541-46.

2. Hochberg MC. Role of intra-articular hyaluronic acid
preparations in medical management of ostearthritis of
the knee. Semin Arthritis Rheum 2000;30:2-10.

3. Simon LS. Viscosupplementation therapy with intrartic-
ular hyaluronic acid. Rheumatic Disease Clinics of North
America 1999;25:345-57.

4. Pelletier JP, Martel-Pelletier ]. The pathophysiology of
osteoarthritis and the implication of the use of hyaluro-
nan and hylan as the therapeutic agents in viscosupple-
mentation. ] Rheumatol 1993;20(suppl 39):19-24.



10.

11.

12.

13.

14.

15.

16.

17.

18.

VISCOSUPPLEMENTATION VS PHYSIOTHERAPY IN KNEE OA, Yavuzer

Sripada P, Pritchard CH, Bankes PF. Comparison of effi-
cacy of hyaluronan and hyalan G-F 20 in osteoarthritis.
Poster presented at the 63rd National Scientific Meeting
of the American College of Rheumatology Now. 13-17,
1999, Boston, Massachusetts.

Roman JA, Chismol J, Morales M, Donderis JL. Intra-
articular treatment with hyaluronic acid. Comparative
study of Hyalgan and Adant. Clin Rheumatol
2000;19:204-6.

Wobig M, Bach G, Beks P et al. The role of viscoelastic-
ity in the efficacy of viscosupplementation for
ostearthritis of the knee: a comparison of hylan G-F 20

and a lower-molecular-weight hyaluronan. Clin Ther
1999;21(9):1549-1562.

Balazs EA, Denlinger JL. Viscosupplementation: a new
concept in the treatment of osteoarthritis. ] Rheumatol
1993:20(suppl 39):3-9.

Goorman SD, Watanabe TK, Miller EH, Perry C.
Functional outcome in knee osteoarthritis after treat-
ment with Hyalan G-F: A prospective study.

Lussier A, Cividino AA, McFatlane CA, Olszynski WP,
Potashner WJ, Medicis R. Viscosupplementation with
Hyalan for the treatment of osteoarthritis: Findings
from clinical practice in Canada. ] Rheumatol
1996;23:1579-85.

Altman RD, Asch E, Bloch DA, Bole GG, Brandt KD,
Christy W, Cooke DV, Greenwald RA, et al
Development of criteria for te classification and report-
ing of osteoarthritis: classification of osteoarthritis of
the knee. Arthritis Rheum 1986;29:1039-49.

Fisher NM, Gresham GE, Abrams M, Hicks J, Horrigan
D, Pendergast DR. Quantitative effects of physical ther-
apy on muscular and functional performance in subjects
with osteoarthritis of the knee. Arch Phys Med Rehabil
1993;74:840-7.

Bellamy N. Musculoskeletal Clinical Metrology Lancaster
UK: Kluwer Academic Publishers, 1993:320-9.

McConnell S, Kolopack P, Davis AM. The Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC): A review of its utility and measurement
properties. Arthritis Care & Research 2001;45:453-61.

Schnitzer T], Popovich JM, Andersson GBJ, Andriacchi
TP. Effect of piroxicam on gait in patients with
osteoarthritis of the knee. Arthritis and Rheumatism
1993;36:1207-13.

Crenshaw §J, Pollo FE, Ericka FC. Effects of lateral-
wedged insoles on kinetics at the knee. Clinical
Orthopaedics and Related Research 2000;375:185-92.

Goh JCH, Mech MI, Bose K, Khoo BC. Gait analysis
study on patients with varus osteoarthrosis of the knee.
Clinical ~ Orthopaedics and  Related  Research
1993;294:223-31.

Kaufman KR, Hughes C, Morrey BE, Morrey M, An kn.
Gait characteristics of patients with knee osteoarthritis. |
Biomech 2001;34:907-15.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

103

Hurwitz DE, Ryals AR, Block JA, Sharma L, Schnitzer
TJ, Andriacchi TP. Knee pain and joint loading in sub-
jects with osteoarthritis of the knee. ] Orthop Res
2000;18:572-9.

Kerrigan DC, Riley PO, Nieto TJ, Croce UD. Knee joint
torques: a comparison between women and men during
barefoot walking, Arch Phys Med Rehabil 2000;81:1162-
5.

Kramers De Quervain IA, Simon SR, Leurgans S, Pease
WS, McAllister D. Gait pattern in the eatly recovery peri-
od after stroke. The Journal of Bone and Joint Surgery
1996; 78(10)1506-1514.

Messier SP, Loeser RE, Hoover JL, Semble EL, Wise CM.
Osteoarthritis of the knee:Effects on gait, strenght and
flexibility. Arch Phys Med Rehabil 1992;73:29-36.

Carlson WE, Vaughan CL, Damiano DL, Abel ME
Orthotic management of gait in spastic diplegia. Am ]
Phys Med Rehabil 1997; 76: 219-25.

Hicks JE, Gerber LH. Rehabilitation of the patient with
arthritis and connective tissue disease. In: DeLisa JA,
Gans BM, eds. Rehabilitation Medicine: Principles and
Practice, 3rd ed. Philadelphia: Lippincott-Raven
Publishers, 1998:1477-1516.

Deyle GD, Henderson NE, Matekel RL, Ryder MG,
Garber MB, Allison SC. Effectiveness of manual physi-
cal therapy and exercise in osteoarthritis of the knee. A

randomized, controlled trial. Ann Intern Med
2000;132:173-81.

Fransen M, Crosbie ], Edmonds J. Physical therapy is
effective for patients with osteoarthritis of the knee: a
randomized controlled clinical trial. ] Rheumatol
2001;28:156-64.

Chamberlain MA, Cate G, Harfield B. Physiotherapy in
osteoarthritis of the knees. A controlled trial of hospital
versus home exercises. Int Rehabil Med 1982;4:101-6.

Fisher NM, White SC, Yack HJ, Smolinski R], Pendergast
DR. Muscle function and gait in patients with knee
osteoarthritis before and after muscle rehabilitation.
Disabil Rehabil 1997;19:47-55.

Aviad A, Houpt JB. The molecular weight of therapeutic
hyaluronan (sodium hyaluronate): How significant is it?.
J Rheumatol 1994;21:297-301.

Puttick M, Wade JP, Chalmers A, Connell DG, Rangno
RK. Acute local reactions after intraarticular hylan for
osteoarthritis of the knee. ] Rheumatol 1995;22:1311-4.

SUPPLIERS

VICON, Oxford Metrics Limited, 14 Minns Estate, West
Way, Oxford, OX2 O]B

Statistical Package for the Social Sciences (SPSS) for
Windows, Version 9.0; SPSS Inc., 444 N. Michigan
Avenue, Chicago, IL.

FTR Bil Der J PMR Sci 2006;9(3):98-103



