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To Investigate The Clinical Efficacy Of Two HA
Preparations With Different Molecular Weights In
The Treatment Of Bilateral Knee Osteoarthritis

Levent OZGONENEL, Ebru AYTEKIN, Giilis DURMUSOGLU, Giil Tugba ORNEK, Safak GUNAYDIN,
Ozgiir SUYABATMAZ, Derya SAYLIK, Seyma TOLGA

OZET
Cift-Kir- Randomize Olarak Iki Farkl Molekiiler Agwliktaki Intraartikiiler Hyaluro-
nik Asit Tedavisinin Bilateral Diz Osteoartriti Teghisi Almig Hastalarin Farkh Dizlerin-
de Kargilastinimas:

Girig: Hyaluronik asit (HA), saghikli eklem matriksinin ana komponenndir. HA, stoviyal
stvimin viskozite ve elastsitesini saglayarak eklem lubrikasyonu ve homeostazina katkida
bulunur. Osteoartritl (OA) hastalarin sinoviyumlarinda HA azalmast sonucu sinovival si-
vi viskoelastisitesini kaybeder ve eklem harabiyetine yol acar. Bu sebeple, intraartrikiiler
HA enjeksiyonu, osteoartritlt hastalarda sinoviyal siviya akigkanlik ozelliklerwni tekrar ka-
zandirmak amaciyla giinumuzde bir tedavi yontem: olarak kullamimaktadur. In vitro yapi-
lan ¢calismalarda, farkli molekiil agirliklt HA preparatlarimn kondrosuler iizerinde farklt
biyolojik etkileri oldugu gisterilmigtir; fakot kullamimda olan farkh molekul agwrhkli HA
preparatlarirun klink etkilenni kiyaslayan galigmalar oldukca azdi. Bu ¢alismamizdaki
amacmiz, molekiil agirhg: farkly ik HA preparatimin diz OA tedavisindeka klinik etkinli-
gini kiyaslamakt Hasta popiilasyonundaki felinik cevap degigkenligini azaltmak iin has-
talar: randomize etmektense her hastann 1k dizint randomize etmey tercth ettik.
Materyal-Metod: Her iki diz agris: ile Nisan-Eylal 2006 tarihler: arasinda SB Istanbul
Eginmve Aragtirma Hastanesi Fiziksel Tip ve Rehabilitasyon Khmg: poliklniklerine bag-
vuran, ACR (American Collage of Rheumatblogy) radyolojik ve klinik kriterlerine gore bi-
lateral diz ostecartriti tamisi alan 40 hasta, randomize kontrollii ¢ift-kor olarak planladi-
Sz calismamiza dahd edildi. Caligmaya dahil edilen hastalarin bigisayar ortaminda
SPSS programi ile randomize olarak belinledigumiz bir dizine diigiik molekiiler agurhkly
hyaluronik asit (Hyalgan), diger dizine ise yiiksek molekiiler agirlikli hyaluromk asit
(Adant) intraartikuler enjeksiyonla hafiada bir kez toplamda ii¢ enjeksiyon olacak sekil-
de bagimsiz bir doktor tarafindan ayni teknikle uyguland:. Degerlendirmeler tedavi énce-
s, tedavi sonras, tedavi sonrast 1. ay ve tedavi sonrast 3. ayda kor (bagimsiz) bir doktor
tarafindan her ki diz igin ayri ayrt yapildr. Degerlendirme parametreler:: Eklem hareket
actkligragri derecesi ve WOMAC indeksiydi.

Bulgular: ACR kriterlerine gore OA tansi olan 40 hasta cahigmaya dahil edildi. 8 hasta
kontrol muayenelerine gelmedigi 1gin, 6 hasta da tedav: siivesince non-sterodal antiinf-
lamatuar ilag kullandigr 1¢in cahgmadan gikarildr. 26 hasta ¢alismaya alindr. 21'i kadin,
5'i erkekti. Hastalarin yag ortalamasi 58.9 £ 8 yl ( 46-73 ). Ortalama WOMAC ve VAS
skorlari, eklem hareket acikligr olcumleri Adant ve Hyalgan uygulanan dizler arasinda
benzerdt WOMAC skorlar: ortalama 17 puan her 2 grupta da azaldi. Bu azalma her 2
grup wn istatiksel olarak anlamliydi (p<0.001). Bu etki tedavi bitirildikten sonraki 1 ve
3. ayda korunmugtur. Iki grup arasinda WOMAC skorlar: benzer sekilde kaldi VAS skor-
lar1 tedavi sonunda her 2 grupta diismugtii, Her 2 grup kiyaslandiginda etkinlik aisindan
anlamly bir fark yoktu. Adant grubunda ortalama I puan (p=0.004), Hyalgan grubun-
dan ortalama 2 puan (p<0.001) azalmgn. Bu etki enjekstyondan 1 ve 3 ay sonrada korun-
mugtur. Diz eklem hareket agikhigt Adant gtubunda 5.2°, Hyalgan grubunda ortalama 5 7°
artmig olup (p<0 001) 3 aya kadar bu etki korunmugtur. Gruplar arasinda anlaml br fark
yoktu

Sonug: olarak bizim calismamiz HA etkinligi yonunden diger calsmalarla uyumlu 1ds. Biz
molekitl agirhkiaki faklihgin herhangi bir terapitik avantaj saglamadigin gozlemlemenn-
ze ragmen yuksek veya diigiik molekiil agiritkli hangt HA seilece$i hala tam cevaplanma-
nug bir konudur.

Anahtar kelimeler: D1z osteoartriti, Intraahtikidler hyaluronik asid, Farkl molekil agihgi

SUMMARY
Design: Randomized, double-blinded study.

Setting: The study was conducted during a six-month period extending from Ap-
ril Ist to September 30th of 2006 at the Physical Therapy and Rehabilitation Cli-
nic of the Istanbul Education and Research Hospital.

Participants: Subjects were recrutted from patients who had clinical evidence of
osteoarthrinis based on the criteria of American College of Rheumatology and
radiographic evidence of osteoarthritis, stage Il and above according to Kellg-
ren-Lawrence.

Interventions: Panents recewved three weekly intra-articular injections of low
molecular weight preparation of hyaluronic acid (Hyalgan®) to one knee and
high molecular weight preparation of hyaluronic acid (Adant®) to the other
knee. All injections were given by a single physician (EA) with an anterolateral
approach, keeping the knee in the 90° flexion posttion.

Main Outcome Measures: Clinical evaluations were conducted prior to treat-
ment (baseline), immediately at the end of the therapy period, I month and 3
months after therapy. Outcome parameters included (i) measurement of range of
motion (ROM) of the knee; measured at prone position using a goniometer: (ii)
Visual Analog Scale (VAS) scored from 1 t0 10 for pain at rest; and (iii) total sco-
res of Western Ontario McMaster Universities Index (WOMAC) of global measu-
rement of pain, stiffness, and disability.

Results: Forty patients with knee osteoarthritis were enrolled in the trial; howe-
ver, only 26 of the subjects completed the trial and were included in the analyses

The study population consisted of 21 female and 5 male patients The mean t
standard deviation (SD) age of the subjects was 58.9 t 8.0 vears (range 46-73).
The mean body mass index was 32.5 * 4.0 kgim2. Mean scores for WOMAC and
VAS assessments and mean ROM measurements were similar between the
Adant®-receiving and Hyalgan®-receiving knees. The results of our study show
an overall improvement in disease activity parameters of knee osteoarthritis in
both treatment groups A difference in therapeutic efficacy did not emerge, howe-
ver, between Adant®-recerving and Hyalgan®-receiving knees.

Conclusions: Our study corroborates previous trials of HA derivatives in the tre-
atment of knee osteoarthritis in demonstrating their efficacy. Whether HA prepa-
rations with high or low molecular weight should be preferred remains a yet
unanswered question as we did not observe a therapeutic advantage in either of
the study preparations.

Key Words: Knee osteoarthrins, Intra-articular hyaluronic acid, Different mole-
cular weights
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INTRODUCTION

Hyaluronic acid (HA), a linear chain of repeating disaccharide
units, is the major component of the matrix of healthy joints. The
high viscosity of this substance endows it with hydrodynamic proper-
ties that are essential for the physiologic functioning of the joints. HA
not only acts as a lubricant for the articular surfaces, but also as a
shock absorber during rapid movement of the joint.

The synovial fluid concentrations of HA are decreased in joints aff-
licted with osteoarthritis as a result of the depolymerization of the
HA molecule, induced by reactive radicals produced during the inf-
lammatory process (1). Lower concentrations of HA reduce the vis-
coelasticity of the synovial fluid and exacerbate the destructive pro-
cess in the osteoarthritic joint. Synthetic HA derivatives, administe-
red intra-articularly, replenish the low concentrations of endogenous
HA and thus restore the disturbed rheological properties of the syno-
vial fluid in the osteoarthritic joint (2). The clinical effect derived
from HA derivatives probably are caused by other biologic effects as
the half-life of these products is shorter than 2 days (3). One such bi-
ologic effect is believed to be enhancement of synthesis of endoge-
nous HA.2 HA may also ameliorate the joint damage by reducing
chondrocyte apoptosis (4).

Intra-articular injections of HA have been used in the treatment of
osteoarthritis of the knee in an effort to modify the disease process,
with some success, and most experts believe that further trials are ne-
eded to define the exact role of HA derivatives in the treatment of
knee osteoarthritis (5). A recent retrospective study suggests that the-
rapy with intra-articular HA may delay total knee replacement in pa-
tients with knee osteoarthritis (6).

The molecular weight (MW) of synthetic HA preparations used in
previous studies vary considerably; such a structural difference pos-
sibly imparts different biomechanical and biologic properties to the
treated joints. Although in vitro studies have suggested that different
MWs have different biological effects on chondrocytes, a therapeutic
difference has not been readily detected in most clinical trials.

In this randomized, double-blinded study, we sought to investigate
the clinical efficacy of two HA preparations with different MWs in
the treatment of bilateral knee osteoarthritis. In an effort to thwart va-
riability in patient population as a confounding factor, we randomi-
zed the two knees of each individual patient rather than the patients
themselves.

METHODS

The study was conducted during a six-month period extending
from April 1st to September 30th of 2006 at the Physical Therapy and
Rehabilitation Clinic of the Istanbul Training and Research Hospital.
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Patients presenting with bilateral knee pain underwent clinical and
radiological evaluation for knee osteoarthritis. Subjects were recru-
ited from patients who had clinical evidence of osteoarthritis based
on the criteria of American College of Rheumatology and radiograp-
hic evidence of osteoarthritis, stage II and above according to Kellg-
ren-Lawrence. Exclusion criteria were physical therapy or intra-arti-
cular injection in the preceding year and arthritis secondary to inf-
lammatory-infectious causes or trauma. The study was approved by
the institutional ethics committee. Subjects were enrolled to trial af-
ter provision of written informed consent.

Patients were told to discontinue all current medications for oste-
oarthritis, including non-steroidal anti-inflammatory drugs (NSA-
IDs), two weeks prior to HA therapy. Using a computer software, the
left-sided knees of each subject was randomized to receive either of
the two HA preparations, while the right-sided knee received the ot-
her preparation.

The study medications were Hyalgan® (distributed by Sanofi
Aventis, manufactured by Fidia Farmaceutici S.p.A. Padua, Italy)
and Adant“ (distributed by Er-Kim, manufactured by Meiji Seiki Ka-
isha, Ltd., Tokyo, Japan). Hyalgan“ contains a solution of sodium
HA of 500 to 750 kDa molecular weight. The molecular weight of the
HA in Adant“ is 900 to 1000 kDa. Patients received three weekly int-
ra-articular injections of low MW preparation of hyaluronic acid
(Hyalgan®) to one knee and high MW preparation of hyaluronic acid
(Adant®) to the other knee. All injections were administered by a
single physician (EA), using an anterolateral approach, keeping the
knee in the flexion position at 90°.

Clinical evaluations were conducted prior to treatment (baseline),
immediately at the end of the therapy period, 1 and 3 months after
therapy. Patients and physicians carrying out the evaluations were
blinded to the treatment drug.

Outcome parameters included (i) measurement of range of motion
(ROM) of the knee, measured at prone position using a goniometer;
(ii) Visual Analog Scale (VAS) scored from 1 to 10 for pain at rest;
and (iii) total scores of Western Ontario McMaster Universities Index
(WOMAUC) of global measurement of pain, stiffness, and disability.

Statistical analyses were performed using the SPSS 11.5 and Mic-
rosoft Excel software programs. For non-parametric variables, i.e.
WOMAC and VAS scores, Mann-Whitney U test was employed to
compare outcome scores among treatment groups and Wilcoxon sig-
ned-rank test was used to compare post-therapy scores to baseline.
The improvement in WOMAC scores was also assessed as percent
change from baseline and compared between treatment groups using
one-way Analysis of Variance. For parametric variables, i.e. knee
ROM measurements, paired t-test was employed to compare outco-
me scores among treatment groups and to compare post-therapy sco-
res to baseline.



Fevent OLGONEL o1 dl To myvostigate v o dl g

RESULTS

Forty patients were diagnosed with knee osteoarthritis according to
American College of Rheumatology criteria and were enrolled in the
trial; however, only 26 of the subjects completed the trial and were
included in the analyses. The study population consisted of 21 fema-
le and 5 male patients. The mean + standard deviation (SD) age of
the subjects was 58.9 £ 8.0 years (range 46-73). The mean body mass
index was 32.5 £ 4.0 kg/m2. Twenty (77%) of the subjects were ho-
memakers, 5 were retired white-collar workers, and 1 patient was a

retired carpenter.

Mean scores for WOMAC and VAS assessments and mean ROM
measurements were similar between the Adant®-receiving and Hyal-
gan®-receiving knees, as shown in Tables 1, 3 and 4.

WOMAC scores were reduced by a mean of 17 points both in the
Adant®-receiving knees and in the Hyalgan®-receiving knees by the
end of the therapy period. This reduction was statistically significant
for both groups (p< 0.001 for both of these groups). This effect was
sustained at 1 month and 3 months after the therapy was terminated,
as shown in Table 1. WOMAC scores remained similar between gro-
ups at all periods of assessment.

Table 2 shows the improvement in WOMAC scores as calculated
percentage change compared to baseline. Although there was a hig-
her level of improvement in the Adant®-receiving knees compared
to the Hyalgan®-receiving knees at the end of the treatment period
(43.3 £28.9 vs. 34.0 £ 35.2, respectively); this did not reach statisti-
cal significance (p=0.339). Level of improvement remained stable at
1 and 3 months after end of therapy.

VAS scores similarly had improved in both Adant®-receiving and
Hyalgan®-receiving knees by the end of the therapy period. VAS
score was reduced by a mean of 1 points in the Adant® group
(p=0.004) and by 2 points in the Hyalgan® group (p< 0.001). This
effect was also sustained 1 month and 3 months after the therapy was
terminated, as shown in Table 3. VAS scores of the two treatment
groups were not significantly different from each other at any of the
therapy stages.

Knee ROM measurements increased by a mean of 5.2%in the
Adant®-receiving knees and by a mean of 5.7°in the Hyalgan®-re-
ceiving knees at the end of the therapy period (p< 0.001 for both gro-
ups). This improvement persisted at 1 month and 3 month follow-up
assessment, as shown in Table 4. Post-therapy ROM measurements
were not different among treatment groups at any time.

No side effects were reported in either the Adant®-receiving kne-
es or the Hyalgan®-receiving knees.
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Table 1. Mean WOMAC scores obtained at baseline, immediately at
the end, and 1 and 3 months after end of therapy. Post-therapy sco-
res were compared to baseline in each treatment group, as well as
among groups.

At the end of
the therapy

3 months after
end of therapy

1 month after
end of therapy

Baseline

WOMAC scores
for Adant® group
(mean % standard
deviation and
significance

level as
compared

to baseline

mean $core)

47+18  30+19

p<0.001

29+22
p<0.001

30421
p<0.001

WOMAC scores

for Hyalgan® group

(mean  standard

deviation and

significance level

as compared to

baseline mean score) 44+20 2719

p<0.001

26420
p<0.001

29119
p<0.001

Significance level
of comparison
between groups

p=0.673

p=0601  p=0876

p=0.905

Table 2. Improvement in WOMAC scores, expressed as percent chan-
ge from baseline. These values were compared between treatment
groups, as indicated in the third row.

At the end of the At 1 month after At 3 months after
treatment period therapy therapy
Adant® group (mean+ 433 £28.9% 443+33.7% 3401352%

standard deviation and
95% Confidence
Interval)

(95%CI317-550%)  (95%C130.7-579%)  (95% CI19.8-48.3%)

Hyalgan® group (mean
+ standard deviation
and 95% Confidence
Interval) 344+373%

(95% C119.3-49.5%)

3631375%
(95% C1211-514%)

35.1£383%
(95% C119.7- 506%)

Significance level of
comparison between

two groups p=0.339

p=0421 p=0915
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Table 3. Mean VAS scores obtained at baseline, immediately at the
end, and 1 and 3 months after end of therapy. Post-therapy scores
were compared to baseline in each treatment group, as well as
among groups.

At the end
of the therapy

3 months after
end of therapy

1 month after
end of therapy

Baseline

VAS scores for
Adant® group
(mean + standard
deviation and
significance level
as compared to
baseline mean
score)

612 5+3

p=0.004

5+3
p=0.002

5+3
p=0.004

VAS scores for
Hyalgan® group
(mean * standard
deviation and
significance level
as compared to
baseline mean
score)

612 4%3

<0001

413
p<0.001

513
p=0.002

Significance level
of comparison
between groups p=0.493

p=0.754

p=0.523 p=0.825

Table 4. Mean ROM scores obtained at baseline, immediately at the
end, and 1 and 3 months after end of therapy. Post-therapy scores
were compared to baseline in each treatment group, as well as
among groups.

Baseline At the end
of the therapy  end of therapy

1 month after
end of therapy

3 months after

Knee ROM
measurements for
Adant® group
(mean  standard
deviation and
significance level

as compared to
baseline mean score)

1138°£8.5°
p<0.001

108.6°+8.8" 1140° £ 9.4

p<0.001

155°£75
p<0.001

Knee ROM

measurements for

Hyalgan® group

(mean  standard

devtation and

significance level

as compared to

baseline mean score) 108.7°+11.6° 1144°+ 10.7°

p<0.001

1144 £103"
p<0.001

1148 £ 98"
p<0.001

Significance level
of compasison
between groups

p=0993 p=0824 p=0.773

p=0872
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DISCUSSION

Despite the continued use of HA derivatives in the treatment of os-
teoarthritis, it is still not known whether derivatives with higher or lo-
wer MW would show a superior therapeutic effect. Laboratory studi-
es have shown that derivatives with lower MW penetrate better thro-
ugh the extracellular matrix of the synovium and reduce synovial inf-
lammation more effectively (7).

The results of our study show an overall improvement in disease
activity parameters of knee osteoarthritis with both lower and higher
MW preparations of HA, when given intra-articularly to either knee
of the same patient. A difference in therapeutic effectiveness was not
observed with either agent. The fact that we used both HA derivati-
ves on the same patient eliminated subjective variations as a confo-
unding factor in our study. Both the patients and the evaluators were
blinded to the therapy, so bias towards one of the preparations was
successfully eliminated.

Several researchers have compared the clinical effects of different
HA products (8). Roman et al. compared the efficacy of Hyalgan®
and Adant® in 49 patients with knee osteoarthritis (9). They found
that more excellent or good responses were obtained at three months
with Adant® than with Hyalgan® (50% vs. 21.1%). This result was
ascribed to the higher viscosity, hence longer intra-articular half-life
of the former preparation.

In conclusion, our study corroborates previous trials of HA deriva-
tives in the treatment of knee osteoarthritis in demonstrating their ef-
ficacy (10). Whether HA preparations with high or low molecular
weight should be preferred remains a yet unanswered question, as we
did not observe a therapeutic advantage in either of the study prepa-
rations.
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