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Abstract

Background: Osteoarthritis (OA) of the knee is prevalent and associated with both pain and functional disability.
Visco-supplementation is an intra-articular therapeutic modality for the treatment of knee OA, based on the physiologic
importance of hyaluronan in synovial joints. The therapeutic goal is to restore the viscoelasticity of synovial hyaluronan,
decrease pain, improve mobility and restore the natural protective functions of hyaluronan in the joint radiography is
currently the most widely used modality for assessing damage in OA: this technique allows the measurement of joint
space width (JSW) the appropriate primary endpoint for demonstration of efficacy. There are, however, questions
regarding its validity and reliability. Magnetic resonance imaging (MRI) with its superior soft tissue contrast is the best
technique available for assessment of normal articular cartilage and cartilage volume. Therefore, this study aimed to
evaluate the short-term benefit of intra-articular injection of hyaluronic acid (GoOn®) for protecting the articular by using
MRI in patient with OA knee.

Patients and Methods: This was a phase lll double-blinded (i.e., both the patients and MRI examiners),
randomized, controlled trial of 60 patients with mild to moderate knee OA, diagnosed according to both clinical signs
and X-ray. All of the patients received MRIs (1.5 T) of the affected knee(s) at visit 0 and 6 months after the first
injection. The patients received either an intra-articular injection into the affected knee weekly for 5 weeks of HA
(GoOn®) or a placebo. Blinded examiners used the visual analog scale (VAS) and the WOMAC score to do weekly
and monthly assessments for 6 months. The engineer used Mimics 10.01 to transform the MRI scanner data into 3D
images of the articular cartilage for measuring CV, which was also blinded to the treatments.

Results: Subjects averaged 59.5 years of age (range, 46 to 84). During the enrollment phase, only female farmers
attended came. Four patients in the placebo group and one in the GoOn® group refused to undergo the second MRI.
The mean body weight and height was 64.20 + 10.25 kg and 1.53 = 0.057 m, respectively. The respective baseline
VAS and WOMAC score was 6.40 + 1.64 and 51.65 + 13.3. Forty-four patients were KL grade 2 and 16 were grade
3. The mean total CV at baseline in the GoOn® and placebo groups was 14.7 + 3.5 ml and 15.5 + 3.9 ml, respectively.
There was no significant difference in the mean total CV after 6 months in either group (p>0.05) except at the femoro-
tibial junction of the GoOn® group was increase CV more than the placebo group (p<0.05). The mean difference in the
total WOMAC score and all three subscales in the GoOn® vs. the placebo groups were statistically significant (p<0.05).
The difference in mean VAS between both groups was not statistically significant. No adverse events were reported.

Conclusion: GoOn® was an effective symptomatic treatment in mild to moderately painful OA knees according to
the WOMAC score. In the short-term six-month period, there was not any change in the total cartilage volume except
at the femoro-tibial junction.

Keywords: Osteoarthritis; knee; Cartilage volume; MRI; Hyaluronic ~ assessing damage in OA; however, this technique is unable to quantify
acid the cartilage volume of the joint. Magnetic resonance imaging (MRI)
with its superior soft tissue contrast is the best technique available for
assessing normal articular cartilage, its volume and progression rates
of cartilage damage in osteoarthritic knee [10-13]. There has not,
however, been any study of HA using MRI change in a cartilage volume
in OA. This study was, therefore, proposed to assess by MRI the change

Introduction

Osteoarthritis (OA) is the most common form of arthritis in
the population. A recent World Health Organization report on the
global burden of disease indicated that knee OA is likely to become
the fourth most important global cause of disability in women and the
eighth in men [1]. Knee OA is associated with symptoms of pain and
functional disability. The physical disability arising from pain and loss
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of functional capacity reduces the quality of life and increases the risk
of further morbidity and mortality [2].

Hyaluronic acid (HA)—a polysaccharide consisting of non-
sulphurated chains including dimmers of N-acetylglucosamine and
glycuronic acid is able to lubricate the joint with resultant protection
of the articular cartilage; thereby (a) preventing mechanical injury to
the cartilaginous tissue (b) absorbing the energy potentially injurious
to, this tissue and (c) hydrating the connective tissue [3]. There have
consequently been many studies on the benefit of HA in OA knee [4-9].

Radiography is currently the most widely used method for
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in cartilage volume between an intra-articular injection of 25 mg of
sodium hyaluronate (2.5 ml) (GoOn’) and a placebo

Patients and Methods

Methods

This was a phase III double-blinded (i.e., both the patients and
MRI examiners), randomized, controlled trial of 60 patients with mild
to moderate knee OA, diagnosed by both clinical signs and X-ray. All
of the patients received MRIs (1.5 T) of the affected knee(s) at visit
0 and 6 months after the first injection. The patients received either
a weekly (for five weeks) intra-articular injection of 25 mg of sodium
hyaluronate (2.5 ml) (GoOn’) into the affected knee or a placebo
(normal saline). Blinded examiners used the visual analog scale (VAS)
and the WOMAC score to do weekly and monthly assessments for 6
months.

Inclusion criteria

Subjects eligible for enrollment in the study met all of the following
criteria:

1. Be capable of giving written informed consent;

2. Ambulatory females (non-pregnant) and males between 40
and under 80 years of age;

3. Be off any pain medication or nutritional supplements for
symptomatic relief of knee OA atleast 15 days before screening;

4. Have pain at or below 80 mm on a 100 mm VAS in the index
knee;

5. Have a documented diagnosis of knee OA, or meet the
American College of Rheumatology (ACR) clinical criteria for
classification of idiopathic (primary) OA at least 6 months prior
to screening. If OA presents in both knees, the investigator
will identify which knee will be X-rayed for study entry, with
preference given to the knee with more severe pain (< 80mm
VAS);

6. Have documented radiographic evidence of OA of the knee
from the screening visit radiograph, of grade 2 or 3 according
to the Kellgren and Lawrence Radiographic Grading [14];

7. Have a minimum baseline joint space in the medial and lateral
compartments of the index knee of > 1.5 and = 2.5 mm,
respectively, measured from radiographs in the MTP view;
and,

8. Be able to understand and complete pain/function, global
arthritis evaluation, and health outcome assessments.

Exclusion criteria
Subjects with any of the following criteria were not enrolled:
1. Having any skin lesion at the index knee;

2. A history of lower extremity surgery or injury/disease to the
index knee within 6 or 12 months, respectively; and,

3. Under treatment with medications that might affect bone or
cartilage metabolism, such as:

— chronic systematic corticosteroids;

— hyaluronan injection into the index knee within the previous 6
months; or,

— diacerin or glucosamine treatment within the last 12 months.

Subjects were assigned to the study treatment using a randomization
schedule stratified by KL grade (grade 2 or 3). At the baseline/
randomization visit, each subject was randomly assigned to either the
sodium hyaluronate or placebo saline treatment. Sodium hyaluronate
or saline were injected five times intra-articularly into the knee joint.

The patient underwent MRI with a 1.5 Tesla using a phased array
knee coil. A positioning device was used to ensure uniform placement
of the knee among subjects. T2-weighted fat-suppressed images in
the sagittal and coronal planes were taken, using the following pulse
sequence parameters: repetition time (TR) 3610 ms, echo time (TE) 40
ms, slice thickness 3.5 mm and field of view (FOV) 14 cm. T1-weighted
spin images in the sagittal plane were acquired, using the following
pulse sequence parameters: TR 480 ms, TE 24 ms, slice thickness 3.5
mm and FOV 14 cm.

The MRI engineer used the Mimics 10.01 image processing
software for 3-D design and modeling, commercially developed by
Materialise NV to transform the MRI scanner data into 3D images of
the articular cartilage and measure the cartilage volume (CV) (Figure
1). This technique of measuring the CV in our institute was reliable; the
respective intraclass correlation coefficient (r) between assessors and
by each assessor was 0.76 and 0.89, respectively (N=15). The Bland-
Altman analysis of 15 knees also showed a marked decrease in the
mean difference between the two observers and a narrowing of the 95%
confident interval. The mean difference was -0.19 ml (95% CI -0.36 to
0.08).

The primary endpoint was the change from the MRI CV at baseline
and after 6 months of the injections. The secondary endpoints were the
VAS and WOMAC scores. A written diary was kept by each subject
for recording the medications used to alleviate the pain associated with
OA.

The study drug used was blinded to the subjects and the MRI
interpreter. The research nurse prepared the treatment and placebo
syringes.

Sample size determination

Based on our pilot study of fifteen old-age persons, the estimated
mean cartilage volume of the knee joint was 16 + 3 ml. An estimated
mean difference of GoOn’ and placebo was 15%, at a of 0.05 (two-
sided) and a  of 0.2. The estimated sample size was, therefore, 26 cases

per group.
Statistical methods

The mean difference in the CV between the GoOn’ and placebo
groups was compared using a T-test. The confidence interval of the
mean of the CV in each treatment group was also calculated. Other
baseline factors such as WOMAG, stiffness score and acetaminophen
use were analyzed using ANOVA and a student T test performed where
appropriate.

All statistical analyses were performed using STATA Statistical
Software: Release 10. (StataCorp. 2007. Stata Statistical Software:
Release 10. College Station, TX:StataCorp.)

The Khon Kaen University Ethics Committee for Human Research
approved the study in accordance with the Helsinki Declaration. All of
the subjects gave informed consent. The registration number for the
research is Clinical trials. Gov. IDNCT00750724.

Results
Age averaged 59.5 years (range, 46 to 84). During the enrollment
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Figure 1: The Program Mimic 10.01 transforms the MRI data to a 3D image of the articular cartilage then calculates the volume.

I

phase, only female farmers came. There were 4 patients in the placebo
group and 1 in the GoOn’" group who refused to undergo the second
MRI.

The respective mean body weight and height was 64.20 + 10.25
kg and 1.53 + 0.057 m respectively. The respective baseline VAS and
WOMAC score was 6.40 + 1.64 and 51.65 + 13.3. According to the KL
criteria, the severity of OA was: 44 patients with grade 2 and 16 with
grade 3 (Table 1).

The respective mean total CV at baseline of the GoOn’ and the
placebo groups was 14.7 £ 3.5 ml. and 15.5 + 3.9 ml. The respective mean
total CV after 6 months in the GoOn" and the Placebo groups was 17.2
+ 3.5 mland 15.7 + 2.2 ml. The respective mean difference of CV from
baseline in the GoOn’ and Placebo groups was increased 2.4 + 4.9 ml
and 0.1 + 4.3 ml; however, the difference was not statistically significant
(p>0.05). Neither was the respective difference statistically significant
between the mean CV at various sites (distal femur, proximal tibia and
patella) except at the femoro-tibial junction of the GoOn" group was
increase CV more than the placebo group (p<0.05) (Table 2).

The difference in VAS means between groups was not significant
(Figure 2); the mean difference in the total WOMAC score and all
three subscales indicated significantly more improvement in the GoOn’
group than the placebo group (p<0.05) (Figure 3). No adverse events
were reported.

Discussion

This was the first randomized controlled study to determine the
efficacy of hyaluronic acid and the change in the CV of the knee joint
using MRI as well as the first in using Mimics version 10.01 for the
transformation of MRI data for measuring cartilage volume. The mean
of the total CV of the knee joints measured with this technique ranged
between 14.97 and 15.28 ml, which is similar to the volume found using
other techniques [15-18]; suggesting that this method is as reliable as
other measurement methods [17]. The validity of this technique was
not, however, feasibly achieved in this study.

We had only females in the study so the results cannot be
extrapolated to males. Most of the women were still working (despite
reaching retirement age), which represents the real situation of village
women in Thailand, who continue working on the farm, resulting in
further cartilage destruction.

Although the predominant mechanism of intra-articular
hyaluronic acid (HA) for the treatment of pain associated with knee
osteoarthritis (OA) is unknown; in vivo, in vitro and clinical studies
have demonstrated various physiological effects of exogenous HA. HA
can reduce the nerve impulses and sensitivity associated with the pain
of OA. Exogenous HA enhances chondrocyte HA and proteoglycan
synthesis, reducing the production and activity of proinflammatory
mediators and matrix metalloproteinase, and altering the behavior
of immune cells. Many of the physiological effects of exogenous HA
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may be a function of its molecular weight [4,5] . Several physiological
effects probably contribute to the mechanisms by which HA exert their
clinical effects in knee OA [4-7]. GoOn’ is a bacterial fermentation
product and has a molecular weight of 1.4 x 10° Dalton. It is believed
that this molecular weight is both visco-supplemental to, and visco-

inductive of, hyaluronic acid [4-5].

In this study, only the WOMAC scores were significantly improved
in the GoOn’ over against the placebo; the VAS scores were not

different. These symptomatic results were similar as other study [7-9].

The placebo effect size in OA trial tends to be large compared to the

untreated baseline especially in those involving intra-articular injection.
Moreover, there is theoretical possibility that intra-articular saline
could have therapeutic effect to that may be sustained for 6 months

or more. Also, a therapeutic effect of aspiration of synovial fluid may

contribute to a response in patients receiving placebo [19]. The annual

rates of articular cartilage volume reduction ranged between -1.5% and

0.0 % [18]; therefore, this short-term, 6-month follow-up showed no

GoOn® group Placebo group

N=30 N=30
Females:males 30:0 30:0
Age 61.1+7.56 61.2+7.30
Weight (kg) 63.7+9.85 65.3+9.48
Height (m) 1.53+0.04 1.54+0.06
BMI 27+0.2 26+0.4
X-ray KL2:3 237 21:9
Rt:Lt 13:17 15:15
VAS 6+2 7+1.38
WOMAC 40£11 43£13.37
Cartilage Volume (ml) 14.7+3.5 15.5+3.9

Table 1: Baseline clinical data.

Femoral = Tibial = femero-tibial
Total volume contact area Patella
volume | volume .
volume
Baseline
Placebo 15.5+3.9 7.4+1.2 3.4+0.7 10.9+1.7 0.9+0.2
GoOn® 14.73.5 8.0+1.5 3.4+0.7 11.4+2.0 1.0£0.2
6-month
Placebo 15.7+2.2 8.7+1.2 4.3£0.7 12.9+1.8 1.310.2
GoOn® 17.2+3.5 9.5+1.7 4.6£0.9 14.1+2.4 1.410.3

*significant difference p<0.05

Table 2: The Mean and Standard deviation of cartilage volumes (ml) at baseline

and 6 months.
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Figure 3: WOMAC scores; pain subscale (A), stiffness subscale (B), functional
subscale (C), and total score (D) were all significantly different between the
GoOn® (G) and Placebo (P) groups (p<0.05).

Figure 2: The VASs of patients in the GoOn® (G) and Placebo (P) groups were

not significantly different.

difference in cartilage volume between groups. Moreover, the sample

size was insufficient to detect the true difference in CV.

Conclusion

GoOn' was an effective symptomatic treatment in mild to
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moderately painful OA knees according to WOMAC scores; however,
there was no change in the cartilage volume in the short-term (6-month
period).
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