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Abstract

Introduction: Medicoeconomic data on treatments for osteoarthritis are scant. We investigated the impact of hyaluronic acid therapy on the cost
of management of knee osteoarthritis. Our primary objective was to compare medical costs (admissions, outpatient visits, investigations, and
treatments) and non-medical costs (sick leaves and transportation) from the perspective of the national health insurance system during the
3 months before and the 6 months after three intraarticular injections of hyaluronic acid. Our secondary objective was to evaluate treatment ben-
efits in terms of pain, function, and quality of life.
Methods: Observational, multicenter, longitudinal, before-after study of the medical and economic effects of hyaluronic acid therapy for symp-
tomatic knee osteoarthritis.
Results: Of the 296 assessable patients (mean age, 69 years; 30% with obesity; 65% women), only 5% of patients were withdrawn prematurely
from the study. Significant improvements in the Lequesne index were found 3 and 6 months after treatment; the improvement was greater than
50% in over half the patients. Pain and quality-of-life scores improved significantly. Total cost of the disease decreased from V334 for the 3
pretreatment months to V295 and V233 for posttreatment months 1e3 and 4e6, respectively.
Conclusion: The costs of knee osteoarthritis decreased during the 6 months after Suplasyn� therapy, indicating that the cost of the medication
was more than offset by the decreased need for other treatments. Concomitantly, clinical benefits were obtained. Under the conditions of ev-
eryday practice, hyaluronic acid may provide medical benefits at an acceptable cost.
� 2007 Published by Elsevier Masson SAS.
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1. Introduction

Knee osteoarthritis is a chronic disabling disease that has
a major impact on quality of lie and healthcare costs.
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Expenditures for knee osteoarthritis in France increased by
156% over the last decade, from 1 billion to 1.57 billion Euros
per year [1,2]. Viscosupplementation with intraarticular hya-
luronic acid is widely used in Europe and North America in
patients with unresponsiveness and/or intolerance to acetamin-
ophen and non-steroidal antiinflammatory drugs (NSAIDs)
[3]. It is among the treatments listed in European recommen-
dations for the management of knee osteoarthritis [4]. A 2006
Cochrane database review confirmed the efficacy of hyalur-
onic acid but also found evidence of variability across studies,
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products, and follow-up durations [5]. Viscosupplements
injected into the joint improve the rheological properties of
the synovial fluid. Osteoarthritis is characterized by decreases
in the amount and viscosity of endogenous hyaluronic
acid. Injecting exogenous hyaluronic acid corrects these
abnormalities.

French legislation requires that intraarticular hyaluronic
acid injections be prescribed and administered by a rheumatol-
ogist, orthopedic surgeon, or physical rehabilitation physician.
Because commercially available hyaluronic acid preparations
for intraarticular injection are paid for in large part by the
universal health insurance system in France, the Economic
Committee for Healthcare Products (CEPS) has requested an
evaluation of outcomes in treated patients.

Hyaluronic acid is highly purified hyaluronic acid obtained
by ultrafiltration of hyaluronic acid produced by bacterial
fermentation. In a 3-month trial versus a placebo and NSAID,
hyaluronic acid was as effective as NSAID therapy in alleviat-
ing pain at rest, more effective in alleviating pain upon phys-
ical activity, well tolerated, and devoid of systemic effects [6].

The objective of this study was to determine whether
hyaluronic acid therapy provided additional symptom relief
over previous conventional treatments, thereby decreasing
the use of healthcare resources and the cost of treatment
over a 6-month period under the conditions of everyday
practice.

2. Methods

2.1. Study design

This was an observational, multicenter, longitudinal, be-
fore-after study of the medical benefits and costs of visco-
supplementation with hyaluronic acid (Suplasyn�, Chiesi) in
patients with symptomatic knee osteoarthritis managed by
101 office-based rheumatologists in France between April
2003 and January 2004. The sample of study rheumatologists
was drawn at random from the entire population of rheumatol-
ogists in France who reported using viscosupplementation to
treat patients with knee osteoarthritis.

Our primary objective was to compare the cost of knee os-
teoarthritis during the 3 months before viscosupplementation
with three hyaluronic acid injections to the cost during the 6
subsequent months. Our secondary objective was to evaluate
the clinical benefits and safety of hyaluronic acid therapy.

The study was approved by the appropriate ethics committee
(CCPPRB Toulouse II). It was conducted in compliance with
the recommendations of the Association des Epidémiologistes
de Langue Française for data collection and processing.

2.2. Study patients

Participating rheumatologists informed their patients about
the study orally and in writing. Inclusion criteria were age older
than 18 years; knee osteoarthritis meeting American College of
Rheumatology criteria [7]; and an inadequate response, as as-
sessed by the patient and physician, to level 1 or 2 analgesics
or to NSAID therapy taken daily or on alternate days during
the last 3 months. Patients were not included if they had an
effusion in the target knee, a history of intraarticular glucocor-
ticoid therapy within the last 3 months, a history of hyaluronic
acid injection within the last year, scheduled surgery on the
target knee, any of the usual contraindications to intraarticular
injections, or known hypersensitivity to hyaluronic acid. Preg-
nancy was also a non-inclusion criterion.

2.3. Conduct of the study

The study was managed by an independent steering com-
mittee, and an independent company organized the study
and conducted the statistical analyses.

At the first visit (V0), patients were asked about their treat-
ment for knee osteoarthritis over the last 3 months and about
the current status of their disease. Within the next month, three
hyaluronic acid injections were administered in the target knee
at intervals of 1 week (during visits V1 through V3). Patients
were evaluated 3 months (V4) and 6 months (V5) after the last
injection. Any additional visits required by the patient’s dis-
ease during the study period were recorded.

We defined three periods for the evaluation: the pretreat-
ment period (preT), which consisted of the 3 months preceding
the first injection, was studied retrospectively; whereas the two
posttreatment periods, which consisted of the first 3 months
(postT-1) and months 4 through 6 (postT-2) after the last injec-
tion were studied prospectively. PreT ended with V0, postT-1
with V4, and postT-2 with V5. At each of these three visits,
disease status and healthcare resource use were evaluated
(Fig. 1).

2.4. Evaluation criteria

At the first visit (V0), the following data were collected:
demographics, past history of health problems, co-morbidities,
and procedures and criteria used to diagnose knee osteoarthritis.

Fig. 1. Study flow chart. Evaluation of patients with knee osteoarthritis, retro-

spectively during the 3 months before viscosupplementation (preT) and pro-

spectively during the first 3 months (postT-1) and fourth to sixth months

(postT-2) after viscosupplementation. Patients were evaluated at visits V0 (im-

mediately before viscosupplementation), V3 (end of postT-1), and V5 (end of

postT-2). Suplasyn� was injected at visits V1 through V3.
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2.4.1. Evaluation of medical benefits
At V0, the physician and patient evaluated disease activity

on a 5-point scale ranging from 0 (inactive) to 4 (extremely ac-
tive). The severity of the structural lesions was assessed by de-
termining the Kellgren-Lawrence grade on an anteroposterior
radiograph of both knees taken within the last 6 months [8].

At each of the three evaluation visits (V0, V4, and V5), ques-
tionnaires were completed to determine the Lequesne index [9]
and the pain and function subscores of the Western Ontario and
McMaster Universities (WOMAC) scale [10] with the 5-point
Likert format. In addition, quality of life was assessed by
determining the physical and mental component summaries
on the 12-item Short Form questionnaire (SF-12) [11].

2.4.2. Evaluation of costs
Costs were evaluated from the perspective of the universal

health insurance system, which covers much of the healthcare
costs (including the cost of medications and medical devices)
of all individuals residing in France. The cost of inhospital
care was estimated from the nationwide hospital database
(Programme de Médicalisation des Systèmes d’Information).
To estimate the costs of rehabilitation center care and day-
hospital joint lavage, we used the health insurance system
reimbursement schedules for the Uniform Patient Groups
670 (rehabilitation) and 770 (outpatient arthroscopy), respec-
tively. Similarly, reimbursement schedules for 2003 were
used to estimate the costs of visits to general practitioners,
rheumatologists, and other healthcare professionals; costs of
investigations (e.g., laboratory tests and imaging studies);
and costs of care by nurses and physical therapists.

Costs of medications were determined based on the proprie-
tary or international non-proprietary name of each product, dos-
age, form, start and end dates, and retail price in the 2003
edition of the physician’s drug compendium (Vidal dictionary).
When the dosage was unknown, the mean dosage recommended
in the Vidal was used. When the form used was unknown, we
computed the mean cost of all available forms. The cost of the
Suplasyn� injections was computed by adding the reimbursed
costs of the product (114 Euros per injection) and the physician
fee for performing each injection. Medical device costs were
estimated as the cost of the device added to the cost of delivery
when the device was purchased; for rentals, we multiplied the
weekly rental fee by the number of weeks of use, and we added
delivery costs where appropriate. To estimate spa therapy costs,
we used the amounts reimbursed by the health insurance system
for the spa therapy per se and the spa physician’s fees; we did not
have information on the amounts reimbursed for hotel services
and transportation, which were paid in part out-of-pocket in pro-
portion to the patient’s income and were not recorded for this
study.

Among non-medical costs, we estimated days of work lost and
transportation costs. For employed patients, we multiplied the
mean compensation per sick-leave day [12] by the number of
days on sick leave after the first 3 days (for which no compensa-
tion is given). Transportation costs were estimated from reim-
bursements for ambulances and taxis per kilometer and from
the number of trips recorded in the patient’s files. Total costs
were computed as the sum of medical and non-medical costs.

2.5. Statistics

For this before-after study, we estimated the sample size
needed to obtain acceptable precision in the comparison of to-
tal costs (medical and non-medical) before versus after hyalur-
onic acid therapy. We found that including 300 patients would
provide 95% confidence intervals for cost estimates, different
from zero, with standard deviations of up to 8-fold the mean
cost (e.g., a mean cost of V1000 with a SD of up to V8000
would be significantly different from zero). Thus, 350 patients
were required to ensure that 300 assessable patients would be
available.

We assessed efficacy data and costs for each of the three pe-
riods (preT, postT-1, and postT-2). All patients for whom data
were available were included in these estimates. For each vari-
able, we computed the mean, standard deviation, median, and
95% confidence interval (95%CI). For each component of total
cost, we estimated the mean cost per patient in each period. To
compare mean efficacy data and costs between preT and
postT-1, and between preT and postT-2, we used Student’s t-
test for paired samples. Statistical tests were performed using
SAS V8.02 on a computer operated with Windows� (Micro-
soft, Redmond, WA).

3. Results

Of 310 included patients, 296 were assessable, i.e., received
at least two hyaluronic acid injections followed by an evalua-
tion at V4. Among them, 285 were evaluated at V4 and 275 at
V5. Only 14 patients were withdrawn prematurely, for the
following reasons: withdrawn by the investigator after study
inclusion (n ¼ 9), injections given too late after V0 (n ¼ 1),
worsening of the symptoms (n ¼ 1), surgery (n ¼ 1), skin al-
lergy at the injection site (n ¼ 1), and patient request (n ¼ 1).

3.1. Description of the study patients at
inclusion (Appendix)

Of the 296 patients, 192 (65%) were women. Mean age was
69 � 10 years (range, 36e88 years). Mean body mass index
was 28 � 5 kg/m2, and 30% of men and women were obese
(body mass index �30 kg/m2).

A single knee was affected in 188 (63.5%) patients and
both knees in 108 (36.5%) patients. Mean symptom duration
was 4.8 � 5.3 years. Other sites affected with osteoarthritis
were the hands (44% of patients), hips (16%), spine (66%),
and other joints (10%). Radiographs showed medial femoroti-
bial osteoarthritis in 92% of cases. The Kellgren-Lawrence
grade was 2 or 3 in 73% of patients. Radiological evidence
of chondrocalcinosis was seen in 39 (13%) patients. Disease
activity was usually assessed as moderate to severe by both
the patient and the physician.

Mean time from V0 to the first hyaluronic acid injection was
16 � 13 days (median, 14 days) and mean interval between
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injections was 8 � 3 days (median, 7 days). The injections were
given at the superolateral corner of the patella in 60% of cases,
with the knee extended in 66% of cases.

3.2. Clinical outcomes (Table 1)

The Lequesne index was significantly lower at V4 and V5
than at V0. The proportion of patients with a 3-point or greater
decrease in the Lequesne index was 52% at V4 (3 months after
the injections) and 57% at V5 (6 months after the injections).
The WOMAC pain and functional impairment scores were
significantly decreased at V4 and V5, compared to V0. Signif-
icant improvements in the SF-12 quality-of-life score were
found at the same time points.

3.3. Health resource utilization and cost of the disease

3.3.1. Admissions related to knee osteoarthritis
Seven admissions occurred during preT, for arthroscopy

(n ¼ 4), meniscectomy (n ¼ 1), joint lavage (n ¼ 1), and eval-
uation of knee pain (n ¼ 1). The total cost was V3,999, yield-
ing a mean per patient of V13.5 for the overall population of
296 patients. During postT-2, there were four admissions, for
joint lavage (n ¼ 1), osteotomy (n ¼ 1), single-compartment
arthroplasty (n ¼ 1), and total knee arthroplasty (n ¼ 1). The
total cost was V10,637 and the mean cost per patient was
V38.7.

3.3.2. Physician visits (Table 2) related to
knee osteoarthritis

Visits to general practitioners occurred for 43% of patients
during preT compared to only 6% and 7% during postT-1 and
postT-2, respectively. In addition to the six visits required by
the study protocol, 24 (8%) patients had 38 rheumatologist
visits during preT, 3 (1%) patients had 3 visits during postT-
1, and 11 (4%) patients had 17 visits during postT-2. The
mean number of visits per patient was 1.13 (334 visits by
296 patients) during preT compared to only 1.08 and 1.04 dur-
ing postT-1 and postT-2, respectively. All patients but 1 had
three visits for the injections; 1 patient received only two
injections.

The number of visits to physicians in other specialties was
24 during preT, 3 during postT-1, and 11 during postT-2. Most
of these visits were to orthopedic surgeons.
Table 1

Effect of viscosupplementation on pain, function, and quality of life in 296 patients with knee osteoarthritis

V0 (pretreatment) V4 (3 months) V5 (6 months) Difference V0/V4 Difference V0/V5

Lequesne Index

N. of patients 296 285 275 285 275

Mean � SD 11.03 � 3.86 8.10 � 4.64 7.68 � 4.74 2.94 3.28

Median 10.5 7.5 6.5

MineMax 2.5e22 0e23 0e22

t (Student) 14.08 13.81

P <0.0001 <0.0001

WOMAC pain score

N. of patients 294 285 275 284 274

Mean � SD 9.7 � 3.1 6.7 � 3.9 6.0 � 3.8 2.89 3.60

Median 10 6 6

MineMax 1e17 0e18 0e17

t (Student) 12.97 14.62

P <0.0001 <0.0001

WOMAC function score

N. of patients 293 285 275 283 274

Mean � SD 31.1 � 12.0 22.3 � 14.0 19.9 � 14.0 8.7 10.9

Median 31 20 17

MineMax 2e60 0e56 0e60

t (Student) 12.24 13.50

P <0.0001 <0.0001

SF-12 Physical component

N. of patients 288 273 261 269 256

Mean � SD 33.8 � 7.6 39.3 � 9.1 40.3 � 9.2 �5.4 �6.3

Median 32.9 40.0 41.3

MineMax 15.6e57.7 19.1e59.1 18.8e58.6

t (Student) �9.91 �11.13

P <0.0001 <0.0001

SF-12 Mental component

N. of patients 288 273 261 269 256

Mean � SD 41.8 � 10.5 45.1 � 10.4 45.8 � 10.2 �3.1 �3.7

Median 41.8 47.4 48.0

MineMax 18.6e64.4 16.6e67.2 18.6e66.4

t (Student) �4.84 �5.36

P <0.0001 <0.0001
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3.3.3. Investigations (Table 2) related to knee osteoarthritis
Imaging studies contributed most of the investigations. Few

patients underwent laboratory tests (blood cell counts, renal
function tests, or liver function tests).

3.3.4. Care from health professionals other than physicians
and use of medical devices (Table 2)

This category comprised care from nurses and physical thera-
pists, as well as spa therapy. The number of patients who required
physical therapy decreased after the injections. An even larger de-
crease occurred in the number of patients requiring care from
nurses. Medical devices were used by less than 10% of patients.

Table 2

Healthcare service utilization

Healthcare service used PreT*

296

PostT-1**

285

PostT-2***

275

Rehabilitation center care

N. of patients (%) 0 0 1 (0.4)

Physician visits

General practitioners (%) 126 (43) 18 (6) 20 (7)

Total number of visits 275 34 36

Mean number of visits per patient 0.9 � 1.3 0.1 � 0.5 0.1 � 0.5

Rheumatologists
N. of patients (%) 296 (100) 285 (100) 275 (100)

Total number of visits 334 288 292

Mean number of visits per patient 1.1 � 1.0 1.1 � 0.4 1.0 � 0.3

Other specialists
N. of patients (%) 24 (8) 3 (1) 11 (4)

Total number of visits

(including orthopedic surgeons)

24 (18) 3 (2) 11 (9)

Mean number of visits per patient 0.1 � 0.5 0.01 � 0.1 0.1 � 0.3

Investigations

N. of patients (%) 184 (62) 9 (3) 16 (6)

Imaging studies (%) 157 (53) 4 (1) 12 (4)

Mean number per patient 1.2 � 1.5 0.1 � 0.5 0.1 � 0.5

Health professionals other than physicians

Nurses
N. of patients (%) 184 (62.2) 9 (3.2) 16 (5.8)

Mean number of sessions per patient 26.2 � 16.2 ND 33.0 � 21.0

Physical therapists
N. of patients (%) 45 (15.2) 18 (6.3) 21 (7.6)

Mean number of sessions per patient 38.8 � 5.0 26.7 � 4.5 26.4 � 3.7

Spa therapy
N. of patients (%) 0 3 (1.1) 4 (1.5)

Medical devices

N. of patients (%) 23 (7.8) 15 (5.3) 13 (4.7)

Walking sticks 18 12 8

Wheelchair 2 0 2

Walker 2 1 0

Knee wrap 1 1 3

Knee brace 0 1 0

*PreT: 3 months before treatment with three intraarticular injections of Supla-

syn�. **PostT-1: first 3 months after treatment with three intraarticular injec-

tions of Suplasyn�. ***PostT-2: months 4 through 6 after treatment with three

intraarticular injections of Suplasyn�.
3.3.5. Medications (Table 3)
Medications included NSAIDs, analgesics, symptomatic

slow-acting drugs for osteoarthritis (Sy-SADOAs), and proton
pump inhibitors. Compared to preT, reductions in the percent-
age of patients who used medications were 39.1% for
NSAIDs, 19.2% for analgesics, 5.6% for Sy-SADOAs, and
10.6% for proton pump inhibitors. The result was a 31% de-
crease in the cost of medications between preT and postT-2.

The health insurance system in France categorizes hyalur-
onic acid therapy as a medical device and reimburses 65%
of the cost of the product and 70% of the cost of the injections,
yielding a total cost of V96.05 from the perspective of the
health insurance system for the three injections.

3.3.6. Non-medical costs (Table 4)
Hyaluronic acid therapy was followed by decreases in both

the number of patients on sick leave and sick-leave duration.
Table 5 reports the corresponding costs and the total costs.
Compared to preT, total cost per patient was lower during

Table 3

Medication use, with the mean cost per patient from the perspective of the

national health insurance system

Medications PreT*

296

PostT-1**

285

PostT-2***

275

NSAIDs
N. of patients (%) 202 (68.2) 122 (42.8) 80 (29.1)

Mean number of medications

per patient

1.1 � 0.3 1.2 � 0.5 1.1 � 0.4

Mean cost per patient (V) 26.4 � 31.9 20.9 � 33.7 14.2 � 30.3

Analgesics

N. of patients (%) 203 (68.6) 167 (58.6) 135 (49.4)

Mean number of medications

per patient

1.1 � 0.3 1.3 � 0.6 1.2 � 0.4

Mean cost per patient (V) 20.3 � 21.1 19.6 � 24.7 16.6 � 26.4

Sy-SADOAs

N. of patients (%) 107 (36.1) 97 (34.0) 84 (30.5)

Mean number of medications

per patient

1.0 � 0.2 1.1 � 0.3 1.0 � 0.2

Mean cost per patient (V) 7.9 � 12.5 7.9 � 12.5 6.8 � 11.6

Proton pump inhibitors

N. of patients (%) 57 (19.3) 35 (12.3) 24 (8.7)

Mean number of medications

per patient

1.0 � 0 1.1 � 0.2 1.1 � 0.3

Mean cost per patient (V) 9.5 � 25.2 9.7 � 27.8 6.5 � 22.6

Other

N. of patients (%) 35 (11.8) 37 (12.3) 28 (10.2)

Mean number of medications

per patient

1.9 2.1 2.5

Mean cost per patient (V) 6.3 � 1.6 6.0 � 1.7 4.0 � 1.1

TOTAL

N. of patients (%) 296 (100) 239 (83.6) 212 (77.1)

Mean number of medications

per patient

2.3 � 1.2 2.1 � 1.7 1.5 � 1.4

Mean cost per patient (V) 70.4 � 54.7 64.3 � 64.0 48.4 � 55.6

*PreT: 3 months before treatment with three intraarticular injections of Supla-

syn�. **PostT-1: first 3 months after treatment with three intraarticular injec-

tions of Suplasyn�. ***PostT-2: months 4 through 6 after treatment with three

intraarticular injections of Suplasyn�. NSAIDs: non-steroidal antiinflamma-

tory drugs; Sy-SADOAs: symptomatic slow-acting drugs for osteoarthritis.
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Table 4

Non-medical costs from the perspective of the national health insurance system

Costs PreT (n¼ 296) PosT-1 (n¼ 285) PostT-2 (n¼ 275) DPreT/PostT-1 (n¼ 285) DPreT/PostT-2 (n¼ 275)

Transportation

N. of patients (%) 2 (0.7) 1 (0.35) 2 (0.73)

Mean number of trips per patient 1.5 1 1.5

Mean distance traveled per patient (km) 5 60 103

Mean cost per patient (V) 0.21 0.25 1.51 0 �1.3

P ¼ 0.934 P ¼ 0.192

Sick leaves

N. of patients (%) 11 (3.7) 8 (2.8) 7 (2.5)

% of employed patients 17 14 12

Total number of days off work 765 649 606

Mean duration per patient (days) 70 � 38 81 � 23 87 � 12

Mean cost for the overall population (V) 100.2 88.9 86.2 3.0 9.0

P ¼ 0.875 P ¼ 0.712

Mean cost for all employed patients 463.6 429.3 388.7

Total non-medical costs (V) 100.44 89.13 87.73 3.0 7.7

P ¼ 0.876 P ¼ 0.752

*PreT: 3 months before treatment with three intraarticular injections of Suplasyn�. **PostT-1: first 3 months after treatment with three intraarticular injections of

Suplasyn�. ***PostT-2: months 4 through 6 after treatment with three intraarticular injections of Suplasyn�.
postT-1 and significantly lower during postT-2. The mean
savings was V101 per patient.

4. Discussion

Our observational study reflects the use of hyaluronic acid
therapy in everyday practice. However, it shares the limita-
tions inherent in all observational studies. The modalities for
collecting follow-up data were less stringent than during
clinical trials. Nevertheless, only 7% of patients were prema-
turely withdrawn from the study, and there were few missing
data.

All the clinical efficacy criteria (pain, function, and quality
of life) were significantly improved 3 months after hyaluronic
acid therapy compared to the 3 previous months, and further
improvements in pain and function were achieved during the
fourth through sixth month after hyaluronic acid. Although
our study design precluded the inclusion of a control group,
Table 5

Recapitulation of costs per patient in Euros from the perspective of the national health insurance system

N PreT (n¼ 296) PosT-1 (n¼ 285) PostT-2 (n¼ 275) DPreT/PostT-1 (n¼ 285) DPreT/PostT-2 (n¼ 275)

Inhospital care 13.51 0 38.68 13.68 25.18

P ¼ 0.9 P ¼ 0.34

Rehabilitation center care 0 0 6.63 d ns

Physician visits 42.805 20.714 20.794 22.091 22.011

P < 0.0001 P < 0.001

Suplasyn� therapy 96.05

Investigations 49.81 5.44 5.74 43.8 44.2

P < 0.0001 P < 0.0001

Health professionals

(physicians excluded)

55 18.23 22.91 37.1 35.3

P ¼ 0.0003 P ¼ 0.002

Devices 2.06 0.95 2.04 ns ns

Medications 70.4 64.3 48.4 6.2 22.0

P ¼ 0.21 P < 0.0001

Medical costs excluding

investigations

183.78 200.20 139.47 16.42 44.31

P ¼ 0.30 P ¼ 0.22

Total medical costs 233.59 205.64 145.20 27.95 88.38

P ¼ 0.11 P ¼ 0.02

Non-medical costs 100.44 89.128 87.73 11.315 12.71

P ¼ 0.81 P ¼ 0.79

Total cost 334.03 294.76 232.80 26.3 98.6

P ¼ 0.308 P ¼ 0.030

*PreT: 3 months before treatment with three intraarticular injections of Suplasyn�. **PostT-1: first 3 months after treatment with three intraarticular injections of

Suplasyn�. ***PostT-2: months 4 through 6 after treatment with three intraarticular injections of Suplasyn�. ns: non-significant difference.
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a Lequesne-index decrease greater than 2 is considered clini-
cally meaningful. In our study, the mean Lequesne index de-
creases were 2.94 and 3.28 after 3 and 6 months,
respectively. In addition, the index diminished by 3 points or
more in over half the patients.

These clinical improvements were achieved despite reduc-
tions in physician visits and medical costs. The reductions
were statistically significant for several components of care
such as medications and physical therapy. Decreases occurred
in both the number of patients on medications and the number
of medications used per patient. The number of investigations
was smaller after than before the injections. However, this re-
sult should be interpreted with caution, as persistent symptoms
despite conventional therapy may lead to knee radiographs be-
ing obtained before hyaluronic acid therapy.

Few cost-benefit studies have been reported for osteoarthri-
tis or hyaluronic acid injections. From a theoretical model
based on epidemiological, clinical, therapeutic, and economic
data in the literature on knee osteoarthritis, Waddell et al. con-
cluded that introducing hyaluronic acid therapy led to a 16%
reduction in direct medical costs over a 3-year period [13].
Yen et al. [14], in contrast, found no cost savings from adding
hyaluronic acid to a treatment strategy for knee osteoarthritis.
In two other studies, introducing hyaluronic acid resulted in
additional costs but significantly improved quality of life
[15,16]. The modest cost increase was consistent with a recom-
mendation to use hyaluronic acid. Different hyaluronic acid
preparations were administered in these studies, and differ-
ences in safety and/or efficacy may exist across preparations
[17]. Kahan et al. [18] compared costs in 500 patients given
standard treatment with or without hyaluronic acid. Total
cost per patient over the 9-month follow-up was V829 in
both groups, but outcomes were significantly better in the
group given hyaluronic acid. The cost of the hyaluronic acid
injections was offset by decreases in the use of other treat-
ments. The criteria used for cost estimates in this earlier study
[18] were the same as in our study. We obtained a similar total
cost of V862 per patient over the 9-month study period, which
constitutes evidence of external validity. In Italy, the direct an-
nual cost of knee osteoarthritis was estimated at V934 and the
indirect cost at V1236 per patient [19]. In our study, extrapo-
lating the data from the pretreatment period to 1 year yielded
a mean cost per patient of V932 from the perspective of the
health insurance system.

Appendix

Demographic, social, and clinical parameters at study
inclusion in the 296 study patients (n ¼ 296).

Place of residence (n ¼ 295)

Urban (>50,000 population): 127 (43%)

Semi-rural (20,000e50,000 population): 73 (25%)

Rural (<20,000 population): 95 (32%)

Self-sufficiency (n ¼ 294)

Independent without assistance: 268 (91.2%)

Independent with assistance: 25 (8.5%)
Retirement home without health professionals: 1 (0.3%)

Health insurance (n ¼ 296)

National health insurance only: 98 (33.0%)

National health insurance þ complementary private insurance: 198 (66.9%)

Job category

Farmer: 25 (8.4%)

Artisan, retailer, head of company: 34 (11.5%)

Executive, professional: 48 (16.2%)

Employee: 102 (34.5%)

Unemployed: 53 (17.9%)

Factory worker: 15 (5.1%)

Foreman: 5 (1.7%)

Other: 14 (4.7%)

Occupational status

Full-time paid job: 53 (17.9%)

Part-time paid job: 5 (1.7%)

Retired for health reasons: 9 (3.0%)

Retired at the normal age: 187 (63.2%)

Unemployed: 27 (9.1%)

Unpaid job: 9 (3.0%)

Other: 6 (2.0%)

Kellgren-Lawrence grade
Grade 1: 35 (11.8%)

Grade 2: 96 (32.4%)

Grade 3: 119 (40.2%)

Grade 4: 46 (15.6%)

Evaluation of disease activity (n ¼ 295)

By the patient
None: 2 (0.68%)

Mild: 29 (9.83%)

Moderate: 134 (45.42%)

Severe: 130 (44.07%)

Very severe: 0 (0%)

By the physician

None: 1 (0.34%)

Mild: 31 (10.51%)

Moderate: 167 (56.61%)

Severe: 95 (32.20%)

Very severe: 1 (0.34%)
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