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Abstract:

Background:

The evidence supporting multiple courses of viscosupplementation for knee osteoarthritis continues to grow; however, the optimal treatment
interval  for  repeat  courses is  not  well  understood.  To address this,  we compared baseline pain and disability scores in patients  returning for
subsequent treatment with their prior discharge scores.

Methods:

We retrospectively collected data from patients at 16 rehabilitation clinics who presented for repeated courses of viscosupplementation treatment
for knee OA. Primary outcomes were pain (visual analog scale, VAS) and Western Ontario and McMaster Universities Arthritis Index (WOMAC)
scores, which were collected following the initial treatment course and compared with scores upon return for treatment. The proportion of patients
who fulfilled a minimal clinically important difference in each outcome was calculated.

Results:

61 patients (81 knees) were included in our analysis. After a 6-month treatment interval, no significant differences were noted between post-
discharge and returning scores for either VAS (p=0.73) or WOMAC (Pain: p=0.42; Function: p=0.54; Stiffness: p=0.29). Patients waiting 9 months
to return for treatment saw a 45% increase in their pain scores (p=0.10) and significant worsening in WOMAC scores (Pain: p=0.007; Function:
p=0.03; Stiffness: p=0.04). At 12 months, pain (p=0.01), WOMAC Pain (p=0.05), and WOMAC Stiffness (p=0.02) had all worsened significantly
compared to discharge following the initial course.

Conclusion:

Our data indicate that patients who return for treatment within a 6-month treatment interval maintain their improvements, but that when the interval
increases to 9 months or more, patients present as significantly worsened, having lost the benefit of their initial course of treatment.
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1. INTRODUCTION

Knee  osteoarthritis  (OA)  remains  a  prevalent  and
potentially debilitating condition, affecting millions worldwide
each  year  [1]  and  resulting  in  the  ongoing  development  of
treatment  modalities  to  address  the  accompanying  pain  and
disability.  For  patients  with  early-  to  mid-stage  knee  OA,
viscosupplementation   (VS)   offers  a   safe  and   effective
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treatment  option  that  can  significantly  decrease  pain  and
improve  function  and  quality  of  life  [2  -  4].

The efficacy of VS for OA is now supported by decades of
clinical  studies  that  have  consistently  demonstrated  a
significant  treatment  effect.  Beneficial  results  from  VS  are
supported  by  systematic  reviews  and  meta-analyses,  with
single  courses  of  treatment  associated  with  significant  and
clinically important improvements in pain and function [5 - 8].
As  its  use  has  continued,  additional  evidence  has  shed
important light on the benefit of multiple courses of VS, with
several  studies  demonstrating  either  maintenance  of
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improvements  realized  after  an  initial  course  [9,  10]  or
continued  improvement  with  repeated  courses  [4,  11  -  13].
Current  treatment  guideline  recommendations  support  the
administration of both single and repeat courses of treatment
for symptomatic patients [3, 14, 15]. The growing evidence of
the value of VS for knee OA has also shaped the willingness of
payers to reimburse patients for VS treatment, with the current
evidence  informing  not  only  the  number  and  timing  of
injections  for  each  single  course  of  treatment,  but  also  the
interval between courses of treatment for patients who receive
repeated  courses.  Currently,  reimbursement  for  repeated
courses of treatment is based on a 6-month treatment interval
[16 - 18]. The data supporting the current approach to multiple
courses  of  treatment,  however,  are  based  on  establishing  a
minimum  time  between  courses  of  treatment.  A  question  of
equal importance is that of the maximum time between courses,
and how prolonging the treatment interval affects the treatment
effect.  The  question  relevant  to  patients,  practitioners,  and
policymakers  is:  how  long  is  too  long  to  wait  to  return  for
treatment?

The  evidence  supporting  multiple  courses  of  treatment
generally involves studies where a fixed treatment interval was
used.  There  is  less  evidence  evaluating  the  relative
effectiveness  of  repeated  courses  of  treatment  based  on
variable treatment intervals. The question of the optimal time
between  treatment  courses  is  crucial,  as  it  informs  how
multiple courses should be designed to minimize any loss of
treatment  effect  without  over-treating  the  patient.  To
investigate this, we analyzed real-world data from patients who
underwent  repeat  courses  of  VS  treatment  for  knee  OA,
without  a  regimented  treatment  interval.

2.. MATERIALS AND METHODS

2.1. Study Design

This was a retrospective, observational, longitudinal cohort
study of data collected from patients undergoing VS treatment
for knee OA, conducted at 16 rehabilitation clinics across the
United  States.  The  study  conformed  to  the  STROBE
(Strengthening  the  Reporting  of  Observational  studies  in
Epidemiology) guidelines for observational studies [19]. Data
collection complied with the Declaration of Helsinki [20] and
informed consent from patients and ethics approval (Advarra
IRB) were obtained prior to data collection. This analysis was
performed as part of a larger, longitudinal study examining the
effect of repeat courses of VS on patient outcomes in knee OA
[21].  Patient  eligibility  and  data  collection  in  this  study  are
based  on  the  initial  study,  with  a  convenience  sample  of
eligible  patients  used  in  this  analysis.  The  current  analysis
examined the impact of treatment interval on patient outcomes
(pain and functional abilities).

2.2. Study Population

Patient eligibility for this analysis was based on the criteria
set out in the initial study, which included:

(1) Treated with VS for primary knee OA between January
2014 and June 2020,

(2) A confirmed diagnosis of OA, based on the Medicare

Local  Coverage  Determination  rules  [22]:  physical
examination, standing radiographs, a detailed medical history,
and  patient-reported  pain  in  the  affected  knee  that  interferes
with basic activities of daily living (ADLs), and

(3) Clinical outcomes recorded at baseline (i.e., prior to the
first injection) and one week following the final injection for
each course of treatment.

Additionally,  patients  were eligible to be included in the
current  analysis  if  they  completed  one  full  course  of  VS,
administered over a standard period of 6-8 weeks, and returned
for  a  subsequent  treatment  course  of  treatment.  No  specific
criteria were applied regarding patients’ return for treatment.
Patients  returned  for  the  subsequent  course  of  their  own
volition,  based  on  their  symptom  status,  i.e.,  the  perceived
increase  in  pain  or  decrease  in  functional  abilities.  Visual
analog  scale  (VAS)  and  Western  Ontario  and  McMaster
Arthritis  Index  (WOMAC)  scores  were  recorded  on  each
patient’s return to provide baseline scores for the second course
of  treatment.  The  treatment  interval  was  defined  as  the  time
between the post-treatment assessment that followed the initial
course  of  treatment  and  the  date  that  baseline  scores  were
recorded for the subsequent course of treatment.

2.3. Outcomes

The  primary  outcomes  for  this  study  included:  pain,
assessed via VAS (0-10) and WOMAC scores for all domains
(pain, physical function, and stiffness). Demographic data was
recorded for all patients including patient age, sex, Kellgren-
Lawrence (KL) score, treatment date, body mass index (BMI),
and treated knee (i.e., right, left, or bilateral).

Data for each knee treated was recorded at baseline (prior
to the course of treatment initiation) and one week following
the  completion  of  each  course  of  treatment.  Patients
categorized as “bilateral” received treatment for both knees at
different  time points  during  the  study period.  In  these  cases,
data was collected for each knee separately and patients were
categorized as “bilateral” for demographic purposes only.

2.4. Treatment Regimen

Each  VS  course  was  administered  as  a  series  of  intra-
articular  injections  at  weekly  intervals,  totaling  5  injections,
over  a  period  of  6-8  weeks.  In  this  real-world  study,  no
restrictions  were  placed  on  the  time  between  courses,  or  the
number  of  courses  received.  Further,  no  restrictions  or
limitations  were  placed  on  the  patients  regarding
physiotherapy,  rehabilitation,  or  medication  (analgesic  or
otherwise).  Each  patient’s  treatment  regimen  –  beyond  the
number  of  injections  and  timeframe  for  each  course  of
treatment – was at the discretion of the treating physician. The
VS  formulations  administered  were:  Genvisc850  (25  mg/2.5
mL,  OrthogenRx,  Inc.,  Doylestown,  PA,  USA),  Supartz  (25
mg/2.5  mL,  Bioventus  LLC,  Durham,  NC,  USA),  and
Orthovisc (30 mg/2 mL, Pendopharm, Montreal, PQ, Canada).

2.5. Data Analysis and Statistics

Patients were stratified based on the time between courses
of  treatment.  Pain  and  function  scores  following  the
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completion of each course of treatment were then compared to
baseline  scores  upon  each  patient’s  return  for  subsequent
treatment to determine the change in pain or function status, if
any,  that  occurred  during  the  treatment  interval.  Outcomes
scores are presented as mean (standard deviation) or mean ±
standard deviation and mean scores were compared based on
treatment interval using student’s t-test or single-factor analysis
of  variance  (ANOVA),  as  appropriate.  Categorical  variables
were compared using the chi-squared test or Fisher’s exact test
as  appropriate.  Responder  rates  were  calculated  based  on
whether a minimal clinically important difference (MCID) was
reported  for  each  outcome  measure  when  comparing  post-
treatment scores with baseline scores. MCID was also used to
determine the degree of worsening in patients upon their return
for treatment [23 - 25]. For VAS scores, a change of 30% was
considered  clinically  important  [26],  while  for  WOMAC
scores,  a  change of  20% was considered clinically important
[27]. Kaplan-Meier survival analysis was used to examine the
effect of treatment interval on the proportion of patients who
maintained their treatment effect following their initial course
of treatment.

3. RESULTS

3.1. Descriptive Statistics

A  total  of  61  patients  (81  knees)  were  included  in  this
analysis.  The  mean  age  of  participants  was  70.9±9.5  years,
with a mean BMI of 32.2±7.6. Females comprised 61% (37/61)
of the study population. GenVisc850 was the most commonly
prescribed  formulation  (47/61,  77%),  followed  by  Supartz
(11/61,  18%)  and  Orthovisc  (3/61,  5%).  GenVisc850  and
Supartz  are  administered  as  once-weekly  treatments  for  5
consecutive  weeks  while  Orthovisc  is  administered  once

weekly  for  3  weeks.  Our  study  included  too  few  patients
receiving  Orthovisc  to  perform any  meaningful  comparisons
based  on  the  formulation  administered.  No  significant
differences  were  noted  in  the  demographic  statistics  when
participants  were  stratified  based  on  the  treatment  interval
(Table  1).

3.2. Effect of Treatment Interval on Pain Scores

Upon  return  following  an  initial  course  of  treatment,  all
patients reported higher baseline VAS scores when compared
with  scores  following  their  initial  course  of  treatment.  The
pattern of this change indicated that as the treatment interval
increased, so did the patient’s baseline score upon return, with
a  survival  analysis  indicating  that  treatment  effects  had
decreased  mildly  at  6  months  but  began  to  decrease
significantly  at  9  months  and  beyond  (Fig.  1A).  Patients
returning after 6 months reported a 6% increase in VAS scores
(3.4±3.0 vs. 3.2±2.4, p=0.73), which increased to 45% (4.8±3.4
vs. 3.3±2.9, p=0.10) when the treatment interval was 9 months,
to 56% (5.1±3.3 vs. 3.3±2.9, p=0.01) when returning after 12
months  and  to  167%  (6.8±2.7  vs.  2.5±3.0,  p=0.004)  when
patients  returned  after  18  months  or  longer  (Fig.  2A).

In patients who returned after 6 months, the mean increase
in  VAS  scores  represented  a  clinically  important  change  in
29%  of  cases  (6/21).  This  proportion  increased  as  the  time
between courses increased (Fig. 2A). In patients who returned
after 9 months (52%, 13/25, p=0.11 vs. 6-month interval) and
12  months  (47%,  7/15,  p=0.27  vs.  6-month  interval),  more
patients saw a clinically important increase in their pain scores,
although these differences were not significant. At ≥18 months,
significantly more patients had reported a clinically important
increase  in  pain  scores  (76%,  16/21,  p=0.02  vs.  6  months)
(Table 2).

Table 1. Comparative statistics based on treatment interval.

Treatment interval
Full cohort 6 months 9 months 12 months ≥18 months p-value

Age, mean (SD) 67.2 (13.1) 67.0 (9.7) 71.1 (8.3) 71.3 (10.9) 70.2 (10.5) 0.41a

BMI, mean (SD) 32.2 (7.6) 31.5 (5.1) 31.4 (7.6) 32.3 (8.1) 33.1 (7.7) 0.21a

Kellgren-Lawrence score, n (%)0
1
2
3
4

18 (38)
1 (2)

12 (26)
24 (51)
6 (13)

6 (43)
0 (0)
5 (36)
3 (21)
0 (0)

5 (25)
0 (0)
3 (15)
9 (45)
3 (15)

3 (25)
1 (8)
2 (17)
6 (50)
0 (0)

4 (27)
0 (0)
2 (13)
6 (40)
3 (20)

0.31b

Sex, n (%)
M
F

24 (39)
37 (61)

7 (50)
7 (50)

6 (30)
14 (70)

5 (42)
7 (58)

6 (40)
9 (60)

0.70b

Side, n (%)
R
L
Bi

21 (34)
20 (33)
20 (33)

5 (36)
3 (21)
6 (43)

6 (30)
9 (45)
5 (25)

5 (42)
4 (33)
3 (25)

5 (33)
4 (27)
6 (40)

0.78b

Supplement, n (%)
GenVisc850
Supartz
Orthovisc

47 (77)
11 (18)
3 (5)

12 (86)
2 (14)
0 (0)

17 (85)
2 (10)
1 (5)

7 (58)
4 (33)
1 (8)

11 (73)
3 (20)
1 (7)

0.63b

Note: a. Single-factor ANOVA based on treatment interval.
b. Chi-square or Fisher-Freeman-Halton test (based on statistical appropriateness) based on treatment interval
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Fig. (1). Kaplan-Meier plots for VAS (A), WOMAC Pain (B), WOMAC Stiffness (C) and WOMAC Function (D) scores. Patients who returned after
6 months saw no worsening of their pain scores, however; in those who returned after 9 months or greater, the proportion who maintained their
treatment effect decreased with increased treatment intervals.

Fig. (2). Mean pain scores following the initial course of treatment (white bars) were compared with scores upon patients’ return for subsequent
treatment (grey bars) for VAS scores (A) and scores for all WOMAC domains: Pain (B), Stiffness (C) and Function (D). Data are presented as mean
± standard error measure. * indicates a statistically significant difference between scores following initial course of treatment and upon return for the
subsequent course of treatment (p<0.05).
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Table 2. The proportion of patients who experienced a clinically important worsening of pain or function score during their
treatment interval. Minimal clinically important differences were established as a change of 20% for WOMAC scores and
30% for VAS scores.

- Treatment Interval
6 months 9 months 12 months ≥18 months

VAS, n (%) 6 (29) 13 (52) 7 (47) 16 (76)*
WOMAC Pain, n (%) 5 (24) 17 (68)* 9 (60)* 14 (64)*
WOMAC Function, n (%) 5 (24) 15 (60)* 8 (53) 12 (55)*
WOMAC Stiffness, n (%) 6 (29) 13 (52) 13 (87)* 16 (73)*
* indicates a statistically significant increase when compared with results from the 6-month interval (p<0.05).

3.3. Effect of Treatment Interval on WOMAC Scores

WOMAC scores followed a similar pattern to pain scores,
with scores generally worsening during the treatment interval,
and with the degree of worsening being greater as the treatment
interval  increased.  For  WOMAC  Pain,  survival  analysis
indicated  a  mild  worsening  of  scores  at  6  months,  but
significant worsening beginning at 9 months (Fig. 1B). Scores
for  patients  returning  after  6  months  were  essentially
unchanged compared to their post-treatment scores (8.0±5.1 on
return vs. 8.1±5.5 after the initial course, p=0.42). For patients
returning after 9, 12, and ≥18 months, the score on return was
significantly  higher  than  following  their  initial  course  of
treatment.  Returning  scores  were  60%  higher  (9.8±4.6  vs.
6.1±4.6,  p=0.007)  at  9  months,  49%  higher  (9.5±4.5  vs.
6.4±4.0,  p=0.05)  at  12  months  and  52%  higher  (9.5±4.6  vs.
6.3±4.0, p=0.02) at 18 months (Fig. 2B).

Amongst  patients  who  returned  for  treatment  after  6
months, 24% reported a clinically important increase in their
WOMAC Pain scores (5/21). This proportion was significantly
higher at 9 months (68%, 17/25, p=0.003 vs. 6 months) and 12
months  (60%,  9/15,  p=0.03  vs.  6  months),  and  remained
significant at ≥18 months (64%, 14/22, p=0.008) (Table 2 and
Fig. 2B).

Scores  for  WOMAC  Function  and  Stiffness  followed  a
similar trend to pain scores, with the survival analysis for both
domains  indicating  a  small  worsening  at  6  months  but  a
significant  worsening  when  the  treatment  interval  was  9
months or greater (Fig. 1C and 1D). Patients who returned after
6 months reported increased scores, although these differences
were  not  statistically  significant  compared  with  their  initial
discharge  scores  (Function:  4.0±2.3  vs.  3.5±2.1,  p=0.54;
Stiffness: 31.4±16.1 vs. 26.3±15.0, p=0.29). At 9 months, the
increase in both scores were statistically significant compared
to scores  following the initial  course  of  treatment  (Function:
38%  increase,  4.5±1.9  vs.  3.3±2.1,  p=0.03;  Stiffness:  42%
increase,  33.8±16.5  vs.  23.9±16.7,  p=0.04).  At  12  months,
WOMAC  Function  scores  were  significantly  higher  upon
return (38.1±17.3 vs. 23.6±14.5, p=0.02), but at 18 months and
beyond, returning scores, while higher, did not reach statistical
significance.  For  WOMAC  Stiffness,  scores  for  patients
returning at 12 months (61% increase, 38.1±17.3 vs. 23.6±14.5,
p=0.02)  were  significantly  higher  than  following  the  initial
course  of  treatment  while  at  ≥18  months,  returning  scores
trended towards higher but did not reach statistical significance
(53% increase, 30.8±16.1 vs. 20.2±10.3, p=0.07) (Fig. 1C and
1D).

Patients  returning  after  6  months,  24%  and  29%,
respectively,  reported  an  increase  in  Function  and  Stiffness
scores  that  was  clinically  important  (5/21,  6/21).  This
proportion increased to 60% for Function at 9 months (15/25,
p=0.01 vs. 6 months) and remained higher for those returning
after  12  months  (53%,  8/15,  p=0.07  vs.  6  months)  and  ≥18
months  (73%,  16/22,  p=0.02).  WOMAC Stiffness  scores  for
patients  returning  at  9  months  saw  a  clinically  important
increase in 52% (13/25, p=0.11) of patients, while among those
returning  at  12  months  (87%,  13/15,  p=0.0006)  and  ≥18
months  (64%,  12/22,  p=0.008),  significantly  greater
proportions  reported  a  clinically  important  change  when
compared to those returning at 6 months (Table 2, Fig. 2C and
2D).

4. DISCUSSION

Viscosupplementation  remains  a  safe  and  effective
treatment for early- to mid-stage osteoarthritis of the knee. In
general, a 6-month window between courses is viewed as the
most  appropriate  timeframe  for  patients  receiving  multiple
courses  of  treatment.  While  this  treatment  interval  is  widely
supported in the literature, what is less well understood is how
extending this timeframe beyond 6 months impacts treatment
effects. We examined real-world data from a long-term study
to determine the impact of varying treatment intervals on pain
and function scores. Our results concur with the literature and
indicate that with an interval of 6 months, treatment effects are
well  maintained,  but  found  that  in  patients  who  waited  9
months or more to return for treatment, VAS and all domains
of WOMAC scores worsened significantly and the benefits of
the initial course of treatment were partially lost.

Our  study  noted  no  significant  worsening  of  pain  or
function  scores  when  patients  returned  after  6  months,
observing that both VAS and all domains of WOMAC scores
were  maintained  to  the  point  of  being  essentially  unchanged
between discharge from the initial course of treatment and their
return  for  retreatment.  These  observations  align  with  the
consensus  within  the  field  that  short-term  improvement  (≤6
months)  can  be  expected  following  an  initial  course  of
viscosupplementation,  but  that  this  improvement wanes after
this initial period. Several systematic reviews [5, 8, 28, 29] and
large-scale studies [30] have and have all observed a 6-month
post-treatment  window  where  symptoms  are  abated.  Indeed,
this  expectation  is  reflected  in  current  reimbursement
guidelines,  which  do  not  support  coverage  of  treatment  in
intervals shorter than 6 months [17]. Our study supports these
conclusions  but  also  provides  new  evidence  regarding  the
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relative impact of prolonging the treatment interval greater than
these  recommendations,  as  we  noted  substantial  increases  in
both pain and WOMAC scores in patients who extended their
treatment  interval  beyond  6  months.  We  were  unable  to
identify  similar  studies  examining  variations  in  treatment
interval.  Our  study  thus  provides  initial  evidence  that
prolonging  the  treatment  interval  may  result  in  loss  of
treatment effect and may be beneficial in setting expectations
of patients regarding expected improvement duration following
an  initial  course  of  treatment.  Further  research  on  the
implications of prolonging the treatment interval is warranted.

Interestingly,  there  were  demographic  differences  within
our cohort that may explain this observation. Patients returning
after 6 months were younger than those returning after either 9,
12, or 18 months, suggesting that age may be a factor. When
patients returning after 6 months were age-matched with those
returning after 9 months and VAS scores compared, scores at 9
months remained higher, although not significantly (3.3±3.7 vs.
4.8±3.4, p=0.22). Similarly, patients returning after 6 months
had an average Kellgren-Lawrence score of 1.4±1.3, which was
lower  than  those  returning  after  9  (2.3±1.4,  p=0.07  vs.  6
months), 12 (1.9±1.3, p=0.28) or 18 (2.7±1.5, p=0.06) months.
BMI, however, did not appear to play a role, as there were no
differences between mean BMI in patients stratified based on
their  treatment  interval  (Table  2).  The  results  of  our
multivariate  analysis,  however,  do  not  completely  support
these observations, as only the Kellgren-Lawrence score was
noted  to  be  a  significant  predictor  of  returning  VAS  or
WOMAC scores, suggesting that these variables independently
are not indicative of returning scores and that multiple factors
combine  to  determine  when  patients  return  for  subsequent
treatment. This is an interesting finding, as current guidelines
consider  disease  severity,  age,  and  BMI  as  part  of  their
recommendations [3, 14, 15], with an expectation that younger
age and lower  severity  of  disease  are  indicators  of  treatment
success [31].  However,  there is  also evidence indicating that
higher BMI is also associated with poorer treatment response,
including one recent study that examined the independent and
combined  effects  of  disease  severity  and  BMI  on  treatment
response,  noting that  both were significant  contributors [32].
Collectively, the data suggest a role for age and OA severity as
factors when considering the optimal treatment interval. This
observation warrants further investigation.

Our study has limitations, primarily the small sample size
of  patients  who  returned  18  months  or  more  following  their
initial  course  of  treatment.  As patients  returned of  their  own
volition, there is the possibility that variables other than pain or
dysfunction  (i.e.,  availability,  scheduling,  co-morbidities,
illness) could have extended their treatment interval. Further,
patients who had a less favourable response to treatment after
their  initial  course  may  not  have  been  as  likely  to  return
promptly  for  a  second  course.  As  such,  there  may  be  an
element of selection bias at play in our study. Combined with
the  nature  of  the  study  (retrospective  design,  convenience
sample), these factors may be considered limitations that limit
the  generalizability  of  the  results.  Further,  the  design  of  our
analysis, i.e., a sub-group analysis performed as part of a larger
study that established the study parameters may be somewhat
limiting. However, the real-world setting of our study and its

multicenter design provide valuable data regarding the impact
of varying treatment intervals, data that may not be available if
it were collected prospectively due to more stringent study and
treatment  protocols.  Future  studies  with  larger  sample  sizes
should help to augment our results and add to the applicability
of the findings. Finally, our study focused on patient-reported
outcomes  which,  while  increasingly  important  as  part  of
healthcare  decision-making  processes,  are  nonetheless
subjective in nature. Future studies will include objective data
collected at the treatment interval to provide additional data.

CONCLUSION

Our review of  real-world data indicates  that,  for  patients
with early- to mid-stage knee OA, improvements in pain and
function  following  an  initial  course  of  viscosupplementation
are maintained in  the 6 months following treatment,  but  that
improvements in pain levels begin to deteriorate at 9 months
and  are  significantly  worsened  at  12  months.  Functional
abilities  scores  are  similarly  maintained  at  6  months  but  are
significantly  worsened  at  9  months,  an  observation  that
continues  at  12  months  and  beyond.
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