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Abstract
Background

Viscosupplementation refers to the use of hyaluronic acid injections into diarthrodial joints, typically
the knee, to provide lubrication and shock absorption. It is commonly used for the treatment of knee
Osteoarthritis (OA). One product, Synvisc® (Sanofi, Inc., Bridgewater, NJ), has been used in our clinic for
over 20 years. Given the increasing prevalence of obesity and its known negative impact on OA outcomes,
this study aimed to evaluate the influence of Body Mass Index (BMI) on patient outcomes following
Synvisc® injection.

Methods

A single-center retrospective medical record review was conducted on 46 patients who received
Synvisc® injections for symptomatic knee OA. Patient-Reported Outcome Measures (PROMs) included
the International Knee Documentation Committee (IKDC) Subjective Knee Evaluation Form, Lysholm
Knee Scoring Scale, 12-Item Short Form Survey (SF-12), and the Knee Injury and Osteoarthritis Outcome
Score (KOOS), recorded before and after injection. Patients were categorized as non-obese or obese using
NIH BMI guidelines. Statistical significance was set at p<0.05.

Results

Significant improvements in PROMs were observed from baseline following Synvisc® injections
in most patients. These improvements were more pronounced in non-obese patients (p<0.05). Obese
patients showed greater activity and functional limitations, indicating a BMI-related effect on treatment
response.

Conclusion

Synvisc® injections improved patient-reported- outcomes/quality of life and pain relief across
all patient cohorts. However, pre-obese patients experienced more substantial improvements in pain
sensation and quality of life metrics compared to their obese counterparts.

Keywords: Viscosupplementation; Osteoarthritis; Hyaluronic acid; Body mass index; Patient reported
outcome measures

Introduction

Osteoarthritis (OA) greatly impacts quality of life of the adult population worldwide,
and the increasing prevalence has led to greater research efforts to investigate the cause
and development [1]. It has been well documented that a known modifiable risk factor for
both incidence and progression of OA is obesity [2,3]. The prevalence of obesity is rising, and
severe obesity is expected to double from 10% to 20% from 2020 to 2035 [4,5]. The World
Health Organization (WHO) considers the increase in prevalence of obesity a global epidemic
as it affects hundreds of millions of individuals [6]. With the rising prevalence and association
of obesity and OA, there is a need to advance our knowledge of OA and obesity to improve
treatment and management of patients.
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Osteoarthritis of the Knee (KOA) is one of the most common
joints affected and there is a known association between obesity
and knee osteoarthritis [7,8]. The development of new treatment
modalities for KOA is of continued interest in the literature. Total
Knee Arthroplasty (TKA) surgically treats the symptoms of severe
KOA. In the case of less severe KOA, various societies recommend
conservative treatment modalities, such as exercise, oral and topical
medications, and intra-articular injections with corticosteroids,
platelet-rich plasma, or viscosupplementation [9].

Viscosupplementation treats symptoms of KOA through
hyaluronic acid and its derivatives, restoring the natural
viscoelasticity of the joint, thus minimizing friction between
articular cartilage with movement [10]. This differs from other
injections with anti-inflammatory properties. Studies analyzing
hyaluronan and Hylan derivatives such as Synvisc-One® (Sanofi
Inc., Bridgewater, NJ) suggest that viscosupplementation has similar
efficacy to corticosteroids with fewer systemic adverse events and
prolonged effects [11]. The adverse effects of viscosupplementation
injections are usually minor. Pain, local swelling, and skin reactions
are among the more common, while more serious side effects such
as pseudoseptic reactions and infection are considered uncommon
[12].

Patient-Reported Outcome Measures (PROMs) and other
tests are often used to evaluate outcomes of patients with KOA.
The selection of appropriate PROMs is used to guide research and
provide clinical context [13]. In this study, four different PROMs
were collected to assess each knee of KOA patients treated with
Synvisc-One® injections. The Lysholm Knee Scoring scale was
initially developed to evaluate functional impairment of knees due
to instability following meniscus ruptures [14]. The 12-item short-
form health survey (SF-12) was developed as a shortened survey
to better assess large-scale health measurements and monitoring
effects [15]. The International Knee Documentation Committee
(IKDC) subjective knee form is a knee-specific PROM used to
measure symptoms, function, and sports activity for patients
with various knee problems [16]. And lastly, the Knee Injury and
Osteoarthritis Outcome Score (KOOS) was developed to evaluate
short-term and long-term symptoms and function in individuals
with KOA and knee injuries [17]. Therefore, this study is designed
to investigate the response to Synvisc-One® injection using PROMS
in patients stratified by their BMIL.

Materials and methods
Study design and population

This was a retrospective study conducted at a single site from
2012 to 2024. Participants in the study were patients who have
been diagnosed with Knee osteoarthritis (KOA) and have received
at least one viscosupplementation injection in the affected knee.
The International Classification of Diseases, 10th Revision (ICD10)
codes were used to verify KOA diagnosis. The total cohort was
collected from a single physician’s repertoire of patients who
agreed to participate in the study. Patients with knee injections
prior to KOA diagnosis or less than 18 years of age were excluded

from the study. Patients that received other types of therapeutic
modalities for symptomatic KOA were also excluded from the study.
Observations with at least one month of follow-up were used for
the study.

Ethics statement

This study was conducted in accordance with the ethical
standards of the institutional review board committee at Ochsner
Clinic Foundation (IRB number: 2012.205). Each patient that
participated in this study was provided with comprehensive
informed consent. Patientdatawas handled to ensure confidentiality
and privacy.

Viscosupplementation injection

For this study, the form of viscosupplementation used was
Synvisc-One® only. All patients received one injection of 6 mL
suspension of Synvisc-One®. Injections were administered by the
same experienced physician with Ultrasound (US) guidance using a
superolateral approach and 21-gauge needle. Ethyl chloride spray
was applied prior to arthrocentesis, and all synovial fluid was
aspirated using US verification prior to injection of Synvisc-One®.
No regular analgesics or therapy were permitted during the study.
When appropriate, NSAIDs were used for pain relief and reported
to the study physician. No rescue medication was used 24 hours
prior to follow-up clinic visit.

Data collection and Patient-Reported Outcome Measures
(PROMs)

Data collection was centered as joint-based per clinic visit and
not patient-based, such that patients with KOA in both knees were
assessed separately, and PROMs were collected for each knee per
visit. Demographic data and clinical variables for each patient were
collected from the Electronic Medical Record (EMR) system. To
determine Body Mass Index (BMI) for each patient, patient weight
and height at each clinic visit were collected to calculate BMI. In
line with our study objectives, we recorded encounter date, BMI,
and PROMs for each affected knee per visit to determine BMI and
PROM correlation. To determine reference, PROMs collected prior
to Synvisc-One® injection served as baseline for reference. Visual
Analogue Scale (VAS) was also used to capture pain frequency and
pain severity on a 0-10 scale with lower number meaning less
discomfort.

To capture the efficacy of Synvisc-One® in obese KOA patients,
we used standardized and validated PROMs such as Lysholm Knee
Scoring scale, which measures knee chondral damage and the
impact of Synvisc-One® in minimizing KOA symptoms [14]. The 12-
item short-form health survey (SF-12) was used to assess overall
health in KOA patients [15]. The International Knee Documentation
Committee (IKDC) function was used to measure knee function
and activity limitation [16]. Finally, we used Knee Injury and
Osteoarthritis Outcome Score (KOOS) with KOA specific measure
to comprehensively determine the effect of Synvisc-One® on obese
KOA patients [17]. Our approach to use multiple standardized
PROMs was to ensure multidimensional assessment of Knee health
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and overall health after Synvisc-One® injections in KOA patients.
We collated the various aspects assessed by these PROMs to
investigate various domains such as knee joint symptoms and pain,
knee joint function, and general health. This approach ensured a
comprehensive assessment of patient outcomes.

BMI Classification

To investigate how BMI impacts the efficacy of Synvisc-One®
using PROMs, we further categorized BMI collected for each patient
based on the National Institute of Health (NIH) classification into
Obese (BMI=30) and none-obese (BMI<30) [18]. This option was
necessary to ensure sufficient size in capturing the impact of BMI.

Power and statistical analysis

In line with the objectives for this study, clinic visits resulting
in PROMs and BMI collection were defined as an independent
observation. Power analysis using Cohen'’s effect size assumption
for multiple regression of 0.02, power at 80% and alpha at 0.05
was used to determine the observation datapoint were sufficient to

within obese and non-obese groups. An independent sample t-test
was used to assess differences in PROMs between obese and non-
obese groups. For all analysis, p<0.05 was considered statistically
significant. All analysis in this study was done using R (version
4.2.2) in RStudio (version 2023.03.0 Build 386).

Result
Patient demographics

A total of 550 datapoint samples were collected from 46
patients. Descriptive analysis of the patients used for this study
is shown in Table 1. Each observation encounter was matched
with the corresponding PROMs and BMI value per encounter. BMI
distribution for the study had a mean and standard deviation of
30.7+4.1. BMI values were used to create BMI classification of obese
or non-obese for each observation. This served as the groundwork
to investigate the impact of obesity on PROMS in KOA patients
injected with Synvisc-One® (Table 1).

Table 1: Descriptive analysis of patients used in the study.

investigate our study hypothesis [19].
95% Confidence
. PROMs t-test (p value)

To evaluate how obese and non-obese KOA patients respond to Interval
Synvisc-One® injections, we maintained the PROMs as the primary KOOS Pain Score p<0.001 -17.13,-5.58
outcome and analyzed in relation to BMI classification, that s, obese KOOS symptom P<0.001 -15.06, -4.82
versus non-obese. PROMs collected prior to Synvisc-One® injection, Lysholm p<0.01 -14.89,-3.27
defined as baseline, were ciolmpz?r.ed within and'acrf)ss observations IKDC Function < 0.001 1835, -6.56
to PROMs at follow-up clinic visits to determine improvement or

. . - . . KOOS ADL p<0.001 -18.35,-7.34
deterioration. Descriptive analysis was done to explore the patient
population used for the analysis. For each PROM stratified by BMI KOOS Sport p<0.001 -22.77,-6.71
classification, scatterplots with linear regression were used to KOOS QoL p<0.01 -19.77,-4.18
assess relationships. Pearson correlation was also used to quantify PSF12 Score p<0.01 -9.23,-3.03
the strength and direction of these associations. Where applicable, MSF12 Score p>0.05 -3.55,1.47
linear modeling was used to determine if PROMs varied over time
Trend in pain frequency and pain severity between obese and non-obese
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Figure 1: Linear model plots and correlation analysis of Visual Analogue Scale (VAS) scores for pain frequency (A) and pain severity
(B) in patients with knee Osteoarthritis (OA) over time, stratified by obesity status. VAS scores range from 0 to 10, with lower values
indicating less symptomatic knee OA. Baseline measurements (*) were used as reference points to assess longitudinal trends. Red
indicates the obese group, and mint green indicates the non-obese group.
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We considered data collected by VAS on a 0-10 scale at each
encounter to determine the association between Synvisc-One®
injection and BMI classification. Pain frequency and pain severity
for obese and non-obese at each encounter post Synvisc-One®
injection was used to determine the trend on the VAS scale over
time (Figure 1A&1B). The linear curve showed a downward trend
in pain frequency and severity in non-obese patients, which was
less pronounced in the obese group (Figure 1A&1B). Linear model
analysis showed that pain frequency and severity at baseline did
not improve after Synvisc-One® injection in obese patients, p>0.05,
however, improvement from baseline was observed in non-obese
patients, p<0.001. When comparing obese to non-obese patients,
there was a significant difference in pain frequency (p<0.001, 95%
CI: 0.28 to 2.04), and pain severity (p<0.001, 95% CI: 0.98 to 2.4).

Impact of obesity on PROMs after synvisc-one® injection

We used 4 standardized PROMs to ensure a comprehensive
psychometric assessment of KOA patients post Synvisc-One®
injection. The standardized PROMs were categorized into knee
joint symptoms and pain, knee joint function, and general health.

Knee joint symptoms and Pain: To determine if obesity affects
the effectiveness of Synvisc-One® on KOA patients regarding knee
joint symptoms such as swelling, stiffness, and pain, we collected
KOOS pain and KOOS symptoms between obese and non-obese
patients for analysis. Pearson correlation showed an improvement
in symptomatic knee OA in non-obese KOA patients over time post
injection (Figure 2A). A similar trend was observed with KOOS pain
PROMs (Figure 2B). Comparing obese to none-obese showed a
significant difference, p<0.05 (Table 2).
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Figure 2: Linear model plots and correlation analysis of standardized PROMs for KOOS Pain (A) and KOOS symptom (B) in patients
with knee Osteoarthritis (OA) over time, stratified by obesity status. A higher score for these PROMs indicates less symptomatic knee
OA as reported by the patient. Baseline measurements (*) were used as reference points to assess longitudinal trends. KOOS=Knee
Injury and Osteoarthritis Outcome Score. Red indicates the obese group, and mint green indicates the non-obese group.

Table 2: Comparison of PROMs between Obese and None-
Obese patients with KOA.

Demographics Value (%)
Age (Mean * Standard Deviation) 65.7+11.1
Male 24 (52.2)
Sex
Female 22 (47.8)
Follow up months (Mean #* Standard Deviation) 443 +31.2
BMI (observation per Obese 309 (56.2)
encounter) Non-Obese 226 (41.1)

Knee joint function: In assessing the knee joint function,
stability and activity limitation we evaluated Lysholm score, IKDC,
KOOS Activities of Daily Living (ADL), and KOOS Sport assessment
to determine the difference between obese and non-obese KOA
patients. Amongthese PROMs, we noticed a consistentimprovement
in knee joint function among non-obese patients when compared to
obese patients (Figure 3A-D). Table 2 also shows the IKDC t-test
comparison between obese and non-obese group.
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Figure 3 : Linear model plots and correlation analysis of standardized PROMs for Lysholm Score (A), IKDC function (B), KOOS ADL (C),
and KOOS Sport (D) in patients with knee Osteoarthritis (OA) over time, stratified by obesity status. A higher score for these PROMs
indicates less symptomatic knee OA as reported by the patient. Baseline measurements (*) were used as reference points to assess
longitudinal trends. IKDC=International Knee Documentation Committee, KOOS=Knee Injury and Osteoarthritis Outcome Score,
ADL=Activities of daily living. Red indicates obese group, and mint green indicates non-obese group.

General health: To determine how BMI correlates with overall
health in KOA patients injected with Synvisc-One®, we used KOOS
Quality of Life (QoL), physical component summary (PSF-12), and
mental component summary (MSF-12). Linear model with person
correlation showed an improvement for non-obese KOA patients
post Synvisc-One® for KOOS QoL and PSF-12 (Figure 4A-C, Table
2). MSF-12 did not show any improvement prior to Synvisc-One®
injection (Figure 4C). Correlation between obese and pre-obese
patients did not show any significance, p>0.05 (Table 2).

Discussion

We demonstrated significant improvements in pain frequency
and severity in non-obese patients, but these improvements were
not demonstrated in the obese patients. Similarly, we demonstrated
improvements in quality of life as measured by KOOS subscale. In
fact, there were no instances where obese patients did better than

non-obese patients in our study. KOA in obese patients is an ongoing
topic in research. Although osteoarthritis was considered a result of
trauma or aging, it is accepted that the pathophysiology is complex,
and several factors can lead to the development and progression of
0A [20]. One theory is that a strong inflammatory immune response
from the patient plays a role in the development and regulation
of OA. One study suggest that neutrophils are the primary cells
involved in the development of OA while another highlights that
adipose tissue is a major source of adipokines suggesting that
these factors play a role in the regulation of inflammatory immune
responses impacting articular cartilage [21,22]. The connection
between these cellular inflammatory responses and the clinical
symptoms of patients is crucial in the therapeutic target for
pharmacologic modalities. Another factor to consider in the link
between obesity and OA is heredity. OA progression and more
severe joint damage may be a result of heredity, obesity, and injury
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combined due to similar pathogenetic phenotypes of patients with
0A and adiposity [23].

Clinically, obesity is very important to consider when weighing
treatment options for KOA, especially surgical treatment. Although,
an exact BMI cutoff in obese patients tends to vary based on several
factors, a recent study suggests that a significant increase in failure
of TKA patients at one year occurs in patients with a BMI>50kg/
m2 [24]. Pre-operatively, clinicians should consider additional
safeguards for obese patients, such as nutrition optimization and
bariatric surgery. Intraoperative considerations include inadequate
exposure, difficulty with implant alignment, and durable implant
fixation [25]. Obesity is also linked to post-operative complications
such aswound complications, medical complications, malalignment,
dislocation, and early revision [8]. Class II obesity specifically, along
with other factors such as Type Il Diabetes Mellitus, hypertension,
steroid therapy, and tobacco use, are related to an increased risk
for periprosthetic joint infection post-operatively [26]. Despite
additional risks, considerations, and complications, TKA in obese
patients leads to improved function and quality of life. Therefore,
individual circumstances should be prioritized for KOA patients
considering surgical management [8].

For obese patients with less severe KOA or who may not be
surgical candidates, non-operative treatment may provide relief
for symptoms. Exercise and weight loss are strongly recommended
along with topical and oral Nonsteroidal Anti-Inflammatory Drugs
(NSAIDs) [27]. However, obese patients with metabolic syndrome
should avoid NSAIDs as well as corticosteroids and should consider
antioxidant drugs such as ginger and copper to address both OA
and metabolic syndrome [28]. Additionally, musculoskeletal
corticosteroid injections have resulted in systemic side effects,
including adrenal suppression or insufficiency, hyperglycemia, and
osteoporosis [29]. Other injections, such as Intra-Articular (IA)
Platelet-Rich Plasma (PRP) injections, are considered safe and most
effective in young, active patients with low-grade OA [30].

Viscosupplementation offers a reliable non-operative
treatment option for patients with KOA. Evidence supports the
safety and benefit of multiple injections, with further research
being conducted on this matter [10]. This treatment option in obese
patients has previously been investigated, and one study reports
there is no difference in pain score and pain decrease related to the
weight status and radiological score [31]. Viscosupplementation
has also been effective in treating OA symptoms in the hip but
further research is required for a consensus in other joints [32,33].
In KOA patients, it has been associated with favorable healthcare
cost-effectiveness as well as delays to TKA [34-36]. Synvisc GF-
20® (Sanofi Inc., Bridgewater, NJ) is a Hylan derivative used for the
treatment of KOA and is considered an effective treatment for the
management of OA [37,38]. Synvisc GF-20 is composed of Hylan A
and B; Hylan A is composed of two to four hyaluronan molecules
covalently coupled together remaining completely water soluble
while more extensive, continuous cross-linking of the hyaluronan
molecules produces a polymer gel known as hylan B. Hylan A and
hylan B are combined in a 80:20 volume ratio to produce hylan G-F
20 or Synvisc® [39].

This cross-linked gel creates a high molecular weight (MW-6
million kDa) molecule with a much longer intra-articular half-
life than other commercially available products. This product has
demonstrated superiority in efficacy over lower MW hyaluronic
acid molecules in KOA, with no increase in adverse effects [40].
The 7-day half-life demonstrated by Synvisc® is much longer than
other products on the market with demonstrated hyaluronic acid
on the articular cartilage surfaces and synovial tissues as well as
in the synovial fluid at 7 days following injection [41]. The higher
MW of Synvisc® than other products allow more molecule to attach
along more CD-44 receptor sites on the synovial fibroblast [42].
This directly stimulates the fibroblast to produce more hyaluronic
acid. Hyaluronic acid synthesis by the fibroblast creates the long-
term 6+ months improvement in patient symptoms demonstrated
by Synvisc®. Local adverse effects of hyaluronan products, such
as pain and swelling, are considered minor and self-limiting but
when they occur can look like a joint infection and are termed a
pseudoseptic reaction [43,44]. In rare cases true infections from
skin flora requiring medical treatment can occur but this is the
case with all arthrocentesis procedures [12]. A published report
describes a case of acute generalized exanthematous pustulosis
induced by hyaluronic acid knee injection managed and followed
by emergency department personnel [45]. Despite these reported
adverse effects, Synvisc® is among the safest methods to treat KOA
and reduces the need for NSAIDs and steroid injections [46].

The use of PROMs is common in patients with KOA; however,
no previous literature links the use of PROMs in obese patients
treated with viscosupplementation. Various PROMs are often
used to assess patient function in those with KOA and other knee
injuries and disorders. The Lysholm Knee Score has demonstrated
acceptable psychometric parameters to assess function for patients
with ligamentous injuries and chondral disorders [47,48]. The
IKDC outcome score has been used in literature to quantify patient
outcomes and conversion to TKA following meniscal procedures
[49]. KOOS, SF-12, and other PROMs such as the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) have
been useful in identifying patients predicted to require a TKA due
to KOA [50]. This literature highlights the benefit of using PROMs
in evaluating the clinical treatment of patients with KOA and other
orthopedic disorders.

The current study explores viscosupplementation in a small
sample size limiting the overall conclusions that can be drawn.
Co-morbidities, Kellgren-Lawrence (KL) grade, activity level
and socioeconomic factors will also impact the effectiveness of
viscosupplementation. This invites a larger evaluation of this
treatment modality in the future.

Conclusion

Viscosupplementation remains a viable conservative option
in the treatment of patients with KOA. However, BMI clearly
plays a role in patient response to this modality. In addition to KL
status and other factors, BMI should be considered in selecting
patients most appropriate for the use of viscosupplementation.
This study represents a comprehensive evaluation of a small
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subset of patients; considering the numbers of patients treated
yearly with viscosupplementation a larger population-based
assessment will help to further delineate the most ideal patient for
viscosupplementation.
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