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Osteoarthritis (OA) of the knee is one of the most relevant and debilitating health problems. Obesity
represents one of the major risk factor for early development of OA. In the obese population, knee
replacement should be delayed and eventually avoided and prefer conservative treatments including
intrarticular hyaluronic acid (HA) viscosupplementation. In the present clinical randomized trial, we
present a comparison between two groups of 24 obese patients which were randomized to be treated
with two intrarticular injections of hybrid (low and high molecular weight) hyaluronic acid (Group
A) or two injections of high molecular weight hyaluronic acid (Group B). Patients were followed-up
through to 6 months and assessed though IKDC and KOOS scores, pain was evaluated with VAS. All
patients reported a significant improvement when compared to baseline value in all outcome measures.
At 3-month follow-up, IKDC had significantly improved in patients of Group A, compared to Group B
(53.1£1.9 vs 51.4+2.4, p=0.0079) and the same for KOOS (52.1£2.0 vs 50.1+2.9, p=0.010). Furthermore,
the difference in KOOS was persistently significant at 6-month follow-up (54.7+2.3 vs 51.7+4.9, p=0.014).
The VAS reduced significantly more in Group A at 3 months (3.7+0.5 vs 5.2+0.7, p<0.001). In an obese
population, where basal inflammatory pattern increases symptoms of OA and conservative treatment is
recommended, HA viscosupplementation improved function and pain of the knee. The treatment with
hybrid HA showed better outcomes than high molecular weight HA in obese patients. The combination
of the anti-inflammatory action of low molecular weight HA on chondrocytes and the biomechanical role
of high molecular weight HA might explain the different results.

Osteoarthritis (OA) is the most common joint
disease and one of the most common causes
of disability. Indeed, OA represents a painful,
debilitating disease that drastically affects quality
of life and functional capacity of patients. It is
a metabolically active and dynamic process,
characterized by the degeneration of cartilage and all
joint tissues (1).

Obesity, a rising epidemic and one of the major
public health problems, is considered an important

independent risk factor in the development of OA
(2). It represents a global burden and people affected
are constantly increasing worldwide. In a previous
report, the World Health Organization (WHO) stated
that 500 million of the world’s population were
obese (3). Both the higher prevalence of obesity and
the increasing aging population contribute to make
OA a critical problem. The numbers of obese people
developing early OA and undergoing total knee
replacement (TKR) has consistently been rising (4).
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However, there have been major concerns among
surgeons and patients about clinical outcomes and
complications of TKR in obese patients, especially
due to the morbidities associated such as type 2
diabetes mellitus, hypertension and coronary artery
disease, in addition to OA (5) which have detrimental
effects on TKR outcomes.

Conservative approaches are core strategies
for the management of OA in obese people
and these include appropriate disease-related
education, lifestyle modification, physical therapist-
prescribed exercise programs to address physical
impairments and weight loss. Among conservative
strategies, intrarticular hyaluronic acid (HA)
viscosupplementation is currently widely used
in clinical practice, with good results reported in
several studies (6, 7). HA is universally accepted as
conservative treatment for OA due to its ability to
increase the viscoelasticity of synovial fluid toward
normal levels, decrease pain, and improve the natural
protective functions of synovial fluid in the joint. The
high-molecular weight HA (HMWHA) (Sinovial
Forte, IBSA) utilized for the present experimentation
is composed of a hyaluronan polymer of 800-1.200
kDa (7) and it has been extensively used for clinical
experimentation, for the treatment of OA (8-15). The
Hybrid Hyaluronic Acid (HHA) (Sinovial HL; IBSA)
represents a recent formulation that conjugates a low
molecular weight HA (LMWHA, 80-100 kDa) and
an HMWHA (1.100-1.400 kDa) obtained through
NAHYCO™ technology (16). It has been shown
to stimulate extracellular matrix in vitro (7), due
to the presence of LMWHA and it has proven to
significantly reduce the inflammatory process on
human primary chondrocytes cultures (17).

In this randomized controlled trial, we evaluated
the effects of viscosupplementation with either
HMWHA or HHA for the treatment of OA in obese
patients.

MATERIALS AND METHODS

This study was performed at the Department of
Orthopedic and Trauma Surgery of Campus Bio-
Medico University Hospital. The study was conducted in
accordance to Helsinki declaration principles and Good
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Clinical Practice normative.

Inclusions criteria were Body Mass Index (BMI) >30,
radiographic evidence of degenerative changes to the knee
(stage 3 according to Kellgren-Lawrence radiographic
system), symptomatic  unilateral pain  condition,
unresponsive to non-injective conservative therapies
(rehabilitation, cryotherapy, rest, NSAIDs). Exclusion
criteria were previous surgery on the knee, excessive axial
deformity (>5°), knee instability and osteochondral lesion.
Hematologic and general health status exclusion criteria
were also applied. Since November 2015, 48 obese patients
with clinical and radiographic evidence of degenerative
changes to the knee were enrolled in the study. Patients were
randomized into 2 groups: Group A - 24 patients received
2 injections of HHA (Sinovial HL, 3.2%, 64mg/2ml, 32
mg High-MW 1.100-1.400 kDa+32 mg Low-MW 80-100
kDa; IBSA) and Group B - 24 patients received 2 intra-
articular injections of conventional HA (Sinovial Forte,

1.6% 32mg/2ml, MW: 800-1.200 kDa; IBSA)

Clinical assessment

International Knee Documentation Committee
(IKDC), Knee injury and Osteoarthritis Outcome
Score (KOOS) and Visual Analogue Scale (VAS) were
administered to all patients before starting the treatment
(baseline), at 3 and 6 months from the end of management.
A different and independent investigator, unaware of the
previous measurement to ensure a blinded status, recorded
each measurement.

Injection procedure

An orthopaedic surgeon in the outpatient clinic injected
the product. Knee injection was performed through a
lateral approach. The upper pole of dorsal margin of
the patella and the femoral condyle were considered as
landmarks to identify the point of least resistance. After
the sterile dressing of the skin with a 22-G parallel needle
to the surface of the bed and tilted toward the articular
surface of the patella, operator penetrates through the
skin and releases the product after lateral subluxation of
patella. Immediately after the injection, the affected knee
underwent passive flexion and extension for 3 times,
followed by 10 min of resting in supine position.

Statistical analysis
Statistical analyses were blinded. The analyses were
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performed using SPSS version 16.0.1 (SPSS Inc., Chicago,
[llinois). Primary end-point was the postoperative
difference in the IKDC and KOOS scores and VAS scale
compared to baseline. Paired r-test was used to perform this
analysis and unpaired #-test to compare the postoperative
results between the 2 groups. A P value of 0.05 was set as a
threshold for statistical significance. Data were presented
with average value and standard deviation (SD).

RESULTS

Demographic and basal characteristics

For the present experimentation, 48 obese patients
have been enrolled (BMI 32.6+3.4 Kg/m?). In the first
group (Group A) there were 24 subjects (10 males
and 14 females), with a mean age of 61.5 y (range
53-70). In the second group (Group B) there were 24
subjects (11 males and 13 females), with a mean age
of 60 y (range 51-69). Baseline evaluation did not
find any significant difference between the groups
in terms of age, sex and clinical outcomes (IKDC,
KOOS and VAS). No patient was lost at follow-up.

Clinical and pain outcomes

In terms of clinical outcomes (IKDC and KOOS),
a significant improvement was observed in both
groups at each follow-up, when compared to baseline
(p<0.001). Similarly, VAS improved over time
significantly at each follow-up (p<0.001). Intergroup
analysis showed superiority of the treatment with
HHA compared to HMWHA at 3 months in terms of
IKDC (53.1£1.9 vs 51.4+2.4, p=0.0079) and KOOS
(52.142.0 vs 50.1£2.9, p=0.010) and the difference
in KOOS was also significant at 6-month follow-up
(54.7+2.3 vs 51.744.9, p=0.014). The VAS resulted
reduced significantly more in the Group A at 3 months
(3.7£0.5 vs 5.2+0.7, p<0.001) but this difference was
not observed at last follow-up (3.0+0.8 vs 3.1+0.7,
p=0.839). Details of the clinical outcomes are shown
in tables I, II and III.

Complications

In Group A, one patient developed aseptic acute
arthritis of the knee, while another showed swelling
at the site of injection, without any sequelae. In Group
B, one patient developed synovitis of the knee and

(S2) 105
one patient had persistent pain at the site of injection.
DISCUSSION

The authors carried out a prospective controlled
trial to investigate the clinical outcomes of HA
viscosupplementation with either HHA or HMWHA
in an obese population affected by knee OA.
According to the results obtained in the present
study, both treatments showed to be effective in
relieving symptoms. In particular, knee function
evaluated through IKDC and KOOS scores
significantly improved from baseline in both groups.
Furthermore, VAS reduced at each follow-up stage
compared to baseline in both groups, thus showing
that viscosupplementation can be a beneficial
approach in obese patients. However, HHA showed
higher effectiveness in terms of pain reduction and
function compared to HMWHA. This was evident
especially at mid-term follow-up (3 months), with
a statistically significant improvement in clinical
scores of patients treated with HHA compared to
those treated with HMWHA. HHA treatment had
better scores also at 6-month follow-up, although
this difference is not significant.

Viscosupplementation is considered the main
conservative intervention for management of early
OA and several HA preparations are nowadays
available on market. Its fundamental role is to provide
mechanical support to the joint, in order to avoid
excessive shear stress on the cartilage. However,
FDA approved only a few pharmaceutical preparation
of HA, such as Hyalgan®, Supartz®, Orthovisc®,
Synvisc® (Hylan G-F 20) and Euflexxa® (18). In
the present study, we chose a standard HA, which
is widely utilized in clinical practice in Europe. It
1s composed of a high molecular weight polymer of
800-1.200 kDa. Rheological studies demonstrated
that this composite has comparable viscoelastic
properties to HHA, since the HMWHA component
is similar (7). On the other hand, HHA associates
the HMWHA and the LMWHA in its formulation,
combined together thanks to NAHYCO™ patented
technology; both molecules are not cross-linked and
have a respective molecular weight of 1.200+2 kDa
and 100+5 kDa. Our group (6) demonstrated that
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Table I. IKDC values over time.
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Intergroup
Follow-up Group Average SD
analysis P value
HHA 38.8 4.8
Baseline 0.541
HMWHA 39.8 5.8
HHA 53.1 1.9
3 months 0.0079
HMWHA 51.4 2.4
HHA 60.4 21
6 months 0.075
HMWHA 57.4 4.8
Table I1. KOOS values over time.
Intergroup
Follow-up Group Average SD
analysis P value
HHA 43.4 4.7
Baseline 0.907
HMWHA 43.6 55
HHA 52.1 2.0
3 months 0.010
HMWHA 50.1 29
HHA 54.7 2.3
6 months 0.014
HMWHA 51.7 4.9
Table II1. VAS values over time.
Intergroup
Follow-up Group Average SD
analysis P value
HHA 7.6 0.3
Baseline 0.371
HMWHA 7.4 0.5
HHA 3.7 0.5
3 months ) <0.0001
HMWHA 52 0,7
HHA 3.0 0.8
6 months 0.839
HMWHA 3.1 0.7
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HHA is effective and superior to platelet rich plasma
(PRP) in improving clinical outcomes in end career
athletes with OA at 1-year follow-up (6). Moreover,
in vitro studies showed that HHA significantly
reduced inflammation biomarkers in a model and
human chondrocytes respect to both HMWHA or
LMWHA separately considered at transcriptional
and protein level (16). In the present study, we
showed that significant superiority for all the clinical
outcomes assessed was achieved in the group treated
with HHA at 3 months follow-up in obese patients
affected by knee OA. These outcomes suggest that
HHA is a suitable treatment to improve functional
outcomes and relieve pain in obese patients.

Better outcomes may be due to the presence of
both LMWHA and HMWHA in the same injection.
Indeed, nextto adequate viscoelastic supplementation
(mechanical effect) provided by the HMWHA
present in both composites, HHA formulation is
efficient in reducing inflammation inside the joint
(biological effect) (17) through the LMWHA. In vitro
studies showed that markers including TNF-o. and
IL-6 were reduced in primary human chondrocytes
cultures (17).  Furthermore, it has been reported
that LMWHA inhibits prostaglandin E2, nitric oxide
and IL-1 having also an antioxidant role, protecting
chondrocytes from free oxygen radicals damage (1).
Therefore, the therapeutic effectiveness of HHA is
based on a strong balance between biomechanical
properties of viscosupplementation and biological
features that contrast the pathogenic mechanisms of
osteoarthritic degeneration of cartilage, chondrocyte
damage and inflammatory response.

It is well demonstrated that obese patients
represent a critical population, particularly
susceptible to articular cartilage damage, increased
risk and early development of OA (19, 20) due to the
higher mechanical weight but also to the constitutive
inflammatory pattern which characterizes obesity
(21).  Inflammation-induced  proteinase  and
collagenases activity significantly affects matrix
contents in structural proteins of the extracellular
matrix of joint cartilage (17), thus there is a need of
supplementation of such proteins. Chua et al. (22),
showed that HA content in synovial fluid of obese
patients affected by OA was negatively correlated
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with medial joint space width and positively
correlated with Kellegren-Lawrence radiographic
progression of OA (22).

Obesity is, indeed, a predisposing factor for the
development of early OA (23) and furthermore it is
a factor associated with poor clinical and functional
outcomes after surgical management with TKR,
yielding also to an increased rate of post-operative
complications (23), because of predisposition
to cardiovascular events and development of
peri-operative infections. Thus, several
systemic and local treatments for chondral proteins
supplementation have been developed, in order to
delay surgical intervention as long as possible and
eventually avoid it at all in this critical population.
However, there are a few studies concerning
specifically obese patients in the literature. A recent
study by Nelson et al. investigated the role of oral
supplementation of HA and other GAG (Oralvisc®)
in obese patients affected by OA, showing that
this therapy was safe and effective in terms of pain
soothing, systemic inflammation reduction and
turnover of the synovial fluid (20). Concerning
local injection of HMWHA (1.500-3.600 kDa), it
was shown by Eymard et al., that main predictors of
failure of injective therapy are the obesity itself and
radiologic grade of OA (24).

To our knowledge, this is the first study
evaluating HHA in an obese population and is one
of the few recent studies that evaluate the treatment
of obese population affected by OA. Furthermore,
the randomized design avoids allocation bias
and confounding factors related to patients’
anthropometric and demographic characteristics,
which where homogeneous between groups at
baseline. However, the paucity of the cohort is the
main limitation of the present study, which needs
further and larger investigation to find definite
scientific significance.

CONCLUSION

In the present clinical randomized trial, we
demonstrated that HHA is more effective in soothing
pain and improves function in obese patients affected
by knee OA compared to HMWHA, especially at
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mid-term follow-up. However, further analysis and a
longer follow-up are still necessary to assess the best
treatment in this challenging population.

REFERENCES

1. Takahashi K, Hashimoto S, Kubo T, Hirasawa
Y, Lotz M, Amiel D. Effect of hyaluronan
on chondrocyte apoptosis and nitric oxide
production  in  experimentally  induced
osteoarthritis. J Rheumatol 2000; 27:1713-20.

2. Hawker GA, Croxford R, Bierman AS, Harvey
PJ, Ravi B, Stanaitis I, Lipscombe LL. All-cause
mortality and serious cardiovascular events
in people with hip and knee osteoarthritis: a
population based cohort study. PLoS One 2014;
9:¢91286.

3. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser 2000; 894:i-xii,
1-253.

4. Fehring TK, Odum SM, Griffin WL, Mason IB,
McCoy TH. The obesity epidemic: its effect
on total joint arthroplasty. J Arthroplasty 2007;
22:71-6.

5. Harms S, Larson R, Sahmoun AE, Beal JR.
Obesity increases the likelihood of total joint
replacement surgery among younger adults. Int
Orthop 2007; 31:23-6.

6. Papalia R, Zampogna B, Russo F, et al
Comparing hybrid hyaluronic acid with PRP in
end career athletes with degenerative cartilage
lesions of the knee. J Biol Regul Homeost
Agents 2016; 30:17-23.

7. Russo F, D’Este M, Vadala G, Cattani C, Papalia
R, Alini M, Denaro V. Platelet Rich Plasma
and Hyaluronic Acid Blend for the Treatment
of Osteoarthritis: Rheological and Biological
Evaluation. PLoS One 2016; 11:e0157048.

8. Casale M, Mofta A, Vella P, et al. Hyaluronic
acid: Perspectives in dentistry. A systematic
review. Int J Immunopathol Pharmacol 2016;
29:572-82.

9. Avantaggiato A, Bertuzzi G, Pascali M,
Candotto V, Carinci F. The theories of aging:
Reactive oxygen species and what else? J Biol

12,

14.

15.

16.

18.

Regul Homeost Agents 2015; 29:156-63.

. Avantaggiato A, Martinelli M, Palmieri A,

Pascali M, Bertuzzi G, Carinci F. Hyaluronic
acid: the use of its precursor in skin bio-
stimulation. J Biol Regul Homeost Agents
2015; 29:647-54.

. Avantaggiato A, Girardi A, Palmieri A, Pascali

M, Carinci F. Bio-Revitalization: Effects of
NASHA on Genes Involving Tissue Remodeling.
Aesthetic Plast Surg 2015; 39:459-64.
Avantaggiato A, Girardi A, Palmieri A, Pascali
M, Carinci F. Comparison of bio-revitalizing
injective products: A study on skin fibroblast
cultures. Rejuvenation Res 2015; 18:270-76.

. Avantaggiato A, Palmieri A, Carinci F,

Trapella G, Sollazzo V, Lauritano D. Effects
of glucosamine and nucleotide association on
fibroblast: extracellular matrix gene expression.
Int J Immunopathol Pharmacol 2014; 27:689-
93,

Avantaggiato A, Bertuzzi G, Vitiello U, et al
Role of Antioxidants in Dermal Aging: An In
Vitro Study by g-RT-PCR. Aesthetic Plast Surg
2014; 38:1011-16.

Avantaggiato A, Palmieri A, Bertuzzi G, Carinci
F. Fibroblasts behavior after N-acetylcysteine
and amino acids exposure: Extracellular matrix
gene expression. Rejuvenation Res 2014
17:285-90.

Stellavato A, De Novellis F, Reale S, De Rosa
M, Schiraldi C. Hybrid complexes of high and
low molecular weight: evaluation using an
in vitro model of osteoarthritis. J Biol Regul
Homeost Agents 2016; 30:7-16.

Schiraldi C, Stellavato A, de Novellis
F, La Gatta A, De Rosa M. Hyaluronan
viscosupplementation: state of the art and insight
into the novel cooperative hybrid complexes
based on high and low molecular weight HA
of potential interest in osteoarthritis treatment.
Clin Cases Miner Bone Metab 2016; 13:36-7.
Migliore A, Giovannangeli F, Granata M,
Lagana B. Hylan g-f 20: review of its safety
and efficacy in the management of joint pain
in osteoarthritis. Clin Med Insights Arthritis
Musculoskelet Disord 2010; 3:55-68.



19.

20.

21.

Journal of Biological Regulators & Homeostatic Agents

Ackerman IN, Kemp JL, Crossley KM, Culvenor
AG, Hinman RS. Hip and Knee Osteoarthritis
Affects Younger People, Too. J Orthop Sports
Phys Ther 2017; 47:67-79.

Nelson FR, Zvirbulis RA, Zonca B, et al.
The effects of an oral preparation containing
hyaluronic acid (Oralvisc(R)) on obese knee
osteoarthritis patients determined by pain,
function, bradykinin, leptin, inflammatory
cytokines, and heavy water analyses. Rheumatol
Int 2015; 35:43-52..

Papalia R, Vadala G, Torre G, Perna M, Saccone
L, Cannata F, Denaro V. The cytokinome in
osteoarthritis, a new paradigm in diagnosis and
prognosis of cartilage disease. J Biol Regul

22,

23.

24.

(S2) 109

Homeost Agents 2016; 30:77-83.

Chua SD Jr, Messier SP, Legault C, Lenz ME,
Thonar EJ, Loeser RF. Effect of an exercise and
dietary intervention on serum biomarkers in
overweight and obese adults with osteoarthritis
of the knee. Osteoarthritis Cartilage 2008;
16:1047-53.

Kulkarni K, Karssiens T, Kumar V, Pandit H.
Obesity and osteoarthritis. Maturitas 2016;
89:22-8.

Eymard F, Chevalier X, Conrozier T. Obesity
and radiological severity are associated with
viscosupplementation failure in patients
with knee osteoarthritis. J Orthop Res 2017;
35(10):2269-74.



