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SUMMARY
Background. This study evaluates the clinical and biochemical effects of sequential 
intra-articular (IA) injections of linear (LHA) and cross-linked hyaluronic acid (CLHA) in 
patients with Gonarthrosis (GA).
Methods. Thirty-nine (39) patients (age 64.89 ± 8.83) received first the LHA injection 
(0.8-1.2 MDa, 32mg/2ml) and after 1 week the CLHA (1.0 MDa and 2.0 MDa, 75mg/3ml) 
one; this round was repeated after 6 months. Clinical assessments - i.e. ultrasonography, 
visual analogic scale (VAS) for pain, range of motion (ROM) and Western Ontario and 
McMaster Universities Osteoarthritis (WOMAC) index - were performed at baseline 
and at specific time points up to 12 months. Relevant markers were determined in blood 
and synovial fluid (SF) at selected intervals. SF from patients with recurrent effusion was 
subjected to proteomic analysis.
Results. This schedule improved joint pain and function, and promoted a reduction of 
inflammatory cytokines (IL-1β, IL-9 and IL-17) in plasma and SF; cartilage thickness 
increased at 12 months and the increase negatively correlated with the baseline levels of 
C-telopeptide of type II collagen (CTX-II). SF proteomic revealed that proteins associat-
ed with inflammation (Apolipoprotein A-1, α-1 antitrypsin and IgK) decreased, while the 
IL-1 inhibitor Transthyretin increased.
Conclusions. This schedule represents an effective treatment whose benefits persist up to 
12 months after baseline.
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BACKGROUND
Gonarthrosis (GA) is a leading cause of disabling joint 
disease, especially in the elderly (1): the increase in life 
expectancy and the aging of the population will make 
arthropathy the fourth leading cause of disability in 2020 
with the ensuing socio-economic consequences (1,2). 
Arthropathy was observed to have a 104.9% rise in disabil-
ity-adjusted life-years index (or 8.8% when age-standard-
ized) from 1990 to 2016 (2).
Intra-articular (IA) injections provide a non-operative strat-
egy for GA management (3). Currently, the best evidence 

suggests that hyaluronic acid (HA) is an effective interven-
tion in treating GA without increased risk of adverse events. 
Recently, systematic reviews of overlapping meta-analysis 
and ‘real-life’ studies demonstrated the effectiveness of IA 
HA injections (4). 
Biologically, HA is not an inert molecule. The native HA 
appears with a high molecular weight (MW) that can be 
degraded into smaller fragments due to glycosidase activi-
ty induced by several physio-pathological adaptive respons-
es (2). Different HA size fractions have been evaluated for 
several biomedical applications, in particular for GA viscos-
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upplementation. However, the heterogeneity of the studies 
in comparing low-MW HA (~80–800 KDa) and high-MW 
HA (~2.0 MDa) for treating knee injury, limits definitive 
conclusions. Indeed, the HA fragments, depending on their 
size, display different rheological properties and have been 
shown to either stimulate or inhibit inflammatory response 
in targeted cells and in diseased tissues, and to differently 
modulate the production of specific inflammatory mediators 
(5, 6). In agreement with the notion of the size- and struc-
ture- dependent bioactivity of HA, hybrid preparations of 
low- and high-MW HA (7, 8), crosslinked-HA (9) and hexa-
decylic-derivatized HA (10) show even further variations/
complexity in terms of pharmacodynamics as compared to 
the native, linear polymers. 
From the clinical point of view, according to a Cochrane 
Database Systematic Review analysis based on a significant 
number of controlled trials, it has been demonstrated that 
HA injections significantly reduce pain in knee osteoar-
thritis (11). 
Injectable preparations for IA viscosupplementation consist 
of linear (LHA) or cross-linked (CLHA) commercially avail-
able HA, this latter reputed to be generally more resistant to 
enzymatic degradation (9).
The effect of HA in knee arthropathy has often been attribut-
ed to its biomechanical and viscosupplementation proper-
ties; however there is growing evidence suggesting that the 
benefits of HA depend also on other biological actions on 
both inflammation and/or cartilage degradation (5, 12).
The aim of this study was to evaluate the clinical and 
biochemical effects of timed-sequential IA injections of 
LHA and CLHA formulations in ameliorating joint pain 
and function in patients with knee GA also focusing on the 
modulation of cartilage degradation markers, and of cyto-
kines implicated in GA pathogenesis (13).

MATERIALS AND METHODS

Study design
We performed a descriptive longitudinal study, with follow-
up visits up to 12 months. Patients with symptomatic mild–
moderate GA, grades II–III according to Kellgren–Lawrence 
(KL) score radiographically examined no longer than three 
months before the beginning of the study, were enrolled. 
Exclusion criteria were the following: joint infection, 
inflammatory joint disease, osteonecrosis, positive synovial 
fluid culture, reduced range of motion, large knee circum-
ference (>45 cm), recent IA HA injections and knee trauma 
or surgery, full-thickness cartilage loss in index knee and/or 
treatments with steroids or non-steroidal anti-inflammato-
ry drugs within the previous 3 months (acetaminophen was 

only allowed), rheumatic pathologies, endocrinopathies, 
malignancies and systemic diseases.
The study meets the ethical standards of the journal. In 
particular, all experimental procedures were carried out 
according to the principles and recommendations described 
elsewhere (14). After approval from the institutional ethi-
cal committee on November 15th 2016, the study was 
carried out according to Helsinki Declaration for research 
with human volunteers (1975) and all patients signed an 
informed consent form to participate. 
Thirty-nine (39) patients meeting the inclusion criteria were 
enrolled in the study. Anthropometric data (age, sex, height, 
weight, and body mass index, body mass index, BMI) and 
level of physical activity (PA) measured by the Saltin–Grim-
by Physical Activity Level Scale (15) were recorded at base-
line (Table I). Clinical and functional assessments were 
performed during the sequential IA injections of LHA and 
CLHA (baseline/1-Wk and 6 months/1-Wk) and repeated 
each 3 months up to 12 months as described in the study 
design in Figure 1. 

HA treatments
Viscosupplementation regimen consisted in two sequential 
IA injections of different HA formulation: the first consist-
ed of 0.8-1.2 MDa LHA (32mg/2ml, RegenFlex Starter) 
and the second after 1 week containing three different CL 
fractions of HA, 1.0 MDa and 2.0 MDa, intercalated with a 

Table I. Study group characteristics.

Variable    

Subjects 39

Age (years) 64.9 ± 8.8

Male 26.0

Female 13.0

Smoking 16

(yes or past)

Weight (kg) 69.9 ± 6.3

Height (m) 1.7 ± 0.1

BMI (kg/m2) 23.8 ± 2.4

PA level 1.6 ± 0.2

Bilateral (Yes) 14

Bilateral (No) 25

SF 19

DRY 24  
BMI, body mass index; PA, physical activity.
SF, synovial fluid; DRY, no synovial fluid. 
Values are the mean ± SE.
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LHA fraction of 0.5 MDa, this latter representing 10% of 
the total HA amount (75mg/3ml, RegenFlex Bioplus). 
The knee joint injections were performed under ster-
ile conditions by inserting a 21-gauge needle into the 
patellofemoral joint space by super lateral approach while 
the patients were in a supine position as described in (16). 
The identical treatment scheme with the two sequential 
IA injections was repeated after 6 months from baseline 
(Figure 1); the same physician performed all the injec-
tions. Synovial fluid (SF) was diagnosed by clinical evalua-
tion and, when present, it was withdrawn before each HA 
injection. The number of arthrocenteses and the amounts 
of fluid aspirated were registered.

Clinical and functional assessments
Functional parameters included pain intensity and range of 
motion (ROM). Pain intensity was determined using a visual 
analogue scale (VAS) ranging from 0 to 10; ROM (knee flex-
ion and extension) was goniometrically-assessed according 
to (17); Western Ontario and McMaster Universities Osteo-
arthritis (WOMAC) index was used for knee functional 
limitation. All WOMAC data presented in this report have 
been normalized using average score on 0 to 10 scales, simi-
larly to other studies (18). Satisfaction of patients was also 
evaluated using the Likert Scale (19). 

Ultrasonographic examination
Mean cartilage thickness was measured by means of ultra-
sound imaging (Esaote MyLab™70 XVG ultrasound 

machines equipped with 12MHz and 18MHz linear trans-
ducers). First, the intercondylar notch area, including femo-
ral condyles beyond patellar bone, was depicted. Successive-
ly, the cartilage, in medial and lateral femoral condyles, as well 
as intercondylar (sulcus) was scanned by sweeping the full 
surfaces from proximal to distal, using the probe always in 
transverse position. The ultrasound beam was held perpen-
dicular respect the femur surface (20). The knees were flexed 
maximally in order to make a great part of the weight-bear-
ing surface of the femoral condyles accessible to ultrasound 
assessment. The grade of knee flexion ranged ca. 100-140°. 
The sonographer (CB), who has over 30 year experience in 
musculoskeletal sonography, was blinded to the history, clin-
ical findings and imaging data of the patients.

Biochemical assessment 
Plasma samples were collected at baseline, after 1 week and 
3 months from the first treatment and analysed for CTX-II 
and cytokine content. When available (see Results section), 
SF samples (with the exception of those positive for haemo-
lysis) were collected before HA injections along the study. 
Samples were maintained at −80°C until analysis (Figure 1). 
Enzyme-linked immunosorbent assay (ELISA) test kits 
were used to determine the plasma and SF levels of IL-1β, 
IL -17 and IL-9 (BMS224HS High Sensitivity, BMS2017, 
BMS2081 ELISA ThermoFisher Scientific, SrL) and 
CTX-II (ELISA CTX-II MBS261323 Novus Biologicals, 
SrL). Human lubricin (ELISA LS-F7095 LifeSpan, Inc.) 
elastase (ELISA NBP2-60501 Novus Biologicals, SrL) and 
CTX-II in SF were also quantified. 

Figure 1. Design of the study procedures. The sequential IA injections of HA in GA patients consisted of the first injection with 
LHA followed by a second of CLHA after 1 week. The same round was repeated after 6 months from the baseline. The timelines 
of clinical assessments, ultrasonograpy, arthrocentesis, and blood sampling are also shown.
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Synovial fluid proteomic analysis
Aliquots of 1 ml of the SF from patients characterized by 
chronic synovitis and recurrent knee effusion collected at 
baseline, at 6 and at 12 months were pooled; the protein 
concentration of each SF pool was determined accord-
ing to Bradford’s method to define the volume of sample 
to be loaded in two-dimensional electrophoresis (2-DE). 
2-DE was carried out as previously described in Sestili et 
al. (21).

Statistical analysis
Descriptive statistics indices i.e. mean and standard devi-
ations were established for the analysed parameters. Sepa-
rate one-way repeated measure ANOVAs were performed 
on VAS, knee ROM, WOMAC and plasma cytokine levels. 
The Bonferroni post-hoc test was used for post-hoc anal-
ysis. Paired t-tests were used to compare SF parameters 
between the baseline and 1 week post HA treatment. 
Pearson correlation was used to analyse the relationship 
between baseline CTX-II concentration and changes of 
cartilage thickness at 12 months. The level of statistical 
significance was set at p<0.05. Statistical analyses were 
performed with SPSS (IBM SPSS Statistics for Windows 
v20.0, IBM Corp.).

RESULTS 
Thirty-nine (39) patients were selected for the study based 
on the inclusion criteria detailed above. The distribution 
of gender, age, weight, smokers, BMI, level of PA, and KL 
grade is described in Table I. The 14 patients suffering of 
bilateral GA received injections in both the knees. No drop-
out and no local/systemic reactions or side effects were 
noted. 
As shown in Table II, VAS score decreased immediate-
ly after the first LHA injection and remained low over 
12-month follow-up (p<0.05). The analysis of the variation 
of VAS scores over time shows more pronounced drops 
corresponding with the two injections of LHA; the sequen-
tial injections of CLHA seemed to exert a long lasting 
stabilization of these results.  Importantly, ROM, VAS and 
WOMAC recorded at the 6 months plus 1-week point and 
later ones, showed a significant amelioration as compared to 
the data obtained not only at baseline, but also to those at 6 
months (Table II).
On the whole patients experienced significant improve-
ments in total WOMAC scores, as well as in ROM values, 
although compared to VAS reduction. WOMAC and ROM 
seemed to change more gradually over time.
Arthrocentesis was performed in 19 patients at baseline in 
the presence of synovial effusion (Table II). The volume 

Table II. Clinical results at baseline and follow-up visits. 

Baseline 1-Wk 3-Mn 6-Mn 6-Mn+1Wk 9-Mn 12-Wk
VAS 11.27  ±  15.32  8.16  ±  

17.25*
8.86  ±  17.49* 8.99  ±  17.52* 7.33  ±  

18.54*§

7. 57 ±  
18.95*§

7.68   ±  
19.03*§

ROM 90.00  ±    5.37 98.33  ±    
6.20*

100.67  ±    
6.33*

100.85  ±    
6.38*

105.19  ±    
5.79*§

107.56  ±    
5.49*§

108.33  ±    
5.37*§

WOMAC 4.84  ±    1.08 6.02  ±    0.76* 7.00  ±    0.85*  7.00  ±    
0.85*

7.86  ±    
0.71*§

 7.96  ±    
0.64*§

8.02  ±    0.65*

Arthrocentesis

Number (N) 19 8    8 8  8

Volume (cc) 20.80  ± 4.67 19.10 ± 3.65 12.00  ± 3.92* 7.60  ± 3.13*§ 6.60  ± 2.85*§

Satisfaction

 Not at all 1   (2.56%) 0 0 0 0 0

    Slightly 34 (87.18%) 12 (30.77%) 12 (30.77%) 6 (15.38%) 2   (5.13%) 2   (5.13%)

     Somewhat 4 (10.26%) 21 (53.85%) 21 (53.85%) 24 (61.54%) 23 (58.97%)  23 (58.97%) 

    Very 0  5 (12.82%) 5 (12.82%) 6 (15.38%) 10 (25.64%) 10 (25.64%) 

    Extremely 0 1   (2.56%)  1   (2.56%) 3   (7.69%)  4 (10.26%)  4 (10.26%)
VAS, Visual analogue scale; ROM, Range of motion (degree); WOMAC, Western Ontario and McMaster Universities Osteoarthritis (functional subscale, 
normalized using average score on 0 to 10 scales).
Arthrocenteses were performed at the indicated time points and the volume of the resulting SFs was determined immediately before each 
HA injection and at 12 months (means ± SE).
*Significantly different from baseline (p<0.05). § Significantly different from 6 months (p<0.05).
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and/or the occurrence of SF were significantly reduced after 
6 and 12 months. All samples had clear appearance and high 
viscosity. In the microscopic evaluation, the white blood cell 
contained 40% of polymorphonuclear leukocytes ruling out 
infection as the cause of symptoms (data not showed). 
All the above results are grounded by patients’ satisfac-
tion report, which was evaluated by means of a five-points 
Likert scale: indeed at 12 months, 37 patients were some-
what/very/extremely-satisfied of the treatments received 
(Table II). 
The ultrasound images taken at baseline and at 12 months 
follow-up were used to monitor the femoral cartilage thick-
ness (Figures 2A-F). Three patients’ lateral femoral knees 
cartilage ultrasonographs, representative of the clinical 
scenario of this study, are shown in Figures 2A-F. The first 
case (Figure 2A-B) refers to the patient who experienced 
the most consistent amelioration of cartilage condition 
observed in the study; the second (Figure 2C-D) is repre-

sentative of the average/intermediate clinical conditions, i.e. 
moderate symptomatic conditions; the third case (Figure 
2E-F) refers to an elderly patient with a severe symptomat-
ic condition characterized by a discontinuous aspect of the 
cartilage surface and chronic synovitis. Notwithstanding the 
clinical differences, these three patients showed ultrasono-
graphic signs of improvement of cartilage conditions and 
thickness at the 12 months follow-up, although to differ-
ent extents. On the whole, at 12 months the mean cartilage 
thickness of the knee in the enrolled patients was signifi-
cantly greater than at baseline (0.84 ± 0.19 mm and 2.72 
± 0.86 mm, respectively; p<0.05). CTX-II plasma concen-
tration did not change significantly after 3 months from 
the baseline (0.69 ± 0.28 ng/ml and 0.70 ± 0.24 ng/ml, 
respectively; p>0.05). Pearson correlation analysis was run 
to assess the relationship between baseline CTX-II plasma 
level and cartilage thickness changes at 12 months: a statis-
tically significant negative correlation between these two 
parameters (r= -0.517; p<0.05) was found.

Plasma and synovial inflammatory markers 
The plasma inflammatory markers IL-1β and IL-9 were 
significantly reduced after 3 months (p<0.05), while IL-17 
was slightly and non-significantly reduced at 1 week and 3 
months (Figure 3A, B, C). 
Synovial IL-1β, IL-9 and IL-17 levels (Figures 3D, 3E 
and 3F) decreased at 1 week after baseline (p<0.05), while 
those of the cartilage markers CTX-II, lubricin and elastase 
(Figures 3G, 3H, 3I) did not significantly change. 
In a subgroup of 8 patients with persistent SF effusion, we 
also performed a proteome analysis of SF at baseline, 6 and 
12 months (Figures 4A-C). The identification of the protein 
differentially expressed in the course of the study revealed 
a decrease of inflammation-related proteins Apolipoprotein 
A-1, α-1 antitrypsin and IgK chain, along with an increase 
of Transthyretin, an inhibitor of IL-1β.

DISCUSSION
The present study assessed the clinical outcomes of a thera-
peutic course consisting in the timed and sequential cycles of 
LHA and CLHA IA injections repeated after 6 months for 
the treatment of KL II and III grade GA over a 12 months 
follow up period, its effect on cytokine profile and cartilage 
degradation markers in plasma and, when available, in SF.
Our data indicate that this therapeutic regimen promot-
ed a significant, rapid and durable amelioration of GA in 
all the enrolled patients. Clinical, functional and most of 
the biochemical markers considered (from plasma and SF) 
improved at 6 and in some cases also at 12 months. Relief 

Figure 2. Representative ultrasonographs of lateral femo-
ral cartilage changes. Ultrasonographs of the lateral femo-
ral cartilage from three patients at baseline and 12 months 
follow-up are shown in A-B, C-D and E-F, respectively.
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from invalidating symptoms was very rapid and continued 
to increase - or at least did not reverse - over time: indeed 
better VAS, ROM and WOMAC scores (and SF volume 
reduction in recurrent knee effusion cases), were observed 
immediately after the first round of HA injections and up 
to the 6 months follow-up. The second round of HA injec-
tions resulted in a further amelioration of VAS, ROM and 
WOMAC; most of the effects were afforded by LHA injec-
tions, while CLHA ones, from their side, seemed to stabi-
lize and/or slightly improve the results attained with the 
LHA injections. 
Accordingly, all the biochemical and clinical outcomes (name-
ly satisfaction of patients and SF volume, where available) 
invariably tended to ameliorate at the selected checkpoints. 

Intra-articular administration of HA got the consensus for 
the conservative treatment of GA (3, 22). In line with this 
notion, here we observed that HA not only attenuated the 
nociceptive response in arthrosic joints, but also seemed to 
positively affect cartilage condition. This notion is support-
ed by the outcomes of ultrasonographic observations at 12 
months vs baseline. The use of ultrasound assessment of artic-
ular cartilage is in accordance with previous investigations, 
where ultrasound examination provided direct information 
on soft tissue degeneration supplying relevant additional 
diagnostic information on cartilage-specific morphological 
changes (23, 24). Ultrasound imaging appear to be useful to 
assess relative cartilage thickness in the middle and poste-
rior medial femoral regions as done in our study, and it 

Figure 3. Plasma and synovial levels of relevant biochemical markers of inflammation and cartilage degradation. Plasma 
IL-1β, IL-9, IL-17 levels were determined at baseline, 1 week and 3 months. Synovial IL-1β, IL-9, IL-17, lubricin, elastase and 
CTX-II levels were determined at baseline (immediately before the first injection with LHA) and 1 week. Values are means ± 
SE. *, significantly different as compared to baseline (p<0.05).
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has also been found in good agreement with the measures 
obtained by magnetic resonance imaging by several authors 
(25, 26). The ameliorative cartilage conditions observed at 
12 months vs baseline were supported, from a biochemical 
perspective, by the lack of plasma CTX-II increase at three 
months. Indeed, Bruyere et al. reported that an increase of 
CTX-II over this period (3 months) is predictive of cartilage 
loss at later times (i.e.12 months) (27). Moreover from this 
study it is also clear the efficacy of HA in modulating specif-
ic pro-inflammatory mediators. Indeed, relevant circulating 
markers of inflammation associated to GA, namely IL-1β 
and IL-9, decreased at 3 months. For the sake of complete-
ness, although IL-9 is considered as a pleiotropic multifunc-
tional cytokine - whose role depends on the microenviron-
ment and specific condition settings - in joint and rheumatic 
diseases it mostly acts as a pro-inflammatory cytokine (28). 
Reduction of IL-1β, IL-9 and IL-17 levels was also found in 
the SFs from patients at 1 week after LHA treatment.
In line with the biochemical data described so far, the 
proteomic analysis of SFs at 6 months and 12 months 
revealed a HA-induced modulation of specific proteins 
involved in the inflammatory response: in particular the 
levels of Apolipoprotein A-1, IgK chain and α-1-anti-tryp-
sin decreased over time, while Transthyretin increased. 
Apolipoprotein A-1 is a high-density lipoprotein playing a 
key role in the transport and delivery of lipids which also 
possesses pro-inflammatory properties: indeed it has been 
shown to promote the induction of strong matrix metal-
loproteinases expression and to exert a pro-inflammatory 

effect within SF (29); the IgK chain is involved in antibody 
production, and increased levels of its free light chain can 
be detected in inflamed sites (30); α-1-anti-trypsin increas-
es in the course of active progression of cartilage decay 
and of inflammation (31); finally transthyretin, which has 
an anti-inflammatory activity, is an inhibitor of constitutive 
IL-1β production and is able to chelate amyloid preventing 
its deposition in knee joint (32). 
On the whole, the biochemical data indicate that the 
HA-treatment paradigm adopted in this study, along with 
the mechanical benefit due to viscosupplementation, 
promotes an attenuation of inflammatory markers, which 
turns, at 12 months, into the overall amelioration of knee-
joints as assessed ultrasonographically as well as into the 
clinical and functional improvement, namely pain, ROM 
and WOMAC and patients’ satisfaction scale. 
As previously noted the clinical and functional responses 
described herein indicate a rapid and early clinical efficacy 
phase (1 week) coincident with- and causally related to- the 
first injection of LHA, followed by a general progressive and 
more gradual amelioration in the periods following CLHA 
injection. Indeed the first articular viscosupplementation 
of LHA promoted a prompt and dramatic pain reduction 
invariably perceived by patients associated with an overall 
anti-inflammatory tendency (as indicated by plasma and SF 
cytokine and biochemical markers trends). 
Although it is a merely tempting hypothesis, it could be 
speculated that LHA promotes a rapid pre-conditioning of 
joint environment, establishing a favourable ground for the 

Figure 4. Proteomic analysis of synovial fluid. Representative 2D electrophoreses of the SF from a subgroup of patients with 
severe synovitis at baseline (A), after 6 months (B) and 12 months (C). Arrows refer to relevant proteins, which are differently 
expressed over time.
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subsequent injection (post 1 week) of CLHA. Notably HA 
degradation rate - paralleling to the loss of its activity - is 
very high in inflamed joints (33). Hence, it is conceivable 
that a pre-conditioned, less inflamed joint environment, 
might contribute to further reduce the per se slow degrada-
tion rate of subsequently injected CLHA, further prolong-
ing its activity. Indeed HA crosslinking reduces HA sensi-
tivity to hyaluronidase-mediated degradation rendering 
CLHA more stable as compared to LHA (9). Such an “extra 
prolonged” activity would likely turn into a more consis-
tent joint clinical improvement. It is worth noting that such 
an hypothesis is in keeping with the significant reduction 
of IL-1β and IL-9 still observed at 3 months after the first 
round of injections, and with clinical, functional and ultra-
sonographic outcomes at the 12 months follow-up. 
Apart from the biochemical issues, established observations 
indicate that in symptomatic mild–moderate GA patients 
HA, due to its role in the joint lubrication, may reduce 
the joint friction coefficient that is the main risk factor 
for degenerative joint pathologies and pain (3, 4). Again, 
CLHA, being more resistant to hyaluronidase degradation, 
affords a prolonged visco-supplementation and lubricant 
effect, which, under the specific schedule adopted herein, 
might be even longer.
On the whole, despite some limitations of this report that 
include the lack of a control group and the variability of 
the basal levels of the inflammation markers - common 
in similar studies trying to focus on “real life” situations 
- combining the clinical and biochemical results of this 
descriptive study, we show that timed-sequenced IA injec-
tions of LHA and CLHA represents a safe and highly 

effective treatment in patients affected by low degree GA, 
a finding in keeping with established data from literature 
(3, 4). In addition, we found that this therapeutic course 
produced a significant and perduring improvement also in 
the worse GA cases. 
The features characterizing the therapeutic course studied 
herein likely depend on the rational timing of injections 
with LHA and CLHA, which might exploit and optimize 
the pharmacokinetic and pharmacodynamics properties of 
the two forms of HA, in such a way that this regimen results 
in affordable clinical efficacy and, ultimately, patients’ satis-
faction. Such an interpretation is in keeping with other and 
independent evidences indicating that the pharmacodynam-
ic features of HA may profoundly vary as a function of size, 
structure and chemical modifications (7, 9, 10, 29). These 
results implicitly suggest that combining different forms of 
HA such as novel cooperative hybrid complexes or sequen-
tial/timed administration of linear and crosslinked prepara-
tions as in our case - instead of administering a single, specif-
ic form - could recruit multiple and converging mechanisms 
exalting the pleiotropic nature of native HA. 
Today, different forms of HA are available, but there is still 
the need to identify the basis for their rationale combina-
tion, either within a single preparation, or over a multi-in-
jection treatment schedule. 
Hence - although the pharmacokinetic/pharmacodynamic 
issue of in syringe and/or over time combinations of differ-
ent forms of HA was beyond the scope of the present study, 
based on our and other groups’ independent results and 
considerations, it is advisable that future researches will be 
aimed at specifically deal with this point.
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