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Abstract

Purpose: this study aimed to investigate the efficacy
of  intra-articular (iA) administration of  a hydrogel
formulation obtained from a hyaluronic acid (HA)
derivative (HYADD4®) in the management of  meni-
scal tears and in meniscal tear repair.
Methods: fifty subjects with degenerative meniscal
tears were enrolled into this single-site, observer-blind,
parallel-group study. Clinical evaluations were perfor-
med at baseline and after 14, 30 and 60 days. Clinical
outcomes included: pain reduction (Visual Analog
scale), improvement of  knee functionality (WoMAC
questionnaire), reduction in length and depth of  the
meniscal lesion (MRi-confirmed) and sF-36 question-
naire scores. Local tolerability and safety were also
investigated. 
Results: a significant reduction in VAs pain (p<
0.001) in favor of  HYADD4® was recorded at day 14
and maintained at all the follow-up assessments. Data
on knee functionality were in line with the VAs pain
assessment results. A significant reduction in length
and depth of  the meniscal lesion, assessed using MRi,
was found in the HYADD4® group compared to the
control group (p<0.001).
Conclusions: the results of  this study may indicate a
new treatment option in the conservative manage-
ment of  patients complaining of  pain due to meniscal
tears. the MRi data suggest that the hydrogel formu-
lation of  HA used in this study may also play a role in
the healing process of  the lesion. 

Level of  evidence: Level i, prospective randomized
clinical trial.

Keywords: healing, hyaluronic acid, meniscal tear,
magnetic resonance. 

Introduction

Meniscal injuries are the second most common injury
to the knee with an incidence ranging from 12 to 14%
and a prevalence of  61 cases per 100,000 persons with
a male predominance (1). these injuries can be divi-
ded into two groups: traumatic tears and degenerative
tears. traumatic tears occur due to a shear force bet-
ween the femur and the tibia; they are more frequent
in younger patients in whom they are likely to be con-
sequent to an acute traumatic event. Degenerative
changes are more frequently observed in older
patients (2) and are thought to progress from intra-
substance degeneration within the menisci (3). When
articular cartilage is exposed to compression forces,
due to degeneration or joint trauma, the lubricating
function of  the synovial fluid is severely impaired;
indeed, the fluid may be diluted due to intra-articular
(iA) bleeding or plasma extravasation and this results
in a reduced concentration of  hyaluronic acid (HA)
and lubricin, which are the main joint lubricants (4).
Although numerous studies have evaluated the effec-
tiveness of  operative treatment of  meniscal tears (5-
7), the effectiveness of  non-operative treatments has
received little attention in the literature (8, 9). 
Rimington et al. (9) provided evidence of  the effecti-
veness of  a non-operative protocol of  treatment for
degenerative medial meniscal tears based on the use of
non-steroidal anti-inflammatory drugs (nsAiDs).
However, no studies have specifically set out to eva-
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luate the effectiveness of  HA in the treatment of
meniscus tears.
We designed a prospective randomized study to investi-
gate the efficacy of  iA administration of  a hydrogel for-
mulation obtained from a HA derivative in the manage-
ment of  patients with a diagnosis of  meniscal tear. 

Methods

Study design
this observer-blind, parallel-group clinical study was
designed to assess the efficacy of  iA injections of
Hymovis (Fidia Farmaceutici spA, italy), a new hydro-
gel based on a non-crosslinked HA alkylamide
(HYADD4®; Fidia Farmaceutici spA), in patients suf-
fering from meniscal tears. the control group consisted
of  patients receiving only non-operative treatment. the
study was approved by the local ethics committee
(“Ethics Committee for Good Clinical Practice”, sacro
Cuore Don Calabria Hospital, negrar-VR, italy) and
was conducted in accordance with the Helsinki
Declaration and in compliance with the principles of
good clinical practice. Ethics Committee approved
written consent was obtained from all the patients befo-
re their inclusion in the study. After treatment, the
patients were followed up for a minimum of  30 days, a
period that could be extended to 60 days if  the patient
was not referred for surgery at the 30-day evaluation. 

Participants
Male or female patients (n=50) between 18 and 50
years of  age with a documented diagnosis of  a single
meniscal tear (horizontal, longitudinal, flap, radial)
were recruited. 
study participants were evaluated clinically and radio-
graphically. Radiographic evaluation, consisting of  a
weight-bearing anteroposterior view of  both knees, a
weight-bearing flexed-knee posteroanterior view of
both knees, a lateral view, and an axial view of  the
affected knee, was performed to rule out osteoarthritis
(oA). the Kellgren-Lawrence grading system was
used to score knee oA (10). the cartilage of  the
weight-bearing area was graded by two experienced
orthopaedic surgeons using the international
Cartilage Repair society (iCRs) grading system (11).
All patients enrolled in the study underwent an MRi
evaluation. Patients were included in the study only if

they had an iCRs Grade 1 lesion in the weight-bearing
area and no X-ray or MRi evidence of  oA. 
Exclusion criteria were: the presence of  concomitant
pathologies that could interfere with the subject’s ability
to perform the study or that could confound the study
results (e.g. rheumatoid arthritis, metabolic bone disea-
se, gout, Paget’s disease, symptomatic chondrocalcino-
sis, etc.), known or suspected allergic reactions to hya-
luronic preparations, arthroplasty of  the target knee at
any time or any other previous surgery on the target
knee within 12 months prior to inclusion, or surgery
scheduled during the study period, known or suspected
infection of  the affected joint, skin conditions of  the
affected knee such as dermatitis or psoriasis; poor gene-
ral health, and inability of  the patient to comply with
the protocol for the entire duration of  the study.

Interventions
At inclusion, patients were randomly assigned (1:1) to
two groups receiving the following treatments: the
control group (conservative treatment) or the
HYADD4® group (HYADD4® plus conservative
treatment). the randomization list was produced
using a free online randomization plan generator avai-
lable at: http://www.random.org. 
HYADD4® is a class iii CE certified medical device
already approved for the improvement of  joint mobi-
lity through the enhancement of  synovial fluid viscoe-
lasticity. 
the non-operative treatment consisted of  two weeks
of  ice applications, rest and knee off-loading combined
with the intake of  paracetamol as per patient’s needs.
Participants had to agree not to use any nsAiDs besi-
des acetaminophen (up to 1,000 mg 4 times per day as
needed), and had to discontinue the use of  acetamino-
phen at least 24 hours before each office visit for the
duration of  the study.
Patients allocated to the HYADD®4 group received
two iA injections of  HYADD4® two weeks apart in
addition to the conservative treatment.

Outcome measures
Clinical evaluations were performed at baseline and
after 14 and 30 days. Patients who, at 30 days, were not
referred for knee surgery were requested to undergo a
further evaluation 60 days after the beginning of  treat-
ment. the evaluations could be performed within a
time window of  ± 2 days.
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Clinical outcome, i.e. pain reduction and improvement
in knee functionality, was assessed through pain mea-
surement and administration of  the Western ontario
and McMaster Universities osteoarthritis index
(WoMAC) questionnaire. Patient’s health status was
investigated using the sF-36 quality of  life question-
naire and considering the patient’s and investigator’s
global assessment. 
Pain perceived by the patient was measured using a
visual analog scale (VAs) consisting of  a line ranging
from 0 mm, indicating the absence of  pain, to 100
mm indicating unbearable pain. the patients, asked to
indicate their perceived pain on the VAs, were instruc-
ted to respond with reference to their pain “at the pre-
sent time”. 
the WoMAC questionnaire consists of  three subsca-
les: the WoMAC pain scale (section A), made up of
five questions, the WoMAC stiffness scale (section B)
comprising two questions, and the WoMAC physical
function scale (section C), made up of  17 questions.
the patient’s response to each of  the 24 questions was
measured on a five-point Likert scale with higher sco-
res indicating greater symptom severity (0=none, 1=
slight, 2=moderate, 3=severe and 4=extreme). 
the sF-36 questionnaire is designed to measure two
dimensions: physical functioning and mental health.
scores for each domain range from 0 to 100, with high
scores indicating a better status.
the patient global assessment (PtGA) and clinical
observer global assessment (CoGA) on how the trea-
ted knee affected the patient’s health status were obtai-
ned by means of  a VAs: both the patient and the inve-
stigator made their global assessment on a 0-100 mm
VAs where 0 corresponded to “not at all” and 100 to
“extremely”.
Local tolerability at the site of  injection, in the
HYADD4® group, was assessed considering redness
and pain occurring in the minutes following treatment
sessions; systemic adverse events were recorded
throughout the duration of  the study. 
Assessment of  length and depth of  meniscal tears was
performed by MRi at baseline, day 30 and day 60 (when
applicable). since the MRi assessment of  meniscal tears
was a secondary study endpoint, the investigators recor-
ded only the presence or absence of  a reduction in
length and depth of  the lesion (comparing MR images
against baseline) and not the measurements.  
Knee MR images were evaluated by a radiologist who

assessed the length and depth of  the meniscal tears
and by an orthopaedic surgeon who evaluated the
images to exclude, as per the exclusion criteria, the
presence of  concomitant pathologies that could inter-
fere with the subject’s ability to perform the study, or
that could confound the study results. Both evaluators
were blinded to the patients’ data.
t1 and t2 sagittal and coronal proton density-weigh-
ted images were obtained using a siemens Avanto 1.5-
t MRi system (siemens, Erlangen, Germany). the
presence or absence of  a tear was based on the pre-
sence or absence of  a linear signal, brighter than the
dark meniscus. the following grading system was used
to describe abnormal intrameniscal signals: Grade 1 –
the signal is oval or globular in appearance and does
not communicate with any meniscal surface; Grade 2
– the signal is a more linear but, similarly, does not
communicate with the articular surfaces; Grade 3 –
the signal, located within the meniscus, is linear and
should communicate with either the superior or the
inferior articular surfaces. Grade 1 and 2 signals are
consistent with intrasubstance myxoid degeneration,
whereas a Grade 3 signal is consistent with a tear (12).
At baseline, only a Grade 3 signal was taken as eviden-
ce of  a meniscal tear (13) and tears were classified
according to length, depth and tear pattern.
tear length was assessed as the length of  a meniscal
tear that reaches the surface of  the meniscus. tear
depth was rated from Grade 1 to Grade 3 according
to the MRi classification. 
At baseline, tear patterns were classified as longitudi-
nal (located anywhere along the meniscus), horizontal
(begins at the inner margin of  the meniscus and
extends towards the capsule), radial (begins at the
inner margin and extends towards the capsule) or flap
(either a vertical flap tear or a horizontal flap tear). 
By comparing the follow-up MR images with the
baseline images, the presence or absence of  a reduc-
tion in length and depth of  the lesion was identified.
the occurrence of  a new lesion with respect to base-
line was considered a worsening and recorded as an
adverse event. Reductions in the length and depth of
the meniscal tear subsequent to baseline, assessed
radiologically, were measured in relation to the tear
evaluated at study entry.

Data analysis
A sample size of  50 patients was established conside-
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ring an α = 0.05, a power of  90%, a significance test
on repeated continuous measures, two treatment
groups and an effect size of  0.37 (small-medium
effect size). 
All data were stored and analyzed using the sPss sta-
tistical package 10.0 (sPss inc., Chicago, illinois,
UsA). the full analysis set, which included all patients
receiving treatment (at least conservative treatment),
was considered for the statistical analysis performed
on absolute values or on changes from baseline, as
applicable. in the event of  missing values and prema-
turely discontinued patients, the last observation carry
forward method was used before performing inferen-
tial analysis.  
to calculate the total and partial WoMAC scores the
indications provided in the User Guide iX of  the
WoMAC osteoarthritis index were followed; in the
event of  missing data the average value of  the sub-
scale (pain, stiffness or physical functioning) was sub-
stituted in lieu of  the missing item value(s).
in order to normalize the WoMAC index to a 0-100
scale all single scores in each subscale were summed,
multiplied by 100 and divided by the possible maximum
score for the relevant subscale. A total score was creat-
ed by combining the three subscales and, again, the
total score was converted into a normalized score out
of  100 as described in the WoMAC user’s handbook. 
the physical functioning score and the mental health
score of  the sF-36 questionnaire were calculated fol-
lowing the guidelines of  the instrument. 
the following descriptive statistics were produced at
each study time point for each variable collected:
mean, median, standard deviation, minimum and max-
imum were calculated for continuous variables, num-
ber and percentage of  patients in each category for
categorical data. 
Differences between treatment groups were analyzed
by a multiple analysis of  variance (MAnoVA) for
paired data if  assumptions for the test were satisfied,
and, in the event of  significance, comparisons against
baseline were performed. Alternatively, non-paramet-
ric tests (Fisher’s and Wilcoxon test) were conducted.
All p values derived from two-sided statistical tests
and p-values <0.05 were considered statistically signif-
icant. if  necessary, adjustment of  the α level was car-
ried out by Bonferroni correction. 

Results

Fifty outpatient subjects were enrolled into the study
in less than three months (January-March 2012) and
randomized to one of  the treatment groups: 25
patients were allocated to the HYADD4® group and
25 to the control group. 
All the patients receiving HYADD4® completed the
study, while only 17 of  the 25 patients in the control
group attended the 60-day end-of-study evaluation
(Fig. 1): one patient was lost to follow-up and seven
patients discontinued the study as they were not
responsive to treatment. 
no major protocol deviations emerged from data: all
the enrolled subjects met the inclusion and exclusion
criteria and visits were performed at acceptable inter-
vals, with some exceptions: 5 patients in the
HYADD4® group underwent the 30-day evaluation
with a delay of  13 days and attended the 60-day eval-
uation 10 days after the due date; 1 patient in the con-
trol group underwent the 60-day evaluation 12 days in
advance. All 25 patients allocated to the HYADD4®

Fig. 1. Flow diagram of the study.
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group received the two injections two weeks apart as
planned. 
Table 1 summarizes the main baseline characteristics
of  the 50 patients. All the  patients were in good gen-
eral health. no significant concomitant diseases or
concurrent therapies were recorded. 
in both groups, an improvement in pain perceived by
the patient was shown from baseline up to the 60-day
evaluation. the AnoVA for repeated measures con-
ducted on VAs pain revealed a treatment effect: the
pain perceived by the patients significantly diminished
over time but the reduction observed in patients treated
with HYADD4® was greater than that observed in
patients belonging to the control group (p< 0.001). the
reduction was recorded at the 14-day evaluation and
maintained at all the subsequent evaluations (Fig. 2). 
Data on knee functionality, evaluated by the WoMAC
subscores and total score, were in line with the VAs
pain results. All the subscores and the total score
decreased over time and the mean value of  the scores

in the HYADD4® group was always lower than the
mean value observed in the control group. 
When considering changes from baseline in the sub-
scores or total score (Tab. 2), the Wilcoxon test con-

Fig. 2. Reduction of pain during the study as measured using VAS
(mm) by the treatment group.

Table 1. Baseline characteristics of  50 patients with meniscal lesions allocated to the HYADD4® group or the control group*.

                                                                                              HYADD4® Group                                                   Control Group
                                                                                                       (n = 25)                                                                  (n = 25)

Age, years                                                                                       30 ± 4.4                                                                  33 ± 3.9
sex, %  male                                                                                        64                                                                            48
Weight, kg                                                                                     76 ± 12.5                                                                 72 ± 9.7
Height, cm                                                                                     179 ± 8.9                                                                175 ± 8.2
smoking habits:

- never smoked,  %                                                                            56                                                                            60
- current smoker,  %                                                                          28                                                                            20
- ex-smoker,  %                                                                                 16                                                                            20

Affected knee, % right                                                                         60                                                                            52
Use of  assistive device, %                                                                    16                                                                            28
iCRs grade 1, %                                                                                 100                                                                          100
MRi meniscal lesion type:

- Longitudinal,  %                                                                              32                                                                            36
- Horizontal, %                                                                                  48                                                                            24
- Flap, %                                                                                             4                                                                             12
- Radial, %                                                                                         16                                                                            28

Pain VAs, mm                                                                              82.0 ± 9.13                                                             83.6 ± 7.82
WoMAC pain score                                                                    62.8 ± 12.59                                                            70.0 ± 13.84
WoMAC stiffness score                                                              66.0 ± 14.67                                                            80.5 ± 11.46
WoMAC physical functioning score                                             62.8 ± 6.99                                                             73.1 ± 8.64
WoMAC global score                                                                  63.1 ± 7.86                                                             73.1 ± 8.85
sF-36 physical functioning score                                                  28.1 + 3.46                                                             27.6 + 3.76
sF-36 mental health score                                                             44.3 ± 5.03                                                             41.4 ± 8.07
Patient global assessment                                                            77.6 ± 21.90                                                            87.2 ± 11.28
Physician global assessment                                                         80.5 ± 7.11                                                             83.8 ± 7.94

* Except where indicated otherwise, values are the mean ± standard deviation.
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ducted at each time point showed a greater decrease in
the HYADD4® group with respect to the control
group (p<0.017) for each subscore and for the total
score. 
it is worth mentioning that as regards the WoMAC
subscores for stiffness and for physical function and
the WoMAC total score, a non-homogeneity between
the treatment groups was observed at baseline. these
differences are the reason for the use of  a non-para-
metric approach for paired data (Wilcoxon test) to
analyze changes from baseline values and the adapta-
tion of  the α level according to the Bonferroni’s
method. However, even though randomization proce-
dures failed to guarantee homogeneity between treat-
ment groups for each study parameter at baseline, the
primary endpoint (VAs and WoMAC pain subscore)
baseline data confirmed homogeneity between the
two groups.
At baseline, the patients allocated to the two treatment
arms were similar in terms of  both the physical func-
tioning score and the mental health score on the sF-
36 questionnaire. in patients treated with HYADD4®,
the physical functioning score increased from a mean
value of  28.1±3.46 at baseline to 48.5±4.27 at 30 days
and to 54.6±5.43 at the 60-day evaluation; patients
allocated to the control group presented a mean value
at baseline of  27.6±3.76, which rose to 33.1±8.45 at
day 30 and 37.1±10.0 at the 60-day evaluation.
As regards the mental health score, in patients treated
with HYADD4® the mean value of  44.3±5.03 record-
ed at baseline increased to 56.3±4.21 at 30 days and
56.6±4.25 at the 60-day evaluation; instead, in the con-
trol group the mean values were 41.4±8.07 at baseline,
44.7±12.28 at 30 days, and 43.2±11.41 at 60 days. 
While the sF-36 physical functioning score increased
significantly between baseline and the end of  the

study and the AnoVA for repeated measures
(p<0.001) showed a treatment effect in favor of
HYADD4® at all assessments, the mental health score
did not change significantly between baseline and the
30-day evaluation. the AnoVA for repeated meas-
ures (p<0.001) showed a treatment effect in favor of
HYADD4® at the 60-day evaluations.
the PtGA and CoGA on how the treated knee
affected the patient’s status were evaluated by means
of  a VAs; both assessments revealed an improvement
over time. the AnoVA for repeated measures on
PtGA showed a statistically significant difference ver-
sus baseline at each study evaluation and between
treatment groups (p<0.001) in favor of  HYADD4®.
the CoGA VAs values were not normally distributed
(Kolmogorov-smirnov test), therefore a Mann-
Whitney test was used to compare treatment groups at
each evaluation and the α level was corrected accord-
ing to Bonferroni. At each evaluation a statistically sig-
nificant difference between groups was observed
(p<0.017) in favor of  HYADD4®. 
the reduction of  length and depth of  the meniscal
lesion, detected by the MRi, was particularly evident
in the HYADD4® group (80% of  patients improving
at the third and 92% at the fourth evaluation) versus
16% and 20% of  patients in the control group
(p<0.001 on Fisher’s exact test) (Fig. 3).
With the exception of  slight pain at the injection site
that resolved spontaneously within a few minutes, no
patient treated with HYADD4® complained of  signifi-
cant adverse effects of  the device either in the minutes
following treatment or at any time during the study. 
During the study a total of  10 adverse events (two in
the HYADD4® group and eight in the control group)
were reported in eight patients. All adverse events
were related to the knee condition and consisted of  a

Table 2. Changes from baseline in WoMAC sub-scores and total score.

                     Day 14                    Day 30                           Day 60         
                                       
                              HYADD4®           Control                       HYADD4®           Control                     HYADD4®             Control
                             (mean ± s.d.)       (mean ± s.d.)                   (mean ± s.d.)       (mean ± s.d.)                (mean ± s.d.)        (mean ± s.d.)
                                       
Pain                     -23.6 ± 11.32       10.8 ± 10.28                    -46.8 ± 8.77       -23.0 ± 21.94                -57.6 ± 10.62        -26.6 ± 20.09
Stiffness              -24.5 ± 20.88      -14.0 ± 11.59                  -44.5 ± 21.97      -25.9 ± 13.59                -59.5 ± 13.64        -31.4 ± 19.59
Physical               -23.8 ± 9.52        -11.5 ± 5.58                   -48.7 ± 11.14      -21.1 ± 15.19                 -58.1 ± 4.12         -27.4 ± 18.84
Total                      -23.8 ± 9.00        -11.6 ± 5.37                     -48.0 ± 9.9        -21.9 ± 15.58                 -58.1 ± 4.53         -27.6 ± 18.25
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worsening of  the disease or the occurrence of  a new
lesion detected by MRi: one patient (4%) in the
HYADD4® group developed a new lesion versus three
(12%) occurrences of  new lesions in the control
group. in particular, in two cases the development of
a new lesion did not correspond to an increase in pain
or to a reduction in knee functionality as resulting
from the WoMAC questionnaire. 

Discussion

As the menisci are fundamental structures for the
maintenance of  knee homeostasis, playing a key role in
knee biomechanics, meniscal tissue should be pre-
served whenever possible and partial or total menis-
cectomy should be left as the final option. indeed,
long-term follow-up studies have shown that virtually
all meniscectomized knees develop arthritic changes
over time (14); therefore, when considering treatment
options for a patient complaining of  pain due to a
meniscal tear, conservative options should be consid-
ered as a first-line therapy before surgical treatment.
this study was conducted with the purpose of  evalu-
ating a non-operative treatment protocol designed to
reduce pain and improve lesion healing in patients with
degenerative meniscal tears. it prospectively compared
two injections of  HYADD4® (administered two weeks
apart) plus non-operative treatment versus non-opera-
tive treatment alone. the study results indicated that
iA HYADD4® may be effective in the conservative
management of  pain related to meniscal tears and may
also play a role in the healing process of  the lesions. 

Patients receiving HYADD4® reported a higher
reduction in pain and a greater improvement of  knee
functionality with respect to patients receiving only
conservative therapy. the ameliorative effect of
HYADD4® was already evident after the second injec-
tion (14 days from baseline) and was maintained for
up to 60 days, when the study terminated. 
Patient and investigator assessments on how the treated
knee affects the patient’s health status confirm the
results obtained with regard to pain, as the impact of
the disease was considered by both investigator and
patient to be significantly reduced from the day 14 eval-
uation onwards. the sF-36 physical functioning score
showed a better improvement in patients receiving the
study treatment, as did the sF-36 mental health score.
A potential role of  HYADD4® in promoting meniscal
lesion healing was also investigated by MRi assess-
ments and a reduction in length and depth of  the
meniscal lesion was observed in a higher percentage
of  patients receiving HYADD4® with respect to
patients treated by conservative therapy alone. indeed,
HA presents healing properties that could help to heal
the damaged tissue itself.
Despite the breadth of  potential indications for iA
injections of  HA in the knee joint, few studies have
investigated use of  this treatment in knee lesions other
than oA, such as meniscal tears (15, 16). 
the mechanisms of  meniscal healing follow two pat-
terns: the extrinsic and the intrinsic pathway. the
extrinsic pathway, occurring mainly in the vascular
area of  the lesion, is based on the network of  capillar-
ies that supply the lesion with undifferentiated mes-
enchymal cells as well as nutrients that induce healing.
the intrinsic pathway is based on the self-repair
capacity of  the meniscal fibrocartilage and the syn-
ovial fluid (14). Although, to date, no substance has
been found to induce predictable, spontaneous menis-
cal healing, a recent in vitro study conducted on human
synovial cells stimulated with HA (17) showed that
treatment with HA (0.1 mg/mL) increases the expres-
sion of  tGF-β1 and VEGF. the possibility of
increasing levels of  these growth factors in the injured
meniscus may explain the mechanism of  action of
HYADD4® and may open up new treatment options.
the rationale of  using hyaluronans on meniscal tears
is supported by several studies conducted in animals
and humans. specifically, preclinical studies demon-
strated the efficacy of  iA injections of  HYADD4® in

Fig. 3. Reduction of length and depth of the meniscal lesion: % of
improving patients by follow-up assessments and treatment group.
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the induction of  gait improvement in animals with
bilateral lateral meniscectomy (18) and in the anti-
nociceptive activity of  the treatment in the first week
after partial medial meniscectomy in guinea pigs (19).
Furthermore, in pathological human chondrocytes
and synoviocytes stimulated by iL-1β, HYADD4®

was able to reduce the gene expression of  degradative
enzymes and inflammatory cytokines (20).  
HA preparations in human studies have been reported
to improve symptoms and rating scores and decrease
the use of  nsAiDs in patients who underwent partial
meniscectomy (16, 21). Considering that the half-life
of  native HAs in the joint could be approximately one
to two days (22), the use of  this modified HA-based
product with a slow enzymatic and free-radical degra-
dation and prolonged half-life should result in an
extended residence time with a consequent prolonga-
tion of  the related clinical benefits (23). 
it is unlikely that the observed sustained beneficial
effect on pain associated with meniscal tears is related
only to a temporary restoration of  the synovial fluid
lubrication and viscoelasticity, in accordance with the
viscosupplementation rationale; rather, it is more plau-
sible that the benefits of  HA therapy are due to both
mechanical and biological activities (24). the exact
mechanism of  action of  HAs are unknown, but the
positive influence of  iA administration of  HA on sev-
eral biological processes involved in joint homeostasis
has been demonstrated, and may explain the sustained
clinical effects. Hyaluronans can induce the synthesis
of  endogenous HA by synovial cells, stimulate chon-
drocyte proliferation, and inhibit cartilage degradation
(chondroprotection) (25). in a recent study,
Greenberg et al. (26) demonstrated an elevated gly-
cosaminoglycan content in HA-treated cartilage tissue
and the conclusions of  their study support a biosyn-
thetic-chondroprotective mechanism (26). other stud-
ies demonstrated that stimulation of  the synthesis of
HA and extracellular matrix components by synovial
fibroblasts and inhibition of  leukocyte migration,
chemotaxis, and adhesion contribute to observed anti-
inflammatory effects (27).
in several studies treatment with sodium hyaluronate
has been shown to increase the viscoelastic properties
of  the synovial fluid and repair the articular cartilage
by improving cellular metabolism (28). 
studies on animal models indicate that significant,
structural meniscal healing occurs within a short time

frame. two preclinical studies have been performed in
rabbits with meniscal lesions (29, 30). in the study by
ishima et al. (29) the meniscal lesion was obtained by
creating a longitudinal tear in the peripheral region of
the medial meniscus, while in that of  suzuki et al. (30)
the meniscal lesion was made by creating a cylindrical
defect on the lateral meniscus. in both studies weekly
iA injections of  HA or saline were performed.
suzuki et al. evaluated the effect of  HA treatment at
one and six weeks after the start of  a series of  weekly
injections and the treatment was compared with injec-
tions of   phosphate buffer. HA administration caused
a significant increase in the rate of  filling of  the
defect. the cell population in the repair tissue
changed from fibroblast-like cells to chondrocyte-like
cells as the repair progressed. At six weeks, the ratio
of  chondrocyte-like cells to all cells was higher than
that of  the control and the authors concluded that HA
increases the healing rate of  meniscal injury (30). 
in ishima’s study the effect on meniscal tears of  HA
treatment (five weekly injections, starting one week
after surgery) was evaluated by histology at 6 and 12
weeks after surgery. on a general morphology exami-
nation, there was evidence of  meniscal healing in both
groups, but the healing rate of  the HA group was sig-
nificantly higher than that of  the saline-injected
group. Histologically, meniscal healing was evident at
6 weeks after surgery in both groups (29).
these two studies confirm that in animals meniscal
healing is possible, that hyaluronan injections increase
the healing rate, and that meniscal healing is evident
just a few weeks after the lesion. 
in humans, as well described by Weiss et al. (31), the
meniscus has a greater potential to heal and the heal-
ing potential depends on the location, type, length and
stability of  the tear. in the Author’s opinion this
explained the degree of  healing also seen in the con-
trol group. in the literature, Han et al. (32) reported a
case of  spontaneous healing of  a displaced bucket-
handle tear. this patient had an unstable displaced
bucket-handle tear of  the lateral meniscus in a stable
knee, which healed spontaneously within six weeks
without surgery. six weeks after the diagnosis, the
patient was no longer complaining of  pain and had
regained a full range of  motion. the final follow-up
MRi study showed reduction of  the torn meniscal
fragment without any signal changes suggestive of  a
meniscal tear. thus, it is possible that iA HA con-



tributes to the spontaneous healing of  the meniscus
providing the knee joint with a supply of  HA that may
be beneficial to the healing process. However, the
short time frame for meniscus healing observed in
animals remains to be confirmed in humans. 
Although this study may answer some questions on
the safety and effectiveness of  HYADD4® in patients
affected by meniscal tears, the relationship between
the biological and clinical actions of  HA remains to be
explored. the strengths of  the therapy proposed in
this study include its simplicity and the safety of  the
product used. Moreover, thanks to its high viscosity
and elasticity (33), together with its prolonged resi-
dence time, HYADD4® is able to relieve pain and the
treatment seems to improve lesion healing with a
short treatment regimen. the limitations of  this study
include the small sample size, the short follow-up and
the absence of  recording of  concomitant nsAiD
intake. the small number of  patients enrolled in the
study and the short follow-up limited the power of
the results even though a large statistical difference
between the two groups was found, especially in pain
reduction and lesion healing.
the long-term efficacy of  HYADD4® remains to be
explored and it could be interesting to perform a phar-
macoeconomic study to investigate the cost and effec-
tiveness of  this treatment protocol compared to the
standard conservative therapy. High-quality viscosup-
plements can sometimes be expensive, but a cost-ben-
efit analysis may show that this treatment is able to
reduce pain and nsAiD intake, delaying meniscecto-
my in patients with meniscal lesions; it may thus con-
stitute a less invasive, short-regimen treatment that
will finally represent a more cost-effective option.
in conclusion, iA of  the new hydrogel evaluated in
this study seems to satisfy an unmet need: the intro-
duction of  HYADD4® seems to restore the physio-
logical environment of  the joint and, while reducing
pain, is likely to promote the healing process. 
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