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Abstract: Purpose: We aimed to evaluate clinical efficacy and healing effects of conservative
management of degenerative meniscus lesions (DMLs) with a hyaluronic acid (HA) hydrogel.
Methods: Patients were subjected to two HA injections two weeks apart. Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) and Patient’s Global Assessment (PtGA) and
Clinical Observer Global Assessment (CoGA) of the disease were assessed at baseline, 30, and 60 days
after treatment. Short Form (36) Health Survey (SF-36) was assessed at baseline and 60 days after
treatment. One year after treatment, patients were called to know whether any of them had undergone
arthroscopic partial meniscectomy (APM). All patients underwent magnetic resonance imaging using
a 1.5-T Magnetic Resonance Imaging (MRI) scanner (Siemens Aera), which included a T2 mapping
pulse sequence with multiple echoes at baseline and 60 days after treatment. Results: 40 patients
were enrolled. WOMAC score, physical function subscale, PtGA and CoGA, and SF-36 showed a
statistically significant difference between baseline and follow-up. One year after treatment, only one
patient had undergone APM. A decrease in the T2 measurement was detected in the posterior horn
medial meniscus in 39% of cases in both the red and red–white zone, and in 60% of cases in the white
zone; in the posterior horn lateral meniscus in 55% of cases in both the red and white zones, and in
65% of cases in the red–white zone. Only for the latter, there was a statistically significant difference
between baseline and posttreatment T2 measurements. Conclusion: This study supports the use of
HA in the conservative management of DML as it is clinically effective and enhances meniscus healing
as demonstrated by T2 measurements. Moreover, it reduces the need for APM at 1-year follow-up.

Keywords: degenerative meniscus lesion; conservative management; meniscal healing; T2 mapping;
hyaluronic acid

1. Introduction

Degenerative meniscus lesion (DML) presents in adult patients (35 to 65 years of age) who have
not had a trauma and consists in a progressive delamination and surface fibrillation. DMLs cause
knee problems for years, as they have been clearly correlated with the development of tibiofemoral
osteoarthritis (OA) [1–4].

DMLs are completely different from traumatic meniscal lesions occurring in young patients.
Traumatic meniscal lesions can be described as a true fracture produced by a twisting injury to the
knee. Given the difference in morphological characteristics of DML and traumatic meniscal lesion,
their management cannot be the same.
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The management of DMLs deals with a contradiction between daily practice and scientific
evidence [5–7]. Arthroscopic partial meniscectomy (APM) is frequently used for DMLs, which aims to
relieve symptoms by removing torn meniscal fragments. The incidence of APM in the middle-aged
has largely increased in several countries [8]. In the U.S., almost 700,000 APMs are carried out each
year, with annual direct medical costs around $4 billion [9]. However, randomized controlled trials
failed to demonstrate any additional benefit of APM for degenerative meniscal tears compared to
non-operative treatment [10–14] or sham surgery [15,16]. All these studies except two [10,16] excluded
patients with OA. In a multicenter, randomized, double-blind, sham-controlled trial, 146 patients with
symptomatic DML and no knee OA were assigned to APM or sham surgery [15]. At 12 months after the
procedure, there were no significant differences between groups in the Lysholm and Western Ontario
Meniscal Evaluation Tool (WOMET) scores and in knee pain after exercise [15]. In a meta-analysis of
nine randomized trials, the advantage of arthroscopic surgery compared with sham surgery, lavage,
exercise, and medical treatment was small and limited in time [17]. Although well conducted, all the
studies had biases and limitations. On the other hand, the cross-over from nonoperative treatment to
arthroscopy ranged from 0 to 35%.

It should be taken into account that APM is associated with an increased risk of OA, as demonstrated
by several studies. [18]. In a long-term follow-up study (mean 8.1 years), 57 patients who had undergone
APM were clinically and radiographically evaluated for prevalence and progression of knee OA.
Tibiofemoral OA was evident in 62.69%, and it progressed from 17.2% preoperatively to 65.95%
postoperatively (p = 0.001) in the medial compartment and from 17.64% preoperatively to 58.82%
postoperatively (p = 0.0324) in the lateral compartment.

The essential role of the meniscus in the lifespan of the knee has been clearly demonstrated in
basic science and biomechanical studies [19]. The meniscus has multiple and complex functions,
such as load-bearing, load transmission, shock absorption, stability of the knee, as well as lubrication
and nutrition of articular cartilage [20]. The capacity to resist forces imposed on the knee is related to
the biomechanical properties of the meniscal tissue. The meniscus is highly hydrated (72% water).
The remaining content consists of extracellular matrix and cells. The organic matter is mainly constituted
by collagen (75%), glycosaminoglycans (GAGs) (17%), DNA (2%), adhesion glycoproteins (<1%), and
elastin (<1%) [20]. Age, injuries, and pathological conditions affect the proportion of biochemical
contents [21,22]. The extracellular matrix and cells phenotype differ in the outer and inner portion.
The outer portion is similar to fibrocartilage, while the inner portion has some characteristics similar to
the articular cartilage. Cells of the outer portion are fibroblast-like cells, with an oval and fusiform
shape. They are surrounded by type I collagen and small percentages of glycoproteins and type III and
V collagen [23]. Cells of the inner portion can be considered as fibrochondrocytes or chondrocyte-like
cells, with a round shape. They are surrounded mainly by type II collagen, a small amount of type I
collagen, and a higher concentration of GAGs. Potential progenitor cells have been identified in the
superficial zone. These cells are flattened and fusiform and have cell extensions [20].

In 2016, the European Society of Sports Traumatology, Knee Surgery & Arthroscopy (ESSKA)
Meniscus Consensus analyzed literature and expert opinions to produce a guide for DMLs [5].
It stated that “surgery shouldn’t be proposed as a first line of treatment of DMLs (Grade A)”.
Non-operative treatment can include rehabilitation, nonsteroidal anti-inflammatory drugs (NSAIDs),
and intra-articular injections; however, there is “no evidence of which time/type of non-operative
treatment should be proposed”.

Hyaluronic acid (HA) is a glycosaminoglycan that contributes to the viscoelasticity of the synovial
fluid, and it is already used to provide additional shock absorption and prevent cartilage degeneration
in OA [24]. Investigations have continued to reveal a variety of actions of HA, such as anti-inflammatory
and analgesic functions [6,25]. It has been demonstrated that human synovial cells stimulated with
HA increase the expression of Transforming Growth Factor beta 1 (TGF-β1) and Vascular-Endothelial
Growth Factor (VEGF). Furthermore, in pathological human chondrocytes and synoviocytes stimulated
by Interleukin 1 beta (IL-1β), HA was able to reduce the gene expression of degradative enzymes
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and inflammatory cytokines [26]. In inflammatory or degenerative joints, HA increased the synthesis
of chondroitin sulfate and proteoglycans [27,28] and reduced the production and activity of Matrix
Metallopeptidases (MMPs) and A Disintegrin and Metalloproteinase with Thrombospondin motifs
(ADAMTS) [29–31].

The possibility of increasing levels of growth factors and counterbalance catabolic cytokine may
open up new treatment option for patients with DMLs.

The potential role of HA in meniscal healing has been described in several in vivo studies [7,32,33].
Ishima et al. and Suzuki et al. found a significant increase in the healing rate of artificial tears injected
with HA [32,33]. Ishima et al. [10] produced a longitudinal tear in the peripheral region of the medial
meniscus and injected HA in the study group and saline solution in the control group. The HA group
had a higher healing rate than the control group at 12 weeks.

Suzuki et al. [11] generated a cylindrical lesion on the lateral meniscus and injected HA in the
study group and phosphate buffer in the control group. The HA group showed a significant increase
in the rate of filling of the defect. The cell population of the repaired tissue shifted from fibroblast-like
cells to chondrocyte-like cells. At six weeks, the ratio of chondrocyte-like cells to all cells was higher in
the HA group, inducing authors to deduce that the healing rate was increased by HA.

Only recently, the underlying mechanism of HA in the meniscal healing process has
been clarified. HA promoted human meniscus regeneration by inhibiting apoptosis, promoting
cell migration, and accelerating cell proliferation, potentially through the phosphatidylinositol
3-kinase (PI3K)/mitogen-activated protein kinase (MAPK) pathway via the CD44 receptor [34].
Murakami et al. [34] analyzed the effects of HA on prostaglandin E2 (PGE2)-induced apoptosis
and gene expression in meniscus cells. They showed that HA increases cell migration and proliferation
in a concentration-dependent manner in both inner and outer meniscus cells. An anti-CD44 antibody
blocked these effects. HA activated the phosphatidylinositol 3-kinase (PI3K) and mitogen-activated
protein kinase (MAPK) pathways, and this effect was also blocked by an anti-CD44 antibody.
Furthermore, HA upregulated the level of Collagen Type II Alpha 1 Chain (COL2A1) and ACAN
mRNA of inner meniscus cells. Authors concluded that HA is expected to have clinical application in
the management of meniscal injuries.

In the clinical setting, evidences about the efficacy of HA in the management of degenerative
meniscus lesions are still scant. Only one prospective randomized trial on 50 subjects with DMLs,
demonstrated that patients treated with a hydrogel based on a non-crosslinked HA alkylamide
(HYADD4®; Fidia Farmaceutici SPA, Abano Terme, Italy) had a significant reduction in Visual
Analogue Scale (VAS) pain and reduction in length and depth of the meniscal lesion [35]. However,
further studies are needed to corroborate this result.

The challenge in studying the healing of the meniscus in humans is to identify a non-invasive and
objective method to evaluate changes in meniscus composition. Conventional Magnetic Resonance
Imaging (MRI) sequences are used to assess anatomy and detect morphological changes of the knee.
Both radiography and morphologic MRI of the knee are not able to detect matrix alterations in DMLs
and the response to infiltrative therapies. Using conventional MRI, measuring changes in meniscal
tissue composition prior to surface breakdown is challenging. Several recent studies attest the role of
quantitative MR imaging, such as T2 mapping, that is commonly used in the research field of knee
OA [36,37]. T2 mapping is based on T2 relaxation time measurements and it has been extensively used
to evaluate cartilage degeneration [38]. Recent studies have shown the potential of T2 relaxation time
as biomarker to quantify meniscal degeneration in patients with knee OA [39]. Based on properties of
biochemical tissue components, quantitative analysis of T2 relaxation times can reveal the composition
of extracellular matrix, without the need of contrast or special MRI hardware. Increased T2 relaxation
times indicate damage to the collagen network and a decrease in water content, both signals of
tissue degeneration [40,41]. In vivo T2 mapping of the human meniscus correlates strongly with its
degeneration, suggesting that T2 mapping enables detection and quantification of early compositional
changes of the meniscus [40].



J. Clin. Med. 2020, 9, 2280 4 of 14

In the current preliminary study, we aimed to evaluate clinical efficacy and healing effects of
conservative management of DMLs with a HA hydrogel Hymovis® a sterile, non-pyrogenic, viscoelastic
hydrogel for intra articular injection, Fidia Farmaceutici SPA). The primary aim of this study was to
objectively demonstrate meniscal healing by T2 measurements, providing a quantitative evaluation of
qualitative changes in the meniscus.

2. Materials and Methods

2.1. Study Design

The study is an open-label prospective pilot study. The study was approved by the local ethics
committee (Ethics Committee Campus Bio-Medico University of Rome, Prot 19.17 OSS ComEt CBM).
All patients signed informed consent before inclusion.

2.2. Participants

Patients were included in the study if they presented the following conditions: Male and female≥ 35
and ≤65 years of age with degenerative meniscus lesions documented at MRI, without any history of
significant acute trauma of the knee; no X-ray or MRI evidence of OA; patients disposed to observe
requirements of the study for the whole time period.

Patients were excluded if they presented the following conditions: radiographic evidence of
osteoarthritis in the target knee; knee ligament injuries; concurrent pathologies that would prevent the
subject to proceed the study or that would interfere with the study results (e.g., rheumatoid arthritis,
metabolic bone disease, gout, Paget’s disease, symptomatic chondrocalcinosis, etc.); recognized or
presumed allergic reactions to hyaluronic formulations; recent operation to the knee in the 12 months
before inclusion or planned surgery throughout the duration of the study; recognized or presumed
infection of the joint; unsuitable skin status of the knee such as dermatitis or psoriasis; patient unable
to undergo MRI for any reason; patient unable to follow the protocol for the entire length of the study.

2.3. Intervention

Patients were subjected to two Hymovis® (HYADD4®, non-crosslinked HA alkylamide,
24 mg/3 mL, Fidia Farmaceutici SPA, Abano Terme, Italy), injections two weeks apart.

Hymovis®, highly purified sodium hyaluronate alkylamide obtained from bacterial fermentation,
is a CE marked class III medical device, which is indicated for the treatment of pain in osteoarthritic
joints and in the conservative treatment of the meniscal lesion of the knee and for the improvement of
joint mobility through the enhancement of synovial fluid viscoelasticity.

Participants agree to interrupt NSAIDs consumption at least 24 h before each office visit for the
entire study.

2.4. Evaluation of Clinical Efficacy

Clinical efficacy was assessed using the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) questionnaire [42,43] and Patient’s Global Assessment (PtGA) and Clinical Observer
Global Assessment (CoGA) of the disease. All patients were evaluated at baseline, 30, and 60 days
after treatment.

The Short Form (36) Health Survey (SF-36 questionnaire [44,45] was collected at baseline and
60 days after treatment.

One year after treatment, patients were called to know whether any of them had undergone APM.
Local tolerability in the site of injection was assessed for redness and pain few minutes after each

treatment session; local and systemic adverse events were registered for the duration of the study.
A diary of analgesic medications was required for the duration of the study.
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2.5. Evaluation of Healing Effects

To objectively evaluate meniscal healing, a quantitative estimation of the meniscus was conducted
using 1.5T MRI with T2 mapping technique at baseline and 60 days after treatment.

We obtained T2-mapping sequence in sagittal planes using a dedicated knee coil. A sagittal 2D
multiecho spin-echo sequence with fat saturation was used with the following parameters: TR, 1500 ms;
TE1: 10.9 ms; TE2: 21.8 ms; TE3: 32.7 ms; TE4: 43.6 ms; TE5: 54.5 ms; TE6: 65.4 ms; TE7: 76.3 ms; TE8:
87.2 ms; FOV read: 140 mm; FOV phase: 106.3; bandwidth: 372 hertz/pixel. MATRIX 340 × 320 mm;
slice thickness 3 mm; distance factor 20% (0.6 mm). The acquisition time was 15 min 03 s.

Meniscal degeneration can be non-invasively quantified with T2 measurements [46]. How T2
relaxation works in the meniscus is not entirely clear. Available data refer to hyaline cartilage. There is
a correlation between T2 relaxation and cartilage collagen orientation and water content [47]. Meniscal
degeneration is characterized by matrix alterations such as degradation and disorientation of collagen
interconnection, decrease of proteoglycans, enhanced water proportion, and penetration of synovial
fluid into compromised locations [48]. Meniscal degeneration is represented by elevations in meniscal
relaxation measures and it is correlated with clinical WOMAC scores [46]. Moreover, the value of T2
was proportional to the gravity of the meniscal degeneration [46]. T2 measurements offer an advantage
over arthroscopy by examining the entire meniscus rather than the surface areas only.

The following meniscus compartments were analyzed: anterior horn lateral meniscus (AHLAT),
anterior horn medial meniscus (AHMED), posterior horn lateral meniscus (PHLAT), and posterior horn
medial meniscus (PHMED). The meniscal body was excluded because of partial volume effects. As the
vascularity and cell profiling are different between the inner and outer meniscus, each compartment
was divided into three zones: red, red-white, white (Figure 1).
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Figure 1. Red, red-white, and white zones of the meniscus.

An expert radiologist evaluated MRIs to define the degenerated meniscus compartment. Another
radiologist performed T2 measurements in each zone of each compartment. Both radiologists were
blind to patients’ data.

2.6. Correlation between Clinical Scores and T2 Measurements

The relationship between clinical evaluation and meniscal healing was assessed.
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The Pearson’s correlation test was performed to correlate pretreatment (V1) clinical scores
(WOMAC; WOMAC Section A, B, and C; PtGA; CoGA; and SF36) with pretreatment (V1) T2
measurements of each zone of each meniscus compartment. The same analysis was performed to
correlate posttreatment (V3 and V4) clinical scores with posttreatment (V3 and V4) T2 measurements.

2.7. Data Analysis

A sample size of 40 participants was required to achieve statistical significance in the WOMAC
score at a 0.05 level with 95% power.

Descriptive statistics were performed for each study time point for each variable collected: median,
minimum, and maximum were determined for continuous variables and number and percentage of
patients in each category for categorical data.

Non-parametric tests (Fisher’s and Wilcoxon test) were conducted to compare pre- and
posttreatment data. p-values < 0.05 were considered statistically significant.

3. Results

Forty patients were enrolled in the study from July 2017 to September 2018 (M: 24, F: 16, mean
age: 47 years, range: 35–65 years, mean male body weight 74 kg, mean male Body Mass Index (BMI)
25.1, mean female body weight 63 kg, mean female BMI 23.1). All patients completed the treatment,
but one patient was lost at 60 days and another at 1-year follow-up.

3.1. Clinical Efficacy

The WOMAC score and physical function subscale (Section C) improved after treatment showing
a statistically significant difference between baseline and 30 (p = 0.024 WOMAC, p = 0.04 WOMAC-C)
and 60 days (p = 0.024 WOMAC, p = 0.02 WOMAC-C) follow-up (Figure 2).

J. Clin. Med. 2020, 9, x FOR PEER REVIEW 6 of 14 

 

2.6. Correlation between Clinical Scores and T2 Measurements 

The relationship between clinical evaluation and meniscal healing was assessed. 
The Pearson’s correlation test was performed to correlate pretreatment (V1) clinical scores 

(WOMAC; WOMAC Section A, B, and C; PtGA; CoGA; and SF36) with pretreatment (V1) T2 
measurements of each zone of each meniscus compartment. The same analysis was performed to 
correlate posttreatment (V3 and V4) clinical scores with posttreatment (V3 and V4) T2 
measurements. 

2.7. Data Analysis 

A sample size of 40 participants was required to achieve statistical significance in the WOMAC 
score at a 0.05 level with 95% power. 

Descriptive statistics were performed for each study time point for each variable collected: 
median, minimum, and maximum were determined for continuous variables and number and 
percentage of patients in each category for categorical data. 

Non-parametric tests (Fisher’s and Wilcoxon test) were conducted to compare pre- and 
posttreatment data. p-values <0.05 were considered statistically significant. 

3. Results 

Forty patients were enrolled in the study from July 2017 to September 2018 (M: 24, F: 16, mean 
age: 47 years, range: 35–65 years, mean male body weight 74 kg, mean male Body Mass Index (BMI) 
25.1, mean female body weight 63 kg, mean female BMI 23.1). All patients completed the treatment, 
but one patient was lost at 60 days and another at 1-year follow-up. 

3.1. Clinical Efficacy 

The WOMAC score and physical function subscale (Section C) improved after treatment 
showing a statistically significant difference between baseline and 30 (p = 0,024 WOMAC, p = 0,04 
WOMAC-C) and 60 days (p = 0,024 WOMAC, p = 0,02 WOMAC-C) follow-up (Figure 2). 

 

 

 
 

Figure 2. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score and 
physical function subscale: 30 and 60 days follow-up. 

0

2

4

6

8

10

12

14

16

18

20

V1 V3 V4

WOMAC

WOMAC C

Figure 2. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score and
physical function subscale: 30 and 60 days follow-up.

PtGA and CoGA of the disease revealed an improvement over time. The Wilcoxon test showed a
statistically significant difference between baseline and 30 (p = 0.008 PtGA, p < 0.001 CoGA) and 60
days (p = 0.001 PtGA, p < 0.001 CoGA) follow-up (Figure 3).
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The SF-36 physical functioning score and pain score showed an improvement with a statistically
significant difference between baseline evaluation and 60 days follows-up (p = 0.01 SF-36 physical
functioning, p = 0.03 SF-36 pain score) (Figure 4).
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Short Form (36) Health Survey (SF-36) physical functioning score and pain score.

One year after treatment, only one patient had undergone APM. He had a BMI higher than the
average of the patients.

Treatment showed good local tolerability, as no redness or pain was detected in the site of injection
few minutes after each treatment session. No local or systemic adverse events were registered for the
duration of the study.

Only 4 patients required analgesic medications from 3 to 10 days after the first or second injection
(1 patient ibuprofen 800 mg × 5 days after the first injection, 1 patient ketoprofen 80 mg × 3 days
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after the first injection, 1 patient ketoprofen × 5 days) after the first injection; 1 patient paracetamol
1000 mg × 3 days after the second injection).

3.2. Healing Effects

At MRI, the PHMED was degenerated in 33 cases, the PHLAT in 20 cases, the AHMED in 4 cases,
and the AHLAT in 7 cases. MRIs of 4 patients were excluded because of artifacts that altered T2
measurements. Decrease in T2 measurement after treatment was detected in 13/33 (39%) cases in both
the red and red–white zone of the PHMED, in 20/33 (60%) cases in the white zone of the PHMED,
in 11/20 (55%) cases in both the red and white zone of the PHLAT, and in 13/20 (65%) cases in the
red–white zone of the PHLAT. Only for the latter, there was a statistically significant difference between
baseline and posttreatment T2 measurements (p = 0.03) (Figure 5).
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Figure 5. Statistically significant difference between baseline and posttreatment T2 measurements.

3.3. Correlation between Clinical Scores and T2 Measurements

A statistically significant correlation was observed between pretreatment (V1) CoGA and all
the zones of the AHMED (red zone p = 0.030, red and white zone p = 0.020, white zone p = 0.054),
and between pretreatment (V1) PtGA and the red and white zone of the AHMED (p = 0.067).
Pretreatment (V1) SF36 mental health score was significantly correlated with the red zone (p = 0.036)
and red and white zone (p = 0.018) of the PHMED; SF36 physical functioning score was significantly
correlated with the white zone of the PHMED (p = 0.048).

Posttreatment (V4) SF36 emotional role functioning was significantly correlated with the white
zone of the AHLAT (p = 0.047), and SF36 physical functioning score was significantly correlated with
the red zone of the PHLAT (p = 0.038).

4. Discussion

The most important finding of this preliminary study is that HA is a valuable biologic solution for
meniscal healing. It demonstrates clinical efficacy and healing effects of conservative management of
DMLs with a HA derivative hydrogel (Hymovis®, HYADD4®, Fidia Farmaceutici SPA). The treatment
of DMLs with HA showed a marked improvement in patient-reported outcomes that was maintained
60 days after treatment. For the first time, the healing effect of HA on DMLs has been objectively
demonstrated, thanks to T2 mapping technique. A high percentage of cases showed a decrease in
meniscal relaxation measures, with statistically significant differences in the red–white zone of the
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PHLAT. This finding can be related with improvements in macromolecular structure of collagens,
proteoglycan, and water.

The recent knowledge about the effects of HA on proliferation and migration of human meniscus
cells, and the underlying healing mechanisms, can explain the result of this study. Murakami et al. [34]
demonstrated that HA increases cell migration and proliferation in both inner and outer meniscus cells
in a concentration-dependent manner. Meniscus cells from the outer and inner menisci were collected
from 18 lateral menisci of patients who underwent total knee arthroplasty and were treated with HA or
chondroitin sulfate. Prostaglandin E2 (PGE2)-induced apoptosis and gene expression were evaluated.
Cell proliferation was induced by activating the CD44 receptor and PI3K and MAPK signaling.
Moreover, HA also inhibited PGE2-induced apoptosis and increased the expression of extracellular
matrix elements, particularly type II collagen and aggrecan. This effect was notably evident in inner
avascular meniscus cells, whose profiling is similar to those of chondrocytes. Chondroitin sulfate
downregulated MMP13 mRNA of both inner and outer meniscus cells, suggesting that chondroitin
sulfate suppresses the inflammatory reaction rather than providing meniscal restoration.

The rationale of using HA on DMLs is sustained by some in vitro studies. Two preclinical studies
have been conducted in rabbits with meniscal lesions [10,11]. Ishima et al. [32] created a longitudinal
tear in the peripheral region of the medial meniscus. The target joint received HA injection once a
week for 5 weeks (HA group), while the contralateral knee received saline injection (control group).
Assessment was conducted 6 and 12 weeks after surgery. Meniscal healing was evident in both groups
on gross morphological examination, but the HA group showed a significantly higher healing rate
than the control group at 12 weeks. Meniscal healing on histological evaluation moved from the tibial
portion in both groups at 6 weeks and proceeded toward the femoral surface at 12 weeks in the HA
group. Suzuki et al. [33] produced a cylindrical lesion on the lateral meniscus and injected the knee
with HA once a week. The meniscus was compared with control, injected with phosphate buffer, at 1
and 6 weeks. A significant increase in the rate of filling of the defect was detected in the HA group.
As the repair progressed, the cell population of the repaired tissue shifted from fibroblast-like cells to
chondrocyte-like cells. At six weeks, the ratio of chondrocyte-like cells to all cells was higher in the HA
group, inducing authors to deduce that the healing rate was increased by HA.

In humans, the meniscus’ potential to heal is greater and depends on the location, type, length,
and stability of the tear. In a retrospective evaluation of 3612 arthroscopic procedures, Weiss et al. [49]
selected 80 stable meniscal tears (in 75 patients). At an average of 26 months, a new arthroscopy
was performed on 32 patients (26 of whom had a longitudinal tear and 6 of whom had a radial tear).
Complete healing was observed in 17 of the 26 longitudinal tears.

Our findings agree with previous studies. In a prospective randomized clinical trial Zorzi et al. [35]
evaluated the efficacy of HA in the management of fifty subjects with DMLs. Patients were clinically
evaluated at baseline and after 14, 30, and 60 days to assess pain (Visual Analog Scale), knee functionality
(WOMAC questionnaire), and health status (SF-36). By comparing the follow-up MR images with the
baseline images, the presence or absence of a reduction in length and depth of the lesion was identified.
Authors found a significant reduction in VAS pain and reduction in length and depth of the meniscal
lesion after treatment. In our study, we used an objective method to evaluate meniscal degeneration
and the healing effects of HA. T2 measurements allow to quantify meniscal composition because of the
correlation between T2 relaxation and biochemical tissue components [47]. Increased T2 relaxation
times indicate damage to the collagen network and a decrease in water content [40,41].

T2 measurements are non-invasive and offer an advantage over arthroscopy by examining the
entire meniscus rather than the surface areas only. T2 mapping provides a useful tool for clinicians
in radiological analysis of the meniscus. The value of standard radiography is extremely limited for
the assessment of meniscal pathology; it may be indicated to obtain a differential diagnosis and to
estimate the grade of OA. Ultrasound is rarely used as a diagnostic tool for meniscal pathologies, and
its accuracy is operator dependent. CT arthrography with multiplanar reconstructions can detect
meniscus tears that are not visible on MRI, but it is an invasive technique. MRI is the most accurate
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and less invasive method for diagnosing meniscal lesions. MRI allows detecting and characterizing
the meniscal lesion. Quantitative T2 and structural assessment of the meniscus with T2 mapping
show significant correlations with the reference standard and is a useful technic to quantitatively
evaluate qualitative changes of the meniscus after treatment. T2 measurements are sensitive to the
content of water and concentration of macromolecules in the extracellular matrix and to interaction
between biochemical components that is related with the content, orientation, and anisotropy of the
collagen [50,51].

One of the limits of T2 mapping is the susceptibility to the magnetic angle effect. T2 values may
be artificially elevated in specific regions depending on reciprocal orientation of meniscal components
and the main magnetic field. Some studies suggest that T2 values are greater when the region of
interest is oriented at 55◦ to B0 and lower in regions oriented at 180◦ (0◦) to B0 [52]. We tried to reduce
this effect using the same positioning in relation to the magnet for all patients.

When interpreting T2 mapping results, it is important to remember that the T2 value changes
according to the strength of the magnetic field B0. Lower T2 values were observed at higher field
strengths. In addition, sequence type, coil architecture, and calculation method of T2 mapping affect
T2 results. A larger population and histological correlations with meniscal anatomic structure are
needed to assess this.

This study shows a statistically significant correlation between some clinical scores and some T2
measurements in different zones of the meniscus. This finding can be interpreted as an inconstant
relationship between clinical symptoms and degenerative characteristics of the meniscus that is already
known. It is well established that DMLs are often incidental findings at MRI, and it is difficult to
understand whether pain is directly produced by DML even if the lesion is unstable [53]. Incidentally,
the progression of symptoms of DMLs is not clear. Data should have been stratified according to the
degree of meniscal degeneration and patients’ BMI because of potential influence on the outcomes.
Further studies are needed to investigate this aspect.

In this study, one year after treatment, none except one patient needed APM. In other Level
I studies, the need of arthroscopy after conservative treatment without HA knee infiltrations was
reported to be over 30%, and it was required at an interval of 3 to 6 months [54].

Findings of this study should be considered as preliminary because of the small study group.
Results should be interpreted carefully, and larger confirmatory studies are needed.

The limitations of this pilot study include the absence of a control group because ethical issues
preclude preforming placebo intra-articular injections. As an alternative to the control group, we can
refer to the history of symptomatic DMLs treated with conventional conservative therapy. Conservative
treatment of patients with mechanical symptoms is associated with poor outcomes, and over 30% of
patients need arthroscopy at the second stage [54].

Another limitation of this study is the omission of evaluating treatment outcomes in proportion to
the degree of meniscal degeneration. The healing effect of HA can be proportional to the degree of
meniscal degeneration. A high degree of meniscal degeneration in enrolled patients could explain the
results. It will be the subject of future endeavors.

The results of our study refer only to patients with symptomatic DMLs. We did not consider
traumatic meniscal tears for the following reasons. Traumatic meniscal lesions are generally associated
with acute onset of pain, swelling, catching, and locking of the knee. Patients affected by traumatic
meniscal tears have usually a poor compliance to conservative treatment because of pain intensity
and activity restriction. Those patients need to be surgically treated in a short time to relieve pain and
regain physical function. In the clinical setting, there is no evidence about the efficacy of HA injections
for traumatic meniscal lesions, representing an ethical issue.

In future studies, we aim to increase the study population to obtain more solid data to highlight the
healing effect of HA and sustain the conservative treatment of DMLs with HA. Patients will be stratified
based on the degree of meniscal degeneration and BMI. It is plausible that an early degenerative change
may respond better to treatment.
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5. Conclusions

This study supports the use of HA in the conservative management of DML as it is clinically
effective and enhances meniscus healing as demonstrated by T2 measurements. Moreover, it reduces
the need for APM at 1-year follow-up, representing a less invasive and cost-effective option compared
to APM.

Author Contributions: Conceptualization, A.B. and U.G.L.; methodology, V.C.; software, F.G. and F.M.M.;
validation, A.B.; F.G., and F.M.M. formal analysis, V.C.; investigation, A.B.; resources, V.C.; data curation, A.B.;
writing—original draft preparation, A.B., U.G.L.; V.C., and F.G.; writing—review and editing, F.M.M. and C.C.Q.;
visualization, C.C.Q.; supervision, V.D.; project administration, A.B. and V.D. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors. Fidia Farmaceutici SPA was not responsible for the initiation of the study and did not
participate in the scientific design of the trial, in the creation of the protocol, management of the study, data
analysis, reporting, and in the decision to submit the manuscript for publication.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Degenerative meniscus lesion (DML), hyaluronic acid (HA), arthroscopic partial meniscectomy (APM), Patient’s
Global Assessment (PtGA), Clinical Observer Global Assessment (CoGA), anterior horn lateral meniscus (AHLAT),
anterior horn medial meniscus (AHMED), posterior horn lateral meniscus (PHLAT), and posterior horn medial
meniscus (PHMED).

References

1. Chang, A.; Moisio, K.; Chmiel, J.S.; Eckstein, F.; Guermazi, A.; Almagor, O.; Cahue, S.; Wirth, W.; Prasad, P.;
Sharma, L. Subregional effects of meniscal tears on cartilage loss over 2 years in knee osteoarthritis.
Ann. Rheum. Dis. 2011, 70, 74–79. [CrossRef]

2. Englund, M.; Guermazi, A.; Roemer, F.W.; Aliabadi, P.; Yang, M.; Lewis, C.E.; Torner, J.; Nevitt, M.C.; Sack, B.;
Felson, D.T. Meniscal tear in knees without surgery and the development of radiographic osteoarthritis
among middle-aged and elderly persons: The multicenter osteoarthritis study. Arthritis Rheum. 2009, 60,
831–839. [CrossRef] [PubMed]

3. Franceschi, F.; Longo, U.G.; Ruzzini, L.; Marinozzi, A.; Maffulli, N.; Denaro, V. Simultaneous arthroscopic
implantation of autologous chondrocytes and high tibial osteotomy for tibial chondral defects in the varus
knee. Knee 2008, 15, 309–313. [CrossRef]

4. Longo, U.G.; King, J.B.; Denaro, V.; Maffulli, N. Double-bundle arthroscopic reconstruction of the anterior
cruciate ligament: Does the evidence add up? J. Bone Jt. Surg. Br. Vol. 2008, 90, 995–999. [CrossRef]
[PubMed]

5. Seil, R.; Karlsson, J.; Beaufils, P.; Becker, R.; Kopf, S.; Ollivier, M.; Denti, M. The difficult balance between
scientific evidence and clinical practice: The 2016 esska meniscus consensus on the surgical management
of degenerative meniscus lesions. Knee Surg. Sports Traumatol. Arthrosc. Off. J. ESSKA 2017, 25, 333–334.
[CrossRef] [PubMed]

6. Longo, U.G.; Petrillo, S.; Franceschetti, E.; Berton, A.; Maffulli, N.; Denaro, V. Stem cells and gene therapy for
cartilage repair. Stem Cells Int. 2012, 2012, 168385. [CrossRef] [PubMed]

7. Longo, U.G.; Campi, S.; Romeo, G.; Spiezia, F.; Maffulli, N.; Denaro, V. Biological strategies to enhance
healing of the avascular area of the meniscus. Stem Cells Int. 2012, 2012, 528359. [CrossRef]

8. Thorlund, J.B.; Hare, K.B.; Lohmander, L.S. Large increase in arthroscopic meniscus surgery in the middle-aged
and older population in denmark from 2000 to 2011. Acta Orthop. 2014, 85, 287–292. [CrossRef]

9. Faucett, S.C.; Geisler, B.P.; Chahla, J.; Krych, A.J.; Kurzweil, P.R.; Garner, A.M.; Liu, S.; LaPrade, R.F.;
Pietzsch, J.B. Meniscus root repair vs meniscectomy or nonoperative management to prevent knee
osteoarthritis after medial meniscus root tears: Clinical and economic effectiveness. Am. J. Sports Med. 2019,
47, 762–769. [CrossRef]

http://dx.doi.org/10.1136/ard.2010.130278
http://dx.doi.org/10.1002/art.24383
http://www.ncbi.nlm.nih.gov/pubmed/19248082
http://dx.doi.org/10.1016/j.knee.2008.04.007
http://dx.doi.org/10.1302/0301-620X.90B8.20083
http://www.ncbi.nlm.nih.gov/pubmed/18669952
http://dx.doi.org/10.1007/s00167-017-4458-1
http://www.ncbi.nlm.nih.gov/pubmed/28247038
http://dx.doi.org/10.1155/2012/168385
http://www.ncbi.nlm.nih.gov/pubmed/22481959
http://dx.doi.org/10.1155/2012/528359
http://dx.doi.org/10.3109/17453674.2014.919558
http://dx.doi.org/10.1177/0363546518755754


J. Clin. Med. 2020, 9, 2280 12 of 14

10. Kirkley, A.; Birmingham, T.B.; Litchfield, R.B.; Giffin, J.R.; Willits, K.R.; Wong, C.J.; Feagan, B.G.; Donner, A.;
Griffin, S.H.; D’Ascanio, L.M.; et al. A randomized trial of arthroscopic surgery for osteoarthritis of the knee.
N. Engl. J. Med. 2008, 359, 1097–1107. [CrossRef]

11. Herrlin, S.V.; Wange, P.O.; Lapidus, G.; Hallander, M.; Werner, S.; Weidenhielm, L. Is arthroscopic surgery
beneficial in treating non-traumatic, degenerative medial meniscal tears? A five year follow-up. Knee Surg.
Sports Traumatol. Arthrosc. Off. J. ESSKA 2013, 21, 358–364. [CrossRef] [PubMed]

12. Holzer, L.A.; Leithner, A.; Holzer, G. Surgery versus physical therapy for meniscal tear and osteoarthritis.
N. Engl. J. Med. 2013, 369, 677. [PubMed]

13. Yim, J.H.; Seon, J.K.; Song, E.K.; Choi, J.I.; Kim, M.C.; Lee, K.B.; Seo, H.Y. A comparative study of meniscectomy
and nonoperative treatment for degenerative horizontal tears of the medial meniscus. Am. J. Sports Med.
2013, 41, 1565–1570. [CrossRef]

14. Kise, N.J.; Risberg, M.A.; Stensrud, S.; Ranstam, J.; Engebretsen, L.; Roos, E.M. Exercise therapy versus
arthroscopic partial meniscectomy for degenerative meniscal tear in middle aged patients: Randomised
controlled trial with two year follow-up. Bmj 2016, 354, i3740. [CrossRef]

15. Sihvonen, R.; Paavola, M.; Malmivaara, A.; Itälä, A.; Joukainen, A.; Nurmi, H.; Kalske, J.; Jarvinen, T.L.;
Finnish Degenerative Meniscal Lesion Study (FIDELITY) Group. Arthroscopic partial meniscectomy versus
sham surgery for a degenerative meniscal tear. N. Engl. J. Med. 2013, 369, 2515–2524. [CrossRef] [PubMed]

16. Moseley, J.B.; O’Malley, K.; Petersen, N.J.; Menke, T.J.; Brody, B.A.; Kuykendall, D.H.; Hollingsworth, J.C.;
Ashton, C.M.; Wray, N.P. A controlled trial of arthroscopic surgery for osteoarthritis of the knee. N. Engl. J. Med.
2002, 347, 81–88. [CrossRef]

17. Thorlund, J.B.; Juhl, C.B.; Roos, E.M.; Lohmander, L.S. Arthroscopic surgery for degenerative knee: Systematic
review and meta-analysis of benefits and harms. Br. J. Sports Med. 2015, 49, 1229–1235. [CrossRef]

18. Longo, U.G.; Ciuffreda, M.; Candela, V.; Rizzello, G.; D’Andrea, V.; Mannering, N.; Berton, A.; Salvatore, G.;
Denaro, V. Knee osteoarthritis after arthroscopic partial meniscectomy: Prevalence and progression of
radiographic changes after 5 to 12 years compared with contralateral knee. J. Knee Surg. 2019, 32, 407–413.
[CrossRef]

19. Arnoczky, S.P.; Warren, R.F. The microvasculature of the meniscus and its response to injury. An experimental
study in the dog. Am. J. Sports Med. 1983, 11, 131–141. [CrossRef]

20. Makris, E.A.; Hadidi, P.; Athanasiou, K.A. The knee meniscus: Structure-function, pathophysiology, current
repair techniques, and prospects for regeneration. Biomaterials 2011, 32, 7411–7431. [CrossRef]

21. Sweigart, M.A.; Athanasiou, K.A. Toward tissue engineering of the knee meniscus. Tissue Eng. 2001, 7,
111–129. [CrossRef] [PubMed]

22. McDevitt, C.A.; Webber, R.J. The ultrastructure and biochemistry of meniscal cartilage. Clin. Orthop. Relat.
Res. 1990, 252, 8–18. [CrossRef]

23. Melrose, J.; Smith, S.; Cake, M.; Read, R.; Whitelock, J. Comparative spatial and temporal localisation of
perlecan, aggrecan and type i, ii and iv collagen in the ovine meniscus: An ageing study. Histochem. Cell Biol.
2005, 124, 225–235. [CrossRef] [PubMed]

24. Andhare, R.A.; Takahashi, N.; Knudson, W.; Knudson, C.B. Hyaluronan promotes the chondrocyte response
to bmp-7. Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 2009, 17, 906–916. [CrossRef]

25. Neustadt, D.; Altman, R. Intra-articular therapy. In Osteoarthritis; Moskowitz, R.W., Altman, R.,
Buckwalter, J.A., Goldberg, V.M., Hochberg, M.C., Eds.; Lippincott Williams and Willkins: Philadelphia, PA,
USA, 2007; pp. 287–301.

26. Karna, E.; Miltyk, W.; Palka, J.A.; Jarzabek, K.; Wolczynski, S. Hyaluronic acid counteracts
interleukin-1-induced inhibition of collagen biosynthesis in cultured human chondrocytes. Pharm. Res. 2006,
54, 275–281. [CrossRef] [PubMed]

27. Kawasaki, K.; Ochi, M.; Uchio, Y.; Adachi, N.; Matsusaki, M. Hyaluronic acid enhances proliferation and
chondroitin sulfate synthesis in cultured chondrocytes embedded in collagen gels. J. Cell. Physiol. 1999, 179,
142–148. [CrossRef]

28. Frean, S.P.; Abraham, L.A.; Lees, P. In vitro stimulation of equine articular cartilage proteoglycan synthesis
by hyaluronan and carprofen. Res. Vet. Sci. 1999, 67, 183–190. [CrossRef]

http://dx.doi.org/10.1056/NEJMoa0708333
http://dx.doi.org/10.1007/s00167-012-1960-3
http://www.ncbi.nlm.nih.gov/pubmed/22437659
http://www.ncbi.nlm.nih.gov/pubmed/23944315
http://dx.doi.org/10.1177/0363546513488518
http://dx.doi.org/10.1136/bmj.i3740
http://dx.doi.org/10.1056/NEJMoa1305189
http://www.ncbi.nlm.nih.gov/pubmed/24369076
http://dx.doi.org/10.1056/NEJMoa013259
http://dx.doi.org/10.1136/bjsports-2015-h2747rep
http://dx.doi.org/10.1055/s-0038-1646926
http://dx.doi.org/10.1177/036354658301100305
http://dx.doi.org/10.1016/j.biomaterials.2011.06.037
http://dx.doi.org/10.1089/107632701300062697
http://www.ncbi.nlm.nih.gov/pubmed/11304448
http://dx.doi.org/10.1097/00003086-199003000-00003
http://dx.doi.org/10.1007/s00418-005-0005-0
http://www.ncbi.nlm.nih.gov/pubmed/16028067
http://dx.doi.org/10.1016/j.joca.2008.12.007
http://dx.doi.org/10.1016/j.phrs.2006.06.002
http://www.ncbi.nlm.nih.gov/pubmed/16884915
http://dx.doi.org/10.1002/(SICI)1097-4652(199905)179:2&lt;142::AID-JCP4&gt;3.0.CO;2-Q
http://dx.doi.org/10.1053/rvsc.1999.0328


J. Clin. Med. 2020, 9, 2280 13 of 14

29. Takahashi, K.; Goomer, R.S.; Harwood, F.; Kubo, T.; Hirasawa, Y.; Amiel, D. The effects of hyaluronan on matrix
metalloproteinase-3 (mmp-3), interleukin-1beta(il-1beta), and tissue inhibitor of metalloproteinase-1 (timp-1)
gene expression during the development of osteoarthritis. Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 1999, 7,
182–190. [CrossRef]

30. Yatabe, T.; Mochizuki, S.; Takizawa, M.; Chijiiwa, M.; Okada, A.; Kimura, T.; Fujita, Y.; Matsumoto, H.;
Toyama, Y.; Okada, Y. Hyaluronan inhibits expression of adamts4 (aggrecanase-1) in human osteoarthritic
chondrocytes. Ann. Rheum. Dis. 2009, 68, 1051–1058. [CrossRef]

31. Goto, M.; Hanyu, T.; Yoshio, T.; Matsuno, H.; Shimizu, M.; Murata, N.; Shiozawa, S.; Matsubara, T.;
Yamana, S.; Matsuda, T. Intra-articular injection of hyaluronate (si-6601d) improves joint pain and synovial
fluid prostaglandin e2 levels in rheumatoid arthritis: A multicenter clinical trial. Clin. Exp. Rheumatol. 2001,
19, 377–383.

32. Ishima, M.; Wada, Y.; Sonoda, M.; Harada, Y.; Katsumi, A.; Moriya, H. Effects of hyaluronan on the healing
of rabbit meniscus injured in the peripheral region. J. Orthop. Sci. Off. J. Jpn. Orthop. Assoc. 2000, 5, 579–584.
[CrossRef]

33. Suzuki, Y.; Takeuchi, N.; Sagehashi, Y.; Yamaguchi, T.; Itoh, H.; Iwata, H. Effects of hyaluronic acid on
meniscal injury in rabbits. Arch. Orthop. Trauma Surg. 1998, 117, 303–306. [CrossRef]

34. Murakami, T.; Otsuki, S.; Okamoto, Y.; Nakagawa, K.; Wakama, H.; Okuno, N.; Neo, M. Hyaluronic acid
promotes proliferation and migration of human meniscus cells via a cd44-dependent mechanism. Connect.
Tissue Res. 2019, 60, 117–127. [CrossRef] [PubMed]

35. Zorzi, C.; Rigotti, S.; Screpis, D.; Giordan, N.; Piovan, G. A new hydrogel for the conservative treatment of
meniscal lesions: A randomized controlled study. Joints 2015, 3, 136–145. [CrossRef]

36. Guermazi, A.; Roemer, F.W.; Burstein, D.; Hayashi, D. Why radiography should no longer be considered a
surrogate outcome measure for longitudinal assessment of cartilage in knee osteoarthritis. Arthritis Res. Ther.
2011, 13, 247. [CrossRef] [PubMed]

37. Welsch, G.H.; Scheffler, K.; Mamisch, T.C.; Hughes, T.; Millington, S.; Deimling, M.; Trattnig, S. Rapid
estimation of cartilage t2 based on double echo at steady state (dess) with 3 tesla. Magn. Reson. Med. 2009,
62, 544–549. [CrossRef]

38. Kijowski, R.; Blankenbaker, D.G.; Munoz Del Rio, A.; Baer, G.S.; Graf, B.K. Evaluation of the articular cartilage
of the knee joint: Value of adding a t2 mapping sequence to a routine mr imaging protocol. Radiology 2013,
267, 503–513. [CrossRef] [PubMed]

39. Baum, T.; Joseph, G.B.; Karampinos, D.C.; Jungmann, P.M.; Link, T.M.; Bauer, J.S. Cartilage and meniscal
t2 relaxation time as non-invasive biomarker for knee osteoarthritis and cartilage repair procedures.
Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 2013, 21, 1474–1484. [CrossRef]

40. Eijgenraam, S.M.; Bovendeert, F.A.T.; Verschueren, J.; van Tiel, J.; Bastiaansen-Jenniskens, Y.M.; Wesdorp, M.A.;
Nasserinejad, K.; Meuffels, D.E.; Guenoun, J.; Klein, S.; et al. T2 mapping of the meniscus is a biomarker for
early osteoarthritis. Eur. Radiol. 2019, 29, 5664–5672. [CrossRef] [PubMed]

41. Arno, S.; Bell, C.P.; Xia, D.; Regatte, R.R.; Krasnokutsky, S.; Samuels, J.; Oh, C.; Abramson, S.; Walker, P.S.
Relationship between meniscal integrity and risk factors for cartilage degeneration. Knee 2016, 23, 686–691.
[CrossRef]

42. Salaffi, F.; Leardini, G.; Canesi, B.; Mannoni, A.; Fioravanti, A.; Caporali, R.; Lapadula, G.; Punzi, L.; Quality
Of Life Assessment (GOQOLA)Study Group. Reliability and validity of the western ontario and mcmaster
universities (womac) osteoarthritis index in italian patients with osteoarthritis of the knee. Osteoarthr. Cartil.
OARS Osteoarthr. Res. Soc. 2003, 11, 551–560. [CrossRef]

43. van de Graaf, V.A.; Wolterbeek, N.; Scholtes, V.A.; Mutsaerts, E.L.; Poolman, R.W. Reliability and validity
of the ikdc, koos, and womac for patients with meniscal injuries. Am. J. Sports Med. 2014, 42, 1408–1416.
[CrossRef]

44. Apolone, G.; Mosconi, P. The italian sf-36 health survey: Translation, validation and norming. J. Clin. Epidemiol.
1998, 51, 1025–1036. [CrossRef]

45. Ware, J.E., Jr. Sf-36 health survey update. Spine 2000, 25, 3130–3139. [CrossRef] [PubMed]
46. Zarins, Z.A.; Bolbos, R.I.; Pialat, J.B.; Link, T.M.; Li, X.; Souza, R.B.; Majumdar, S. Cartilage and

meniscus assessment using t1rho and t2 measurements in healthy subjects and patients with osteoarthritis.
Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 2010, 18, 1408–1416. [CrossRef]

http://dx.doi.org/10.1053/joca.1998.0207
http://dx.doi.org/10.1136/ard.2007.086884
http://dx.doi.org/10.1007/s007760070009
http://dx.doi.org/10.1007/s004020050255
http://dx.doi.org/10.1080/03008207.2018.1465053
http://www.ncbi.nlm.nih.gov/pubmed/29658360
http://dx.doi.org/10.11138/jts/2015.3.3.136
http://dx.doi.org/10.1186/ar3488
http://www.ncbi.nlm.nih.gov/pubmed/22136179
http://dx.doi.org/10.1002/mrm.22036
http://dx.doi.org/10.1148/radiol.12121413
http://www.ncbi.nlm.nih.gov/pubmed/23297335
http://dx.doi.org/10.1016/j.joca.2013.07.012
http://dx.doi.org/10.1007/s00330-019-06091-1
http://www.ncbi.nlm.nih.gov/pubmed/30888480
http://dx.doi.org/10.1016/j.knee.2015.11.004
http://dx.doi.org/10.1016/S1063-4584(03)00089-X
http://dx.doi.org/10.1177/0363546514524698
http://dx.doi.org/10.1016/S0895-4356(98)00094-8
http://dx.doi.org/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/pubmed/11124729
http://dx.doi.org/10.1016/j.joca.2010.07.012


J. Clin. Med. 2020, 9, 2280 14 of 14

47. Liess, C.; Lusse, S.; Karger, N.; Heller, M.; Gluer, C.C. Detection of changes in cartilage water content using
mri t2-mapping in vivo. Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 2002, 10, 907–913. [CrossRef]

48. Hajek, P.C.; Gylys-Morin, V.M.; Baker, L.L.; Sartoris, D.J.; Haghighi, P.; Resnick, D. The high signal intensity
meniscus of the knee. Magnetic resonance evaluation and in vivo correlation. Investig. Radiol. 1987, 22,
883–890. [CrossRef]

49. Weiss, C.B.; Lundberg, M.; Hamberg, P.; DeHaven, K.E.; Gillquist, J. Non-operative treatment of meniscal
tears. J. Bone Jt. Surg. Am. Vol. 1989, 71, 811–822. [CrossRef]

50. Rauscher, I.; Stahl, R.; Cheng, J.; Li, X.; Huber, M.B.; Luke, A.; Majumdar, S.; Link, T.M. Meniscal measurements
of t1rho and t2 at mr imaging in healthy subjects and patients with osteoarthritis. Radiology 2008, 249,
591–600. [CrossRef]

51. Lefevre, N.; Naouri, J.F.; Herman, S.; Gerometta, A.; Klouche, S.; Bohu, Y. A current review of the meniscus
imaging: Proposition of a useful tool for its radiologic analysis. Radiol. Res. Pract. 2016, 2016, 8329296.
[CrossRef]

52. Mars, M.; Chelli, M.; Tbini, Z.; Ladeb, F.; Gharbi, S. Mri t2 mapping of knee articular cartilage using different
acquisition sequences and calculation methods at 1.5 tesla. Med Princ. Pract. 2018, 27, 443–450. [CrossRef]
[PubMed]

53. Beaufils, P.; Becker, R.; Kopf, S.; Englund, M.; Verdonk, R.; Ollivier, M.; Seil, R. Surgical management
of degenerative meniscus lesions: The 2016 esska meniscus consensus. Joints 2017, 5, 59–69. [CrossRef]
[PubMed]

54. Becker, R.; Bernard, M.; Scheffler, S.; Kopf, S. Treatment of degenerative meniscal lesions: From eminence to
evidence-based medicine. Der. Orthop. 2017, 46, 808–821. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1053/joca.2002.0847
http://dx.doi.org/10.1097/00004424-198711000-00008
http://dx.doi.org/10.2106/00004623-198971060-00003
http://dx.doi.org/10.1148/radiol.2492071870
http://dx.doi.org/10.1155/2016/8329296
http://dx.doi.org/10.1159/000490796
http://www.ncbi.nlm.nih.gov/pubmed/29895028
http://dx.doi.org/10.1007/s00142-017-0129-y
http://www.ncbi.nlm.nih.gov/pubmed/29114633
http://dx.doi.org/10.1007/s00132-017-3465-8
http://www.ncbi.nlm.nih.gov/pubmed/28875226
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Intervention 
	Evaluation of Clinical Efficacy 
	Evaluation of Healing Effects 
	Correlation between Clinical Scores and T2 Measurements 
	Data Analysis 

	Results 
	Clinical Efficacy 
	Healing Effects 
	Correlation between Clinical Scores and T2 Measurements 

	Discussion 
	Conclusions 
	References

