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Introduction: The low healing potential of mature menisci necessitates traditional surgical removal
(meniscectomy) to eliminate acute or chronic degenerative tears. However, removal of meniscal tissue is
main factor causing osteoarthritis. Adipose tissue-derived regenerative cells (ADRCs), a heterogeneous
cell population that includes multipotent adipose-derived stem cells and other progenitor cells, were
easily isolated in large amounts from autologous adipose tissue, and same-day processing without
culture or expansion was possible. This study investigated the regenerative potential of autologous
ADRCs for use in meniscus defects.
Methods: In 10- to 12-week-old male SD rat partial meniscectomy model, an atelocollagen sponge
scaffold without or with ADRCs (5.0 � 105 cells) was injected into each meniscus defect. Reconstructed
menisci were subjected to histologic, and dynamic mechanical analyses.
Results: After 12 weeks, areas of regenerated meniscal tissue in the atelocollagen sponge scaffold in rats
with ADRCs (64.54 ± 0.52%, P < 0.05, n ¼ 10) were larger than in those without injection (57.96 ± 0.45%).
ADRCs were shown capable of differentiating chondrocyte-like cells and meniscal tissue components
such as type II collagen. Higher elastic moduli and lower fluid permeability of regenerated meniscal
tissue demonstrated a favorable structure-function relationship required for native menisci, most likely
in association with micron-scale porosity, with the lowest level for tissue integrity possibly reproducible.
Conclusions: This is the first report of meniscus regeneration induced by injection of ADRCs. The results
indicate that ADRCs will be useful in future clinical cell-based therapy strategies, including as a cell
source for reconstruction of damaged knee menisci.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction pain and swelling, as well as increased disability in relation to
Knee meniscus injuries are quite common in individuals
affected by sports injury or aged knees, and known to cause knee
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osteoarthritis development [1]. Meniscus blood supply and cellu-
larity are age dependent, as the blood supply is fully vascularized in
the infant stage, while in mature menisci it is nearly invisible, un-
less the outer portion is partly vascularized [2]. The low level of
vascularization in mature menisci suggests a lower regeneration
potential, hence partial removal of a meniscus tear is the most
common arthroscopic procedure performed for a damaged knee
joint. However, this traditional practice is far from ideal, as it has
been shown to be correlated with degenerative changes in articular
cartilage and progression of osteoarthritis [3,4]. A new regenerative
strategy for defects in mature menisci would represent a significant
clinical advance for treatment of meniscus injuries.
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Tissue engineering using mesenchymal stem cells (MSCs) has
been proposed as a strategy for meniscal reconstruction [5e7]. For
example, a previous study that employed a rabbit model reported
that implantation of bone-marrow derived MSCs resulted in
marked regeneration of avascular meniscal tears with differenti-
ated stable meniscus-like tissue [8]. Alternatively, adipose tissue is
considered to be an abundant and accessible source of adult stem
cells, which have an ability to differentiate along multiple lineage
pathways [9]. Such adipose tissue is obtainable under local anes-
thesia with a minimum of patient discomfort [10,11]. Clinical-grade
stromal vascular fractions (SVFs) of adipose tissue have been
referred to as adipose-derived regenerative cells (ADRCs) [12], a
heterogeneous cell population consisting of endothelial cells, fi-
broblasts, smooth muscle cells, macrophages, and adipose-derived
stem cells (ASCs) [13,14]. On the other hand, ASCs increased IL-10
secretion by macrophages, suppressing inflammatory cytokine
secretion, such as IL-1a, TNF- a, and IFN-g byM1macrophages, and
stimulated M2 macrophage phenotype activation [15]. ADRCs are
reported to be multipotent progenitor cells that differentiate into
Fig. 1. Macroscopic observations of meniscal regeneration following intra-articular inj
arrows indicate regenerated tissue. Scale bar ¼ 3 mm. (B) The meniscus covering ratio, define
red line), was calculated as follows: Area A/Area B. (C) The meniscus covering ratio was comp
Bar shows mean ± SD (n ¼ 10). Data were analyzed using a Mann-Whitney U test (*p < 0.
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specific mesenchymal cell lineages, including bone, cartilage,
tendon, fat, muscle, and early progenitors of neural cells, under
certain conditions [16,17], while they also possess an ability to
modulate immune responses. Unlike ASCs, which are expanded
from SVFs by culturing, ADRCs can be used immediately in a single
treatment session. Furthermore, the risks of infection and degen-
eration have been shown to be very low, because no culturing is
necessary and establishment of a new cell processing center is also
not needed. A number of reports regarding clinical applications of
ADRCs have been published [18e21], with local injection thought to
be a potential novel tissue engineering protocol for meniscus
reconstruction.

In the present study, following a partial meniscectomy in rats,
injection of an ADRC-embedded atelocollagen scaffold was per-
formed. Atelocollagen is produced by telopeptides removal from
natural collagen molecules [22], resulting in low antigenicity, and
can be safely applied clinically for inducing chondrogenesis [23].
The mean pore size of atelocollagen scaffold was approximately
200 mm, thus allowing for maximum reconstitution of meniscal
ection of ADRCs. (A) Microscopic findings of regenerated menisci at 12 weeks. White
d as ratio of the medial meniscus area (Area A: red line) to medial plateau area (Area B:
ared between the presence [ADRCs(þ) group] and absence of [ADRCs(-) group] ADRCs.
01). Abbreviations: MM, medial meniscus; LM, lateral meniscus.
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tissues [24]. In vivo analysis of fibrocartilaginous tissue formation in
meniscal tissue defects in the presence or absence of ADRCs was
performed. In addition, the dynamic mechanical properties of re-
generated and native meniscal tissues are examined.

2. Methods

2.1. Animals

Wild-type male Sprague Dawley (SD) (SLC Inc., Hamamatsu,
Japan), green fluorescent protein (GFP)-transgenic [SD-Tg(CAG-
EGFP)] (SLC Inc., Shizuoka, Japan), and F344/NJcl-rnu/rnu (CLEA
Japan, Inc., Tokyo, Japan) male rats were used in the experiments.
All procedures were approved by the Ethical Board for Animal Ex-
periments of Showa University (approval no. 15062).

2.2. Preparation of rat adipose tissue derived from stem cell
suspensions

Inguinal adipose tissues were obtained from 8- to 10-week-old
male rats and digested with Celase® enzyme (Cytori Therapeutics
Inc. San Diego, CA, USA) for 40 min at 37 �C. The ADRC fraction was
separated by centrifugation at 600�g for 5 min, then sequentially
passed through Falcon® cell strainers (BD Bioscience, San Diego,
CA, USA) with 100- and 40-mm sized pores.

2.3. Surgical procedures

Type I atelocollagen sponges (MIGHTY, size: ø 5 � 3 mm, mean
pore size: 200 mm; KOKEN CO., LTD., Tsuruoka, Japan) were split
Fig. 2. Histological analysis of meniscal regeneration following intra-articular inject
[ADRCs(þ) group] after staining with hematoxylin-eosin (top panel), immunostaining with
square shows representative area during regeneration process. White square shows native m
(B) Representative sections in absence of ADRCs [ADRCs(-) group] after staining with hem
staining with toluidine blue (bottom panel). White square shows native meniscus. Scale ba
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aseptically into small quarter-sized pieces with one-half thickness
for use as a scaffold and sterilized by ultraviolet irradiation over-
night before use. Harvested ADRCs were resuspended in type I
atelocollagen gel (I-AC; KOKEN CO., LTD.) at a concentration of
5� 107 cells/ml, then 10 ml of the cell suspension (5� 105 cells) was
impregnated into each atelocollagen scaffold by centrifugation
(500�g, 1 min). The mean pore size of the atelocollagen scaffold
was approximately 200 mm, which was considered necessary for
maximizing embedded cell proliferation and extra-cellular matrix
production, as recommended in a recent study [24].

Under isoflurane (1e1.5%) anesthesia, the bilateral hind limbs
were shaved and an incision was made on the anterior side of
the bilateral knees. The knee joint was exposed and the medial
collateral ligaments were transected, then the anterior half of
the medial meniscus was resected and removed at the level of
the medial collateral ligament. It is known that resected menisci
do not spontaneously heal. An atelocollagen sponge scaffold
without or with ADRCs (5.0 � 105 cells) was placed on each
meniscus defect. To clarify substantial reconstruction of
meniscal tissue in vivo, we performed a partial meniscectomy on
both sides of the SD rat knees (n ¼ 10), then injected an
autologous ADRC suspension (5.0 � 105 cells in 10 ml type I
atelocollagen gel) into the intraarticular region of the right knee
immediately before closing the incision. In the control group,
the same volume of type I atelocollagen gel was injected into
the left knee. To trace injected cells, ADRCs were harvested from
male GFP-transgenic rats and injected into the knee of the male
F344/NJcl-rnu/rnu rats.

The hind limbs of the rats were suspended for 1 week tomimic a
non-weight bearing condition, then the proximal two-thirds of the
ion of ADRCs. (A) Representative tissue sections regenerated in presence of ADRCs
type II collagen (middle panel), and staining with toluidine blue (bottom panel). Black
eniscus. Scale bar ¼ 500 mm (left panel). Scale bar ¼ 100 mm (middle and right panel).
atoxylin-eosin (top panel), immunostaining with type II collagen (middle panel), and
r ¼ 500 mm (left panel). Scale bar ¼ 100 mm (right panel).
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tail was taped, with a swivel hook attached to the tape. Next, a
string was passed through the hook and attached to the top of the
animal cage. Due to the nature of the swivel hook, the rats had full
access to food and water. After 1 week of hindlimb unloading, rats
in all groups were allowed towalk freely, then euthanized at 4 or 12
weeks after the procedure.

2.4. Macroscopic observation

The tibial plateau with menisci was carefully separated from the
femoral condyle and macroscopic images were obtained using
fluorescence stereomicroscopy (MVXI10; OLYMPUS, Tokyo, Japan),
then the meniscus coverage ratio was calculated as described by
Ozeki and colleagues [25].

2.5. Tissue preparation and histomorphometry analysis

For histology examinations, meniscus were harvested after 12
weeks, fixed in 4% paraformaldehyde for 3 days at 4 �C, and
embedded in an optimal cutting temperature (OCT) compound
(Sakura Finetek Japan, Tokyo, Japan). Meniscus were cut into 5-mm
thick horizontal sections, and stained with hematoxylin/eosin (HE)
or Toluidine Blue staining.

2.6. Immunostaining

Following fixation, sections were blocked for 1 h at RT with
3% BSA/1% heat inactivated sheep serum/PBS with 0.1% TritonX-
100 (PBST). Subsequently, they were incubated with the indi-
cated primary antibody overnight at 4 �C, then washed 3 times
with PBST and incubated for 1 h at RT with the secondary an-
tibodies, and washed again 3 times with PBST. DAPI (0.5 mg/ml
in PBS) was used to visualize the nuclei. An anti-type II collagen
antibody (mouse monoclonal antibody, Daiichi Fine Chemical
CO. LTD, Toyama, Japan) and anti-GFP antibody (rabbit poly-
clonal antibody, Thermo Fisher Scientific, Rockford, IL, USA)
were used as primary antibodies. The secondary antibodies
were Alexa Fluor 488 and 546 (Thermo Fisher Scientific). For
immunoenzyme staining, slides were first incubated with an
anti-type II collagen antibody (Daiichi Fine Chemical CO. LTD)
for 1 h at RT, followed by binding with secondary antibodies
(goat anti-mouse IgG, Simple Stain MAX PO; Nichirei Bio-
sciences, Tokyo, Japan), then 3,3’-diaminobenzidine (DAB) color
development as well as hematoxylin counterstaining. Images
were obtained with either a BIOREVO BZ-900 (KEYENCE, Osaka,
Japan) or FV1200 BX61W1 (OLYMPUS, Tokyo, Japan) confocal
laser scanning microscope.

2.7. Dynamic mechanical analysis

At 12 weeks after injection, the medial menisci (n ¼ 5) were
harvested and frozen in n-hexane and isopentane cooled with
liquid nitrogen, and embedded in embedding medium (SCEM,
Leica Microsystems GmbH, Wetzlar, Germany). The tissues were
not subjected to any chemical fixation, as that would increase
their elastic properties via conformational change of collagen
molecules [26]. Frozen specimen blocks were affixed in the
cryomicrotome stage and trimmed with a sharp tungsten car-
bide disposable blade (TC-65, Leica), then cross-sectioned in a
longitudinal direction using a cryostat so that a fine surface was
obtainable without the need for manual polishing. Each block
surface was cut into 2-mm thick sections with a cryomicrotome
(CM3050S, Leica). The remaining trimmed sample blocks were
subjected to nanoindentation tests [27].
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The samples were submerged in Hanks' balanced salt solution
(Sigma-Aldrich) throughout the duration of nanoindentation
testing. The nanoindentation experiments were performed using
the central regions from both native and reconstructed meniscal
tissues with a flat-end cylindrical tip (4 50 mm; Fig. 4A), utilizing a
quantitative nanomechanical test instrument (TI 950 Tri-
boIndenter, Hysitron, Inc., Eden Prairie, MN, USA). The distance
between indents was always greater than 100 mm. Force-
displacement curves were recorded at a loading rate of 50 mN/s to
a maximum load of 500 mN. The loading portion was followed by
constant load holding at maximum load, to which sinusoidal dy-
namic indentations were superimposed. The applied amplitudes of
the sinusoidal oscillations were 5 mN at frequencies of 0.5e50 Hz
within a single indentation (nanoDMAIII, Hysitron, Inc.). The 5-mN
force created an approximately 2-nm strain amplitude, which
allowed for precise measurement of the stiffness of the material
using dynamic indentation testing. During this period, the indenter
tip simultaneously captured the frequency (strain-rate)-dependent
tangent of phase lag (tan d) and effective elastic modulus (storage
modulus) values [28,29].
2.8. Statistical analysis

Meniscus coverage ratio was analyzed using a Mann-Whitney U
test, with p < 0.01 considered to indicate significance. At least 5
indentations were evaluated using nanoindentation testing. Data
were analyzed by ANOVA with a post-hoc Tukey’s test (p < 0.05)
and are expressed as the mean ± SD.
3. Results

3.1. Meniscal regeneration after intra-articular injection of ADRCs

We performed a partial meniscectomy on SD rat knees, then
injected an autologous ADRC suspension into the intraarticular
region of knee immediately. After 12 weeks, areas of regenerated
meniscal tissue in the atelocollagen sponge scaffold in rats with
ADRCs [ADRCs(þ) group] were larger as compared to those without
injected ADRCs [ADRCs(-) group] (Fig. 1A). Quantification analysis
demonstrated that the meniscus coverage ratio (Fig. 1B) was lower
in the absence of ADRCs (57.96 ± 0.45%) as compared to that in their
presence (64.54 ± 0.52%, P < 0.05, n ¼ 10) (Fig. 1C).
3.2. Histological observation of meniscal regeneration after intra-
articular injection of ADRCs

Following HE staining (Fig. 2A and B), observations of the
restored portion showed it to have a fibrous cartilage-like organi-
zation. A small amount of atelocollagen sponge residue was
observed as a red dye. The two-dimensional configuration of the
cells in the regeneratedmenisci was similar to that of meniscal cells
in native tissues (Fig. 2A, top panel). After 12 weeks in rats that
received injection of ADRCs, the matrix in the inner portion of re-
generated menisci was found to be stained with Toluidine blue and
immunostained with type II collagen (Fig. 2A, middle and bottom
panels). In contrast, no promotion of tissue repair was observed in
the group without ADRC injection (Fig. 2B, top panel), including no
Toluidine blue staining or immunostaining with type II collagen
observed in those rats (Fig. 2B, middle and bottom panel). Type I
collagen as a major component of fibrocartilage, was found
throughout the matrix of meniscus. The distribution of type I
collagen was nearly identical between native and regenerated
menisci (data not shown).
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3.3. Distribution of ADRCs in regenerated meniscal tissues

To trace injected cells, ADRCs from GFP transgenic rats were
injected into nude rats that underwent a partial meniscectomy.
GFP-positive (green) areas were detected in the ADRC group at 12
weeks after injection (Fig. 3Ac, Bb). GFP-positive cells were not
observed in the absence of ADRCs (Fig. 3Ad, Bb), whereas they were
observed at 4 (Fig. 3Ca-d) and 12 (Fig. 3Ce-h) weeks after trans-
plantation in cross-sectioned samples that contained ADRCs. In
addition, a number of GFP-positive cells remained visible on the
surface of regenerated meniscal tissue after 12 weeks with
concomitant growth of type II collagen. However, the presence of
GFP-positive ADRCs was not always seen in concurrence with type
II collagen expression.
Fig. 3. Macroscopic observations of meniscal regeneration following intra-articular in
examined using fluorescence stereomicroscopy. Top panel shows bright-field image and b
medial meniscus areas. White arrows indicate regenerated tissue (green). (A) Representativ
group] (right foot) or absence [ADRCs(-) groups] of ADRCs (left foot). (B) Meniscus after sep
double-immunohistochemical findings for GFP (green) and type II collagen (red) at 4 and 12
Scale bar ¼ 100 mm (C).
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3.4. Dynamic mechanical properties of regenerated tissues as
compared to those of native meniscus tissues

The viscoelastic tan d value at the lowest frequency of the native
meniscal tissues was significantly higher (p < 0.05) as compared to
the regenerated tissues (Fig. 4B). Both types of surfaces generated
non-linear viscoelasticity during dynamic indentation testing with
a flat-end cylindrical tip (Fig. 4A). Furthermore, storage moduli
observed on the meniscal tissues were significantly increased
(p < 0.05) with the dynamic amplitudes (strain-rate stiffening).
Although the corrected elastic moduli (storage moduli) value for
each sample surface showed strain-rate stiffening against dynamic
frequencies, storage moduli, which ranged from 0.5 to 50 Hz on the
regenerated tissues, were nearly 10-fold greater as compared to
those on native tissues (p < 0.05) (Fig. 4C). Despite the large
jection of ADRCs derived from GFP transgenic rats. (A, B) Obtained menisci were
ottom panel a corresponding fluorescence image. White dotted line indicates native
e macroscopic findings of tibial joint obtained after 12 weeks in presence [ADRCs(þ)
aration from tibial joint [ADRCs(þ): left side, ADRCs(-): right side]. (C) Representative
weeks after injection of ADRCs. Nuclei were stained with DAPI. Scale bar ¼ 3 mm (A, B).



Fig. 4. Dynamic mechanical properties of regenerated tissues. (A) Schematic representation of findings obtained with nanoindentation testing of meniscus tissues using a flat-
end tip. Values for (B) viscoelastic tan d and (C) storage moduli of regenerated meniscal tissues as compared to native tissues at each dynamic frequency (ranging from 0.5 to 50 Hz).
Error bars show mean ± SD (n ¼ 5). Data were analyzed by ANOVA with a post-hoc Tukey’s-test (p < 0.05).
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reduction in tan d at 5 Hz on the regenerated tissues, the value
bottomed out and then increased steadily (p < 0.05) up to the
highest frequency of 50 Hz.

4. Discussion

The present study was conducted to investigate a novel tissue
engineering protocol for treatmentofmeniscus defects by use of local
injection of ADRCs embedded in an atelocollagen scaffold. Although
several studieshave reported thatASCs canbeusedasa cell source for
tissue engineering, those require culturing for expansion to obtain an
adequate number. In contrast, ADRCs are freshly isolated stem cells
obtained from fat tissue by enzymatic digestion and can be used
immediately after isolation in clinical situations without the need for
culturing in a cell processing center. Katagiri et al. recently reported
histologicalfindings indicating that thedistributionofmatrixpositive
for type II collagen was different between native and regenerated
menisci after 12 weeks [30]. They found that the peripheral area of
native meniscus tissues was positive for type II collagen, while that
area in the regenerated tissues was mostly negative for that, and
suggested that regenerated meniscus tissues were not yet fully
mature at 12 weeks after transplantation. Our findings are in agree-
ment with those, as we observed that the peripheral areas of regen-
erated menisci were negative for type II collagen, whereas the inner
portions were positive (Fig. 2A).
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Although regenerated meniscal tissues were found to be highly
saturated with GFP-positive cells, our microscopic observations
showed that existing GFP-positive ADRCs did not always co-exist in
regenerated meniscal tissues with expression of type II collagen.
Several types of cells secrete factors such as BMP2, insulin-like
growth factor-1, transforming growth factor-b1, and basic fibro-
blastic growth factor, which have been shown to contribute to
chondrocyte proliferation and meniscus development [31,32], thus
autocrine and/or paracrine effects of ADRCs plus native cells via ASC
secretion may be the principal causes of meniscal tissue regener-
ation at the surgical site. It is therefore considered that regenera-
tion of menisci may be induced by not only the direct effect of
ADRCs on surrounding cells, but also indirectly by the effects of
growth factors. In future studies it will be important to analyze the
meniscus forming capacity of ADRCs in a medial knee meniscus
defect model, as that may provide a more beneficial environment
for stable chondrogenic differentiation of ADRCs over a longer time
period.

As for the dynamic mechanical properties of regenerated
meniscal tissues as compared to native tissues, both types showed
strain-rate stiffening and large viscoelasticity that occurred in
parallel. Biological tissues often have effects on size-dependent
mechanical properties [29]. Use of a greater than micron-scale
contact area between the sample surface and flat-end cylindrical
tip (4 50 mm) allowed for the present nanoindentation tests to
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simultaneously capture dynamic mechanical responses of the tis-
sues partly associated with micron-scale structures, indicating
porosity. According to poroelastic theory, strain-rate stiffening of
soft biological tissues can be interpreted as a dilatant response to an
instantaneous increase in pore pressure [28]. With shear
displacement, most materials have a tendency to expand in a di-
rection perpendicular to the surface. In the present study, sub-
stantial shear strain was generated in meniscal tissues in response
to penetration by the indenter tip, especially during cyclic oscilla-
tions, indicating a dynamic frequency.

Although regenerated meniscal tissues showed strain-rate
stiffening, the values for the storage moduli on regenerated tis-
sues were much higher as compared to the native meniscal tissues
throughout the period of dynamic indentation testing. Assuming
that the lowest level of tissue integrity in both native and regen-
erated tissues was nearly equivalent, such excessive storagemoduli
shown by the regenerated tissues were likely related to impaired
micron-structural integrity. More specifically, lower porosity in
regenerated tissue might enhance inelasticity, based on the theo-
retical prediction that an elastic modulus is predominantly deter-
mined by volume fraction and porosity [28].

Aside from their foundational inelastic stiffness, soft biological
tissues, such as articular cartilage and knee meniscus, accommo-
date large amounts of joint load. To accomplish this, these tissues
have a complex multi-phase structure composed of water and
macromolecules [33]. Based on wet weight, the meniscus is highly
hydrated (72% water), with the remaining 28% comprised of
organic matter, primarily type II collagen and proteoglycan [34].
The large amount of water absorption by meniscus tissues is of
particular importance with respect to the large amount of strain
released via viscus damping loss, allowing for adaptation to
changes in joint motion and pressure. Viscoelastic materials have
often been represented as a viscous dashpot and elastic spring in
previously reported studies [35]. When strain is applied to a
viscoelastic material, a delayed viscus motion by the dashpot (fluid
motion) dissipates the strain energy. Unlike calcified tissues,
meniscal tissues are not able to bear a large amount of strain
energy by pure elastic (time-independent) damping alone because
of the extremely lower level of storage moduli, thus time-
dependent viscoelasticity is an important determent for their
mechanical integrity. The higher level of viscoelasticity (tan d)
seen at the lowest dynamic frequency also represents the esti-
mated higher porosity of native meniscus tissues, implying the
inverse, namely, lower viscus motion in relation to lower porosity
expected in regenerated meniscal tissues. Moreover, it is likely
that the lower level of permeability of the structure inhibits the
flow of fluid back to the deformed area, thus the viscoelastic tan
d value for regenerated meniscal tissues steadily increases with
cyclic loading, as strain diffusion is an alternative result of local
structural changes. This suggests that any impaired mechanical
property in regenerated tissue cannot be simply observed, but
rather appropriate three-dimensional reconstruction at the micron
level is needed so as to reproduce the mechanical integrity of the
native meniscus. The micro-environment of the extracellular ma-
trix plays an important role in regulating cell behavior, which may
provide a proper micron-sized structure in regenerated tissues
[36]. In this respect, further modifications of the engineered
scaffold used in the present study should be considered along with
caution regarding the micromechanical integrity of regenerated
meniscal tissues.

5. Conclusion

In the present study, a novel procedure for meniscus regenera-
tion was successfully established by combining ADRCs with an
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atelocollagen scaffold. ADRC injection is a promising technique for
meniscus tissue engineering, though it does not completely
reproduce a proper structure-function relationship, as observed in
native menisci at the micron level. The present findings also
demonstrate a precise protocol for measurements of dynamic
mechanical properties, such as viscoelastic and/or poroelastic
properties of regenerated meniscal tissues.
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