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Abstract

Efficacy of 3D-printed allogenic biomaterial implant
for the regeneration of knee articular cartilage in

canine trochlear block recession models

Hansol Lee
Veterinary Clinical Sciences Major
Graduate School of Veterinary Medicine

Seoul National University

The purpose of this study was to confirm the inflammatory alleviation and
therapeutic effect of 3D printed biomaterial containing lyophilized costal cartilage
matrix (LCCM), micronized adipose tissue (MAT), and fibrin glue. This study used
the canine trochlear block recession model. The control group performed only
trochlear block recession and the experimental groups were classified into LCCM
+ MAT + fibrin glue, LCCM + fibrin glue, only fibrin glue, and syringe type
groups according to the composition of the biomaterial implant. To prove the
therapeutic effect, magnetic resonance imaging (MRI), an enzyme-linked
immunosorbent assay (ELISA) of the synovial fluid, and histopathological
examination were performed. In the synovial joint ELISA, we confirmed the
decreased matrix metalloproteinase-3 (MMP-3) level and increased tissue inhibitor
of metalloprotease-1 (TIMP-1) level tendency in the LCCM + MAT + fibrin glue
group. In addition, MRI analysis confirmed that the amount of joint fluid increased

in the control group compared to the LCCM + MAT + fibrin glue group. Therefore,
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the LCCM + MAT + fibrin glue group considered that joint inflammation and the
joint fluid due to arthritis were less than in other groups. In the histopathological
examination, the LCCM + MAT + fibrin glue group compared to other groups
showed integrity between normal tissue and lesion area, the number of
chondrocytes, and regeneration of hyaline cartilage. We confirmed that the
treatment of cartilage lesions was effective in the LCCM + MAT + fibrin glue
group. In the canine cartilage lesion experimentally induced, we confirmed that
3D-printed LCCM + MAT + fibrin glue biomatrix has a significant effect on

cartilage lesion repair, regeneration, and inflammation reduction.

Keywords: articular cartilage, 3D printed implant, regeneration, canine knee,
trochlear block recession
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Introduction

In small dogs, the early grade of patellar luxation can be managed by
conservative treatment. However, as stages 2 and 3 progress, the patella slides over
the articular cartilage groove, causing progressive cartilage erosion on the patella
and trochlear surface, and/or cranial cruciate ligament disease and rupture.
Untreated patellar luxation increases the incidence of degenerative joint disease
(DJD) and if it progresses to over stage 3, surgical treatment such sulcoplasty, and
metal implantation is inevitable, but osteoarthritis is frequently caused by risk
factors such as implant reaction, infection, and inflammation (di Dona et al., 2018;
DiVincenzo et al., 2017; Dokic et al., 2015; Romesburg et al., 2010). In large dogs,
surgical treatment such as femoral corrective osteotomy is inevitable in most cases
(Spencer Johnston et al., n.d.). In the case of patellar luxation, the damaged
cartilage area is repaired by mixed fibrocartilage rather than hyaline cartilage,
which is lacking biomechanical characteristics and is weaker in structure and
function than hyaline cartilage, gradually increasing the occurrence of degenerative
joint disease (DJD) (Armiento et al., 2019; Falah et al., 2010; Knutsen et al., 2004;
Yoon et al., 2015).

The cartilage lesion healing is challenging due to its atypical avascular, aneural,
alymphatic, and hypocellular environment. Not properly repaired cartilage lesion
causes pain, edema, and decreased motility, eventually leading to osteoarthritis and
complication such as cruciate ligament damage and fractures. These naturally
occurring OA have similarities between dogs and humans and share a basic
pathological process (Armiento et al., 2019; Falah et al., 2010; Knutsen et al.,
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2004; Yoon et al., 2015).

Internal medical treatment for early cartilage damage can be performed, but
nonsteroidal anti-inflammatory drugs (NSAIDs) do not reach the depth level of
cartilage, and the component of the cartilage extracellular matrix such as
glucosamine and chondroitin have slow acting, and evidence on the effectiveness is
lacking. Minimally invasive injective treatment  glucocorticoid or
viscosupplementation such as hyaluronic acid can be applied, but only temporarily
reduce pain and there is no proven disease-modifying therapy available. Surgical
approaches can be divided into reparative and regenerative techniques. Among
reparative options, bone marrow stimulation procedures are commonly applied but
the repair tissue response can be unpredictable. Patients should adjust their level of
activity in consideration of the strength and function of the treated cartilage.
Regenerative techniques aim at the newly grown tissue restoring a normal joint by
the production of hyaline-like cartilage that is mechanically and functionally stable
(Marcacci et al., 2013). But, many current regenerative techniques such as
autologous chondrocyte implantation (ACI), osteochondral transplantation, and
allograft implants usually do not produce fully normal mechanical strength, and
integrity and may also have additional surgical risk (Sutherland et al., 2015).

Therefore, the tissue engineering field has recently seen an emerging trend
toward acellular biomaterials applied together or alternative to cell-based therapies
(Sutherland et al., 2015). In addition to the source of cells, it is important to
provide a suitable scaffold and micro-environment to conducive cell growth and
differentiation in tissue regeneration therapy. When a three-dimensional printer is

applied, different biomaterials and biocompatible bioinks are constructed for



suitable position and placement of cells and biomaterials through a layer-by-layer
addition to enable complex optimized tissue engineering (Dzobo et al., 2019; Ryu
etal., 2022).

In addition, dogs are suitable as a laboratory and clinical model of the cartilage
repair study in that they can be applied reliably in human-type postoperative
management such as bandaging, splint, walking, or training on treadmills and
antemortem diagnostic monitoring protocol containing gait and kinematic analysis,
MRI (Journal, 1988; Sasaki et al., 2019). Previous studies used biomaterials
derived from autologous but were conducted by applying the manual dispensing
method rather than 3D printing, so this study was conducted to compare the
therapeutic differences between 3D printed and manual dispensing method
(Escobar lvirico et al., 2017). Ryu et al. demonstrated that three-dimensional
printed biomaterials derived from xenogenic human origin could repair
osteochondral lesions in canine osteochondral defect models. In this study,
biomaterials derived from allogenic canine origin was used and applied to the
canine trochlear block recession model (Ryu et al., 2022).

We hypothesized that biomaterials, including LCCM and MAT produced by 3D
printing, could promote optimized inflammation reduction and cartilage
regeneration. The purpose of this study is to investigate the inflammatory
alleviation and therapeutic effects of 3D printed biomatrix application of
allografted lyophilized costal cartilage matrix (LCCM), micronized adipose tissue

(MAT), and fibrin glue using a canine trochlear block recession model.



Materials and Methods

1. Experimental Animals

We used 8 Beagle dogs (male, 12-month-old) average weighed around 10 Kg.
Before the experiment, all dogs were tested for physical examination, blood
analysis, radiography, gait, and orthopedic palpation test. Finally, there was no risk

factor, and it was confirmed to be healthy beagle dogs.

2. Study Design

Clinical follow-up procedures were continued by week 32 from the day of
experimental surgeries and then euthanized. In this study, a total of 8 dogs were
used. Each leg of the dogs was considered as one model, and 15 models
were set excluding one leg that was not assigned among the 16 legs. We
divided models into one control group and four experimental groups. The control
group performed only trochlear block recession and the experimental groups were
classified into LCCM + MAT + fibrin glue, LCCM + fibrin glue, only fibrin glue,
and syringe type groups according to the composition of the biomaterial implant.
(Table 1) The syringe injection group was assigned to evaluate the effect of 3D
printing under the same composites. All experimental procedures were ethically
cleared by Institutional Animal Care and Use Committee at Seoul National

University (IACUC-SNU-210127-4-4)



Table 1. The composition of the 3D printed biomatrix for canine trochlear block recession models.

Group Dogs Left Right
#1 Block recession* Block recession*
Negative
Control #2 N/A** Block recession*
#3 LCCM + MAT + fibrin glue (3D printed) LCCM + MAT + fibrin glue (3D printed)
#4 LCCM + MAT + fibrin glue (3D printed) LCCM + fibrin glue (3D printed)
Experimental #5 LCCM + fibrin glue (3D printed) LCCM + fibrin glue (3D printed)
Groups #6 Fibrin glue (3D printed) Fibrin glue (3D printed)
#7 Fibrin glue (3D printed) Syringe injection***
#8 Syringe injection*** Syringe injection***

* Designated as negative control, ** Not assigned, *** LCCM+ MAT mixtures were intra-articularly injected after sulcoplasty



Preparation of Biomaterial Inks and Fabrication of 3D-printed Bio-

scaffold (BS)

3.1. Micronized Adipose Tissue (MAT)

Canine subcutaneous adipose tissues were obtained from each dog’s
abdomen site right before sulcoplasty. The tissues were mechanically minced
with Metzenbaum scissors for a minute and then micronized with 2000, 1000,
400, and 200 um Adinizer filter system (BSL Rest, Seoul, Republic of Korea).
10 mL of micronized tissues were collected from each dog and the oily

supernatant was discarded.

3.2.  Allografted Lyophilized Costal Cartilage Matrix (LCCM)

The canine costal cartilages were prepared into white powder form (LCCM)
by lyophilization (ROKIT Healthcare, Seoul, Republic of Korea) and ball
milling procedure with an average particle size between 100-200 um. The
LCCM powder was distributed into 3 mL BD® Luer-Lock syringe (BD, NJ,
USA) equally for 50 mg. The samples were then sterilized with gamma

radiation process.

3.3. Fabrication of 3D-printed Bio-scaffold (BS)

Fabrication of 3D-printed BS was performed using Dr. INVIVO 3D
bioprinter (ROKIT Healthcare, Seoul, Republic of Korea). The detailed

procedure is described in our previous article



4. Preparation of Experimental Surgery

All animals were fasted for 12 hours before the experimental procedures to
prevent vomiting and aspiration due to general anesthesia. 22 mg/kg cefazolin as
preventive antibiotics, 3 mg/kg tramadol as analgesics, and 1mg/kg maropitant
citrate (Cerenia®) for preventing aspiration pneumonia caused by vomiting were
intravenously injected 30 minutes before the surgery. Then the dogs were sedated
with 20 ug/kg medetomidine (Domitor®) IM and induced with 2 mg/kg alfaxalone
IV. The anesthesia was maintained with 2-3% isoflurane. All surgical sites were

shaved and aseptically prepared.

5. Surgery Procedure

After the preparation of general anesthesia, we approached medially the stifle
joints incising craniomedially over the patella. All dogs received trochlear block
recession sulcoplasty. A fine-toothed, handheld patella saw was used to make the
cuts in trochlear regions. Each abaxial osteotomy is angled approximately 10
degrees axially toward the sagittal plane of the femur. We use a #15 blade to
elevate osteochondral blocks from the patellar groove. The osteochondral block
was undermined from proximal and distal margins to meet in the center of the
block. Except for negative control, other groups had bone removed from the
bottom of the incised block to deepen the sulcus. The basilar surface of the
osteochondral block was resected with a rongeur. The proximal and/or ends of the
osteochondral block were trimmed to match the shape of the recipient bed. The
osteochondral block is placed in the recipient bed. Then, the bio-scaffold was
implanted on the replaced osteochondral blocks. The retinaculum and joint capsule

7



were sutured with 3-0 PDS surgical sutures (Ethicon, Raritan, NJ, USA) and the

skin incision was closed using surgical staplers (Covidien, Dublin, Ireland).

6.

Analysis

6.1  Enzyme-linked Immunosorbent Assay (ELISA) of the
Synovial Fluid

The synovial fluid samples were drained from knee joints using 23 gauge
needles at 2, 4, and 8 months after surgery. The samples were immediately
stored in a deep freezer (-80°C) until use. The samples were diluted 50X
with normal saline and analyzed with Canine Matrix Metalloproteinase 3
ELISA Kit (MBS043123, MyBioSource, San Diego, CA, USA) and Canine
Tissue Inhibitors of Metalloproteinase 1 (TIMP1) ELISA Kit (MBS455046,
MyBioSources, San Diego, CA, USA) according to the manufacturer’s
instructions. The 450 nm absorbance was measured with TECAN Sunrise

Microplate Reader (Tecan, Mannedorf, Switzerland).

6.2  Histopathology of Hematoxylin and Eosin (H&E), Alcian
Blue Staining

The histopathologic samples were obtained by euthanizing the

experimental dogs 8 months after surgery. All samples were rinsed using

phosphate-buffered saline (PBS) and fixed using 10% neutral buffered

formalin at 25-30°C. After decalcification in 15% ethylenediamine-tetra

acetic acid (EDTA) (pH 7.2-7.4), samples were dehydrated with multi-series
8



of ethanol and embedded in paraffin and sectioned into 5 um slides. Samples

were stained with hematoxylin and eosin (H&E), alcian blue.

6.3  Magnetic Resonance Imaging (MRI) Analysis

MRI (GE SIGNA Creator 1.5T, Boston, Massachusetts, USA) scanning
was performed post-operatively at 2, 4, and 8 months to monitor changes in
joint fluid caused by inflammation. Joint effusion was identified on T2W
images where synovial fluid appears hyperintense. In addition, other
abnormal images of arthritis such as abnormal surface and structure of
cartilage, endochondral ossification, abnormal shape of subchondral bone

were evaluated by doctor of veterinary medicine, radiologist.

7. Statistical Analysis
The statistical analysis was performed using GraphPad Prism 5.0 (Graphpad,
San Diego, CA, USA). The significance of the data was confirmed with two-way

ANOVA test followed by Bonferroni’s correction.



Result

1. Gross Appearance of Trochlear Block Recession Area in Each
Group

Tissue samples were acquired at 8 months after surgery (Figure 1). The surgical
area of articular surface in control group was not smoothly connected to normal
tissue. Similar to the control group, LCCM + fibrin glue, fibrin glue, and syringe
groups also showed no smooth fusion between the surgical area and normal tissue
that makes gaps and redness. In contrast, in the case of LCCM + MAT + fibrin glue
group, smooth fusion of the surgical area and normal tissue was observed, and
redness was not confirmed. In addition, the surgical area of LCCM + MAT + fibrin
glue group was filled with whitish tissue like normal articular cartilage than other

groups.
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Gross Appearance

LCCM + MAT
Control LCCM + fibrin glue Fibrin glue Syringe
+ fibrin glue

Figure 1. Gross appearance of trochlear block recession area.
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2. Serum Level of Matrix Metalloproteinases-3 (MMP-3) and Tissue
Inhibitors of Matrix Metalloproteinases-1 (TIMP-1)

Synovial fluid MMP-3 and TIMP-1 were analyzed to observe the degree of
inflammation response. Referring to figure 2B, during the postoperative period, the
MMP-3 level was continuously confirmed to be lower in LCCM + MAT + fibrin
glue groups and LCCM + fibrin glue groups compared to the control groups. In the
case of fibrin glue groups, the MMP-3 level was very similar to that of LCCM +
MAT + fibrin glue groups and LCCM + fibrin glue groups for the 2 months, but
later rose and remained high to a level similar to that of the control groups. In the
case of the syringe groups, on the contrary, the MMP-3 level was similar to that of
the control group for the 2 months but later decreased to be similar to that of
LCCM + MAT + fibrin glue groups and LCCM + fibrin glue groups. As shown in
figure 2A, in the 2 months, the TIMP-1 level of LCCM + MAT + fibrin glue
groups is slightly lower, but there is no significant difference compared to the
control groups. After then, LCCM + MAT + fibrin glue groups had increased
dramatically, showing a significant difference compared to any other groups in 8
months, but the control groups and fibrin glue groups showed a similar tendency.
In the case of the LCCM + fibrin glue group and the syringe group, there was no
dramatic increase in TIMP-1 level as in LCCM + MAT + fibrin glue group, but it

continuously rises and remain higher than in the control group and fibrin glue

group.
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Figure 2. Enzyme-linked immunosorbent assay (ELISA) of TIMP-1 (A) and MMP-3 (B) expression in synovial joint.

* p< 0.05, ** p< 0.01, *** p< 0.001, n.s.= not significant
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3. Magnetic Resonance Imaging (MRI) Analysis

MRI scanning was performed post-operatively at 8, 16, and 32 weeks to monitor
changes in the joint fluid caused by inflammation. The stifle joint is a complex
structure with various tissue types and MRI is suitable for evaluating the joint
using different image planes and sequences. Synovial fluid and edema show high-
signal intensity in T2-weighted sequences. In contrast, cortical bone, tendons,
ligaments, and menisci are low-signal intensity because they are not naturally
hydrated tissues (Marino & Loughin, 2010). As shown in figure 2, in control
groups, joint effusion showing high signal intensity was observed more than in the
LCCM + MAT + fibrin glue groups. There was no significant difference in joint
fluid in other groups. There were no significant changes such as abnormal surface
and structure of cartilage, endochondral ossification, or abnormal shape of

subchondral bone in all groups (Figure 3).
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Control LCCM + MAT + fibrin glue

Figure 3. Assessment of knee articular cartilage using magnetic resonance imaging.
: Note that green arrows indicate joint effusion. More joint effusion was observed in the control groups than the LCCM + MAT + fibrin glue

groups
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4. Microscopic findings
Microscopic examination was conducted with hematoxylin and eosin (H&E) and

alcian blue staining knee articular cartilage tissue after euthanasia.

4.1. Microscopic Examination of Hematoxylin and Eosin (H&E)
The control group indicated that the articular surface was discontinuous,
consisting of fibrocartilage, fewer chondrocyte, and insufficient repair of
lesion depth. In contrast, in the case of the LCCM + MAT + fibrin glue group,
the articular cartilage surface was smooth, and continuous consisting of a
hyaline and fibrocartilage mixture, denser chondrocyte distribution. In the case
of the LCCM + fibrin glue group, although the articular surface was relatively
continuous compared to the control group, the structure of the tissue was
consisting of fibrocartilage and lower dense of chondrocyte compared to
LCCM + MAT + fibrin glue group. The fibrin glue group showed
discontinuous and poor lesion repair. In the case of the syringe group, the
articular surface was less smooth compared to that of the LCCM + MAT +
fibrin glue group, but relatively smooth compared to other groups.
Interestingly, even in the syringe type group, there was denser chondrocyte

distribution and hyaline and fibrocartilage mixture (Figure 4).
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Figure 4. Hematoxylin and eosin (H&E) staining analysis of knee articular

cartilage.

Representative hematoxylin and eosin (H&E) stained images of cartilage in each
group. Compared to other group, LCCM + MAT + fibrin glue group has excellent
integrity between lesion and normal tissue and denser cell distribution.

Black dotted rectangle: lesion area; low magnification view (40X) of the area

within the rectangle in the right view (100X)
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4.2.  Alcian blue staining

Alcian blue staining was conducted to investigate the characteristics of the
newly formed tissue. Compared to other groups, the LCCM + MAT + fibrin
glue group stained strongly with alcian blue in the newly formed tissue of the
lesion area. This indicates that newly formed tissue of the LCCM + MAT +
fibrin glue group are consisting of cartilage-like tissue containing sulfated
GAGs. In the case of syringe type, alcian blue stain of newly formed tissue
was less than LCCM + MAT + fibrin glue group, but relatively strong
compared to other groups. There are no significant findings in other groups

(Figure 5).
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Figure 5. Alcian blue staining analysis of knee articular cartilage.
Representative alcian blue stained images of cartilage in each group. Note that
strongly stain in LCCM + MAT + fibrin glue group compared to the other groups.
Black dotted rectangle: lesion area; low magnification view (40X) of the area

within the rectangle in the right view (100X).
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Discussion

In this study, we investigate the inflammatory alleviation and therapeutic effects
of the osteochondral lesion by applying 3D printed biomatrix of allografted
lyophilized costal cartilage matrix (LCCM), micronized adipose tissue (MAT), and
fibrin glue using a canine trochlear block recession model. We propose a novel
treatment with inflammatory alleviation and articular cartilage regeneration similar
to normal tissue by applying a 3D printed biomatrix containing LCCM, MAT, and
fibrin glue.

Adipose tissue is available in large quantities and can be acquired in a relatively
less invasive procedure, so it is highly valuable as a biomaterial. The process of
obtaining mesenchymal stem cells (MSCs) from adipose tissue such as suspension
is complicated and regulated, but using MAT is a groundbreaking method in that it
is very easy to be made and regeneration capacity can be taken. The mechanism of
how MAT acts in regeneration cartilage is not yet fully understood. But, the high
functional MSCs with chondrogenic differentiation capacity of adipose tissue is the
main hypothesis, and in addition, various cytokines such as growth factors in
adipose tissue seem to regulate the microenvironment (Bosetti et al., 2016; Louis et
al., 2021; Tremolada et al., 2016).

In the field of research applying biomaterials to cartilage regeneration, the
chondroinducitivity of devitalized cartilage matrix (DVC) such as LCCM is
emerging, because decellularized cartilage  matrix  processes  limit

chondroinducitivity. However, even with DVC, the dense cartilage matrix still
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suppresses cell infiltration and nutrient diffusion. Therefore, it is known that the
cartilage regeneration effect is greater when applied with other biomaterials
containing cytokines such as the growth factor (Kiyotake et al., 2016; Ryu et al.,
2022). The study on the therapeutic effect of applying MAT to the articular joint
lesion in dogs has not been studied. Also, there has been no study to compare when
LCCM was used only and when applied with MAT.

In the case of the LCCM + MAT + fibrin glue group, H&E staining tests
indicated more dense cell distribution, consisting of hyaline and fibrocartilage
mixture, smooth surface, and integrity. In other groups, the articular surface was
not smooth and the lower integrity. Except for the syringe type, in the other groups,
the regeneration of cartilage lesions is mostly repaired by fibrous cartilage tissue.
In alcian blue staining, the LCCM + MAT + fibrin glue group was strongly stained
and also syringe group was relatively strongly stained compared to that of other
groups. From these findings, it seems that LCCM and MAT combination repair by
regenerating more high-intensity hyaline-like cartilage rather than fibrocartilage.
Considering the previous studies and this study's results, MAT is considered to act
as a bio-scaffold and regeneration factor. In addition, when LCCM and MAT are
applied together, the regeneration effect looks greater. Histological assessments
demonstrated LCCM + MAT + fibrin glue group had a better cartilage repair effect
than the other groups. It is considered that LCCM and MAT show complementarily
synergy effects of treatment.

The long-lasting anti-inflammatory activity of micro fragmented adipose tissue
has been studied in vitro. The anti-inflammatory mechanism of MAT is a very

complex phenomenon and is likely to be influenced by the combination of
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molecules and extracellular vesicles released from MSCs (Nava et al., 2019). In
this study, the MMP-3 level of LCCM + MAT + fibrin glue, LCCM + fibrin glue,
and syringe group was lower than the control group at 4 and 8 months, in addition,
the TIMP-1 level was higher. On the other hand, in the case of the fibrin group,
there is a similar MMP-3 and TIMP-1 level tendency to the control group, which
means that only the application of fibrin glue does not affect inflammation
alleviation, and the application of LCCM or MAT help reduce inflammation.
Especially, the LCCM + MAT + fibrin glue group, containing all biomaterials,
confirmed a dramatic increase in TIMP-1 level and the lowest MMP-3 level. In
addition, MRI showed joint fluid elevation in the control groups compared to the
LCCM + MAT + fibrin glue group. Put these findings together, we found that
applying a combination of LCCM with MAT has a long-lasting anti-inflammatory
effect in vivo. It is meaningful to confirm the therapeutic effect using actual disease
models.

Traditional cartilage regeneration techniques and studies have adopted the
manual dispensing methods in applying biomaterials. However, in this study,
biomaterials were constructed and applied by 3D printing technique. Compared to
the 3D-printed LCCM + MAT + fibrin glue and syringe group, the syringe group
had less inflammation alleviation and cartilage regeneration effect. The two groups
have the same type of biomaterial, but there is a difference in the applied form. The
biggest difference between the two groups due to applied form is the degree of
contact with the lesion. In the syringe type group, it seemed to lack stability and
contact with lesion in the process of applying syringe type biomaterials. This

means that the greater the degree of contact with the patient’s lesion, the greater the
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therapeutic effect. By applying 3D printing technique, it was confirmed that a
greater therapeutic effect can be expected by increasing the degree of contact
through the size and shape of the implant and the appropriate placement of
biomaterials. Previously we demonstrated that three-dimensional printed
biomaterials containing LCCM and MAT derived from xenogenic human origin
could repair osteochondral lesions and alleviate inflammation in canine
osteochondral defect models.(12) In general, allograft biomaterial implant has the
advantage of being relatively safer and less risk of rejection than xenograft. There
had been no studies on the application of allograft MAT to cartilage lesions in
canine models, and this study demonstrated its therapeutic effect and safety without
any side effects. There are several limitations to this experiment. One of the
limitations is the absence of a placebo group. In addition, if the physical and
biological properties of biomaterial ink can be improved to make it more stable and

close contact, it is believed that there will be a greater therapeutic effect.
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Conclusion

We confirmed that cartilage was regenerated using a 3D-printed allogenic
biomaterial implant containing LCCM and MAT in the canine trochlear block
recession model. Based on this study, it is considered that it will be more effective
to manufacture and apply the biomaterial implant combining LCCM and MAT to

repair cartilage lesions in dogs.
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