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Abstract

Background Osteochondral injury is a common sports injury, and hyaline cartilage does not regenerate spontane-
ously when injured. However, there is currently no gold standard for treating osteochondral defects. Osteochondral
autograft transplantation (OAT) is widely used in clinical practice and is best used to treat small osteochondral lesions
in the knee that are < 2 cm? in size. Autologous dual-tissue transplantation (ADTT) is a promising method with wider
indications for osteochondral injuries; however, ADTT has not been evaluated in many studies. This study aimed to
compare the radiographic and histological results of ADTT and OAT for treating osteochondral defects in a porcine
model.

Methods Osteochondral defects were made in the bilateral medial condyles of the knees of 12 Dian-nan small-ear
pigs. The 24 knees were divided into the ADTT group (n=38), OAT group (n=8), and empty control group (n=8). At

2 and 4 months postoperatively, the knees underwent gross evaluation based on the International Cartilage Repair
Society (ICRS) score, radiographic assessment based on CT findings and the magnetic resonance observation of carti-
lage repair tissue (MOCART) score, and histological evaluation based on the O'Driscoll histological score of the repair
tissue.

Results At 2 months postoperatively, the ICRS score, CT evaluation, MOCART score, and O'Driscoll histological score
were significantly better in the OAT group than the ADTT group (all P<0.05). At 4 months postoperatively, the ICRS
score, CT evaluation, MOCART score, and O'Driscoll histological score tended to be better in the OAT group than the
ADTT group, but these differences did not reach statistical significance (all P> 0.05).

Conclusions In a porcine model, ADTT and OAT are both effective treatments for osteochondral defects in weight
bearing areas. ADTT may be useful as an alternative procedure to OAT for treating osteochondral defects.

Keywords Osteochondral injury, Articular cartilage, Animal model, Bone graft, Osteochondral autograft
transplantation, Autologous cartilage chips
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OCD in the adolescent population is 15-30 per 100,000
adolescents [1, 2]. Furthermore, approximately 10% of
knee sports injuries in adolescent patients are accom-
panied by cartilage lesions [3]. Symptoms of focal carti-
lage or osteochondral defects include pain, swelling, and
stiffness, which limit the ability of the patient to perform
activities.

Articular cartilage is hyaline cartilage that consists
of a dense extracellular matrix and embedded chon-
drocytes, without any blood vessels, lymphatic vessels,
or nerves. Hyaline cartilage lacks a blood supply and is
instead supplied synovial fluid, resulting in the poor self-
repairing ability of cartilage defects. Focal cartilage injury
may result in cartilage loss in the same subregion [4],
increase the risk of incident cartilage damage in the same
tibiofemoral joint compartment regardless of the defect
depth [5], and finally lead to osteoarthritis; at least 12%
(and possibly upwards of 30—-40%) of osteoarthritic cases
are believed to be of posttraumatic origin [6, 7].

The current options for cartilage defects include osteo-
chondral autograft transplantation (OAT) [8-11], mar-
row-stimulation techniques (e.g., microfracture) [12-14],
autologous chondrocyte implantation (ACI) [15, 16],
osteochondral allograft transplantation [17-20], particu-
lated juvenile allograft cartilage [21, 22], matrix-induced
ACI (MACI) [23, 24], autologous cartilage chips (ACC)
[25-27], and osteochondral tissue engineering [28].
These various treatment methods each have associated
problems such as inconsistent clinical and biological out-
comes, the need for a two-stage procedure, high costs,
limited indications, limited donor material, donor site
morbidity, and graft rejection.

OAT or mosaicplasty addresses osteochondral lesions
while maintaining the hyaline cartilage by replacing the
defect with an osteochondral autograft [29]. OAT is
widely used in clinical practice and is a best used to treat
small osteochondral lesions in the knee that are <2 cm?
in size [30]. The advantages of OAT are that it is a single-
stage procedure, has a lower cost compared with allograft
transplantation, and has the ability to treat lesions with
subchondral bone involvement. Furthermore, using the
patient’s native cartilage and living bone should theoreti-
cally improve the healing potential. However, a limitation
of OAT is that it can be difficult to contour match the
donor cartilage to the lesion to create a congruent surface
[30]. In addition, larger lesions are more difficult to treat
with OAT because they necessitate a mosaic construct
and may result in donor site morbidity [30].

In 2015, a new technique called autologous dual-tis-
sue transplantation (ADTT) was introduced to clinically
treat osteochondral defects [31]. Treatment of OCD with
ADTT results in very good subchondral bone restoration
and good cartilage repair, with significant improvements
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in patient-reported outcomes at 1 year postoperatively
[31]. Hence, ADTT is thought to be a promising, low-
cost treatment option for osteochondral injuries. ADTT
is a combination of fragmented autologous bone press-
fitted into the defect bed and autologous cartilage chips
embedded in fibrin glue to cover the bone graft [31].
ADTT has a broader indication and more donor carti-
lage than OAT and has no donor site morbidity; however,
there are few histological and clinical studies of ADTT.
Therefore, the present study aimed to compare the histo-
logical and radiographic results of ADTT and OAT in a
porcine model of osteochondral defects. The hypothesis
was that ADTT would achieve similar histological and
radiographic results to OAT in the treatment of osteo-
chondral defects.

Methods

Animal preparation

Twelve skeletally mature Dian-nan small-ear pigs of
either sex without osteoarthritic injury or degeneration
were used in this study. The pigs had an average weight of
37.20+2.43 kg (range 32.56-39.78 kg) and an average age
of 19.38 +1.06 months (range 18.0-21.5 months). All pigs
were purchased from the Small Pig Animal Experiment
Center of Yunnan Agricultural University and were kept
in accordance with the “Standard of Care for Laboratory
Animals” This study was approved by the Ethics Com-
mittee of the 920th Hospital of Joint Logistics Support
Force (No. 920IEC/AF/61/2021-01.1).

Study design

The left knees of eight pigs comprised the OAT group
(n=8), while the right knees comprised the ADTT group
(n=8). The remaining four pigs (eight knees) were used
as the empty control group (1n=8). An osteochondral
defect (8 mm diameter, 8 mm depth) was created in each
medial femoral condyle. Six pigs (two from each group)
were euthanized at 2 and 4 months postoperatively, and
knee samples were removed for gross observation of
the repair tissue of the defects, computed tomography
(CT) and magnetic resonance imaging (MRI) for imag-
ing evaluation, and histological staining for histological
evaluation.

Surgical procedures

The pigs were premedicated with intramuscular injec-
tions of xylazine (0.1 ml/kg; Shandong Luwei Co., Ltd.,
China) and atropine (1.5 ml/kg; Shandong Huamu
Pharmaceutical Co., Ltd., China) to induce muscle
relaxation and were then intravenously injected with
pentobarbital sodium (3%, 1 ml/kg; Shandong Huamu
Pharmaceutical Co., Ltd, China) to induce anesthesia.
Once the anesthetic effect was stable, the operation was
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started. All surgeries were performed by the same sen-
ior joint surgeon (Dr. Hongbo Tan, Chief Physician) at
the Animal Experimentation Center of the 920th Hos-
pital of Joint Logistics Support Force. Each knee was
prepared by removing the hair and performing rou-
tine disinfection. Ropivacaine (10 ml, 100 mg, Hengrui
Pharmaceutical Co., Ltd., China) was administered to
the skin and periarticular tissue. A 4—5-cm longitudinal
skin incision was made over the middle of the anterior
knee joint. Access to the joint was achieved via an inci-
sion along the medial border of the quadriceps tendon
through the medial edge of the patella to the medial
aspect of the tibial tuberosity. The patella was dislo-
cated laterally to expose the weight-bearing area of the
medial femoral condyle. A hand drill was used to create
a critical-size drill hole (8 mm diameter, 8 mm depth)
as an osteochondral defect in the medial femoral con-
dyle. The defect was cleared with a scraping spoon, and
the removed cancellous bone was set aside. The hole
and knee joint cavity were then irrigated with sterile
saline.

For the knees of the ADTT group, the cylindrical oste-
ochondral block from the drill hole was separated into
cartilage and cancellous bone. A drill hole was made in
the proximal tibial to harvest a biopsy of autologous can-
cellous bone; this biopsy material was added to the can-
cellous bone obtained from the femoral drill hole and
was broken into fragments. These fragments were press-
fitted into the bony part of the drill hole in the medial
femoral condyle to a level flush with the surface of the
subchondral bone. A sharp knife was used to harvest
articular cartilage from non-weightbearing areas (femo-
ral intercondylar fossa, medial edge of the medial femo-
ral condyle, and medial and lateral edges of the trochlea).
The harvested cartilage was then placed in a metal basin,
and a scalpel was used to chip the cartilage into pieces of
approximately 0.5—1 mm?, The autologous cartilage chips
were embedded in a Porcine Fibrin Sealant Kit (Guang-
zhou Beixiu Biotechnology Co., China) and placed onto
the bone graft in alignment with the adjacent cartilage
surface. The fibrin glue was allowed to set for 5 min. The
patella was then replaced, and the stability of the graft
was tested with full-range motions.

For the knees of the OAT group, OAT was performed
as described previously [9]. A cylindrical osteochondral
graft (8 mm diameter, 8 mm depth) was harvested from
the lateral trochlear flare superior to the sulcus termi-
nalis. A graft pusher was used to advance the osteochon-
dral plug into the osteochondral defect until it was flush
with the surrounding native cartilage. Finally, a tamp was
used to gently compress the graft until it was flush. The
donor site was filled with subchondral cancellous bone
taken from the recipient area.
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For the knees of the empty control group, no treatment
was performed after the preparation of the osteochondral
defect in the medial femoral condyle.

The knee joint cavity was irrigated with sterile saline,
and the subcutaneous tissue and skin were sutured using
absorbable sutures. The pigs were returned to the animal
center and allowed to bear weight and move freely with-
out any activity restriction. Each pig was injected intra-
muscularly with sodium penicillin (20,000-30,000 units/
kg, Inner Mongolia Federal Animal Protection Drug Co.,
Ltd., China) twice daily for 1 week to prevent postopera-
tive infection.

Gross evaluation

Pigs were euthanized by intravascular injection of pento-
barbital (0.4 ml/kg, Shandong Xinhua pharmaceutical
Co., Ltd., China) at 2 or 4 months postoperatively. All
knee samples were collected. Gross evaluation of the
cartilage surface of the repair tissue was assessed using
the International Cartilage Repair Society (ICRS) scoring
system (Additional file 1: Table S1) [32]. Three joint sur-
geons who were blinded to the treatment methods scored
all specimens individually, and the mean values were
used in analysis.

Radiological evaluation

After euthanasia, the pigs were immediately sent to the
920th Hospital of Joint Logistics Support Force for CT
(United Imaging Healthcare UCT 510, China) and MRI
(United Imaging Healthcare UMR 560, China) examina-
tions. The repair tissue was quantitatively assessed using
the magnetic resonance observation of cartilage repair
tissue (MOCART) scoring system, a widely accepted
scoring system based on MRI [33, 34]. We used a per-
centage-based MOCART scoring system presented by
Quirbach et al. (Additional file 1: Table S2) [35]. Three
senior radiologists who were blinded to the treatment
groups scored the knees individually, and the mean val-
ues were analyzed.

Histological evaluation

Target portions were separated from freshly collected
samples and fixed with 4% polyformaldehyde for 48 h.
After the decalcification of the sample was completed,
it was dehydrated through a graded alcohol series, made
transparent with xylene, soaked in wax, and then embed-
ded. Specimens were cut along the sagittal plane of the
center of the defect area into 10-pum-thick sections using
a hard tissue slicer and placed in an oven at 60 °C over-
night. The sections were deplasticized in dimethoxyethyl
acetate and rehydrated before staining. All samples were
stained with hematoxylin and eosin, safranin-O, and
toluidine blue. Histological evaluation was performed
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using the O'Driscoll histological score (Additional
file 1: Table S3) [36] by three pathologists who were not
involved in the experiment. The three pathologists each
scored the results, and the mean values were used in the
analysis.

Statistical analysis

All results are expressed as mean+standard deviation.
As this was an experimental animal study with a rela-
tively small sample size, the Shapiro—Wilk test was used
to test the normality of the sample data. Statistical analy-
sis was performed using SPSS 22.0 software (SPSS Inc.,
Chicago, Illinois, USA). P values of <0.05 were taken to
indicate statistical significance.

Results

All surgeries were successful, and all postoperative
incisions were healed and free of infection with no
complications.

Empty control

4 months

ADTT
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Gross evaluation

The surfaces of the osteochondral defects were bet-
ter in both the ADTT and OAT groups than the empty
control group and had no hyperemia, edema, or inflam-
matory response at 2 and 4 months postoperatively. In
all knees in the empty control group, the osteochondral
defects had failed to heal by filling fibrous tissue healing
at 2 and 4 months postoperatively. In the ADTT group at
2 months postoperatively, one osteochondral defect was
classified as ICRS grade IV because it showed severely
abnormal healing with a 2-mm-wide, 2-mm-deep, cir-
cular cartilage depression at the center of the defect
(Fig. 1B). The surface cartilage of the grafts in the OAT
group at 2 months postoperatively was good except for
one knee that had graft cartilage protruding approxi-
mately 1 mm from the surrounding articular surface
(Fig. 1C) and one knee that had a slight depression in the
surface cartilage at 4 months postoperatively (Fig. 1F).
The ICRS scores are shown in Table 1.

OAT

Fig. 1 Representative macroscopic images of the empty control, ADTT, and OAT groups at 2 and 4 months postoperatively
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Table 1 ICRS, MOCART, and O'Driscoll histological scores
Score Group 2 months 4 months tvalue P value
ICRS score
ADTT 450+1.29 6.25+222 0.81 048
OAT 1025+0.96 925+3.10 0.78 050
Empty control 1.00+£0.82 2.25+096 1.46 0.24
t value of ADTT-OAT 23.00 1.68
P value of ADTT-OAT 0.00 0.19
MOCART score
ADTT 50.00+12.25 53.75+1843 033 0.76
OAT 80.00+7.07 75.00+4.08 0.93 042
Empty control 16.25+75 20.00+4.08 092 043
t value of ADTT-OAT 3.80 2.03
P value of ADTT-OAT 0.03 0.14
O'Driscoll score
ADTT 112515 16.75+1.71 4.62 0.02
OAT 16.00+1.63 20.00+1.63 283 0.07
Empty control 6.25+2.06 10.75+1.08 312 0.05
t value of ADTT-OAT 9.92 3.15
Pvalue of ADTT-OAT 0.00 0.05

Radiological results

The CT results are shown in Fig. 2. In the empty control
group, there were no visible repair changes in the defect
at 2 and 4 months postoperatively. Healing of the grafted
cancellous bone with surrounding cancellous bone was
better in the ADTT group than in the OAT group. There
was a clear demarcation between the transplanted and
adjacent cancellous bone in the OAT group (Fig. 2]). The
surface of the transplanted cancellous bone was une-
ven in the ADTT group. The MRI results are shown in
Fig. 3, and the MOCART scores are shown in Table 1.

Histological evaluation

The histological results are presented in Table 2 and
Fig. 4. The empty control group showed the worst repair
results. At 4 months postoperatively, the defects in
both the ADTT and OAT groups had good filling and a
repaired cartilage layer with nearly normal thickness. The
O’Driscoll histological scores are shown in Table 1.

Discussion

The primary finding of the present study was that ADTT
achieved comparable results to OAT in terms of the
gross, radiological, and histological outcomes in the
treatment of osteochondral defects in the knees of Dian-
nan small-ear pigs. Furthermore, we confirmed that OAT
achieved good radiological and histological results in the
early postoperative period, while the autologous cartilage
chips took several months to repair the osteochondral

defects in the ADTT group. Finally, our study showed
that the Dian-nan small-ear pig is reliable as a model of
osteochondral defects.

OAT with mosaicplasty was first used to treat knee
cartilage damage in 1992 and was reported in 1994 by
Hangody et al. [37]. OAT is now widely used to treat
osteochondral defects. The best indication for OAT
is small (<2 cm?) cartilage defects or osteochondral
defects [29, 30]. Theoretically, using the patient’s native
cartilage and living bone to treat osteochondral defects
leads to optimal healing and clinical outcomes. Current
evidence shows improved clinical results with OAT for
osteochondral defects treated when compared with pre-
operative conditions. Patients can reportedly return to
sports as early as 6 months after OAT. A long-term (10—
25 years) study showed that knee mosaicplasty achieves
good long-term results in soccer players, with no sig-
nificant decrease in functional scores compared with
other studies even at 20 years postoperatively [8]. Simi-
larly, a retrospective multicenter survey showed good
clinical outcomes at a mean follow-up of 8.7 years (range
5-20 years) after mosaicplasty for talar cartilage repair,
with no deterioration in functional results during long-
term follow-up [38]. OAT has also been investigated in
experimental studies using animal models [39-42]. How-
ever, as these animal studies did not use CT and MRI
to evaluate the repair outcomes, we could not compare
the results with the radiological results. Clinical stud-
ies have evaluated the repair outcome of OAT using the
MOCART score.
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Fig. 2 Representative sagittal and coronal CT images of the empty control, ADTT, and OAT groups at 2 and 4 months postoperatively

Clinical studies have evaluated the repair outcome of
OAT using the MOCART score. Keszég et al. reported
the long-term (10-25 years) outcomes of knee osteo-
chondral autologous transplantation in 73 soccer play-
ers, among 25 patients who underwent MRI at the last
follow-up; the mean MOCART score was 70.8+18.12
(25-95) [8]. As the MOCART scores are based on MRI,
we think that the results would be comparable between

animals and humans. In the present study, the MOCART
scores at 2 and 4 months postoperatively in the OAT
group were 80+7.07 and 75+4.08, respectively, which
are similar to the results reported by Keszég et al. [8].
Although OAT has shown excellent clinical results
and histological outcomes, its disadvantages are also
well known. Because of donor site morbidity, OAT is
typically limited to lesions of less than 2 cm? There are
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4 months

Fig. 3 Representative sagittal and coronal magnetic resonance images of the empty control, ADTT, and OAT groups at 2 and 4 months

postoperatively

many challenges when using OAT with mosaicplasty
for large osteochondral defects. For example, the filling
rate cannot be 100% when more than two osteochon-
dral plugs are used to repair the defect. Thus, there is
inadequate healing of the osteochondral plugs with the
surrounding bone and cartilage when the interface of
the osteochondral plugs is not flush with the interface
of the surrounding articular cartilage, and there is very
often a mismatch between the radius of the curvature
of the osteochondral plug and the surface of the donor
area [30]. These disadvantages have limited the applica-
tion of OAT in clinical practice.

In comparison with OAT, ADTT shows some advan-
tages such as more donor sources of autologous can-
cellous bone and cartilage chips. Cancellous bone can
be derived from the ilium and proximal tibia. Carti-
lage chips can be derived from the non-weightbearing
zones of the knee joint, such as the intercondylar fossa,
or even from other joints or rib cartilage. Furthermore,
bone and cartilage can be taken from osteochondral
fragments in the joint cavity. Therefore, ADTT can be
applied to treat larger osteochondral defects than OAT.
Furthermore, OAT does not allow for compression
of the cancellous bone of the graft, resulting in poor
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Table 2 Histological results of the empty control, ADTT, and OAT groups based on hematoxylin and eosin, safranin-O, and toluidine

blue staining
Treatment group Time- Cartilage layer Cellular morphology Transplant
point boundary
(months)
ADTT 2 Thin, subchondral tidemark was unclear and Small amount of rounded, irregularly chondrocyte, Unclear
discontinuous unevenly distributed
4 Close to normal thickness, tidemark was clearand ~ More hyaline chondrocytes, small number of fibro-  Unclear
continuous blasts, nearly normal cellular morphology
OAT 2 Thin, failed to be flush with the normal, tidemark Uniform arrangement and distribution of chon- Clear
was clear and continuous drocytes
4 Normal thickness, tidemark was clear and continu- ~ Uniform arrangement and distribution of chon- Clear
ous drocytes
Empty control 2 No cartilage layer Small number of fibrocartilages No graft
4 No cartilage layer Small number of fibrocartilages No graft

intercancellous bone healing and sometimes resulting
in a clear demarcation between transplanted and adja-
cent cancellous bone [39]. In contrast, the cancellous
bone in ADTT is implanted under pressure and heals
well with the adjacent cancellous bone, as confirmed in
the present study.

ADTT is an extension of the use of ACC to treat osteo-
chondral lesions. ACC shares similar indications to other
cartilage restoration procedures such as ACI and MACL
The clinical indications of ACC include symptomatic
tibiofemoral or patellofemoral cartilage defects, gener-
ally in patients younger than 55 years [43]. MACI was
approved by the FDA in 2017 in the USA and is currently
the only FDA-approved cell-based cartilage treatment
option [30]. Some animal studies have demonstrated that
ACC achieves results that are superior to the microf-
racture and similar to ACI [27]. A comparative study of
the microfracture versus ACC embedded in fibrin glue
in Goéttingen minipigs concluded that the ACC trans-
plant resulted in better quality cartilage repair tissue at
6 months postoperatively [44]. A study compared the
in vitro results of treatment with allogeneic minced car-
tilage and allogeneic chondrocytes in a rabbit model [45].
Osteochondral defects at the trochlear groove were cre-
ated in 56 rabbits, divided into the defect group, minced
cartilage group (defect filled with allogeneic minced
cartilage), ACI group (defect filled with isolated alloge-
neic chondrocytes embedded in atelocollagen gel), and
atelocollagen with periosteal flap group (defect filled
with atelocollagen gel) [45]. The authors concluded that
implanting minced cartilage embedded in atelocollagen
gel as a single-step procedure has similar outcomes to
ACI but is cheaper and more convenient than ACI [45].
Therefore, the transplantation of ACC may be preferable
to ACI in the treatment of cartilage defects, especially in
countries where ACI/MACI is not available.

Although there is limited clinical evidence on autolo-
gous minced cartilage procedures and ADTT, the avail-
able data support the safety and satisfactory clinical
outcomes of these procedures. Massen et al. [46] ana-
lyzed 27 consecutive patients with chondral or osteo-
chondral lesions of the knee (mean cartilage defect
3.1+1.6 cm? treated using a single-step autologous
minced cartilage procedure. The pain score significantly
decreased from 7.2+1.9 preoperatively to 1.8+1.6 at
2 years postoperatively, while the mean knee function
score improved from 7.2+ 2.0 preoperatively to 2.1+2.3
at 2 years postoperatively [46]. The mean MOCART
score was 40.6+21.1 at 6 months postoperatively [46].
Christensen et al. [31] reported the clinical outcomes of
eight patients (mean age 32+7.5 years) with OCD who
received ADTT. The MOCART score for cartilage tis-
sue repair improved from 22.5 preoperatively to 52.5 at
1 year postoperatively [31]. CT demonstrated very good
subchondral bone healing, with bone filling of >80% in
all eight patients [31]. There were also improvements in
all clinical scores (International Knee Documentation
Committee score, Tegner score, and Knee Injury and
Osteoarthritis QOutcome Scores) [31]. The authors con-
cluded that treatment of OCD with ADTT results in very
good subchondral bone restoration and good cartilage
repair [31]. More high-quality clinical and animal model
studies are required to investigate the value of ADTT for
the treatment of osteochondral defects.

The present study used a porcine model of osteo-
chondral defects because the pig is a reliable model
for studying cartilage repair. The pig joint size, weight
requirements, and cartilage thickness are close to humans
than dogs and smaller animal models. In addition, mini-
pigs have a similar bone apposition rate and trabecular
thickness to human [47]. A previous study showed that
a 6.3-mm-diameter OCD lesion does not spontaneously
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Fig. 4 Histological results of the empty control, ADTT, and OAT groups at 2 and 4 months postoperatively. Slides are stained with hematoxylin and
eosin, safranin-O, and toluidine blue
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heal in the minipig, confirming the applicability of this
pig breed to articular cartilage research [48]. The empty
control group in the present study also demonstrated a
lack of self-healing ability for the 8-mm-diameter and
8-mm-deep osteochondral defects. However, the disad-
vantage of pigs is that they cannot be rested after surgery,
and postoperative weightbearing activities of the knee
may result in the detachment of the gel-fixed minced car-
tilage, leading to poor tissue healing.

Not all of the defects in the present study were well-
healed. At 2 months postoperatively, one knee in the
ADTT group had a circular-like depression of approxi-
mately 2 mm in diameter and 2 mm in depth in the cen-
tral part of the defect; the ICRS score of this defect was
3, Grade IV, which indicates severely abnormal healing.
Many variables determine the quality of the repair tis-
sue after ADTT. Previous in vitro studies have demon-
strated that juvenile cartilage has a greater proliferative
ability than adult cartilage [49]. The use of adult pigs in
the present study (mean age, 19.38 +1.06 months; range
18.0-21.5 months) may be one reason for the poor qual-
ity of the repair tissue. The degree of cartilage fragmenta-
tion is another important factor affecting the quality of
the repair tissue. With both autologous adult and alloge-
neic juvenile chondral fragments, the current standard is
to use 1-2 mm? cartilage pieces [50]. However, the size
of the chipped chondral fragments used in ADTT in the
clinical study by Christensen et al. was 0.25-0.5 mm?
[31]. The smaller the cartilage fragments, the better the
outward chondrocyte migration and the matrix syn-
thesis, resulting in better repair tissue [51]. However, it
is difficult in surgical practice to cut the cartilage into
uniform particles of less than 0.5 mm?®, Additionally, the
postoperative weightbearing conditions without restric-
tions may also contributed to poor healing in the pigs.

The present study has some limitations. The sample
size was small and the follow-up was short. The post-
operative follow-up period is usually between 3 and
24 months when using the pig as a cartilage defect model
to investigate cartilage or osteochondral repair [47].
Additionally, the osteochondral defects were acute rather
than chronic, and there was no biomechanical testing of
the repair tissue. Furthermore, as external brace devices
cannot be used for pigs, there were no limitations on the
range of motion and weightbearing during postoperative
rehabilitation.

Conclusions

We found that both ADTT and OAT are effective treat-
ments for osteochondral defects in weightbearing areas
in the Dian-nan small-ear pig model. Furthermore,
ADTT achieved comparable results to OAT regarding
the gross, radiographic, and histological evaluations of
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the repair tissue. The present findings suggest that ADTT
can be used as an alternative procedure to OAT for treat-
ing osteochondral defects.
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