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Background: Despite the advantages of excellent mechanical properties for rapid return to sports and early
rehabilitation after anterior cruciate ligament (ACL) reconstruction with polyethylene terephthalate (PET)
artificial ligament, the graft failure rate during long-term follow-up is relatively high due to poor graft-host
incorporation. The purpose of the present study was to investigate the effect of autologous tissue-engineered
PET (ATE-PET) grafts on osseointegration and ligamentization after ACL reconstruction.

Methods: Forty-eight New Zealand white rabbits were randomly divided into PET group (n=24) and ATE-
PET group (n=24). In the ATE-PET group, the rabbits initially underwent subcutaneous implantation of
the PET ligament. Two weeks later, unilateral ipsilateral ACL reconstruction was performed using an ATE-
PET graft. In the PET group, the rabbits underwent ACL reconstruction using PET grafts as controls.
Macroscopic observation, micro-computed tomography, histological and immunofluorescent staining, and
biomechanical tests were conducted to evaluate the effects at 4 and 12 weeks postoperatively.

Results: The ATE-PET graft was highly pre-vascularized with myofibroblast aggregation after two weeks
of subcutaneous implantation. With regard to the intraosseous part of the graft, the ATE-PET group had
significantly higher bone mineral density and bone volume/total volume ratio at 12 weeks. Histologically,
the width of the interface between the graft and bone was smaller. Regarding the intra-articular part,
thicker tissue coverage with a glossy appearance was observed in the ATE-PET group at 12 weeks on
macroscopic observation. Histological staining also showed more collagen fibers grew in the grafts with
fewer inflammatory reactions of the ATE-PET group at both 4 and 12 weeks. Immunofluorescently, both
a-SMA-positive vessels and a-SMA-positive myofibroblasts were found to be significantly greater around
the graft in the ATE-PET group at 4 weeks and markedly declined at 12 weeks. Moreover, the ATE-PET
group presented significantly greater failure load and stiffness than the PET group at 12 weeks (53.7£5.4 vs.
42.5+4.5 N, P<0.01; 12.9+3.0 vs. 9.8+1.3 N/mm, P=0.04).

Conclusions: The ATE-PET artificial ligament with pre-vascularization and myofibroblast aggregation
could effectively accelerate intra-articular graft ligamentization and intraosseous graft osseointegration, thus

enhancing the biomechanical properties after ACL reconstruction in a rabbit model.
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Introduction

Anterior cruciate ligament (ACL) rupture is a very common
pathology in the field of sports medicine. It causes great
instability, loss of motion, and further degenerative diseases
of the knee (1-3). ACL reconstruction is considered as
the standard treatment for ACL rupture. Autografts and
allografts are main choices for surgical ACL reconstruction
in clinical practice (4). However, these grafts have some
drawbacks, such as donor site morbidity of autografts,
potential disease transmission, and allergic reactions
derived from allografts (5,6). Moreover, the autografts and
allografts undergo a period of biological transformation.
The mechanical strength of the graft at the early healing
phase becomes significantly lower than that at the time of
implantation. This compromises the early and intensive
rehabilitation phase, which could lead to graft failure after
surgery.

The Ligament Augmentation Reinforcement System
(LARS) is the most commonly used synthetic device in ACL
reconstruction. It consists of fibers made of polyethylene
terephthalate (PET) (7). Despite the advantages of high
tensile strength for rapid return to sports and early
rehabilitation postoperatively, LARS leads to a relatively
high rate of graft failure in the medium- and long-term
follow-up (8). Recently, studies showed that the failure rate
of ACL reconstruction with LARS was 33.3% at a mean
follow-up of 3.9 years and 31% at a mean follow-up of
9.5 years (8,9). There are several possible reasons for the
high failure rates of LARS devices. These include issues
related to surgical techniques, such as inappropriate bone
tunnel or screw positions (3). There are also mechanical
factors, including inadequate fiber abrasion resistance or
flexural and rotational fatigue (10). In addition, biological
factors, such as foreign body synovitis or poor biological
integration, may account for the high failure rates (8).
Among these reasons, poor biological integration in
the bone tunnels and articular cavity is thought to be
the primary issue (11). Therefore, it is imperative to
improve the biocompatibility of PET, and to accelerate
the osseointegration of the intraosseous part and the
ligamentization of the intra-articular part of LARS devices
after ACL reconstruction.

Several studies have focused on the surface modification
of PET artificial ligaments with bioactive substances, such
as calcium phosphate, silk fibroin, and bioglass, for ACL
reconstruction (12-14). However, the weak adhesive strength
of these substances to PET and the potential biotoxicity
of modification techniques prevent their implementation
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in clinical practice (15). Moreover, ACL remnant
preservation (16), enhancement with periosteum patch (17),
and combination with autologous tendon (18) have been
reported to be applied for ACL reconstruction with PET
artificial ligaments. Although these strategies are clinically
feasible, the incorporation of the PET graft and host is
still not perfect after ACL reconstruction. In recent years,
multiple strategies based on tissue engineering have been
applied to form a functional microvasculature with the host,
thus improving graft or scaffold incorporation to deliver
promising results (19,20). Rapid pre-vascularization based
on tissue engineering is very important for the survival of
transplanted scaffolds and grafts. It has been reported that an
in vivo engineered pre-vascularization strategy can utilize the
body itself as a bioreactor to form new blood vessels within
the implanted scaffolds for skin and bone tissue regeneration,
which is promising for clinical applications (21,22).

Inspired by this strategy, in the present study, the PET
ligament was implanted subcutaneously and underwent
in vivo autologous tissue engineering. We aimed to
investigate the effects of autologous tissue-engineered
PET (ATE-PET) grafts on osseointegration and
ligamentization after ACL reconstruction in an animal
study. It was hypothesized that the pre-vascularized PET
graft with ATE preprocess might have positive effects
on the osseointegration and ligamentization processes,
thus improving the biomechanical properties of the
reconstructed ACL. The findings from our study may
inform the treatment of ACL rupture in clinical practice.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-8048).

Methods
Study design and procedure

The PET ligament was obtained from LARS. Forty-eight
skeletally mature male New Zealand white rabbits (weight,
2.7-3.5 kg) were randomly divided into the PET group
(n=24) and ATE-PET group (n=24). Randomization was
achieved by using online random number generators. All
animal experiments were approved by the Animal Care and
Experiment Committee of Shanghai Jiao Tong University
(No.: 201018) and were conducted in accordance with
the local animal care guidelines. Under standardized
environmental conditions, the rabbits were housed in
separate cages with free access to water and food. The room
temperature was maintained at 25=2 °C.
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Figure 1 Schematic diagram of ACL reconstruction with subcutaneously implanted ATE-PET or pure PET graft. Yellow arrowheads

indicate the proximal end of ATE-PET graft. Sub-implantation, subcutaneous implantation; ATE, autologous tissue-engineered; PET,

polyethylene terephthalate; ACLR, ACL reconstruction.

In the ATE-PET group, all rabbits initially underwent a
minimally invasive procedure of subcutaneous implantation
with PET ligaments (Figure I). Specifically, after anesthesia
was induced by intramuscular injection of 0.8 mL of
xylazine hydrochloride and 0.8 mL of diazepam, a minimal
incision was made on the medial side of the proximal tibia.
One end of the PET ligament was sutured to the tibial
insertion of the medial collateral ligament (MCL), and the
entire ligament was implanted subcutaneously with blunt
separation of tissues. Two weeks later, unilateral ipsilateral
ACL reconstruction was performed using an ATE-PET
graft. Briefly, after a medial parapatellar arthrotomy was
created, the patella was dislocated outward to expose the
knee joint and the ACL. The native ACL was removed
from the insertion sites, and 2.5-mm-diameter tibial
and femoral tunnels were established along the original
ACL footprint with an orthopedic drill. Then, the ATE-
PET graft was carefully blunted from the distal end using
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a designed tendon extractor of 2.5-mm-diameter with
the proximal one fixed on the MCL. Following this, the
distal end of the graft was pulled into the tibial tunnel and
passed through the femoral tunnel using a PDS-II suture
(Ethicon, Puerto Rico, USA). Both ends of the graft were
sutured with the adjacent periosteum and soft tissue, and
the wound was closed layer by layer. In the PET group, all
rabbits underwent ACL reconstruction with a PET graft
of the same diameter (2.5 mm), without subcutaneous
implantation preprocesses as controls.

Postoperatively, the animals were returned to their cages
without immobilization. Penicillin (400,000 U, muscle
injection) was administered daily for 3 days. Twelve rabbits
from each group were sacrificed at each time point (4 or
12 weeks) after ACL reconstruction for further evaluations,
including macroscopic observation, micro-computed
tomography (CT) analysis, histological assessment,
immunofluorescence imaging, and biomechanical testing.

Ann Transl Med 2021;9(9):770 | http://dx.doi.org/10.21037/atm-20-8048



Page 4 of 13

Micro-CT analysis

After sacrificing the rabbits at 4 and 12 weeks, the graft-
tibia complex samples (n=6 per group and time point) were
fixed in 10% formalin for 48 h. The samples were scanned
perpendicular to the long bone axis at a spatial resolution
of 18 pm (1 mm aluminum filter, 65 KV, 378 pA) using a
Skyscan 1176 micro-CT imaging system (Bruker, Kontich,
Belgium). To analyze the bone mineral density (BMD) and
bone volume/total volume ratio (BV/TV) of the proximal
end of the tibial tunnel or the distal end of the femoral
tunnel, cylindrical regions of interest (4 mm in diameter and
4 mm in height) were applied as previously reported (23).

Histological assessment

After the micro-CT scan, the samples were decalcified
at room temperature in 10% ethylenediaminetetraacetic
acid for 4 weeks. After dehydration and embedding
in paraffin, the samples were sectioned at a thickness
of 5 pm perpendicular to the longitudinal axis of the
intraosseous part of the graft using a microtome (SM2500;
Leica, Nussloch, Germany). Furthermore, the samples
of subcutaneously implanted ATE-PET ligament after
2 weeks and the intra-articular part of the graft were also
sectioned perpendicular to the longitudinal axis. All sections
were stained with hematoxylin-eosin (H&E) and Masson
trichrome and were observed under an inverted light
microscope (IX71SBF-2, Olympus Co., Japan). Digital
images were obtained using a DP Manager (Olympus
Optical Co., Japan). Further semiquantitative analyses of
the intraosseous and intra-articular sections were performed
using Image-Pro Plus 6.0 software (Media Cybernetics,
Silver Spring, MD, USA) by two independent observers
blinded to the intervention and group allocation. H&E
staining was used to evaluate intraosseous graft-to-bone
integration by measuring the average interface width
between the bone and graft (11,24). Each section was
divided into four quadrants to determine the interface
width, which was measured as the distance between the
edge of the bone tunnel and the outer graft. Four separate
measurements were made in each quadrant for a total of 16
measurements for each specimen. The interface width was
then determined by averaging these values, and a smaller
interface width indicated better graft-to-bone integration.
Moreover, Masson’s trichrome staining was performed to
localize the collagen distribution in the regenerated tissues
of the intra-articular region (25). In this assay, blue staining
indicated the presence of collagen fibers. The collagen
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volume fraction (CVF) was calculated as follows: CVF (%)
= collagen area/total area x100%. Each section was divided
into four quadrants, and data were averaged from a total of
four measurements for each specimen.

Immunofluorescence imaging

Immunofluorescence staining against a-SMA was
performed to detect vascular smooth muscle cells (26)
and myofibroblasts (27), according to the manufacturer’s
protocol. Briefly, after dewaxing, rehydration, and antigen
retrieval, the sections were blocked with 2% bovine
serum albumin in phosphate buffer saline (PBS) for 1 h.
Sections were incubated with anti-a-SMA antibody (Arigo
Biolaboratories, Taiwan, China) overnight at 4 °C and
then with goat anti-mouse secondary antibody labeled
with Alexa 488 (Molecular Probes, Invitrogen, Carlsbad,
CA) for 1 h at 37 °C. At the end of the incubation period,
the sections were washed with PBS and counterstained
with DAPI (Life Technologies, CA, USA). Images were
observed using fluorescence microscopy (IX53, Olympus)
for further semiquantitative analysis. For each section of the
intraosseous or intra-articular part, six random fields of view
(FOV) around the graft were randomly selected, and a-SMA
positive vessels and myofibroblasts were counted by two
independent observers using Image-Pro Plus 6.0. (27,28).
The positive ellipse was an a-SMA-positive vessel, and the
positive spindle cell was an 0-SMA-positive myofibroblast.

Biomechanical test

The graft-tibia complex samples (n=6 per group and time
point) were harvested and prepared for biomechanical
testing immediately after sacrifice. After the soft tissues,
except for the graft, were carefully removed from the
samples, mechanical testing was performed using an
electronic universal material testing system machine
(AGS-X, Shimadzu, Co., Japan). After a preloading of 1 N,
a load displacement rate of 5 mm/min was applied to the
samples until the graft was ruptured or pulled out of the
bone tunnel. The ultimate failure load and stiffness were
recorded based on the load—deformation curves.

Statistical analysis

Continuous data were presented as the mean + standard
deviation. The Shapiro-Wilk test was used for the normality
test, and the Levene test was used for homogeneity of
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Figure 2 Representative images of the subcutaneously implanted PET by (A) H&E, (B) Masson Trichrome staining and (C)

immunofluorescence of a-SMA-positive myofibroblasts (red arrows) and vessels (while arrows) in ATE-PET groups before ACL

reconstruction. Bar: 50 pm, 1 mm (inset). G, graft; ATE, autologous tissue-engineered; PET, polyethylene terephthalate; ACL, anterior

cruciate ligament.

variances. According to the normality and homogeneity
of variances, the Student’s #-test or nonparametric Mann-
Whitney U test was used to analyze the differences between
the two groups. Data analysis was performed using SPSS
19.0 software (IBM, Chicago, IL, USA), and a two-side P
value of <0.05 was considered statistically significant.

Results
The bistology and immunofluorescence of ATE-PET

As shown in Figure 2, there was obvious cell and tissue
ingrowth into the subcutaneously implanted PET graft,
indicating that the PET graft was firmly incorporated into
the host tissues. Moreover, the expression of a-SMA-positive
vessels and myofibroblasts was detected around the graft,
suggesting adequate pre-vascularization and myofibroblast
aggregation of the ligament before ACL reconstruction.

Macroscopic observation of ACL reconstruction

As shown in Figure 3, there was little synovial coverage of
the graft in the PET group, while some synovial tissues with
fewer inflammatory reactions were observed in the ATE-
PET group at 4 weeks after ACL reconstruction. At 12
weeks, there was slight synovial coverage with a progressive
inflammatory reaction in the PET group. In contrast, thick
tissue coverage with a glossy appearance was observed in
the ATE-PET group.

Micro-CT analysis

At 4 weeks after ACL reconstruction, no significant
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differences were detected in the BMD and the BV/TV of
the femoral and tibial bone tunnels between the PET and
ATE-PET groups (Figure 4). At 12 weeks, the ATE-PET
group presented significantly higher BMD in both the
femoral tunnel (P<0.01) and tibial tunnel (P=0.01) compared
with the PET group. Similarly, the BV/TV of both the
femoral tunnel (P=0.02) and tibial tunnel (P=0.02) were also
significantly higher at 12 weeks in the ATE-PET group.

Histological assessment

Histological assessment was conducted at both the
intraosseous and intra-articular parts. Cell infiltration and
collagen fiber density increased in the intra-articular part of
the graft from week 4 to 12 postoperatively in both groups
(Figure 5). However, more collagen fibers growing into the
graft with fewer inflammatory reactions were observed in
the ATE group. Furthermore, the CVF in the ATE-PET
group was significantly greater than that in the PET group
at both 4 (P<0.01) and 12 weeks (P<0.01), suggesting better
collagen formation and remodeling in the ATE-PET group.

With regard to the intraosseous part of the graft, obvious
graft-to-bone interfaces were observed in both groups at
4 weeks with fibrovascular tissue (Figure 64,B), and no
significant difference was found in terms of average interface
width (Figure 6C, P=0.45). At 12 weeks, the interface width
between the host bone and graft was significantly smaller
in the ATE-PET group (P<0.01), and more collagen fibers
infiltrated into the graft.

Immunofluorescence imaging

At the intra-articular part of the graft, more a-SMA-
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Figure 3 Macroscopic observation of the intra-articular graft in the PET and ATE-PET groups at 4 and 12 weeks after ACL reconstruction.

PET, polyethylene terephthalate. ATE, autologous tissue-engineered.
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Figure 4 Micro-CT analysis of the bone tunnel at 4 and 12 weeks postoperatively. (A) BMD at the femoral and tibial sides and the (B) BV/TV
at the femoral and tibial sides for ACL reconstruction in the PET and ATE-PET groups at 4 and 12 weeks postoperatively. “P<0.05, **P<0.01.
BMD, bone mineral density; BV/TV, bone volume/total volume ratio; PET, polyethylene terephthalate; ATE, autologous tissue-engineered.
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Figure 5 Representative images of the intra-articular part of the graft by (A) H&E staining and (B) Masson Trichrome staining in the PET
and ATE-PET groups at 4 and 12 weeks postoperatively; (C) collagen volume fraction of regenerated tissues in the intra-articular part of
graft. Bar: 100 pm. **P<0.01. PET, polyethylene terephthalate. ATE, autologous tissue-engineered. G, graft.

positive vessels and a-SMA-positive myofibroblasts were
observed in the ATE-PET group at 4 weeks postoperatively
(both P<0.01) (Figure 7). From 4 (early stage) to 12 weeks
(late stage), both vessels and myofibroblasts decreased in
number in the ATE-PET group and increased in the PET
group. Compared with the PET group, the number of
a-SMA-positive myofibroblasts in the ATE-PET group was
significantly lower at 12 weeks postoperatively (P<0.01).

At the intraosseous part of the graft, the numbers
of a-SMA-positive vessels and myofibroblasts were
significantly greater in the ATE-PET group at 4 weeks
(both P<0.01) (Figure 8). Moreover, at 12 weeks, the
numbers of a-SMA-positive vessels and myofibroblasts were
significantly smaller in the ATE-PET group than those in
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the PET group (P<0.01).

Biomechanical testing

All specimens failed by pull-out from the bone tunnels,
and no graft rupture occurred. As shown in Figure 9, the
failure load (N) and stiffness (N/mm) were not significantly
different in the ATE-PET and PET groups at 4 weeks
postoperatively (19.9+3.6 vs. 19.2£2.4 N, P=0.71; 7.1+1.2
vs. 7.0£0.9 N/mm, P=0.81, respectively). However, at
12 weeks, the ATE-PET group presented significantly
greater failure load and stiffness than the PET group
(53.7£5.4 vs. 42.5+4.5 N, P<0.01; 12.9+3.0 vs. 9.8+1.3 N/mm,
P=0.04, respectively).
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Figure 6 Representative images of the intraosseous part of graft by (A) H&E staining and (B) Masson Trichrome staining in the PET and

ATE-PET groups at 4 and 12 weeks postoperatively; (C) quantification of the interface width between the bone and graft. Bar: 100 pm.

**P<0.01. PET, polyethylene terephthalate; ATE, autologous tissue-engineered; IF, interface. B, bone, G, graft.

Discussion

The main disadvantage of the PET artificial ligament is its
hydrophobicity, which is unfavorable for tissue ingrowth
and graft vascularization, leading to poor incorporation
into the host. In the present study, with a subcutaneous
implantation preprocess before ACL reconstruction, the
ATE-PET graft was highly pre-vascularized, along with
myofibroblast adhesion and collagen fiber ingrowth. It was
demonstrated that the ATE-PET graft accelerated graft
ligamentization and osseointegration processes after ACL
reconstruction.

With regard to the intra-articular part of the graft, the
positive effect of autologous tissue engineering on graft

© Annals of Translational Medicine. All rights reserved.

ligamentization was identified. More collagen infiltration
was found at both 4 and 12 weeks, which was beneficial for
graft ligamentization. Furthermore, in the analysis of the
intraosseous part of the graft, the interface width between
the graft and bone in the ATE-PET group was significantly
smaller than that in the PET group at 12 weeks, suggesting
that the bone tunnel enlargement was antagonized in the
ATE-PET group after ACL reconstruction compared with
that in the PET group. Meanwhile, with the quantification
of graft osseointegration in the bone tunnel by micro-CT, it
was proven that the BMD and BV/TV around both femoral
and tibial tunnels in the ATE-PET group were significantly
higher than those in the PET group. Owing to the
superiority in both intra-articular graft ligamentization and
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Figure 7 Immunofluorescence imaging and quantification of a-SMA expression at the intra-articular part of the graft at 4 and 12 weeks

postoperatively. (A) Representative images of the intra-articular part of the graft by immunofluorescence of a-SMA-positive myofibroblasts

(red arrows) and vessels (white arrows) in the PET and ATE-PET groups at 4 and 12 weeks postoperatively. (B) Quantification of the

a-SMA-positive vessels and myofibroblasts. Bar: 100 pm. **P<0.01. PET, polyethylene terephthalate. ATE, autologous tissue-engineered.

a-SMA, a-smooth muscle actin. G, graft. FOV, field of view.

intraosseous graft osseointegration, the ATE-PET group
showed better biomechanical performance in failure load
and stiffness than the PET group at 12 weeks after surgery.
It is widely acknowledged that successful ligamentization
and osseointegration processes after ACL reconstruction are
markedly difficult, and these are associated with the early
inflammatory response of the micro-environment and host-
versus-graft reaction (29-31). In addition, inflammatory
reactions contribute to the degradation of the extracellular
matrix (ECM) within the healing site, thus affecting graft
incorporation and remodeling (31-33). We performed
subcutaneous implantation of the PET graft to avoid the
early inflammatory response of the host-versus-graft in
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both the bone tunnel and intra-articular environment.
As a result, the ATE-PET group showed obviously less
inflammatory reaction on macroscopic observation after
ACL reconstruction. Moreover, we observed better cell
ingrowth and tissue infiltration along with more ECM
accumulation around the graft on histological assessment,
suggesting that the subcutaneous implantation preprocess
could effectively reduce inflammation during the early
healing phase and thus accelerate the graft incorporation
and remodeling processes.

Adequate vascularization is beneficial for the
delivery of nutrients and oxygen for cell ingrowth
and matrix accumulation during the early phase after
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Figure 8 Immunofluorescence imaging and quantification of a-SMA expression at the intraosseous part of the graft at 4 and 12 weeks

postoperatively. (A) Representative images of the intraosseous part of the graft by immunofluorescence of a-SMA-positive myofibroblasts

at the interface (red arrows) and vessels (white arrows) in PET and ATE-PET groups at 4 and 12 weeks postoperatively. (B) Quantification

of the a-SMA-positive vessels and myofibroblast cells. Bar: 100 pm. **P<0.01. PET, polyethylene terephthalate. ATE, autologous tissue-

engineered. G, graft. 0-SMA, o-smooth muscle actin. FOV, field of view.

ACL reconstruction, which plays a vital role in graft
ligamentization and osseointegration. Liu et a/. reported
that a hamstring tendon graft with intact tibial insertion
could preserve enough blood supply in the early stage, and
such a vascularized graft promoted the ligamentization
and osseointegration processes after ACL reconstruction
in a rabbit model (34). Despite such a positive effect, over-
stimulation of vascularization at the late healing stage is not
appropriate, as it may cause pathological fibrosis (35-38).
“Pre-vascularization,” as a newly emerged concept in tissue
engineering, emphasizes the pre-formed functional vascular
networks with grafts or scaffolds embedded prior to their
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implantation, which enhances the graft connection to the
host vascular system (22). The novelty of our study lies in
the fact that a PET graft, with preliminary subcutaneous
implantation, underwent an autologous tissue engineering
process and became highly pre-vascularized. When ACL
reconstruction was performed with this pre-vascularized
graft, the a-SMA-positive vessels in both the intra-articular
and intraosseous parts were significantly greater in the
ATE-PET group than in the PET group at 4 weeks,
suggesting more blood supply during the early healing
phase. Furthermore, the number of a-SMA-positive vessels
markedly declined at 12 weeks in the ATE-PET group,
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Figure 9 Biomechanical results at 4 and 12 weeks postoperatively. (A) Failure load and (B) stiffness of the femur-graft-tibia complex
after ACL reconstruction at 4 and 12 weeks postoperatively in the PET and ATE-PET groups. *P<0.05; **P<0.01. PET, polyethylene

terephthalate. ATE, autologous tissue-engineered.

indicating that vascularization receded, which, to some
extent, prevented fibrogenesis and scar formation at the
healing site.

Moreover, a-SMA-positive myofibroblasts exist in the
normal ligaments and tendons (39) and play an important
role in the healing process after ACL reconstruction.
Myofibroblasts contributed to collagen production and fiber
bundle formation at the early phase of graft remodeling
(27,39) and helped organize Sharpey-like fibers at the
graft-to-bone interface (27). In our study, the ATE-PET
graft was populated with myofibroblasts before ACL
reconstruction. The level of a-SMA-positive myofibroblasts
was significantly higher at the graft-to-bone interface in the
ATE-PET group in the early stage (4 weeks after surgery)
than in the PET group. However, at 12 weeks after surgery,
the number of a-SMA-positive myofibroblasts decreased in
the ATE-PET group and was significantly lower than that
in the PET group. Analogously, the biological trend of the
number of a-SMA-positive myofibroblasts around the intra-
articular part of the graft was consistent with that at the
intraosseous part during the healing process. Sun et /. also
found similar fluctuations in 0-SMA-positive myofibroblasts,
which facilitated the ligamentization and osseointegration
processes after ACL reconstruction with autografts in a rat
model (27). In our study, myofibroblasts also had a positive
effect on graft ligamentization and osseointegration. As two
major functions of fibroblasts are to establish the ECM and
to remodel the graft, this fluctuation might indicate that
the differentiation and proliferation of myofibroblasts first
participate in tissue regeneration and then withdraw after
successful ECM remodeling.

© Annals of Translational Medicine. All rights reserved.

The study was not without limitations. First, a rabbit ACL
reconstruction model is a proof-of-concept model that may
not fully simulate human physiological environments and
mechanical conditions. Large animal models, such as pigs
or canines, are needed for further evaluation before clinical
trials. Furthermore, a longer observation time is needed to
further evaluate the effects of the ATE-PET graft. Finally,
whether the subcutaneous implantation preprocess of the
PET graft will cause side effects at the implanted site, such as
pain and dysfunction, needs to be identified.

Conclusions

This study developed an ATE-PET artificial ligament with
pre-vascularization and myofibroblast aggregation. This could
effectively accelerate intra-articular graft ligamentization
and intraosseous graft osseointegration, thus enhancing the
biomechanical properties after ACL reconstruction in a
rabbit model. Therefore, the autologous tissue engineering
preprocess could be considered as a potential strategy to
improve clinical outcomes and decrease the failure rate of
artificial ligaments during ACL reconstruction.
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