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A B S T R A C T

Background/Objective: The treatment of anterior cruciate ligament (ACL) partial tear is controversial. The
reconstructive surgery is invasive while the prevalence of subsequent insufficiency after conservative treatment
has been reported to range from 11% to 62%. Therefore, a new method that promotes tissue regeneration is
needed. The aim of this study was to observe the healing of ACL partial tear biomechanically and histologically
after the administration of a thermosensitive hydrogel platelet-rich-plasma (PRP) complex.
Methods: The complex was prepared according to a previously published protocol. One hundred and fifty 12-week-
old male Sprague-Dawley rats were included and they were allocated into 4 groups. Lesion control group (Group
1), treatment group (Group 2), gel-only group (Group 3) and intact group (Group 4). Biomechanical testing,
histological analysis (H&E and immunohistochemical staining) and scoring was performed.
Results: On gross observation, the treatment group showed a continuous ACL with slightly thickened synovium or
a partially healed ACL at 6-week follow up. In the biomechanical testing at 6 weeks after surgery, the failure load
of the treatment group was significantly superior when compared with the lesion control group (52.7�10.8N vs.
41.6�7.8N, p<0.01), but the failure load was not restored to level of the intact group (52.7�10.8N vs.
61.5�9.1N, p¼0.037). The maturity index of wound sites showed no significant inter-group differences at any
timepoints. However, an increased expression of vascular endothelial growth factor (VEGF) and pro-collagen I
was detected.
Conclusion: The thermosensitive hydrogel-PRP was shown to be effective in enhancing the healing of ACL partial
tear in the rat model, and potentially this complex can be used as a treatment for patients with ACL partial tear.
The translational potential of this article: The thermosensitive hydrogel-PRP is potentially translated to clinical use
to treat patients with ACL partial tear by injection under arthroscopy or ultrasound guiding.
Introduction

Among anterior cruciate ligament (ACL) tears, 5–15% are partial
tears [1]. The prevalence of subsequent insufficiency of ACL has been
reported to range from 11% to 62% in cases of nonoperatively treated
partial tears in adults [2]. In a study by Bak et al. [3], only 30% of pa-
tients with partial ACL tears were able to return to the preinjury level of
sporting activity at 5 years follow-up.

For the management of ACL partial tear, different nonoperative and
operative treatment methods, such as immobilisation or bracing, single-
bundle repair [4], and reconstruction of the ACL have been proposed [5].
However, nonoperative treatment resulted in a high risk of deterioration
he Woo Clinical Science Building
Yung).

rm 19 December 2019; Accepted

e) Pte Ltd on behalf of Chinese S
while operative treatment came with extra comorbidity. Therefore, until
now, there was no consensus on the management of ACL partial tear.

This leads to a search for a method that balances both the recovery of
ACL function and also prevents comorbidities. It has been discovered that
platelet-rich plasma (PRP) is effective in the treatment of soft tissue in-
juries, such as hamstring strain, meniscal lesion, and rotator cuff tears
[6]. Therefore, it is reasonable to assume that PRP can also be used as a
bioenhancer for ACL healing. However, on the contrary, it has been re-
ported that the presence of urokinase plasminogen activator found in the
synovial fluid after injury played a key role in the failure of the fibrin–-
platelet provisional scaffold formation hence compromising the healing
of ACL [7–9]. With this dilemma, a material that protects the PRP from
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being compromised by synovial fluid while sustainably releases it to the
injury site would be required.

To protect the healing process from the interference from the synovial
fluid, some authors proposed composite hydrogel, collagen sponge [9,
10], or implanted scaffold [11] to provide the ACL graft a stable chemical
and physical environment. However, the placement of these materials
must be meticulous, or the material may be displaced, leading to a failure
of treatment. A thermosensitive hydrogel, monomethoxypoly (ethylene
glycol)-co-poly (lactic-co-glycolic acid), known as mPEG-PLGA, was
proposed to protect the lesion site from the “hostile” synovial fluid [12].
The mPEG-PLGA gelates around body temperature, so the hydrogel can
easily be injected as a solution onto the injured ACL. The instant gelation
of the hydrogel on the injured ACL at body temperature can eliminate the
risk of displacement. In terms of drug-release, the mPEG-PLGA was
shown to steadily release teicoplanin with a diffusion-controlled mech-
anism, which lasted up to 4 weeks in the treatment of osteomyelitis [12].

The purpose of this study was to observe the effect of the mPEG-
PLGA-PRP complex on the healing of ACL partial tear in a rat model.
We hypothesised that the mPEG-PLGA-PRP complex could restore the
ACL partial tear to normal state both histologically and mechanically.

Methods

The animal experiments in this study were approved by the Animal
Experimentation Ethics Committee at The Chinese University of Hong
Kong (Ref No. 16-194-MIS).

Study design

One hundred and fifty 12-week-old male Sprague–Dawley rats were
included. Their mean body weight was 439.5 g (range, 390–550 g), and
they were allocated into 4 groups. The lesion control group (Group 1)
was evaluated at time 0, 2 weeks, and 6 weeks postoperatively. The
treatment group (Group 2) and the gel-only group (Group 3) were
evaluated at 2 weeks and 6 weeks postoperatively. The sample size in
each of the 7 groups stated was 20, and they were equally divided for
histological and mechanical evaluations. The sample size of the intact
group (Group 4) was 10, and only mechanical testing was performed.
Group 1 was treated with an injection of 1 ml 0.9% saline into the knee
joint; Group 2 was treated with the injection of 1 ml mPEG-PLGA-PRP
complex, as described below. Group 3 was treated with an injection of
1 ml mPEG-PLGA hydrogel on the natural ACL. Group 4 received no
treatment at all.

Preparation of mPEG-PLGA-PRP complex

The mPEG-PLGA diblock copolymer was used to fabricate the
temperature-sensitive hydrogel. The molecular weight ratio of mPEG to
PLGA that we used was 550:1105. The sol-to-gel-to-sol behavior curves at
different concentrations were described well by Peng et al. [12]. The
mPEG-PLGA diblock copolymer was dissolved and blended in 1 � PBS
buffer to a weight percentage of 25%. The buffer was stored in a 4 �C
room for 14 days.

After anesthesia, whole blood was drawn from the femoral vein of the
index rat into a tube containing 300 μL sodium citrate immediately prior
to surgery. Three cubic centimeters of blood was drawn from each ani-
mal. The blood was centrifuged to isolate the PRP fraction at 2100G, 22
�C for 3 min. The supernatant was then transferred to another tube and
centrifuged at 4150G, 22 �C for 6 min. After all the supernatant was
removed, 100 μL was added back to the tube and mixed with the pre-
cipitate. This resulted in an approximately 10X enrichment of the platelet
concentration of the blood.

The PRP was then added to the 100 μL hydrogel, making the PRP:
hydrogel ratio at 1:1 by volume for the complex. The overall concen-
tration of the hydrogel was approximately 12.5%. The gelation temper-
ature was around 36 �C, and the complex was kept on ice until use.
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Surgical technique

Male Sprague–Dawley rats (12 weeks old) were used in this experi-
ment. After general anesthesia with an intraperitoneal injection of a
mixture of xylazine, ketamine, and 0.9% saline (ratio 2:3:3, at a dose of
0.2 ml/100 g body weight), the lower limb was shaved. A 1.5 cm incision
was made to expose the patellar tendon. The patellar tendon was dis-
placed, and fat pad excised to expose the ACL. The ACL lesion was
created by penetrating through the ACL tissue with a 30 G syringe needle
(φ ¼ 0.3 mm), at the femoral insertion site of ACL vertically to the
orientation of ACL (Fig. 1).

The mPEG-PLGA-PRP complex (treatment group), mPEG-PLGA
hydrogel (gel-only group), or saline (lesion control group) was then
injected into the lesion (Fig. 2). The complex gelated within 30 s. The
patella was reduced, and the tissue was sutured in layers. The rats were
allowed free cage movement and Temgesic was administered subcuta-
neously as an analgesic every 24 h for 3 consecutive days postoperatively.
At the designed endpoints, the animals were sacrificed with an intra-
peritoneal injection of overdose pentobarbital. The index knees were
harvested for further evaluation.
Biomechanical testing

All specimens were dissected free of patella, skin, muscle, tendons,
meniscus, and ligaments except ACL. The femur and the tibia were cut 20
mm from the joint line for fixation in an adhesive polymer (1:1:2 of
UREOL 5202-1A, UREOL 5202-1B, Filler DT-082. Ciba Specialty Chem-
icals, Cambridge, UK). The samples were then mounted to a mechanical
testing machine (H25KM, Tinus Olsen, PA, USA) via custom-made jigs
with a 50 N load cell (H25KM, Tinus Olsen) (loadmeasurement accuracy:
þ0.5% of max. load). The jigs were positioned to keep the knee in 60�

knee flexion with natural varus of rat knee at approximately 10�. The
tensile test for failure load was carried out at a crosshead speed of 60
mm/min with a 250 N load cell until an abrupt drop in loading was
detected. Failure load was measured as the maximum force until graft
failure, and the mode of failure was recorded. The stiffness of the sample
was measured as the slope at linear region of the force–displacement
curve.
Histological analysis and scoring system

All specimens were fixed, decalcified, and embedded at 0� of knee
flexion. Paraffin sections, 5 μm thick, along the sagittal plane of the knee,
were collected in groups of 20 consecutive sections. Sections with the
most ACL tissue from each specimen were chosen for hematoxylin and
eosin (H and E) staining and another two sections for immunohisto-
chemical staining for the detection of vascular endothelial growth factor
(VEGF) and pro-collagen I.

Proteins of interest were detected by immunohistochemistry using a
monoclonal antibody (VEGF and pro-collagen I: Abcam, Cambridge,
MA). Antigen retrieval was performed by digesting the sections with
0.1% trypsin solution at 37 �C for 20 min. Subsequently, endogenous
peroxidase activity was blocked by incubation with 0.3% hydrogen
peroxide at room temperature for 30 min. The nonspecific sites were
blocked with 20% goat serum at room temperature for 30 min. The
samples were incubated with the mouse monoclonal antibodies to VEGF
and pro-collagen I overnight at 4� [13]. All sections were examined under
bright field and polarised illumination (Leica Microsystems, Germany).
The wound sites of all chosen sections were scored by two independent
examiners according to a scoring system developed by Murray et al. [9],
the maturity index for the ligament. The index used three criteria to
describe changes during the process of ligament wound healing: cellu-
larity (number, type, nuclear aspect ratio, orientation, and organisation
of cells), vascularity (number, type, and organisation of vessels), and
collagen (bundle width, orientation, and presence of crimp).



Figure 1. The lesion was created by a 30 G syringe needle (φ ¼ 0.3 mm) that penetrated through the ACL tissue at the femoral insertion site of ACL vertically to the
orientation of ACL.

Figure 2. The gross observation of the samples. Group 1, ACLs seemed to be torn and covered with synovium with an anteriorly dislocated knee and severe thickening
of synovium at both 2nd and 6th week. In addition, either a meniscus tear, chondral lesion, or a tibiofemoral osteophyte formation was also found; In Group 2,
although slightly thickened synovium was observed, a continuous ACL or partially healed ACL can also be observed; In Group 3, similar to Group 1, ACLs seemed to be
partially absorbed with few remnant tissues that were enveloped by synovium; In Group 4, all cases were intact ACLs.
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Statistical analysis

Statistical analysis was done with Statistical Package for Social Sci-
ence (SPSS) 16.0 (SPSS Inc, Chicago, USA). For histological scoring,
nonparametric Mann–Whitney U tests were used for comparisons be-
tween time points and between different groups. After checking of
normal distribution by Kolmogorov–Smirnov test, data of failure load
and stiffness were analysed by ANOVA and posthoc Turkey’s HSD. A
significant difference was determined at p < 0.05.

Results

Gross observation inside the knee joint

At a 6-week follow up, ACLs showed different presentations on gross
observation. In Group 1, the ACLs were mostly torn and covered with
185
synovium in the majority of cases. In one case, an anteriorly dislocated
knee and severe thickening of synovium were observed. Meniscus tear,
chondral lesion, or a tibiofemoral osteophyte formation were also found
in subjects. In Group 2, although slightly thickened synovium was
observed in some subjects, a continuous ACL or partially healed ACL was
observed. In Group 3, similar to Group 1, ACLs were partially absorbed
with few remnant tissues enveloped by synovium; In Group 4, all cases
were intact ACLs (Fig. 2).
Biomechanical properties of ACL

At time zero, the failure load of the lesion control was significantly
lower than the intact group (41.6 � 7.8 N vs. 61.5 � 9.1N, p < 0.01),
although there was no significant difference in stiffness (36.3 N/m vs.
30.6 N/m, p¼ 0.197). At 6 weeks, the failure load of the treatment group
was significantly superior when compared with the lesion control group



Table 1
Summary of biomechanical properties of femur-ACL-tibia complexa.

Group Stiffness (N/m) Tensile Strength (N)

Group 1–0wk 36.3 � 11.6 41.3 � 7.5b

Group 1–2wks 47.9 � 10.4c 46.9 � 7.2
Group 1–6wks 30.1 � 7.7 40.3 � 12.5b

Group 2–2wks 32.1 � 13.8 41.6 � 8.1b

Group 2–6wks 35.9 � 10.8 50.1 � 11.7
Group 3–2wks 36.2 � 13.8 45.9 � 13.5
Group 3–6wks 33.6 � 11.5 35.0 � 12.9b

Group 4 35.2 � 12.1 61.9 � 8.5c

wks, weeks; ACL, anterior cruciate ligament.
a All data were expressed as mean � standard deviation.
b Data were significantly lower than the data of Group 2–6wks.
c Data were significantly higher than the data of Group 2–6wks.
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(52.7 � 10.8 N vs. 41.6 � 7.8 N, p < 0.01), but the failure load was not
restored to the level of the intact group (52.7� 10.8 N vs. 61.5� 9.1 N, p
¼ 0.037). The biomechanical data and column figures are shown in
Table 1 and Fig. 3.

Histologic scoring of ligamentous healing

Out of the 32 samples, 6 were excluded from the analysis due to
surgical complications and malalignment during embedding. The sample
size for the histological evaluation was illustrated in Table 2. At 2 weeks
Figure 3. At time zero, the failure load of lesion control was significantly lower than
difference in stiffness (36.3 N/m vs 30.6 N/m, p ¼ 0.197). At 6 weeks, the failure
control group (52.7 � 10.8 N vs. 41.6 � 7.8 N, p < 0.01), but still not restored to t

Table 2
Histological scoring of wound sites for effects of PRP hydrogel on ACL partial teara.

Group Time postoperation Cellularity subscore (max. 10) Collag

No treatment 2 weeks (n ¼ 3) 5.0 (5.0–7.0) 6.0 (0–
6 weeks (n ¼ 4) 5.5 (5.0–7.0) 7.0 (6.

PRP-hydrogel 2 weeks (n ¼ 4) 5.0 (5.0–5.0) 6.0 (2.
6 weeks (n ¼ 6) 5.0 (4.0–7.0) 6.0 (6.

Hydrogel only 2 weeks (n ¼ 4) 6.0 (6.0–6.0) 6.0 (6.
6 weeks (n ¼ 4) 5.0 (5.0–6.0) 6.0 (6.

No significant inter-group difference in the total score and subscores was detected.
a The median score with a range from each experimental group was presented. A h
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postoperation, there was moderate to high cellularity and vascularity in
the PRP-hydrogel group, when compared with the no-treatment control
and gel-only groups. At 6 weeks postoperation, a similar trend was
observed, and the cellularity, collagen alignment, and vascularity had not
returned to the normal level. Results from the histological scoring were
summarised in Table 2 and Fig. 4. Kruskal–Wallis test showed no sig-
nificant difference between groups in both the total score and subscores
(p > 0.05).

Immunohistochemical findings

In Group 1 and 3, procollagen I and VEGF were not identified in the
wound site at 2- and 6-week time points. In Group 2, at 2-week time
point, there was no VEGF present at the wound site. However, at 6-week
time point, increased expression of VEGF was observed when compared
with Group 1 and 3 (Fig. 5). In Group 2, although the procollagen I was
only present after 2 weeks, more oriented and mature procollagen I was
detected at 6-week follow-up (Fig. 6).

Discussion

It has been demonstrated by several preclinical and clinical studies
[14–22] that the natural regeneration of a torn ACL is difficult. A rand-
omised controlled trial reported no difference in outcomes after primary
repair versus conservative treatment of ACL tears [19]. The main factors
responsible for ligament healing can be divided into intrinsic and
intact group (41.6 � 7.8 N vs. 61.5 � 9.1 N, p < 0.01), although no significant
load of the treatment group was significantly improved compared to the lesion
he intact state (52.7 � 10.8 N vs. 61.5 � 9.1 N, p ¼ 0.037).

en subscore (max. 12) Vascularity subscore (max. 6) Total score (max. 28)

10.0) 3.0 (3.0–4.0) 14.0 (9.0–17.0)
0–8.0) 1.5 (0–4.0) 14.5 (14.0–15.0)
0–6.0) 3.5 (3.0–4.0) 14.5 (10.0–15.0)
0–10.0) 3.5 (0.0–4.0) 14.5 (11.0–18.0)
0–8.0) 3.5 (3.0–5.0) 16.0 (15.0–18.0)
0–6.0) 4.5 (3.0–5.0) 16.0 (14.0–16.0)

igher score indicates better healing.



Figure 4. At 2 weeks postoperation, there was moderate to high cellularity and vascularity in the PRP-hydrogel group, as compared to no treatment control and gel
only groups. At 6 weeks postoperation, a similar trend was observed.

Figure 5. In Group 1 and 3, procollagen I and VEGF were not identified in the wound site at 2 and 6-week time points. In Group 2, at 2-week time point, there was no
VEGF present at the wound site. However, at 6-week time point, an increased expression of VEGF was observed compared to Group 1 and 3.

Y. Li et al. Journal of Orthopaedic Translation 24 (2020) 183–189
extrinsic factors. The intrinsic factors referred to the healing capacity
while the extrinsic factors referred to the healing environment. In an
experimental study by Deie et al. [23], the intrinsic healing capacity of
ACL was found to be as high as the semitendinosus tendon. In studies
comparing the healing process of intra- and extra-articular ligament, they
demonstrated that the response to injury is similar for both, but there is a
lack of tissue bridging the rupture site of the intra-articular ligament, and
the disruption of the inflammatory cascade leads to cell immigration and
tissue remodelling by plasmin in the synovial fluid [9,19]. Therefore, the
poor regeneration of ACL appeared mostly attributed to the extrinsic
factors.

A novel biodegradable thermosensitive drug carrier (mPEG-PLGA)
was first developed and optimised by Peng et al. [12,24] and Hu et al.
[25]. According to their findings, the copolymer used in the present study
187
gelates at around 36 �C, and degrades by 70% within 31 days. In Peng
et al.'s research [12], the release of teicoplanin from the gel was steady
and lasted up to 4 weeks. At day 31, the total amount of teicoplanin
release was 70%. The near-linear release of the antibiotic from the
degradable mPEG-PLGA made it a suitable drug-release system. The
thermosensitive hydrogel has several potential advantages. First, with
the sol-to-gel system, the hydrogel is injectable on delivery; thereafter,
the gelation occurs within 30 s at around body temperature. This allows
for the application of the hydrogel in a minimally invasive but efficient
way. Second, the formulation and preparation of the thermos-gelling
system is free of cytotoxicity. In a study by Hu et al. [25]., one month
after the injection of gel into the rabbit’s eyes, the HE staining showed no
abnormal histology for retina tissues. In a comparison between the
treated and untreated groups, no morphological or inflammatory



Figure 6. At 2 weeks postoperation, the procollagen I was merely present. At 6 weeks postoperation, more oriented and mature procollagen I was detected.
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changes were detected. Furthermore, Peng et al. [24] injected hydrogels
with 20, 25, and 30 wt% formulations intracutaneously, and demon-
strated that injection of the BOX hydrogel in rabbits did not show any
skin irritation over 3 days. Third, as shown by previous studies [12,
24–26], the system is of high encapsulation rate for bioactive molecules.
Last, the degradation was also evaluated in vitro, and the gel permeation
chromatography analysis showed up to 70% of the index copolymers
were degraded within the 31-day period via hydrolysis of ester linkages
[12].

A few preclinical studies focusing on the regeneration of ACL partial
tear has been published [9,15,20–22,27]. Kondo et al. [22] treated
midsubstance-laceration type ACL partial tear with transforming growth
factor–β1 mixed with 0.2 mL fibrin sealant. The biomechanical results of
the study group were significantly superior to the control group. How-
ever, the results were not restored to the normal state, which was
consistent with the present study. In the study by Murray et al. [9], the H
and E staining and immunohistochemical findings of the wound site at 3
and 6 weeks revealed similar distributions of protein when compared
with the treated, centrally located ACL partial tear subjects. Oe et al. [20]
compared ACL regeneration between rat groups subjected to
intra-articular injection of fresh whole-bone marrow cells (BMCs),
cultured mesenchymal stem cells (MSCs), or saline. It was shown that the
level of transforming growth factor-β1 of both BMCs andMSCs group was
significantly increased when compared with the saline group. In contrast
to the findings of the present study, the tensile strength in the BMC group
was restored to a near-normal level, whereas a recent 12-month
follow-up study on the regeneration of canine partial cranial cruciate
ligament tear treated with single intra-articular application of
PRP-collagen demonstrated a high likelihood ratio of 19.5 (P ¼ 0.0015)
for progressing to a complete tear within 12-months of diagnosis [28].
Clinical studies regarding the bioenhanced regeneration of ACL partial
tear was also divergent [29]. In most studies, the subjective evaluation
was significantly improved at the final follow up, while the reoperation
rate varied greatly from 8.9% to 36% [17,30–32]. It should be noted that
either the animal researches or clinical studies mentioned above had
encapsulated the bioenhancer with thermosensitive hydrogel, which
solidified at body temperature, for preventing the disruption of the in-
flammatory cascade by the synovial fluid, but as far as we were con-
cerned, this is the first study to adopt the thermosensitive hydrogel-PRP
to enhance the regeneration of ACL partial tear. The advantage of this
mPEG-PLGA-PRP complex was bifold. First, as mentioned above, this
complex was capable of gelation at the body temperature of rat, which
was beyond the property of saline or collagen that was utilised as a
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medium or capsule of a bioenhancer. Second, PRP has already been used
in clinical practice for the treatment of humeral lateral epicondylitis,
tendinopathy, or other sports-related injuries [26]. PRP can be easily
produced from the patients’ venous blood by the commercialised facility.
Although MSCs, transforming growth factor-β1 or other cytokines, were
as effective as PRP, the extraction of these factors was much more
complicated than PRP. As PRP works by a similar mechanism, the in-
duction of cell proliferation and angiogenic factors, it seemed that PRP is
more cost-effective.

In the present study, the outcome of the subjects in the hydrogel-PRP
group was biomechanically superior to the hydrogel group, and the
functional healingmarkers procollagen I and vascular endothelial growth
factor (VEGF), were detected in the study group within the wound site; it
appeared that platelets and their subsequent release of growth factors is
critical to a functional healing response in the ACL partial tear [33]. This
finding was supported by several basic studies, which showed that PRP
contained growth factors, such as VEGF, insulin-like growth factor-1
(IGF-1), transforming growth factor-1 (TGF-1), and platelet-derived
growth factor type BB (PDGF-BB). These growth factors may benefit
the healing response by the induction of cell proliferation and angiogenic
factors [26,34]. There are three phases of tendon healing, the initial in-
flammatory phase, the proliferative phase, and the remodelling phase
[35]. The final stage of the remodelling begins approximately 6 weeks
after injury with a decrease in the cellular and vascular content of the
callus tissue, and an increase in collagen type I content and density [36].
The time point of the final remodelling phase may explain the incomplete
restoration of tensile strength in the study group of the present study.

The maturity index of the wound site ranged from 11 to 18 in the
treatment group, which was not significantly different from the control
group. This finding was consistent with Murray’s results [9]. Since the
index was designed to evaluate the maturity of tissue, and the maturation
may proceed without the effect of the hydrogel-PRP. As reported by
Murray et al. [9], other than the incorporation of cellular, vascular, and
collagen property, it is the filling percentage of the wound site that
determined the outcome of maturation.

The first limitation of the present study is that we did not observe the
mechanism of PRP in enhancing ACL partial tear healing at the genetic
level. Second, it should be acknowledged that the molecular weight of
teicoplanin and BMP-2 that were previously used with mPEG-PLGA
hydrogel was relatively small, so the releasing property of PRP might
be different. Moreover, the follow-up time of six weeks is relatively short,
as the final remodelling phase usually completes in no less than 3months.
Last, although the maturity index is a reliable system for evaluating tissue



Y. Li et al. Journal of Orthopaedic Translation 24 (2020) 183–189
maturation, a revised system that contains tissue maturation, degenera-
tion, and regeneration may be required for the assessment of wound
healing. Furthermore, in the current system, vascularity and cellularity
score have time limits. In the early stages, increased cellularity and
vascularity may have a positive effect on promoting healing, but if
vascularity and cellularity remain high at the remodelling and matura-
tion phase, it is not beneficial for the regeneration of ligament-like tissue.
So, the revised scoring system should be stage-specific, and only some
items apply to the early healing stages.

In conclusion, the thermosensitive hydrogel-PRP is effective in
enhancing the healing of ACL partial tear in a rat model. The tensile
strength of the treatment group significantly improved when compared
with the control group, but not restored to the level of the normal state,
and more VEGF and pro-collagen I were detected in the treatment group
at 6-week follow-up. All groups shared similar levels of tissuematuration.

In terms of clinical relevance, the thermosensitive hydrogel-PRP can
be a potential treatment for patients with ACL partial tear if the biosafety
and ethics issue can be approved. The application of this complex will
transform the treatment of ACL partial tear from a treatment dilemma to
a time-saving and economic case as ultrasound or arthroscopy-guided
injection.
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