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Abstract

Introduction. This study aims to compare the effects of platelet-rich plasma (PRP) alone versus PRP combined with hyaluronic acid and collagen supplements in promoting
healing after anterior cruciate ligament (ACL) reconstruction surgery.

Materials and Methods. Data from 140 patients undergoing arthroscopic ACL reconstruction (January 2022-January 2024) were analyzed. Participants were divided into
a PRP group (n=70) and a combination group (PRP + hyaluronic acid + collagen, n=70). Both groups received their respective treatments during surgery and followed a
standardized rehabilitation regimen. Outpatient follow-ups occurred at 1, 2, 3, 6, and 12 months post-surgery. Objective assessments included Visual Analog Scale (VAS),
Lysholm, and International Knee Documentation Committee (IKDC) scores. Thigh and calf circumferences were measured preoperatively and on postoperative day 3. MRI
scans at 12 months assessed tendon-to-bone healing.

Results. At the 12-month follow-up, the combination group showed significantly greater improvements in Lysholm and IKDC scores, and lower VAS scores compared to the
PRP group at all postoperative time points (p < 0.05). The combination group also exhibited significantly smaller increases in thigh and calf circumference postoperatively (p
< 0.05), indicating less swelling. MRI results revealed significantly better tendon-bone healing grades in the combination group (p < 0.05). No complications were reported
in either group.

Conclusions. PRP combined with hyaluronic acid and collagen significantly enhances knee function recovery, reduces pain and swelling, and promotes tendon-bone heal-

ing after ACL reconstruction compared to PRP alone.
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1. Introduction
Anterior cruciate ligament (ACL) tear is one of the most prevalent
sports-related injuries, frequently resulting in a failure to regain
pre-injury athletic capabilities, consequently reducing the
individual’s overall well-being [1]. The synovial tissue surrounding
the ACL prevents the formation of a stabilizing blood clot at the
rupture site, thereby inhibiting spontaneous healing [2]. This
inability to self-repair can subsequently lead to secondary injuries,
such as meniscal tears and the development of osteoarthritis.
Currently, ACL reconstruction surgery is the undisputed
surgical option for treating ACL ruptures, especially for young
and active patients [3]. However, with current techniques,
patients who undergo ACL reconstruction surgery rarely regain
their original knee function, and there is a risk of re-rupture
of the reconstructed ACL and early onset of osteoarthritis
postoperatively [4]. Autologous hamstring tendon grafting
is among the most commonly used graft materials in clinical
practice, particularly valued for its minimal surgical trauma, ease
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of harvest, and minimal impact on knee extension structures,
which facilitates early postoperative rehabilitation [5]. Although
bone-patellar tendon-bone autografts are another popular
option, hamstring tendons are often preferred for their lower
donor-site morbidity. Studies have shown that autologous
hamstring tendons can regenerate, undergo revascularization,
and exhibit collagen remodeling, with earlier proprioceptive
recovery of the autologous tendon [6]. However, the healing
mode of autologous hamstring tendon grafting is tendon-to-
bone healing, which is slow and prone to risks of knee instability
and failure [7]. The process of tendon-to-bone healing primarily
occurs within the bone tunnel, and its outcome depends on the
type of graft and fixation method [8].

Tendon-to-bone healing after ACL reconstruction surgery is
a major cause of postoperative failure, making the promotion of
tendon-to-bone healing an urgent clinical challenge. Researchers
have developed various biological methods to promote tendon-
to-bone healing, including the addition of growth factors [9],
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bone marrow-derived mesenchymal stem cells (BMSCs) [10],
autologous tissues [11], drugs [12], biomaterials [13], and gene
therapy [14]. Although these methods have shown promising
results in animal model experiments, clinical studies have
reported inconsistent findings, lacking high-level evidence to
support their effectiveness, and their clinical applications have
certain limitations.

To identify more effective agents for promoting tendon-
to-bone healing after ACL reconstruction, we conducted a
thorough review of the literature and discovered that platelet-
rich plasma (PRP), derived from the centrifugation of one’s
own entire blood, is a potent concentrate abundant in growth
factors and inflammatory modulators, markedly augmenting
tissue restoration, mending, and revitalization [15]. Derived
from autologous peripheral blood, PRP offers advantages such
as no rejection, ease of operation, biological safety, and minimal
trauma, making it a promising source of autologous growth
factors [16]. Due to its strong tissue regeneration-promoting
ability, PRP has been clinically applied in the treatment of Achilles
tendinitis [17], refractory wounds [18], and meniscus repair [19],
with promising results. Lv et al. [20], in a review of 17 randomized
controlled trials (RCTs) (970 patients), found that PRP provided
short-term pain relief and functional improvement at 6 months
after ACL reconstruction. However, these benefits were not
clinically significant at the 1-year follow-up. While some studies
suggested PRP may aid graft healing, the overall evidence only
supports short-term efficacy.

Given the limitations of PRP in terms of long-term efficacy,
researchers have begun exploring other adjuvant therapies to
further optimize the healing outcomes after ACL reconstruction
surgery. Among them, hyaluronic acid and collagen, as natural
substances with multiple biological functions, have garnered
considerable attention.

Hyaluronicacidisapolysaccharidenaturally presentinsynovial
fluid and cartilage, playing a crucial role in tissue repair processes
such as debridement, anti-inflammation, and wound healing
promotion [21]. Its metabolites can promote angiogenesis and
fibroblast proliferation and regulate collagen synthesis [22]. The
hyaluronic acid in the joint cavity possesses high viscoelasticity
and lubricity, reducing friction between tissues during joint
movement, providing a favorable environment for joint activity
after ACL reconstruction, and preventing excessive friction from
affecting healing, thereby reducing the risk of postoperative
complications such as joint adhesion [23]. Hyaluronic acid also
binds to cell surface receptors, activating intracellular signaling
pathways that enhance the migration and proliferation of
fibroblasts, chondrocytes, and other repair-related cells [24].
After ACL reconstruction, it helps promote the regeneration of
ligament cells and the formation of repaired tissue. It is worth
noting that an inflammatory response typically occurs in the
body after ACL reconstruction surgery, and hyaluronic acid has
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anti-inflammatory properties. It has the capacity to suppress
the chemotaxis and activation of inflammatory cells, reduce the
release of pro-inflammatory factors, mitigate local inflammatory
reactions, and establish a conducive microenvironment for tissue
repair [25]. Excessive inflammatory responses result in tissue
injury and prolonged healing; the anti-inflammatory effects of
hyaluronic acid help alleviate this issue. Hyaluronic acid has a
strong water-retaining capacity, maintaining moisture in the
joint cavity and interstitial spaces, creating a gel-like environment
rich in nutrients that facilitates the transport of nutrients such as
oxygen and glucose to repairing tissue cells. It also aids in the
excretion of metabolic waste, providing a good material basis for
cellular metabolism and repair [26].

Collagen is the main component of ligaments, tendons,
and other connective tissues, exhibiting high toughness and
tensile strength [27]. After ACL reconstruction, supplementing
with collagen can provide a stable three-dimensional structural
framework for new tissue, guiding cell adhesion, proliferation,
and differentiation, enabling the repairing tissue to grow and
remodel in the correct direction, and aiding in restoring the
normal morphology and function of the ligament [28, 29]. The
unique structure of collagen allows it to bind to various integrin
receptors on the cell surface, providing adhesion sites for cells
and promoting cell adhesion [30]. Simultaneously, it is capable
of modulating the trajectory of cell differentiation, prompting
mesenchymal stem cells to differentiate into specialized cell
types, including fibroblasts and osteoblasts, which in turn
facilitates the repair and regeneration of ligaments, bones,
and other tissues [31]. Collagen can also interact with a range
of growth factors, including TGF-f and IGF, to form a growth
factor depot [32]. During tissue repair, these growth factors can
be slowly released, activating intracellular signaling pathways,
boosting cell multiplication, specialization, and the generation
of extracellular matrix, thus hastening tissue restoration [33]. As
the tissue repairs after ACL reconstruction, collagen continuously
deposits and cross-links, gradually enhancing the strength and
toughness of the repaired tissue [34]. Sufficient tissue strength is
crucial for restoring joint stability, reducing the risk of re-injury,
allowing patients to initiate rehabilitation training earlier, and
improving rehabilitation outcomes.

When collagen is combined with PRP, it may produce a
bioenhancement effect, acting both as a mechanical scaffold
and promoting the sustained release of growth factors, thereby
potentially improving the biomechanical and histologic
characteristics of the ACL [35]. Furthermore, the combined
application of hyaluronic acid and collagen may exert a
synergistic effect, where hyaluronic acid may provide a favorable
microenvironment for collagen synthesis, while collagen may
offer structural support for tissue repair [36]. This combination
is expected to accelerate tissue repair after ACL reconstruction,
reduce inflammation, and potentially improve the quality
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175 Assessed for eligibility 35 Excluded

7 Knee infection.

140 Patients undergoing ACL

8 Knee surgery history and severe functional impairment.

5 Concomitant knee fracture, ligament, and vascular/nerve injury.

6 Severe knee osteoarthritis, large cartilage defect, and abnormal alignment.
4 Internal disease, hematopoietic/coagulation disorder precluding surgery.

5 Mental illness, language disorder, or lack of autonomy.

reconstruction surgery

70 Platelet-rich plasma group

70 Platelet rich plasma + hyaluronic acid + collagen group

70 Followed up at 1, 2, 3, 6 and 12
months after surgery

70 Analyzed

Figure 1. The flow chart shows the details of the test

of healing. However, these speculations still require further
experimental research and clinical validation to confirm their
effectiveness and mechanisms.

The primary aim of this study is to evaluate and compare
the efficacy of PRP alone versus PRP combined with hyaluronic
acid and collagen supplementation in enhancing tissue healing,
promoting functional recovery, and improving clinical outcomes
following arthroscopic ACL reconstruction. Specifically, this
research seeks to determine whether the combined therapy
leads to superior improvements in knee function scores
(Lysholm; International Knee Documentation Committee, IKDC),
greater pain reduction (Visual Analog Scale, VAS), decreased
postoperative swelling, and enhanced tendon-to-bone healing
as assessed by MRI, compared to PRP treatment alone.

2. Materials and methods

2.1. Research object

This single-center study retrospectively analyzed data from 140
consecutive patients who underwent arthroscopic ACL remnant
preservation and reconstruction at our institution between
January 2022 and January 2024, all of whom had complete
follow-up records. Patients were allocated into two groups based
on the treatment protocol chosen at the time of surgery: the PRP
group (n=70) and the combination group (PRP + hyaluronic acid
+ collagen, n = 70). The experimental design process is shown in
Figure 1.

Inclusion criteria: @ positive results in the preoperative
knee examination including the anterior drawer test, Lachman
test, and pivot shift test, with knee MRI indicating ACL injury;
@ arthroscopic confirmation of ACL rupture; 3 undergoing

70 Followed up at 1, 2, 3, 6 and 12
months after surgery

70 Analyzed

autologous hamstring tendon ACL remnant preservation
and reconstruction; @) age between 18 and 60 years old; ©®
ability to cooperate with standardized rehabilitation exercises
postoperatively; ® at least 1 year of follow-up without loss to
follow-up.

Exclusion criteria: @ previous history of knee surgery and
presence of severe knee dysfunction; 2 concomitant knee
fractures, meniscus injuries, posterior cruciate ligament injuries,
medial or lateral collateral ligament injuries, and vascular or
nerve injuries; 3 severe knee osteoarthritis, large knee cartilage
defects, and abnormal knee alignment; @ visceral diseases or
abnormalities in hematopoietic or coagulation function who
cannot tolerate surgery; (5 knee infections; & mental illnesses,
language expression disorders, or lacking autonomy.

2.2. Sample size calculation

An a priori sample size calculation was performed using G*Power
software (version 3.1). For an independent t-test comparing
two groups, with an effect size of 0.4 (considered appropriate
in rehabilitation and physiotherapy research) [37], a significance
level (a) of 0.05 (two-tailed), and a statistical power (1-B) of 0.8,
the estimated sample size required for each group was 100
participants, resulting in a total sample size of 200. However,
due to the constraints of the single-center study design and the
specificinclusion criteria, a total of 140 participants (70 per group)
were ultimately enrolled within the designated recruitment
period. Although this sample size is smaller than the a priori
calculation suggested, a post hoc power analysis was conducted
based on the observed effect sizes from the primary outcomes
(the 12-month Lysholm score difference between groups). This
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analysis revealed that the achieved statistical power for detecting
the observed differences exceeded 0.8 for the key outcome
measures, indicating that the study was sufficiently powered to
detect the clinically significant effects reported herein.

2.3. Patient management

Before undergoing arthroscopic ACL remnant preservation
and reconstruction, both groups of patients must undergo a
comprehensive medical history collection and detailed physical
examination to exclude any other possible diseases as much as
possible. In addition, complete blood routine examination, urine
andstool routinetests, nineimmunology tests, electrocardiogram,
posterior-anterior chest X-ray, anteroposterior and lateral X-rays
of the affected knee joint, and knee MRI should be performed to
further confirm the diagnosis and exclude contraindications for
arthroscopic ACL remnant preservation and reconstruction. The
PRP group underwent arthroscopic ACL remnant preservation
and reconstruction, with PRP injected into the femoral and
tibial tunnels, between the ligaments, and into the knee joint
cavity during the surgery. The combination group underwent
arthroscopic ACL remnant preservation and reconstruction, with
PRP + hyaluronic acid + collagen injected into the femoral and
tibial tunnels, between the ligaments, and into the knee joint
cavity during the surgery.

All patients were administered intravenous antibiotics during
the surgery to prevent infection. In this study, arthroscopic ACL
remnant preservation and reconstruction, as well as knee joint
PRP injection procedures, were performed by the same team
of physicians in our department. All knee joint function scores
and measurement data for the patients in this study were
evaluated, measured, and recorded by a third party. The specific
rehabilitation training program in this study was developed by
our department’s rehabilitation therapists, and all patients were
instructed on the requirements and precautions for rehabilitation
training by the same therapist. All X-ray and MRI examinations
in this study were performed by the same team of technicians
and were interpreted by the same team of physicians. During
the hospitalization and rehabilitation training period, patients
strictly followed medical advice and returned for regular follow-
up examinations. The personnel responsible for postoperative
assessments (e.g., collecting VAS, Lysholm, IKDC scores) and the
radiologists interpreting the MRI scans were blinded to the group
assignments of the patients. However, the surgeons performing
the procedures were not blinded due to the nature of the
interventions.

2.4. Treatment plan

2.4.1. Preparation of PRP

Using the PRP preparation kit (Arthrex ACP® Double-Syringe
System), PRP was prepared according to the instructions. Fifteen
milliliters of the patient’s autologous peripheral blood were
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collected into a specialized double-syringe centrifuge system,
which was then placed in a sterilized centrifuge cup within a
centrifuge (Hettich Rotofix 32A). An equal weight counterbalance
was placed in the opposing centrifuge cup to balance the load. The
centrifuge was set to a speed of 1500 r/min and a centrifugation
time of 5 minutes, as per the manufacturer’s instructions for the
Arthrex ACP® Double-Syringe System and consistent with protocols
widely used in clinical studies to obtain a moderate concentration
of platelets and growth factors [38]. After centrifugation, the
centrifuge cup was removed vertically, and approximately 3-4 ml
of PRP was aspirated using the inner syringe while maintaining a
vertical position under sterile conditions.

2.4.2. Surgical methods

All surgical procedures for the included patients were performed
by the same team of physicians in our department. Under
the combined spinal-epidural anesthesia, the subjects were
positioned in a supine posture, and the involved limb was
disinfected according to the standard routine, covered with
sterile drapes, and a tourniquet was utilized to exert pressure.
Anteromedial and anterolateral portals were selected, and the
arthroscopic system was set up, with smooth insertion of the
scope. During the surgery, the joint cavity was first cleared under
arthroscopy. Mild synovial hyperplasia was observed in the knee
joint, and the hyperplastic synovium was resected. No cartilage
defects were found on the patellar, femoral trochlear articular
surface, medial and lateral femoral condyles, or medial and lateral
tibial plateaus. There was no damage to the medial and lateral
menisci, and the ACL was completely ruptured and lax, while the
posterior cruciate ligament was intact. The residual stumps of the
ACL at the femoral and tibial attachment sites were cleared under
arthroscopy. An approximately 4 cm incision was made on the
medial side of the tibial tuberosity, and the subcutaneous tissue
and fascia were incised to free the semitendinosus and gracilis
tendon insertions. The two tendons were sequentially harvested,
trimmed, and their lengths and diameters were measured. Under
arthroscopy, an ACL tibial guide was placed at the corresponding
position, and a guide pin was inserted under guidance. A hollow
drill of the corresponding diameter was used to open the bone
tunnel, which was then enlarged with a hollow drill of the same
diameter. A femoral guide was placed at the corresponding
position, and a guide pin was inserted under guidance. The
femoral bone tunnel was enlarged with a hollow drill of the
corresponding diameter, and the length of the femoral bone
tunnel was measured. The medial segment of the femoral tunnel
was enlarged to the corresponding position with a hollow drill
of the corresponding diameter. The entrance of the bone tunnel
was cleared, and the autologous tendon was threaded through
to replace the ACL. The femoral end was suspended and fixed
with a microporous titanium plate, and the adjustable loop was
tightened.The length of the soft needle insertion was roughly the
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same as the length of the tunnel. For patients in the PRP group, a
soft needle was inserted into the femoral tunnel to the top, and
the prepared PRP gel was smoothly injected (while injecting, the
soft needle of the syringe was withdrawn until PRP gel oozed out
of the tunnel opening). The knee joint was flexed and extended
20 times with the tibial end of the tendon tightened. With the
knee in extension, the tibial end of the tendon was tightened,
and a soft needle was inserted into the tibial tunnel to the top,
followed by the smooth injection of the prepared PRP (while
injecting, the soft needle of the syringe was withdrawn until
PRP gel oozed out of the tunnel opening). The remaining PRP
was injected into the knee joint cavity. The tendon sutures were
tied and fixed to the suture button, with the tail threads pressed
under the suture button plate. The adjustable loop was tightened
again. Under arthroscopy, the ACL was stable, and the anterior
drawer test was negative. After confirming the count of surgical
instruments and gauze, the surgical incision was closed layer
by layer, pressure dressings were applied, the tourniquet was
deflated, and the knee was immobilized in full extension at 0°
with a knee brace. For patients in the combination group, PRP +
hyaluronic acid + collagen were injected jointly, using the same
method and positions as the PRP group.

2.4.3. Postoperative treatment

All patients were immediately placed in a knee immobilizer at 0°
in full extension after the surgery, with compressive bandaging
applied. Within 24 hours postoperatively, 100 mg of flurbiprofen
axetil was administered intravenously for pain relief, and tramadol
sustained-release tablets were given orally if necessary after
24 hours. The incision was dressed regularly, and sutures were
removed approximately 2 weeks after the surgery. All patients
returned to the hospital for the second and third intra-articular
PRP injections or PRP + hyaluronic acid + collagen injections at
1 and 2 months postoperatively, respectively [39]. Follow-up
visits were scheduled at 1, 2, 3, 6, and 12 months postoperatively,
during which further rehabilitation exercises were guided based
on the recovery status. Patients were also instructed to return to
the hospital for a knee MRI at 12 months postoperatively.

2.4.4. Postoperative rehabilitation exercise

Within 2 weeks after the surgery, the knee was immobilized
at 0° using a knee brace, and ankle pump exercises, isometric
quadriceps contractions, and straight leg raises were performed.
Starting from 2 weeks postoperatively, passive knee flexion
exercises were conducted with the protection of the knee brace.
At the 2-week mark, the angle of the knee brace was adjusted to
30°, with an additional 15° added every 3 days thereafter. With
the brace in place, the knee was passively flexed to the adjusted
angle and held for 10 seconds before slowly straightening it back
to 0°. The passive knee flexion angle was gradually increased,
reaching 120° by 6 weeks postoperatively. After 6 weeks, partial

Postepy Higieny i Medycyny Doswiadczalnej

weight-bearing with the aid of crutches was initiated under the
protection of the knee brace, with walking time and distance
gradually increased. Simultaneously, quadriceps strengthening
exercises and passive knee flexion exercises were continued. By
12 weeks postoperatively, if the muscle strength on the affected
side reached 80% or more of that on the healthy side, crutches
were discarded, and full weight-bearing walking was allowed
with the protection of the brace. Additionally, static squats were
performed to further strengthen the quadriceps, and active knee
flexion exercises were initiated. At 4 months postoperatively, the
brace was discarded, and activities such as brisk walking, jogging,
and swimming were gradually introduced, with the intensity
increased step by step, avoiding intense or fatiguing activities.
By 6 months postoperatively, noncontact sports activities such
as sprinting and jumping were gradually resumed. Normal sports
activities were resumed starting from 9 months postoperatively.

3. Observation indicators and collection

3.1. Knee pain and function.

Gather preoperative and postoperative VAS, Lysholm, and
IKDC scores at 1, 3, 6, and 12 months to evaluate knee pain and
functionality both before and after the surgical intervention.

3.2. Degree of swelling

Measure the circumference of the thigh and calf 5 cm above the
superior patellar border and 5 cm below the tibial tuberosity
on the day before surgery and on the third day after surgery.
Calculate the difference in thigh and calf circumference between
the day before surgery and the third day after surgery to represent
the degree of swelling, with the unit in centimeters.

3.3. Graft remodeling and tendon-to-one healing

Perform knee MRI at 12 months postoperatively, and classify the
healing of the femoral tunnel graft into three grades based on
the MRI scoring system. All MRI results were collected using a
blinded approach for the evaluators. Grade I: The graft appears
as a continuous low-signal band with no fibrous tissue at the
tendon-to-bone interface, indicating good graft healing and tight
integration with the surrounding bone tissue. Grade II: The graft
appears as a continuous low-signal band, but there is a partial
high-signal band at the tendon-to-bone interface, suggesting
incomplete integration of the graft with the bone tissue and
the possible presence of some fibrous tissue. Grade Ill: The graft
appears as a continuous high-signal band at the tendon-to-bone
interface, indicating poor graft healing with possible presence of
significant fibrous tissue or incomplete integration into the bone
tissue.

3.4. Compare postoperative complications between the two
patient groups, including knee infection, knee stiffness, deep
venous thrombosis of the lower extremities, etc.
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4. Statistical methods

Statistical analyses were conducted with SPSS 25.0. Continuous
data were reported as mean + SD, with within-group comparisons
at various time points employing repeated measures ANOVA,
and between-group comparisons utilizing independent t-tests.
Prior to conducting repeated measures ANOVA, the assumptions
of sphericity (Mauchly’s test) and normality (Shapiro-Wilk test)
were assessed. Where the assumption of sphericity was violated,
the Greenhouse-Geisser correction was applied. All continuous
data met the normality assumption. Categorical variables were
summarized by frequencies and compared using chi-square
tests. Statistical significance was set at p < 0.05.
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5. Results

5.1. Comparison of general data between the two groups

No significant differences were observed in gender, age, BMI, side
of the affected knee, or duration of the disease between the two
groups (p > 0.05).

5.2. Comparison of Lysholm scores between the two groups
Both PRP and combination groups showed significantly improved
Lysholm scores postoperatively at 1, 3, 6, and 12 months (p <
0.05). The combination group had significantly higher Lysholm
scores than the PRP group at all time points (p < 0.05).

5.3. Comparison of IKDC scores between the two groups

Both PRP and combination groups exhibited significantly
improved IKDC scores postoperatively at 1, 3, 6, and 12 months
(p < 0.05). The combination group had significantly higher IKDC

Table 1. Comparison of general data

Group PRP group Combination X2/t P scores than the PRP group at all time points (p < 0.05).
(n=70) group (n =70)
Male/Fernale 36/34 39531 029 | 0611 5.4. Comparison of VAS scores between the two groups
Agelyears 4664 =513 4531+545 | 148 | 0140 In both PRP and combination groups, VAS scores increased
BMI/(kg/m?) 23.35 =324 2379+315 | 0816 | 0416 significantly at 1 month postoperatively (p < 0.05) but decreased
Left/right knee 31/39 33/37 0115 | 0.734 significantly at 3, 6, and 12 months (p < 0.05). The combination
Duration/day 11.84 = 355 1214 +328 | 0519 | 0605 group had significantly lower VAS scores than the PRP group at

all postoperative time points (p < 0.05).

Table 2. Comparison of Lysholm scores (X + s, score)

Group Group PRP group (n =70) Combination group (n = 70) t p Cohen’sd
Preoperative 45.83 = 6.22 46.76 = 6.24 0.882 0.379 0.149
Postoperative 1 month 48.14 = 4.73 52.46 = 5.79 4.828 < 0.001 0.817
3 months 59.76 + 6.43 69.23 + 4.76 9.902 < 0.001 1.674
6 months 71.54 = 6.71 82.33 + 4.85 10.905 < 0.001 1.843
12 months 84.39 = 413 88.81 = 4.53 6.049 < 0.001 1.020
F 559.254 838.363
P < 0.001 < 0.001
Partial Eta Squared 0.866 0.907
Table 3. Comparison of IKDC scores (x+ s, score)
Group Group PRP group (n =70) Combination group (n = 70) t p Cohen’sd
Preoperative 40.44 = 5.61 39.84 = 6.37 0.591 0.555 0.100
Postoperative 1 month 4547 = 4.42 49.60 = 4.35 5.572 < 0.001 0.942
3 months 62.17 + 6.53 66.77 + 6.21 4.27 < 0.001 0.722
6 months 74.48 = 6.24 78.94 = 6.14 4.273 <0.001 0.720
12 months 8221 + 4.21 88.44 + 3.31 9.731 < 0.001 1.645
F 754.911 963.453
P <0.001 < 0.001
Partial Eta Squared 0.897 0.918
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Table 4. Comparison of VAS scores ("+ s, score)
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Group ‘ Group PRP group (n =70) Combination group (n = 70) t p Cohen'sd

Preoperative 514 = 2.40 520 = 2.52 0.137 0.891 0.024
Postoperative 1 month 7.64 =122 6.87 = 1.33 3.583 < 0.001 0.603
3 months 4.41 =122 3.67 = 1.64 3.04 < 0.001 0.512
6 months 3.74 + 1.45 2.87 + 1.51 3.478 < 0.001 0.588
12 months 2.87 + 1.33 2.01 +1.22 3.973 < 0.001 0.674

F 91.364 89.49

P < 0.001 < 0.001

Partial Eta Squared 0.514 0.509

Table 5. Comparison of swelling degree (x+ s, cm)

Group n Difference in thigh Difference in calf
circumference circumference
PRP group 70 3.69 = 1.27 3.26 = 1.42
Combination 70 295+ 1.58 247 =1.39
group
t 3.012 3.367
p 0.003 0.001
Cohen’s d 0.516 0.562

Table 6. Comparison of postoperative tendon and bone healing (n, %)

Group n Type | Type Il Type Il
PRP group 70 21 (30.00) 41 (58.57) 8 (11.43)
Combination 70 36 (51.43) 31 (44.29) 3(4.29)
group
2 7.609
p 0.022
Phi coefficient 0.233

5.5. Comparison of swelling degree between the two groups
The change in thigh circumference from preoperative to the third
postoperative day was significantly smaller in the combination
group [(2.95+1.58) cm] compared to the PRP group [(3.68+1.27)
cm] (p < 0.05). Similarly, the change in calf circumference was
significantly smaller in the combination group [(2.47+1.39) cm]
compared to the PRP group [(3.26+1.42) cm] (p < 0.05).

5.6. Comparison of postoperative tendon and bone healing
between the two groups

Both groups of patients were followed up for 12 months
postoperatively. At the 12-month follow-up MRI examination,
it was shown that in the combination group, 51.43% (36/70) of
the tendon-bone healing was Type |, 44.29% (31/70) was Type Il
and 4.29% (3/70) was Type llI. In the PRP group, 30.00% (21/70)
of the tendon-bone healing was Type |, 58.57% (41/70) was

Type Il, and 11.43% (8/70) was Type lll. The combination group
exhibited significantly better tendon-bone healing after ACL
reconstruction compared to the PRP group (p < 0.05).

5.7. Comparison of postoperative complications between the
two groups

Neither group experienced complications such as knee joint
infection, knee stiffness, deep venous thrombosis of the lower
extremities, injury to the infrapatellar branch of the saphenous
nerve, or re-rupture of the reconstructed ligament after surgery.

6. Discussion

ACL tears, as a common injury in sports, significantly impact
patients’ limb function and quality of life. Although ACL
reconstruction has become the gold standard for treating ACL
injuries with a high surgical success rate, the risks of postoperative
ligament laxity and re-rupture still exist, potentially due to factors
such as inadequate postoperative rehabilitation exercises,
postoperative inflammatory responses, and poor graft healing
[40]. In this context, exploring more effective adjuvant therapies
to enhance the healing outcomes and patient prognosis after
ACL reconstruction has become a key direction in current medical
research.

In recent times, the application of PRP in ACL reconstruction
has gradually increased, but its effectiveness when used alone may
be limited. Ye et al. [39] conducted a double-blind randomized
trial to assess the impact of intra-articular PRP injections on knee
outcomes in 120 ACL-reconstructed patients aged 16-45. At
12 months, no significant difference was found in the primary
outcome (KOOS4 score) between the PRP group (60 patients,
3 injections) and the control group (60 patients, no injections)
(p=0.36). Minor differences were observed only in sportslevelsand
graft maturity at 6 months. The conclusion is that intra-articular
PRP injections did not significantly improve knee symptoms and
function in patients undergoing ACL reconstruction, and further
research is needed to determine its indications. Hyaluronic acid
and collagen, asimportant components of the extracellular matrix,
have been extensively studied and applied in the biomedical
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field. Hyaluronic acid possesses excellent moisturizing properties,
viscoelasticity, and biocompatibility, which can promote tissue
repair and reduce inflammation. Balagod et al. [41] conducted a
randomized controlled trial to evaluate the safety and efficacy of
intra-articular hyaluronic acid injections administered at different
time points after ACL reconstruction surgery. Ninety patients
with ACL tears underwent arthroscopic ACL reconstruction and
were divided into three groups: the early hyaluronic acid group
received hyaluronic acid injections on the second postoperative
day and saline injections at 2 months; the late hyaluronic acid
group received saline injections on the second postoperative day
and hyaluronic acid injections at 2 months; and the placebo group
received saline injections at both time points. The results showed
that the early hyaluronic acid group had significantly better range
of motion (ROM), pain control, Lysholm score, EQ5D5L, and IKDC
score at 1-2 months postoperatively compared to the placebo or
late hyaluronic acid groups (p < 0.05). Collagen, with its unique
triple helix structure, can provide mechanical support and
promote cell proliferation. Sun et al. [42] developed a composite
scaffold composed of collagen, polyvinyl alcohol, and PRP for
ACL repair. The results showed that the scaffold could protect the
ACL from synovial fluid erosion, promote tissue repair, improve
mechanical properties, and extend the degradation cycle. In vivo
studies demonstrated that the composite scaffold promoted
the healing of ruptured ACLs in rabbit hind limbs by promoting
fibroblast multiplication, collagen accumulation, microvascular
development, and proprioceptor production. Additionally, it
efficiently decreased meniscus and cartilage attrition while
relieving osteoarthritis and joint degenerative disorders. Based on
the aforementioned studies, this study innovatively combines PRP,
hyaluronicacid, and collagen supplements to promote the healing
process after ACL reconstruction surgery, with the expectation of
bringing new ideas and methods to clinical practice.

Pain after ACL reconstruction surgery is a common issue,
especially in the early postoperative period, with patients often
experiencing moderate to severe pain. Studies have shown that
the incidence of chronic pain is higher within 3 months after
surgery, affecting patients’ rehabilitation process and quality of
life [43]. Postoperative pain not only limits patients’ motor ability
but may also lead to psychological stress and prolonged recovery
time. The results of this study showed that the VAS scores of
both patient groups were higher at 1 month postoperatively
compared to preoperatively, which may be related to surgical
trauma, postoperative inflammatory response, and activity
restrictions during the early rehabilitation phase. In the early
postoperative period, patients typically experience a certain
degree of pain and swelling, which are normal physiological
responses after surgery. Following ACL reconstruction, the knee
joint often accompanies the release of inflammatory mediators,
which not only exacerbate the inflammatory response but also
directly stimulate pain receptors [44]. Over time, the VAS scores
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were lower than preoperatively, indicating that the surgical
and adjuvant treatment measures were effective in alleviating
pain. PRP promotes tissue repair and reduces inflammation by
releasing growth factors, and the addition of hyaluronic acid
and collagen further enhances this effect. The combination
group exhibited lower VAS scores at all postoperative time points
relative to the PRP group, suggesting that the incorporation of
hyaluronic acid and collagen can more effectively mitigate pain.
PRP is abundant in growth factors such as PDGF, TGF-B, and
VEGF, which can facilitate tissue repair, attenuate inflammatory
reactions, and expedite the healing process following ACL
reconstruction [45]. However, the use of PRP alone may not
completely counteract the pain caused by surgical trauma and
inflammatory responses after surgery. Hyaluronic acid is a high-
molecular-weight polysaccharide with strong moisturizing ability
and viscoelasticity, abundant in synovial fluid. With its unique
viscoelasticity, it can not only act as a lubricant to reduce the
coefficient of friction between articular cartilages, reducing pain
triggered by mechanical stimulation, but also inhibit the release
of inflammatory mediators by regulating cell surface receptors,
thereby alleviating the generation of pain signals at the source
[46]. Collagen, as a key structural protein in articular cartilage
and ligaments, provides stable anchoring points for cells through
its three-dimensional network structure [47]. In the process of
repairing damaged tissues, collagen facilitates the migration and
proliferation of relevant cells, such as fibroblasts, expedites the
formation of the new extracellular matrix, fills the injured area,
restores tissue integrity, and effectively mitigates pain sensations
resulting from tissue damage [48].

In reducing knee joint swelling after ACL reconstruction
surgery, the combination therapy (PRP + hyaluronic acid +
collagen) has shown significant advantages. The study results
revealed that the differences in thigh and calf circumference
between postoperative day 3 and preoperative measurements
were smaller in the combination group than in the PRP group,
suggesting that combination therapy is more effective in
alleviating early postoperative swelling. PRP is rich in numerous
types of growth factors, which not only promote cell proliferation
and differentiation but also regulate inflammatory responses.
They activate the function of immune cells like macrophages,
accelerating the phagocytosis and clearance of inflammatory
factors and necrotic tissue, thereby further promoting
inflammation absorption and reducing swelling [49-51].
Hyaluronic acid has strong water-retaining capabilities, and
the hydrophilic groups such as carboxyl groups in its molecular
structure can bind to a large number of water molecules,
forming a highly hydrated gel-like substance. In joint tissues, this
characteristic can regulate the osmotic pressure of interstitial
fluid, redistributing and absorbing excess exudate, thereby
reducing local tissue edema [52]. Furthermore, hyaluronic
acid can lubricate the joint surface, reducing joint friction and
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further alleviating inflammation and swelling [53]. Collagen, a
principal constituent of the extracellular matrix, offers structural
scaffolding for tissue repair. It acts in concert with the growth
factors present in hyaluronic acid and PRP to foster tissue
regeneration and repair, mitigate inflammatory reactions, and
it not only expedites the resolution of swelling but also lays the
groundwork for long-term stability and functional restoration of
the knee joint following surgery [54].

In addition, the Lysholm scores and IKDC scores at various
time points postoperatively were significantly higher in the
combination group than in the PRP group, indicating that the
combination therapy had a more pronounced effect on promoting
the functional recovery of the knee joint. The growth factors
in PRP can activate a series of intracellular signaling pathways,
promoting the proliferation and differentiation of osteoblasts,
fibroblasts, and other cells, thereby providing an adequate cell
source for tissue repair [55]. The hydrated microenvironment
created by hyaluronic acid facilitates the exchange of nutrients
and metabolites, providing favorable conditions for cellular
physiological activities [56]. Collagen serves as a scaffold for
tissue repair, guiding the orderly arrangement and growth
of cells, so that the repaired tissue more closely resembles the
normal anatomical structure and mechanical properties [57]. The
combination of these three components promotes the repair
and reconstruction of damaged ligaments and joint tissues
from cellular proliferation and microenvironment maintenance
to tissue construction, ultimately significantly improving the
functional performance of the knee joint. Tendon-to-bone
healing is a critical indicator after ACL reconstruction surgery.
MRI examinations at 12 months postoperatively showed that the
tendon-to-bone healing in the combination group was superior
to that in the PRP group. As a major component of tendon-to-
bone tissue, collagen provides a fibrous structure that guides the
ingrowth of new blood vessels and cells, promotes cell adhesion
and proliferation at the tendon-to-bone interface, accelerates
the formation of the fibrocartilage transition zone, and enhances
the strength of the tendon-to-bone connection. Meanwhile, the
growth factors in PRP synergize with hyaluronic acid to promote
the activity of osteoblasts and chondrocytes, accelerating
the synthesis of bone and cartilage tissues on one hand, and
regulating the balance between synthesis and degradation
of the extracellular matrix to ensure that the newly formed
tissue has good mechanical properties on the other hand [58].
This synergistic effect enhances tissue repair capacity, greatly
promotes tendon-to-bone healing and ligament remodeling,
making the combination group significantly better than the
PRP group in terms of tendon-to-bone healing outcomes. In this
study, no severe complications such as knee joint infection, knee
stiffness, deep vein thrombosis of the lower extremities, injury
to the infrapatellar branch of the saphenous nerve, or re-rupture
of the reconstructed ligament were observed in either group
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postoperatively. This result may be related to the biocompatibility
and safety of PRP, hyaluronic acid, and collagen. PRP is obtained
from the patient’s autologous blood, evading immune rejection
responses; hyaluronic acid and collagen, as natural biomaterials,
have good biocompatibility. Furthermore, combination therapy
may further reduce the risk of complications by promoting tissue
repair and reducing inflammatory responses.

For patients undergoing ACL reconstruction, opting for a
treatment regimen that combines PRP with hyaluronic acid and
collagen may help alleviate pain more quickly, reduce swelling,
expedite the recovery of knee joint function, and enhance quality
of life. This approach may also shorten rehabilitation time and
reduce the consumption of medical resources, while promoting
tendon-to-bone healing, lowering the risk of postoperative
ligament laxity and re-rupture, and improving surgical success
rates.

7. Limitations of the study

This study is subject to several limitations. First, the participant
sampleswere sourced exclusivelyfromasingle medicalinstitution,
which may introduce regional and patient characteristic biases,
thereby affecting the broad generalizability of the results. Second,
the follow-up period was limited to 12 months, thus lacking
observation of long-term outcomes after ACL reconstruction,
such as joint function, graft stability, and the incidence of
osteoarthritis at 5 and 10 years postoperatively. Furthermore,
the study did not delve into the specific molecular and cellular
mechanisms underlying the synergistic effects of PRP, hyaluronic
acid, and collagen, hindering a deeper understanding of how this
combination therapy promotes healing at a fundamental level.
Future research should involve multicenter, long-term studies
and basic science investigations to validate these findings and
elucidate the underlying mechanisms.

8. Conclusions

The results of this study indicate that the combination of PRP with
hyaluronic acid and collagen is potentially superior to PRP alone
in promoting early healing after ACL reconstruction surgery,
suggesting a promising treatment option for clinical practice.
However, these encouraging findings require validation through
larger, multicenter randomized controlled trials with longer
follow-up periods to firmly establish the efficacy and optimal
protocol for this combination therapy.

Authors’ contribution

Le Kang: Developed and planned the study, performed
experiments, and interpreted results. Edited and refined the
manuscript with a focus on critical intellectual contributions.
Jiefeng Li, Fubin Li: Participated in collecting, assessing, and
interpreting the date. Made significant contributions to data
interpretation and manuscript preparation.

203



Fubin Li: Provided substantial intellectual input during the
drafting and revision of the manuscript.

ORCID

Le Kang - https://orcid.org/0009-0006-3753-3478
Jiefeng Li - https://orcid.org/0009-0009-1314-7320
Fubin Li - https://orcid.org/0009-0002-9557-5212

References

Advances in Hygiene and Experimental Medicine

Conflicts of interest
The authors have no potential conflicts of interest to declare.

Ethical approval
This experiment was approved by The Second Affiliated Hospital
of Luohe Medical College Ethics Committee (No. 2025-003-01).

(1

]|

[4]

(5]

(6]

(71

(8l

[10]

(1]

Kohn L, Rembeck E, Rauch A.Verletzung des vorderen Kreuzbandes
beim Erwachsenen: Diagnostik und Therapie [Anterior cruciate
ligament injury in adults: Diagnostics and treatment]. Orthopade.
2020;49(11):1013-28.

Filbay SR, Dowsett M, Chaker Jomaa M, Rooney J, Sabharwal R,
Lucas P, Van Den Heever A, Kazaglis J, Merlino J, Moran M, et al.
Healing of acute anterior cruciate ligament rupture on MRI and
outcomes following non-surgical management with the Cross
Bracing Protocol. Br J Sports Med. 2023;57(23):1490-7.

Wu J, Kator JL, Zarro M, Leong NL. Rehabilitation principles to
consider for anterior cruciate ligament repair. Sports Health.
2022;14(3):424-32.

Stone AV, Marx S, Conley CW. Management of partial tears of the
anterior cruciate ligament: A review of the anatomy, diagnosis, and
treatment. J Am Acad Orthop Surg. 2021;29(2):60-70.
Rodriguez-Merchan EC. Anterior cruciate ligament reconstruction:
Is biological augmentation beneficial? Int J Mol Sci.
2021;22(22):12566.

Tiplady A, Love H, Young SW, Frampton CM. Comparative study of
ACL reconstruction with hamstring versus patellar tendon graft in
young women: A cohort study from the New Zealand ACL Registry.
Am J Sports Med. 2023;51(3):627-33.

Heyworth BE, Zheng ET, Vavken P, Liotta ES, Kramer DE, Yen
YM, Micheli LJ, Kocher MS. Early outcomes of adolescent ACL
reconstruction with hybrid hamstring tendon autograft-allograft
versus hamstring tendon autograft alone. Orthop J Sports Med.
2021;9(1):2325967120979985.

Takashima Y, Matsumoto T, Nakano N, Kamenaga T, Kuroda
Y, Hayashi S, Matsushita T, Niikura T, Kuroda R. The influence
of ruptured scar pattern of human anterior cruciate ligament
remnant tissue on tendon-bone healing in vivo. J Orthop Res.
2023;41(3):500-10.

Lu D, Yang C, Zhang Z, Xiao M. Enhanced tendon-bone healing
with acidic fibroblast growth factor delivered in collagen in a rabbit
anterior cruciate ligament reconstruction model. J Orthop Surg
Res. 2018;13(1):301.

Zhang J, Cai Z, Feng F, Peng Y, Cui Y, Xu Y. Age-different BMSCs-
derived exosomes accelerate tendon-bone interface healing in
rotator cuff tears model. Gene. 2024;895:148002.

Ito N, Sigurdsson HB, Cortes DH, Snyder-Mackler L, Silbernagel
KG. Regional healing trajectory of the patellar tendon after bone-

patellar tendon-bone autograft harvest for anterior cruciate
ligament reconstruction. J Orthop Res. 2024;42(7):1399-408.

[12] Chen B, Liang Y, Zhang J, Bai L, Xu M, Han Q, Han X, Xiu J, Li M,
Zhou X, et al. Synergistic enhancement of tendon-to-bone healing
via anti-inflammatory and pro-differentiation effects caused by
sustained release of Mg(2+)/curcumin from injectable self-healing
hydrogels. Theranostics. 2021;11(12):5911-25.

[13] Gao H,Wang L, Jin H, Lin Z, Li Z, Kang Y, Lyu Y, Dong W, Liu Y, Shi
D, et al. Regulating macrophages through immunomodulatory
biomaterials is a promising strategy for promoting tendon-bone
healing. J Funct Biomater. 2022;13(4):243.

[14] Luzzi AJ, Ferrer X, Fang F, Golman M, Song L, Marshall BP, Lee
AJ, Kim JJ, Hung CT, Thomopoulos S. Hedgehog activation for
enhanced rotator cuff tendon-to-bone healing. Am J Sports Med.
2023;51(14):3825-34.

[15] Everts P, Onishi K, Jayaram P, Lana JF, Mautner K. Platelet-rich
plasma: New performance understandings and therapeutic
considerations in 2020. Int J Mol Sci. 2020;21(20):7794.

[16] FangJ,Wang X, JiangW, Zhu Y, Hu Y, Zhao Y, Song X, Zhao J, Zhang
W, Peng J, et al. Platelet-rich plasma therapy in the treatment of
diseases associated with orthopedic injuries. Tissue Eng Part B Rev.
2020;26(6):571-85.

[17] Kearney RS, Ji C, Warwick J, Parsons N, Brown J, Harrison P, Young J,
Costa ML. Effect of platelet-rich plasma injection vs sham injection
on tendon dysfunction in patients with chronic midportion Achilles
tendinopathy: A randomized clinical trial. JAMA. 2021;326(2):137-44.

[18] Hao R, Luo M, Xiao Y, Li J, Lv X, Peng Y, Wu Y, Shen Y, Jiang W.
The efficacy and safety of negative-pressure wound therapy
combined with platelet-rich plasma in chronic refractory wounds:
A systematic review and meta-analysis of randomized controlled
trials. Health Sci Rep. 2024;7(11):e70205.

[19] LiZ,Weng X. Platelet-rich plasma use in meniscus repair treatment:
A systematic review and meta-analysis of clinical studies. J Orthop
Surg Res. 2022;17(1):446.

[20] LvZT,ZhangJM,Pang ZY,Wang Z, Huang JM, ZhuWT.The efficacy of
platelet rich plasma on anterior cruciate ligament reconstruction: A
systematic review and meta-analysis. Platelets. 2022;33(2):229-41.

[21] Marinho A, Nunes C, Reis S. Hyaluronic acid: A key ingredient in the
therapyofinflammation.Biomolecules.2021;11(10):biom11101518.

[22] Xu Z, Liu G, Liu P, Hu Y, Chen Y, Fang Y, Sun G, Huang H, Wu J.
Hyaluronic acid-based glucose-responsive antioxidant hydrogel

204



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

platform for enhanced diabetic wound repair. Acta Biomater.
2022;147:147-57.

Lépez-Vidriero E, Olivé-Vilas R, Lopez-Capapé D, Varela-Sende L,
Lépez-Vidriero R, Til-Pérez L. Efficacy and tolerability of Progen,
a nutritional supplement based on innovative plasma proteins,
in ACL reconstruction: A multicenter randomized controlled trial.
Orthop J Sports Med. 2019;7(2):2325967119827237.

Walvekar P, Lulinski P, Kumar P, Aminabhavi TM, Choonara YE. A
review of hyaluronic acid-based therapeutics for the treatment
and management of arthritis. Int J Biol Macromol. 2024;264(Pt
2):130645.

Webner D, Huang Y, Hummer CD, 3rd. Intraarticular hyaluronic acid
preparations for knee osteoarthritis: Are some better than others?
Cartilage. 2021;13(1_suppl):1619S5-36S.

De Francesco F, Saparov A, Riccio M. Hyaluronic acid accelerates re-
epithelialization and healing of acute cutaneous wounds. Eur Rev
Med Pharmacol Sci. 2023;27(3 Suppl):37-45.

Martinez-Puig D, Costa-Larrion E, Rubio-Rodriguez N, Galvez-Martin
P. Collagen supplementation for joint health: The link between
composition and scientific knowledge. Nutrients. 2023;15(6):1332.
Selvaraj V, Sekaran S, Dhanasekaran A, Warrier S. Type 1 collagen:
Synthesis, structure and key functions in bone mineralization.
Differentiation. 2024;136:100757.

Fan L, Ren Y, Emmert S, Vuckovi¢ |, Stojanovic S, Najman S,
Schnettler R, Barbeck M, Schenke-Layland K, Xiong X. The use of
collagen-based materials in bone tissue engineering. Int J Mol Sci.
2023;24(4):3744.

Doyle ME, Dalgarno K, Masoero E, Ferreira AM. Advances in
biomimetic collagen mineralisation and future approaches to bone
tissue engineering. Biopolymers. 2023;114(1):e23527.

Vijayalekha A, Anandasadagopan SK, Pandurangan AK. An
overview of collagen-based composite scaffold for bone tissue
engineering. Appl Biochem Biotechnol. 2023;195(7):4617-36.
Takayama T, Imamura K, Yamano S. Growth factor delivery using a
collagen membrane for bone tissue regeneration. Biomolecules.
2023;13(5):809.

Shahrajabian MH, Sun W. Mechanism of action of collagen and
epidermal growth factor: A review on theory and research methods.
Mini Rev Med Chem. 2024;24(4):453-77.

Hashimoto M, Takahashi H, Tabata-Okubo K, Nagaoka N, Tokunaga
K, Matsumori H, Ishihara Y, Kaku M, limura T, Hara T, et al. Bundling
of collagen fibrils influences osteocyte network formation during
bone modeling. Sci Rep. 2023;13(1):22028.

Houdek MT, Wyles CC, Stalboerger PG, Terzic A, Behfar A, Moran SL.
Collagen and fractionated platelet-rich plasma scaffold for dermal
regeneration. Plast Reconstr Surg. 2016;137(5):1498-506.

Liu Q Guo L, Zhu Y, Song B, Zeng X, Liang Z, Liu J, Song B.
Prospective comparative clinical study: Efficacy evaluation of
collagen combined with hyaluronic acid injections for tear trough
deformity. J Cosmet Dermatol. 2024;23(5):1613-9.

Zielinski G. Effect size guidelines forindividual and group differences
in physiotherapy. Arch Phys Med Rehabil. 2025;106(12):1844-9.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

205

Postepy Higieny i Medycyny Doswiadczalnej

Mazzocca AD, McCarthy MB, Chowaniec DM, Cote MP, Romeo
AA, Bradley JP, Arciero RA, Beitzel K. Platelet-rich plasma differs
according to preparation method and human variability. J Bone
Joint Surg Am. 2012;94(4):308-16.

Ye Z, Chen H, Qiao Y, Wu C, Cho E, Wu X, Li Z, Wu J, Lu S, Xie G, et al.
Intra-articular platelet-rich plasma injection after anterior cruciate
ligament reconstruction: A randomized clinical trial. JAMA Netw
Open. 2024;7(5):e2410134.

Papaleontiou A, Poupard AM, Mahajan UD, Tsantanis P.
Conservative vs surgical treatment of anterior cruciate ligament
rupture: A systematic review. Cureus. 2024;16(3):e56532.

Balagod R, Tripathy SK, Pradhan SS, Varghese P, Ramasubbu MK,
Srinivasan A, Jain G, Jain M. Early intra-articular hyaluronic acid
injection following anterior cruciate ligament reconstruction
provides short term pain relief and improves early postoperative
function with no clinical benefits at 6 and 12 months: A randomized
controlled trial. Arthroscopy. 2025;41(9):3371-8.

Sun X, Zhang N, Chen L, Lai Y, Yang S, Li Q, Zheng Y, Chen L, Shi
X, Yang J. Collagen/polyvinyl alcohol scaffolds combined with
platelet-rich plasma to enhance anterior cruciate ligament repair.
Biomater Adv. 2025;169:214164.

Kotsifaki R, Korakakis V, King E, Barbosa O, Maree D, Pantouveris
M, Bjerregaard A, Luomajoki J, Wilhelmsen J, Whiteley R. Aspetar
clinical practice guideline on rehabilitation after anterior cruciate
ligament reconstruction. Br J Sports Med. 2023;57(9):500-14.
Katagiri H, Nakamura K, Muneta T, Watanabe T, Miyatake K, Sekiya I,
Koga H, Tsuji K. Inflammatory and healing environment in synovial
fluid after anterior cruciate ligament reconstruction: Granulocytes
and endogenous opioids as new targets of postoperative pain.
Biochem Biophys Rep. 2021;26:100981.

Solakoglu O, Heydecke G, Amiri N, Anitua E. The use of plasma rich
in growth factors (PRGF) in guided tissue regeneration and guided
bone regeneration: A review of histological,immunohistochemical,
histomorphometrical, radiological and clinical results in humans.
Ann Anat. 2020;231:151528.

de Roy L, Eichhorn K, Faschingbauer M, Schlickenrieder K, Ignatius
A, Seitz AM. Impact of hyaluronic acid injection on the knee joint
friction. Knee Surg Sports Traumatol Arthrosc. 2023;31(12):5554-
64.

Al-Qudsy L, Hu YW, Xu H, Yang PF. Mineralized collagen fibrils: An
essential component in determining the mechanical behavior of
cortical bone. ACS Biomater Sci Eng. 2023;9(5):2203-19.

Jang CH, Kim W, Kim G. Effects of fibrous collagen/CDHA/hUCS
biocomposites on bone tissue regeneration. Int J Biol Macromol.
2021;176:479-89.

Szwedowski D, Szczepanek J, Paczesny t, Zabrzynski J, Gagat M,
Mobasheri A, Jeka S. The effect of platelet-rich plasma on the intra-
articular microenvironment in knee osteoarthritis. Int J Mol Sci.
2021;22(11):5492.

Ashrafizadeh M. Cell death mechanisms in human cancers:
Molecular pathways, resistance and

therapy therapeutic

perspective. J Cancer Biomoleculars and Thera. 2024;1(1):17-40.



. . Advances in Hygiene and Experimental Medicine

[51] Ren J. Advances in combination therapy for gastric cancer:
Integrating targeted agents and immunotherapy. Adv Clin
Pharmacol Ther. 2024;1(1):1-15.

[52] Oliva F, Marsilio E, Asparago G, Frizziero A, Berardi AC, Maffulli N.
The impact of hyaluronic acid on tendon physiology and its clinical
application in tendinopathies. Cells. 2021;10(11):3081.

[53] Lippi L, Ferrillo M, Turco A, Folli A, Moalli S, Refati F, Perrero
L, Ammendolia A, de Sire A, Invernizzi M. Multidisciplinary
rehabilitation after hyaluronic acid injections for elderly with
knee, hip, shoulder, and temporomandibular joint osteoarthritis.
Medicina (Kaunas). 2023;59(11):2047.

[54] Tang JZ, Nie MJ, Zhao JZ, Zhang GC, Zhang Q, Wang B. Platelet-
rich plasma versus hyaluronic acid in the treatment of knee
osteoarthritis: A meta-analysis. J Orthop Surg Res. 2020;15(1):403.

[55] QianY, Han Q, Chen W, Song J, Zhao X, Ouyang Y, Yuan W, Fan C.
Platelet-rich plasma derived growth factors contribute to stem
cell differentiation in musculoskeletal regeneration. Front Chem.
2017;5:89.

[56] Melrose J. Hyaluronan hydrates and compartmentalises the
CNS/PNS extracellular matrix and provides niche environments
conducive to the optimisation of neuronal activity. J Neurochem.
2023;166(4):637-53.

[57] Huebner P, Warren PB, Chester D, Spang JT, Brown AC, Fisher MB,
Shirwaiker RA. Mechanical properties of tissue formed in vivo
are affected by 3D-bioplotted scaffold microarchitecture and
correlate with ECM collagen fiber alignment. Connect Tissue Res.
2020;61(2):190-204.

[58] Qiao X, Yan L, Feng, Li X, Zhang K, Lv Z, Xu C, Zhao S, Liu F, Yang
X, et al. Efficacy and safety of corticosteroids, hyaluronic acid, and
PRP and combination therapy for knee osteoarthritis: A systematic
review and network meta-analysis. BMC Musculoskelet Disord.
2023;24(1):926.

206



