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Objective: The aim of this study was to compare the early clinical outcomes of
all-inside anterior cruciate ligament (ACL) reconstruction using hamstring
tendons augmented using the ligament augmentation and reconstruction
system (LARS) versus hamstring tendons alone as a control.

Methods: This study included 99 patients with ACL injuries who underwent all-
inside arthroscopic ACL reconstruction using either the LARS internal brace
ligament combined with hamstring tendon (augmentation group, n = 48) or
hamstring tendon alone (hamstring group, n = 51). Postoperative follow-up was
conducted using Lysholm, International KneeDocumentation Committee (IKDC),
Tegner, KOS-ADLS, and ACL-RSI scores to evaluate functional recovery of
patients at 1, 3, and 6 months. If necessary, MRI findings obtained at
postoperative 3 months were also analyzed to evaluate graft integration and
healing dynamics. Tensile strength of the augmented graft was measured
through tensile testing. Moreover, to evaluate the postoperative healing status
of the augmented tendon, an ACL reconstruction model was established using
New Zealand white rabbits. At 4 and 8 weeks postimplantation, rabbit knees were
harvested, decalcified, embedded in paraffin, and stained to evaluate new tissue
formation. All statistical analyses were conducted using the GraphPad Prism and
SPSS software, with appropriate statistical tests applied for comparison
between groups.

Results: At 1-month postoperative follow-up, the LARS augmentation group
demonstrated significantly higher Lysholm, IKDC, and KOS-ADLS scores than the
hamstring group, with P < 0.01 for all comparisons. At 3-month postoperative
follow-up, the augmentation group exhibited significantly higher Tegner,
Lysholm, IKDC, and KOS-ADLS scores than the hamstring group, with P <
0.05 for all measurements. In the tensile testing, the tendons + LARS and
LARS groups showed significantly higher maximum loads and lower
elongation than the tendon group with P < 0.001 for maximum load and P <
0.05 for elongation. Examination of the histological sections at 4 and 8 weeks
showed that the LARS ligament exhibited excellent biocompatibility, with
abundant collagen fibers and neovascularization identified between its fibers.
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Conclusion: The combination of LARS internal brace ligaments with autograft
tendons in ACL reconstruction provides superior early postoperative outcomes,
improving knee stability and patient satisfaction with no remarkable complications.
The augmented graft exhibited reliable tensile strength and favorable tissue
integration.
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anterior cruciate ligament, all-inside reconstruction, internal brace, ligament
augmentation and reconstruction system, autograft tendon, mechanical strength,
augmentation

1 Introduction

The anterior cruciate ligament (ACL) plays a vital role in
maintaining knee joint stability during flexion and extension
movements. However, due to sports injuries, accidents, or other
factors, ACL injuries are becoming increasingly common,
accounting for approximately 40% of knee injuries, (Urbanek et al.,
2023), with an annual global incidence rate of 30–78 cases per
100,000 individuals (Gans et al., 2018). Moreover, factors such as
reduced cell density, insufficient blood supply, and lack of nutrients
restrict the regenerative ability of the ACL. Reconstruction of the ACL
represents a promising approach for mitigating the challenges posed by
its limited regenerative capacity. In this regard, surgical intervention for
ACL injuries, when combined with biomechanical reconstruction of the
joint, has demonstrated superior clinical outcomes and cost-
effectiveness (Beard et al., 2022). ACL reconstruction is
recommended for patients aged ≤50 years with symptoms of knee
instability, irrespective of their level of physical activity, meniscus status,
and OA grade (Cai et al., 2021; Tischer et al., 2023). The primary
objective of ACL reconstruction surgery is to reestablish knee joint
stability and flexion–extension function during physical activities as well
as prevent premature degenerative changes in the joint.

Although various types of grafts are used in ACL reconstruction,
including autografts, allografts, and synthetic ligaments, no
universally recognized “gold standard” exists for graft choice in
ACL reconstruction, because each graft type provides unique
benefits and drawbacks (Chen et al., 2024). Although commonly
used autografts, such as hamstring tendons and bone-patellar
tendon-bone (BPTB) tendons, are equivalent to or superior to
the native ACL in terms of mechanical and biomechanical
properties (Runer et al., 2023), they are associated with
complications such as pain at the donor site and weakness in
knee extension (Ajrawat et al., 2021). Additionally, autologous
tendon grafts may be relatively thin in patients with muscle
atrophy or a lean physique. Using hamstring tendon grafts with a
diameter of less than 8 mm significantly increases the risk of ACL
reconstruction failure (Paschos, 2022). Although allograft tendons
avoid the issues of donor-site complications and insufficient tendon
diameter, they carry risks of immune rejection and disease
transmission (Cohen and Sekiya, 2007). Moreover, compared to
autografts, allografts exhibit higher rates of revision and loosening
(Min et al., 2024; Migliorini et al., 2025). Although LARS ligaments
have demonstrated sufficient mechanical properties and improved
knee function, it is necessary to focus on potential complications
such as synovitis, tunnel enlargement, loose fixation, and poor graft
bone integration (Tiefenboeck et al., 2015). In addition to graft
selection, surgical technique is also crucial. At present, there are two

widely recognized surgical techniques: traditional ACL
reconstruction and all-inside ACL reconstruction. Compared with
the traditional method, all-inside reconstruction has the advantages
of bone preservation, shorter graft length requirements, facilitating
healing by using autologous tendon graft instead of artificial tendon
to make contact with bone tunnels, and no complications associated
with screws.(Buranapuntaruk et al., 2021).

Therefore, we propose a novel graft strategy that utilizes LARS
ligament to augment autografts. We think this could potentially
combine the beneficial healing properties of autologous tendons
with the robust strength of artificial ligaments. In this study all-
inside ACL reconstruction technique was adopted. Both sides of the
femur and tibia were fixed with Endo-Button and rigidloop titanium
plates. Then, the early clinical effects of mixed tendon were
compared with those of autologous tendon transplantation alone
in ACL reconstruction.

2 Patients and methods

2.1 Clinical data

Based on previous studies (Ebert and Annear, 2019; Aujla et al.,
2021; Zhang et al., 2022), the mean difference in Tegner scores was
estimated as 0.8 with a standard deviation (SD) of 1.2, whereas the
other scores showed a mean difference of 5 and an SD of 8. Based on
these estimates, we used PASS 2021 (version: 21.0.3) with α =
0.05 and power = 0.8 to calculate the sample sizes, which were
estimated as 37 and 42 per group, respectively. Considering a 10%
attrition rate, each group required at least 46 samples.

All patients aged ≥16 with ACL injuries requiring ACL
reconstruction were eligible for evaluation in this study. The exclusion
criteria included 1) patients with bilateral ACL injury requiring surgical
reconstruction; 2) patients with other knee ligament injuries, such as
medial collateral ligament and posterior cruciate ligament, requiring
surgical repair; 3) patients failing to comply with the study protocol;
4) patients who cannot understand study information or complete
questionnaires due to cognitive or language limitations; and 5)
patients with complications at risk of surgery.

From June 2023 to September 2024, 121 patients were initially
eligible for evaluation; however, 7 patients did notmeet the inclusion
criteria, and 15 patients declined to participate. Finally, 99 patients
participated in the study. All patients were required to provide
written informed consent before participation, ensuring they
completely understood the procedures and potential risks.
Moreover, all surgical procedures were performed by the same
experienced surgeon to maintain consistency and reduce
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variability in the outcomes. Table 1 shows the baseline data of the
included patients. Participants were allocated using a single-blind
quasi-randomization method, wherein the allocation· sequence was

concealed from the patients to reduce allocation bias. The inclusion
and exclusion criteria were approved, and patients were assigned
study numbers. In the augmentation group (hamstring tendons

TABLE 1 General characteristics of patients.

Variable Total (n = 99) Augmentation (n = 48) Hamstring (n = 51) P Value

Mean age (year) 29.86 ± 10.61 29.1 ± 9.46 30.71 ± 11.76 0.442

Gender

Male 70 (70.7) 38 (79.2) 32 (62.7) 0.116

Female 29 (29.3) 10 (20.8) 19 (37.3)

Knee 0.265

Right 48 (48.5) 20 (41.7) 28 (54.9)

Left 51 (51.5) 28 (58.3) 23 (45.1)

Mechanism of injury 0.349

Sports 74 (74.7) 36 (70.6) 38 (79.2)

Traffic accidents 18 (18.2) 12 (23.5) 6 (12.5)

Other 7 (7.1) 3 (5.9) 4 (8.3)

Time from injury to surgery (months) 1.85 ± 0.52 1.81 ± 0.45 1.89 ± 0.58 0.461

BMI (kg/m2) 23.25 ± 2.68 23.04 (2.33) 23.44 ± 2.99 0.462

Meniscus situations

Resection 32 (32.3) 15 (31.2) 17 (33.3) 0.917

Repair 50 (50.5) 24 (50.0) 26 (51.0)

Conservative 17 (17.2) 9 (18.8) 8 (15.7)

Augmentation, LARS augmentation; Hamstring, hamstring autograft.

Values are expressed as mean ± SD or no. (%) of patients.

FIGURE 1
Preparation of Graft for the Augmentation Group. Notes: (A) LARS ligament core; (B) and (C) Autologous tendon wrap; (D) Integrated by weaving
and sewing.

FIGURE 2
Arthroscopic Graft Installation. (A) Pull the tendon in using a full-thickness reconstruction method; (B) The reconstructed tendon.
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FIGURE 3
Establishment of the ACLR model. (A) Preparation and disinfection of the surgical site; (B) Incise the knee joint and locate the extensor digitorum
longus; (C) Harvest the EDL tendon and transect the anterior cruciate ligament; (D) and (E) Create a tibial–femoral tunnel; (F) Pull the graft into the
bone tunnel.

FIGURE 4
Flow diagram.
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augmented using the LARS internal brace ligament), 48 patients
were included, of whom 15 underwent meniscectomy, 24 received
meniscal repair, and 9 received no meniscal operation. In the
hamstring group (hamstring tendons only) consisting of
51 patients, 17 underwent meniscectomy, 26 underwent meniscal
repair, and 8 did not undergo meniscal operation. The two groups
were similar in terms of gender, age, time from injury to surgery, and
preoperative knee function scores.

2.2 Operation method

2.2.1 Preparation of Graft for the
augmentation group

The hamstring tendon of the affected limb was excised using a
standard surgical method. A single strand of appropriately sized
hamstring tendon was combined and woven with the LARS internal
brace ligament and then folded into double strands, with the
synthetic material completely enveloped within the hamstring
tendon. High-strength sutures were used to secure both ends,
completing the preparation of the graft, which had a diameter of
8 mm. The hamstring group was prepared using the hamstring
tendon only (Figure 1).

2.2.2 Arthroscopic Graft Installation
A standard anteromedial and anterolateral approach was used

for the arthroscopic examination. Efforts were made to preserve any
remaining ACL and synovial tissue as much as possible. All patients
underwent arthroscopic single-bundle ACL reconstruction. To align
with the footprint of the anteromedial bundle, an appropriate
femoral offset guide was positioned at either the 1 o’clock or
11 o’clock orientation, depending on whether the procedure
involved the left or right knee. The tibial tunnel was carefully
placed as far anteriorly as possible to minimize potential
interference with the intercondylar fossa. Fixation of the graft at
both the femoral and tibial ends was achieved using Endo-Buttons,
which were secured with titanium plates and straps (Figure 2).

2.3 Postoperative rehabilitation

The patient was released on the day after surgery, and the
standardized rehabilitation protocol was followed (Kotsifaki et al.,
2023). Quadriceps isometric contractions and ankle pumps were
performed immediately after surgery, and the wound was iced.
Patients who did not undergo meniscus repair were allowed to
return to full weight-bearing within 2 weeks. For patients who
underwent meniscal repair simultaneously, the rehabilitation period
was typically extended to 4 weeks. Swimming and cycling activities areT
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TABLE 3 Lachman, drawer, and pivot shift tests 3 months after surgery.

Group Pivot shift Drawer Lachman

— Ⅰ II III — ± + — ± +

Hamstring (n = 51) 50 1 50 1 50 1

Augmentation (n = 48) 48 48 48
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typically permitted after 6 weeks of recovery, provided that there are no
complications or concerns with the healing process. Straight running
and jogging can generally be resumed around the 3-month follow-up, as
long as joint stability and muscle strength have sufficiently improved.
More complex and dynamic movements, such as cutting and spinning,
were introduced cautiously after 6 months to minimize the risk of
reinjury and ensure that the graft has completely integrated and healed.
Regular follow-up and professional evaluation are crucial throughout
this timeline to adjust the rehabilitation plan based on individual
progress. Specific rehabilitation measures were guided and adjusted
by professional surgeons according to the patients’ recovery status.

At 3 months postoperatively, Lachman and pivot shift tests were
performed to evaluate knee joint stability. All physical examinations and
clinical evaluations were meticulously conducted by a skilled and
experienced technician who was not involved in any aspect of
patients’ rehabilitation treatment. This separation was implemented
to eliminate potential bias and ensure objective and reliable evaluation
results. Patient scores were collected during routine follow-ups before
surgery and at 1, 3, and 6 months postoperatively. Subjective outcomes
consisted of the Lysholm and Tegner activity scale scores, and the ACL-
RSI (anterior cruciate ligament-return to sport after injury) scale was

used to evaluate the psychological degree for resuming sports after ACL
reconstruction.

The KOS-ADLS (Knee Outcome Survey–Activities of Daily
Living Scale) was used to quantify the degree of disability in
performing daily living tasks. Furthermore, the IKDC
(International Knee Documentation Committee) form was used
to evaluate the current functional capacity. MRI and CT scans were
performed when necessary.

2.4 Tensile test

The specific protocol for the tensile test was performed as
described in previous studies (Barber et al., 2019; Kamada et al.,
2022; Kanayama et al., 2023). Considering that bovine tendons and
human hamstring tendons have similar strength, we used bovine
tendons as a substitute for human tendons in this experiment
(Domnick et al., 2016; Barber et al., 2019). We used an INSTRON
universal testing machine to test the three types of grafts (each type
was tested three times as follows: A: tendons group, using bovine
tendons; B: tendons + LARS group, using bovine tendons augmented

FIGURE 5
MRI results. (A-C) are sagittal MRI images. (D) is a coronal MRI image. Red arrow: the position of the augmented ligament.

FIGURE 6
CT results. (A) is a three-dimensional reconstructed image. (B) is a sagittal CT image. (C) is a coronal CT image.
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with LARS internal brace ligament; C: LARS group, using LARS
internal brace ligament only). The distal end of the graft was clamped
using fixtures connected to the mechanical testing machine. The
traction test was conducted at a speed of 5 mm/min until the ligament
failed or reached the maximum capacity of the testing machine,
generating displacement–load curves (A, B, and C).

2.5 Establishment of the ACLR model

To examine the postoperative healing efficacy of augmentation
ligaments, we used 12 3-kg male New Zealand white rabbits to
establish an ACL model, according to a methodology similar to
previously described procedures (Liu et al., 2023;; Leite et al., 2024).
In each rabbit, an incision was made at the medial malleolus and the
plantar part of the foot to excise the extensor digitorum longus
(EDL) tendon for graft preparation (Figure 3). The graft consisted of
a hybrid combination of a synthetic LARS ligament and the rabbit’s
autologous EDL tendon. Both ends of all grafts were secured using
4–0 sutures. A medial approach was used to access the knee joint of
the ipsilateral limb, and tunnels were created through the tibia and
femur using a 2-mm drill. The graft was then passed through these
tunnels, with its ends anchored to the periosteum surrounding the
cortical bone and at the tunnel exits. Postoperatively, the animals
were allowed to move freely. At 4 and 8 weeks postsurgery, animals

from different groups were euthanized by administering an
anesthetic overdose.

2.6 Histological analysis

After decalcification, the samples were embedded in paraffin and
sliced perpendicularly to the tibial and femoral tunnels, with a
thickness of 5 μm. Hematoxylin and eosin (H&E) and Masson’s
trichrome staining were used to examine the formation of new bone
and collagen fibers at the tendon–bone junction, as well as the
infiltration of cells within the artificial LARS ligament and the
formation of collagen fibers.

2.7 Statistical analysis

Patient data were analyzed using GraphPad Prism (version:
9.5.0) and SPSS (version: 25). If data followed a normal
distribution, ANOVA was applied; otherwise, the Mann–Whitney
U test was used. P < 0.05 was considered statistically significant.
Continuous variables are expressed as mean ± SD, and categorical
variables are presented as percentages.

3 Results

3.1 Knee joint function score

A total of 121 patients underwent ACL reconstruction between
June 2023 and March 2024. After excluding 22 patients, 99 were
included, of whom 48 received tendon augmented with LARS
internal brace ligament and 51 received hamstring tendon autograft.
After 3 months, 5 patients were lost to follow-up, and by 6 months, an

FIGURE 7
Tensile test machine. (A): tendons group, using bovine tendons; (B): tendons + LARS group, using bovine tendons augmented with LARS internal
brace ligament; (C): LARS group, using LARS internal brace ligament only.

TABLE 4 Tensile strength testing of various types of graft materials.

Groups Maximum load Elongation

Tendons 1671.8 ± 154.62 7.30 ± 1.54

Tendons + LARS 2,410 ± 111.36 5.13 ± 0.64

LARS 2551.6 ± 64.38 5.216 ± 0.80

Values are expressed as mean ± SD.
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additional 7 patients were lost, resulting in 87 patients remaining. A
total of 12 patients were lost to follow-up within 6 months (Figure 4).

As shown in Table 2, there were significant differences between the
two groups in the Lysholm andKOS-ADLS scores at the 1- and 3-month
time points, with the augmentation group exhibiting higher scores than

the hamstring group.However, theACL-RSI scoreswere not significantly
different between the hamstring and augmentation groups at the 1-, 3-,
and 6-month postoperative time points. Furthermore, remarkable
discrepancies were observed in the Tegner scores at the 3- and 6-
month time points, as well as in the IKDC score at the 1-month
follow-up, all of which favored the augmentation group in terms of
early postoperative outcomes compared with the hamstring group.

We performed subgroup analyses to investigate the effectiveness of
augmented ligaments in diverse patient populations. As shown in
Supplementary Table S1, for individuals aged 16 to 35, the
augmentation group demonstrated superior scores compared to the
hamstring group in the Tegner score at the 1- and 3-month follow-
up, the Lysholm score at the 3-month follow-up, and the KOS-ADLS
score at the 1-month follow-up. In the age range of 36–56, notable
disparities emerged between the groups in Lysholm (at 3 month) and
IKDC (at 1 month) scores again favoring the augmentation
group. Among males, significant variations were solely noted in
Lysholm scores at the 3-month follow-up. For females, significant
differences between the groups were evident in Lysholm, KOS-ADLS,
and IKDC scores at 1 month, as well as in Tegner and KOS-ADLS scores
at 3-months. This suggested that augmented ligaments may be more
suitable for young female populations.

3.2 Physical examination results

At 3 months postsurgery, an experienced clinician who was not
involved in the experiment conducted Lachman tests, anterior drawer
tests, and pivot shift tests on the patients and reported no significant
differences between the augmentation and hamstring groups (Table 3).

FIGURE 8
Tensile test.

FIGURE 9
Micro-CT. Red arrow: position of the bone tunnel.
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3.3 Postoperative complications

Among the 51 patients in the hamstring group, 1 patient
experienced early wound infection, which resolved after 2 weeks
of oral antibiotics, as evidenced by a negative synovial fluid
bacterial culture. There were no abnormalities in the
augmentation group. To better evaluate complications,
reoperations, and graft failures, all patients who underwent
surgery during the study period were contacted via phone for
follow-up. This was done irrespective of their level of
participation in the evaluation. Besides the abovementioned
case, there were no incidents of ligament laxity, infection,
synovitis, tunnel enlargement, or tears in either group.

3.4 MRI results

MRI examinations performed 3 months postsurgery indicated
good healing in augmentation group. In the MRI scans of the
augmentation group, on the sagittal plane, the graft exhibited
normal intraarticular morphology with the autologous tendon
wrapped in synthetic material; on the coronal plane, the femoral
tunnel was completely filled with the graft (Figure 5).

3.5 CT results

CT images revealed that the titanium plates with straps on the
lateral condyle above the distal femur and the medial side of the
proximal tibia were closely attached to the bone cortex. The bone
tunnel through which the tendon passes was well-shaped and
without enlargement (Figure 6).

3.6 Tensile test results

The ends of ligaments were fixed on the tensile testing machine
(Figure 7). The tensile strength testing (Table 4; Figure 8) confirmed
that the tendon group exhibited the weakest performance, with
significantly lower maximum loads (1671.8 ± 154.62) than the

tendons + LARS (2,410 ± 111.36) and LARS (2551.6 ± 64.38)
groups (P < 0.001). Moreover, the tendon group exhibited
significantly higher elongation (7.30 ± 1.54) than both the
tendons + LARS (5.13 ± 0.64) and LARS (5.22 ± 0.80) groups
(P < 0.05). There were no significant differences between the
tendons + LARS and LARS groups in terms of maximum loads
or elongation.

3.7 Animal experiment results

After dissecting the joints of the rabbits, at both the 4- and 8-
week postsurgery intervals, the surface of the reconstructed ACL was
found to be completely covered with connective tissue. These
findings in the rabbit model suggest that the augmented graft
integrates effectively with surrounding tissues, supporting the
clinical improvements observed in human patients.

Micro-CT images revealed an intact bony tunnel in the knee
joint of the animal with no enlargement of the tibiofemoral bony
channel (Figure 9).

At 4 weeks postimplantation, H&E staining revealed that the
artificial LARS ligament fibers in the rabbits were encapsulated
by fibrous connective tissue, with neovascularization evident
within this tissue (Figure 10). However, there was a gap between
the artificial material and collagen fibers. The autologous EDL
tendon exhibited fibrous connections with the bone tissue,
although these connections were not robust. By 8 weeks,
there was a marked increase in the infiltration of fibrous
connective tissue surrounding the artificial LARS ligament
fibers compared with that at 4 weeks; this reduction in the
gap between the artificial material and collagen fibers in the
animal model could indicate improved graft integration, which
may result in better long-term stability and reduced failure rates
in clinical applications. Moreover, the fibrous tissue
connections between the autologous EDL tendon and bone
tissue became more compact. Masson’s trichrome staining
revealed minimal collagen between the artificial LARS
ligament fibers in the rabbits at 4 weeks postimplantation. By
8 weeks, there was a remarkable increase in the formation of
collagen fibers.

FIGURE 10
Stained animal tissue sections. Notes: The left side shows H&E staining results, and the right side shows Masson’s trichome staining results. Scale
bar = 100 μ m.
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4 Discussion

This study investigated the early clinical outcomes of
different grafts in ACL reconstruction. The most important
finding of our study was that the autologous tendon mixed
with the LARS intraligamentous enhancement technique
yielded higher clinical scores and patient satisfaction early
after ACL reconstruction, as well as good mechanical
properties and tissue growth characteristics. Furthermore,
none of the patients had any postoperative complications.
These results support our hypothesis that the combination of
autologous tendons and LARS artificial ligaments improves
clinical outcomes by providing superior mechanical strength
and promoting tissue integration. Four hamstring tendons and
bone-patellar tendons are the most frequently used autografts
and were once considered to remain the standard for ACL
reconstruction. (Kim et al., 2013; Budny et al., 2017). This
study provides a novel option for patients with thin autografts.

The concept of an artificial replacement for ACL was first proposed
in 1918 by Smith, who used a graft secured in place with staples and
multiple silk sutures. Unfortunately, the surgery was unsuccessful, and
the graft failed shortly after implantation. Since the 1970s, the use of
artificial ligaments has increased due to the advancement of novel
materials and technologies, including Teflon, carbon fiber, Gore-Tex,
polyester, and later the Leeds-Keio and Kennedy-Ligament
strengthening devices (LAD). Nevertheless, due to their various
limitations, all were abandoned (Bolton and Bruchman, 1985;
Fujikawa et al., 1989; Richmond et al., 1992; Rading and Peterson, 1995).

LARS represents a new generation of synthetic ligaments,
featuring remarkable advancements in overall design, weaving
technology, and surgical techniques compared with previous
synthetic ligaments (Chinese Specialist Consensus Group On
New Generation Artificial Ligaments Used For Anterior Cruciate
Ligament, 2022). Unlike other biological grafts, LARS is made from
PET fibers and does not undergo the “necrosis-
vascularization–recombination” tissue regeneration process (Chen
and Chen, 2020). LARS depends on “isometric” or “near-isometric”
techniques in ACL reconstruction, requiring precise bone tunnel
positioning to compensate for its poor elasticity. In addition, the
tissue growth characteristics of LARS ligaments within bone tunnels
have been questioned. In the present study, the LARS ligaments were
completely encased in autologous tendons, and the two
demonstrated good biological integration (Viateau et al., 2013).

Historically, the improvement of ACL grafts, often referred to as
“internal brace”, is not a new concept, with their introduction dating
back to 1980. (Kennedy et al., 1980). Sutured band augmentation
and LARS ligament augmentation are common. Biomechanically,
ACL graft augmentation can protect the graft from irreversible
elongation and improve the biological fusion of the graft,
especially during the maturation and remodeling stages of
healing (Noonan et al., 2020; Millan et al., 2021; Smith, 2021).

The advantage of LARS intraligament enhancement lies in the
combination of LARS ligaments with autologous tendons, which
ensures the thickness and length of the graft. This is especially
beneficial for patients with naturally thin autologous tendons.
According to (Snaebjornsson et al., 2017), for every 0.5 mm
increase in the diameter of a hamstring autograft, the probability
of revision surgery decreased by 0.85 times.

In this study, we employed the all-inside ACL reconstruction
approach. Compared to the traditional full-length bone tunnel
method, the all-inside technique creates bone tunnels in the
femur and tibia that are wider internally and narrower externally,
preserving more bone mass and cortical bone integrity, and reducing
the risk of postoperative complications such as fractures (Kocabey
et al., 2019; Kouloumentas et al., 2019). Additionally, the all-inside
technique avoids the need for interference screw fixation at the tibial
end, thereby reducing the required graft length. When combined
with internal augmentation techniques, it not only decreases the
length requirement but also achieves an ideal graft diameter, making
it particularly suitable for patients with multiple ligament injuries or
insufficient autologous ligaments. Moreover, through all-inside
reconstruction, the LARS internal brace ligament provides early
strength support, enabling early patient mobilization.
Simultaneously, the hamstring tendon wrapped around its
periphery is more likely to heal with the bone tunnel, thereby
promoting patient recovery. This approach aligns with the
current concept of ERAS (Enhanced Recovery After Surgery)

In animal experiments, a mixed internally enhanced graft
composed of the rabbit EDL tendon and LARS ligament was
implanted into the rabbit knee joint. Micro-CT images showed
that the animal’s bony tunnel was intact in shape and not enlarged.
Histologically, hybrid grafts have a better prognosis than LARS
ligaments alone. H&E and Masson’s trichrome staining revealed
cellular infiltration between the LARS ligament fibers and the
generation of collagen fibers and neovascularization.

Regarding the cost-effectiveness of the new technique, although
the use of LARS ligament augmentation may incur additional
medical expenses, these costs are generally covered by insurance,
thereby limiting the financial burden on patients. Furthermore, the
application of internal brace in reconstruction accelerates patient
recovery, reducing the need for additional caregiving and
rehabilitation expenses. In this study, the augmented ligaments
demonstrated excellent performance, with no cases of failure and
few postoperative complications, which reduced the costs associated
with retreatment and revision surgeries.

In summary, we believe this graft offers several advantages: 1.
The outer autografts directly contacts the bone tunnel, which is
more conducive to tendon-bone healing compared to LARS
ligaments and allografts. 2. The inner LARS ligament provides
support during the early stages of reconstruction, reducing the
risk of early failure of the autografts. 3. The filling effect of the
inner LARS ligament allows for achieving a graft diameter of 8 mm
with less tendon harvested. It not only minimizing donor site
morbidity but also enabling the use of autografts reconstruction
in lean individuals.

This study has several advantages. First, it presents a novel
method for ligament weaving. Second, it demonstrates the feasibility
of reinforcing ligaments from clinical, biomechanical, and
histological perspectives, making the conclusions more reliable.
Nevertheless, there are also several limitations in this study. First,
the patient was discharged from the hospital the day after the
surgery. Second, although rehabilitation was conducted under the
supervision of professional surgeons, due to individual differences
and varying levels of compliance, controlling the rehabilitation
process was challenging, which may have affected postoperative
functional recovery. Finally, the sample size and follow-up period
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were limited. Therefore, continuous and close follow-up is required
to evaluate the long-term effects on patient prognosis and
reinjury rates.

5 Conclusion

Using the LARS ligament augmentation technique for ACL
reconstruction yields superior clinical outcomes, biomechanical
properties, and histological results than traditional methods. It
provides a novel solution for patients with ACL injuries who
have thin autologous tendons.
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