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Abstract

Introduction

Anterior cruciate ligament (ACL) injury is common in high-
intensity sports and impacts knee stability. ACL
reconstruction is the standard intervention to restore
function and prevent complications such as osteoarthritis.
The type of graft and surgical technique influence clinical
outcomes and patient recovery.

Methodology

This systematic review followed PRISMA guidelines,
analyzing studies published between 2014 and 2024 from
databases such as PubMed and Medline. Clinical trials,
observational studies, and case studies with full texts in
English were included. Exclusion criteria included
secondary studies and works in languages other than
English.

Results

Autologous grafts, such as hamstring and patellar tendons,
are effective for functional stability, while allografts present
a higher risk of complications. Associated injuries, such as
meniscal and cartilage damage, influence recovery and can
lead to early osteoarthritis. Innovative techniques, including
the use of stem cells and PRP, have shown potential but
require further evidence. Postoperative pain management
and psychological support directly impact rehabilitation and
functional outcomes.

Conclusion

ACL reconstruction should be personalized, considering
age, level of physical activity, and associated injuries.
Autologous grafts remain the best options, but advances
such as stump preservation and adjunctive therapies may
optimize healing and function. Long-term multicenter
studies are needed to validate these practices.
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1. Introduction

Anterior cruciate ligament (ACL) injury is one of the most common injuries among athletes and participants in high-intensity
sports, typically resulting from abrupt rotational and deceleration movements that impact knee stability and patients' quality of
life 11, The ACL plays a crucial role in maintaining knee stability by limiting anterior tibial translation and controlling rotation,
making it essential for safe mobility 1.

ACL reconstruction is considered the standard approach to restoring joint function and preventing long-term complications
such as osteoarthritis 1. Autologous grafts, such as hamstring and patellar tendons, are widely used due to their high efficacy
in terms of stability and integration rate * 51, However, the choice of graft type and the surgical technique employed can
significantly influence outcomes and should be considered based on their specific characteristics [,

Advanced techniques, such as stump preservation, have shown promising results. The study by Low & Teo (2024)
demonstrated that stump preservation during hamstring graft harvesting improved anatomical insertion and reduced proximal
tendon displacement, contributing to more effective recovery /1. Conversely, Zhang et al. (2017) reported that allografts may
present higher instability and tibial tunnel widening, which can compromise clinical outcomes €1,
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Postoperative pain management is a critical component of
recovery. Mahmoud et al. (2021) showed that popliteal
plexus block could significantly reduce analgesic use and
improve overall patient well-being . Aldape-Rivas et al.
(2024) supported these findings by demonstrating that
epidural analgesic administration resulted in better pain
control and reduced opioid use [*%.

Innovative therapies, such as the application of stem cells
and platelet-rich plasma (PRP), have been investigated to
accelerate recovery. Wang et al. (2017) observed that
mesenchymal stem cell injection combined with hyaluronic
acid improved pain scores and cartilage preservation 14,
However, Ye et al. (2024) reported that PRP use did not
provide significant benefits in clinical outcomes 12,

The presence of associated meniscal and cartilage injuries
can also influence recovery. Studies like that of Filbay et al.
(2017) emphasized that such injuries can negatively affect
knee function even after reconstruction 3, Akelman et al.
(2016) also highlighted that failure to treat associated
injuries can result in instability and early osteoarthritis
development (41,

Psychological factors play a vital role in recovery. Luc-
Harkey et al. (2018) demonstrated that although
kinesiophobia does not directly affect gait, it can impact
patients' willingness to engage in rehabilitation [*3, Patient
satisfaction and vitality, as noted by Akelman et al. (2016),
are essential for treatment adherence (141,

Innovative surgical techniques, such as the "all-inside"
approach and the use of cortical button fixation devices,
have also been studied. Bressy et al. (2016) observed that
the "all-inside™ technique may offer initial benefits but can
lead to instability in some cases 6,

The choice of graft type and reconstruction technique affects
knee biomechanics and long-term outcomes. Guglielmetti et
al. (2014) highlighted that the transportal technique
improves results compared to the transtibial technigue,
especially in IKDC scores [*7], Santos et al. (2020) suggested
that preserving the native tibial insertion without using
interference screws contributes to better biomechanical
performance 181,

Strength and functional recovery are critical aspects
following ACL reconstruction. Horstmann et al. (2021)
compared hamstring and quadriceps tendon grafts and
observed that both provide similar stability, although
strength recovery varies among patients [°1. |odhia et al.
(2022) reported no significant differences in rotational
stability between 4- and 5-strand hamstring grafts (2%,

Von Essen et al. (2021) suggested that using contralateral
hamstring grafts may facilitate faster strength recovery 24,
Cooper et al. (2018) highlighted that preoperative
hyperextension is a predictor of graft failure in patients
undergoing revision reconstruction 22,

The aim of this study was to compare graft types and ACL
reconstruction  techniques, focusing on  functional,
metabolic, and biopsychosocial outcomes to determine the
most effective strategies for rehabilitation and return to
physical activity.

2. Methodology

This systematic review was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, ensuring a rigorous
and standardized approach for the selection, evaluation, and
analysis of the included studies. Each step of the
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methodology was designed to guarantee the validity and
integrity of the results obtained.

2.1 Guiding Question

The research question guiding the review was: Which ACL
reconstruction practices, in terms of graft types and
interventions, offer the best functional, metabolic, and
biopsychosocial outcomes for patients?

2.2 Literature Search Strategy

The literature search was conducted using the PubMed,
ScienceDirect, and Medline databases, covering the period
from 2014 to 2024. Keywords were defined based on an
initial review of the literature and included: “ACL
reconstruction,” “grafts,” “metabolic response,”
“biopsychosocial impact,” and “associated injuries.” The
combination of terms was performed using the Boolean
operators “AND” and “OR,” allowing a comprehensive
search and identification of relevant studies.

2.3 Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were carefully defined

to ensure the relevance, methodological quality, and

applicability of the studies included in the review. Clear

definitions of these criteria aimed to establish a consistent

basis for selecting the most relevant articles and ensuring

that only studies with detailed information and original data

were considered.

Inclusion  Criteria:  Studies were included that

demonstrated methodological rigor and relevance to the

central theme of the review. Inclusion criteria comprised:

= Randomized clinical trials, observational studies, and
case studies to provide a comprehensive and diverse
overview of ACL reconstruction practices.

= Articles discussing different types of grafts used in
ACL reconstruction, allowing a comparative analysis of
employed techniques.

= Studies presenting data on complications, functional
outcomes, metabolic responses, and biopsychosocial
impacts, focusing on providing a complete
understanding of the implications of each approach.

=  Publications in English and accessible in full text,
ensuring the availability of information for detailed
analysis and data verification.

= Studies conducted on humans and published between
2014 and 2024, ensuring the relevance and currency of
findings in modern clinical practice.

Exclusion Criteria: Certain types of studies were excluded

to maintain the quality and applicability of results:

= Systematic  reviews, meta-analyses, conference
abstracts, and book chapters were excluded to avoid
data duplication and the inclusion of secondary analyses
that could compromise the originality of findings.

= Articles not available in full text, as detailed analysis of
methods and results was essential for inclusion.

= Studies published in languages other than English, to
maintain linguistic consistency and avoid potential
translation issues that could compromise data
interpretation.

= Studies with non-human samples or based on
preclinical experiments, ensuring that findings were
directly applicable to human clinical practice.

2.4 Study Selection Process

Two independent reviewers conducted the initial screening
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of the titles and abstracts of articles found in the search.
Studies that met the inclusion criteria were submitted for
full-text analysis. Disagreements in selection were resolved
by consensus, or by a third reviewer in cases of discrepancy,
ensuring impartiality in the inclusion process.

2.5 Quality Assessment of Studies

The methodological quality assessment was conducted using
appropriate tools for different types of studies. Randomized
clinical trials were evaluated using the Jadad scale, which
considers criteria such as randomization, blinding, and
attrition reporting. Observational studies were assessed with
the Newcastle-Ottawa checklist, which verifies participant
selection, group comparability, and reported outcomes.
Low-methodological-quality studies were included, but their
limitations were considered and highlighted in the
discussion of results.

2.6 Data Extraction

Data extraction was standardized to ensure consistency and

accuracy. Two independent reviewers extracted relevant

information, including:

=  Characteristics of the studied population (number of
participants, age range, and gender).

= Type of graft used and reconstruction techniques.

= Postoperative interventions and management strategies.

=  Functional, metabolic, and biopsychosocial outcomes.

= Reported complications and adverse effects.

The data were organized in a structured spreadsheet,
facilitating easy comparison and analysis among the studies.

2.7 Data Analysis and Synthesis:

The collected data were qualitatively analyzed, with a
narrative synthesis that integrated the findings of the
selected studies. Detailed comparisons between different
graft types and therapeutic approaches were made,
discussing convergences and divergences in results. The
analysis also highlighted gaps in the literature and suggested
directions for future research.

3. Results and Discussion

3.1 Type of Graft

The semitendinosus and gracilis tendons, located in the
inner thigh, are widely used in ACL reconstruction due to
their lower donor site morbidity and reduced postoperative
pain (4. These tendons are typically fixed using titanium or
bioabsorbable interference screws, or cortical buttons made
from titanium or composite materials. Low and Teo
demonstrated that stump preservation techniques with these
tendons enabled more efficient anatomical insertion and
reduced proximal tendon displacement, resulting in
improved functional stability 1. Pistone et al. highlighted
that total body vibration therapy in patients with flexor
tendon grafts improved muscle strength symmetry, aiding
neuromuscular recovery Bl Similarly, Mahmoud et al.
reported that flexor tendon grafts reduced analgesic and
opioid use, enhancing postoperative well-being (.. However,
Horstmann et al. noted that reconstructions using hamstring
tendon grafts are associated with increased tibial tunnel
widening, although this did not significantly affect clinical
outcomes 51,

The patellar tendon, located at the front of the knee below
the patella, is traditionally fixed using titanium or
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bioabsorbable interference screws due to its high mechanical
strength. Akelman et al. found that while patellar tendon
grafts provide superior strength, they are associated with
complications such as persistent instability and anterior knee
pain . Gupta et al. reported similar postoperative pain
levels between patellar and flexor tendon graft groups in 100
male patients, suggesting both methods are clinically viable
[, However, Cooper et al. linked preoperative knee
hyperextension to a higher risk of graft failure, particularly
in patellar tendon grafts, indicating that excessive joint
extension may complicate outcomes !,

The quadriceps tendon, located at the front of the knee
above the patella, is fixed using interference screws
(titanium or bioabsorbable) or cortical fixation devices made
of titanium or composite materials, and is particularly
effective for revision ACL reconstructions. Horstmann et al.
compared quadriceps and flexor tendon grafts, reporting
similar knee stability and Lysholm and IKDC scores,
suggesting that the quadriceps tendon is a viable alternative
[, Barié et al. noted that although quadriceps tendon grafts
deliver good functional outcomes, they have a higher donor
site morbidity, potentially increasing postoperative pain 1%,
Allografts, sourced from donors, are fixed using titanium or
bioabsorbable interference screws, cortical buttons, or suture
anchors made from composite or metallic materials, and are
often indicated for revisions or cases prioritizing donor site
preservation. Zhang et al. reported that allografts were
associated with greater tibial tunnel widening and instability
compared to autografts [*4. Jia and Sun found comparable
Lysholm and IKDC scores between autografts and allografts
but noted a higher complication rate, including tunnel
widening, in the latter 2. VVon Recum et al. confirmed that
autologous bone grafts for revisions showed similar
functional outcomes to calcium phosphate materials but with
higher complication rates (41,

Synthetic grafts, an innovative yet less commonly used
alternative, are typically fixed using titanium interference
screws, specialized anchors made from polyethylene
materials, or other synthetic composite devices. Xu et al.
compared synthetic and autologous tendon grafts,
concluding that while proprioceptive recovery was similar,
synthetic grafts presented a higher risk of long-term
complications 1, Murray et al. introduced the bridge-
enhanced ACL repair (BEAR) technique, which employs a
synthetic scaffold to regenerate ligament tissue. BEAR
demonstrated functional outcomes equivalent to traditional
autologous grafts, although reoperation rates were similar,
indicating that further research is needed to validate its long-
term efficacy [*°],

3.2 Studied Population

Studies such as Low and Teo [*®, which investigated 30
ACL reconstruction patients divided into stump preservation
and conventional technique groups, emphasize the
importance of smaller samples to control specific variables
and analyze innovative techniques. Group division allows
for direct comparison of functional outcomes and the
assessment of the efficacy of different surgical approaches.
Although many studies do not detail gender distribution
specifically, as seen in Pistone et al. ¢l discussing the
proportion of men and women in ACL studies is crucial, as
it can influence outcomes. ACL reconstruction in women
may yield different results due to unique biomechanical and
hormonal factors. For instance, Luc-Harkey et al. [
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reported a female predominance in their sample of 30
physically active individuals, highlighting the importance of
considering gender when analyzing kinesiophobia and post-
reconstruction gait characteristics.

The age range of participants is also a critical factor, as
demonstrated by Cooper et al. '8 who studied 1,145
patients and found that younger individuals exhibited a
higher graft failure rate, particularly those with significant
preoperative hyperextension. This reflects the need to adapt
treatment strategies for younger, more active populations,
who typically have higher functional demands and greater
expectations of returning to sports.

Analysis of different age ranges was also noted in studies
such as Aldape-Rivas et al. 9, involving 108 patients, and
Marmura et al.?%, with 606 young individuals, which show
that younger patients tend to have better initial functional
responses but may face challenges such as residual
instability and long-term risk of failure. Filbay et al. ?!! also
noted that in older patients, recovery time can be extended,
necessitating a therapeutic approach that includes targeted
rehabilitation to optimize knee function.

Studies exploring specific techniques, such as Seppénen et
al. 2 with 153 patients divided into single- and double-
bundle reconstructions, illustrate how larger and more
heterogeneous samples can provide insights into the efficacy
of less common techniques. These studies allow for the
evaluation of how individual patient characteristics,
including age and activity level, may influence clinical
outcomes.

The inclusion of athletes in ACL studies, as noted by Barié
et al. 1 and Alentorn-Geli et al. 24, who analyzed athletic
populations, brings important implications. Athletes often
have higher expectations for returning to sport and rapid
recovery. Studies such as Murray et al. %], which examined
a population of 100 young, active individuals, showed that
techniques like bridge-enhanced ACL repair (BEAR) can
provide functional results equivalent to traditional
reconstruction, although reoperation rates may vary.
Multicenter studies, such as those conducted by Fleming et
al. 28 are particularly valuable as they provide data from
different regions and populations, enhancing the
applicability of results. Fleming’s study included 90 patients
compared to a control group, highlighting the impact of
population variables on recovery and postoperative
functional outcomes.

Patients with pre-existing conditions, such as joint
instability or associated meniscal injuries, were also
analyzed in studies like von Recum et al. 71, which
investigated 40 patients undergoing two-stage ACL
reconstruction. These populations are crucial for
understanding how factors such as age, gender, and injury
type influence surgical decisions and outcomes.

The relevance of long-term follow-up studies, such as Jin et
al. 281 with 65 patients, is emphasized by the potential to
monitor failure and complication rates over the years. These
studies allow for the evaluation of graft efficacy and
durability, providing valuable data for clinical practice.

3.3 Associated Injuries

Meniscal injuries are frequently associated with ACL
ruptures and play a crucial role in knee stability and
progression to osteoarthritis. Studies such as those by Filbay
et al. % highlight that meniscal damage can negatively
impact functional recovery and return to sports. Treatment
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for associated meniscal injuries can vary from partial
meniscectomies to meniscal sutures, depending on the
extent of the injury and tissue viability.

The presence of chondral lesions is an important factor that
can complicate recovery after ACL reconstruction. Zhang et
al. B% observed that patients with chondral lesions faced
greater stabilization difficulties and a higher incidence of
tibial tunnel widening, compromising graft integrity and
long-term stability. If not properly treated, these lesions can
result in persistent pain and significant functional
limitations.

Joint instability is commonly associated with ACL ruptures,
particularly in patients with a history of joint hypermobility.
Studies such as those by Erden et al. B showed that
combining ACL reconstruction with anterolateral ligament
reinforcement improves anteroposterior knee stability and
reduces graft failure rates. These approaches are especially
recommended for patients with rotational instability or
complex injuries that require greater biomechanical support.
Patients with multiple ligament injuries, such as
concomitant medial or lateral collateral ligament damage,
face a more challenging prognosis. Multicenter studies like
those of Cooper et al. 8 indicate that isolated ACL
reconstruction may not suffice in such cases, and additional
procedures may be necessary to ensure joint stability and
prevent future failures.

The presence of meniscal and chondral injuries may
necessitate modifications to rehabilitation protocols.
Akelman et al. ™3 reported that patients with these
associated injuries tend to have higher rates of instability
and lower satisfaction with surgical outcomes, which can
negatively impact adherence to rehabilitation programs.
Specific  rehabilitation  protocols, including muscle
strengthening and joint stabilization, are essential to
minimize recurrence risks and improve functional outcomes.
Studies involving young athletes, such as Marmura et al. [2°,
found that associated injuries, particularly meniscal damage,
are more prevalent and significantly impact functional
recovery and return to sport. Meniscal injuries may prolong
recovery time and necessitate additional interventions
during rehabilitation. Surgical approaches for this
population often aim to preserve as much tissue as possible
to ensure better long-term outcomes.

The presence of cartilage and meniscal lesions is directly
related to the early development of osteoarthritis. Studies
such as those by Fleming et al. ?®l show that patients with
associated injuries are more likely to develop degenerative
changes in the medium and long term, impacting knee
function and quality of life. These findings underscore the
importance of accurate diagnosis and comprehensive
treatment to minimize long-term sequelae.

Graft choice can be influenced by the presence of associated
injuries. For instance, patients with extensive cartilage
damage may benefit from techniques that promote
regeneration and stability, such as the use of more robust
autologous grafts. Studies like those by Cusumano et al. 32
emphasize that graft maturation and complication rates can
vary depending on pre-existing conditions.

The treatment strategy for associated injuries should
consider the extent and severity of the damage. In more
complex cases, as documented by Horstmann et al. 12,
combining ACL reconstruction with adjunctive treatments
for cartilage and meniscus can vyield better functional
outcomes. Stump preservation techniques have also shown
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benefits in maintaining integrity and enhancing graft
anatomical insertion, as noted by Low and Teo I,

The prognosis for patients with associated injuries varies
based on the severity and treatment approach. Patients with
multiple injuries tend to have a more guarded prognosis,
requiring careful rehabilitation planning and prolonged
follow-up. Studies such as those by Aldape-Rivas et al.
emphasize that effective pain management and reduced
opioid use can improve well-being and functional recovery.

3.4 Metabolic and Regenerative Factors

The process of integrating a bone-tendon-bone graft has
significant implications for the metabolic response of the
joint. Studies such as those by Mahmoud et al. [
emphasize that regional blocks, such as popliteal plexus
blocks, can reduce analgesic consumption and improve
postoperative well-being, positively influencing metabolic
responses by reducing inflammation and promoting healing.
These blocks help modulate the Ilocal inflammatory
response, directly impacting tissue regeneration and repair.
The use of stem cells and growth factors, such as platelet-
rich plasma (PRP), has been studied as adjuncts in ACL
reconstruction. Wang et al. B3 demonstrated that the
injection of mesenchymal progenitor cells can preserve
cartilage volume and minimize bone expansion, improving
metabolic outcomes and joint integrity. This approach
enhances the healing environment and contributes to faster
and more effective knee function recovery.

The integration and maturation time of the graft is a crucial
aspect of postoperative recovery. Cusumano et al. [2
compared the maturation of autologous and allogeneic grafts
and observed that although the maturation pattern varied, the
clinical outcome in the medium and long term was not
significantly affected by differences in metabolic response.
The revascularization process of the graft is essential for
ensuring cellular nutrition and viability, directly influencing
graft strength and durability.

The administration of growth factors such as PRP has been
investigated to improve metabolic response and accelerate
healing. Lin et al. ®* reported that combining bone marrow
aspirate with PRP showed signs of more intense initial
inflammation, but with potential for long-term regenerative
improvement. However, the use of PRP remains
controversial, as some studies, such as Ye et al. B, found no
significant improvements in symptoms or joint function
after 12 months of follow-up.

The type of graft used can influence the metabolic and
regenerative responses of the knee. Studies like those by
Aldape-Rivas et al. ¥ indicate that autologous hamstring
grafts have a lower complication rate and better integration
responses compared to allografts. Additionally, autologous
grafts tend to promote a more favorable immune response,
minimizing chronic inflammation and supporting more
efficient healing.

Preserving articular cartilage after ACL reconstruction is
challenging. Fleming et al. [l emphasizes that the
inflammatory response at the time of injury can affect joint
lubrication and, consequently, cartilage metabolism,
increasing the risk of post-traumatic osteoarthritis.
Interventions that promote cartilage regeneration, such as
the use of mesenchymal stem cells, have the potential to
mitigate these effects and improve long-term joint health.
Graft revascularization is a critical process for its survival
and functional efficacy. Studies such as those by Von Essen
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et al. B8 suggest that using autologous hamstring grafts,
particularly those harvested from the contralateral side, can
facilitate faster muscle strength recovery and potentially
better revascularization response. This process is essential
for graft remodeling, ensuring tissue incorporation and
biomechanical strength necessary for functional activities.
Controlling the inflammatory response is vital for proper
healing and joint function recovery. Studies that investigated
metabolic and inflammatory responses following ACL
reconstruction, such as Cooper et al. ¢, indicate that
inadequate inflammation can lead to graft failure and
progression to chronic conditions like osteoarthritis.
Inflammation management techniques, including anti-
inflammatory use and load modulation during rehabilitation,
are essential for long-term success.

Rehabilitation plays a critical role in metabolic and
regenerative adaptation. Muscle strengthening and joint
stabilization programs promote protein synthesis and the
maintenance of muscle mass around the knee, contributing
to a more robust regenerative response. Mahmoud et al. [*3
emphasized that effective pain management and reduced
opioid use are associated with faster recovery and better
metabolic adaptation of scar tissue.

Understanding metabolic and regenerative responses is
crucial for developing effective clinical protocols.
Incorporating adjunctive treatments such as PRP and stem
cells, along with inflammation management strategies and
personalized rehabilitation protocols, can optimize healing
and joint function after ACL reconstruction.

3.5 Functional and Biopsychosocial Outcomes

Various studies indicate that functional outcomes vary
depending on the type of graft and the technique used. For
instance, autologous hamstring grafts have shown promising
results in terms of knee stability and function, as noted by
Jin et al. Bl who observed faster recovery with intensive
rehabilitation protocols, although long-term effects were like
traditional protocols. Similarly, Ebert et al. ¥ reported that
quadriceps tendon grafts provided functional results
comparable to hamstring grafts but with reduced need for
postoperative analgesia.

The choice of graft type plays a significant role in
postoperative outcomes. Studies like those by Gupta et al. [']
and HORSTMANN, H., et al. [*? indicate that while patellar
tendon grafts offer quicker integration and better initial
stability, they can result in a higher incidence of anterior
knee pain. Conversely, Buescu et al. B highlighted that
quadriceps tendon grafts, although less commonly used,
yielded good functional results with reduced postoperative
pain.

Return to pre-injury levels of sport is an essential parameter
for evaluating the success of ACL reconstruction. Alentorn-
Geli et al. 9 observed that the use of regenerative stem
cells with grafts improved knee function and accelerated
graft maturation, facilitating a quicker return to sports.
Murray et al. ?*] compared the bridge-enhanced ACL repair
(BEAR) technique with traditional reconstruction and
concluded that both techniques provided equivalent stability
outcomes, though BEAR could lead to a higher rate of
reoperations.

The psychological impact of surgery and recovery should
not be underestimated. Luc-Harkey et al. M1 demonstrated
that while there was no significant association between
kinesiophobia and gait characteristics, fear of movement
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could affect adherence to rehabilitation protocols, impairing
functional outcomes. Mahmoud et al. 3 reported that
reduced opioid use after reconstruction contributed to an
improved sense of postoperative well-being, which can
promote smoother and more effective recovery.

Adherence to rehabilitation protocols is a determining factor
for functional outcomes. Intensive rehabilitation protocols,
as discussed by Jin et al. 7], showed short-term benefits,
while more traditional protocols produced solid long-term
results. An individualized approach that considers the
patient’s physical and psychological conditions can
maximize outcomes and reduce complications.

Postoperative pain is a critical element affecting both quality
of life and functionality. Studies by Johnston et al. (! and
Gupta et al. ! found that different graft types and analgesic
techniques can influence pain intensity and early mobility.
Methods that minimize initial pain can lead to more
proactive rehabilitation and more effective functional
recovery.

Patient satisfaction is an essential aspect of functional
outcomes. Akelman et al. Bl noted that the perception of
persistent instability could negatively impact patient
satisfaction and, consequently, adherence to rehabilitation
protocols.  Providing psychological support during
rehabilitation and clear communication with the patient can
enhance these outcomes.

Return to sports and daily activities is influenced by both
physical function and patient confidence. Low and Teo ™
indicated that stump preservation techniques could improve
graft anatomical insertion and boost patient confidence,
promoting more robust recovery.

4. Conclusion

The conclusion of this study comprehensively addresses the
objective of evaluating the effectiveness of different graft
types and techniques in anterior cruciate ligament (ACL)
reconstruction, emphasizing functional, metabolic, and
biopsychosocial outcomes. The findings demonstrated that
autologous grafts, such as hamstring and patellar tendons,
remain reliable choices due to their ability to promote
stability and facilitate the return to functional activities.
However, selecting the ideal graft should consider specific
factors such as the patient’s age, level of physical activity,
presence of associated injuries, and rehabilitation goals to
optimize surgical outcomes and graft durability.

Innovative techniques, such as stump preservation and the
use of stem cells and growth factors, have shown potential
to enhance healing and regenerative response. The bridge-
enhanced ACL repair (BEAR) approach also presented
promising results comparable to traditional techniques,
despite requiring further research to confirm its long-term
efficacy and minimize the risk of complications.

The biopsychosocial impact, particularly concerning
postoperative pain and kinesiophobia, proved to be
significant in rehabilitation adherence and functional
outcomes. Pain management strategies that reduce opioid
use and approaches that promote psychological well-being
were associated with more positive recovery and increased
patient satisfaction.

In summary, ACL reconstruction is a multifaceted
procedure that demands a personalized approach, combining
anatomical, functional, and psychosocial aspects to
maximize treatment benefits. The choice of graft and
auxiliary techniques should be carefully tailored to the
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patient's characteristics and supported by updated scientific
evidence. Continuous advances in the field require
longitudinal and multicenter studies to provide more robust
data and support clinical decision-making, aiming to
enhance recovery and quality of life for patients undergoing
ACL reconstruction.
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