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Abstract

Background: Arthroscopic anterior cruciate ligament (ACL) reconstruction is a commonly performed
procedure for individuals with ACL injuries. The choice of graft material is crucial for the success of
the surgery, with minimally invasive quadriceps tendon autografts and hamstring tendon autografts
being the most frequently used options. Objective: This comparative review aims to analyze and
compare the outcomes of arthroscopic ACL reconstruction using minimally invasive quadriceps tendon
autografts and hamstring tendon autografts. The objective is to provide valuable insights into the
advantages, limitations, and clinical efficacy of each graft option. Conclusions: Both minimally
invasive quadriceps tendon autografts and hamstring tendon autografts have demonstrated positive
outcomes in arthroscopic ACL reconstruction. Each graft option has its own advantages and
limitations, such as graft strength, harvest site morbidity, postoperative pain, and recovery time.
Surgeons and patients can use this information to make informed decisions regarding graft selection in

ACL reconstruction.
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Introduction

ACL reconstruction is a vital surgical
procedure aimed at restoring knee stability and
function in individuals with anterior cruciate
ligament (ACL) injuries. The ACL is a major
ligament in the knee joint that provides
stability by preventing anterior translation of
the tibia in relation to the femur. However,
ACL injuries are common, especially among
active individuals participating in sports that
involve sudden stops, changes in direction, or
pivoting movements [1].

The prevalence of ACL injuries has been a
cause for concern, with numerous studies
reporting a significant incidence among
athletes and non-athletes alike. ACL tears
often result from sports-related activities such
as soccer, basketball, football, and skiing, but
they can also occur during non-contact
situations involving sudden twists or turns.
Additionally, female athletes have shown a
higher susceptibility to ACL injuries compared
to their male counterparts [2].

The importance of ACL reconstruction lies in
the potential consequences of leaving the
injury untreated. A torn ACL can lead to knee
joint instability, which hampers normal daily
activities and sports participation. Furthermore,
the absence of surgical intervention may
accelerate joint degeneration, resulting in long-
term complications such as meniscal tears,
cartilage damage, and an increased risk of
developing osteoarthritis [3].

The primary goals of ACL reconstruction are
to restore knee stability, enable a return to
previous levels of activity, and minimize the

risk of future knee injuries. Achieving these
goals requires careful consideration of several
factors during the surgical procedure. The
surgical approach plays a crucial role in
accessing the knee joint and performing the
necessary repairs. Arthroscopic techniques,
which involve smaller incisions and the use of
a camera and specialized instruments, have
become the standard approach due to their
minimally invasive nature, reduced
postoperative pain, faster recovery, and
improved cosmetic outcomes [4].

In addition to the surgical approach, the choice
of graft type, graft placement, and fixation
method are pivotal in determining the success
of ACL reconstruction. Graft selection
involves using a suitable tissue substitute to
reconstruct the torn ACL. Common graft
options include autografts, which are harvested
from the patient's own body, and allografts,
which are obtained from a donor. Autografts
are generally preferred due to their better
healing potential and lower risk of disease
transmission. The most commonly used
autografts for ACL reconstruction are
hamstring tendon autografts and bone-patellar
tendon-bone autografts [4].

Graft placement refers to the accurate
positioning of the graft within the knee joint to
restore the native ACL's biomechanical
function. The proper placement of the graft
ensures stability and optimal load transmission
throughout the knee joint. Fixation methods
are employed to secure the graft in its
anatomical position during the healing process.
Various techniques are available, including
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interference screws, suspensory devices, and
cortical fixation methods. The choice of
fixation method depends on factors such as
graft type, surgeon preference, and patient-
specific considerations [5].

The type of graft used in ACL reconstruction
has a significant impact on surgical outcomes
and patient satisfaction. The biomechanical
properties, healing potential, and potential
complications associated with each graft type
should be carefully considered. Hamstring
tendon autografts are widely used due to their
availability, ease of harvest, and satisfactory
clinical outcomes. On the other hand, bone-
patellar tendon-bone autografts are considered
the gold standard graft due to their excellent
potential for bone-to-bone healing. However,
these grafts may be associated with
complications such as anterior knee pain and
patellofemoral arthritis [6].

Recently, minimally invasive quadriceps
tendon autografts have gained attention as a
viable alternative for ACL reconstruction. The
quadriceps tendon has shown comparable
biomechanical properties to hamstring tendon
and bone-patellar tendon-bone grafts, with
similar stability, patient-reported outcomes,
and strength. Quadriceps tendon autografts
have also demonstrated a lower failure rate
compared to patellar tendon autografts and
reduced incidence of anterior knee pain. These
advantages, along with decreased donor site
morbidity, make quadriceps tendon autografts

an attractive option for primary ACL
reconstruction [7].

This review aims to compare the outcomes of
arthroscopic ~ ACL  reconstruction  using
minimally  invasive  quadriceps  tendon
autografts and hamstring tendon autografts,
providing valuable insights into their
respective advantages, limitations, and clinical
efficacy.

1. Anatomy and Biomechanics of the
ACL:

The anterior cruciate ligament (ACL) is one of
the two major ligaments within the knee joint
that plays a crucial role in providing stability.
It is located deep within the knee, connecting
the femur (thighbone) to the tibia (shinbone).
The ACL runs diagonally in the center of the
knee, crossing over the posterior cruciate
ligament (PCL) to form an "X" shape. The
ACL's primary function is to prevent excessive
forward movement (anterior translation) of the
tibia in relation to the femur, as well as to
control rotational forces [8].

The ACL consists of two bundles: the
anteromedial  bundle (AM) and the
posterolateral bundle (PL). The AM bundle is
taut during knee flexion and is primarily
responsible for preventing excessive anterior
translation of the tibia. It also plays a role in
resisting rotational forces. The PL bundle, on
the other hand, becomes taut during knee
extension and contributes to overall knee
stability [9].

PCL

/;
PLB

~\
-

Fig. (1) The photograph of the AMB and PLB of the ACL in the axial view. The ACL was bluntly
separated into the two bundles. Note that the AM bundle attaches on the cylindrical surface of the
femoral intercondylar notch around its proximal/ posterior outlet [9].

Biomechanically, the ACL acts as a primary abnormally. During activities involving

restraint against anterior tibial translation and
rotational instability of the knee joint. It helps
maintain the integrity of the joint by resisting
forces that could potentially cause the tibia to
move  excessively forward or rotate

jumping, pivoting, or changing direction, the
ACL undergoes significant stress and must
withstand substantial loads to maintain knee
stability [10].
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When the ACL is torn, the knee becomes
unstable, leading to feelings of giving way,
impaired joint function, and increased stress on
other structures within the knee. ACL injuries
often occur during sports activities that involve
sudden deceleration, landing from a jump, or
twisting motions. The injury can range from a
partial tear to a complete rupture of the
ligament [12].

ACL reconstruction surgery aims to restore
knee stability by replacing the damaged or torn
ACL with a graft. Grafts can be obtained from
the patient's own body (autograft) or from a
donor (allograft). The choice of graft depends
on various factors, including the patient's age,
activity level, and surgeon preference [13].
The role of grafts in ACL reconstruction is to
serve as a biological scaffold that eventually
transforms into a functional ligament. Grafts
are positioned within the knee joint to replicate
the anatomical location and function of the
native ACL. The graft acts as a substitute
ligament and gradually undergoes a healing
process called ligamentization, where it
integrates with the surrounding tissues and
assumes the biomechanical properties of a
normal ACL [14].

Restoring knee stability with a graft involves
mimicking the biomechanics of the native
ACL. The graft must be tensioned
appropriately to provide stability in both
anterior-posterior and rotational directions. It
should also have sufficient strength and
stiffness to withstand the forces encountered
during activities like running, jumping, and
cutting maneuvers [12].

The choice of graft type can influence the
biomechanical properties of the reconstructed
ACL. Hamstring tendon autografts and
quadriceps tendon autografts, for example, are

Fig. (2) PCL (1) and ACL (2) in knee flexion [11].

more pliable and exhibit greater elongation
compared to bone-patellar tendon-bone
autografts. This pliability allows for better
adaptation to knee motion and may contribute
to improved functional outcomes. However, it
is important to strike a balance between graft
pliability and  stability to  prevent
overconstraint or laxity in the reconstructed
knee [13].
Graft fixation is another critical aspect in ACL
reconstruction. The graft must be securely
fixed in place to allow healing and integration
with the bone tunnels created during surgery.
Various fixation methods, such as interference
screws, suspensory devices, and cortical
fixation, are utilized to ensure stable graft
fixation. The choice of fixation method
depends on factors such as graft type, surgeon
preference, and patient-specific considerations
[15].
2.  Graft Options for ACL
Reconstruction:
ACL reconstruction surgery involves the use of
grafts to replace the torn or damaged anterior
cruciate ligament (ACL) and restore knee
stability. Various graft options are available,
with the choice depending on factors such as
patient characteristics, surgeon preference, and
desired postoperative outcomes. The three
commonly used graft options for ACL
reconstruction are hamstring autografts, bone-
patellar tendon-bone (BPTB) autografts, and
quadriceps tendon autografts [16].
A. Hamstring Autografts:
Hamstring autografts are harvested from the
patient's own hamstring tendons, usually the
semitendinosus and gracilis tendons. These
tendons are located on the inner side of the
thigh and are commonly used due to their
availability and relative ease of harvest [17].
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Advantages:
Hamstring autografts have shown excellent
incorporation and healing potential within the
knee joint. They provide sufficient strength
and stability to the reconstructed ACL.
Compared to BPTB autografts, hamstring
autografts generally result in less anterior knee
pain and kneeling discomfort. The smaller
incisions required for harvesting hamstring
tendons result in better cosmetic outcomes
[18].
Disadvantages:
Hamstring autografts tend to have more initial
graft elongation, which may result in increased
e cutan

Advantages:

BPTB autografts offer high initial graft
strength and stiffness, which allows for early
stability and healing. The bone plugs at both
ends of the graft have a good potential for
healing and incorporation with the bone
tunnels. The bony plugs provide secure

Fig. (4)Patellar tendon (bone-tendon-bone) harvest on the knee [21].

Fig. (3) Hamstring Tendon Autograft [16]

laxity of the reconstructed ACL. Although less
severe compared to BPTB autografts,
hamstring autografts can still cause some
donor site morbidity, such as hamstring
weakness or muscle atrophy. The thickness of
hamstring tendons can vary among individuals,
which may affect graft strength and fixation
options [19].

B. Bone-Patellar
(BPTB) Autografts:
BPTB autografts involve the use of a strip of
the patellar tendon, along with small bony
plugs from the patella and tibia. The central
third of the patellar tendon is commonly used
as the graft [20].

Tendon-Bone

fixation within the tunnels, reducing the risk of
graft slippage 2.
Disadvantages:
One of the main drawbacks of BPTB
autografts is a higher incidence of anterior
knee pain compared to other graft options.
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Some patients may experience patellofemoral
problems, such as patellar tendonitis or
patellofemoral arthritis, leading to long-term
discomfort. BPTB autografts have been
associated with a slightly reduced range of
motion due to the removal of a portion of the
patellar tendon 3.

C. Quadriceps Tendon Autografts:
Quadriceps tendon autografts have gained
attention as an alternative graft option for ACL
reconstruction. This graft is harvested from the
central portion of the quadriceps tendon,
located above the patella 4.

Fig. (5) Quadriceps Tendon Autografts [25].
superior border of the patella to the tibial

Advantages:

Quadriceps tendon autografts have shown
biomechanical properties similar to both
hamstring and BPTB autografts, offering
adequate strength and stability. Harvesting the
quadriceps tendon involves a smaller incision
and has shown decreased donor site morbidity
compared to BPTB autografts. Quadriceps
tendon autografts have been associated with
lower graft failure rates compared to patellar
tendon autografts. Studies have reported a
lower incidence of anterior knee pain with
quadriceps tendon autografts compared to
BPTB autografts %],

Disadvantages:

Quadriceps tendon autografts are generally
thicker than hamstring autografts, which may
affect graft placement and fixation options.
The size and suitability of the quadriceps
tendon as a graft may vary among individuals,
limiting its availability in some cases .

3. Minimally Invasive Quadriceps Tendon
Autograft:

Quadriceps tendon autografts have gained
recognition as a viable graft option for ACL
reconstruction. This graft utilizes the central
portion of the quadriceps tendon, which is
located above the patella and below the
quadriceps muscle 2%,

<> Anatomical Characteristics and
Biomechanical Properties:

The quadriceps tendon is a robust structure that
consists of the combined tendons of the four
quadriceps muscles: the rectus femoris, vastus
lateralis, vastus medialis, and vastus
intermedius. It serves as the terminal insertion
point for these muscles, extending from the

tubercle 27,

Quadriceps tendon autografts offer several
advantages in  ACL reconstruction. They
provide a graft option that is both anatomically
and biomechanically comparable to hamstring
autografts and bone-patellar tendon-bone
(BPTB) autografts. The quadriceps tendon has
similar strength and stiffness characteristics,
g}:}iking it a suitable substitute for the torn ACL
<> Clinical Outcomes:

Several studies have investigated the clinical
outcomes of arthroscopic ACL reconstruction
using quadriceps tendon autografts. These
studies have shown promising results,
suggesting that quadriceps tendon autografts
can be an effective graft choice % 3.
<> Advantages and
Limitations:

Quadriceps tendon autografts offer several
advantages that make them an appealing option
for ACL reconstruction:

Quadriceps  tendon  autografts  exhibit
biomechanical properties similar to hamstring
autografts and BPTB autografts. They provide
adequate strength and stability to restore knee
function and prevent anterior tibial translation.
Harvesting the quadriceps tendon for autograft
eliminates the need for additional incisions and
avoids the potential complications associated
with other graft sites such as hamstring tendon
or patellar tendon harvest. This can result in
reduced donor site morbidity, including a
lower risk of anterior knee pain and kneeling
discomfort. Studies have demonstrated low
graft failure rates with quadriceps tendon
autografts, indicating the durability and long-
term success of this graft option. Some studies
suggest that quadriceps tendon autografts may

Potential
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allow for accelerated rehabilitation protocols
due to the strength and stability provided by
the graft. This can contribute to earlier return
g)l]pre-injury activities and sports participation

However, it is important to consider potential
limitations associated with quadriceps tendon
autografts: Quadriceps tendon autografts are
generally thicker compared to hamstring

autografts. This increased thickness may limit
graft placement options and fixation
techniques, potentially affecting surgical
technique  and  postoperative  stability.
Harvesting a suitable quadriceps tendon
autograft may not be feasible in all patients.
The size and quality of the quadriceps tendon
can vary among individuals, which may
restrict its availability in certain cases #2.

Table (1) minimally invasive quadriceps tendon autografts for ACL reconstruction

Aspect

- Central portion of the quadriceps tendon harvested

Anatomical
Characteristics

- Comprised of tendons from rectus femoris, vastus lateralis, vastus medialis,
and vastus intermedius

- Extends from superior border of the patella to tibial tubercle

Biomechanical
Properties

- Similar biomechanical properties to hamstring and BPTB autografts
- Offers strength and stiffness necessary for knee stability

- High success rates in terms of stability and patient satisfaction

Clinical Outcomes

- Low graft failure rates compared to other graft types

- Positive patient-reported outcomes regarding knee stability, functional

scores, and satisfaction

- Comparable biomechanical properties to other grafts
- Reduced donor site morbidity (e.g., lower risk of anterior knee pain,

Advantages

kneeling discomfort)
- Lower failure rates

- Potential for faster rehabilitation protocols
- Graft thickness may limit placement and fixation options

Potential Limitations

- Limited availability in some cases due to variability in size and quality of

the tendon

4. Hamstring Tendon Autograft:
Hamstring tendon autografts are commonly
used in arthroscopic ACL reconstruction. This
graft option utilizes the tendons of the
semitendinosus and gracilis muscles, which are
located on the inner side of the thigh [33].
Technique and Fixation Methods:

The hamstring tendon autograft harvesting
technique involves making a small incision on
the inner side of the knee to expose the tendons
of the semitendinosus and gracilis muscles.
The tendons are carefully dissected and
detached from their muscle origins while
preserving their proximal insertion sites on the
tibia. Following graft harvesting, the graft is
prepared by removing excess soft tissue and
sutured to provide adequate length and
thickness [34].

The fixation of hamstring tendon autografts
can be achieved using various methods.
Commonly employed techniques include
interference  screw  fixation, endobutton
fixation, and suspensory fixation devices.
Interference screws are inserted into the tibial
and femoral tunnels to secure the graft in
place. Endobutton fixation involves passing the
graft through a femoral tunnel and fixing it
with a button-shaped device on the lateral

aspect of the femur. Suspensory fixation
devices use a combination of screws and loops
to secure the graft [35].

Existing Literature and Outcomes:

A substantial body of literature exists
comparing the outcomes of arthroscopic ACL
reconstruction  using  hamstring  tendon
autografts. Numerous studies have evaluated
aspects such as success rates, graft failure
rates, patient-reported outcomes, and potential
complications associated with this graft option
[36].

Overall, studies have reported high success
rates for ACL reconstruction using hamstring
tendon autografts. Success is typically defined
by achieving knee stability, restoring function,
and enabling patients to return to pre-injury
activity levels. The literature suggests
relatively low graft failure rates with hamstring
tendon autografts. Long-term follow-up studies
have shown graft survival rates ranging from
85% to 95%, indicating the durability of the
graft in maintaining knee stability [37, 38].
Patient-reported outcomes following hamstring
tendon autograft ACL reconstruction have
been generally positive. Patients often report
improvements in knee stability, functional
scores, and satisfaction levels. Return to pre-
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injury activity levels, including sports
participation, has been reported in a high
percentage of cases. While hamstring tendon
autografts are generally  well-tolerated,
potential complications can arise. Anterior
knee pain is one of the most common
complications associated with this graft option.
Other potential complications include graft site
morbidity, such as weakness or muscle atrophy
in the hamstring region, and postoperative
strength deficits [39].

Advantages and Potential Limitations:
Hamstring tendon autografts offer several
advantages in ACL reconstruction:

Good Graft Incorporation;: Hamstring tendon
autografts demonstrate excellent incorporation
and healing potential within the knee joint,
leading to stable and functional knee
reconstruction [15].

The graft provides sufficient strength and
stiffness to restore knee stability and withstand

the forces encountered during physical
activities. Compared to other graft options,
such as BPTB autografts, hamstring tendon
autografts typically result in lower donor site
morbidity, including reduced anterior knee
pain and kneeling discomfort [40].

However, it is important to consider potential
limitations associated with hamstring tendon
autografts: Hamstring tendon autografts may
exhibit more initial graft elongation compared
to other graft types. This elongation can
potentially affect graft tension and lead to
increased laxity of the reconstructed ACL.
Although less severe compared to BPTB
autografts, hamstring tendon autografts can
still result in donor site morbidity, including
hamstring weakness or muscle atrophy. The
thickness of hamstring tendons can vary
among individuals. Variability in graft
thickness can influence graft placement and
fixation options [15].

Table (2) hamstring tendon autografts for ACL reconstruction

Aspect

- Harvesting of tendons from semitendinosus and gracilis muscles
- Small incision on the inner side of the knee

Technique

Fixation Methods

- Graft preparation and sutured to provide adequate length and

thickness

- Interference screw fixation
- Endobutton fixation
- Suspensory fixation devices

- High success rates in terms of knee stability, function, and return to

Existing Literature and
Outcomes

activity levels

- Relatively low graft failure rates
- Positive patient-reported outcomes regarding knee stability,
functional scores, and satisfaction

- Potential complications: anterior knee pain, graft site morbidity,

Advantages

Potential Limitations

strength deficits
- Good graft incorporation

- Adequate strength and stiffness
- Reduced donor site morbidity

- Graft elongation
- Harvest site morbidity
- Graft diameter variability

5. Comparing between both techniques:
When  comparing  minimally  invasive
quadriceps tendon autografts and hamstring
tendon autografts in arthroscopic ACL
reconstruction, several factors should be
considered [41].

Clinical Outcomes:

Both quadriceps tendon autografts and
hamstring tendon autografts have shown
excellent results in terms of achieving knee
stability. Studies have reported high rates of
graft incorporation, successful ligamentization,
and restoration of normal joint mechanics for
both graft types. Research has demonstrated

positive functional outcomes for patients
undergoing ACL reconstruction with both graft
options. Patients often experience
improvements in knee function, range of
motion, and subjective functional scores.
Return to pre-injury activity levels and sports
participation rates have been reported to be
high for both graft types [42].

Studies  comparing  quadriceps  tendon
autografts and hamstring tendon autografts
have shown comparable rates of return to
sport.  Patients who undergo ACL
reconstruction with either graft option can
often resume their pre-injury athletic activities,
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although the timeline for return may vary
based on individual factors. Patient satisfaction
rates are generally high for both quadriceps
tendon autografts and hamstring tendon
autografts. Patients report improved knee
stability, reduced symptoms, and enhanced
overall quality of life following ACL
reconstruction with either graft type [42, 43].
Potential Complications:
Both quadriceps tendon autografts and
hamstring tendon autografts can be associated
with anterior knee pain as a potential
complication. However, studies have reported
a lower incidence of anterior knee pain with
quadriceps tendon autografts compared to
hamstring tendon autografts. Quadriceps
strength deficits are more commonly observed
in patients undergoing hamstring tendon
autograft ACL reconstruction due to the
harvesting of the tendons. In contrast,
quadriceps tendon autografts preserve the
quadriceps muscle, potentially leading to better
preservation of quadriceps strength [15, 44].
The impact of graft choice on specific athletic
activities may vary. Hamstring tendon
autografts may result in reduced power of deep
knee flexion, which could affect performance
in sports requiring extensive knee flexion, such
as gymnastics or martial arts. Quadriceps
tendon autografts, on the other hand, may have
advantages in activities that require quadriceps
strength, such as jumping and explosive
movements [45].
Long-Term Outcomes:
Both quadriceps tendon autografts and
hamstring tendon autografts have shown good
long-term graft survival rates. The majority of
patients experience stable grafts with low rates
of graft failure. The development of
osteoarthritis following ACL reconstruction is
a concern. Studies have suggested that the risk
of osteoarthritis is similar between quadriceps
tendon autografts and hamstring tendon
autografts. The need for secondary surgeries,
such as revision ACL reconstruction or
meniscal procedures, can occur in both
quadriceps tendon autograft and hamstring
tendon autograft groups. However, the rates of
secondary surgeries are generally low and
comparable between the two graft types [46,
47].
6. Surgical
Considerations:
The surgical techniques and considerations for
each graft type in ACL reconstruction play a
crucial role in achieving successful outcomes
[37].
Minimally Invasive Quadriceps Tendon
Autografts:

Techniques and

Harvesting the quadriceps tendon autograft
involves making a small incision above the
patella to expose the central portion of the
quadriceps tendon. Careful dissection is
performed to detach the tendon from its muscle
attachments while preserving its proximal
insertion on the tibia. The harvested tendon is
then prepared by removing excess soft tissue,
ensuring appropriate graft length and thickness
[48].

Once harvested, the quadriceps tendon
autograft may undergo additional preparation
steps. This can include trimming the graft to
the desired length and thickness, removing any
residual muscle or fat, and creating a
rectangular shape for easier tunnel passage
[49].

Quadriceps tendon autograft fixation can be
achieved using various techniques. Commonly
used methods include interference screw
fixation, endobutton fixation, or suspensory
fixation devices. Interference screws are
inserted into the tibial and femoral tunnels to
secure the graft, while endobutton fixation
involves passing the graft through a femoral
tunnel and fixing it with a button-shaped
device on the lateral aspect of the femur.
Suspensory  fixation devices utilize a
combination of screws and loops to secure the
graft [48].

Hamstring Tendon Autografts:

Hamstring tendon autografts utilize the
tendons of the semitendinosus and gracilis
muscles, which are located on the inner side of
the thigh. An incision is made to expose the
tendons, and they are carefully dissected and
detached from their muscle origins while
preserving their proximal insertion on the tibia
[33].

After harvesting, the hamstring tendon
autograft is prepared by removing excess soft
tissue and ensuring appropriate graft length.
Some surgeons prefer to quadruple the graft by
folding it over itself to increase its thickness
and enhance graft strength [33].

The fixation techniques commonly used for
hamstring  tendon  autografts include
interference  screw fixation, endobutton
fixation, or suspensory fixation devices.
Interference screws are inserted into the tibial
and femoral tunnels to secure the graft, while
endobutton fixation involves passing the graft
through a femoral tunnel and fixing it with a
button-shaped device. Suspensory fixation
devices utilize screws and loops to achieve
graft fixation [50].

Importance of Proper Surgical Technique:
Proper surgical technique is crucial for
achieving successful outcomes with both graft
types in ACL reconstruction. The following
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considerations are important for ensuring
optimal results: During graft harvesting, it is
essential to handle the graft with care to
minimize damage to the tendon fibers. This
helps maintain the structural integrity and
biomechanical properties of the graft [51].
Proper graft preparation involves removing
excess soft tissue and ensuring appropriate
graft length and thickness. Accurate graft
sizing and preparation contribute to proper
graft tensioning and secure fixation within the
bone tunnels. Precise tunnel placement is
critical for achieving proper graft positioning
and stability. The tunnels should be accurately
placed to replicate the native ACL insertion
sites and optimize biomechanical restoration.
The choice of fixation method and proper
technique for graft fixation are essential for
maintaining graft stability and preventing graft
slippage or migration. The selected fixation
method should provide secure fixation while
allowing for adequate graft tensioning.
Following surgery, adherence to a well-
designed rehabilitation protocol is crucial for
optimal recovery and successful outcomes. The
rehabilitation  program  should include
progressive strengthening exercises, range of
motion exercises, and functional training
tailored to each patient's specific needs [52].
Proper  surgical  technique, including
meticulous graft handling, accurate tunnel
placement, and secure graft fixation,
contributes to graft stability, proper healing,
and restoration of knee function. Surgeon
expertise  and  experience in  ACL
reconstruction play a significant role in
ensuring the successful implementation of
these techniques [53].

7. Conclusions:

In conclusion, the comparative analysis of
minimally  invasive  quadriceps  tendon
autografts and hamstring tendon autografts in
arthroscopic ACL reconstruction reveals that
both graft options can yield favorable clinical
outcomes. Knee stability, functional outcomes,
and return to sport rates are generally
comparable between the two graft types.
However, there are certain differences and
considerations that should be taken into
account when choosing the graft type for a
specific patient.

Quadriceps tendon autografts offer advantages
such as reduced donor site morbidity, lower
rates of anterior knee pain, and potential
preservation of quadriceps strength. They have
shown comparable biomechanical properties to
other graft options, high success rates, and low
graft failure rates. On the other hand,
hamstring tendon autografts have been widely
used and have demonstrated good results in

terms of knee stability and functional
outcomes.
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