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Introduction
The anterior cruciate ligament (ACL) is one of the most commonly injured knee ligaments, and ACL tears
are treated with a variety of options. From the young athlete to the active weekend warrior, surgical
intervention is often required; however, not all ACL tears need to have surgery. When surgery is
performed, the torn ligament is replaced (“reconstructed”) with a new tissue (“graft”). The first decision
when it comes to your graft selection is deciding on autograft vs allograft. Autograft is a type of graft
that comes from you, the patient. Autograft options include patellar tendon (also known as “BTB” or
Bone Tendon Bone), quadriceps tendon and hamstring tendon (semitendinosus and / or gracilis).
Allograft is a type of tissue that comes from a cadaver, not from the patient. Allograft options include
patellar tendon, quadriceps tendon, hamstring tendon, Achilles tendon, and tibialis tendons.
Graft options and the patient-specific selection process will be an open discussion with you and Dr.
Myer. This takes into account your sex, age, sport, activity level, specific injury / surgery plan, and most
importantly – your expectations and desires. The purpose of this paper is to discuss all graft options and
their basic advantages / disadvantages. Finding the perfect graft selection is an ongoing process that
continues to be researched. The bottom line is that there is not always a completely correct or incorrect
option, and the discussion between you and Dr. Myer is the most important part of the process.

Background Information
The ACL is an important stabilizer of the knee joint. Its functions are to help the tibia (shin bone) and
the femur (thigh bone) rotate together, as well as to prevent the tibia from moving forward with respect
to the femur. An estimated 75% of ACL injuries are due to a non-contact, pivoting mechanism - as in
basketball, soccer, football and skiing where there is an increase in speed and a sudden change of
direction1,2. There are multiple risk factors that predispose people to tearing their ACL2,3. For example,
females sustain ACL injury rate of 2-8 times that of males1,2. Arthroscopic ACL reconstruction surgery is
one of the most common procedures performed by sports medicine orthopaedic surgeons.

Treatment options for ACL injury
ACL tears can be managed either surgically or non-surgically. The decision on which avenue is best is
based on multiple factors (age, activity level, other injuries, symptoms and expectations) – and these
decisions are made through good communication between physician and patient. The patient’s athletic
goals, functional abilities and presence of “ACL tear symptoms” all influence decision making. An ACL
deficient knee will often buckle and feel unstable (knee shifts or gives way with side-to-side activities /
change in direction). The patient – physician team approach is based on whether the patient is trying to
get back to a certain level of activity, or just trying to minimize instability symptoms that interfere with
activities of daily living. Patients with high physical demands of work, sports, recreation or daily living
are often best candidates for surgery3. Non-surgical treatment options involve physical therapy
rehabilitation, which helps strengthen the surrounding muscles and aid in the knee feeling more stable.
The goal we have as orthopaedic surgeons is to provide a stable knee for the patient. Unfortunately, the
concern is the injured knee can still be at risk for developing arthritis many years later – even if we
intervene with surgery. We do know however, that patients who continue to have buckling or giving
way episodes are at higher risk for damaging the cartilage (meniscus and articular cartilage) in the knee.
This will ultimately will put that knee at accelerated risk for developing arthritis. The goals of ACL
reconstruction surgery is to help restore knee stability within the joint - whether it is high level sports or
simple activities of daily living.

Graft Selection
There are two main graft options: Autograft (patient’s own tissue) versus Allograft (cadaver tissue).
There are multiple factors to consider when deciding the best graft: sex, age, sport, activity level,
specific injury / surgery plan, and most importantly – patient’s expectations and desires. Autograft has
been classically used as the graft of choice in young, active athletes – but there are no set rules. Dr.
Myer is a firm believer that there is not one perfect option, and after an open discussion with the
patient, the best option is taking all the patient’s factors into consideration.
Autograft Choices
Bone Patella Tendon Bone Autograft
Patella tendon autografts have historically been the gold standard autograft for ACL reconstruction. The
patella tendon extends from the patella (kneecap) to the tibia (shin bone). The harvest procedure
consists of excising (cutting) the middle one-third of the tendon and part of the attached bone from the
patella and the tibia, forming bone plugs on either end. The main advocated benefit of patellar tendon
autograft is bone incorporation from a healing standpoint. However, the actual tendon size is
significantly thinner than a similar sized hamstring or quad tendon autograft. Unfortunately, there are
complications associated with harvesting the patellar tendon. For example, there is an increased risk of
patella fracture and patella tendonitis / anterior knee pain, especially in jumping sports (basketball and
volleyball)1,13. In addition, patients who have occupations that require excessive kneeling may also

cause patella tendonitis or anterior knee pain 14. Another disadvantage of using BTB is that the graft
length is fixed and as such, is vulnerable to graft tunnel mismatch when the tunnel length is not adjusted
accordingly. The surgeon must be aware of the problem and use back-up fixation as necessary,
especially in the setting of a patella alta or baja15,16,17. Due to younger patients with open growth plates,
the bone healing of BTB graft can negatively affect the bone’s growth, and Dr. Myer prefers not to use
this graft type in younger, skeletally immature patients15,18. Lastly, research has shown that patellar
tendon harvest can cause more long term quad tendon weakness than actually harvesting part of the
quad tendon – attributed to knee pain with subsequent quad inhibition19,20,21.
Hamstring Autograft
The hamstring tendons are comprised of muscles that act to flex and extend the knee or straighten the
hip (semitendinosus, gracilis, semimembranosus, and biceps femoris). The harvest procedure for a
hamstring autograft consists of removing the semitendinosus +/- gracilis tendons, whereby a small
incision is made on the inside part of the knee (Dr. Myer only takes the semitendinosus). There are no
bony plugs associated with hamstring autografts. One advocated benefit of a hamstring autograft
compared with patellar tendon is decreased risk of anterior knee pain, and it can be used in patients
with open growth plates18. However, there are several downsides to hamstring autograft. The graft size
is unpredictable and research has shown that a smaller graft can increases the risk of re-tear4,22.
Another risk of hamstring autograft is that sacrificing these can decrease knee flexion strength and
cause increased pain especially with sprinting activities1,13,20. This is one of the most important risks of
taking part of the hamstring. While rehabbing an ACL injury, these tendons are important to protect an
ACL deficient knee. Decreasing hamstring strength is a concern while protecting the ACL injured knee.
Quadriceps Tendon Autograft
The quadriceps are a group of 4 muscles consisting of the rectus femoris, vastus lateralis, vastus medialis
and vastus intermedius. The quadriceps main function is to extend (straighten) the leg, and the
quadriceps inserts into the top of the patella (kneecap). The autograft harvest procedure involves
making a small incision just above the patella, taking roughly one-fifth of the quad tendon insertion. The
graft type can be taken with or without bone graft (Dr. Myer does not take a bone plug). There are both
pros and cons to quadriceps tendon autograft. The main negative of quad tendon harvest is delayed
quad activity for the first couple months due to harvesting pain / quad inhibition21. This is still quicker
than harvesting patella tendon, but not as quick as compared to hamstring19,20,21.
Not only is the graft large and strong, but a tremendous benefit from quad tendon harvest is not
weakening the knee flexion strength (as with hamstring tendon harvest) and not incurring the long-term
anterior knee pain (as with patellar tendon harvest)19,20,21. Quadriceps tendon autograft has been used
for years, and has longstanding good outcomes equivalent with both patellar tendon and hamstring
tendon.
In conclusion, studies have shown all three autografts options have similar outcomes and results with
long-term follow-up studies. One must consider that each graft has its advantages and disadvantages.
Therefore, the autograft options should be chosen selectively and in conjunction based on a physician-

patient centered team model and thoroughly discussed with the patient with respect to age, activity
level, sport / occupation, and expectations.

Allograft Choices
An allograft is a graft that comes from a cadaver tissue. Options include patellar tendon, quadriceps
tendon, hamstring tendon, Achilles tendon, and tibialis tendons. One disadvantage of an allograft
option is that there is a small chance of disease transmission even though the potential donors undergo
a rigorous screening process. The risk of transmission of HIV and Hepatitis C is estimated to be 1 in 1.6
million and 1 in 421,000 respectively 8. To further reduce the risk of disease transmission, the graft is
also treated with chemical or radiation techniques to sterilize the tissue. This process has been found to
decreased the graft strength and increase the risk of graft failure 1,9,10,11. Allografts have also have an
increased risk of failure in younger more active patients less than age 25. The MOON study
demonstrated an overall 8.9% re-tear rate in allograft primary reconstruction compared to 3.5% with
autograft reconstruction in high level athletes or less than 25 years old 4,12. However, the advantages of
allografts can outweigh the disadvantages. Overall, there is less pain associated with the procedure over
autografts. There is also an increased recovery of quadriceps strength since there is sparing of the
patients own tissue. In addition, there is also less risk of anterior knee pain associated with allograft
choices. Furthermore, it is the graft of choice for patients over the age of 25 and in less physically active
patients 4. It is also the “go to” graft of choice for ACL revisions and multiple ligament knee injuries 4.
Surgeon’s Treatment
ACL reconstruction is indicated for patients who are symptomatic with buckling or giving way episodes.
Age, activity level and quality of life are also determining factors to consider in ACL reconstruction and
graft type. The decision in determining which graft is best for the patient depends on various factors
such as; age, activity level, job duties and how functioning without an ACL impacts the patient’s quality
of life. The decision to choose one graft over the other is carefully discussed with the patient and the
surgical team. Well defined goals and expectations are other factors to consider when choosing ACL
Reconstruction. Dr. Myer and his team offer open discussion regarding allograft versus autograft choices
and how each impacts long-term re-tear rates and post-operative rehabilitation.
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