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Anterior Cruciate Ligament Graft Choices

Alec A. Macaulay, MD, Dean C. Perfetti, and Wiliam N. Levine, MD*

Context: Reconstruction of the anterior cruciate ligament (ACL) is a common surgical procedure; however, there is no con-
sensus to what the best graft option is to replace the injured ACL. The main options available consist of allografts and auto-
grafts, which include patellar tendon, hamstring tendon, and quadriceps tendon autografts.

Evidence Acquiisition: The PubMed database was searched in August 2010 for English-language articles pertaining to ACL grafts.

Results: Postoperative outcome variables were analyzed to determine similarities and differences among the different graft
options. These variables include stability, strength, function, return to sports, patient satisfaction, complications, and cost.

Conclusions: Both allografts and the 3 main options for autografts can provide excellent results in ACL reconstruction and
lead to a high percentage of satisfied patients. However, differences exist among the graft choices. Both the similarities and
the differences are important to discuss with a patient who will be undergoing ACL reconstruction so that he or she has the

best information available when making a choice of graft.
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upture of the anterior cruciate ligament (ACL) is a
common injury, especially among athletes. Each year,

1 out of every 3000 Americans suffers an ACL injury.*?
Accordingly, between 100000 and 300000 ACL reconstructions
are performed every year in the United States.®"" An important
decision must be made prior to surgery regarding the type

of graft that will be used to reconstruct the ACL. The 2 main
groups used for grafts in ACL reconstruction are allografts

and autografts. The theoretical advantages of an allograft are
elimination of donor site morbidity, decreased pain, shorter
operating and rehabilitation times, and better cosmesis."”

Three autograft options are commonly used. The bone—
patellar tendon—bone (BPTB) allows for bone-to-bone healing
within the tibial and femoral tunnels and has theoretical
advantages of faster healing. Semitendinosus and gracilis
tendons (quadrupled hamstring tendon [HT]) minimize donor
site morbidity compared with the BPTB autograft and thus
theoretically cause less anterior knee pain. A third option is the
quadriceps tendon (QT), which can include a bone block from
the patella (BQT).

With the ease of access to information, patients are more
educated than ever about their health care issues. However,
the abundance of information that exists on ACL graft options
can be very confusing. In fact, the primary factor influencing a
patient’s choice for an ACL graft is physician recommendation.”
Physicians should analyze the pros and cons regarding graft
options. This can be a difficult task since studies often vary

with respect to surgical technique, graft fixation method, tunnel
positioning, rehabilitation protocol, allograft preparation and
sterilization, outcome measures, and bias.

STABILITY

The primary goal of an ACL reconstruction is to restore stability
to the knee. Therefore, measurements of knee stability are one
of the most important determinants of success following an ACL
reconstruction.

AUTOGRAFT VERSUS ALLOGRAFT

There is a paucity of prospective randomized studies comparing
the 2 grafts, largely because patients often have a preference

to which graft they receive, making randomization a problem.
An exception is a prospective randomized study by Sun et al
comparing 86 knees with a BPTB autograft to 86 knees with a
BPTB allograft, with an average follow-up of 5.6 years (range,
4-8 years).” With regard to stability, no difference was found for
the Lachman test, pivot-shift test, mean laxity with arthrometer
testing, or percentage of knees with greater than 3 mm of laxity
on arthrometer testing,

Most studies comparing stability between autografts and
allografts are level II-IV evidence. Great variation exists in the
results of these studies, which can be at least partially attributed
to the preparation of the allografts. Allografts sterilized
with osmotic treatment, oxidation, acetone solvent drying,
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and gamma irradiation had a 45% rupture rate at 6 years’
follow-up.?

Three meta-analyses have been performed to compare the
stability of autografts with allografts.'**** Two meta-analyses
found no statistically significant differences in knee stability
measures (Lachman, pivot-shift, and arthrometer tests) 1%
The third found a small but statistically significant difference
in mean anterior knee laxity on arthrometer testing, with the
mean allograft laxity being 1.4 + 0.2 and mean autograft laxity
being 1.8 + 0.1 (P < 0.02). However, no statistical difference
existed between the autograft and allograft groups with regard
to percentage of knees with less than 3 mm of laxity.*

It is not possible at this point to make any definitive
conclusions regarding the resultant stability of these grafts
compared with autografts. However, the best available
evidence points toward relatively equivalent stability provided
by allografts and autografts.

AUTOGRAFT BPTB VERSUS
HT VERSUS QT/BQAT

A meta-analysis of 6 randomized controlled trials comparing
HT and BPTB autografts, with a minimum of 2 years of
follow-up, showed no statistical difference for the Lachman
test.! However, the BPTB was found to have a significantly
decreased risk of a positive pivot-shift test compared with
the HT graft (odds ratio, 0.46; 95% confidence interval, 0.24-
0.860). A systematic review of 7 randomized controlled trials
by Spindler found increased laxity with HT autografts in 3
of the 7 studies and no difference in 4 studies.”? In 2 of the 3
studies that showed increased laxity, a 2-strand HT graft was
used instead of the more commonly used 4-strand HT grafts.®’

Long-term level I and 1T evidence studies comparing HT
and BPTB autografts have consistently shown no statistically
significant difference in knee laxity. %4255 Four studies,
with between 5 and 10 years of follow-up and at least 50
patients, found no statistically significant differences in mean
side-to-side laxity on arthrometer testing between the 2 graft
types.’2%425" However, in one of the studies, when the 2
graft types were pooled and compared with a control group
consisting of knees with a native ACL, a statistically significant
increase in laxity of 2 mm was found for the reconstructed
knees (P < 0.001).° This difference in laxity did not appear to
affect function in this study population.®

Short-term studies comparing stability between BPTB and HT
autografts have provided more equivocal results. Some short-
term studies have not found a statistically significant difference
in knee laxity between the 2 groups.?**4% However, a
number have found statistically significant differences in
stability, favoring the BPTB autograft.>1*122125! [t should
be noted, however, that some of the older studies used the
biomechanically inferior 2-stranded HT graft instead of the
4-stranded HT graft>!*" Aside from the studies that used a
2-stranded HT graft, it is unclear why some short-term studies
have found stability differences between the 2 grafts while
other short-term studies and the long-term studies have not.

The QT autografts are the least studied of the 3 main autograft
options. There are no prospective studies comparing QT/BQT
and BPTB autografts and no prospective or retrospective studies
comparing QT/BQT and HT autografts. Three retrospective
studies with 2 years of follow-up have compared BQT autografts
to BPTB autografts.”*¥” There were no significant differences
in the stability measures (KT-1000 arthrometer, Lachman, pivot-
shift) between the 2 graft types in all 3 studies. A retrospective
study by Geib et al compared 41 QT autograft reconstructions
with 157 BQT autograft reconstructions and then pooled the QT
autografts together to compare them with 30 BPTB autograft
reconstructions.” There were no significant differences between
the QT and BQT autograft groups with regard to arthrometer
and pivot-shift testing. The pooled QT graft group was found
to have a significantly lower percentage of knees with greater
than 3 mm of side-to-side laxity on arthrometer testing when
compared with the BPTB group; however, no significant
differences were found between the 2 groups on Lachman and
pivot-shift testing.

SINGLE BUNDLE VERSUS
DOUBLE BUNDLE

Theoretically, a double-bundle (DB) ACL reconstruction will
more accurately reproduce the native structure of the ACL than
the more commonly used single-bundle (SB) reconstruction.
A more anatomical structure will theoretically provide a more
anatomical functional result. SB reconstructions reliably restore
anteroposterior tibial stability but may not be as effective at
restoring rotational stability. " This has led to the increased
popularity of the DB reconstruction over the past decade.

A DB ACL reconstruction yielded better anteroposterior and
rotary stability than a SB reconstruction in a cadaveric study.®
Markolf et al found that SB reconstructions sufficiently restored
normal knee kinematics during a simulated pivot-shift test
(the test most often used to check for rotary instability). DB
reconstructions overcorrected for rotary instability and resulted in
knees with less tibial rotation than knees with intact, native ACL.*

Clinical studies comparing DB and SB reconstructions have
provided equivocal results. Some studies have failed to show
any difference in stability measures between the 2 types of
reconstructions.*** Others have reported stability differences
but lacked differences in subjective scoring measures.***>

Meredick et al meta-analyzed 4 randomized controlled
studies comparing DB and SB reconstructions.* On
arthrometer testing, the DB group was found to have 0.52 mm
less anterior tibial translation than the SB group (P < 0.05). To
examine rotational stability, pivot-shift testing was also meta-
analyzed, and no difference was found between the DB and
SB groups. Several key points were raised by the findings of
this meta-analysis. The first is the need for more standardized
reporting of subjective outcome measures, thus allowing for
better analyses of clinical outcome. The second is the need
for better measures of rotational stability, as the pivot-shift
test is, according to the authors, “subjective and difficult to
quantitate.”® To more objectively assess rotational instability,
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Yagi et al compared DB with 2 forms of SB reconstructions
(anteromedial and posterolateral) using a 3-dimensional
electromagnetic sensor system that could measure the
acceleration of tibial motion during pivot-shift testing.” While
no intergroup difference was recognized by classic pivot-
shift testing, the electromagnetic sensors recorded increased
acceleration of tibial motion during pivot-shift testing for the
SB group compared with the DB group. This was taken as
evidence that the DB reconstructions provided better dynamic
rotational stability than the SB reconstructions.”

There are currently limited data supporting the use of a
DB reconstruction over a SB reconstruction. Studies showing
improved stability have failed to consistently show a correlating
improvement in quality of life or subjective outcome measures.
Given the relatively recent rise in popularity of the DB
reconstruction, no long-term studies exist to compare it with
SB reconstruction.

MUSCLE STRENGTH

Many studies have evaluated muscle strength and power
following ACL reconstruction with either BPTB or HT autografts.
Short-term follow-up studies have consistently found no
difference in quadriceps strength but have shown mixed results
with regard to hamstring.>%*%* Holm et al followed patients

for 10 years and found no differences between the BPTB and
HT groups for quadriceps or hamstring isokinetic strength
measurements.* Spindler et al found no difference in quadriceps
isokinetic strength measurements between BPTB and HT
autografts in a systematic review of 7 randomized controlled
trials. Three of the 7 studies showed statistically significant
deficits in hamstring muscle strength in the HT group.”

Data is scarce regarding the return of strength following the
use of a QT autograft in ACL reconstruction. A retrospective
study by Han et al comparing 72 BQT autografts to 72 BPTB
autografts found no significant difference in quadriceps muscle
strength at 2 years postoperatively."

FUNCTION

In a systematic review by Spindler et al, 13 functional
assessments (Lysholm score, International Knee Documentation
Committee [IKDC] score, and Cincinnati knee score) in 8
randomized controlled trials showed no significant differences in
12 of the 13 comparisons of BPTB and HT grafts. In the 1 study
showing BPTB superiority, a 2-strand HT graft was used.®

Allografts have also been evaluated with these functional
outcome measures. A systematic review of level I and 1T studies
comparing autografts and allografts found no difference in
IKDC score.** Three retrospective studies with 2 years of
follow-up compared BQT to BPTB autografts using knee
function scales.””*"¥” No significant differences were found for
the Lysholm score. Two of the 3 studies found no significant
differences in IKDC score, while 1 study found BPTB
autografts to have significantly better IKDC scores than BQT
autografts.

RETURN TO SPORTS

Gobbi et al prospectively followed 100 patients after ACL
reconstruction (50 BPTB and 50 HT) for 2 years to determine
their ability to return to sports.?® Sixty-five percent returned

to their preinjury sport at the same level; 24% had shifted to

a lower activity level; and 11% were unable to return to their
previous sport activities. There was no difference between the
BPTB and HT groups with respect to ability to return to sports.
Brophy examined the ability to return to the National Football
League after an ACL reconstruction prior to the start of one’s
career.™ ACL reconstruction did not have a statistically significant
reduction in career length or number of games played.

The use of a synthetic graft to replace a torn ACL has gained
some popularity among athletes in recent years because of the
potential for immediate graft stability, shorter rehabilitation,
and a faster return to sports. A systematic review on the
Ligament Advanced Reinforcement System by Machotka et al
recommended caution when considering this synthetic graft
because more research is needed.”

PATIENT SATISFACTION

Cohen et al used a questionnaire-based analysis at an
average of 41 months following ACL reconstruction. Of the
240 questionnaires that were returned, 92.9% of the patients
were satisfied with their graft selection; both autografts and
allografts resulted in satisfaction rates greater than 90%."
Kocher’s review of 201 patients after ACL reconstruction
(minimum 2 years after surgery) demonstrated that graft type
did not influence patient satisfaction.?

COMPLICATIONS
Pain

Anterior knee pain, pain with activity, and pain when kneeling
are all complications that can follow ACL reconstruction.
Knee pain past the immediate postoperative period results
in significantly decreased patient satisfaction.® There is some
evidence to suggest that BPTB autografts produce more pain
than HT autografts, especially pain with kneeling %% A
10-year follow-up study by Pinczewski et al compared the
pain outcomes in patients that received either a BPTB or HT
autograft’? Both pain with kneeling and pain with strenuous
activity were found to be significantly more common in the
BPTB patients (P < 0.05). Harvest site symptoms such as
tenderness, irritation, and numbness were significantly more
common in the BPTB patients (P < 0.01).

Spindler et al found that only 1 of the 9 studies that evaluated
anterior knee pain demonstrated a statistically significant
difference in a systematic review with BPTB grafts resulting in
greater pain.” Kneeling pain was significantly more common
in BPTB autografts than HT autografts.® Poolman concluded
that “the currently available best evidence, derived from
a methodologically sound meta-analysis, suggests that HT
autografts are superior for preventing anterior knee pain.”>
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Four retrospective studies compared knee pain in QT
and BPTB autograft groups.”#3¥ Three studies found a
statistically significant increase in the incidence of anterior
knee pain in the BPTB group.®*"*' Pain with kneeling was
significantly higher in the BPTB group compared to the BQT
group.

Poehling compared 118 allografts to 41 BPTB autografts™
and found that pain was significantly less during the first
year in the allograft group. These differences did not persist
during follow-up years 2 through 5. In a systematic review
of allografts and autografts, 3 studies found no difference
between the 2 graft types.

Infection

Infection can result in graft failure, hyaline cartilage loss,

and arthrofibrosis.” Studies have not found a higher

rate of postoperative infection with allografts than with
autografts.?>*% A concern with allografts is the risk of disease
transmission, such as HIV or hepatitis. There are no definitive
data available regarding this risk because of a lack of reporting
guidelines.”® With modern screening and testing protocols, the
estimated risk of HIV or hepatitis transmission is less than 1 in
1.6 million.'%

Graft Rupture/Failure

Rupture of the graft or contralateral native ACL is a
psychologically devastating complication for a patient,
especially a young athlete hoping to return to athletic
competition. A prospective study of 180 ACL reconstruction
patients for 10 years found that graft rupture occurred in 7 of
90 BPTB autograft patients (7.8%) and 12 of 90 HT autograft
patients (13%).* The difference between the 2 groups was
not statistically significant. Graft rupture was associated with
greater than 2 mm of side-to-side laxity at 2 years of follow-up
(P < 0.0001). Contralateral ACL rupture occurred in 20 BPTB
patients and 9 HT patients. This difference was statistically
significant (P = 0.02).

Graft rupture and contralateral ACL rupture was studied in
612 autograft ACL reconstructions® At 5 years, graft rupture
occurred in 6.4% (39 patients), and contralateral ACL rupture
occurred in 5.7% (35 patients). When combined, the yearly ACL
injury rate in the study patients was 2.4%, which is higher than

the 1.5% to 1.7% ACL injury rate in normal, healthy athletic
populations.”® The type of autograft did not affect the rate of
graft or contralateral ACL rupture. The risk for graft rupture
was greatest during the first year following surgery. A risk
factor for contralateral ACL rupture was a return to sports that
involved sidestepping, pivoting, and jumping’®

Two systematic reviews of studies comparing autografts and
allografts found no statistically significant differences in graft
failure (including graft rupture, subsequent revision surgery, or
excess laxity on clinical or arthrometer testing) rate between
the 2 groups.® A prospective cohort study by Kaeding et al
looked at a number of variables to determine predictors of
graft rupture in the first 2 years following reconstruction.* Use
of an allograft and younger age were found to significantly
increase the risk of graft rupture.** A few other recent studies
have found increased rates of graft failure in patients that
received an allograft and had a high postoperative activity
level 73 These findings have led some to conclude that
allografts are not the best option for younger, more physically
active patients.

Cost

In an ambulatory surgery setting, the autograft group had a
significantly lower bill than the allograft group.® The decreased
operating room time in the allograft group did not offset the
price of the allograft (approximately $1000).

Brophy et al reviewed the economic implications of a
widespread conversion from SB to DB reconstructions and
concluded that the potential additional costs would be between
$36 million and $792 million per year in the United States.®

CONCLUSIONS

A number of variables play a role in determining the utility of
the graft options: stability, muscle strength, function, return
to sports, patient satisfaction, complications, and cost. Both
allografts and the 3 main options for autografts can provide
excellent results in ACL reconstruction and lead to a high
percentage of satisfied patients. However, differences do exist
among grafts. Both the similarities and the differences are
important to discuss with a patient who will be undergoing
ACL reconstruction so that she or he has the best information
available when making a choice of graft.
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SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence
B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series
SORT Evidence
Clinical Recommendation Rating
While BPTB autografts may provide the best short-term stability because of faster intratunnel healing, long-term stability seems to be equivalent among the 3 main types of A
autografts (limited amount of data on QT autografts).'"#226425657.62
Few differences exist among the graft options for muscle strength, function, return to sports, and patient satisfaction,26141%.242627.3137.38,6264 A
Complications: BPTB autografts may lead to higher rates of anterior knee pain, especially with kneeling.252$:375%5552 There is no evidence that any graft option has a higher
rate of postoperative infection over any other graft option.?* The risk of HIV or hepatitis transmission with allograft use is very small." There is evidence for and against A
allografts having a higher failure rate than autografts.'®#% Allografts should be avoided, when possible, in younger, more physically active patients because of a higher rate
of failure in this population.5133460
The data on the comparative cost of the graft types is not overwhelmingly in favor of one graft over any other.2°% A
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