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Anterior Cruciate Ligament Reconstruction Using Patellar
Tendon Allograft: An Age-Dependent Outcome Evaluation

F. Alan Barber, M.D., Jorge Aziz-Jacobo, M.D., and Fernando Barrera Oro, M.D.

Purpose: To compare the outcomes of a consecutive series of nonrevision bone–patellar tendon–bone
(BPTB) allograft anterior cruciate ligament (ACL) reconstructions in patients aged 40 years or older and
patients aged younger than 40 years. Methods: Prospectively collected data from consecutive BPTB
allograft ACL reconstructions fixed with biodegradable interference screws and performed by a single
surgeon were analyzed by use of established outcome measures. Preoperative and postoperative outcome
assessments included Cincinnati, Lysholm, and Tegner scores and International Knee Documentation
Committee (IKDC) activity scores. Lachman test, pivot-shift test, and KT arthrometer (MEDmetric, San
Diego, CA) measurements were obtained at a minimum of 24 months after surgery. Results: In total, 32
patients met the inclusion criteria (21 men and 11 women). The mean follow-up was 35 months (range,
24 to 58 months). Of the patients, 21 were aged younger than 40 years (66%) and 11 were aged 40 years
or older (34%). The mean age was 35 years (range, 18 to 55 years). In patients aged younger than 40 years,
the mean postoperative Cincinnati score was 82.4 (39.1 preoperatively); Tegner score, 6.2 (3.9 preoper-
atively); Lysholm score, 89.5 (46.8 preoperatively); and IKDC activity score, 2.7 out of 4 (1.7 preoper-
atively). Five patients had a positive postoperative Lachman test, but none had a positive pivot-shift test.
KT examinations showed a manual maximum difference of less than 3 mm in all but 1 patient (mean, 0.7
mm). In patients aged 40 years or older, the mean postoperative Cincinnati score was 83.8 (44.4
preoperatively); Tegner score, 6.6 (3.9 preoperatively); Lysholm score, 88.8 (50.1 preoperatively); and
IKDC activity score, 2.7 out of 4 (2.1 preoperatively). One patient had a positive postoperative Lachman
test, but none had a positive pivot-shift test. KT examinations showed a manual maximum difference of
less than 3 mm in all but 1 patient (mean, 1.3 mm). Conclusions: The outcomes of BPTB allograft ACL
reconstructions were not different both subjectively and objectively for patients aged 40 years or older and
patients aged younger than 40 years. BPTB allograft ACL reconstruction provides consistent results for
patients of all age groups. Level of Evidence: Level III, retrospective comparative study.
b
c
a
e
f
G
o
B
t
h
g

b
s
a
t

nterior cruciate ligament (ACL) reconstruction is
a common procedure that can be performed with

variety of tissue grafts. To avoid problems related to
raft harvesting, allogeneic tissue has been used as a
raft for ACL reconstructions. ACL reconstructions
ave reported success rates of 85% to 95%.1 The
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one–patellar tendon–bone (BPTB) autograft is a
ommon choice because of its low rate of graft failure
nd good clinical outcomes.2-5 Allograft options also
xist and include BPTB and Achilles, tibialis anterior,
ascia lata, hamstring, and quadriceps tendons.6-9

ood clinical results have been reported with the use
f BPTB allograft with 2 to 5 years of follow-up, with
PTB allograft comparing favorably with BPTB au-

ograft,2,7-9 and no higher rate of bacterial infection
as been observed in ACL reconstructions when allo-
raft tissue is used.10

Allograft ACL reconstructions have been shown to
e beneficial in patients with post-traumatic arthro-
is.11 The results of allograft reconstruction in patients
ged over 40 years have been reported to be satisfac-
ory, although this comparison used historical con-

rols.12 Older patients are unwilling to accept knee
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nstability and prefer to undergo ACL surgery to allow
hem to continue their participation in pivoting activ-
ties.13 However, a recent survey of the membership of
he Arthroscopy Association of North America indi-
ated that surgeons are more likely to select a patellar
endon autograft for younger patients and a patellar
endon allograft for older patients.14 This suggests a
ias that may be based on the belief that an allograft
ay not perform as well in the younger age group.
he purpose of this study was to compare the out-
omes of a consecutive series of nonrevision BPTB
llograft ACL reconstructions in patients aged 40
ears or older and patients aged younger than 40
ears. The hypothesis of this study was that a BPTB
llograft ACL reconstruction would provide results
ndependent of age group.

METHODS

All BPTB allograft ACL reconstructions performed
y the senior author (F.A.B.) from 2002 to 2005 were
valuated. The data were prospectively collected at
ach patient visit and the protocol for this study es-
ablished at the beginning of the study period. The
ata were then retrospectively reviewed after suffi-
ient data were collected. Patients chose either a pa-
ellar tendon allograft or autograft after a thorough
xplanation of treatment options including the nature
f the procedure, postoperative rehabilitation proto-
ols, incision size, and potential risks. Harner et al.3

ointed out that patients must be involved in this
election process because of the inherent risks and
ifferent benefits of either option, making true ran-
omization very difficult to achieve. The patients se-
ecting an allograft reconstruction were grouped based
n age into 2 groups: those aged younger than 40
ears and those aged 40 years or older.
Inclusion criteria were a positive Lachman test and

ivot-shift test, closed or nearly closed growth plates
ased on radiographs, a minimum follow-up of 24
onths, and patient selection of the allograft proce-

ure after thorough counseling and giving informed
onsent. Concomitant meniscal and chondral injuries,
s well as healed grade 1 or 2 collateral ligament
prains, were allowed. Exclusion criteria included
rior ACL reconstruction of the knee requiring a
evision procedure, associated posterior cruciate liga-
ent tears, or multiple-ligament injuries.
Preoperative and postoperative assessments in-

luded a history; physical examination; radiographs;
reoperative Cincinnati,15 Lysholm,16 and Tegner17
nee scores; and International Knee Documentation a
ommittee (IKDC) activity scores. The physical
xamination included supine goniometer-measured
ange of motion, Lachman test, pivot-shift test, and
T arthrometer (MEDmetric, San Diego, CA) mea-

urements. Patient evaluations were performed at 3, 6,
2, and 24 months and then annually thereafter. Laxity
as graded as trace (1 to 3 mm), 1� (4 to 5 mm), 2�

5 to 10 mm), or 3� (�10 mm). The pivot-shift sign
as graded as 1� (glide), 2� (clunk), or 3� (gross

ubluxation) in the position of thigh abduction and
xternal rotation, which makes this sign more evi-
ent.18 Side-to-side manual maximum KT differences
ere obtained. The follow-up physical examinations
ere performed by an independent examiner who was
ot the surgeon to reduce observer bias. Results were
tratified and scored as excellent when the difference
as less than 3 mm and good when the difference was
to 5 mm. Differences over 5 mm were considered

ailures.
All patients had radiographs obtained at the initial

ostoperative clinical visit that confirmed tunnel
lacement, along with bone plug and interference
crew location. Radiographs taken at subsequent visits
ere compared with those obtained immediately after

urgery to assess changes and to evaluate healing
rogress.

urgical Technique

All patients underwent an examination under anes-
hesia, and all had a positive Lachman test and pivot-
hift test. Graft preparation was started simultaneously
ith the arthroscopic procedure and was performed by

ither a certified physician assistant or arthroscopic
urgery sports fellow. A fresh-frozen, entire-donor,
ow dose–irradiated (1.2 to 1.8 megarads), hemi-
PTB graft was prepared by contouring the tibia into
10-mm bullet-shaped plug and the patellar graft into
9-mm bullet-shaped piece. When possible, the ten-

on width was cut to 15 mm (Fig 1) and the bone
lugs were 25 mm long (Fig 2). The arthroscope was
laced through a central, trans–patellar tendon portal
nd diagnostic arthroscopy performed. If a meniscus
ear or chondral lesion was encountered, it was ad-
ressed before the ACL surgery. An appropriately
ized intercondylar notchplasty was performed. The
ibial tunnel was made with a tibial guide inserted into
he stump of the ACL on the tibia, a guidewire ad-
anced through an aiming device, and a tibial tunnel
rilled with a 10-mm cannulated reamer. Through this
unnel, a transtibial aiming guide was advanced to the

ppropriate position on the superior-lateral side of the
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490 F. A. BARBER ET AL.
ntercondylar notch. A guidewire was passed through
his transtibial aiming device to engage the lateral
emoral cortex. The aiming device was removed and a
-mm reamer advanced over the guidewire to a depth
f 3 to 4 cm. The sutures attached to the proximal
atella bone plug were threaded through the guidewire
nd pulled through the lateral side of the thigh, ad-
ancing the entire graft into position. Appropriately
ized and selected biodegradable interference screws
ere used to secure the graft into position in the femur

nd the tibia.
All allograft tissues were recovered in an aseptic

ashion in the operating room or other facilities with
imilar environments and maintained as such through-
ut their processing and distribution. The whole do-
ors were exposed before harvesting to a low dose
1.2 to 1.8 megarads) of gamma radiation as a means
f reducing the surface bioburden. Cultures of the
arvested patellar tendon allograft specimens were
hen taken. Any specimen showing a positive tissue
ulture taken at the time of harvest was subsequently
e-treated with low-dose gamma radiation. None of
he grafts implanted in this series of cases received a
econd irradiation treatment.

ostoperative Management

Postoperative management focused initially on
chieving full extension compared with the opposite

IGURE 1. BPTB allografts were created with a 10-mm-wide
ibial plug and 9-mm-wide bullet-shaped patellar plug. When pos-
ible, the tendon width was cut to 15 mm.
eg by prone hangs and bridging exercises. Progres-
ive weight bearing with the elimination of crutches
ithin 1 to 2 weeks was encouraged. Motion was

nitially limited by a postoperative brace, and flexion
as gradually increased to 30° at week 1 and 60° at
eek 2, with flexion to 90° by week 4 and full flexion

t week 6; the brace was removed at week 8. Postop-
rative continuous-flow cold therapy was used to re-
uce swelling and pain.
Stationary bicycling was started at 8 weeks and

traight-ahead running at 12 weeks. A return to piv-
ting sports protected by a derotational knee brace
as allowed at 5 to 6 months if adequate strength was

egained.

tatistical Analysis

A paired t test was performed to analyze the differ-
nces between preoperative and postoperative clinical
easures and comparisons between the group aged

ounger than 40 years and the group aged 40 years or
lder. Statistical significance was achieved at P � .05.

RESULTS

In the study period 32 consecutive patients under-
ent arthroscopic BPTB allograft ACL reconstruction
ith interference screw fixation at both the femoral

nd tibial ends and met the inclusion criteria. Seven
evision ACL reconstructions in the group aged
FIGURE 2. Bone plug lengths were cut to 25 mm.
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491ACL RECONSTRUCTION: ALLOGRAFT PATELLAR TENDON
ounger than 40 years and four in the group aged 40
ears or older were performed during this interval and
xcluded. Of the patients, 21 were aged younger than
0 years (66%) and 11 were aged 40 years or older
34%). The mean age for those aged younger than 40
ears was 31 years (range, 18 to 39 years; median, 32
ears). The mean age for those aged 40 years or older
as 46 years (range, 40 to 55 years; median, 46 years).
here were 21 men and 11 women. The right knee was

nvolved in 19 patients and the left in 13. The mean
ollow-up was 35 months (range, 24 to 58 months).
he mean age was 35 years (range, 18 to 55 years).
he ACL reconstruction was performed on an acute
asis in 80% of the group aged younger than 40 years
nd in 73% of the group aged 40 years or older.

Physical examinations, along with radiographic and
T evaluations, were performed in all patients. In the
roup aged younger than 40 years, the mean Cincin-
ati score of 39.1 (range, 6 to 82) preoperatively
mproved to 82.4 (range, 54 to 95) after surgery. The
egner score increased from a mean preoperative
core of 3.9 (range, 1 to 7) to a mean postopera-
ive score of 6.2 (range, 3 to 10). The Lysholm score
mproved from a mean preoperative score of 46.8
range, 2 to 88) to a mean postoperative score of 89.5
range, 59 to 100). The IKDC activity score increased
rom a mean of 1.7 preoperatively to 2.7 out of 4
ostoperatively. All of these increases from the pre-
perative state were statistically significant (P �
0001).

In the group aged 40 years or older, the mean
incinnati score of 44.4 (range, 9 to 60) preopera-

ively improved to 83.8 (range, 47 to 95) postopera-
ively. The Tegner score increased from a mean pre-
perative score of 3.9 (range, 2 to 8) to a mean
ostoperative score of 6.6 (range, 2 to 9) (P � .05).
he Lysholm score improved from a mean preopera-

ive score of 50.1 (range, 21 to 71) to a mean postop-
rative score of 88.8 (range, 54 to 100). The IKDC

TABLE 1. Comparison of Objective Data Between Allo
Patients Aged Younger Th

Lachman* Pivot Shift†

0 1� 2� 3� 0 1� 2� 3�

40 yr 18 2 1 0 20 0 1 0
40 yr 10 1 0 0 11 0 0 0

*P � .41.
†P � .48.
‡P � .38.
ctivity score increased from a mean of 2.1 preoper- m
tively to 2.7 out of 4 postoperatively (P � .1). Except
here indicated, these increases were statistically sig-
ificant at a level of P � .0001.
The results of the postoperative physical examinations

ncluding Lachman and pivot-shift testing are reported in
able 1. No statistical differences existed between these
groups for any of these objective tests.
Supine flexion and extension goniometer measure-
ents showed that 3 of 32 patients had an extensor lag

did not achieve full extension as measured against the
pposite normal knee). These measured 2°, 3°, and 5°.
f loss of extension is defined as a greater than 5°
ide-to-side difference in passive knee extension,19

hen no loss of extension was observed. Every patient
chieved at least 110° of flexion, and mean flexion
as 134° (range, 110° to 155°). KT examination at

ollow-up showed a mean manual maximum differ-
nce of 1.3 mm for the group aged younger than 40
ears and 1.4 mm for the group aged 40 years or older.
Radiographic assessments showed visible bone plug

ncorporation at final follow-up and as early as 12
onths after surgery. There were no clinical symp-

oms to suggest graft infection.

DISCUSSION

Because ACL reconstruction is becoming more
ommon in older age groups, allografts are being
elected with increasing frequency. Individuals aged
0 years or older are continuing to participate in
ntensive pivoting activities for which a functional
CL is essential. Although nonoperative treatment
as been shown to be effective in appropriately se-
ected individuals,20 individuals aged 40 years or older
re not eager to accept activity-related knee instability
nd consequently request ACL surgery despite the
urgical risks.13

Both allografts and autografts provide initial
trength through a fibrous framework for later liga-

econstructions in Patients Aged 40 Years or Older and
Years at Time of Surgery

KT Examination‡

m 3-5 mm �5 mm Mean Manual Maximum Difference

1 0 0.7 mm
0 1 1.3 mm
graft R
an 40

�3 m

20
10
entous healing.21 Although the maximal tensile



s
a
t
o
l
e
p
r
a
g
c
b
p
a
a
p
e

p
c
y
t
L
a
y
s
p
t
a
i

a
a
c
c
t
s
s
f
t
e

w
d
a

t
t
a

r
o

o

1

1

1

1

1

1

1

492 F. A. BARBER ET AL.
trength of allografts is less than that of autografts,22

llograft tissues reach maturity more slowly than au-
ograft tissues,23 and allograft tendons have a slower
nset and rate of revascularization,24 postsurgical al-
ograft thigh muscle power as measured by knee
xtension torque is significantly better than that of
ostsurgical autografts.25 Although allograft tissue
epresents an expense in the reconstructive procedure,
cost-comparison study between autograft and allo-

raft ACL reconstructions showed that allograft pro-
edures were less expensive.26 In the current reim-
ursement climate, which is shifting more costs to the
atient, a postoperative program that can be self-
dministered (i.e., allograft ACL) and consequently
void physical therapy visits with their attendant co-
ay costs could significantly reduce the out-of-pocket
xpense to the patient.

Previous comparisons of the significance played by
atient age in ACL reconstruction showed no statisti-
al difference in outcomes between those aged 40
ears or older and those aged younger than 40 years
reated with BPTB autografts.27 Excellent or good
ysholm scores were recorded in 89% of the group
ged 40 years or older and 91% of the group aged
ounger than 40 years.27 Several studies have failed to
how a significant difference in outcomes between
atellar tendon allograft and autograft reconstruc-
ions.3-5,11,28 This led to our hypothesis that a BPTB
llograft ACL reconstruction would provide results
ndependent of age.

To test this hypothesis, a comparison of BPTB
llograft ACL reconstruction in 2 groups (patients
ged �40 years and patients aged �40 years) was
onducted. Statistically significant improvements oc-
urred from the preoperative status to the postopera-
ive status for both groups by use of validated mea-
urement scales (Lysholm, Cincinnati, and Tegner
cores and IKDC activity scores). Objective measures
ailed to show a difference in the 2 groups (Lachman
est, pivot-shift test, and KT maximum manual differ-
nce) and supported our hypothesis.

The potential weaknesses of this study are that this
as a retrospective review of prospectively collected
ata. Because the patients selected the use of the
llograft, a selection bias must be considered.

CONCLUSIONS

The outcomes of BPTB allograft ACL reconstruc-
ions were not different both subjectively and objec-
ively for patients aged 40 years or older and patients

ged younger than 40 years. BPTB allograft ACL

1

econstruction provides consistent results for patients
f all age groups.
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