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Revision Anterior Cruciate Ligament Reconstruction With
Nonirradiated Fresh-Frozen Patellar Tendon Allograft

Jeff A. Fox, M.D., Mark Pierce, M.D., John Bojchuk, M.S., A.T.C.,
Jennifer Hayden, R.N., M.S.N., Charles A. Bush-Joseph, M.D., and Bernard R. Bach, Jr., M.D.

Purpose: To evaluate the effectiveness of a revision anterior cruciate ligament reconstruction with nonirra-
diated patellar tendon allograft used to salvage a failed index patellar tendon autograft procedure. Type of
Study: Retrospective case series with minimum 2-year follow-up. Methods: Between 1993 and 1999, 39
patients underwent a revision reconstruction. Clinical, radiographic, arthrometric, and functional evaluations
were performed. The Tegner, Lysholm, Noyes, Knee Injury and Osteoarthritis Outcome Score (KOOS),
International Knee Documentation Committee (IKDC), and SF-12 rating scales were used. Statistical analysis
was conducted with our Biostatistics Department. Results: Thirty-two of 38 patients (84%) were personally
evaluated. The mean patient age was 28 years (range, 16 to 57 years); the mean follow-up was 4.8 years (range,
2.1 to 12.1 years). After revision, there were significant improvements in the Lachman and pivot-shift test
results: 87% had a grade 0/1� Lachman and a 0/1� pivot-shift. However, 25% had a grade 1� pivot-shift.
Postoperatively, KT-1000 testing revealed that 84% had a maximum manual side-to-side difference of �3 mm
and 6% had �5 mm. Functional testing revealed a mean 4% difference in side-to-side comparisons for a
single-leg hop for distance and time, as well as vertical jump. The mean results of Noyes sports function (72),
Lysholm (75), Tegner (6.3), KOOS sports activity scale (67), SF-12 physical component (48), SF-12 mental
component (55), and IKDC (71) were obtained. The Noyes sports activity score showed a significant
improvement from 55 preoperatively to 70 at follow-up. Subjectively, 87% of patients indicated that they were
completely or mostly satisfied with the surgical outcome. One patient required another revision. Conclusions:
The 2- to 11-year follow-up showed that the results of revision ACL reconstruction with a nonirradiated patellar
tendon allograft were less favorable than those of a primary anterior cruciate ligament reconstruction, with a
lower subjective satisfaction level and a higher percentage of patients with grade 1� or higher pivot-shift
results. However, when compared with previously published reports, our results were comparable and under-
score that revision anterior cruciate ligament surgery should be approached with tempered enthusiasm and
careful preoperative counseling, and considered as a salvage procedure. Level of Evidence: Level IV. Key
Words: Anterior cruciate ligament—Reconstruction—Allograft—Revision—Nonirradiated.
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here are estimates of nearly 100,000 primary ski-
ing-related anterior cruciate ligament (ACL)
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Arthroscopy: The Journal of Arthroscopic and Related Su
njuries annually.1 According to Garrett, a review of
ase logs of orthopaedic surgeons reviewed for the
merican Board of Orthopaedic Surgery, ACL recon-

tructive surgery is the seventh most commonly per-
ormed orthopaedic surgical procedure (W. G. Garrett,
ersonal communication, July 2003). Analogous to
he experience with total knee arthroplasty, it has been
stimated that, nationally, 90% of ACL reconstruc-
ions are performed by surgeons who perform fewer
han 10 reconstructions a year. Most clinical fol-
ow-up studies report a failure rate of between 10%
nd 20%.2-7 There are potentially 3,000 to 10,000
evision ACL surgeries to be performed each year in
he United States.8 There have been few clinical fol-
ow-up studies evaluating the outcomes of revision
CL surgery. Most of those studies used irradiated
llograft tissues. Revision ACL surgery is less suc-

787rgery, Vol 20, No 8 (October), 2004: pp 787-794



c
c
d
a
d
p
s
T
f
a
p

c
f
t
i
R

s
b
w
b
c
o
c
A
s
e
o
u
u
c
p
c
m
t
i
O
t
N
o

S

n
a
a
f
d

r
p
s
i
m
2
d
p
A
d
7
u
u
c
t
m
o
t
t
e
l
s
o
t
w
p
w
f
s
t
w

F
s

788 J. A. FOX ET AL.
essful than index ACL reconstruction.9 Based on
oncerns about the potential deleterious effect of irra-
iation, the authors have exclusively used nonirradi-
ted tissues for ACL index and revision surgery. Ad-
itionally, we prospectively decided to use a
ostoperative rehabilitation program after revision
urgery identical to that for an index reconstruction.
he purpose of this study was to evaluate the use of a

resh-frozen nonirradiated bone–patellar tendon–bone
llograft for revision ACL surgery for a failed primary
atellar tendon autograft procedure.

METHODS

The methodology used for this study was identi-
al to that of several previously reported studies
rom our institution.10-12 This study was a retrospec-
ive case series using a minimum 2-year follow-up
nterval and was approved by our Investigational
eview Board.
All patients who underwent a revision ACL recon-

truction with nonirradiated patellar tendon allograft
etween March 20, 1990 and November 19, 1999
ere identified from our computerized surgical data-
ase and reviewed. Exclusionary criteria included
oncomitant extra-articular reconstructions, high tibial
steotomy, associated multiligament pathologies, or
ontralateral knee ACL deficiency or reconstruction.
ll surgical procedures were performed by 2 senior

urgeons (B.R.B., C.A.B-J.). Thirty-nine patients were
ligible for this study. Of these, 1 patient died, 3 lived
utside the country, and 3 patients were lost to follow-
p. Thirty-two of the 38 (84%) were personally eval-
ated. All but 2 patients were regional referrals to our
enter. A detailed questionnaire was filled out by each
atient to eliminate interviewer bias. The evaluation
onsisted of a physical examination, KT-1000 arthro-
etric evaluation (MEDmetric, San Diego, CA), func-

ional testing, and knee scoring scales. The knee scor-
ng scales used included the Knee Injury and
steoarthritis Outcome Score (KOOS),13 Interna-

ional Knee Documentation Committee (IKDC),14

oyes Cincinnati rating scales,15 Tegner,16 Lysh-
lm,17 and an SF-12.18

urgical Technique

A single-incision arthroscopically assisted tech-
ique (24 patients), as described by Hardin et al.,19 or
2-incision technique (8 patients) arthroscopically

ssisted technique11 was performed. Hardware present
rom the index reconstruction was maintained when it

id not obstruct ideal tunnel positioning (Fig 1). i
The principles of adequate notch preparation and
evision notchplasty (when necessary), proper tunnel
lacement, rigid graft fixation using interference
crews, and securing the tibial bone plug with the knee
n extension were employed.20 In general, a 10-mm,
iddle-third patellar tendon allograft was shaped with

5-mm bone plugs. Commercially available aiming
evices were used for both femoral and tibial tunnel
lacement (Acufex Protrac Aimer; Smith & Nephew,
ndover, MA). Determination of screw length and
iameter were made intraoperatively, but in general a
� 25-mm cannulated metal interference screw was

sed on the femoral side and a 9 � 20-mm screw was
sed on the tibial side. The graft was placed with the
ortical edge oriented posteriorly within the femoral
unnel and the screw was placed anteriorly to mini-
ize potential soft-tissue injury to the graft. This

rientation also placed the graft more posteriorly. Af-
er femoral fixation, the knee was cycled multiple
imes to assess femoral graft fixation and gross isom-
try. The tibial bone plug was rotated toward the
ateral intercondylar wall, and the tibial interference
crews were placed anteriorly on the cortical surface
f the bone plug. All tibial screws were secured with
he knee in complete extension or hyperextension
hile applying firm tension to the sutures on the tibial
lug. Graft position, tightness, and notch clearance
ere inspected arthroscopically before closure. In

ewer than 10% of cases, the tibial bone plug was
ecured to the tibia with staples or a screw and post if
here was graft-tunnel mismatch. If meniscal repair
as performed, the sutures were secured with the knee

IGURE 1. Two-incision technique that was revised to an endo-
copic technique. The previously placed hardware was maintained.
n complete extension.
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789ACL REVISION ALLOGRAFT OUTCOME
hysical Examination

To avoid treating-surgeon bias, physical examina-
ion of both knees was performed independently by a
ports medicine fellow. This evaluation included su-
ine goniometric range-of-motion measurements,
rone heel height differences measured to the nearest
entimeter, and thigh circumference measurements (8
m proximal to the patella). Varus-valgus stability at
° and 30°, Lachman, anterior and posterior drawer,
nd pivot-shift tests were performed. Ligamentous
axity was graded as 1� (0 to 5 mm), 2� (6 to 10
m), or 3� (�10 mm). The pivot-shift phenomenon
as graded as 1� (slip), 2� (jump), or 3� (transient

ock) in the position of thigh abduction and external
otation, which maximizes the pivot-shift phenome-
on.21 Results were maintained on a standardized
orm.

unctional Examination

Thirty-one of 32 patients (1 patient was pregnant
nd did not complete functional testing) underwent
ilateral knee functional testing at the follow-up ex-
mination conducted by an experienced athletic
rainer (J.B., who had also conducted the functional
xaminations in several previous clinical studies).10-12

he functional indices recorded were a timed single-
eg 6-meter hop, measured single-leg hop, and single-
eg vertical jump. All patients underwent 3 trials of
ach test for each leg; the trials were averaged and
eported as side-to-side differences.

adiographs

Standing bilateral anteroposterior, standing bilateral
5° posteroanterior, lateral, and Merchant view radio-
raphs were taken of all patients except the pregnant
atient. Radiographs were graded based on the IKDC
cale. A mild grade indicates minimal changes (small
steophytes, slight sclerosis, or flattening of the fem-
ral condyle) and narrowing of the joint space that is
ust detectable. A moderate grade may indicate those
hanges plus joint space narrowing (a joint space of 2
o 4 mm side or up to 50% joint space narrowing). A
evere grade indicates changes including a joint space
f less than 2 mm or greater than 50% joint space
arrowing. The radiographs were interpreted by a
ports medicine fellow (J.F.).

rthrometric Examination

Each knee was tested preoperatively and postopera-
ively with the KT-1000 arthrometer by an experienced

ndependent examiner (J.B.). Testing was performed as t
escribed by Daniel et al.20 Anterior manual maximum
nd manual maximum side-to-side differences were cal-
ulated. An arthrometric failure was defined as a side-
o-side difference �5 mm. Results were stratified into

3 mm, 3 to 5 mm, and �5 mm.

uestionnaire

A detailed questionnaire was developed that in-
luded the 2000 IKDC questionnaire,14 KOOS,13

ysholm,17 Tegner,16 SF-12,18 and Noyes Cincinnati
ating scales.15 The detailed questionnaire allowed us
o develop a computer program that calculated the
cores based on the questions that were asked and
hich ones fit into each scoring scale. The question-
aire also included a visual analog scale to assess pain
nd satisfaction level. The questionnaire was com-
leted by the patients to eliminate interviewer bias.
ubjective patient satisfaction was stratified by pa-

ients grading their satisfaction level as completely
atisfied, mostly satisfied, somewhat satisfied, or dis-
atisfied.

ehabilitation

Postoperatively, patients were seen in physical ther-
py where they underwent gait training, straight leg
aising, prone heel hangs, and range-of-motion exer-
ises. Full weight bearing was permitted immediately
fter surgery. A hinged knee brace locked in full
xtension was used postoperatively until the patient
howed good quadriceps control. Patients were al-
owed to unlock or remove the brace for range-of-
otion exercises. Patient comfort was used as a cri-

erion for discontinuation of crutches, which usually
ccurred by 1 week after surgery. A formal supervised
ehabilitation program was prescribed using a stan-
ard protocol so that patients could have their post-
perative rehabilitation at outside facilities. This pro-
ram was initiated within the first postoperative week.
n general, bicycling was allowed by 2 weeks, use of
tair climbing machines was permitted at 4 to 6 weeks,
traight-ahead jogging was allowed at 12 to 16 weeks,
nd gradual return to sports was allowed between 4
nd 6 months postoperatively if rehabilitation criteria
ere met. This rehabilitation protocol was identical to
ur primary patellar tendon autograft rehabilitation
rotocol. A custom ACL orthosis was used for sports
rom 6 months to 1 year after surgery.

ata Acquisition and Analysis

To eliminate surgeon bias, review of the chart and
ecording of the data were performed independent of

he treating surgeons by the sports medicine fellow
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790 J. A. FOX ET AL.
J.F.) and orthopaedic resident (M.P.). Preoperative,
ntraoperative, and postoperative data were obtained
o supplement the follow-up evaluation. All data were
ecorded on scannable Teleform sheets so that the data
ould be automatically input into a computer program
Cardiff Software, San Diego, CA). Descriptive sta-
istics, analysis of variance testing, �-square analysis,
nd Friedman tests were employed where applicable.
tatistical analysis was performed using the SPSS
oftware package (SPSS, Chicago, IL). Statistical con-
ultation was obtained through the Department of
iostatistics. Statistical significance was established at
� .05 and P � .01.

RESULTS

The mean interval from the initial injury to index
econstruction could not be reliably determined be-
ause we did not have access to many of the medical
ecords from the initial treating physicians. Of note is
hat only 2 patients underwent their initial reconstruc-
ion by the senior surgeons. The mean interval from
he initial ACL reconstruction to revision ACL recon-
truction was 50 months (range, 9 to 101 months). The
ean interval from revision surgery to follow-up was

.8 years (range, 2.1 to 12.1 years; SD, 29.3). The
verage age of our patients at time of revision recon-
truction was 28 years (range, 16 to 57 years; SD, 8).
here were 14 male and 18 female patients and there
ere 20 right knees and 12 left knees reconstructed.
he mean number of surgeries before the reconstruc-

ion was 2.8 (range, 2 to 5). Five patients had previ-
usly undergone a revision ACL reconstruction.

ssociated Procedures and Surgical Findings

None of the patients had a posterolateral corner
econstruction at the time of our revision surgery or in
he follow-up period. Chondromalacia of varying se-
erity was observed in 70% (23 patients) in at least 1
f the 3 articular compartments (see Table 1 for com-

TABLE 1. Chondromalacia Assessm

0 (n/%) 1 (n

edial femoral condyle 20/63 4/1
edial tibial condyle 26/81 3/9

ateral femoral condyle 26/81 1/3
ateral tibial condyle 24/75 7/2
atellofemoral condyle 21/66 0
artment stratification). There was no statistical sig- L
ificance when comparing those with chondromalacia
nd failure of the revision procedure. Fifty percent (16
atients) had undergone previous meniscal surgery on
ither the lateral and or medial meniscus. There was
o statistical significance when assessing a relation-
hip between previous meniscal surgery and subse-
uent revision failure.

hysical Examination

On preoperative Lachman testing, there were 3 pa-
ients with grade 1, 16 with grade 2, and 13 with grade
results. At revision follow-up, 18 patients (56%) had
ormal Lachman test results, 10 patients (31%) had a
rade 1 Lachman with a firm endpoint, and 4 patients
13%) had grade 2 Lachman results (Fig 2). A signif-
cant reduction in postrevision Lachman grades was
bserved.
Preoperatively, 8 patients had grade 1 pivot-shift test

esults, 16 had grade 2, and 8 had grade 3. Postopera-
ively, 23 patients (71%) had negative pivot-shift results,

patients (25%) had grade 1, and 1 patient (3%) had
rade 2. No patients had a grade 3 pivot-shift at fol-
ow-up (Fig 3). The reduction in the pivot-shift grades
as statistically significant.

Compartment Involved and Severity

Grade

2 (n/%) 3 (n/%) 4 (n/%)

2/6 5/16 0
1/3 0 0
1/3 4/13 0
0 8/25 0

3/9 0 0

IGURE 2. A statistically significant reduction in the postrevision
ent by

/%)

3

2

achman grade is shown.
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791ACL REVISION ALLOGRAFT OUTCOME
Postoperatively, the range of motion as measured
y goniometer, was 2° of hyperextension (range, 11°
f hyperextension to neutral; SD, 3) to a mean of 134°
f flexion (range, 115° to 152°; SD, 8.23). Only 1
atient (3%) had a measured thigh girth atrophy of
ore than 1 cm when compared with the contralateral

imb. The mean postoperative heel height difference
n extension was 0.49 cm (range, 0 to 4.0 cm; SD,
.83). The mean postoperative heel height difference
n flexion was 1 cm (range, 0 to 12 cm; SD, 2.6).

adiographic Results

Radiographs were obtained for 31 patients (97%)
Fig 4). The grading was based on the IKDC scoring
ystem outlined in the Methods section. The medial
ompartment was most commonly affected, with de-
enerative changes present 47% of the time.

IGURE 3. A significant reduction in the magnitude of the pivot-
hift grade was observed after revision.

IGURE 4. The IKDC Rating Scale: The medial compartment was
ormal in 17 patients (53%), mild medial compartment changes
ere present in 12 patients (38%), moderate changes in 1 patient

3%), and severe changes present in 1 (3%). In the lateral com-
artment, 22 patients (67%) had normal radiographs, 8 patients
26%) had mild changes, 1 patient (3%) had moderate changes, and
one had severe changes. The patellofemoral articulation was
ormal in 20 patients (68%), mild changes were present in 8
atients (26%), moderate changes in 1 (3%), and severe changes
1resent in 1 (3%).
unctional Examination

The functional parameters measured included a timed
ingle-leg 6-meter hop, a single-leg hop for distance, and
vertical jump. The single-leg hop for the affected knee
as 96% of the nonaffected (range, 78% to 107%; SD,
.7). The timed hop for the affected knee was 102% of
he nonaffected knee (range, 81% to 138%; SD, 15). The
ean difference for the vertical jump was 98% of the

onaffected knee (range, 35% to 232%; SD, 33.2). The
mall mean deficits were affected by wide ranges and
tandard deviations. For the 3 functional tests, 88%,
5%, and 66% of patients, respectively, had less than
0% side-to-side deficits. Ten of 31 patients (32%) tested
etter on the affected knee than on the contralateral knee
n the timed single-leg hop, single-leg hop for distance,
nd on the vertical jump test. They were not the same 10
atients and they did not have pathology in the contralat-
ral extremity.

rthrometric Examination
Preoperative: KT-1000 arthrometric testing was

ecorded on all patients. The mean manual maximum
ranslation was 14 mm (range, 8 to 21 mm; SD, 3.8)
or the affected knee and the mean manual maximum
ranslation was 6.5 mm (range, 2.5 to 13 mm; SD, 2.3)
or the unaffected knee. These differences were sig-
ificant (P � .001). Four patients (13%) had side-to-
ide differences �3 mm, 25 patients (78%) had dif-
erences between 3 and 5 mm, and 3 patients (9%) had
ifferences �5 mm (Fig 5).
Postoperative: KT-1000 arthrometric testing was

erformed on all patients postoperatively. The mean
anual maximum translation was 9.4 mm (range, 6 to

8 mm; SD, 2.9) for the affected knee and the mean
anual maximum translation was 7.8 mm (range, 5 to

IGURE 5. A significant reduction in the maximum manual side-
o-side differences was observed after revision.
0 mm; SD, 1.4) for the unaffected knee. KT-1000
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792 J. A. FOX ET AL.
ranslations were significantly reduced (P � .001)
ompared with their preoperative status. The mean
ide-to-side difference was 1.9 mm (range, �1 to 8
m; SD, 2.4). Twenty-seven patients (84%) had side-

o-side differences �3 mm, 3 patients (9%) between 3
nd 5 mm, and 2 patients (6%) �5 mm (Fig 5).

ating Scales

For a complete list see Table 2. The postoperative
KDC mean score was 71 points (range, 23-97; SD,
2). The postrevision Modified Cincinnati mean score
as 7.23 points (range, 2-10; SD, 2.2). The Noyes

ports activity score before index ACL reconstruction
ad a mean of 87 points (range, 20-100; SD, 18). The
ean Noyes sports activity score before revision was

5 points (range, 0-100; SD, 34). The mean current
oyes sports activity score was 70 points (range,
-100; SD, 26). The SF-12 results revealed that the
hysical component mean score was 48 points (range,
0-59; SD, 11) and that the mental component mean
core was 55 points (range, 27-66; SD, 8). A 10-point
isual analog scale was used to assess the present level
f pain with 0 equal to no pain and 10 equal to the
orst pain imaginable. The average postoperative
ain score was 2.9 points (range, 0-9; SD, 2.5).

ubjective Results

Twenty-eight of the 32 patients (87%) were com-
letely or mostly satisfied with the surgical procedure.
ifty percent of the patients were completely satisfied
ith their result, 3 patients (9%) were somewhat sat-

sfied, and 1 patient (3%) was dissatisfied. Nineteen

TABLE 2. Knee Scoring Scales

Scale Mean Range
Standard

Deviation

KDC 71 23–97 22
OOS pain 84 36–100 18
OOS symptom 77 25–100 21
OOS ADL 91 50–100 14
egner (before any surgery) 8.4 2–10 2.1
egner (before revision) 5.0 0–10 3.3
egner (most recent follow-up) 6.3 0–10 2.6
ysholm 75 30–100 22
oyes sports function 72 0–100 26
oyes functional ADL 30 17–40 30
odified Cincinnati 7.2 2–10 2.2

F-12 mental 55 27–66 8
F-12 physical 48 20–59 11
isual analog scale 2.9 0–9 2.5
ercent of the patients reported pain with stair climb- t
ng as moderate, severe, or extreme, and 47% reported
ifficulty kneeling (Fig 6).

ate of Failure

Failure was defined as the presence of a pivot-shift
nd/or a KT-1000 manual maximum test result of greater
han 5 mm of side-to-side difference. Eight patients had
grade 1 pivot-shift test result and 1 had a grade 2. Five
atients had a KT-1000 greater than 3 mm and, in this
ubgroup, each had a grade 1 or higher pivot-shift. This
esulted in 9 of 32 revision ACL reconstructions (28%)
ailing according to our clinical criteria. If, however, one
efined an objective failure as a 2� or 3� pivot-shift
nd/or a manual maximum difference greater than 5 mm
n KT-1000 testing, then our failure rate was 6%.

omplications

There were no infections, no additional surgeries for
rthrofibrosis, and no removal of hardware performed.
here was no evidence of graft rejection or clinical
vidence of disease transmission (no blood testing was
erformed) at the time of follow-up. Two patients had a
mall effusion at the follow-up examination.

DISCUSSION

The success of revision ACL reconstruction has
een not comparable to that of primary ACL recon-
truction.8,22,23 Our results further support this finding.

hen compared with the results of primary ACL
econstruction by the senior author (B.R.B.)11 using a
imilar technique and rehabilitation program, we
ound distinct differences. For primary reconstruction,
he patients’ rating of success was 92% mostly or
ompletely satisfied, compared with 87% for the re-
ision patients. The positive pivot-shift (grade 1 and
igher) was present in 9% of patients in the primary

IGURE 6. Anterior knee pain as defined by stair climbing symp-

oms or kneeling problems is stratified.
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793ACL REVISION ALLOGRAFT OUTCOME
etting compared with 28% in our revision group. In
he primary group, 74% had a normal Lachman test
ersus 56% in the revision group.
The less favorable results can be attributed to many

actors including number of previous surgeries, me-
iscal damage, and chondral abnormalities to the
nee. Seventy percent of our patients had articular
artilage damage at the time of surgery and 50% had
reviously had a meniscal procedure. Noyes and Bar-
er-Westin8,24 observed that 56% of patients had ab-
ormal articular cartilage at the time of revision. To
urther support the assertion that the higher failure rate
as not due to the allograft, there is an ongoing study

t the same institute with similar study design evalu-
ting primary ACL reconstruction with a nonirradi-
ted allograft patellar tendon. This study has found 57
f 60 patients with a negative pivot-shift result.25

There have been few clinical studies evaluating revi-
ion ACL surgery. Noyes and Barber-Westin8 evaluated
6 of their revision allograft ACL cases. They used a
ombination of irradiated (n � 40) and nonirradiated (n

26) allografts. Additionally, 32 patients (48%) had a
igament-augmentation device implanted. Nine patients
14%) also had an extra-articular iliotibial-band proce-
ure. This resulted in a heterogeneous group of revision
CL reconstructions. There were 57 patients (88%) with
postoperative pivot-shift result of grade 0 or 1 (this was
ot stratified into grade 0 [negative] and grade 1), 5 (8%)
ith a grade 2, and 3 (5%) with a grade 3. Noyes and
arber-Westin’s definition of failure was based on KT-
000 test results. A failure had greater than 5.5 mm of
ifference between the involved and uninvolved knee, or
ad less than 50% improvement, or less than 3 mm
ide-to-side improvement from the preoperative level.
heir failure rate was reported to be 33%. When evalu-
ting their study more closely and evaluating a subgroup
hat most closely represented our population in which
hey did not have a ligament-augmentation device, ad-
ance of the posterolateral complex, meniscal allograft,
r extra-articular iliotibial-band procedure (n � 16), 8
atients had a grade 0 pivot-shift and 8 patients had a
rade 1, 2, or 3 pivot-shift. Of note, for their entire series,
oyes and Barber-Westin reported a 0/1� pivot-shift

ncidence after revision of 87%, which was identical to
ur findings.
Noyes and Barber-Westin24 also reported on 54

atients who had a revision ACL reconstruction with
patellar tendon autograft. The failure rate, which was
etermined in a fashion similar to their revision allo-
raft report, was 24%. Of these 13 patients, 6 had a
eharvested patellar tendon autograft.

The Pittsburgh series of Johnson et al.22 used irradi-

ted fresh-frozen allografts. Nine of 25 patients (36%) t
ad a KT-1000 maximum manual side-to-side difference
f greater than 5.5 mm. Eighty percent had a grade 0 or
Lachman result and 20% had a grade 2 Lachman

esult; 76% of patients were satisfied with their result.
Uribe et al.23 reported on 54 patients who under-
ent a revision ACL reconstruction with a variety of
rafts including ipsilateral patellar tendon autograft,
ontralateral patellar tendon autograft, allograft patel-
ar tendon, and hamstring autograft. All of their pa-
ients had an improvement in their objective stability.
owever, only 54% of patients returned to their pre–
CL-injury activity level.
When we assessed our failure rate, it was 28% (9 of

2 patients). This failure rate is based on stringent
riteria defined as the presence of a positive pivot-shift
grades 1, 2 or 3), and/or a KT-1000 result of greater
han 5 mm of side-to-side difference. If we considered
ailure as those patients with greater than 5 mm of
ide-to-side difference with maximum manual KT-
000 testing and those with grade 2 or higher pivot-
hift, our failure rate would be 2 of 32 (6%). In all of
he published articles on revision ACL reconstruction,
he criteria for failure, if defined, are variable.

The potential weaknesses of this study are that it is
etrospective and nonrandomized. We did not have pro-
pective data for the various scoring scales. Graft selec-
ion and the effects of rapid rehabilitation were not ran-
omized (selection bias). Although we did not have a
ontrol group, we have several retrospective studies of
atellar tendon autograft cohorts from our institution that
rovided a historical benchmark.10-12,26 The use of the
atellar tendon allograft may reflect a surgeon’s bias in
erms of graft selection. Several questions arise from this
tudy that remain unanswered. Could our results have
een improved with the use of a different graft source
e.g., contralateral patellar tendon, ipsilateral hamstring,
psilateral quadriceps tendon, or allograft Achilles ten-
on)? If we had used a more conservative rehabilitation
rotocol, selectively used meniscal allografts, performed
taged bone grafting of tunnels, or used additional graft
xation augmentation (i.e., screw and post), would this
ave eliminated a few of the graft attenuations? Because
ur data are similar to the few reported studies, perhaps
e cannot approach the stabilization success of index

econstructions, which have stability failure rates in the
% to 20% range. Of interest is the observation that 87%
f our patients were subjectively satisfied, 87% had a
/1� pivot-shift and 84% had a KT-1000 side-to-side
ifference of �3 mm.
Conversely, the study has many strengths. A single

raft source (nonirradiated patellar tendon allograft) was
sed for a single specific index graft source failure (pa-

ellar tendon autograft). Grafts were used from one tissue
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ank. Meniscal allograft surgery, posterolateral recon-
tructions, high tibial osteotomies, and contralateral ACL
eficiency or reconstruction patients were eliminated by
xclusionary criteria. Multiple validated outcome scores
ere used including the IKDC, KOOS, and SF-12.
ostoperative KT-1000 testing and functional testing
ere performed by one experienced individual to pre-
ent detection bias. The study was conducted at a
enter where numerous ACL clinical studies have
een performed.10-12,26,27 An independent patient eval-
ation was performed, although one might argue that
sports medicine fellow may introduce a component

f performance bias. The surgeries were conducted by
experienced knee ligament surgeons who have per-

ormed over 2,000 primary ACL reconstructions, thus
eflecting considerable clinical experience.

This study contributes to the current body of literature
n revision ACL surgery. These challenging cases
resent a variety of difficult technical decisions. Preop-
ratively, one must exclude associated patholaxities and
echanical malalignments, and determine whether a me-

iscal allograft or substitute is warranted. Preoperative
maging may determine whether single or staged tunnel
rafting is necessary, whether bone appears osteopenic,
hether hardware must be removed or can be bypassed,

nd generally whether bone tunnels are placed anatom-
cally or nonanatomically, whether they are overlapped
r not overlapped, and whether they are expanded or not
xpanded. These technical factors, our observed results,
he high incidence of chondral abnormalities and previ-
us meniscal surgery, as well as the observation that only
0% of our patients were completely satisfied (37%
ostly satisfied) underscores, in our opinion, that these

rocedures should be viewed as salvage procedures. We
elieve it is critical to carefully apprise patients of these
ssues before embarking on a revision procedure so that
he patient does not have unrealistic expectations.

REFERENCES

1. Zarins M, Adams M. Knee injuries in sports. N Engl J Med
1988;318:950-961.

2. Allen CR, Giffin JR, Harner CD. Revision anterior cruciate lig-
ament reconstruction. Orthop Clin North Am 2003;34:79-98.

3. Barrett GR, Noojin FK, Hartzog CW, Nash CR. Reconstruc-
tion of the anterior cruciate ligament in females: A comparison
of hamstring versus patellar tendon autograft. Arthroscopy
2002;18:45-54.

4. Belmont PJ Jr, Shawen SB, Mason KT, Sladicka SJ. Incidence
and outcomes of anterior cruciate ligament reconstruction
among U.S. Army aviators. Aviat Space Environ Med 1999;
70:316-320.

5. Siebold R, Buelow JU, Bos L, Ellermann A. Primary ACL
reconstruction with fresh-frozen patellar versus Achilles ten-
don allografts. Arch Orthop Trauma Surg 2003;123:180-185.
6. Vergis A, Gillquist J. Graft failure in intra-articular anterior
cruciate ligament reconstructions: A review of the literature.
Arthroscopy 1995;11:312-321.

7. Wolf RS, Lemak LJ. Revision anterior cruciate ligament re-
construction surgery. J South Orthop Assoc 2002;11:25-32.

8. Noyes FR, Barber-Westin SD. Revision anterior cruciate liga-
ment reconstruction: Report of 11-year experience and results in
114 consecutive patients. Instr Course Lect 2001;50:451-461.

9. Noyes FR, Barber-Westin SD, Roberts CS. Use of allografts
after failed treatment of rupture of the anterior cruciate liga-
ment. J Bone Joint Surg Am 1994;76:1019-1031.

0. Bach BR Jr, Jones GT, Sweet FA, Hager CA. Arthroscopy-
assisted anterior cruciate ligament reconstruction using patel-
lar tendon substitution. Two- to four-year follow-up results.
Am J Sports Med 1994;22:758-767.

1. Bach BR Jr, Levy ME, Bojchuk J, Tradonsky S, Bush-Joseph
CA, Khan NH. Single-incision endoscopic anterior cruciate liga-
ment reconstruction using patellar tendon autograft. Minimum
two-year follow-up evaluation. Am J Sports Med 1998;26:30-40.

2. Bach BR Jr, Tradonsky S, Bojchuk J, Levy M E, Bush-Joseph
CA, Khan NH. Arthroscopically assisted anterior cruciate liga-
ment reconstruction using patellar tendon autograft. Five- to nine-
year follow-up evaluation. Am J Sports Med 1998;26:20-29.

3. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD.
Knee injury and osteoarthritis outcome score (KOOS)—De-
velopment of a self-administered outcome measure. J Orthop
Sports Phys Ther 1998;28:88-96.

4. Anderson AF. Rating Scales. In: Fu FH, Harner CD, Vince
KG, eds. Knee surgery. Baltimore: Williams & Wilkins, 1994;
275-296.

5. Noyes FR. The Noyes knee rating system. An assessment of
subjective, objective, ligamentous, and functional parameters.
Cincinnati: Sports Medicine and Research and Education
Foundation, 1990.

6. Tegner Y, Lysholm J. Rating systems in the evaluation of knee
ligament injuries. Clin Orthop 1985;198:43-49.

7. Lysholm J, Gillquist J. Evaluation of knee ligament surgery
results with special emphasis on use of a scoring scale. Am J
Sports Med 1982;10:150-154.

8. SF-12 v2: How to score version 2 of the SF-12 health survey.
Lincoln, RI: Quality Metric, 2001.

9. Hardin GT, Bach BR Jr, Bush-Joseph CA. Endoscopic single-
incision anterior cruciate ligament reconstruction using patellar
tendon autograft. Case report. Am J Knee Surg 1992;5:144-155.

0. Daniel DM, Malcolm LL, Losse G, Stone ML, Sachs R, Burks
R. Instrumented measurement of anterior laxity of the knee.
J Bone Joint Surg Am 1985;67:720-726.

1. Bach BR Jr, Warren RF, Wickiewicz TL. The pivot-shift
phenomenon: Results and description of a modified clinical
test for anterior cruciate ligament insufficiency. Am J Sports
Med 1988;16:571-576.

2. Johnson DL, Swenson TM, Irrgang JJ, Fu FH, Harner CD.
Revision anterior cruciate ligament surgery: Experience from
Pittsburgh. Clin Orthop 1996;325:100-109.

3. Uribe JW, Hechtman KS, Zvijac JE, Tjin ATEW. Revision
anterior cruciate ligament surgery: Experience from Miami.
Clin Orthop 1996;325:91-99.

4. Noyes FR, Barber-Westin SD. Revision anterior cruciate sur-
gery with use of bone–patellar tendon–bone autogenous grafts.
J Bone Joint Surg Am 2001;83:1131-1143.

5. Bach BR Jr, Aadalen KJ, Dennis M, et al. Primary ACL
reconstruction using fresh frozen nonirradiated patellar tendon
allograft—Minimum 2-year follow-up. Am J Sports Med 2004
(in press).

6. Bach BR Jr. Arthroscopy-assisted patellar tendon substitution
for anterior cruciate ligament insufficiency. Surgical tech-
niques. Am J Knee Surg 1989;2:3-20.

7. Bach BR Jr, Warren RF, Flynn WM, Kroll M, Wickiewiecz
TL. Arthrometric evaluation of knees that have a torn
anterior cruciate ligament. J Bone Joint Surg Am 1990;72:

1299-1306.


	Revision Anterior Cruciate Ligament Reconstruction With Nonirradiated Fresh-Frozen Patellar Tendon Allograft
	METHODS
	Surgical Technique
	Physical Examination
	Functional Examination
	Radiographs
	Arthrometric Examination
	Questionnaire
	Rehabilitation
	Data Acquisition and Analysis

	RESULTS
	Associated Procedures and Surgical Findings
	Physical Examination
	Radiographic Results
	Functional Examination
	Arthrometric Examination
	Preoperative
	Postoperative

	Rating Scales
	Subjective Results
	Rate of Failure
	Complications

	DISCUSSION
	REFERENCES


