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Anterior Cruciate Ligament Reconstruction
with Autogenous Patellar Tendon Graft
Followed by Accelerated Rehabilitation
A Two- to Nine-Year Followup*
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ABSTRACT

We sought to determine the long-term results of 1057
consecutive patients who underwent an anterior cruci-
ate ligament reconstruction with an autogenous patel-
lar tendon graft from 1987 through 1993 and who
followed an accelerated rehabilitation program. The

patients were followed prospectively and objective
physical examination data were obtained on 806 pa-
tients at a mean of 4.0 years postoperatively. Subjec-
tive follow-up data were obtained on 948 patients at a
mean of 4.4 years postoperatively. The mean final

range of motion was 5&deg;/0&deg;/140&deg;. The mean manual
maximum KT-1000 arthrometer score was 2.0 &plusmn; 1.5
mm. Isokinetic quadriceps muscle strength testing re-
vealed a mean of 94% strength after acute reconstruc-
tions and 91% strength after chronic reconstructions.
International Knee Documentation Committee evalua-
tion after acute reconstruction rated 42% of knees as
normal, 47% as near normal, 10% as abnormal, and
1% as severely abnormal. The same evaluation after
chronic reconstruction rated 41% of knees as normal,
44% as near normal, 14% as abnormal, and 1% as
severely abnormal. Radiographically, 94% of acute
knees and 89% of chronic knees had no joint space
narrowing. Subjective modified Noyes questionnaire
results showed a mean score of 93.2 &plusmn; 7.9 points. The
mean time for patients to return to sport-specific activ-
ities was 6.2 weeks and to athletic competition at full
capacity was 6.2 months postoperatively. In the long-

term, patients exhibited full range of motion, excellent
stability, good strength, and a return of full function in
most cases.

In 1990, we reported on our short-term results of ACL
reconstruction using an autogenous patellar tendon graft
followed by an accelerated rehabilitation program.17 The
initial study reported the results of the first 73 patients
with greater than 2 years of followup. The results showed
good-to-excellent stability and subjective function in most
patients.
The purpose of this article is to report the long-term

results (2- to 9-year followup) of ACL reconstruction using
an autogenous bone-patellar tendon-bone graft and an
accelerated rehabilitation program that allowed a return
to athletic activities after criteria were met. Our goal of
ACL reconstruction consistently has been to perform one
surgical procedure only, appropriately timed, that results
in normal subjective stability without iatrogenic
complications.

MATERIALS AND METHODS

Patient Population

From 1987 through 1993, a total of 1292 patients under-
went unilateral ACL reconstructions that were performed
by the same surgeon. Excluded from this report were
revision ACL reconstructions (24 patients) using a con-
tralateral patellar tendon graft source, bilateral recon-
structions (152 patients), and patients with preexisting
grade 1 or greater arthritic degeneration (joint space nar-
rowing) in one or both compartments, as confirmed by a
radiologist (59 patients). Patients with associated medial
collateral ligament laxity (106 patients) or lateral side
injuries (8 patients) were included in this study. All me-
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dial collateral ligament injuries were treated nonopera-
tively. Any lateral structures injured were treated with a
repair. This report, therefore, includes the remaining 1057
patients (301 women; 756 men; mean age, 23.2 years;
range, 13 to 53 years). The mean age at the time of surgery
was 21.6 ± 5.7 years for women and 24.3 ± 7.5 years for
men.

The patients were classified as having either acute or
chronic injuries. By our definitions (Table 1) and inclusion
criteria, we classified 448 reconstructions as acute (Group
I) and 609 as chronic (Group II). The mean time from
injury to surgery was 6.1 ± 4.2 weeks (range, 1 to 21) for
patients in the acute group and 2.1 ± 2.8 years (range, 0.2
to 8.3) for patients in the chronic group. The patient de-
mographics are listed in Table 2.

Preoperative physical examination revealed that all pa-
tients had a positive Lachman test with a soft end point

TABLE 1
Definitions of Terms

TABLE 2
ACL Reconstructions: Number of Patients by Group and Year

d ACL tear, but no subsequent episode of instability.
6 Multiple episodes of instability.
C Reconstruction of the ACL was delayed; patient had no sub-

sequent episodes of instability between injury and reconstruction.

and a positive pivot shift (detected either before or during
general anesthesia). The mean preoperative KT-1000 ar-
thrometer (MEDmetric, San Diego, California) manual
maximum difference was 6.6 ± 2.1 mm (range, 3 to 13).
Eighty-eight percent of patients had a KT-1000 arthrom-
eter manual maximum difference greater than 5 mm.

Surgical Procedure

All patients were examined under general anesthesia to
confirm the preoperative diagnosis made by physical ex-
amination. The diagnostic arthroscopic examinations of
the joint at the time of the ACL surgery were performed by
the same surgeon (KDS) to determine whether associated
meniscal injuries were present. Meniscal tears were iden-
tified and left in situ, repaired, or treated with partial
meniscectomy.
Anterior cruciate ligament reconstructions were per-

formed using a modified Clancy technique. 5,15 Through a
6-cm medial miniarthrotomy, the intercondylar notch was
precisely prepared (Fig. 1) and tunnels were placed. Both
the tibial and femoral tunnels were drilled with cannu-
lated reamers over guide pins that were placed without
guides. In all patients, a 10-mm autogenous patellar ten-
don graft with 25-mm bone plugs on both the patellar and
tibial ends was harvested. The graft fixation was secured
with three ligatures of No. 2 Ethibond sutures (Ethicon,
Inc., Somerville, New Jersey) tied over a 19-mm convex
polyethylene button at the distal end of the tibial tunnel
and proximal end of the femoral tunnel. Tensioning the
graft was done by tying the sutures over the tibial button
tightly at 30° of flexion. The knee was put through range
of motion of 5°/0°/150° on the table to allow the graft to
stress the fixation and to allow the sutures on the button
to tighten. At 30° of flexion, the tibial sutures were pulled
firmly to assess if the tibial button could be lifted off the
tibia. If it was possible to lift the tibial button off the tibia,
the sutures were retightened, and the knee was again
placed through a full range of motion. The retightening of
the sutures and range of motion of the knee process was

repeated until the tibial button could be rocked but not
lifted off the tibia.
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Figure 1. A, the arrow shows the space between the PCL and the lateral femoral condyle. B, a lateral notchplasty is performed
to allow space for the ACL graft (arrow).

Medium drains were used and removed the next morn-

ing. One drain was placed under the vastus lateralis mus-
cle and the second drain was placed subcutaneous medi-
ally and not intraarticularly. Before closure of the

capsular incision, the knee was passively carried through
a full range of motion, including full hyperextension and
full flexion equal to the contralateral knee. Additional
notchplasty or retensioning of the graft or both was per-
formed if impingement or suboptimal tension was present.
After wound closure, a light dressing, a TED antiembo-

lism stocking (The Kendall Company, Mansfield, Massa-
chusetts), and a cold compression device (Cryo/Cuff, Air-
cast, Inc., Summit, New Jersey) was applied to the knee. A
complete description of the surgical procedure has been
published previously.&dquo;

Perioperative Rehabilitation

Preoperative Rehabilitation. Patients who had delayed
acute ACL reconstructions underwent a preoperative re-
habilitation program. Before ACL reconstructive surgery
was performed, patients had to meet specific physical
goals. Those goals were 1) to restore full range of motion in
the injured knee, including full hyperextension compared
with the contralateral knee, 2) to decrease swelling, and 3)
to restore a normal gait and leg control. After the preop-
erative physical goals had been achieved, the surgery was
performed when the patient was mentally prepared and
when the family schedule allowed time for the surgery and
the postoperative rehabilitation.
Two hundred sixty-seven patients in the acute group
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and 42 patients in the chronic group followed the preop-
erative rehabilitation program before undergoing an ACL
reconstruction. In the chronic group, limited motion pre-
operatively was caused by a locked bucket-handle menis-
cal tear that limited extension at least 10°. The patients
were treated by an arthroscopic procedure for a meniscal
repair or partial meniscectomy followed by the previously
described preoperative rehabilitation program before pro-
ceeding with the ACL reconstruction.&dquo;
Postoperative Rehabilitation. A few hours after surgery,

the patient’s leg was placed in a continuous passive mo-
tion (CPM) machine that moved the knee from 0° of ex-
tension to 30° of flexion. Once an hour for 10 minutes, the
patient lifted the leg out of the CPM machine and propped
the heel of the foot on the end of the bed frame to allow the
knee to hyperextend fully. Three times daily, the patient
sat on the side of the bed to flex the knee to 90° and to

perform short-arc quadriceps muscle exercises.
The patient was allowed to get out of bed to go to the

bathroom only, and weightbearing was allowed immedi-
ately as tolerated on the operated leg. Crutches or a splint
or both could be used for assistance with ambulating as
needed by the patient. While in the hospital, the patient
and the family were instructed regarding the postopera-
tive rehabilitation regimen to use at home. For the lst
week, the patient was told to continue using the CPM
machine full time and to perform the same rehabilitation
exercises that were performed in the hospital. The patient
was discharged from the hospital after full hyperexten-
sion, at least 90° of flexion, and good leg control were
achieved.
The patient was seen by the physician and physical

therapist at each postoperative visit to assess the status of
the knee and to prescribe the rehabilitation home

program.
For the lst week after surgery, the patient was advised

to remain supine with the operated leg elevated in the
CPM machine, and physical activities were limited to the
rehabilitation exercises prescribed and bathroom privi-
leges only. The goals were 1) to maintain full hyperexten-
sion, 2) to decrease swelling, 3) to maintain active quad-
riceps muscle control, 4) to achieve greater than 90° of
flexion, and 5) to allow wound healing.

In the 2nd week after surgery, if the lst week’s goals
had been achieved, the patient was allowed to return to
work or school but was reminded to limit nonessential
activities. The physical therapy goals remained the same
except for knee flexion, which was to increase to 110° by 2
weeks postoperatively.
At 2 to 5 weeks after surgery, with the wound healed

and the 2-week goals achieved, the patient was allowed to
increase activities to include all normal daily activities.
Quadriceps muscle-strengthening exercises were begun,
including knee bends, step-ups, leg presses, squats, and
stationary bicycling. At this stage, the patient also excer-
cised using the StairMaster (StairMaster Sports Medical
Products, Kirkland, Washington), and functional agility
exercises were prescribed.
At 5 weeks after surgery, if the quadriceps muscle

strength as tested on a Cybex II dynamometer (Cybex, A

division of Lumex, Inc., Ronkonkoma, New York) was at
least 65% that of the noninjured leg, the patient was
allowed to begin sport-specific activities according to his or
her athletic goals. If strength was below 65%, sports ac-
tivities were allowed, but more emphasis was placed on
strengthening than on functional activities. The patient
was monitored monthly to evaluate pain, swelling, and
range of motion, and to adjust the program as needed. The
patient was also seen to reevaluate strength gains and to
prescribe increased activities as tolerated until a return to
full sports competition was achieved. The goals of the
rehabilitation program were the same for all patients re-
gardless of meniscal removal or repair or the existence of
chondromalacia. The patients were counseled to modify
the program if a problem with swelling or motion

developed.

Patient Evaluation and Data Collection

The data we gathered from patient evaluations were elec-
tronically sorted. Our data base included patient demo-
graphics, type of reconstruction (acute or chronic), type of
meniscal tears, and the treatment of the meniscal tears.
In addition, data were recorded regarding any procedures
that were performed during reconstruction or any compli-
cations that occurred after the ACL reconstruction, such
as scar resections, manipulations, button removal, menis-
cal tears, and graft rupture.
Data were prospectively recorded from evaluations at 7

days; 2 and 5 weeks; 3 and 6 months; and 1, 2, and 5 years
or more after the surgical procedure. Range of motion was
recorded at each postoperative visit. Additional objective
data recorded were KT-1000 arthrometer manual maxi-
mum difference measurements and Cybex II dynamome-
ter strength-testing scores, which were performed at all
postoperative visits with the exception of the first two. The
KT-1000 arthrometer testing was performed by one of
three physical therapists who have extensive experience
using the KT-1000 arthrometer. Every attempt was made
for each patient to be tested by the same physical thera-
pist at each postoperative visit. The KT-1000 arthrometer
has been found to be a reliable tool for measuring anterior
laxity in the knee.’
Radiographs obtained preoperatively and at 2 years or

more after ACL reconstruction consisted of a posteroante-
rior 45° flexed weightbearing view, 12 a lateral view, and a
Merchant view.

Subjective modified Noyes questionnaire 17 results were
recorded at 6, 12, 18, and 24 months, and yearly thereaf-
ter. From 1990 through 1993, we prospectively collected
data regarding return to normal daily activities, return to
sport-specific activities, and return to competing at 100%
capability. Patients were also evaluated according to the
International Knee Documentation Committee (IKDC)
knee evaluation form.
To determine whether there were statistically signifi-

cant differences between the acute and chronic groups or
between the groups at the successive follow-up years, we
performed statistical testing. This included a two-tailed
Student’s t-test in which P < 0.05 was considered statis-



790

tically significant. Analyses were performed on a personal
computer using Base SAS, SAS Access, and SAS Stat
statistical software (SAS Institute, Cary, North Carolina).

RESULTS

Long-term physical examination followup was performed
on 806 patients (76%) at a mean of 4.0 years postopera-
tively (SD, 1.6 years; range, 2 to 9.1) by both the treating
physician and physical therapist.

Treatment of Meniscal Tears

Among the acute ACL reconstructions, 42% of the patients
had a medial meniscal tear, and 62% had lateral meniscal
tears. Among the chronic ACL reconstructions, 60% of the
patients had a medial meniscal tear, and 49% of the pa-
tients had a lateral meniscal tear. Treatment of the tears
varied according to the discretion of the surgeon, based on
past meniscal retear results. The goals were to preserve as
much meniscal tissue as possible and to minimize the
need for subsequent surgical procedures for meniscal

tears. Treatment of medial meniscal tears consisted of

partial meniscectomy in 13% of the tears with acute re-
constructions and in 35% of the tears with chronic recon-
structions. Treatment of lateral meniscal tears consisted
of partial meniscectomy in 23% of the tears with acute
reconstructions and in 33% of the tears with chronic re-

constructions. The remaining meniscal tears were re-

paired or left in situ as indicated (Tables 3 and 4).

Range of Motion

The mean range of motion obtained after ACL reconstruc-
tion was 5°/0°/140°; the mean range of motion was 6°/0°/
140° in the contralateral knee. There was no statistically
significant difference in postoperative range of motion

comparing years or groups studied, although the number
of patients requiring procedures to obtain full symmetri-
cal range of motion decreased throughout the study period
(Fig. 2).

Objective Stability

The mean manual maximum KT-1000 arthrometer differ-
ence between the treated knee and the contralateral knee
was 2.0 ± 1.5 mm for 806 patients at more than 2 years
after surgery; the measurements for each group appear in
Table 5. The KT-1000 arthrometer manual maximum dif-
ferences after chronic (Group II) ACL reconstructions
were similar to those after acute (Group I) ACL recon-
structions from 1990 to 1993 with 93% and 92% of

patients, respectively, having a 3 mm or less difference
(Table 6).

Quadriceps Muscle Strength

Cybex dynamometer quadriceps muscle strength testing
at long-term followup revealed a mean of 94% strength
(SD, 15.1) after acute ACL reconstruction and a mean of
91% (SD, 14.6) after chronic ACL reconstruction. There
was no statistically significant difference in the long-term
quadriceps muscle strength comparing groups or years
studied (P > 0.05).

International Knee Documentation Committee Evaluation

According to the IKDC knee-evaluation criteria, patients’
knees are rated as normal, near-normal, abnormal, or
severely abnormal. The IKDC ratings of patients at long-
term followup are reported in Table 7. Radiographically,
94% of knees with acute reconstructions and 89% of knees
with chronic reconstructions had no joint space narrow-
ing. Six percent of the knees with acute reconstructions

TABLE 3
Treatment of Meniscal Tears with Acute ACL Reconstruction

a Patient developed meniscal tear symptoms that required a repeat arthroscopy.
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TABLE 4
Treatment of Meniscal Tears with Chronic ACL Reconstruction

d Patient developed meniscal tear symptoms that required a repeat arthroscopy.

Figure 2. The percentage of patients each year who under-
went a postoperative arthroscopy for lack of extension or a
manipulation for lack of flexion.

and 11% of the knees with chronic reconstructions were
rated as abnormal radiographically (<50% joint space
narrowing). Of patients with radiographic narrowing of
the joint, most (70%) were patients who had a partial
meniscectomy before the time of their ACL reconstruction.
No patient had more than 50% joint space narrowing at
followup.

Modified Noyes Subjective Evaluation

Modified Noyes subjective questionnaire results of 948
patients (90%) at a mean of 4.4 years postoperatively
(range, 2 to 9.2 years) revealed a mean total score of
93.2 ± 7.9 points. The subjective questionnaire results for

TABLE 5
KT-1000 Arthrometer Manual Maximum Results’

’ Follow-up testing at ~2 years after ACL reconstruction.

TABLE 6
Distribution of KT-1000 Arthrometer Scores After ACL

Reconstruction

patients with acute and chronic reconstructions for each
year are shown in Table 8.
For subjective stability on a 20-point scale, 95% of pa-

tients scored 20 points. Among Group II (chronic) pa-
tients, 94% scored 20 points for stability, and 97% of
Group I (acute) patients scored 20 points for stability.
There was no statistically significant difference for stabil-
ity or total score between groups or years studied (P >

0.05).
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TABLE 7
IKDC Rating Score at Final Followup

Return to Daily Activities and Sports

The mean time to return to normal daily activities was 3.1
weeks (range, 0.7 to 20; SD, 2.1). Patients returned to
sport-specific activities at a mean of 6.2 weeks (range, 1 to
13; SD, 2.3) and to competing at full capability at a mean
of 6.2 months (range, 2 to 18; SD, 2.3).

Complications

The percentage of patients requiring a scar resection for a
symptomatic lack of extension compared with the opposite
knee was 7% in 1987, decreasing to 1% in 1993. The
percentage of patients requiring a manipulation for lack of
flexion was 4% in 1987, decreasing to 0% in 1993 (Fig. 2).
Twenty-seven of the 1057 patients (2.6%) tore the graft

at a mean of 2.5 years postoperatively (range, 4 to 78
months; SD, 1.5 years). Two patients ruptured their pa-
tellar tendons. No patellar fractures were seen. Twenty-
three patients suffered a graft rupture with a reported
episode of a knee-twisting injury. All of these patients had
normal range of motion, normal stability on physical ex-
amination, and a KT-1000 arthrometer manual maximum
difference of 3 mm or less before the injury occurred. The
knees of four patients were classified as technical failures.
On evaluation, the knees had KT-1000 arthrometer man-
ual maximum differences of more than 5 mm and positive
Lachman tests with soft end points, but the patients did
not report episodes of a twisting injury during the fol-
low-up time.

DISCUSSION

The &dquo;perioperative rehabilitation&dquo; program followed by
these patients was brought about by a desire to limit the
postoperative complications associated with ACL recon-
struction (Table 9). The criteria to return to activities have
been for patients to follow a cascade of events that pre-

vented complications and consequently facilitated return-
ing the patients’ knees to full function. As we gained
experience with more patients, the length of time that
patients needed to progress through the stages of rehabil-
itation decreased, with increasingly better results.
The results of this prospective study show that with the

described surgical technique, patients were able to obtain
long-term stability after ACL reconstruction with our ac-
celerated rehabilitation program. In addition, patients
were able to restore full range of motion predictably, with-
out undergoing additional postoperative procedures. They
were also able to achieve excellent quadriceps muscle
strength and to return to athletic activities sooner after
surgery than patients who had been treated before 1987-
without an increase in failure rate.
Other postoperative rehabilitation programs have lim-

ited range of motion, activities, and strengthening exer-
cises in the early postoperative phase because of fear that
the graft could not withstand the forces from such activi-
ties. These fears were based on animal studies showing
graft necrosis in the early postoperative phase.
Research with animal models found that the graft went

through a necrotic stage and that complete revasculariza-
tion took up to 1 year.1-4 However, Kleiner et aI.1o noted
that at 3 weeks after implantation, the fibroblasts that
repopulated the graft had a high synthetic capacity.
Rougraff et aI. 13 studied a series of human graft biopsies
and found that the autogenous patellar tendon graft was
viable at 3 weeks after reconstruction. A stage of complete
necrosis was not found. The presence of living fibroblasts
at this stage, and our clinical experience, indicate that this
autogenous patellar tendon tissue is functioning more like
a biologic graft than a necrotic scaffolding as early as 3
weeks after surgery. These findings are supported by
Hannafin et al.,~ who reported that stress appears to have
a positive influence and, perhaps, is a necessary compo-
nent for optimal graft healing and collagen formation.

It appears that an autogenous patellar tendon graft is
much stronger than previously thought and is capable of
not only withstanding unrestricted rehabilitation activi-
ties with emphasis on immediate restoration of hyperex-
tension and an early return to sports, but also seems to be
enhanced by an optimal amount of stress.
We have analyzed critically the variables that allowed

patients to return to athletic activities. Patients had to

TABLE 8

Noyes Subjective Questionnaire Total Score Results’

a Followup at 2 years or more after ACL reconstruction.
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TABLE 9
Goal-directed Perioperative Rehabilitation Program

’ ROM, range of motion

have sufficient strength to run, pivot, and jump. Quadri-
ceps muscle strength cannot be restored well without full
range of motion in the knee.’, &dquo; Furthermore, a large knee
effusion inhibits the quadriceps muscle and the return of
full range of motion.’ Therefore, our rehabilitation goals
aggressively address minimizing the development of a
postoperative hemarthrosis by using a cold compression
device, a CPM machine, and bed rest in the lst week to

allow a faster return of range of motion in the first few
weeks postoperatively.

Restoration of full symmetrical hyperextension and
flexion began at the time of surgery. Once the graft was
positioned, the knee was moved from full hyperextension
to full flexion with the patient’s heel to the buttocks. A
properly placed graft fits perfectly in the intercondylar
notch only in full hyperextension. Postoperatively, the
early rehabilitation program emphasized the restoration
of full hyperextension to prevent scar tissue formation,
and the program continued to stress the importance of
maintaining this full extension.
Although described as &dquo;accelerated&dquo; rehabilitation, the

lst week of the program was designed to restrict activity
that might cause swelling or range of motion problems.
Except when performing the postoperative exercises,
bathing, or eating, the patient was instructed to remain
supine with the leg in the CPM machine for elevation of
the knee above the level of the heart and to keep the
Cryo/Cuff on the knee. Straight-leg raises and short-arc
quadriceps muscle exercises were performed during this
time to place the patellar tendon in a stretched position to
prevent a patellar tendon contracture. The approach was
to &dquo;overtreat&dquo; the knee to prevent swelling, allowing the
patient to regain full flexion while obtaining and main-
taining full hyperextension easily.

If the lst week’s goals were met, the patient was al-
lowed to increase activities by returning to school or work
in the 2nd postoperative week. The rehabilitation pro-
gram emphasized using a normal gait. The amount of
swelling was used as a guide for limiting daily activities.
Patients continued to maintain full hyperextension and
improve flexion.
Additional strengthening exercises began around 2

weeks after surgery when the patient had full hyperex-
tension equal to the contralateral knee, flexion to 110°,
minimal swelling, and complete wound healing. Strength-
ening exercises were prescribed for patients individually,
according to the facilities available.
The patient’s quadriceps muscle strength was tested at

5 weeks after surgery. If 65% to 70% of the quadriceps
muscle strength had returned, the patient was prescribed
sport-specific activities requiring hand-eye coordination
and foot agility to foster the return of proprioception and
confidence in the knee. Agility exercises have been found
to be more beneficial than isokinetic or isotonic strength-
ening exercises for improving muscle reaction time.18 An-
other advantage is that patients are more motivated to
spend time working on increasing strength by doing agil-
ity exercises related to their sports than they are by doing
only weight training exercises.
We observed that patients who returned to sport-spe-

cific activities before regaining 65% of their preinjury
strength often had problems with swelling and soreness.
These patients favored the reconstructed knee, and a con-
tinued increase in activities was not followed by improved
strength. Patients returning to sport-specific activities
with greater than 65% quadriceps muscle strength did so
with fewer problems, and their strength increased as they
increased their activity.
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Patients were allowed to progress to competitive sports
as strength and confidence continued to improve. From
1990 to 1993, a total of 400 of 527 patients (76%) had
returned to sport-specific activities by 2 months after sur-
gery (Fig. 3). Patients progressed from sport-specific ac-
tivities to competition as they were comfortable. It usually
took 3 to 4 months of competition before the patient felt he
or she was competing at 100%. Even though the patients
were back to their sports early, they had periods of knee
stiffness and swelling that required periods of rest. The
mean time when patients rated themselves as competing
at 100% was 6.2 months (Fig. 4).
Shelbourne et al.16 found that the graft does not &dquo;stretch

out&dquo; with increased activity. In the present study, we did
not find an increase in graft failure as patients returned to
sporting activities sooner than they had in previous stud-
ies. Of the 1057 patients in our series, 2.6% tore the graft,
compared with 4.4% of patients who had surgery before
1987 when we initiated the accelerated rehabilitation pro-
gram. The time at which the 27 patients in this study tore
the graft varied from 4 months to 6.5 years postopera-
tively (Fig. 5).

Objectively, as measured by the KT-1000 arthrometer,
98% of the acute reconstruction patients and 97% of the
chronic reconstruction patients had less than 5 mm of
laxity at long-term followup. Subjectively, patients re-

ported good stability, as evidenced by a mean subjective
score of 19.7 of a possible 20 points. Ninety-five percent of
patients rated themselves a score of 20, and 3% of patients
rated themselves a 16 on the modified Noyes question-
naire. As patients have continued to have excellent long-
term stability, we have realized that the ACL graft is
stronger than we had previously appreciated.

In addition to obtaining stability postoperatively, only
21 (6%) of the patients with an acute reconstruction and
49 (11%) of the patients with a chronic reconstruction had
radiographic evidence of narrowing in the joint after sur-
gery. In this population, all patients in Group II had a
partial meniscectomy before the ACL reconstructive pro-

Figure 3. The percentage of patients returning to normal
activities of daily living (ADL) and sport-specific activities at
different times postoperatively.

Figure 4. The percentage of patients returning to athletic
competition at 100% capability at different times

postoperatively.

Figure 5. Twenty-seven patients tore the graft at vanous

times after ACL reconstruction.

cedure, but they did not have radiographic joint space
narrowing when we first examined them.
Few patients in this study required a postoperative

arthroscopic procedure to achieve full symmetrical hyper-
extension. The perioperative program described in this
report has allowed for a predictable return of full range of
motion in all but 1% of patients since 1993.
The focus of the rehabilitation program was to prevent

iatrogenic complications, rehabilitate the donor site, re-
store normal range of motion, and return normal function
in the knee. The results of this study show that patients
who had an ACL reconstruction with an autogenous pa-
tellar tendon graft and who followed a perioperative reha-
bilitation program obtained long-term stability, achieved
full range of motion, had a low complication rate, and were
able to return to full sporting activities predictably.
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