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Patient-Reported Outcomes After Multiple-Revision
ACL Reconstruction: Good but Not Great
Ian D. Engler, M.D., Matthew J. Salzler, M.D., Andrew J. Wall, M.D.,
William R. Johnson, M.D., Amun Makani, M.D., Margaret V. Shields, M.D., and

Thomas J. Gill, M.D.
Purpose: To evaluate the patient-reported and objective functional outcomes of patients undergoing multiple-revision
anterior cruciate ligament (ACL) reconstruction surgery. The secondary purpose was to determine failure rates and fac-
tors associated with failure, with a focus on posterior tibial slope. Methods: All patients who underwent a repeat revision
ACL reconstruction with a single surgeon over a 13-year period were identified. Chart data were obtained, including
radiographic findings, operative details and findings, and postoperative examination findings. Failure was defined as
subjective instability with evidence of graft incompetence on physical examination and MRI. Patients completed the
International Knee Documentation Committee Subjective Knee Evaluation Form (IKDC-SKF) and Tegner Activity Level
Scale. Patients who had outcomes scores completed a minimum of 2 years postoperatively were included. Results: -
Fourteen patients were available for follow-up; 12 underwent secondary revision procedures, and 2 underwent tertiary
revisions. Three patients (21%) had subsequent failure of the revision graft with mean time to failure of 27 months.
Posterior tibial slope was significantly higher in the failures than in the nonfailures (13.3�; 95% CI 10.1-16.6 versus 10.1�;
95% CI 6.7-11.4; P ¼ 0.049). Eleven patients completed outcomes measures at a mean of 42 months postoperatively
(range 24-79 months). The mean Tegner activity score was 6.3 at follow-up, compared with 8.3 prior to the original ACL
injury. The mean IKDC-SKF score was 70 at follow-up. Conclusion: Multiple revision ACL reconstruction surgery ap-
pears to have reasonable functional outcomes but is associated with a relatively high failure rate. Activity level following
repeat revision surgery is diminished compared to the preinjury state, but most patients are able to return to recreational
sports. Level of Evidence: Therapeutic Study, Level IV.
nterior cruciate ligament (ACL) reconstruction is
Aone of the most common orthopaedic procedures
performed today.1,2 The procedure has a successful
track record, with good or excellent results in 75%-90%
ofpatients.3,4 However, failures of primary reconstruction
occur,with reported failure rates of 8%-10%.3,5,6 Failures
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Arthroscopy, Sports Medicine, and Rehabilitation,
can result from traumatic injuryor fromatraumatic laxity,
which can be due to nonanatomic graft positioning,
failure of fixation or biologic failure with lack of graft
incorporation.7-11 Patients with recurrent instability may
benefit from revision ACL reconstruction.12-14

Revision surgery has inherent challenges, including
postsurgical adhesions, bone loss, difficulty in achieving
an uncompromised and anatomic tunnel location, the
presence of previously placed hardware, increased reli-
ance on allografts, and the need to address underlying
associated pathology that may have led to failure.15

Results of single-revision reconstructions have been
well studied and, generally, have been inferior to pri-
mary reconstructions, with failures rates 3 to 4 times
higher than after primary reconstruction.13,14,16-20 Many
of these failures are managed with multiple revision
surgery, also known as repeat revision or re-revision
surgery.
Although multiple studies exist on the outcomes of

first-time revision ACL surgery, there is a paucity of
literature on the outcomes of patients undergoing mul-
tiple revision surgery. As more ACL reconstructions are
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performed, and more people remain physically active
later in life, the number of failed ACL reconstructions
and the need for revision surgery is going to rise. Even
after revision surgery, many patients choose to return to
their sports and incur risk of repeat injury to their ACL-
reconstructed knee. To date, little has been reported on
this challenging group of patients who have undergone
multiple revision ACL reconstructions, and more study is
warranted.3,21 This information is vital for surgeons as
they counsel their patients, particularly as the risks and
costs associated with repeat revision surgery can be
higher due to graft choice, increased operative time,
need for staged procedures, and use of specific implants.
The purpose of this study was to evaluate the patient-

reported and objective functional outcomes of patients
undergoing multiple revision ACL reconstruction
surgery. The secondary purpose was to determine fail-
ure rates and factors associated with failure, with a
focus on posterior tibial slope. Our hypothesis was that
multiple ACL reconstruction would have higher failure
rates than primary ACL reconstruction and would have
worse outcomes, but most patients would be able
regain a reasonable level of function and return to
recreational sports.

Methods

Inclusion and Exclusion Criteria
The study design was a retrospective case series. Elec-

tronic medical records were reviewed to identify all pa-
tientswhounderwent repeat revisionACL reconstruction
following a failed previous revision reconstruction be-
tween 1999 and 2012 with the senior author (T.J.G.), a
sports medicine-trained orthopedic surgeon, at a single
institution. Exclusion criteria included patients younger
than 18 years of age, associated osteotomy,multiligament
reconstruction, or fewer than 2 years of follow-up. The
surgeon performed no tibial deflexion osteotomies over
this time period. This study was approved by the institu-
tional review board at our institution.

Surgical Procedure and Rehabilitation
Indications for repeat revision ACL reconstruction

includedevidenceof graft failureonphysical examination
and MRI alongside clinically relevant symptoms of
instability. All revision reconstructions were performed
arthroscopically. A transtibial technique was used if the
anatomic femoral ACL footprint could be reached.22,23 If
not, an accessory anteromedial portal was used.24 In each
case, the residual failed graft was debrided. Removal of
femoral and tibial hardware from the primary ACL
reconstructionwas performed if it impeded proper tunnel
placement. If the previous graft tunnel coincidedwith the
planned graft tunnel, single-staged grafting was used on
the tibial and/or femoral tunnels to fill the bony defect
with either a Milagro biocomposite screw (Depuy Mitek,
Raynham, MA) or allograft bone graft. The planned
tunnels were then drilled through these grafts. Two-stage
reconstructionwasnot undertaken for any patients by the
surgeon over this time period. The optimal graft for the
patient was chosen after shared decisionmaking with the
patient, taking into consideration prior grafts used,
available autografts, and patient age and activity level.
Fixation of the revision ACL graft was secured with
Guardsmen interference screws (Conmed, Utica, NY) or
Milagro screws.
Postoperatively, patients were allowed partial weight

bearing in a brace for 6 weeks. They were instructed to
use a continuous passive motion machine for at least
10 hours per day for the first 2 weeks. Physical therapy
commenced approximately 3 to 5 days after the pro-
cedure, with goals of regaining full muscle strength,
cardiovascular conditioning, and return to sports-specific
training. In general, strengthening began at 6 weeks,
jogging began at 3.5 months, and return to sport was
permitted, pending clearance of sport-specific testing, at
around 6 to 8 months. Patients were cleared for sports
once they passed functional performance testing and
were able to perform sports-specific activities.

Data Collection
Demographics obtained included the date of initial

injury, age, gender, laterality, mechanism of injury, body
mass index (BMI), and physical examination findings.
Surgical data obtained included the date of repeat revision
ACL reconstruction, graft type, graft fixation methods,
associated procedures, use of bone grafting, andmeniscus
and cartilage status. Other variables assessed included
previous reconstruction graft types and dates of previous
reconstructions. Postoperative graft failurewas defined as
subjective instability with evidence of graft incompetence
on physical examination and MRI.

Radiographs
Knee radiographs were analyzed for tunnel placement

from previous reconstructions as well as posterior tibial
slope. Tibial tunnel positioning was calculated by
measuring the center of the tunnel from the anterior
edge of the plateau as a percentage of the total ante-
roposterior width of the tibial plateau (Fig 1).25 Posterior
tibial slope was calculated as the angle between the
perpendicular of the proximal tibial diaphyseal axis and
the line between the most superior points of the anterior
and posterior margins of the tibial plateau (Fig 2).26

Outcome Scores
The International Knee Documentation Committee

Subjective Knee Evaluation Form (IKDC-SKF) and
Tegner Activity Level Scale were collected via mail or
telephone.27,28 Outcomes scores were used to assess the
activity level of the patient prior to the initial ACL injury,
after the primary reconstruction, and at final follow-up.



Fig 1. Tibial tunnel position. Tibial tunnel positioning was
calculated by measuring the center of the tunnel from the
anterior edge of the tibial plateau (A) as a percentage of the
total anteroposterior tibial plateau distance (TP).
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Mean IKDC-SKF scores were calculated for 3 subgroups
of BMIdunder 25, 25 to 30, and over 30dand by
mechanism of injurydatraumatic versus traumatic.

Statistics
Continuous variables were described using means

and ranges. Categorical variables were presented with
absolute frequencies. A 2-sample t test was used to
compare preoperative and postoperative Tegner scores,
IKDC-SKF score by mechanism of injury, preoperative
and postoperative tibial tunnel anterior placement
percentage, and tibial slope by subsequent failure
versus no failure. Significance was set at P < 0.05.
Because of the small sample size, we also calculated
95% confidence intervals for posterior tibial slope to
assess for reliability. Spearman correlations were used
to evaluate the influence of the self-reported outcome
on activity level.
Fig 2. Posterior tibial slope. Posterior tibial slope was calcu-
lated as the angle (PTS) between the perpendicular (A) of the
proximal tibial diaphyseal axis (PTA) and the line between the
most superior points of the anterior and posterior margins of
the tibial plateau (B).
Results

Patient Population
A total of 22 consecutive patients were initially

identified. Fourteen patients were able to be contacted
and consented to participate. Eleven patients completed
these outcomes surveys at a minimum of 24 months
postoperatively.
Patient Demographics
Demographics are displayed in Table 1. Eleven

patients had follow-up outcome measures of at least
24 months (mean 42 months, range 24-79 months)
since their repeat revision procedures. Of these, there
were 10 females and 1 male. The average age at time of
follow-up was 42.5 years (range 24-61 years). There
were 8 left knee reconstructions and 3 right knee
reconstructions. Seven patients had BMIs of less than
25, 3 had BMIs between 25 and 30, and 1 had a BMI
greater than 30. Nine patients underwent second revi-
sion surgeries, and 2 patients underwent third revision
surgeries. The prior grafts were patellar tendon allo-
grafts in 5 patients, Achilles allografts in 2 patients, a



Table 1. Patient Demographics

Sex N ¼
Male 1
Female 10

Laterality N ¼
Right 3
Left 8

Age Years mean (range)
At repeat revision reconstruction 39.8 (21-58)
At final follow up 42.5 (24-61)

BMI N¼
<25 kg/m2 7
>25 kg/m2 4

Time between procedures Months (range)
Primary to 1st revision 57 (3-206)
1st to 2nd revision 78 (21-151)
Male 1
Female 10

BMI, body mass index.
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hamstring or patellar tendon autograft in 1 patient
each, and unknown in 2 patients. The cause of graft
failure prior to the repeat revision surgery was trau-
matic in 6 patients (55%) and without clear traumatic
event in 5 patients (45%).
The average time from the primary procedure to first

revision was 57 months (range 3-206 months). The
average time from first revision to second revision was
78 months (range 21-151 months). Available graft type
for all previous reconstructions was assessed (Table 2).

Intraoperative Variables and Objective Outcomes
In the repeat revision surgery, patellar tendon allograft

was used in 7 patients, patellar tendon autograft was
used in 3 patients, and hamstring tendon autograft was
used in 1 patient (Table 2). A concomitant partial
meniscectomy was performed in 11 patients, and a
chondroplasty was performed in 5 patients. Eight
Table 2. Graft Types by Surgical Procedure

Case No. Primary ACL Reconstruction First R

1 Unknown Achilles All
2 Unknown Unknown
3 Allograft (unspecified) Achilles All
4 PT Auto PT Auto
5 Unknown PT Allo
6 HT Auto PT Allo
7 Unknown PT Allo
8 Unknown HT Auto
9 PT Auto Unknown
10 PT Allo PT Allo
11 PT Allo PT Allo
12* HT Auto PT Allo
13* HT Auto Tibialis Ant
14* Allograft (unspecified) Allograft (u

Achilles Allo, Achilles tendon allograft; HT Auto, hamstring tendon au
autograft.
*Patients with graft failure during study period and subsequent revision
patients required single-staged grafting of previous tun-
nels. Three patients required grafting of the femur only,
2 patients required grafting of the tibia, and 3 patients
required grafting of both the tibia and femur. Femoral
tunnel grafting was managed by occupying the previous
tunnel with a biocomposite interference screw in 4 cases
and a patella allograft plug in 2 cases. Tibial tunnel
grafting was managed with a biocomposite screw in 4
cases and a patella allograft plug in 1 case.
There was no significant difference in preoperative

and postoperative tibial tunnel placement following
repeat revision ACL reconstruction. The mean preop-
erative tibial tunnel location was 30.3% of the ante-
roposterior tibial plateau distance (range 20.2%-
53.9%) compared with the postoperative location of
28.2% (range 12.4%-39.7%) (P ¼ 0.11).
The mean posterior tibial slope was 10.1 degrees.

The failure group averaged 13.3�(range 11�-17�; 95% CI
10.1-16.6), whereas the intact group averaged 9.1�
(range 3�-13�; 95% CI 6.7-11.4). A t test showed a
significant difference in tibial slope between intact and
failure groups (P ¼ 0.049), though the confidence in-
tervals overlapped.
All patients had range-of-motion data documented at

least 1 year following surgery. Two patients had 125
degrees of flexion, 3 patients had 130 degrees of
flexion, 5 patients had 135 degrees of flexion, and 1
patient had 140 degrees of flexion. All were able to
extend the knee fully at time of last follow-up. All pa-
tients except the 3 failures described below had stable
Lachman and pivot-shift examinations at the most
recent postoperative visit.

Complications
No intraoperative or immediate postoperative com-

plications occurred following the procedure. However,
evision Second Revision
Third Revision
(if applicable)

o PT Allo
PT Allo

o PT Allo
PT Allo PT Allo
PT Allo
PT Auto
PT Allo
PT Allo PT Auto
HT Auto
PT Allo
PT Auto
PT Auto PT Allo

erior Allograft PT Auto PT Allo
nspecified) PT Auto PT Allo

tograft; PT Allo, patellar tendon allograft; PT Auto, patellar tendon

.



Table 3. Outcomes Scores

Outcomes Score Preinjury
Post-primary
Reconstruction Final Follow-up

Tegner Scale 8.3 (3-10) 7.1 (5-9) 6.3* (5-9)
IKDC-SKF N/A N/A 70 (41-95)

NOTE. Data are presented as mean (range).
IKDC-SKF, International Knee Documentation Committee Subjec-

tive Knee Evaluation Form.
*Significantly different from preinjury score (P ¼ 0.015).
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during the study period, 3 of the 14 patients (21.4%)
had subsequent failure of the revision graft. All graft
failures were attributable to a traumatic sports injury.
These patients ranged in age from 20-23 years old at
time of failure and included 2 males and 1 female. All
had received patellar tendon autografts. The average
time from re-revision reconstruction to failure was 27
months (range 17-41 months). All 3 patients elected to
undergo another revision procedure, which was their
third revision.

Patient Reported Outcomes
Patient-reported outcomes are presented in Table 3.

Prior to any ACL injury, the mean Tegner activity score
was 8.3 (range 3-10). After the first reconstruction, the
average score was 7.1 (range 5-9). At the most recent
follow-up, the mean Tegner score was 6.3 (range 4-8).
There was a significant difference in Tegner activity score
between preinjury and current states (P ¼ 0.015). Only
2 patients (18%) regained the same level of activity that
they had had prior to their original injury. There was no
significant difference in Tegner activity score between
post-primary ACL reconstruction and current states
(P ¼ 0.22), though this was limited by the small sample
size. Five patients (45%) regained the same level of ac-
tivity they had following their primary reconstructions.
The average IKDC-SKF score after the most recent

revision reconstruction was 70 (range 41-95). For those
who had BMIs under 25, the mean IKDC-SKF score was
73. For patients with BMIs of 25 to 30, the mean IKDC-
SKF score was 72. For the patient with a BMI greater
than 30, the IKDC-SKF score was 41. Statistical compar-
ison across BMI subgroups was prohibited by low power.
Mean IKDC-SKF scores following final revision were

76.6 in patients with traumatic injuries and 62.3 in
those with atraumatic injuries (P ¼ 0.10). Mean Tegner
activity scores were 6.7 in the traumatic group and 5.8
in the atraumatic group (P ¼ 0.31). Statistical com-
parison was limited by low power.

Discussion
In this study of multiple revision ACL reconstructions,

we found reasonably good clinical outcomes at a mean
of 42 months postoperatively, although there was a
relatively high rate of recurrent graft failure. Of our 14
patients, 3 (21.4%) failed within the study period.
Griffith et al. also reported a high failure rate (13%)
following repeat revision reconstruction in 15 patients.3

They had a younger group, with a mean age of 27,
compared to ours of 39.8, and a very similar proportion
of traumatic mechanisms for prior revision graft failure.
They used a similarly high rate of patellar tendon allo-
graft, as in our study. Using a very different over-the-top
technique for multiple revision reconstruction, Buda
et al. reported a failure rate of 16.7% in 24 Italian male
patients with a mean age of 31.29

Our 3 failures were all young (range 20-23 years old),
and all received patellar tendon autografts in their
multiple revision reconstruction because of their young
age and a preference for autograft in younger patients.
All failed due to traumatic mechanisms. Younger pa-
tients have been shown to have higher rates of graft
failure after primary and revision ACL reconstruction,
in part due to their higher rates of return to sport.30 It is
unlikely that an accelerated rehabilitation program
contributed to these failures because they failed 17-41
months after their reconstruction.31,32

Patient-reported outcomes, with a minimum follow-
up of 2 years, showed a significant decline from pre-
injury state. We found a decrease in Tegner activity scale
from a preinjury state of 8.3 to a current state of 6.3,
which is greater than the minimally detectable change
for the Tegner activity scale.33 This is comparable to
other studies showing a decrease in prior activity level
following repeat revision.34 A score of 6.3 correlates with
recreational sports such as tennis and frequent jogging,
showing that these patients can return to some level of
sports. The average IKDC-SKF score of 70 was less than
the patient-acceptable symptom state following primary
ACL reconstruction of 75.9.35 The patient-acceptable
symptom state has not been defined for revision ACL
reconstruction, much less for multiple ACL reconstruc-
tion, so we do not know whether this is an acceptable
score for this population. All patients in our study were
able to achieve functional knee motion of at least 125
degrees of flexion following the last revision surgery.
Anatomic susceptibility to ACL rupture in patients after

multiple revision has gained interest because of the pos-
sibility of addressing these factors so as to decrease stress
on the revision ACL graft. One such factor is posterior
tibial slope. A meta-analysis by Wordeman et al. found
that there was a significantly higher posterior tibial slope
in patients with ACL injuries compared to those with
uninjured ACLs, suggesting that the osseous anatomy of
the tibia plays a role in rupture rates of the native ACL.36

Studies have shown significantly larger posterior tibial
slope in patients who failed both primary reconstruction
(8.4�vs 6.5� in nonfailures)37 and revision ACL recon-
struction (13.2�vs 10.9�).38 Some authors recommend
considering an anterior closing wedge osteotomy if the
posterior tibial slope exceeds 12�.38
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Less is known about the effect of posterior tibial slope
on multiple-revision ACL surgery. Patients who have
failed at least 2 reconstruction surgeries are particularly
likely to have intrinsic factors leading to instability.
Dejour et al. reviewed 9 patients undergoing second
revision ACL reconstruction with an associated tibial
deflexion osteotomy, decreasing the mean posterior
tibial slope from 13.2� preoperatively to 4.4� post-
operatively.39 With an average follow-up of 4 years,
they found no complications or graft ruptures,
suggesting that decreasing the tibial slope may lead to
less stress on the ACL graft, thereby increasing the
stability of the construct. Similarly, Sonnery-Cottet
et al. followed, for an average of 31.6 months, 5 pa-
tients who underwent combined multiple revision ACL
reconstruction with a proximal tibial anterior closing
wedge osteotomy and found satisfactory outcomes after
decreasing the posterior tibial slope from 13.6�preop-
eratively to 9.2�postoperatively.40

In our study, the average posterior tibial slope in pa-
tients who failed was 13.3�versus 9.1�for those who did
not fail. This was a statistically significant difference by
our a priori definition of P < 0.05, showing the effect of
increased posterior tibial slope on risk of ACL graft
rupture. The fact that the 95% confidence intervals
overlap shows that this finding does not have a high
degree of reliability. There remains no definitive degree
of posterior tibial slope that puts a patient at an
increased risk of failure,36 but agreement is building for
consideration of an osteotomy for patients with poste-
rior tibial slopes equal to or greater than 12�.39,41

All 11 patients with intact grafts at final follow-up
required partial meniscectomies, and 5 required par-
tial chondroplasty at the time of last revision surgery.
High rates of chondral pathology and meniscal tears
with multiple revision ACL reconstruction have also
been shown by Wegrzyn et al., who noted 11 medial
and lateral meniscal tears in their series of 10 patients
undergoing second revision ACL reconstruction sur-
gery.42 Meniscal pathology has been shown to increase
the risk of poor outcomes43,44 and graft rupture in the
setting of revision ACL reconstruction.30 Cartilage pa-
thology has also been shown to worsen outcomes in
this setting, with increased pain, stiffness and functional
limitation.43,44

We did not identify a significant difference in outcome
scores when comparing a traumatic versus atraumatic
mechanism of prior graft failure, though mean IKDC-
SKF scores were 76.6 and 62.3, respectively. However,
our population was underpowered to detect such a dif-
ference. Prior studies have shown improved outcomes
after re-revision ACL reconstruction in patients with
traumatic graft rupture.3,29

Prior research has been done on outcomes in multiple
revision ACL reconstruction. Liechti et al. performed a
systematic reviewofmultiple revisionACL reconstruction
to evaluate patient outcomes, risk factors and concomi-
tant knee injuries.34 They identified 6 studies (N ¼ 214)
meeting their criteria, including 1 case-control study
(level III study) and 5 case series (level IV studies). They
found that patient outcomes after re-revision ACL
reconstruction improved compared topreoperative scores
but remained inferior to those following primary or
revision ACL reconstruction. The 3 included studies that
statistically analyzed preoperative versus postoperative
IKDC scores showed significant improvement (preoper-
ative range of 39.5-59, postoperative range of
79.1-81.3).3,29,40 Although that study helped to identify
general outcomes after multiple revision surgery, the
studies within it were heterogeneous, and each included
associated ligamentous or bony procedures. As the
authors state, only 2 studies reported failure rates, 2
evaluated posterior tibial slope, and 2 included staged
procedures for femoral or tibial tunnel widening. All
studies included 1 or more patients with concurrent
osteotomy or ligamentous reconstruction.
Our study differs from this systematic review because it

follows the experience of a single surgeon, with a
consistent surgical technique and rehabilitation protocol,
without associated ligamentous or bony procedures. In
addition, preoperative tibial slope was calculated, adding
to the body of literature on the matter. Finally, all
multiple revision reconstructions performed by this
surgeon over the time period were single-stage re-
constructions, nearly entirely with stacked biocomposite
screws to account for bone loss. This shows the versa-
tility of the stacked-screws construct in revision ACL
reconstruction in the setting of bone loss.
There is increasing interest in additional procedures

such as high tibial osteotomy (HTO) or anterolateral
ligament (ALL) reconstruction to supplement stability
of the knee in ACL reconstruction, particularly in
revision settings.29,45 Neither HTO nor ALL recon-
struction was performed in any of our revisions, yet the
outcomes of our group were largely positive. This
shows that multiple revision ACL reconstruction can be
performed safely without these supplemental proced-
ures. That said, the failures had a nonsignificantly
increased posterior tibial slope, suggesting possible
benefit of an HTO. Further study is warranted to
compare directly HTO and ALL reconstruction along-
side multiple-revision ACL reconstruction versus ACL
reconstruction alone.

Limitations
The greatest limitation to this study is the small

sample size. We were underpowered to identify a dif-
ference in outcome scores when comparing, for
example, revision graft type, gender or need for bone
grafting. This study is also subject to selection bias, as
minimum 2-year patient-reported outcomes measures
were able to be obtained in only 50% of patients.
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Conclusions
Multiple revision ACL reconstruction surgery appears

to have reasonable functional outcomes but is associated
with a relatively high failure rate. Activity level following
repeat revision surgery is diminished compared to the
preinjury state, but most patients are able to return to
recreational sports.
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