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Original Research

Revision ACL Reconstruction
in Adolescent Patients

Caitlin M. Rugg,* MD, Austin A. Pitcher,* MD, Christina Allen,* MD, and Nirav K. Pandya,*† MD

Investigation performed at UCSF Benioff Children’s Hospital Oakland and San Francisco,
San Francisco, California, USA

Background: High failure rates have been documented after anterior cruciate ligament reconstruction (ACLR) in pediatric patients,
and revision surgery is indicated due to high activity levels of children and adolescents.

Purpose: To define trends in revision ACLR in patients who underwent initial ACLR at younger than 18 years.

Study Design: Case series; Level of evidence, 4.

Methods: An electronic medical record was used to retrospectively identify revision ACLR procedures performed by 2 surgeons
between the years 2010 and 2016 in patients younger than 18 years at initial reconstruction. Descriptive information, intraoperative
findings, surgical techniques, and rehabilitation data were recorded from initial and revision surgeries. Descriptive statistics were used.

Results: A total of 32 patients (17 girls, 15 boys) met the inclusion criteria, with a mean age of 15.8 years at initial reconstruction.
For initial reconstructions, 15 patients underwent transphyseal procedures, 3 patients underwent adult-type procedures using an
anatomic reconstruction technique that did not take into account the physis, and 2 patients underwent partial intraepiphyseal
procedures. Graft types included hamstring autograft (n ¼ 17), allograft (n ¼ 5), hybrid (n ¼ 4), and bone–patellar tendon–bone
autograft (BTB; n ¼ 3). Average primary reconstruction graft diameter was 8.0 mm (girls, 7.72 mm; boys, 8.36 mm; P ¼ .045). After
initial reconstruction, 10 patients had postoperative protocol noncompliance, and 8 patients reported delayed recovery. Mean time
to retear was 565 days (range, 25-1539 days). At revision, BTB autograft was used in 50% (n ¼ 16), followed by hamstring
autograph (31.3%; n ¼ 10) and allograft (12.5%; n ¼ 4); mean graft diameter was 9.05 mm. Chondral surgery was more common
during revision (25% for revision vs 0% for index; P ¼ .031). There were 4 patients who required staged reconstruction with bone
grafting. At mean final follow-up of 29.5 months (SD, 22.2 months), there were 3 graft failures (9.4%) and 5 contralateral ACL
ruptures (15.6%).

Conclusion: Most patients with ACL graft failure were adequately treated with a single revision. Conversion from a soft tissue graft
to a BTB autograft was the most common procedure. Infrequently, patients required staged reconstructions. Providers should
have a high index of suspicion for associated intra-articular injuries resulting from graft failure in adolescent patients.

Keywords: knee ligament; ACL; allografts; pediatric sports medicine

Anterior cruciate ligament (ACL) injuries have become
increasingly common in active youth, despite the historical
notion that these were rare injuries in skeletally immature
patients.4 A study of hospital admissions for ACL injuries
in Australia reported a 148% increase in annual ACL inju-
ries in 5- to 14-year-olds between 2005 and 2015.48 An anal-
ysis of a private-payer database between 2007 and 2011
similarly demonstrated an increase in ACL injury and
reconstruction among pediatric patients.54 Increasing par-
ticipation in pediatric sports, increased sport specializa-
tion, and participation in year-round athletics all likely
contribute to the increase in ACL injuries in pediatric and
adolescent patients.

Because nonoperative treatment of these injuries results
in predictably poor outcomes,2,16 most patients are offered
surgical reconstruction. Concern about potential growth
disturbance has shaped the surgical techniques developed
for the skeletally immature athlete. Furthermore, graft
choice has been an area of active study in the young,
high-risk population, with autograft favored based on con-
temporary literature.17,25,26 However, these patients
remain at high risk for graft failure. Pediatric and adoles-
cent athletes have excellent return-to-play rates after ACL
reconstruction,27,33 and this leads to repeat exposure and
increased rerupture rates relative to those in older ath-
letes.13 Injury of the ipsilateral or contralateral ACL after
reconstruction has been reported in up to one-third of
young athletes, with the highest rates of ACL rerupture
within the first 5 years after reconstruction.38,52,53

Although techniques and outcomes for primary reconstruc-
tion of the ACL in pediatric patients have been well-described,
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there is a scarcity of literature regarding revision ACL recon-
struction in adolescent patients. The purpose of this study was
to identify trends in revision ACL reconstruction in patients
with ACL reconstruction performed during adolescence at a
single institution.

METHODS

Descriptive Data

This was a retrospective electronic chart review of all revi-
sion ACL reconstructions performed by 2 senior surgeons
(1 sports medicine surgeon [C.A.] and 1 pediatric
fellowship-trained surgeon [N.K.P.]) at a single institution
between the years 2010 and 2016. Institutional review
board approval was obtained (approval No. 16-20219).
Patients were excluded if they underwent initial ACL
reconstruction after age 18. Descriptive data were collected
for each patient, including age, sex, primary sport, surgical
history, and injury mechanism. Operative notes were que-
ried from both initial and revision surgeries for surgical
technique, graft choice and size, presence of meniscal and
chondral injuries, and concomitant pathologies addressed.

Surgical Techniques

Surgical techniques used for the index procedure included
partial intraepiphyseal, transphyseal, and adult-type recon-
structions. Patients who were skeletally immature and not
within 2 years of physeal closure were indicated for partial
intraepiphyseal reconstruction to minimize the chance of
growth disturbance. Adolescents within 2 years to 6 months
of physeal closure were indicated for transphyseal recon-
struction. Patients who were skeletally mature or within
6 months of physeal closure were indicated for adult-type
reconstruction. Partial intraepiphyseal reconstruction
involved transphyseal tibial drilling and intraepiphyseal
femoral drilling.8 The transphyseal reconstruction tech-
nique involved transphyseal tibial drilling, but the tibial
interference screw was placed in the metaphysis, not cross-
ing the physis.45 On the femoral side, the tunnel was posi-
tioned more vertically so as to cross the physis with as little
surface area as possible. Adult-type reconstruction was an
anatomic reconstruction technique that does not take into
account the physis, entailing a tibial tunnel screw or bone
block that may be positioned in the physis or physeal scar
and resulting in a more horizontally oriented femoral tun-
nel that may cross the physis or physeal scar with a large
surface area.

All revision procedures were performed via an adult-type
reconstruction using the above method. Preoperatively, tun-
nels were evaluated for tunnel widening and appropriate
position. At our institution, the decision to proceed with bone
grafting is based on bone tunnel measurements on radio-
graphs and magnetic resonance imaging scans. Tunnels that
were in the appropriate position were redrilled using a
guidewire through the tunnel to prepare for the new graft.
If a tunnel was not in the appropriate position, care was
taken to avoid overlapping with that tunnel.

Skeletally immature patients were eligible for soft tissue
grafts only, with avoidance of fixation across the physis as
described above. Patients who were skeletally mature were
given the choice of hamstring autograft, bone–patellar ten-
don–bone (BTB) autograft, or allograft for primary graft. Soft
tissue grafts used suspensory fixation on the femoral side and
interference screw fixation or were tied over a post on the
tibial side. BTB autografts were performed using a 2-
incision technique with outside-in femoral interference screw
placement and a standard tibial interference screw.

Postreconstruction Follow-up

The rehabilitation protocol used byboth surgeons consisted of
patients using a full-time hinge knee brace for 6 weeks: Full
weightbearing and full range of motion were allowed if no
meniscal repair was performed, and nonweightbearing with
0� to 90� of motion was allowed if meniscal repair was per-
formed. From 6 weeks to 4 months, athletes were weaned
from brace use, and strengthening exercises were prescribed.
Straight-line running was allowed at 4 months. At 6 months,
agility work was added, and return to sports was allowed at 1
year for patients with revisions (as opposed to 9 months for
patients with primary ACL reconstruction). Postoperative
rehabilitation data after the index procedure were collected.
Noncompliance was defined as deviation from standardized
postoperative instructions, prescribed physical therapy, or
return-to-play protocol. This included issues with physical
therapy, noncompliance with postoperative precautions, and
delayed recovery (eg, stiffness or persistent instability). Time
to ACL graft retear was documented, as well as time to final
surgery from index procedure. The electronic chart was que-
ried for date of final follow-up with a medical provider, and
revision graft failure and contralateral ACL rupture during
the follow-up period were documented.

Statistical Analysis

Statistical analysis was performed using R programming
language. Group means were compared using the Student
t test. Categorical data were compared using chi-square test.
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RESULTS

Descriptive Data

A total of 35 patients met the inclusion criteria; 3 patients
were excluded because they had not completed a staged
revision. The final analysis included 32 patients, with 17
female and 15 male patients (Table 1). In 22 patients for
whom skeletal maturity was documented, 11 patients were
skeletally immature at index reconstruction. Mean age at
initial surgery was 15.8 years (range, 12-17 years). Soccer
(n ¼ 12), football (n ¼ 8), and basketball (n ¼ 5) were the
most common primary sports played. Mechanisms of injury
were available for 15 patients; most common were twisting
injury and collision or contact.

Index Surgery

Table 1 summarizes surgical techniques, graft details, and
adjuvant procedures by index and revision surgery. The
majority of patients for whom index procedure information
was available underwent transphyseal reconstructions (n ¼

15), with a minority undergoing adult-type (n¼ 3) or partial
intraepiphyseal (n ¼ 2) procedures. Hamstring autograft
(HA) was used as the initial graft of choice in the majority
of patients (n ¼ 17), followed by allograft (n ¼ 5), hybrid
HA-allograft (n ¼ 4), and BTB autograft (n ¼ 3). All
5 patients who received allograft at index reconstruction
underwent surgery at an outside facility, and the indica-
tion for using allograft was not documented. Average ini-
tial graft diameter was 8.0 mm (Figure 1). Female patients
had smaller grafts on average than did male patients (7.72
vs 8.36 mm, respectively; P ¼ .045) (Figure 2A). Of 25
patients for whom data were available, 14 patients (56%)
had meniscal surgery at the time of their index operation.
This involved meniscal repair in 3 patients (all medial),
lateral meniscal debridement or partial meniscectomy in
11 patients, and medial meniscal debridement or partial
meniscectomy in 4 patients. Of 22 patients for whom oper-
ative reports were available, none had documented chon-
dral procedures.

A total of 10 patients (10/30; 33.3%) had documented
noncompliance postoperatively (Table 2), including prema-
ture return to weightbearing, premature return to sports,
or lack of physical therapy follow-up. Noncompliance was
more common in male patients (42.9%) than female
patients (25%); this difference was not statistically signifi-
cant (P ¼ .512). Further, 8 patients reported delayed recov-
ery, including prolonged stiffness or instability, 5 of whom
also had recorded noncompliance.

Revision Surgery

Mean time to graft rupture was 565 days (range, 25-1539
days); however, 11 of 22 patients (50%) for whom data were
available had graft failure within 1 year of index procedure.
There was no significant difference between sexes in time
to reinjury. Among patients for whom graft retear dates
were available, average time to retear was 677 days for
patients who adhered to postoperative protocols and ther-
apy (n ¼ 14) and 369 days for patients with documented
noncompliance (n ¼ 8); this difference was not significant
(P ¼ .221). Patients averaged 18.0 years of age at time of
revision (range, 14-23 years). Of the 25 patients for whom a
mechanism of retear was reported, sports participation was
listed as the mechanism for 18 patients (7 patients within
1 year; 11 patients after >1 year). Revision was performed
in 1 patient because of infection. All patients were treated

TABLE 1
Patient Descriptive and Surgical Dataa

Index
Reconstruction

Revision
Reconstruction P

Age, y, mean (range) 15.8 (12-17) 18.0 (14-23)
Skeletally mature 11/22 (50.0) 32/32 (100)
Graft type by surgery (n ¼ 30) (n ¼ 32)

Hamstring autograft 17 (56.7) 10 (31.3)
Bone–patellar

tendon–bone
autograft

3 (10) 16 (50.0)

Allograft 5 (16.7) 4 (12.5)
Hybrid hamstring

autograft-allograft
4 (13.3) 2 (6.3)

Quadriceps tendon 1 (3.3) 0 (0)
Surgical technique (n ¼ 20) (n ¼ 32)

Partial
intraepiphyseal

2 (10.0) 0

Transphyseal 15 (75.0) 0
Adult type 3 (15.0) 32 (100)

Graft size, mm (n ¼ 16) (n ¼ 32)
Average size 8.00 9.05 <.01b

Female patients 7.72 9.00
Male patients 8.36 9.10

Meniscal surgery (n ¼ 25) (n ¼ 32)
14 (56.0) 17 (53.1) .855

Meniscal repair (n ¼ 25) (n ¼ 32)
3 (12.0) 8 (25.0) .37

Chondral pathology NR (n ¼ 32)
NR 19 (59.4) NA

Chondral surgery (n ¼ 22) (n ¼ 32)
0 8 (25.0) .031b

aValues are expressed as n (%) unless otherwise noted. NA, not
applicable; NR, not reported; Adult type reconstruction = standard
ACL reconstruction performed without any techniques to prevent
physeal damage.

bP < .05.

Figure 1. Graft size by index and revision reconstruction.
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using adult-type reconstructions. The most commonly used
graft for revision was BTB autograft (n ¼ 16), followed by
HA (n ¼ 10) (Table 1). Hybrid HA-allograft was used in 2
patients, and allograft alone was used in 4 patients. Mean
graft diameter was 9.05 mm, which was significantly larger
than the graft diameter at the index procedure (P < .01)
(Figures 1 and 2B), with no sex difference (9.0 mm in
females and 9.10 mm in males).

Three-fourths of patients required a procedure to
address intra-articular pathology at the time of revision.
Half of the patients underwent meniscal surgery (Table 1).
The most common meniscal procedures performed were
medial meniscal repair (n ¼ 8) and meniscal debridement
(n¼ 8); 1 patient underwent meniscal transplant. Although
a higher percentage of patients required meniscal repair at
revision versus the index procedure (n ¼ 8/32 [25%] vs n ¼
3/25 [12%], respectively), this was not significant (P ¼ .37).
Chondral pathology was identified at the time of revision in
59.4% of patients, and damage was most common on the
medial femoral condyle (n ¼ 10). Of patients who had
meniscal surgery at the index procedure, 10/14 (71%) had

chondral injury at revision, whereas only 4/11 (36%) of
patients who did not have meniscal surgery had chondral
injury at the time of revision; this was not statistically sig-
nificant (P ¼ .178). Chondral surgery was performed in
8 patients at revision, which was significantly more
patients than at the index procedure (n ¼ 8/32 vs n ¼
0/22, respectively; P ¼ .031), including chondroplasty in
7 patients and microfracture in 1 patient.

TABLE 2
Reasons for Noncompliance After Index Reconstruction

(n ¼ 10)a

Reason n

Lack of physical therapy or delay in initiating physical therapy 7
Noncompliance with postoperative protocol 6
Lost to follow-up during recovery period 1
Drug use 1

aSome patients had >1 reason for noncompliance.

Figure 2. (A) Index and (B) revision graft size by sex.
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Staged Reconstructions and Subsequent Surgery

Staged reconstruction with bone tunnel grafting was
performed in 4 patients (12.5%) (3 female, 1 male). Initial
graft data were available for 3 patients; 1 patient had quad-
riceps tendon allograft, 1 patient underwent HA-allograft
hybrid, and 1 patient had an allograft. Average postrevi-
sion length of follow-up with a medical provider was 29.5
months (SD, 22.2 months).

Three patients had retears (9.4%) at final follow-up. One
patient initially underwent revision with BTB allograft and
required staging with bone grafting followed by reconstruc-
tion with HA-allograft hybrid. The second patient
underwent initial revision with HA and, after failure,
underwent revision with BTB autograft. The third patient
initially underwent revision with HA, was noncompliant
with postoperative protocols, and required staged revision
with bone grafting followed by ACL reconstruction with
contralateral HA. A total of 5 patients (15.6%) experienced
contralateral ACL rupture in the follow-up period. No other
secondary procedures were recorded during the follow-up
period.

DISCUSSION

This retrospective study is one of the first to present
descriptive and surgical data for patients undergoing revi-
sion for ACL reconstruction performed during adolescence.
Hamstring autograft was the most commonly used initial
graft, whereas BTB autograft was the most commonly used
revision graft. Transphyseal technique was used most fre-
quently at index procedure, whereas adult-type reconstruc-
tion was used in all revisions. Noncompliance was
particularly high in patients whose reconstruction had
failed, although this did not reach statistical significance.
Finally, meniscal repairs and chondral surgery were more
likely to be performed at the time of revision than at the
index procedure, which may indicate a greater degree of
intra-articular damage after reinjury compared with the
index procedure. A total of 4 patients required staged recon-
struction for tunnel grafting, and 8 patients experienced
either ipsilateral or contralateral ACL rupture at nearly
2.5-year average follow-up.

Historically, patients with open physes who sustained an
ACL rupture were counseled to delay surgical intervention
until after reaching skeletal maturity. However, delaying
surgical intervention leads to increased risk of recurrent
instability and intra-articular damage.2,15,21,34,44

Techniques for revision ACL reconstruction in the pediatric
population have evolved in the past 2 decades, with the goal
of minimizing growth disturbance in skeletally immature
patients while providing appropriate stability to the knee
joint. An all-epiphyseal, extra-articular approach using the
ilitotibial band as a local graft without drilling tunnels has
been popularized by Kocher et al30 (the Micheli approach)
and is recommended for patients with bone age <8 years or
with >3 years of bone growth remaining. In a single-
surgeon study of 22 male patients undergoing Micheli ACL
reconstruction, Willimon et al55 reported a 27% rate of

reoperation, 14% revision ACL operation, and no angular
or leg-length deformities at 3 years of follow-up. However,
the technique is nonanatomic and may lead to biomechan-
ical overconstraint of the knee,29 leading some surgeons to
opt for different techniques. The all-epiphyseal ACL recon-
struction involves femoral and tibial intraepiphyseal dril-
ling, with suspensory or interference screw soft tissue graft
fixation; proponents recommend use in patients with bone
age 8 to 12 years. In a retrospective study of 23 adolescent
patients (average age, 12 years) undergoing all-epiphyseal
reconstruction with HA, Cordasco et al11 demonstrated
that 6 athletes had leg-length discrepancy between 5 and
18 mm (none clinically significant) and 2 had reoperations
(1 for revision ACL reconstruction and 1 for failed meniscal
repair). Pennock et al,40 reporting minimum 2-year out-
comes for 30 patients who underwent all-epiphyseal recon-
struction with a mean bone age of 11.8 years, described
high patient satisfaction rates, 94% return to sports, a
15% failure rate, and a single patient with a leg-length
discrepancy requiring no additional intervention. For
patients nearing skeletal maturity who are at lower risk
for growth disturbance but who still have open physes, the
transphyseal technique has been advocated. This technique
involves physeal-respecting drilling with more vertical tun-
nels (minimizing surface area), use of soft tissue grafts, and
avoidance of placement of fixation or bone plugs across the
physis. A major advantage of this procedure is the anatomic
placement of the graft. A number of small studies have
reported favorable rates of patient satisfaction and return
to sports with negligible incidence of clinically significant
growth disturbance.7,18,22,31 In the current study, the
majority of the patients for whom data were available had
undergone a transphyseal technique at the time of their
index operation. We noted that 2 patients, a 12-year-old
boy and a 12-year-old girl, underwent a hybrid partial
intraepiphyseal technique with a femoral intraepiphyseal
tunnel and a tibial transphyseal tunnel. This technique
aims to minimize damage to the femoral physis with more
potential growth remaining while allowing for anatomic
tibial tunnel placement.

Graft choice is also an important consideration for pedi-
atric and adolescent patients, given the anticipated high
rate of return to sports.27 Autografts have consistently
shown lower rerupture rates compared with allografts in
pediatric patients.17,25,26 In adults, the Multicenter ACL
Revision Study has demonstrated that autograft had signif-
icantly lower failure rates than allograft.37 Within possible
autograft choices, BTB autograft has lower reported failure
rates than does HA.19,23,41,43 At index surgery, the majority
of our patients with autografts received HA or HA-allograft
hybrid. The benefits of using a soft tissue graft in skeletally
immature patients lie in avoiding harvesting BTB from an
open tibial tubercle apophysis and avoiding the bone plug or
interference screw crossing and potentially arresting the
physis.50 The tradeoff may be a higher risk of graft rupture
with HA or HA-allograft hybrid; for this reason, in adolescent
patients nearing skeletal maturity returning to high-risk
activities, we offer BTB autograft. Graft size is also a modifi-
able parameter to reduce risk of graft failure. In a systematic
review examining graft size for quadrupled-strand
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HA, patients with grafts<8 mm had a 6.8 times greater risk
of graft rupture compared with those who had grafts
�8 mm.10 In some cases, the harvested autograft size may
be insufficient to reach a minimum acceptable diameter, in
which case allograft may be used for augmentation. In the
current study, 13.3% and 6.3% of patients received hybrid
graft at index and revision procedures, respectively. Some
studies have shown increased failure rate with use of hybrid
grafts,6,40,57 whereas others have shown no difference.1,24,35

At this time, in our practice we avoid hybrid grafts unless
necessary to meet minimum graft size. Another technique
to increase HA diameter and avoid hybridization is making
a 5-strand graft, which is feasible in the majority of adult
patients.20,32

Despite advances in techniques for ACL reconstruction,
pediatric patients remain at high risk for graft rerupture
relative to adult patients,25,36 likely related to return to
high-risk activities.27 In a study of 85 pediatric patients
with minimum of 2-year follow-up after ACL reconstruc-
tion, Dekker et al13 found that 91% had returned to sports,
19% had sustained an ipsilateral graft rupture, and 13%
had sustained contralateral ACL rupture. The only signif-
icant predictor of ACL rupture was time to return to sports.
Ho et al23 reported a failure rate of 9.6% with mean follow-
up of just over 1 year, and predictors of failure included use
of soft tissue graft rather than BTB, open physes (which
were correlated with soft tissue graft reconstruction), and
use of transphyseal rather than adult-type reconstruction.
DeFrancesco et al12 described causes for unplanned return
to the operating room after primary ACL reconstruction in
419 pediatric patients, which at 3 years occurred in 16.3%
of patients: 10.3% for ipsilateral ACL graft failure and 7.1%
for contralateral ACL rupture. Nearly half of retears
occurred before clearance to activity. In a meta-analysis
of complications after ACL reconstruction in pediatric
patients, Wong et al56 analyzed surgical outcomes in 1321
patients from 45 studies with an average follow-up of 49.6
months. Rerupture rate was 8.7%, and 94.6% of athletes
who had graft failure underwent revision. In that study,
ipsilateral or contralateral ACL rupture occurred in 25%
of patients. Given the anatomic challenges of the pediatric
population, coupled with high rates of graft failure and con-
tralateral ACL rupture, more research is needed regarding
the optimal techniques and rehabilitation in the setting of
ACL revision in the pediatric population.

Two studies have described demographics, surgical tech-
niques, and patient outcomes after revision ACL recon-
struction in children and adolescents. Christino et al9

followed 88 pediatric patients for a minimum of 1 year after
revision ACL reconstruction over a 16-year period at a sin-
gle institution. Average patient age was 15.1 years at index
procedure and 16.6 years at revision. Index graft failure
had occurred within 1 year in 52.3% of patients; we simi-
larly found a 1-year index graft failure rate of 50%. The
majority (85%) of patients underwent transtibial femoral
drilling during revision, and 61% received allograft at revi-
sion. There are a number of important distinctions between
the study by Christino et al and our study. First, they
selected patients who were younger than 18 years at revi-
sion, whereas we selected athletes younger than 18 years at

the time of the index procedure. This may have led to the
use of transphyseal techniques at the time of revision in the
Christino study, whereas all of our patients received adult-
type reconstructions at time of revision. Furthermore,
12.5% of our patients received allograft at the time of revi-
sion versus the majority of patients in the Christino study.
This may be related to avoidance of BTB autograft because
of younger average patient age (29% of patients remained
skeletally immature at revision), or it may be because of the
earlier time period of Christino’s study, during which allo-
graft was a more popular revision graft choice (1997-2013
vs 2010-2016 in our study). Christino et al reported ipsilat-
eral graft reinjury rate was 20% and contralateral knee
ACL rupture rate was also 20% with average 5-year
follow-up. In another retrospective study of revision ACL
reconstruction in adolescent patients (index procedure at
age <18 years, revision at age <20 years), Ouillette
et al39 demonstrated decreased patient-reported outcomes,
higher rates of graft failure, and increased intra-articular
injury rate in patients undergoing revision compared with
those undergoing primary reconstruction. Revision graft
failure occurred in 27% of patients in the revision cohort
at an average follow-up of 4.4 years. Taken with the present
study, these findings underscore the need for further opti-
mization of surgical techniques and return-to-play proto-
cols for this high-risk population.

In addition to reestablishing joint stability, surgeons
should address concomitant intra-articular pathology in
the pediatric patient. High rates of intra-articular pathol-
ogy have been associated with delay in ACL reconstruction
at the time of initial injury2,15,28; however, ACL revision
has not been studied as a risk factor for intra-articular
pathology. At the time of revision in the current study,
>75% of patients required an additional intra-articular
procedure to address meniscal or chondral injuries. Simi-
larly, Christino et al9 reported that 74.4% of their patients
had additional intra-articular procedures performed at
revision. In this study, chondral procedures were signifi-
cantly more likely to be performed during revision9. It is
not clear whether these cartilage injuries represent the
sequelae of trauma incurred at initial ACL rupture or arise
from repetitive microtrauma related to recurrent instabil-
ity after ACL reconstruction. In a comparative study of the
Multicenter Orthopaedic Outcomes Network and Multicen-
ter ACL Revision Study (MARS) cohorts, the authors found
an association between previous meniscectomy at index
procedure and chondral damage at time of ACL revision.5

When we examined this association in our cohort, we noted
a trend toward increased chondral damage in the setting of
a previous meniscal surgery, but the trend was not signif-
icant. In this study, meniscal repair was also more common
at the time of revision than at index procedure; however,
the data were underpowered to detect a significant differ-
ence. These findings underscore the need for larger longi-
tudinal studies of the ACL reconstruction in the pediatric
population to identify risk factors and prevention strategies
for intra-articular damage.

Bone tunnel widening after ACL reconstruction is a well-
described entity that affects the surgeon’s approach to
revision ACL reconstruction.3,46,47 Use of a 2-stage ACL
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revision reconstruction has been advocated by some
authors because of concern for tunnel widening or tunnel
overlap.49 However, the MARS group has reported higher
rates of reoperation after 2-stage revision (odds ratio ¼
1.93) compared with single-stage revision, and higher rates
of another ACL graft rupture (5% vs 2%), although neither
finding was statistically significant.14 In the current study,
4 of 32 patients met the criteria (based on radiography and
magnetic resonance imaging) for bone grafting and under-
went a 2-stage technique; 1 of these patients had revision
graft failure at <2 years after completion of her 2-stage
revision. No literature is available addressing bone tunnel
grafting in the pediatric population; this may be explained
by the adjustment of tunnel placement upon revision in the
pediatric population, which may be less common in the
adult population.

Approximately one-third of the patients in this study
had documented noncompliance. Compliance rates have
not been reported in the pediatric population after ACL
reconstruction. In this study, we included lack of atten-
dance to physical therapy in the category of noncompli-
ance, as structured rehabilitation has been shown to
improve postoperative outcomes42,51 and is part of our
institutional protocol. The average time to repeat tear
trended toward less for patients who were noncompliant,
although this was not significant. Thorough counseling of
the patient and family is imperative to explain risks of
early return to sports. Imminently, wearable and
application-based technologies may allow surgeons, phys-
ical therapists, and athletic trainers to monitor and mod-
ify postoperative care.

This is only the third study of revision of ACL recon-
struction performed during adolescence, and it has a num-
ber of limitations. The findings are from a single
institution, although with 2 surgeons performing revi-
sions there was some heterogeneity in surgical decision
making, such as graft choice. Heterogeneity decreases sta-
tistical power but may more accurately capture the prac-
tices in the community. As such, the study is
underpowered to detect differences between subgroups
or between adjunct procedures. Only half of the study
population was skeletally immature at the time of initial
surgery; this limits the applicability of findings to the skel-
etally immature population but maintains applicability to
adolescent athletes who are highly active. Furthermore, a
number of the index ACL reconstructions were performed
at outside institutions, thereby affecting data complete-
ness, such as the availability of preoperative imaging
(including measurement of posterior tibial slope), skeletal
maturity assessment, and operative reports from the
index procedure. No control group of athletes without
graft rerupture was included, and therefore we cannot
draw conclusions about risk factors for failure. No
patient-reported outcomes were measured as part of
follow-up for these patients. Finally, the average follow-
up of 2.5 years can be improved upon in future studies, as
many of these young athletes will continue to participate
in high-risk activities for the better part of a decade after
their revision ACL reconstruction.

CONCLUSION

Adolescent patients pose unique challenges in the setting of
revision ACL reconstruction. Surgical techniques have
been designed to avoid or minimize physeal damage in the
skeletally immature patient, but these techniques may
limit the surgeon’s ability to use certain graft types or tun-
nel trajectories. The majority of the patients with ACL graft
failure treated at our institution were adequately treated
using a single revision, with conversion from a soft tissue
graft to BTB autograft being the most common procedure.
Surgeons should expect and be prepared to address intra-
articular pathology during revision and counsel patients as
to the importance of compliance and the high risk for ipsi-
lateral or contralateral ACL injury.
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