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Background: In the skeletally mature anterior cruciate ligament (ACL) reconstruction population, patients aged \25 years are at
significantly increased risk of graft failure and injury to the contralateral ACL. Skeletal immaturity often affects graft selection and
reconstruction technique.

Purpose: To examine the incidence of ipsilateral graft failure and contralateral ACL injury in the skeletally immature patient
population.

Study Design: Systematic review and meta-analysis.

Methods: Using the PRISMA (Preferred Reporting Items for Systematic Meta-Analyses) guidelines, we reviewed all literature that
involved ACL reconstruction performed on skeletally immature patients between May 1976 and May 2019. Patient demographics,
surgical technique, and the prevalence of ipsilateral graft failure or subsequent contralateral ACL injury were recorded. Ipsilateral,
contralateral, and secondary ACL injuries were then compared between sexes via chi-square tests.

Results: A total of 24 articles (1254 children; 1258 knees) met inclusion criteria for analysis. Ipsilateral graft failures occurred in
105 of 1258 patients (8.3%), and there were no statistically significant sex differences in the prevalence of graft failures (female,
9.7%; male patients, 7.1%; P = .14). The prevalence of contralateral ACL injury was significantly greater in female (29/129; 22.5%)
than male (18/206; 8.7%; P = .0004) patients in the 9 studies that reported contralateral injury. Skeletally immature female patients
were at significantly increased risk of contralateral ACL injury (odds ratio = 3.0; P = .0006) when compared with their male
counterparts.

Conclusion: In the literature to date, 1 in 3 female skeletally immature patients experienced an ipsilateral graft failure or contra-
lateral ACL injury. Regardless of sex, the 24% prevalence of secondary injury after pediatric ACL reconstruction is almost identical
to previously published secondary injury rates in skeletally mature patients \25 years old. As such, skeletal maturity alone does
not seem to be a determinant of secondary injury; however, there is a clear need to improve postoperative rehabilitation, activity
progression, and return-to-play testing to allow a safe return to sports that protects the long-term health of the reconstructed and
contralateral limbs, especially for female patients.
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The prevalence of anterior cruciate ligament (ACL) recon-
struction in pediatric patient populations has steadily
increased over the past 20 years.14,15 Treating an ACL
injury in the skeletally immature population presents
a unique challenge in dealing with the open physis. Given
the concern for iatrogenic physeal injury during recon-
struction, historically the initial treatment of these injuries
was nonoperative management until closer to skeletal
maturity. This management has been shown to have poor

objective results, including inferior patient-reported out-
comes, evidence of advanced degenerative changes to the
knee, increased ligamentous laxity, and the development
of irreparable meniscal injuries.17,43 In addition, return
to preinjury level of play is unlikely after nonoperative
management, as Ramski et al43 reported that none of their
patients treated nonoperatively returned to previous level
of play as compared with 86% of those treated operatively.

While the rate of secondary ACL injury is high in skel-
etally mature patients aged\25 years,51 the combined risk
of ipsilateral graft failure and contralateral ACL injury in
pediatric, skeletally immature patients has not been estab-
lished. It remains unclear if different patient factors, graft
selection, or surgical techniques may influence the
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prevalence of secondary ACL injury in this unique patient
population. With ACL reconstruction being increasingly
performed in the skeletally immature patient, the risk of
secondary ACL injury must be assessed to identify targets
for future interventions. As such, the purpose of this sys-
tematic review was to assess the prevalence of ipsilateral
graft failure and contralateral ACL injury in skeletally
immature patients and to determine if differences in sec-
ondary injury differ by sex, graft type, or surgical tech-
nique. We hypothesized that secondary ACL injury would
be significantly greater for girls and for those treated
with allograft tissue.

METHODS

Search Strategy

A systematic search was conducted in PubMed and the
Cochrane Library to identify studies (published between
May 1976 and May 2019) reporting the outcomes of pediat-
ric ACL reconstruction. Key search terms included ‘‘ante-
rior cruciate ligament,’’ ‘‘pediatric,’’ ‘‘child’’ or ‘‘skeletally
immature,’’ and ‘‘open physis’’ or ‘‘open growth plate.’’
Articles were initially screened by 2 reviewers (A.J.Z.
and J.R.W.) based on title and abstract, and full texts
were reviewed if these discussed ACL reconstruction in
pediatric or adolescent patients. Additionally, references
of articles were assessed for inclusion to ensure that no
studies were missed. Both reviewers agreed on inclusion
of the article before extraction of data. Articles were
excluded if they were case reports or had a patient cohort
\10, were not written in English, had a \2-year postopera-
tive follow-up, lacked documentation of skeletal immaturity
and open growth plates, and if ACL reconstruction was used
only after failure of nonoperative management. To create as
homogeneous a group as possible, we elected to exclude
patients receiving a primarily extra-articular reconstruction
where no femoral tunnel was utilized (Figure 1).

Outcomes

The primary outcome assessed was recurrent ACL injury,
including ipsilateral graft rupture and injury to the contralat-
eral ACL. From each article, we also extracted mean patient
age, sex, surgical technique, graft type, and growth distur-
bance or angular deformity. To obtain more complete data,
individual authors were contacted to request the number of
patients who had ipsilateral or contralateral injury and the
number of recurrences that were in male or female patients.

Quality Assessment

Each article was assigned a level of evidence based on the
Oxford Centre for Evidence-Based Medicine.38 The Meth-
odological Index for Non-Randomized Studies (MINORS)
tool was used to evaluate the risk of bias of the included
studies.46 The MINORS tool examines 12 factors, and the
evaluator assigns a score of 0 (not reported), 1 (reported
but inadequate), or 2 (reported and adequate) with a maxi-
mum score of 24. Included studies were independently
assessed by 2 authors (A.J.Z. and C.A.J.), and any dis-
agreements were resolved by arbitration and consensus.

Statistical Analyses

The prevalence and risk of ipsilateral graft failure and contra-
lateral ACL injury were compared (1) between female and
male skeletally immature patients undergoing ACL recon-
struction, (2) among graft types (bone–patellar tendon–bone
[BTB] autograft, hamstring autograft, quadriceps tendon
autograft, fresh-frozen soft tissue allograft, and living relative
donor allograft), and (3) among surgical techniques (trans-
physeal, partial transphyseal [epiphyseal sparing on the
femur], and all epiphyseal). In addition, similar to Wiggins
et al,51 we compared the prevalence of secondary ACL injury,
which was the occurrence of ipsilateral graft failure or contra-
lateral injury. The prevalence and risk of ipsilateral graft fail-
ure, contralateral injury, and secondary injury were
compared between the sexes, among graft types, and among
surgical techniques by using Fisher exact or chi-square tests
as appropriate (SPSS Statistics, v 22; IBM) and odds ratios
(MedCalc Software). An a level of .05 (P \ .05) was consid-
ered statistically significant when sexes were compared; how-
ever, a Bonferroni correction was applied to account for
multiple comparisons in the analyses of graft type and surgi-
cal technique. The adjusted P values for statistical signifi-
cance were P \ .008 when graft types were compared and
P \ .016 when surgical techniques were compared.

RESULTS

The search strategy yielded 1147 articles, with 24 meeting
inclusion criteria (Figure 1). From these studies, 1258
knees in 1254 patients were available for data analysis
(Table 1). A total of 4 children underwent bilateral ACL
reconstruction across 3 studies.23,24,27 The mean age was
13.9 years, and 61.7% were male (n = 774). Mean postoper-
ative follow-up reported in the studies ranged between 24.9
and 127.2 months. One study was level 3 evidence, with
the remainder being level 4. The median MINORS score
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was 9 (range, 6-12). Ipsilateral graft failures occurred in
105 of 1258 knees (8.3%). The time to graft failure was
reported in 10 articles (23 patients), with the mean time
to failure being 24.9 months (range, 4-66 months). Contra-
lateral injuries were provided in 10 studies, with an overall
rate of 13.9% (49/351). The time to contralateral injury was
cited in 3 articles (20 patients), with the mean time to
injury being 29.6 months after the index procedure. The
overall rate of secondary ACL injury, defined as either ipsi-
lateral or contralateral injury, was 24.0% (80/334).

Sex Differences

Sex was reported for graft failures in 16 studies (n = 1044;
383 female, 661 male) (Table 2). There were no statistical
differences between female and male patients in the prev-
alence of ipsilateral graft failures: female, 37 of 383 (9.7%;
95% CI, 6.1%-13.2%); male, 47 of 661 (7.1%; 95% CI, 3.6%-
10.7%) (P = .14). Sex demographics for contralateral injury
were available for 9 studies (n = 335). The prevalence of
subsequent contralateral ACL injury was significantly
greater in female (29/129, 22.5%; 95% CI, 15.6%-30.7%)
than male patients (18/206, 8.7%; 95% CI, 0.6%-16.9%)
(P = .0004). Overall secondary injury was significantly
greater in female patients (43/129, 33.3%; 95% CI, 25.3%-
42.2%) than male patients (37/206, 18.0%; 95% CI, 8.3%-
27.6%) (P = .001). Skeletally immature female patients
demonstrated a significantly increased risk of contralat-
eral ACL injury (odds ratio, 3.0; P = .0006; 95% CI, 1.6-
5.7) and secondary ACL injury (odds ratio, 2.3; P = .0002;
95% CI, 1.4-3.8) versus their male counterparts.

As described in more detail in the following analyses,
differences were noted among graft types. While the lack
of individual patient data does not allow us to statistically

control for graft type in our sex comparison of secondary
injury, we did see that the sex differences were present
even if we limited our analysis to only those articles that
included patients treated with hamstring tendon auto-
grafts. In the subgroup analysis between skeletally imma-
ture male and female patients treated only with hamstring
autografts, there were again no differences in the rate of
ipsilateral graft failure (female, 24/264, 9.1%; male, 36/
537, 6.7%; P = .23), but the prevalence of contralateral
ACL injury was significantly greater for female patients
(25/79, 31.6%; male, 14/163, 8.6%; P \ .0001).

Graft Type

The majority of patients were treated with hamstring ten-
don autografts (994/1258; 79.0%), followed by fresh-frozen
allograft (105/1258; 8.3%), BTB (81/1258; 6.4%), and quadri-
ceps tendon (64/1258; 5.1%), with 1 article utilizing allog-
rafts harvested from living relatives (14/1258; 1.1%).
Given the small sample size and inadequate power, we did
not include living relative allografts in our statistical com-
parisons of ipsilateral or contralateral injury. Similarly,
because of limited sample sizes in the articles that described
contralateral injuries, we did not include those treated with
either BTB (n = 16) or fresh-frozen allograft (n = 1) in our
statistical comparisons of contralateral injury. While not
included in the statistical analyses, the results of these
smaller subsets are presented in Table 3 in an effort to
report the complete results of the available literature.

The prevalence of ipsilateral graft failure was signifi-
cantly greater for patients treated with fresh-frozen
allografts (16.2%) than hamstring autografts (7.8%; P \
.0001) or BTB autografts (6.2%; P = .04). The prevalence
of graft failure did not statistically differ between
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Meta-Analyses) flowchart depicts stages of article selection.
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hamstring (7.8%) and BTB autografts (6.2%; P = .83), ham-
string and quadriceps tendon autografts (7.8%; P = .99), or
BTB and quadriceps tendon autografts (P = .75). Based on

sample size, the prevalence of contralateral and secondary
injury could be compared only between hamstring and quad-
riceps tendon autografts, and neither the prevalence of

TABLE 1
Summary of Included Articlesa

Lead Author Year MINORS
No. of

Patients
Mean Age

at Surgery, y
Mean Follow-

up, mo Graft Technique
Graft Failure,

No. (%)
Contralateral

Injury, No. (%)

Anderson5 2003 10 12 13.3 49.2 HT AE 0 (0) NR
Calvo7 2015 9 27 13 127.2 HT TP 5 (18.5) NR
Cassard9 2014 11 28 13 33.6 HT FS 2 (7.1) NR
Cohen10 2009 7 26 13.3 45 HT TP 3 (11.5) NR
Cordasco11 2019 12 49 12 39 HT AE 3 (6.1) 5 (10.2)

23
14.3b 39b HT FS 6 (26.1)

11 (16.7)b
43 HT TP 7 (16.3)

Courvoisier12 2011 6 37 14 36 HT TP 5 (13.5) NR
Domzalski16 2016 10 22 12 77.2 HT TP 0 (0)c 2 (9.1)c

Dei Giudici13 2016 10 19 13.9 60 HT TP 2 (10.5)c 0 (0)c

Hui21 2012 13 14
12

b
25

b
AL-R TP 0 (0) 0 (0)

1 AL TP 0 (0) 0 (0)
1 HT TP 0 (0) 0 (0)

Koch23,d 2016 10 12 12.1 54 HT AE 2 (15.4) NR
Kocher24,e 2007 10 59 14.7 43.2 HT TP 2 (3.3) NR
Kohl25 2014 9 15 12.8 49.2 QT TP 0 (0) NR
Kumar26 2013 9 32 11.3 72.3 HT TP 1 (3.1) 1 (3.1)
Larson27,f 2016 10 7 12.5 48.1b AL TP 3 (37.5) 5 (17.2)b,c

22 14.4 HT TP 2 (9.1)
Liddle28 2008 7 17 12.1 44 HT TP 1 (5.9) NR
Mauch30 2011 10 49 13 60g QT TP 5 (10.2)c 5 (10.2)c

McIntosh31 2006 8 16 13.8 44.1 HT TP 2 (12.5) NR
Memeo32 2012 7 10 14.4 24.9 BTB TP 1 (10.0) NR
Nelson35 2016 11 91 14.9

34.8
b

AL TP 12 (13.2) NR
55 15.2 BTB TP 3 (5.5) NR

388 14.8 HT TP 29 (7.5) NR
Nikolaou37 2011 10 94 13.7 38 HT TP 4 (4.3) NR
Placella42 2016 9 24 13.2 96g HT TP 0 (0) 10 (41.7)
Schmale44 2014 10 5 14 48b AL TP 2 (40.0) 8 (27.6)b

24 12 HT TP 2 (8.3)
Shelbourne45 2004 9 16 14.8 40.8 BTB TP 1 (6.3) 2 (12.5)
Streich47 2010 9 16 11 70 HT TP 0 (0) NR

aAE, all epiphyseal; AL, fresh-frozen allograft; AL-R, allograft from living relative; BTB, bone–patellar tendon–bone; FS, partial physeal
sparing (femur); HT, hamstring tendon; MINORS, Methodological Index for Non-Randomized Studies; NR, not reported; QT, quadriceps ten-
don; TP, transphyseal.

bItalics indicate groups that could not be separated per the data reported.
cAuthors provided unpublished data.
d13 knees in 12 patients.
e61 knees in 59 patients.
f30 knees in 29 patients.
gMinimum.

TABLE 2
Comparison of the Prevalence of Ipsilateral, Contralateral, and Secondary Injuries

Between Skeletally Immature Female and Male Patients

Patients, n/N (%) [95% CI, %]

Female Male P Value

Ipsilateral failure 37/383 (9.7) [6.1-13.2] 47/661 (7.1) [3.6-10.7] .14
Contralateral injury 29/129 (22.5) [15.6-30.7] 18/206 (8.7) [0.6-16.9] .0004
Secondary injury 43/129 (33.3) [25.3-42.2 ] 37/206 (18.0) [13.0-23.9] .001
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contralateral (hamstring = 13.6%, quadriceps = 10.2%; P =
.64) nor that of secondary injury (hamstring = 22.5%, quadri-
ceps = 20.4%; P = .85) differed between the groups.

Surgical Technique

A transphyseal graft placement was used in 90.1% (1113/
1258), with the remainder being all epiphyseal (74/1258;
5.9%) or partial physeal sparing with a transphyseal tunnel
on the tibia and physeal-sparing femoral drilling (51/1258;
4.1%). There were no differences in ipsilateral graft failure,
contralateral ACL injury, or secondary injury among the 3
techniques (Table 4). Fifteen studies reported their radio-
graphic follow-up for limb-length discrepancy, and 13
reported angular deformity. Leg-length difference .1 cm
was found in 2.4% of the knees and angular deformity
.3� in 0.6% of patients. The 2 leg-length discrepancies
found in the all-epiphyseal technique were overgrowth of
the operative limb of 2.0 cm and 1.6 cm.23

DISCUSSION

The results partially supported our hypotheses: skeletally
immature female patients demonstrated significantly
greater rates of contralateral and secondary injury than

their male counterparts, and graft failure was more com-
mon among those treated with allograft versus hamstring
autografts. However, there were no statistical differences
in regard to sex in graft failure, nor was there a statistical
difference between autografts used. Additionally, neither
secondary ACL injury rates nor the prevalence of growth
disturbances differed among transphyseal, partial trans-
physeal, and all-epiphyseal surgical techniques.

Despite no overlap in studies, the results of our current
review showed similar results to those reported by Wiggins
et al51 in their review of secondary ACL injury in young,
skeletally mature patients. In a subset of pooled patients
\25 years of age, the secondary reinjury rate was 21%
(95% CI, 16%-27%). This result is strikingly similar to
the 24.0% reported in the current analyses with skeletally
immature patients.

Sex Differences

While the prevalence of secondary ACL injury is similar in
the existing literature involving skeletally mature and
immature patients, there appears to be an increased risk
for skeletally immature female patients. There was an
inability to evaluate differences in secondary injury rates
between the sexes in the Wiggins et al51 review; however,
secondary injury rates were significantly greater for

TABLE 3
Comparison of the Prevalence of Ipsilateral, Contralateral, and Secondary Injuries Among Graft Typesa

Patients, No. (%) [95% CI, %]

Hamstring Allograft–Frozen BTB Quadriceps Tendon Allograft–Relative

Ipsilateral failureb 78/994 (7.8)c [6.3-9.7] 17/105 (16.2) [9.7-24.7] 5/81 (6.2)c [2.0-13.8] 5/64 (7.8) [2.6-17.3] 0/14 (0) [0-23.2]
Contralateral injuryd 29/213 (13.6) [9.3-19.0] 0/1 [0-97.5] 2/16 (12.5) [1.6-38.3] 5/49 (10.2) [3.4-22.2] 0/14 (0) [0-23.2]
Secondary injuryd 48/213 (22.5) [17.1-28.7] 0/1 [0-97.5] 3/16 (18.8) [4.0-45.6] 10/49 (20.4) [10.2-34.3] 0/14 (0) [0-23.2]

aPairwise comparisons were not performed with groups with \30 patients. BTB, bone–patellar tendon–bone.
bPaired comparisons not performed with allograft from living relatives.
cSignificantly lower than fresh frozen allograft.
dPaired comparisons not performed with fresh frozen allograft, allograft from living relatives, or BTB.

TABLE 4
Comparison of the Prevalence of Ipsilateral, Contralateral, and Secondary Injuries Among Surgical Techniquesa

Patients, No. (%) [95% CI, %]

All Epiphyseal Transphyseal Partial Transphyseal

Ipsilateral failure 5/74 (6.8) [2.2-15.1] 90/1133 (7.9) [6.4-9.7] 8/51 (15.7) [7.0-28.6]
Contralateral injury 5/49 (10.2) [3.4-22.2] 33/237 (13.9) [9.8-19.0] NR
Secondary injury 8/49 (16.3) [7.3-29.7] 51/237 (21.5) [16.5-27.3] NR
Leg-length discrepancyb,c 2/25 (8.0)d [1.0-26.0] 4/283 (1.4) [0.4-3.6] 0/28 (0) [0-12.3]
Angular deformityc,e 0/25 (0) [0-13.7] 3/276 (1.1) [0.2-3.1] 0/28 (0) [0-12.3]

aPairwise comparisons were not performed with groups with \30 patients. NR, not reported.
bLeg-length discrepancy .1 cm.
cPairwise comparisons not performed owing to small sample sizes.
dBoth overgrowth of the operative limb.
eAngular deformity .3�.
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skeletally immature female patients in the current analy-
ses (female, 33.3%; male, 18.0%; P = .001). Sex differences
in the skeletally immature population were driven largely
by a 3-fold increased risk of contralateral injury when com-
pared with skeletally immature boys. Numerous studies
have also shown increased reinjury in female patients after
ACL reconstruction.1,3,4,39,40 In a cohort not limited to skel-
etally immature patients, Ho et al20 reported graft failure
rates as high as 34% in 561 patients who underwent ACL
reconstruction, with ages ranging from 5 to 19 years. Like-
wise, another study reported secondary ACL injuries to the
involved or contralateral knee in 29% of patients younger
than 20 years.49 The elevated incidence of female second-
ary injury suggests that for a subset of skeletally immature
female patients with ACL reconstructions, anatomic and
biomechanical features carry risk factors for secondary
injury with potential for targeted intervention to prevent
repeat injury.

Graft Type

Ipsilateral graft failure was significantly greater for skele-
tally immature patients treated with allografts than with
hamstring or BTB autografts. This is similar to previous
results from the Multicenter Orthopaedic Outcomes Net-
work (MOON) cohort22 and Kaiser Permanente ACL Reg-
istry,29 which also identified increased risk of allograft
failure when used in younger patient populations. There
were no differences in graft failure among hamstring,
BTB, and quadriceps tendon autografts. This finding is
similar to what has been reported in the adult literature
to date.2,33

Previous results in adult patients have likewise
reported no differences in contralateral injury rates among
graft types.22,29 In the current review, neither the preva-
lence of contralateral injury nor the rate of secondary
knee injury differed between hamstring and quadriceps
tendon autografts. That said, the risk of contralateral
injury across all graft types cannot be definitively deter-
mined by the current review, as this information was avail-
able for relatively few patients treated with allograft or
BTB autografts.

Surgical Technique

Historically, the rationale of nonoperative management
was to delay surgery until after skeletal maturity and
avoid the complication of growth disturbance. In our
review, we found low rates of leg-length discrepancies
and angular deformity in those studies that monitored
for these radiographically. Similar to the current review,
a systematic review by Pierce et al41 reported no differen-
ces between transphyseal- and physeal-sparing techniques
in terms of leg-length disturbance (0.81% and 1.2%, respec-
tively) or angular deformity (0.61% and 0%). Additionally,
we found no differences in graft failure or secondary ACL
injury among transphyseal, partial transphyseal, and all-
epiphyseal techniques, although additional studies are
warranted as graft failure at minimum 2-year follow-up

has been reported on relatively few patients in the litera-
ture who were treated with all-epiphyseal (n = 74) or par-
tial transphyseal (n = 51) techniques (Table 4).

Need for Primary and Secondary Injury Prevention

The rate of secondary injury for skeletally immature
patients undergoing ACL reconstruction highlights the
need for primary and secondary injury prevention, espe-
cially for female athletes. The 2018 International Olympic
Committee consensus statement on ACL injuries in pediat-
ric patients supports implementation of injury prevention
programs early in athletes’ developmental process.6 Com-
prehensive training programs aim to provide information
on mechanism of injuries, biomechanical analysis with
technique-driven feedback, balance training, plyometrics,
strengthening, dynamic multijoint stabilization between
jumping tasks, and proprioceptive and neuromuscular
training, while optimizing training compliance to provide
the greatest benefit to younger athletes,6 particularly the
female athlete.19,34 Implementation of training programs
to help reduce ACL and lower extremity injury have been
demonstrated to result in a 67% reduction in female non-
contact ACL injuries and an overall 50% reduction for all
athletes.50 A numbers-needed-to-treat analysis of 5 studies
demonstrated that 89 female athletes are needed to partic-
ipate in ACL injury reduction training programs to prevent
1 ACL injury over a single competitive season.18 Imple-
menting neuromuscular training for athletes reduced
ACL injury from 3% to 1.1% per season and had lower costs
($100 per player per season) as compared with universal
screening with neuromuscular training only for identified
high-risk athletes.48

Young athletes, regardless of skeletal maturity at the
time of surgery, are at high risk of experiencing a subse-
quent ipsilateral or contralateral ACL injury. Based on
the observed rates of secondary ACL injury in young
patients as well as the short- and long-term ramifications
of these injuries, increased emphasis has been placed not
only on preventing the primary injury but also on reducing
the risk of secondary injury as well. Secondary injury pre-
vention programs with targeted strength, agility, and plyo-
metric training have been shown to improve functional
outcomes after ACL reconstruction when compared with
physical therapy alone,8 and studies are underway to
assess the efficacy of home-based secondary prevention
programs.36

Limitations

This review was not without limitations. First, no level 1
evidence is available that compares surgical techniques
and graft types used in ACL reconstruction in skeletally
immature patients. While we are extremely grateful to
authors who provided additional detail regarding contra-
lateral injury that was not included in the original articles,
we were unable to attain this information from all of the
studies performed to date. There are undoubtedly differen-
ces in the level 3 and 4 studies included in the review in
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terms of patient selection, perioperative rehabilitation pro-
tocols, and activity level. Despite exclusion of any study
that did not meet the minimum 2-year follow-up, postoper-
ative rehabilitation typically allows for 1 year of play after
its completion, and we could be underestimating secondary
injury rates. Finally, individual patient data would be
required to assess the risk of secondary injury for combina-
tions of factors, so we were unable to determine the com-
bined effects of sex and graft type. Future multicenter
studies, such as the ongoing Pediatric ACL: Understanding
Treatment Options, are warranted to further differentiate
patient-specific factors for secondary injury and potential
modalities for prevention.

CONCLUSION

The prevalence of secondary ACL injury in skeletally
immature patients, as reported in this study, is similar to
that of young, skeletally mature patients reported else-
where. However, driven by a 3-fold increase in the risk
for contralateral ACL injury, the current available litera-
ture indicates that 1 in 3 skeletally immature female
patients experiences a secondary ACL injury after primary
ACL reconstruction.
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