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Background: The treatment strategy for pediatric anterior cruciate ligament (ACL) tears, especially in patients with open physes,
remains controversial.

Purpose: To assess clinical outcomes and postoperative complications after all-epiphyseal double-bundle ACL (DB-ACL)
reconstruction for patients with open physes.

Study Design: Cohort study; Level of evidence, 3.

Methods: Included were 102 patients aged�15 years who underwent ACL reconstruction at a single institution and had a minimum
of 2 years of follow-up. Of these patients, 18 had undergone all-epiphyseal DB-ACL reconstruction (mean age, 12.4 ± 1.2 year) and 84
had undergone conventional DB-ACL reconstruction (mean age, 14.1 ± 0.9 year). The outcomes of the all-epiphyseal group were
compared with those of the conventional group. Objective clinical outcomes included KT-1000 arthrometer measurements of side-to-
side difference in anterior tibial translation, Lachman test grade, and pivot-shift test grade. Radiographic angular deformity (defined as
>3� of the side-to-side difference in femorotibial angle) and incidence of second ACL injury were also compared.

Results: The postoperative side-to-side difference in laxity significantly improved from 6.1 ± 2.4 to 0.6 ± 0.9 mm in the all-epiphyseal
group (P ¼ .001), and postoperative laxity was similar to that of the conventional group (0.4 ± 0.8 mm; P ¼ .518). A Lachman grade 1
positive result was observed in 20% of the all-epiphyseal group and 3% of the conventional group (P¼ .042), and a pivot-shift grade 1
positive result was observed in 22% of the all-epiphyseal group and 4% of the conventional group (P ¼ .074). A total of 4 patients
(26.7%) in the all-epiphyseal group and 4 (6.1%) in the conventional group demonstrated angular deformity (P¼ .035). The incidence
of postoperative ipsilateral ACL tear was 16.7% in the all-epiphyseal group and 23.8% in the conventional group (P ¼ .757). The
incidence of contralateral ACL tear was 11.1% in the all-epiphyseal group and 14.3% in the conventional group (P � .999).

Conclusion: All-epiphyseal DB-ACL reconstruction for skeletally immature patients achieved satisfactory clinical outcomes
compared with conventional DB-ACL reconstruction. The incidence of ipsilateral graft rupture was relatively high in both groups.
The all-epiphyseal group had a significantly higher incidence of angular deformity.
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The incidence of anterior cruciate ligament (ACL)
reconstruction among the pediatric population has been
increasing in recent years.3,9 The treatment strategy for
pediatric ACL tears, especially in patients with open
physes, remains controversial. There are various nonsurgi-
cal or surgical treatment options, and, if surgical treatment
is selected, choices of timing, surgical procedure, and graft
type. Although it has been reported that about 90% of

skeletally immature patients were able to return to sports
after nonoperative treatment, 22% underwent ACL recon-
struction during the follow-up period and 38% had to
decrease their level of sport.25 Some reports have demon-
strated inferior clinical outcomes after nonoperative treat-
ment owing to secondary meniscal or cartilage
injury.20,24,26,28,32,43,48

Several surgical ACL reconstruction procedures have
been established for patients with an open physis, includ-
ing the physeal-sparing technique,2,7,15,18,20 partial trans-
physeal technique,22 and complete transphyseal
technique.17,21 One of the major issues in pediatric ACL
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reconstruction is growth disturbance or angular deformity.
A systematic review comparing the physeal-sparing and
transphyseal techniques concluded that there was no dif-
ference in incidence of growth disturbance.31 In contrast, a
recent clinical study revealed that physeal violation leads
to a high rate of growth disturbance in patients where lon-
ger growth remains.4 Theoretically, surgeons should be
able to avoid these complications with the physeal-
sparing technique; however, this has not always been the
case.5,7,31

In previous reports regarding the physeal-sparing tech-
nique, most surgical procedures comprised a single-bundle
(SB) reconstruction using the iliotibial band,15,16,44 ham-
string tendon (HT),2,4,7,17,21,27 or quadriceps tendon.41,47

It was reported that the ACL femoral insertion is oval
shaped,37 and the tibial insertion is C-shaped.42 To mimic
these ACL insertions, a double-bundle (DB) reconstruction
using HT has been developed and has demonstrated good
clinical outcomes among skeletally mature patients.38 A
recent meta-analysis comparing clinical outcomes between
SB and DB-ACL reconstruction in adults concluded that
subjective knee evaluations, KT-1000 arthrometer laxity
measurements, and proprioception were quite similar and
that the number of positive pivot-shift test results was sig-
nificantly lower in the DB-ACL reconstruction group.12 A
biomechanical study reported that DB-ACL reconstruction
was able to restore both the anteromedial bundle (AMB)
and the posterolateral bundle (PLB), which may produce
better knee kinematics, especially during rotatory loads.51

The biomechanical advantages of the DB technique may
also apply to skeletally immature patients. Koizumi et al18

performed DB-ACL reconstruction for patients with open
physes in which the AMB was placed in an over-the-top
position and the PLB was placed in an anatomic position
with a bone tunnel. This physeal-sparing technique showed
good clinical outcomes, similar to those obtained with adult
patients; however, the AMB was a nonanatomic reconstruc-
tion. The optimal procedure for pediatric ACL reconstruc-
tion is still controversial.

To both minimize the risk of complications and reproduce
anatomic insertion, we believe it is desirable to perform all-
epiphyseal DB-ACL reconstruction, in which the apertures
of both the AMB and PLB are created within anatomic inser-
tions and the bone tunnels are within the epiphysis. The
purpose of this study was to assess clinical outcomes and
postoperative complications after anatomic all-epiphyseal
DB-ACL reconstruction for patients with open physes. It was
hypothesized that, compared with conventional DB-ACL
reconstruction, all-epiphyseal DB-ACL reconstruction would
provide satisfactory clinical outcomes, including knee

stability and subjective knee function, without serious
complications.

METHODS

Patients and Treatment Strategy
for Pediatric Patients

The study design was approved by the ethics committee of
our institution, and all patients, or their parents, provided
informed consent. A retrospective analysis of prospectively
collected data was conducted. There were 959 ACL surgical
procedures at our center between April 2009 and March
2018. Among these, 18 patients received primary all-
epiphyseal DB-ACL reconstruction (all-epiphyseal group)
and had a minimum of 24 months of follow-up.

Our treatment strategy included implementing delayed
ACL reconstruction after skeletal maturity (physis closing)
for patients with an open physis and without concomitant
injuries, including to the meniscus and cartilage. A strict
restriction on activity was applied during the waiting
period to prevent the occurrence of secondary injuries such
as meniscal or cartilage injury as much as possible. For
patients with an open physis who had a concomitant injury
at the time of ACL injury, patients with a new concomitant
injury during the surgery waiting period, or patients hop-
ing for an early return to sports, an all-epiphyseal DB-ACL
reconstruction using an HT autograft was implemented.13

If the central physis closure occurred on both the distal
femur and the proximal tibia (dropout sign),30,39 or com-
plete closure was observed on magnetic resonance imaging,
conventional (transphyseal) DB-ACL reconstruction using
an HT graft or rectangular tunnel bone–patellar tendon–
bone (BTB) ACL reconstruction was implemented.38

Surgical Technique

In the all-epiphyseal DB-ACL reconstruction,13 a semiten-
dinosus tendon (ST)was initially harvested; the harvestedST
was cut in half, and the distal and proximal halves were used
for the AMB and PLB, respectively. A small longitudinal skin
incision was made above the lateral epicondyle of the femur,
and the iliotibial band was incised along the line of the fibers.
Femoral anteromedial (AM) and posterolateral (PL) guide
pins were then inserted into the anatomical footprint using
an outside-in Small Angle Footprint Femoral ACL Guide
(AR-1510FRS; Arthrex) while avoiding epiphyseal injury.
Subsequently, tibial guide pins were inserted into the tibial
footprint using a tibial guide (Small Angle Pin Tip Tibial
Marking Hook ACL Guide; AR-1510GTS; Arthrex) while
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avoiding epiphyseal injury. The location of the 4 pins was
confirmed by intraoperative radiographs (Figure 1).

The femoral sockets were created using a retrograde
reamer (Short FlipCutter II; AR-1204AS; Arthrex) in an
order corresponding to the PL and AM tunnels. The length
of the femoral socket was approximately 20 mm. The tibial
guide pins were overdrilled from the tibial cortex side using
a cannulated reamer. In this series, the average diameter of
the femoral and tibial tunnel was 5.4 ± 0.4 mm (range, 5.0-
6.0 mm) and 5.8 ± 0.4 mm (range, 5.0-6.0 mm), respectively,
in the AMB and 5.4 ± 0.6 mm (range 4.5-6.0 mm) and 5.5 ±
0.5 mm (range, 5.0-6.0 mm), respectively, in the PLB.

The PLB graft was introduced into the joint from the
tibial tunnel to the femoral socket, followed by the AMB
graft. The femoral side of the graft was fixed by a cortical
suspensory device. On the tibial side, the PLB graft was
first fixed by tying it over a tibial disc, which was positioned
proximal to the tibial physis, followed by the AMB graft in
the same manner. The PLB and AMB were fixed while the
knee was maintained at 20� of flexion (Figure 1). In all
procedures, the senior author (Y.I.) performed or directly
supervised the ACL reconstruction and repair or partial
resection for concomitant meniscal injury.

Postoperative Rehabilitation

Patients were permitted crutch-assisted partial body
weightbearing ambulation with knee brace along with
range-of-motion (ROM) and isometric muscle strength
exercises from the day after surgery. Full weightbearing
was allowed depending on whether there was postoperative
knee pain. Jogging was permitted after 3 months, sports-
specific training from after 6 to 9 months, and return to
sport after 9 to 12 months. All patients performed postop-
erative rehabilitation according to the same protocol.

Clinical Assessments

Demographic data, including age at the time of surgery,
sex, height, body weight, body mass index, time from injury
to surgery, concomitant meniscal and cartilage injury in
intraoperative arthroscopic findings, and type of graft,
were examined retrospectively from medical records.

Objective clinical outcomes included knee ROM, side-to-
side difference in anterior tibial translation measured
using a KT-1000 arthrometer (MEDmetric Corp), and
grade of Lachman and pivot-shift tests before and 24

Figure 1. All-epiphyseal double-bundle anterior cruciate ligament reconstruction. Intraoperative radiographs: (A) anteroposterior
and (B) lateral view. Postoperative radiographs: (C) anteroposterior and (D) lateral view. Three-dimensional computed tomography
images: (E) medial view of femoral tunnels and (F) upper view of tibial tunnels.
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months after surgery. Patients’ subjective outcomes were
evaluated using the Knee Injury and Osteoarthritis and
Outcome Score (KOOS) at final follow-up.34,35

Recovery of muscle strength of the knee extensor and
flexor was evaluated preoperatively and at 3, 6, 9, 12, and
24 months after surgery: isokinetic peak torque (angular
velocity of 60�/s) was measured using a Biodex system 4
dynamometer (Biodex Corp) and normalized by dividing
the value of the involved side by that of the uninvolved side.

In the radiographic evaluation, the femorotibial angle
(FTA) in an anteroposterior (AP) view was measured on
both the involved and uninvolved sides. A single observer
(S.S.) performed radiographic measurements at a single
timepoint. The amount of change in FTA (the varus and
valgus angle were represented with positive and negative
values, respectively) from before surgery to final follow-up
was calculated. In addition, the incidence of postoperative
angular deformity, which was assumed to be greater than
3� of the side-to-side difference in FTA,5,10,40 was examined.
The number of second ACL injuries (ipsilateral graft rup-
ture and/or contralateral injury) occurring during the
follow-up period was also recorded.

To compare the clinical outcomes of all-epiphyseal DB-
ACL reconstruction with conventional DB-ACL reconstruc-
tion for skeletally mature patients, a control group was
defined as patients under 15 years of age who underwent
transphyseal DB-ACL reconstruction using HT autograft
during the study period. During the analysis period, 102
patients received conventional ACL reconstruction. Eight
patients who could not be followed for 24 months after sur-
gery, 1 patient who suffered a bilateral ACL tear and
received simultaneous bilateral ACL reconstruction, and
9 patients who were reconstructed using BTB graft were
excluded from the control group. Ultimately, 84 patients
were included in the control group (conventional group)
(Figure 2 and Table 1).

Statistical Analysis

Variable normality was determined using the Shapiro-Wilk
test. Clinical assessments, including knee ROM and
side-to-side difference in anterior tibial translation pre- and

postsurgery, were compared using the Wilcoxon test. The
distribution of Lachman test and pivot-shift test grades was
compared by chi-square test. Muscle strength recovery was
analyzed by 1-way analysis of variance (ANOVA) and
Tukey post hoc analysis.

The number of concomitant meniscal injuries, the inci-
dence of postoperative radiographic angular deformity, and
second ACL injury were compared with the chi-square test.
Muscle strength recovery was compared for time effect and
surgical procedure effect by 2-way ANOVA; P < .05 was
considered statistically significant. To achieve 80% statis-
tical power with an a of .05 in demonstrating moderate
effect size (r ¼ 0.5), power analysis revealed that a mini-
mum of 26 and 119 patients in the all-epiphyseal and con-
ventional group, respectively, would be required to detect
any differences in clinical outcomes of knee stability. In this
study, the power was 0.697 with an a of .05 demonstrating

120 primary ACL reconstruction 
under 15 years of age (2009-2018)

Analyzed
All-epiphyseal double-bundle ACL 

reconstruction
n = 18

Conventional (transphyseal) ACL 
reconstruction

n = 102

Lost to follow-up n = 8
Bilateral simultaneous ACL reconstruction n = 1

ACL reconstruction with BTB n = 9

Analyzed
N = 84

Figure 2. Study flowchart. ACL, anterior cruciate ligament, BTB, bone–patellar tendon–bone.

TABLE 1
Demographic Data of Study Patientsa

All-Epiphyseal
(n ¼ 18)

Conventional
(n ¼ 84) P

Age at the time of surgery, y 12.4 ± 1.2 14.1 ± 0.9 < .001
Sex, n (%)

Female 10 (56) 75 (89) .002
Male 8 (44) 9 (11)

Height, cm 160.4 ± 8.0 160.0 ± 5.8 .792
Weight, kg 52.2 ± 13.0 55.2 ± 6.6 .371
Body mass index, kg/m2 20.0 ± 3.4 21.6 ± 2.5 .059
Time from injury to surgery,

weeks
17.8 ± 32.3 9.9 ± 14.3 .353

Follow-up period, months 41.6 ± 20.1 38.2 ± 20.1 .530
Meniscus injury, n (%) .948

LM 7 (39) 29 (46)
MM 2 (11) 13 (21)
LM and MM 4 (22) 21 (33)

Cartilage injury, n 0 0
Surgical time, min 71.5 ± 9.1 64.4 ± 15.3 .061

aData are reported as mean ± SD unless otherwise indicated.
Bold P values indicate statistically significant difference between
groups (P < .05). LM, lateral meniscus; MM, medial meniscus.
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medium effect size (P ¼ .5). All statistical analyses were
performed with Statistical Package for the Social Sciences
(Version 27.0; SPSS Inc).

RESULTS

At 24 months after surgery, knee extension and flexion
ROM was 2.9� ± 4.3� and 149.6� ± 3.6�, respectively, in the
all-epiphyseal group and 1.4� ± 3.7� and 148.8� ± 3.2�,
respectively, in the conventional group. The KT-1000 arth-
rometer side-to-side difference improved significantly from
6.1 ± 2.4 to 0.6 ± 0.9 mm in the all-epiphyseal group
(P ¼ .001), and from 5.7 ± 2.2 to 0.4 ± 0.8 mm in the conven-
tional group (P < .001). There was no significant difference
between groups at 24 months after surgery (P ¼ .518). No
cases in the all-epiphyseal group showed grade 2 or 3 in the
Lachman test and pivot-shift test at 24 months after sur-
gery. However, the frequency of a grade 1 Lachman was
significantly higher in the all-epiphyseal group (P ¼ .042).
The postoperative grade 1 pivot shift was more common in
the all-epiphyseal group than in the conventional group
(22% versus 4%, respectively) but did not reach significance
(P ¼ .074) (Table 2). In the KOOS assessment, there was no
significant difference on any subscale (Table 3).

In the all-epiphyseal group, knee extensor and flexor
strength increased significantly over time (P < .001 for
both) (Figure 3). At 24 months after surgery, there was no
significant difference in normalized knee extensor (0.99 ±
0.11 in all-epiphyseal and 0.95 ± 0.10 in conventional
group) and flexor strength (1.04 ± 0.10 in all-epiphyseal and
1.01 ± 0.12 in conventional group) between groups (P¼ .433
and P ¼ .240, respectively).

TABLE 2
Results of Lachman Test and Pivot-Shift Testa

All-Epiphyseal Conventional

PbPreop
24 Mo
Postop Preop

24 Mo
Postop

Lachman test .042
Grade 0 0 (0) 12 (80) 0 (0) 64 (97)
Grade 1 0 (0) 3 (20) 0 (0) 2 (3)
Grade 2 6 (33) 0 (0) 36 (43) 0 (0)
Grade 3 12 (67) 0 (0) 48 (57) 0 (0)

Pivot-shift test .074
Grade 0 0 (0) 12 (78) 0 (0) 63 (96)
Grade 1 0 (0) 3 (22) 17 (20) 3 (4)
Grade 2 8 (44) 0 (0) 44 (53) 0 (0)
Grade 3 10 (56) 0 (0) 23 (27) 0 (0)

aData are presented as No. of patients (%). Postop, postopera-
tively; preop, preoperatively.

bP value comparing results between groups at 24 months post-
operatively.

TABLE 3
Results of KOOS Assessment at Final Follow-upa

KOOS Subscale All-Epiphyseal Conventional P

Pain 97.0 ± 3.8 96.8 ± 4.9 .883
Symptoms 93.5 ± 8.6 92.5 ± 8.9 .730
ADL 99.6 ± 1.0 98.9 ± 2.9 .191
Sport/recreation 97.3 ± 4.1 94.2 ± 8.5 .107
QOL 92.6 ± 8.8 89.1 ± 9.6 .265

aADL, activities of daily living; KOOS, Knee Injury and Osteo-
arthritis and Outcome Score; QOL, quality of life.
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In the radiographic assessment, there were no signifi-
cant differences in the amount of change in FTA at final
follow-up between the all-epiphyseal (�1.6� ± 3.1� on the
involved side and �1.6� ± 1.6� on the uninvolved side) and
conventional (�1.0� ± 1.9� on the involved side and 0.2� ±
1.5� on the uninvolved side) groups (P ¼ .516 and P ¼ .068,
respectively). The postoperative angular deformity (>3� of
side-to-side difference in FTA) was observed in 4 of 15
patients (26.7%) in the all-epiphyseal group and 4 of 66
patients (6.1%) in the conventional group; there was a sig-
nificant difference between the 2 groups (P ¼ .035) (Table
4). There were no symptomatic cases, and no cases required
additional surgery for lower limb deformity during follow-
up periods.

In the all-epiphyseal group, 3 ipsilateral graft ruptures
(16.7%; 10.0 ± 1.6 months after surgery) and 2 contralateral
ACL injuries (11.1%; 30.0 ± 18.0 months after surgery)
occurred during the follow-up period. In the conventional
group, 20 ipsilateral graft ruptures (23.8%; 21.9 ±
14.3 months after surgery) and 12 contralateral ACL inju-
ries (14.3%; 31.0 ± 14.0 after surgery) occurred during the
follow-up period. There was no significant difference
between groups in the incidence of ipsilateral graft rupture
(P ¼ .757) and contralateral ACL injury (P � .999).

DISCUSSION

The most important finding of this study was that an equiv-
alent clinical outcome, including in subjective knee score
and incidence of second ACL injury, was obtained between
all-epiphyseal and conventional techniques of DB-ACL
reconstruction. However, a higher incidence of residual lax-
ity and postoperative angular deformity was observed in
all-epiphyseal DB-ACL reconstructions when compared
with conventional ACL reconstructions.

Most ACL reconstruction techniques for pediatric
patients with open physes reported previously were SB
reconstructions using soft tissue graft.2,15,22 It is well-
known that the native ACL has 2 bundles with different
functions.11,36,45,50 Previous anatomic studies have demon-
strated that the femoral insertion is oval shaped37 and the
tibial insertion is C-shaped.42 It may be difficult to

reproduce the shape of such insertions using single round
tunnel reconstruction or the over-the-top technique.
Although a recent meta-analysis concluded that there was
no significant difference in knee functional score, AP sta-
bility, or retear rate between DB and SB-ACL reconstruc-
tion, rotational stability was superior in DB-ACL
reconstruction.12 Therefore, our institution has a strategy
of performing DB-ACL reconstruction as much as possible,
even in patients with open physes.

Koizumi et al18 suggested physeal-sparing DB-ACL
reconstruction for pediatric patients. In their technique,
the AMB was reconstructed by the over-the-top technique
and the PLB was reconstructed by the all-epiphyseal tech-
nique. Although the clinical outcome was similar to that of
ACL reconstructions in adults, positive results from a post-
operative Lachman test and pivot-shift test were observed
in 13% and 20% of patients, respectively.18 In our study,
20% and 22% of patients in the all-epiphyseal group showed
postoperative grade 1 positive results from the Lachman
and pivot-shift tests. Although a significant difference
between the 2 groups was observed only in the Lachman
test, considering the number and percentage of distribu-
tion, the all-epiphyseal technique might be inferior to the
conventional technique in both the Lachman and the pivot-
shift test.

The reasons that residual knee instability remains at a
higher rate in the all-epiphyseal technique may be multi-
factorial and might include the technical difficulty of this
technique, the direction of bone tunnel (graft bending
angle), smaller sized grafts, or patients with high activity.
Equivalent outcomes were obtained in both groups regard-
ing subjective knee function and muscle strength recovery;
however, the possibility of residual knee instability after
surgery should be noted by the orthopaedic surgeon before
performing ACL reconstruction for patients with open
physes, and informed consent should be given by patients
and parents.

One possible reason for the high incidence of postopera-
tive positive Lachman or pivot-shift test results in the all-
epiphyseal group may be that the all-epiphyseal group had
a longer waiting period for surgery. In our department, the
treatment strategy for patients with an open physis with-
out concomitant injury is delayed reconstruction. It has

TABLE 4
Details of Patients Who Demonstrated Radiographic Angular Deformitya

Patient Age, y Sex BMI, kg/m2
Time From Injury

to Surgery, wk
Preoperative Status
of Epiphyseal Line

Surgical
Procedure

Concomitant
Surgery

Side-to-Side
Difference in FTA,�b

1 11 Female 17.2 3 Open All-epiphyseal None �8
2 13 Male 18.3 5 Open All-epiphyseal None 5
3 14 Male 22.3 5 Open All-epiphyseal MM repair 4
4 14 Male 20.6 141 Open All-epiphyseal MM and LM repair �6
5 12 Female 23.4 12 Central physis close Conventional None �4
6 14 Male 19.8 4 Central physis close Conventional MM repair 4
7 15 Female 22.8 2 Close Conventional None 5
8 15 Female 23.9 48 Close Conventional MM repair 4

aBMI, body mass index; FTA, femorotibial angle; LM lateral meniscus; MM, medial meniscus.
bHealthy side minus injured side.
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been reported that AP instability or rotational instability
increases with time from injury.23,29,46 In addition, it has
been reported that greater preoperative laxity is associated
with a risk of postoperative pivot shift.52 Since the number
of patients in the all-epiphyseal group in this study was
small, it was difficult to examine the effect of preoperative
chronicity on postoperative results.

Critical issues in pediatric ACL reconstruction include
postoperative growth disturbance or angular deformity.
The risk of these complications can be minimized, but they
are difficult to avoid completely, even in the physeal-
sparing technique, which does not damage the epiphyseal
line.33 Although a systematic review comparing transphy-
seal and physeal-sparing techniques for pediatric patients
concluded that there was no difference in the incidence of
growth disturbance, the incidences of leg-length discrep-
ancy and angular deformity were 0.81% and 0.61% in the
transphyseal technique, and 1.2% and 0% in the physeal-
sparing technique, respectively.31 In a systematic review of
39 cases of patients with open physes who had a growth
disturbance after ACL reconstruction, Collins et al5

reported that the most common surgical technique causing
growth disturbance on both the femur and the tibia was the
transphyseal technique. However, although it was believed
that the physeal-sparing technique had a low risk of post-
operative complications, 25% of patients with angular mal-
formation and 47% of patients with leg-length discrepancy
had undergone ACL reconstruction with the physeal-
sparing technique. Therefore, there might be underreport-
ing of growth disturbance after ACL reconstruction in
skeletally immature patients. In addition, Chambers et al4

suggested a high incidence of postoperative growth distur-
bance among patients with >5 years of growth remaining.

The findings of the current study did not indicate a
definitive conclusion; however, they revealed that angular
deformity might not be completely avoided even in the all-
epiphyseal technique. It seemed that various factors, such
as high activity and invasion of immature bone, are
involved. In our institution, postoperative computed tomog-
raphy was performed in all cases to confirm the association
between the location of the bone tunnel and the epiphyseal
line. No cases were found in which the epiphyseal line was
damaged in computed tomography; however, the possibility
that the epiphyseal line was damaged by intraoperative
procedures cannot be denied. The distal femoral physis
might have been damaged in patients who had valgus
deformity, and the proximal tibial physis might have been
damaged in the patients who had varus deformity. In addi-
tion, it was considered that the long waiting period for sur-
gery and cartilage degeneration due to meniscal tear might
affect the angular deformity.

Furthermore, this study showed a relatively high inci-
dence of angular deformity in the conventional group com-
pared with previous reports.31 Although the reason for this
high incidence rate remains unclear, the status of the epi-
physeal line on preoperative magnetic resonance imaging
scans was centrally closed (not completely closed) in 2 of 4
patients in the control group. Central physis closure and
complete closure of the epiphyseal line were observed in
39% and 61% patients of the control group in this study.

Conventional DB-ACL reconstruction was performed on
cases of central physis closure in our institution. However,
there may be individual differences in growth remaining
among these patients. In the future, it will be necessary
to verify the safety of the transphyseal technique for such
cases.

In this study, the incidence rate of graft rupture and
contralateral ACL injury during the follow-up period was
16.7% and 11.1% in the all-epiphyseal group and 23.8% and
14.3% in the control group, respectively. Wong et al49 con-
ducted a meta-analysis of complications after pediatric
ACL reconstruction and concluded that patients with
rerupture require surgery at much higher rates than those
with growth disturbance. Dekker et al8 reported second-
injury rates among patients younger than 18 years. In the
minimum 2-year follow-up, the incidence of graft rupture
was 19% and that of contralateral ACL injury was 13%.
Regarding the second-injury rate after the all-epiphyseal
technique, it was reported that the 4-year cumulative rates
of graft rupture and contralateral ACL rupture were 18.2%
and 6.63%, respectively.14 Cordasco et al6 performed SB-
ACL reconstruction using the all-epiphyseal technique,
partial transphyseal technique, and complete technique
with each of the 3 groups divided according to skeletal
age (mean age: 12, 14.3, and 16.2 years, respectively). The
all-epiphyseal group showed a revision rate of 6%, which
was significantly higher than that of the transphyseal
group (20%).

Although there are differences in retear rate depending
on the literature, competition level, or age, our results
regarding the incidence rate of second injury were higher
than that of previous reports. Regarding the incidence of
postoperative retear, this study could not find any superi-
ority in all-epiphyseal DB-ACL reconstruction compared
with previously reported procedures or conventional DB-
ACL reconstruction for skeletally mature patients. It has
been reported that pediatric and adolescent patients are at
increased risk for retear and contralateral injury compared
with adults.1,8 Pediatric patients of a younger age might
have had a high second-injury rate because of their long
competition period after surgery, or high activity, as evi-
denced by postoperative KOOS in our study. These results
suggest the importance of reinjury prevention in this spe-
cific age group.

There were some limitations of this study. First, this
study included a relatively limited number of patients in
the all-epiphyseal group. This is because ACL tear in pedi-
atric patients with wide open physes is relatively rare, and
our treatment strategy is to perform ACL reconstruction
after epiphyseal closure as much as possible. Inevitably,
the number of cases who are reconstructed by the all-
epiphyseal technique is limited in our institution. The
power was insufficient in this study, and only limited
results were obtained in comparison with other surgical
procedures and other age groups. It was also not possible
to derive superiority in comparison with other surgical pro-
cedures or other age groups. In this study, if the epiphyseal
line was not closed at the time of occurrence of a new menis-
cal tear during the waiting period for surgery, all-
epiphyseal DB-ACL reconstruction was performed, and
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these patients were included in the all-epiphyseal group. In
addition, patients who were injured before the epiphyseal
line was closed and were able to wait for surgery without
concomitant injury were included in the conventional-
repair control group. Since the duration of the waiting
period for surgery may affect postoperative outcomes, it
seems necessary to increase the number of cases and con-
duct a more detailed investigation in the future.

A second limitation was that the effect of the waiting
period for surgery or concomitant injuries on postoperative
outcomes, including knee stability or the incidence of post-
operative retear in the all-epiphyseal group, was unclear.
The chronicity of ACL tears is reported to correlate with
meniscal tear, cartilage injury,19,28 or increasing knee
instability.23,29,46 In the future, it will be crucial to examine
this in detail in a sufficient number of cases. Third, leg-
length discrepancy could not be evaluated because a plain
long leg view radiograph was not taken in all cases.
Although no patients complained about subjective symp-
toms of leg-length discrepancy, it was possible that radio-
graphic leg-length discrepancy might have been present.

CONCLUSION

All-epiphyseal DB-ACL reconstruction for skeletally imma-
ture patients achieved satisfactory clinical outcomes in
terms of subjective knee functional score and muscle
strength recovery in comparison with conventional recon-
struction. The incidence of ipsilateral graft rupture was
relatively high in both groups with no significant difference
between groups. Postoperative knee stability tended to be
inferior, and the incidence of angular deformity was signif-
icantly higher in the all-epiphyseal group.
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