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Background: The increase in anterior cruciate ligament (ACL) injuries in pediatric patients and the high failure rate reported in the
literature in this population are driving surgeons to search for specific techniques to better restore knee stability. Recent literature
has reported that the combination of lateral extra-articular tenodesis (LET) and ACL reconstruction improves outcomes in high-
risk patients. However, such advantages in pediatric patients have been infrequently evaluated.

Purpose: To assess whether adding LET to ACL reconstruction can significantly improve knee stability, clinical outcomes, and
failure rates in pediatric patients.

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

Methods: A multicentric study involving 3 orthopaedic teaching centers was conducted to evaluate pediatric patients aged
between 12 and 16 years who had undergone primary ACL reconstruction using a physeal-sparing femoral tunnel drilling tech-
nique. A minimum 2-year follow-up evaluation was required. Based on the surgical technique performed, the patients were
divided into 2 group. The patients in group 1 underwent an isolated arthroscopic ACL reconstruction, while the patients in group
2 had an arthroscopic ACL reconstruction in combination with a modified Lemaire LET procedure. Group 1 was a historical con-
trol cohort of patients, whereas group 2 was prospectively enrolled. All the patients included in the present study were clinically
evaluated using the Pediatric International Knee Documentation Committee (Pedi-IKDC) subjective score and the Pediatric Func-
tional Activity Brief Scale (Pedi-FABS) score. Anteroposterior knee stability was measured using the KT-1000 knee ligament
arthrometer, and the objective pivot-shift evaluation was documented using a triaxial accelerometer (Kinematic Rapid Assess-
ment [KiRA]). The included patients also underwent a standardized radiological protocol to evaluate leg-length discrepancies,
axial deviation, and degenerative signs preoperatively and at last follow-up.

Results: This study included 66 pediatric patients with an anatomic hybrid ACL reconstruction using an autologous 4-strand
hamstring graft. In group 1, there were 34 patients (mean age, 13.5 6 1.2 years), while 32 patients (mean age, 13.8 6 1.4 years)
were included in group 2. The clinical outcome scores showed no difference between the 2 groups (Pedi-IKDC, P = .072; Pedi-
FABS, P = .180). Nevertheless, the patients in group 2 had better anteroposterior stability measured using a KT-1000 arthrom-
eter (1.9 6 1.1 mm in group 1 vs 0.8 6 0.8 mm in group 2; P = .031), as well as better rotational stability measured using the
KiRA (–0.59 6 1.05 m/s2 in group 2 vs 0.98 6 1.12 m/s2 in group 1; P = .012). The patients in group 1 returned to sports at the
same competitive level at a rate of 82.4%, while patients included in group 2 returned at the same competitive level in 90.6% of
the cases without a significant difference between the 2 groups (P = .059). No leg-length discrepancies were found between the
2 groups at last follow-up (P = .881). Two patients displayed an increased valgus deformity of 3� on the operated limb at last
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follow-up (1 patient in group 1 and 1 patient in group 2). Group 1 had a significatively higher cumulative failure rate (14.7% vs
6.3%; P = .021). No intra- or postoperative complications was observed between the 2 groups.

Conclusion: Performing a modified Lemaire LET along with an ACL reconstruction with hamstring graft in pediatric patients
reduced the cumulative failure rate and improved objective stability with no increase in intra- or postoperative complications.
No significant difference was found between the 2 groups in terms of patient-reported outcomes or in the return-to-sports activity.

Keywords: anterior cruciate ligament; ACL; lateral extra-articular tenodesis; pediatric; children; failure rate

Anterior cruciate ligament (ACL) ruptures in pediatric
patients are becoming increasingly common as more chil-
dren engage in competitive sports and physical activities.14

These injuries account for 21.5% of all knee injuries in the
pediatric population. They mostly turn out to be high-piv-
oting sports-related injuries.6 The proper management of
ACL ruptures in this population has been a matter of
debate for many years. Advocates of nonsurgical or delayed
surgical treatment have pointed out the risk of growth dis-
orders related to physeal damage.47 However, subsequent
reports have indicated that nonoperative management
leads to higher rates of sports dropouts,36 recurrent knee
instability,38 progressive meniscal and cartilage damage,
and arthritic changes in about 61% of knees.1,35 Then
again, there is controversy about the best reconstruction
technique, the most suitable graft choice, and the fixation
methods.3,26,38 One of the great concerns raised when fac-
ing an ACL reconstruction in this population is the high
risk of graft failure, which is estimated to occur in 8.3%
to 25.5% of the cases regardless of the technique and graft
used.8,26,49 This failure rate has been described as 2 to 3
times higher when compared with that in adult
patients.2,17,44

Recently, combining a lateral extra-articular tenodesis
(LET) with ACL reconstruction has been reported to signif-
icantly decrease failure rates while improving objective
rotatory stability and the postoperative activity level.33

As a result, LET has been strongly recommended for
patients at high risk of graft failure. Indications include
patients \25 years of age, patients practicing pivoting
sports, patients with joint hyperlaxity, and patients with

a high-grade preoperative instability.30,43 Since such fea-
tures are quite common in the pediatric population, LET
might be quite convenient in this context. However, to
date, the advantages of combining LET with ACL recon-
struction in pediatric patients have been infrequently eval-
uated. Moreover, there are some unresolved issues that
have been raised in recent studies reporting the theoretical
risk of knee overconstraint and the increase in lateral com-
partment pressures,23,34,48 which can accelerate degenera-
tive joint changes. It remains unclear whether such
findings result in alterations in bone growth in patients
who are still developing.

The aim of the present study was to assess whether per-
forming a LET in combination with ACL reconstruction
can improve knee objective stability and clinical outcomes
and decrease the failure rate in the pediatric population.
The hypothesis was that combining modified Lemaire
LET with ACL reconstruction would improve knee stabil-
ity and clinical outcomes and reduce the failure rate in
comparison with isolated ACL reconstruction in a skele-
tally immature population.

METHODS

A multicentric study involving 3 orthopaedic teaching
centers was conducted to evaluate skeletally immature
patients who had undergone ACL reconstruction with
a minimum 2-year follow-up. The study was conducted
in conformity with the principles of the 1964 Helsinki
Declaration and its later amendments19 and in
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accordance with the ethical standards of the institutional
research committee (protocol No. LCA-2017-01). All
patients were informed of the study procedure, purpose,
and known risks. Both the patients and parents gave
written informed consent.

The included patients were skeletally immature indi-
viduals with a maximum bone age of 16 years in boys and
14 years in girls. There had to be evidence of both tibial
and femoral open epiphyseal growth plates on magnetic
resonance imaging (MRI) scans and a diagnosis of a pri-
mary ACL rupture. In addition, only patients willing to
return to sports activities after the rehabilitation process
were included. Only patients who had undergone ACL
reconstruction with an autologous hamstring graft
were considered for the enrollment. Patients
were excluded if 1 of the following criteria was met: (1)
a follow-up period \24 months after the index ACL
reconstruction; (2) a concomitant grade 2 or more tear
of any other knee ligament (medial collateral ligament,
lateral collateral ligament, posterior cruciate ligament);
(3) cartilage injuries requiring surgical treatment at
the time of the ACL reconstruction; or (4) previous sur-
gery on the affected knee.

Patient Information

Patient characteristics and the mechanism of injury were
collected in an institutional database. Additional data
were collected for each patient relative to intra- and post-
operative complications, time to return to sports activity,
the level of resumed sports activity, and any further reop-
eration required in the follow-up period.

The surgical data were abstracted to include details sur-
rounding the operative procedure such as the size of the
ACL graft, concomitant injuries, and respective treat-
ments. Physical examination findings were noted by the
treating surgeon, including the preoperative range of
motion to evaluate hyperextension and the objective ante-
roposterior and rotational instability. The anteroposterior
knee stability was measured using the KT-1000 knee liga-
ment arthrometer (MEDmetric Corp). The test was per-
formed on both knees applying 134 N of force, and the
side-to-side difference was recorded. The quantitative
objective pivot-shift evaluation was documented using a tri-
axial accelerometer (Kinematic Rapid Assessment [KiRA];
Orthokey Ltd). Also in this case, the test was performed
bilaterally to calculate the side-to-side difference. Each
measurement was performed 5 times. Then, the maximum
and minimum values were excluded, and the 3 remaining
values were averaged and used for the analyses. Both
instrumental evaluations were performed preoperatively
and at last follow-up. These evaluations were performed
following previously published protocols by a trained
knee surgeon.9,31 Preoperative and postoperative assess-
ments were always performed by the same senior surgeon
(M.F.) trained with the KiRA system and KT-1000
arthrometer to avoid a technical bias. A single trained
observer approach was adopted to mitigate the broad inter-
observer reliability of the test. The examiner (M.F.) was

not blinded to the state of the knee but was blinded to
the results of the KiRA analyses during the execution of
the tests. The evaluator was not one of the treating
surgeons.

Based on the surgical technique employed, patients
were divided into 2 groups. The patients in group 1 under-
went an isolated arthroscopic ACL reconstruction, while
the patients included in group 2 underwent an arthro-
scopic ACL reconstruction in combination with a modified
Lemaire LET procedure. Group 1 was a historical control
cohort of patients who had undergone surgery between
September 2015 and September 2017 and were clinically
evaluated between October 2017 and October 2019. Partic-
ipant enrollment in this group and the duration of follow-
up were retrospective, but the clinical outcomes and radio-
graphic measures were prospectively collected. The 2-year
follow-up evaluation of this group of patients was done
after the beginning of the present study. A historical con-
trol group was included because all the surgeons involved
in the study had routinely performed the ACL-LET proce-
dure on pediatric patients since 2017. Group 2 was evalu-
ated prospectively, recruiting patients who fulfilled the
inclusion criteria between October 2017 and October
2019 and were followed up until October 2021. The patient
data of the 2 groups were compared to evaluate the similar-
ities between them (Table 1).

Radiographic Data

Preoperatively, the patients underwent a standardized
radiological protocol that included a left wrist view to eval-
uate skeletal age in accordance with the Greulich and Pyle
method.20 A bilateral anteroposterior full-length weight-
bearing view was obtained preoperatively and at last fol-
low-up to calculate any coronal alignment changes and
leg-length discrepancies. Total limb length and segmental
femoral and tibial lengths were measured using an institu-
tional picture archiving and communication system (Sectra
Imaging; Sectra Medical). A Rosenberg view, Merchant
view, and lateral view were obtained preoperatively and
at last follow-up to assess the development of early degen-
erative changes using the Kellgren-Lawrence scale.27 Spe-
cial attention was placed on evaluating the lateral
tibiofemoral compartment where degenerative signs can
come from either subchondral impaction or overconstraint
secondary to the LET. Posterolateral tibial slopes were
measured as previous studies have demonstrated that
a slope .8� is correlated with and may be a risk factor
for reinjury in this population.10,24 Measurements have
been made using the technique described by Hudek
et al24 as validated via MRI in a pediatric population.10

Finally, a 1.5-T MRI scan was obtained in all cases at the
10-month follow-up before allowing patients to return to
sports.

Surgical Technique and Rehabilitative Protocol

All the patients underwent an arthroscopic anatomic ACL
reconstruction with autologous 4-strand hamstring graft
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(semitendinosus and gracilis tendons). The femoral tunnel
was made using a physeal-sparing technique with a retro-
drill system, using an adjustable cortical suspension sys-
tem (Ultrabutton; Smith & Nephew Endoscopy) for the
femoral fixation. The tibial tunnel was executed in an
outside-in manner. Using a compass tibial guide at 60� to
65�, we placed it as centered as possible on the anterior tib-
ial cortex. By doing so, the tunnel was made as vertical as
possible when trespassing the physeal growth plate. Thus,
the damage caused to this growth plate was minimized.37

The graft was then fixed at 20� of knee flexion using a bio-
absorbable interference screw (Biosure HA; Smith &
Nephew).

A modified Lemaire anterolateral tenodesis was per-
formed only in the patients in group 2. A 4- to 5-cm antero-
lateral approach was made between Gerdy tubercle and
the lateral femoral epicondyle. A 1 cm–wide 3 8 cm–
long strip was harvested from the middle third of the fascia
lata, preserving intact its distal insertion in the Gerdy
tubercle. The proximal part of the graft was secured using
whip stitches and subsequently slipped deep under the lat-
eral collateral ligament. A blind femoral tunnel of 5.5-mm
width 3 20-mm length was drilled and subsequently
dilated using a 6-mm dilator. Finally, the graft was driven
through the femoral tunnel and secured using a 6-mm 3

20-mm bioabsorbable interference screw (Biosure HA)
while the knee was maintained at 30� of flexion and in neu-
tral rotation. The femoral tunnel was not placed in the
position suggested by Katakura et al25 (5-10 mm proximal
and 4 mm posterior from the lateral epicondyle) but
approximately 1 cm proximal to this area to prevent injur-
ing the physeal growth plate. Both the femoral ACL tunnel
and the LET tunnel were drilled under fluoroscopic control
to confirm physeal sparing.

All patients from the 2 groups participated in the same
standardized postoperative rehabilitation protocol. Pro-
gression through each phase of rehabilitation was based
on each patient’s status and the physician’s guidance.
Full weightbearing and full range of motion were encour-
aged from day 1 unless concomitant meniscal suturing
was done. In the case of concomitant meniscal repairs,

full weightbearing was delayed until weeks 2 to 4, accord-
ing to the tear location and repair configuration. Isometric
quadriceps strengthening was encouraged as soon as possi-
ble. During the first 12 weeks, quadriceps-strengthening
exercises were restricted to closed kinetic chain exercises.
Sports-specific training was started and gradually pro-
gressed after 6 months. A complete return to sports
(including cutting sports) was allowed between 10 and 12
months when the physical examination, muscular
strength, and MRI aspect of the graft were favorable.

Outcome Evaluation

Four primary clinical outcomes were evaluated in the pres-
ent study. They were cumulative graft failure, objective
knee stability, return to sports, and patient-reported out-
come measures. The cumulative failure was defined by
the presence of clinical failure and/or graft rupture, as
previously reported by Crawford et al.7 Clinical failure
was defined as the presence of a patient-reported feeling
of giving way and an abnormal KT-1000 side-to-side dif-
ference .5 mm or an abnormal KiRA side-to-side differ-
ence .1.9 m/s2, as previously described.4,32 A graft
rupture was defined by MRI evidence of graft discontinu-
ity. Patients with clinical failures and/or MRI evidence of
graft ruptures were singularly included in the cumulative
failure. In the presence of both clinical failure and graft
rupture in the same patient, this individual was counted
only once.

Return-to-sports activities were evaluated and
recorded. The time since the surgery was also noted.
Return to sports was determined by asking the patient if
he or she had returned to the desired level of sports. If
‘‘no’’ was the answer, the patients were questioned as to
why they did not return to sports.

Patient-reported outcomes were collected preopera-
tively and at annual intervals. The Pediatric International
Knee Documentation Committee (Pedi-IKDC) subjective
score28 and the Pediatric Functional Activity Brief Scale
(Pedi-FABS) score16 were employed in the present study.

TABLE 1
Baseline Characteristics of the Groupsa

Group 1 Group 2 P Value

Male, n 23 20 .191
Female, n 11 12 .434
Age, y 13.5 6 1.2 (12-16) 13.8 6 1.4 (12-16) .792
Bone age, y 14.0 6 0.9 14.1 6 1.0 .897
Hyperextension, deg 8 9 .901
BMI, n 21.3 6 1.6 20.9 6 2.4 .486
Meniscal tears, n 18 22 .251
Partial meniscectomy, n 6 6 ..999
Posterolateral tibial slope, deg 6.8 (4-11) 7.3 (2-12) .891
Posterolateral tibial slope .8�, n 8 8 .937
Graft diameter, mm 8.2 6 0.8 8.3 6 1.1 .879

aData are presented as number, mean 6 SD (range), or mean (range) unless otherwise indicated. BMI, body mass index.
bOnly patients with .5� of hyperextension measured using a goniometer were considered.

AJSM Vol. 50, No. 14, 2022 ACL and Anterolateral Tenodesis in Pediatric Patients 3781



The preoperative Pedi-FABS score was used to detect the
preinjury activity level of the patients.

Furthermore, all the following complications were col-
lected for both groups: infection, deep vein thrombosis
and pulmonary embolism, range of motion loss, and persis-
tent knee pain.

Statistical Analysis

Continuous variables are presented as mean 6 SD. Cate-
gorical variables are presented as percentage and fre-
quency. The Shapiro-Wilk test was used to confirm the
normality of the variables. The inference in continuous
variables was calculated using the paired-samples t test,
and the results are presented with their 95% CI. The infer-
ence for categorical variables was studied using the chi-
square test or Fisher exact test, as appropriate. To com-
pare repetitive variables, we used analysis of variance.
The level of significance was set at 5% (a = .05), the bilat-
eral approximation. All the analyses were performed using
SPSS Version 19 (IBM Corp). No sample size estimation
was performed because all patients in the database who
met the inclusion criteria for group 1 were analyzed and
group 2 was matched to group 1. A post hoc calculation
achieved a power of 82.6% for the KT-1000, 88.3% for the
KiRA evaluation, and 85.1% relative to the subjective
IKDC at the 2-year follow-up.

RESULTS

Patient Information

In total, 73 patients were initially included in this study.
However, 7 patients (3 patients in group 1, 4 patients in
group 2) were excluded. In 3 cases, there was no 2-year fol-
low-up (dropouts: 1 patient in group 1, 2 patients in group
2); in 1 case, a cartilage lesion that required surgery was
observed; and the remaining 3 cases had a knee multiliga-
ment reconstruction. In the end, 66 skeletally immature
patients were evaluated, with 34 patients included in
group 1 and 32 in group 2. The mean age was homogeneous
across groups (P = .792). The injury mechanism was pre-
dominantly noncontact (71.2%), and the injuries were sus-
tained during pivoting sports (soccer, 36.2%; basketball,
16.8%; ski, 11.8%) in most cases.

The mean graft diameter was 8.2 6 0.8 mm (range, 7-
9 mm; median, 8 mm) in group 1 and 8.3 6 1.1 mm (range,
7-9 mm; median, 8 mm) in group 2 (P = .879). In 8 cases
of group 1 and 9 cases of group 2, the graft diameter was
7 mm (P = .912). The mean follow-up was 26.6 6 4.2
months for group 1 and 25.1 6 2.2 months for group 2 (P
= .591). In 60.6% of the cases (40 patients: 18 in group 1,
22 in group 2), meniscal lesions were detected: lateral iso-
lated, 22.5%; medial isolated, 52.5%; and lateral and
medial, 25%. A ramp lesion was observed in 16.7% of the
cases, a posterolateral root tear was observed in 13.6% of
the cases, and the combination of both lesions was
observed in 3% of the cases. A medial partial meniscectomy
was performed in 6 cases in each group. In all the rest of

the lesions, meniscal suture repair were done. No signifi-
cant differences were found between the 2 groups in terms
of age, body mass index, sex distribution, preoperative
instability, hyperextension, posterolateral tibial slope,
associated meniscal tears, or partial meniscectomy. A com-
plete description of the data is available in Table 1.

No intraoperative complications were detected. Two
patients from group 2 developed a postoperative hematoma
in the area of the lateral approach. Surgical debridement
was called for in 1 of those cases. Two patients in group
1 and 1 patient in group 2 underwent arthroscopic arthrol-
ysis for flexion or extension deficit at 3-month follow-up.
No infection, deep vein thrombosis and pulmonary embo-
lism, deficit in range of motion, or persistent knee pain
was noted at the 2-year follow-up.

Radiographic Outcomes

The bone age of group 1 averaged 14.0 6 0.9 years (range,
12-16 years; male: mean, 14.5 years; female: mean, 13.0
years). It was 14.1 6 1.0 years (range, 12-16 years;
male: mean, 14.7 years; female: mean, 13.2 years) in
group 2 (P = .897). In all 66 patients, the preoperative
MRI scans showed both the femoral and the tibial physis
open. No leg-length discrepancies were found at last fol-
low-up (P = .881). Two patients had increased valgus
deformity of 3� on the operated limb at the last medical
follow-up, 1 from group 1 and the other from group 2.
No patients showed degenerative changes in the joint
based on the Kellgren-Lawrence classification. Specifi-
cally, no changes were detected at the lateral compart-
ment at the last follow-up.

Clinical Outcomes

Four patients (11.8%) in group 1 and 1 patient (3.1%) in
group 2 sustained a complete graft tear (confirmed via
MRI and pathological instrumental evaluation) during
sports activities. In addition to the above, 1 patient
(2.9%) from group 1 and 1 patient (3.1%) from group 2
were evaluated with clinical failure, reporting postopera-
tive subjective giving way associated with pathological
KT-1000 and/or KiRA values. The cumulative failure was
defined by the presence of clinical failure and/or graft rup-
ture: it was 14.7% in group 1 versus 6.3% in group 2 (P =
.021). All data are presented in Table 2.

In the subgroup of patients with a graft diameter of
7 mm, we observed only a graft tear in group 2 and no clin-
ical failures.

At the last follow-up, the patients in group 2 had better
anteroposterior stability measured using a KT-1000
arthrometer (P = .031), as well as better rotational stability
measured using the KiRA triaxial accelerometer (P = .012).
A detailed description of the values is provided in Table 3.

The return-to-sports rate at the same competitive level
was 82.4% for group 1, while this rate was 90.6% in
group 2, with no significant difference between the groups
(P = .059). Of those not returning to sports, 5 patients (3

3782 Perelli et al The American Journal of Sports Medicine



patients in group 1 and 2 patients in group 2) stopped play-
ing sports for reasons unrelated to the knee, and 4 patients
(3 patients in group 1 and 1 patient in group 2) stopped
playing as a result of lack of confidence in their knee. No dif-
ference was detected in the average time to return to sports
of 10.3 6 1.9 months (range, 8.9-12.4 months) after surgery
in group 1 and 10.8 6 1.4 months (range, 10.2-12.1 months)
in group 2 (P = .236). The Pedi-IKDC subjective knee eval-
uation recorded for both groups showed no difference (P =
.072) and neither did the activity level of the groups evalu-
ated by means of the Pedi-FABS (P = .180) (Table 4).

DISCUSSION

The main finding of the present study is that a concomitant
LET procedure during ACL reconstruction significantly
reduced the failure rate when compared with isolated
ACL reconstruction. A similar finding was recently
described in an adult population in a recent meta-analysis
of 1010 ACL cases. It demonstrated that concomitant LET
results in a 3-fold lower risk of graft failure.33 The second

relevant finding of the present study is that combining
LET with ACL reconstruction significantly improved both
anteroposterior and rotatory knee stability in this skele-
tally immature cohort without increasing the risk of com-
plications. This is in accordance with biomechanical
evidence that demonstrates that LET in combination
with ACL reconstruction significantly reduces both ante-
rior tibial translation and tibial internal rotation as com-
pared with isolated ACL reconstructions.12,18,42

To our knowledge, this is the first comparative study on
this topic conducted on a pediatric cohort. Previous case
series of combined ACL reconstruction and LET in skele-
tally immature patients showed failure rates ranging
from 0% to 5.3%.29,40,46 The failure rate of the combined
technique in the present study (6.3%) approaches this range
and is lower than that previously reported in this age
group.26 It is well known that an earlier return to sports
represents a relevant risk for graft failure.11 The low failure
rate in our series may be partially related to the mean time
to return to sports of 10.8 months. However, this figure does
not explain the statistically significant intergroup difference
in the failure rates, since neither the time to return to sports
nor the rate of return at the same competitive level was sig-
nificantly different between the 2 study groups. Further-
more, the present rate of return at the same competitive
level with the ACL-LET reconstruction seems to be higher
than the range of 71% to 86% reported in the literature
for isolated ACL reconstruction.26 Even if objective knee
laxity was significantly lower in group 2, the groups had
Pedi-IKDC scores that were not statistically significantly
different. This finding may suggest that, in this specific pop-
ulation, a minor degree of residual instability does not sig-
nificantly influence the clinical outcomes for patients who
are not evaluated with graft failure. Similar findings have
been previously described in a cohort of patients with hyper-
laxity and an ACL rupture.22

Another finding from this study was the low rate of
growth disorders, with no significant difference between
the 2 groups. Physeal damage is one of the main concerns in
ACL reconstructions in skeletally immature individuals36

because it may cause growth disturbances in some 13% of
cases.5 Interestingly, this complication is also common after
physeal-sparing techniques.5,39 The risk of damage to the tib-
ial physis should be minimized by creating a tibial tunnel as
vertical as possible.37 As a confirmation of this, no significant
limb-length discrepancy was reported in our study. In addi-
tion, the risk of violating the femoral physeal growth plate
is overcome with the present modified Lemaire LET tech-
nique because of the more proximal location of the femoral
tunnel. The concomitant LET procedure did not significantly
increase valgus deviations as expected. This finding is shared
with previous reports in which the rate of growth distur-
bance and axial deviation after LET procedures is
low.29,40,46 Therefore, the concern about generating compres-
sive forces resulting in growth inhibition because of graft
overtensioning15 is questionable. In addition to the safe
completion of growth, concern regarding overconstraint of
the lateral compartment may be a consideration. However,
the absence of degenerative changes in this study as well
as in similar previous case series29,40,46 would appear to

TABLE 3
Preoperative and Postoperative Knee Laxitya

Group 1 Group 2 P Value

Preoperative KT-1000, mm 4.2 6 1.3 4.6 6 1.4 .565
Postoperative KT-1000, mm 1.9 6 1.1 0.8 6 0.8 .031
Preoperative KiRA, m/s2 2.51 6 3.24 2.62 6 4.00 .574
Postoperative KiRA, m/s2 0.98 6 1.12 –0.59 6 1.05 .012

aData are presented as mean 6 SD. The side-to-side difference
was calculated for both KT-1000 and the Kinematic Rapid Assess-
ment (KiRA) triaxial accelerometer. Boldface P values indicate
a statistically significant difference.

TABLE 4
Patient-Reported Outcomesa

Group 1 Group 2 P Value

Preoperative Pedi-IKDC 55.4 6 5.1 53.9 6 2.5 .441
Postoperative Pedi-IKDC 86.4 6 8.4 90.5 6 9.6 .072
Preoperative Pedi-FABS 18.9 6 4.3 19.2 6 3.6 .593
Postoperative Pedi-FABS 17.8 6 3.2 18.5 6 4.0 .180

aData are presented as mean 6 SD. Pedi-FABS, Pediatric Func-
tional Activity Brief Scale; Pedi-IKDC, Pediatric International
Knee Documentation Committee.

TABLE 2
Clinical Failures and Graft Rupturesa

Group 1 Group 2 P Value

Clinical failure 1 (2.9) 1 (3.1) .875
Graft rupture 4 (11.8) 1 (3.1) .017
Cumulative failure 5 (14.7) 2 (6.3) .021

aData are presented as absolute number (relative rate). Boldface
P values indicate a statistically significant difference.
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confirm the safety of LET procedures within at least a short-
term follow-up of 2 years, which has already been demon-
strated in adult patients in the literature.13 Regardless, lon-
ger follow-up evaluations are needed to confirm our
preliminary data.

The present study is not without limitations. The first
limitation is inherent to the study design. Its design con-
sists of retrospective participant enrollment (historical
cohort) even though the clinical results, patient-reported
outcomes, and radiographic measures were prospectively
collected. Second, this is a multicentric study, involving
different experienced surgeons. However, a uniform tech-
nique was used, and strict inclusion criteria were adopted
to generate a narrowly defined study population. On the
other hand, the idea of involving more centers allowed us
to enlarge the cohort size. Collecting data from vast cohorts
in this context is difficult because the incidence of ACL
injuries in children remains low, and nonoperative treat-
ment until skeletal maturity is still common. Third, a lon-
ger follow-up would be desirable to better determine the
definitive graft failure rate with this procedure, as well
as to evaluate the long-term radiological outcomes.
Although our follow-up was limited to the short term,
ACL graft failure has been reported to occur in 74% of
the cases within the first 24 months.45 Last, all the
measures were recorded singularly. Therefore, the intra-
class correlation coefficient was not calculated. However,
intra- and interobserver reliability tests for radiologic
measures (the lower limb-length measurement and tibiofe-
moral angle calculation) have already been proven
excellent in skeletally immature patients.41 Furthermore,
the single-evaluator methodology was specifically adopted
to minimize the error that would be introduced as a result
of multiple observers using the KT-1000 and KiRA. More-
over, previous studies have already demonstrated that the
KiRA is both accurate and reliable at quantifying rota-
tional acceleration and anteroposterior laxity.21 At the
same time, it has been shown that the reliability of the
KiRA device is proportional to the experience of the
user.4 For these reasons, an observer who was well experi-
enced in knee surgery and had .3 years of experience
using this triaxial accelerometer was chosen.

CONCLUSION

Based on these findings, performing a modified Lemaire
LET along with an ACL reconstruction using a hamstring
graft in pediatric patients reduced the cumulative failure
rate and improved objective stability with no increase in
intra- or postoperative complications. No significant differ-
ence was found between the 2 groups in terms of patient-
reported outcomes or in the return-to-sports activity.

Further studies of greater methodological quality are wel-
comed to confirm the safety and efficacy of the ACL-LET pro-
cedure in the pediatric population with long-term follow-up.
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