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limb length discrepancy ranging between +5 and +10 mm; 
no growth arrest was noted. One patient with an intact 
but slightly elongated graft required a meniscal suture 
34 months after ACL reconstruction following a traumatic 
medial meniscal lesion.
Conclusion  Despite using the epiphyseal technique in 
ACL reconstruction, relevant growth discrepancy can 
occur. Thereby, overgrowth rates appear to potentially pose 
a major clinical problem, which has remained unreported 
so far. Overall, there is a considerable high risk of compli-
cations in this patient group.
Level of evidence  IV.
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Introduction

Although the knee joint represents a common site for inju-
ries in children, the overall reported incidence is low [19]. 
This is especially true regarding risk of cruciate ligament 
injury [28]. Nevertheless, incidence of mid-substance tears 
of the anterior cruciate ligament (ACL) seems to have 
increased over the past decades [2, 32]. Reasons include the 
growing number of children and adolescents participating 
in organized sports, intensive sports training at an earlier 
age and a higher rate of diagnosis because of an elevated 
awareness and an increased use of advanced medical imag-
ing [21].

Treatment of these patients still remains a challenge [2, 
7, 10]. Due to poor therapy results, conservative treatment 
after ACL tears in children has been increasingly abandoned 
[1, 9, 12, 22, 29, 30]. Delaying operative procedure until 
the epiphyseal plate has closed is only an option in selected 

Abstract 
Purpose  Reconstruction of the anterior cruciate ligament 
(ACL) remains a major concern in the prepubescent, skel-
etally immature patient with wide open growth plates. Dif-
ferent surgical techniques have been proposed. This study 
reports the results and complications of ACL reconstruction 
in young children using an all epiphyseal technique.
Methods  Between 2006 and 2010, 12 patients (10–
13  years, median 12.1  years) underwent epiphyseal pri-
mary ACL reconstruction, with a total of 13 knee proce-
dures. Patients were assessed retrospectively with a median 
follow-up of 54  months (range 39–80  months) consisting 
of a clinical examination, instrumented arthrometer testing 
and radiological analysis. Functional status was assessed 
using the Lysholm knee score, Tegner activity scale and 
IKDC-2000 form.
Results  According to the IKDC examination form, five 
knees were rated as normal, six near normal and two abnor-
mal. The median IKDC score at follow-up was 88.5 points 
(range 75–99 points). The mean side–to-side difference in 
KT-1000 ligament laxity testing was 1.5 mm (±2.5 mm). 
In two patients, reoperation was necessary due to graft fail-
ure. Two patients developed significant leg length inequal-
ity; one with 20  mm overgrowth and varus malalignment 
after re-reconstruction and the second developed arthrofi-
brosis and overgrowth of 16 mm. Four patients had minor 
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patients. This measure generally involves restricting activ-
ity and stabilising the knee using a brace [26, 33]. In order 
to prevent secondary damage to the meniscal and cartilage 
structures, operative treatment is suggested [1, 10, 12]. To 
harm epiphyseal plates in surgical treatment is a major con-
cern in this population. Therefore, to preserve growth plates 
[34] and to avoid concomitant malalignment and an inequal-
ity in leg length, various physeal-sparing ACL reconstruction 
techniques have been described [4, 5, 13, 17, 23, 25]. The 
intraarticular anatomical reconstruction sparing the physes as 
described by Anderson [4] was applied in this case series.

The hypothesis of the present study is that the epiphy-
seal growth plate sparing reconstruction of the ACL in chil-
dren avoids the risk of growth disturbance.

Materials and methods

Between 2006 and 2010, 13 knees in 12 patients (two girls, 
ten boys) were treated using primary, anatomic ACL recon-
struction at the University hospital Balgrist, Zurich. A fully 
physeal-sparing procedure as described by Anderson [4] 
was used, due to wide open, skeletally immaturity physes. 
One male patient sustained a bilateral ACL tear, which was 
treated sequentially. The median age at the time of sur-
gery was 12.1 years (range 10.4–13.4 years). The median 
interval between injury and surgery was 5  months. One 
ACL tear was treated in an acute manner (<2 weeks), two 
subacute (2  weeks–3  month) and ten delayed (>3  month, 
Ø 10.9 months, range 4–25 months).

All patients were preoperatively assessed by clinical 
examination and MRI. No combined, complex injuries with 
accessory ligamentous involvement were detected.

A vertical incision was centred over the insertion of the 
pes anserinus. The sartorial fascia was then sharply dis-
sected from the tibia, creating an inverted L-shaped flap 
to facilitate harvesting of the semitendinous (ST) with or 
without the gracilis (G) tendon. The graft was prepared 
on a back Table  (four ST/G doubled, seven ST threefold-
stranded, two ST quadruple-stranded). The epiphyseal fem-
oral and tibial tunnel positioning was performed according 
to the technique described by Anderson. To ensure that 
the physeal plate remained unaffected, the guide wires 
were inserted under image intensifier control. The correct 
intraarticular insertion of the guide wires was controlled 
arthroscopically. A position between the anatomic footprint 
of the anteromedial and posterolateral bundles was chosen 
to obtain the closest possible anatomic positioning of the 
graft. Proximally, the graft was attached to a Flipptack™ 
(Fa. Karl Storz, Tuttlingen, Germany), distally the sutures 
were secured over a tibial 3.5  mm screw. No additional 
interference screws were utilized to prevent further damage 
of epiphyseal cartilage.

The post-operative rehabilitation protocol included partial 
weight-bearing (15 kg for 6 weeks) and additional bracing 
(Donjoy 4titude, DJO Global, Guildford, England). Maxi-
mal flexion amplitude was restricted to 120° during the 
first 6  weeks. The tibial screw for distal graft fixation was 
removed in 10 of 13 knees after a median time of 26 months.

Data of all twelve patients were collected in a retrospec-
tive manner. All patients were accessible to follow-up with 
a median duration of 54 months (range 39–80 months) and 
assessed by clinical examination (IKDC knee evaluation 
form) including bilateral instrumented ligament examina-
tion using the KT-1000™ knee ligament arthrometer apply-
ing 134-N force (MEDmetric® Corporation, San Diego, 
California).

To assess subjective outcome, patients completed the 
IKDC subjective form [14], Lysholm knee score [6] and 
Tegner [6, 31] activity scale at follow-up.

Radiological analysis at follow-up included antero-
posterior and lateral knee radiographics as well as long leg 
radiographs to evaluate limb length discrepancy and leg 
alignment.

The prospectively collected data according to our rou-
tine follow-up protocol were retrospectively analysed. 
Therefore, no ethical approval was necessary. All patients 
gave their informed consent.

Results

Only prepubescent patients were included in this study. 
Maximal age in female was 13.2, in male 13.4 years.

Objective evaluation

Median increase in body height was 26.0  cm (range 
5–38 cm) between preoperative status and follow-up.

Clinical examination revealed no extension deficit, but 
in four knees a slightly reduced flexion of 5°–10° was 
noted as compared to the opposite side. The patient with 
bilateral surgery showed a symmetric range of motion with 
145-0-5°.

The mean side-to-side difference was 1.5  ±  2.5  mm 
(range −1 to 8  mm) in ligament laxity testing with the 
KT-1000 arthrometer. Five knees showed a side-to-side 
difference  >3  mm. No additional ligament injuries were 
detected.

According the IKDC knee examination form, five knees 
were rated as grade A, six as grade B and two as grade C.

Subjective assessment

All patients reported normal knee function before injury. 
According to the IKDC subjective knee evaluation form, 
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median knee function at follow-up was rated 88.5 points 
(range 74.7–98.9). The median Lysholm score was 93 
points (range 73–100). Retrospective self-assessment of 
pre-injury activity level (Tegner activity scale) averaged 7.7 
of 10 points at follow-up 6.2 points.

Radiological assessment

At the latest follow-up, all patients showed closed or nearly 
closed growth plates without any degenerative alterations 
in the plain radiographs. Two relevant leg length discrep-
ancies of  >10 mm have been observed in this cohort. One 
patient with early failure followed by second epiphyseal 
ACL-re-reconstruction developed a leg length discrepancy 
of + 21 mm and slight varus angulation (1.5° varus, oppo-
site side 4.5° valgus; Fig. 1). The over-length was localized 
mainly femoral and treated 33 month after index surgery by 
temporary epiphysiodesis of the distal femur. The second 
patient showed an excessive leg length of 16 mm. Since he 
was asymptomatic, no further treatment was necessary.

Four other patients showed an overgrowth of the affected 
leg between 5 and 10  mm. No tibial slope alteration was 
measured. All patients with over-length more than 5  mm 
were male.

Reoperations

During the follow-up period, 3 of 13 knees had unplanned 
re-intervention, with two symptomatic graft failures. One 
patient sustained a traumatic graft failure during an ice 
hockey match 24 month after index surgery. Revision sur-
gery was performed using a standard (adult) technique at 
the age of 17 years. Another male patient showed graft fail-
ure after premature sport activities (goal keeping) between 
weeks 6 and 12 after ACL reconstruction. The ACL was 
again reconstructed by the same physeal-sparing technique 
with ST-Allograft. The third patient sustained a traumatic 
medial bucket handle tear 34  months after index surgery 
treated by arthroscopic meniscal suture. Intraoperatively, 
the reconstructed ACL was slightly elongated but intact.

Discussion

The most important finding of this study was that in spite 
of physeal-sparing ACL reconstruction, we could find leg 
length discrepancy in this very young and prepubescent 
patient group. To our surprise, no premature growth arrest 
occurred but overgrowth of the affected limb. Overall com-
plication rate remained high.

Overall outcome after ACL reconstruction in skeletally 
immature patients is difficult to determine due to differ-
ent bone ages of the subjects and the variety of surgical 

techniques and grafts used. Limitations of previous studies 
analysing reconstruction of the ACL in skeletally immature 
patients mainly include adolescents with advanced bone 
age; this leads to a less reliable interpretation of data. No 
clear consensus exists regarding the appropriate treatment 
algorithm in ACL deficiency in children especially due to 
the non-existence of randomized controlled trials. On the 
basis of poor knee function in non-operative treatment [1, 
9, 22, 33], the international consensus favours a surgical 
approach in symptomatic children sustaining an ACL tear, 
especially for protection against secondary meniscal and 
chondral damage. Even if most of the studies [8, 11, 15, 
18, 20, 27] report a transepiphyseal technique without any 
growth disturbances even in younger children, Anderson 
[4] popularized in 2003 a physeal-sparing intraarticular 
and near anatomical ACL reconstruction and reported suc-
cessful results without evidence of growth disturbances. 
To our knowledge, no growth disturbance is reported in 

Fig. 1   Long leg radiograph 28  month after ACL reconstruction on 
the left side, revealing sinistral leg length discrepancy of +21  mm 
(asterisk) and varus angulation (1.5° varus, opposite side 4.5° valgus)
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the literature using this technique except in one case report 
which describes distal femoral valgus angulation after revi-
sion ACL reconstruction due to premature closure of the 
lateral side of the femoral physis [24].

No premature closure of growth plates was detectable 
in this case series. In contrast, we observed two patients 
with significant limb length difference with overgrowth 
of more than 10 mm, mainly on the femoral side; in one 
patient this was associated with varus angulation. In four 
more children, a limb length discrepancy ranging between 
5 and 10 mm was detected. We assumed this was due to 
a mechanical stimulation of the zone of proliferation of 
the epiphyseal plate provoked by reaming drill-holes. This 
phenomenon is also known in children with traumatized 
growth plate inducing overgrowth and malformation of the 
affected limb [16, 35]. The overgrowth rate with epiphy-
seal ACL reconstruction appears to be a potential major 
clinical problem, which has remained unreported to our 
knowledge.

The instrumented anterior ligament testing showed a 
mean side-to-side difference of 1.5 mm. This value is com-
parable to published data in ACL reconstruction in adults 
[3]. But 5 of 13 knees showed a side-to-side difference in 
KT-1000 rating of  >3 mm, whereby in two knees a positive 
Lachman test and pivot-shift test was detectable, suggestive 
of graft failure. The former patient did not cooperate with 
post-operative rehabilitation and sustained an early graft 
failure and developed recurrent instability after revision 
surgery.

The explanation of this tendency to stretch out after epi-
physeal ACL reconstruction remains hypothetical. A causa-
tive factor could be the size of the graft, respectively, the 
horizontal position of the tibial drilling tunnel.

There are several limitations in the present study. First, 
the cohort was very small, which is explained by the pre-
adolescent age of the patients. Second, the precise radio-
logical determination of skeletal age was not available 
for every patient. Additionally, the mechanical axes were 
available only at the post-operative follow-up and not pre-
operatively. Therefore, physiological limb axe differences 
could not be excluded. Nevertheless, the cohort is uniform 
regarding the identical, standardized technique used by one 
single orthopaedic surgeon in a young and prepubescent 
age group.

Conclusion

This study demonstrates that epiphyseal ACL reconstruc-
tion in prepubescent children results in acceptable clini-
cal outcome with good patient satisfaction. Nevertheless, 
a high percentage of patients showed a KT-1000 rating of 
greater than 3 mm side–to-side difference at follow-up.

The most important finding of this study is the high 
overgrowth rate with epiphyseal ACL reconstruction. 
Therefore, regular follow-ups of these children until growth 
is completed is strongly recommended.

The overall failure and reoperation rate is higher than 
in ACL reconstruction in adults and has to be explained to 
the parents. Children’s compliance remains a concern after 
such surgery. As a consequence, we prescribe brace treat-
ment for at least 3 months post-operatively.

Conflict of interest  The authors declare that they have no conflict 
of interest.
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