
conservative or surgical treatment is better for ACL tears in 
skeletally immature patients with growth potential. Recently, 
surgical intervention is recommended to avoid the complications 
of conservative treatment, which include additional meniscal 
tears or early onset of degenerative arthritis2-4).

There are a variety of ACL reconstruction techniques that allow 
for minimal physeal damage. When it comes to transphyseal 
ACL reconstruction, one of the most important criteria to 
determine the timing of surgery is the amount of remaining 
growth potential, because physeal damage during the procedure 
can lead to premature growth plate closure, growth disturbances, 
leg length discrepancies, or angular deformities5-9).

The timing of growth plate closure can be different for each 
patient and skeletal maturity should be assessed by taking various 
factors into consideration including Tanner stage, Risser sign, 
adolescent growth spurt, and comparison of the patient’s height 
to that of the other family members. In practice, skeletal maturity 
is determined by radiographic evidence of physeal closure. 
Proper treatment selection for relatively young patients can be 
made without difficulty if skeletal maturity is considered achieved 

Functional Outcome of Transphyseal Reconstruction of 
the Anterior Cruciate Ligament in Skeletally Immature 
Patients
Sung-Jae Kim, MD, PhD1, Dong-Woo Shim, MD1 and Kwang-Won Park, MD2

1Department of Orthopaedic Surgery, Severance Hospital, Yonsei University College of Medicine; 2Institute for Rare Diseases and Department of Orthopaedic Surgery, 
Guro Hospital, Korea University Medical Center, Seoul, Korea

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Copyright © 2012. THE KOREAN KNEE SOCIETY

www.jksrr.org

Original Article
Knee Surg Relat Res 2012;24(3):173-179
http://dx.doi.org/10.5792/ksrr.2012.24.3.173
pISSN 2234-0726 · eISSN 2234-2451

Knee Surgery & Related Research

Purpose: In anterior cruciate ligament (ACL) injury, conventional adult reconstruction techniques have to face the potential risk of growth 
disturbance or angular deformities in skeletally immature patients. The aim of this study was to evaluate the clinical outcomes of ACL reconstruction 
by conventional transphyseal tunnel technique.
Materials and Methods: On a retrospective basis, we reviewed 25 skeletally immature patients; all the patients showed skeletal maturity at last follow-
up, and the mean age was 16.4 years. The average injury to surgery interval was 12.6 months. Clinical outcomes were assessed at a mean of 74.4 
months postoperatively using the Lysholm Knee Scoring Scale, the Tegner activity level, the International Knee Documentation Committee (IKDC), 
and plain radiographs.
Results: All the patients had undergone transphyseal reconstruction of ACL. The mean Lysholm score was 48.36 points preoperatively and 93.32 
points postoperatively; the mean Tegner activity level was changed from 3.0 points to 5.6 points. The mean IKDC level was categorized as C 
preoperatively and changed to A postoperatively.
Conclusions: Our midterm outcome at an average 6 years after surgery was satisfactory without significant leg length discrepancies or abnormal 
alignment of the knee joint. Transphyseal reconstruction of ACL is a good treatment modality in the skeletally immature patient.
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Introduction

Knee injuries, particularly anterior cruciate ligament (ACL) 
tears, in skeletally immature patients have been increasing due 
to an increase in the participation of adolescents in sports and 
leisure activities1). There has been much debate over whether 
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based on radiographic evidence of physeal closure. In contrast, 
utmost care should be taken in determining an appropriate 
treatment timing and method in late adolescents (around the age 
of 15 years) with skeletal immaturity. 

In this study, we performed ACL reconstruction in skeletally 
immature patients and evaluated the long-term functional and 
radiological outcomes of the surgery at the time of skeletal 
maturity. 

Materials and Methods

A total of 158 patients with ≤18 years of age underwent 
transphyseal ACL reconstruction at our institution between 
January 1993 and December 2008. Of these patients, 25 patients 
(25 cases) who were available for ≥2 years of follow-up and 
showed skeletal maturity at last follow-up were reviewed 
retrospectively for this study. From each patient’s medical records 
the following were assessed: the mechanism of injury, injury 
to surgery interval, preoperative clinical examination findings, 
preoperative knee function (Lysholm score), preoperative sports 
participation level (Tegner activity level), and presence of a 
combined injury. Leg length discrepancy and abnormal knee 
alignment were evaluated on radiographs. It was difficult to 
obtain a precise Tanner staging based on retrospective review 
of medical records and radiographs. Therefore, the presence 
of a gap between the growth plates on anteroposterior (AP) 
radiographs was considered evidence of skeletal immaturity (Fig. 
1). Knees with a patellar ligament injury that required surgery 
or posterolateral instability were excluded from the study. There 
were 15 boys with a mean age of 16 years and 4 months (range, 
9 years and 8 months 17 years and 9 months) and 10 girls with a 

mean age of 16 years and 6 months (range, 14 years and 2 months 
17 years and 9 months).

The combined injuries were medial meniscal tear in 4 cases, 
lateral meniscal tear in 8 cases, and bilateral meniscal tears in 
1 case. The mechanism of injury was sports related in 24 cases 
(soccer in 10 cases, basketball in 9 cases, cycling in 1 case, horse 
vault in 2 cases, judo in 1 case, and ski in 1 case) and falling in 1 
case. The mean injury to surgery interval was 12.6 months (range, 
1-40 months).

ACL reconstruction was performed using a transphyseal tunnel 
technique in all patients. Care was taken to minimize the bone 
tunnel size relative to the entire physes during tunnel placement. 
Taking care not to damage the tibial physis, tibial tunnel drilling 
was started medial to the tibial spine at an angle of <30o from the 
tibial axis toward the tibial isometric point. A femoral tunnel was 
drilled at an angle of 45o from the femoral physis in the ‘over-the 
top’ position using a reamer that was rotated counterclockwise 
to prevent additional damage to the physis. The drill holes were 
<8 mm in diameter (Fig. 2). A tendon graft was placed in the 
tunnel to prevent bony bridge formation. Femoral graft fixation 
was done using the Endobutton (Smith & Nephew, Andober, 
MA, USA). Tibial graft fixation was achieved using either a screw 
if the tunnel length below the physis was sufficient (≥30 mm) 
or an endowasher or a buckle staple if the tunnel length was 30 
mm. The reconstruction was performed using a single-bundle 
technique in all patients. The graft used was hamstring tendon 
autograft in 22 cases and tibialis posterior allograft in 3 cases.

On the postoperative clinical assessment, generalized 
ligamentous laxity was assessed, the Lachman test, pivot shift 
test, and drawer sign test were performed at the last follow-up 
evaluation, and objective assessment was carried out using a KT 

Fig. 1. (A) Initial radiographic image of 14 years 7 months old male patient shows wide opened physis on femoral and tibial side. The patient injured 
his left knee as a result of falling down from a desk. (B, C) Preoperative magnetic resonance imaging image shows intrasubstance tear of anterior 
cruciate ligament. 
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1000/2000 arthrometer (MEDmetric, San Diego, CA, USA). 
All the clinical evaluations were performed by two orthopedic 
surgeons. The clinical results were evaluated according to 
the International Knee Documentation Committee (IKDC) 
criteria. The last follow-up radiographs taken at skeletal maturity 
were assessed to identify early growth plate closure, leg length 
discrepancies, angular deformities, early degenerative changes, 
and side-to-side differences. The Lysholm score was used to 
assess the improvement in clinical function and the Tegner 
activity level to evaluate the level of return to sports activities.

Statistical analysis was performed using SPSS ver. 18.0 (SPSS 
Inc., Chicago, IL, USA). The Wilcoxon-sign rank test was used 
to compare the preoperative and postoperative knee function. 
The Mann-Whitney U test was used to compare the radiographic 
measurements of the operated and non-operated sides at the last 
follow-up evaluation.

Results

The mean follow-up period was 74.4 months (range, 25-216 
months). The mean age of the patients at last follow-up was 22 
years and 7 months (range, 17 year -36 years and 3 months). Of 
the boys, 3 patients who did not appear to have gone through 
adolescent growth spurt were classified as Tanner stage 3 and 
the remaining 12 patients, as Tanner stage 4. All the girls (n=10) 
including the two whose first menstruation started within 1 year 
after surgery were classified as Tanner stage 4. The possibility of 
Tanner stage 5 was ruled out because there was no radiographic 
evidence of growth plate closure and ≥3 cm leg length growth 
was observed after surgery in all of them. 

On the preoperative knee function, the IKDC level was 
categorized as C (68%) in most of the cases: A in 1 case (4%), B 
in 2 cases (8%), C in 17 cases (68%), and D in 5 cases (20%). The 
IKDC level was improved overall postoperatively: A in 22 cases 
(88%) and B in 3 cases (12%) (Table 1). The mean KT 1000/2000 
arthrometer side-to-side difference was improved from 10.6 
mm (range, 9-14 mm) preoperatively to 3.4 mm (range, 2-8 
mm) postoperatively (p<0.001). The mean Lysholm score was 
improved from 48.8 (range, 5-92) preoperatively to 93.3 (range, 
79-100) at last follow-up (p<0.001). The mean Tegner activity 

Fig. 2. Postoperative 2 years plain radiographs shows still clearly open 
physis, but no deterioration of epiphyseal shape.

Table 1. Data of Functional Results

Preoperative data Last follow-up

IKDC C A

KT 1000/2000 arthrometera) 10.56 (9-14) 3.36 (2-8)

Lysholm scorea) 48.36 (5-92) 93.32 (79-100)

Tegner activity levela) 3.0 (1-7) 5.6 (4-10)

IKDC: International Knee Documentation Committee.
a)Significant adjusted p-value<0.05.

Table 2. Radiographic Outcomes Compared with Contralateral Uninjured Knee

Mean value
Initial Last follow-up

Ipsilat Contralat Ipsilat Contralat

  mLDFA (o) (NL: 85-90)   86.8 (85.0-91.0)   87.0 (84.5-89.0)  87.0 (83.0-90.0)    88.0 (84.0-90.0)

  mMPTA (o) (NL: 85-90)   88.5 (86.0-91.0)   88.1 (85.0-90.0)  88.0 (87.0-90.0)    88.1 (86.5-90.0)

  F-T angle (o) 6.0 (4.0-7.0) 6.1 (5.0-7.0) 6.1 (5.0-7.0)  6.2 (5.0-8.0)

  Entire leg length (cm)   79.5 (70.8-87.1)   79.4 (70.5-86.9)   84.1 (75.2-93.2)    84.1 (74.9-93.4)

  PDFAa) (NL: 79-87) 83.36 (80.0-87.0) 82.36 (78.0-87.0) 83.44 (81.0-86.0) 84.04 (81.0-87.0)

  PPTAa) (NL: 77-85) 81.48 (79.0-84.0)   81.2 (79.0-85.0) 81.92 (79.0-84.0) 82.04 (80.0-85.0)

Ipsilat: ipsilateral, Contralat: contra lateral, mLDFA: mechanical lateral distal femoral angle, NL: normal, mMPTA: mechanical medial proximal 
tibial angle, F-T angle: femorotibial angle, PDFA: posterior distal femoral angle, PPTA: posterior proximal tibial angle.
a)Significant adjusted p-value<0.05.
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level was improved from 3.0 (range, 1-7) preoperatively to 5.6 
(range, 4-10) postoperatively (p<0.001). The mean amount of leg 
length growth from the time of surgery to last follow-up was 4.6 
cm (range, 3.1-9.6 cm) on the operated side and 4.7 cm (range, 
2.9-9.6 cm) on the non-operated side (Table 2). There was no 
observed leg length discrepancy of ≥2.5 cm in any of the patients. 
The side-to-side difference was <1 cm in most of the patients (21 
cases, 84%). Although ≥1 cm side-to-side difference was noted 
in 4 cases (range, 1.1-1.6), it was not clinically significant. There 
was no observed angular deformity of ≥5o in any of the patients 
on the coronal and sagittal views (Fig. 3). Albeit within the 
normal range, the posterior distal femoral angle on the sagittal 
plane decreased significantly after surgery on the operated side 
compared to the preoperative measurement (p=0.046) and to 
the non-operated side (p=0.002). Posterior proximal tibial angle 
was not significantly changed between the preoperative and 
postoperative period (p=0.137), but decreased on the operated 
side compared to the non-operated side (p=0.025) indicating a 
tendency to an increase in the posterior tibial slope. Degenerative 
arthritis combined with subchondral sclerosis was observed on 
the radiograph in 1 patient after reconstruction using a hamstring 
tendon autograft. The patient was a professional basketball player 
and had generalized ligamentous laxity and knee instability. 
Surgery-related complications, such as infections, were not 
observed in all the patients and 10o of flexion contracture was 
noted in 1 case. 

Discussion

The treatment of choice for ACL tears in adolescents should be 
determined with care according to the stage of skeletal maturity. 
Based on the magnetic resonance imaging evaluation of the 
closure of distal femoral and proximal tibial physes, Sasaki et al.10) 
reported that skeletal maturity is reached by the age of 16 in boys 
and 14 in girls. However, skeletal maturity cannot be assessed 
solely by age, but is considered achieved in general based on the 
following criteria: ≥Tanner stage 4 or 5, <2.5 cm difference in 
height with other family members, adolescent growth spurt, and 
radiographic evidence of growth plate closure2,11). ACL tears in 
adolescents can be reconstructed after skeletal maturity or growth 
spurt with the same method used in adults. On the other hand, 
utmost care has been taken in the determination of treatment 
timing and methods in patients who are skeletally immature 
for their chronological age, as in our study, to avoid possible 
complications of growth plate damage. 

ACL tears in skeletally immature patients can be treated 
either non-surgically or surgically with primary repair, physeal 
sparing reconstruction, partial physeal sparing reconstruction, 
or transphyseal reconstruction. The recent consensus is that 
surgical management of ACL tears is more advantageous over 
conservative treatments, considering that the latter has been 
associated with meniscal damage and knee instability, which can 
cause additional ligament damage and early onset of degenerative 
arthritis in the long term3,12-14). However, the established 
reconstruction techniques using femoral and tibial tunnels 
carry the risk of growth plate damage, leg length discrepancies, 
or abnormal knee alignment for patients with open physes15-18). 
Thus, a variety of attempts have been made to prevent or to 
minimize the potential side effects.

Janarv et al.4) reported that growth retardation occurred 
when 7-9% of the distal femoral physis was destroyed, whereas 
retardation was not observed when of 4-5% of the physis was 
injured in a rabbit model. In the study, bony bridge formation 
could be prevented with the placement of a tendon graft in a 
transphyseal tunnel. Stadelmaier et al.19) reported that a fascia lata 
autograft placed in tunnels drilled across growth plates prevented 
formation of a bony bridge in a canine model. Minimal physeal 
injury and graft placement in bone tunnels have been advocated 
in many later studies as well. Bales et al.8) suggested the use of 
relatively small 7-8 mm bone tunnels, the placement of a graft 
within the tunnels, and the performance of fixation proximal 
to the physis in the femur and distal to the physis in the tibia. 
According to the 3D CT study by Shea et al.20), proximal tibial 

Fig. 3. Postoperative 8 years scanogram of the lower extremity shows no 
axial deviation or discrepancies of leg length. 



Knee Surg Relat Res, Vol. 24, No. 3, Sep. 2012    177

tunnel that started more medial, distal, and with a steeper angle 
of inclination, significantly reduced damage to the tibial physis. 

In the present study, transphyseal ACL reconstruction was 
performed with care to minimize damage to the femoral and 
tibial physes in all patients, as suggested in the abovementioned 
studies. A hamstring tendon autograft or a posterior tibialis 
allograft was placed within bone tunnels. The tibial bone 
tunnel was placed as close as possible to the center of the physis 
with an inclination of 30o with regard to the tibial axis to be 
perpendicular to the tibial physis. The femoral bone tunnel was 
created with an inclination of 45o to avoid excessive damage 
to the physes. The diameter of the bone tunnels was <7-8 mm, 
which was <5% of the total area of the physes and accordingly 
resulted in reduced complication rates. Femoral graft fixation was 
performed proximal to the physis using the Endobutton (femoral 
cortical suspensory fixation). Tibial fixation was achieved distal 
to the physis by a screw if the tunnel was ≥30 mm in length and 
by an endowasher or a buckle staple for a <30 mm tunnel. 

Surgical techniques designed to minimize the risk of physeal 
injury have produced relatively successful results in many 
studies. Unfortunately, those techniques have not been tested in 
a large number of subjects and are technically challenging21-24). 
Considering that the prevalence of complications of physeal 
injury is very low15-18) and experienced surgeons produce more 
satisfactory results compared to the inexperienced25), we believe 
that transphyseal reconstruction is a relatively safe and promising 
surgical procedure for ACL tears. 

Streich et al.26) reported successful clinical results of transphyseal 
ACL reconstruction in 17 patients with Tanner stage 1 or 2. There 
were no leg length discrepancies or abnormal knee alignments 
in any of the patients. Frosch et al.27) performed a meta-analysis 
to compare various ACL reconstruction techniques for skeletally 
immature patients. According to the study, the incidence of leg 
length discrepancies or abnormal knee alignment after ACL 
reconstruction was relative low and physeal sparing techniques 
resulted in higher complication rates. 

The posterior distal femoral angle of the reconstructed side on 
the sagittal plane decreased postoperatively in our study. This 
can be attributed to the femoral physeal injury caused by the 45o 
inclination of the femoral tunnel with regard to the tibia. The 
decrease in the posterior proximal tibial angle that resulted in 
the increase in the posterior tibial slope of the reconstructed side 
was also attributed to unavoidable physeal injury. However, all 
the values were within the normal range. In addition, side-to-
side differences in the sagittal plane alignment would not have 
significant influence on the clinical knee function due to the 

compensatory mechanism compared to those in the coronal 
plane alignment28). The one patient with flexion contracture 
showed no signs of abnormal sagittal plane alignment 
including distal femoral flexion, an increase in the proximal 
tibial posterior slope, or displacement of the anatomical axis 
from the preoperative to the last follow-up period. Therefore, 
we thought that the 10o flexion contracture was caused by 
soft tissue contracture that occurred during the postoperative 
immobilization period.

In a study by Briggs et al.29), the mean Lysholm score was 94 
and the mean Tegner activity level was 5.7 in 488 normal adult 
subjects. In our study, the mean Lysholm score was 93.32 and the 
mean Tegner activity level was 5.6 at the last follow-up, which 
shows that our values were similar to those found in normal 
adults. 

In the patient who showed knee joint instability after surgery, 
generalized ligament laxity was present and reconstruction was 
carried out using a hamstring tendon autograft. Kim et al.30) 

reported that the results of reconstruction using autologous 
bone-patellar tendon-bone grafts were better than those using 
hamstring grafts in patients with generalized ligament laxity. 
However, reconstruction using an autologous bone-patellar 
tendon-bone graft is avoided in general in skeletally immature 
patients because of the risk of physeal injury in the graft donor 
site or remaining bone tissues in the bone tunnel. The use of 
autologous hamstring tendon grafts in patients with open physes 
can be advantageous in that donor site physeal injury can be 
prevented and fixation can be achieved away from the physes by 
placing a sufficient length of graft in the bone tunnel. However, 
we had difficulty in associating the cause of instability with the 
graft choice in this study because the patient was a professional 
athlete. 

Except for the 3 patients in Tanner stage 3, 22 patients showed 
Tanner stage 4 of sexual maturity. Physeal closure did not 
occur in them despite the chronological age and the mean 4 cm 
leg length growth was observed until the last follow-up. This 
indicates that the possibility of constitutional growth delay should 
also be considered prior to treatment selection. Thus, the level of 
skeletal maturity should be determined by considering various 
factors based on thorough clinical and radiographic assessments. 
The growth pattern and illness history of the patient’s family, level 
of daily living activities, and sports participation level should 
also be assessed prior to determining surgical techniques and 
selecting grafts. 

The limitations of this study include the retrospective design, 
relatively small number of patients, relatively old age of the 
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patients with a mean age of 16 years, and the use of 2 different 
grafts. In addition, the possible long-term effects of the side-
to-side difference in the sagittal plane alignment were not 
thoroughly identified. The significance of this study is that it 
showed the efficacy of transphyseal ACL reconstruction for 
skeletally immature patients based on the long-term follow-up 
evaluations that were performed after the patient’s had achieved 
skeletal maturity.

Conclusions

We believe that transphyseal reconstruction produces satisfac-
tory results for the treatment of ACL tears in adolescents with 
open physes without the risk of leg length discrepancies or 
abnormal alignment in the coronal plane. 
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