
In the past, tibial eminence fractures were considered 
the pediatric equivalent of adult anterior cruciate liga-
ment (ACL) tears, and ACL tears in the skeletally imma-

ture patient were thought to be rare. Recently, however, 
this idea has been challenged by newer studies reporting 
a higher incidence of ACL tears in young athletes. Up to 
47% of patients aged 7 to 12 years and 65% of patients 
aged 13 to 18 years who present with an acute traumatic 
knee hemarthrosis are found to have an ACL tear at time of 
arthroscopy.1 Several factors are implicated in the increased 
incidence of ACL tears in the pediatric population. First, 
there has been an increase in overall youth participation 
in cutting-and-pivoting sports, including soccer, football, 
hockey, and skiing. Second, these athletes are playing at 
higher intensity at younger ages. Increased participation 
and intensity in cutting-and-pivoting and contact sports, 
combined with increased physician awareness and diagnos-
tic methods, are responsible for the increased incidence in 
pediatric ACL injuries. Last, treatment of ACL injuries in 
skeletally immature patients remains controversial. In this 
article, we outline 5 points on diagnosis and treatment of 
ACL injuries in young athletes.

In the workup for a suspected ACL 
injury in a young patient, associ-
ated injuries should be investi-
gated and maturity assessed.
Similar to those in adults, ACL injuries in 

children most often result from noncontact mechanisms 
involved in cutting and pivoting. Patients often experience 
an audible pop and rapid-onset effusion. After the initial 
event, some young athletes resume full activity without 
seeking medical attention. Therefore, it is not unusual for 
patients to sustain repeated episodes of instability before 
finally seeking medical attention when a bucket-handle 
meniscal tear causes acute loss of knee extension.

Identifying concomitant injuries that may affect man-
agement is crucial. Both active and passive range of 
motion, as well as varus and valgus instability at 0° and 
30° of flexion, should be assessed. Palpation at the distal 
femoral and proximal tibial physes is performed to evalu-
ate for physeal fractures. Joint-line tenderness, or a posi-
tive McMurray test, may signify a meniscal tear. ACL tears 

are reliably diagnosed with Lachman and pivot shift tests if 
the patient is capable of fully relaxing the injured leg.

An estimate of the patient’s remaining growth potential 
influences choice of treatment. Therefore, maturity must be 
assessed, on the basis of chronologic age, physiologic age, 
and skeletal maturity. The average adolescent growth spurt 
begins at 12.5 years in young men and 10.5 years in young 
women, with completion of growth by 16 years and 14 
years, respectively.2 Menarche is a sign of maturity in young 
women, though its timing may be unreliable, as onset of 
regular menses can be delayed in some athletes. Comparison 
of the patient’s height with that of older siblings and parents 
can assist in predicting the amount of growth remaining. 
These predictors of chronologic age serve only as a rough 
estimate, as they can be widely variable in the normal popu-
lation. Physiologic age, best classified with use of the Tan-
ner staging system, is a more accurate predictor of future 
growth, and can be estimated by assessing the characteristics 
of hair in the axilla and thighs. Above all, skeletal age is 
the most important factor in estimating remaining growth 
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potential. Skeletal age can be determined by comparing 
a posteroanterior  radiograph of the patient’s hand with 
images printed in Radiographic Atlas of Skeletal Develop-
ment of the Hand and Wrist.3 Routine radiographs of the 
knee can be used to assess the degree of physeal maturation 
as well as the presence of physeal and tibial eminence frac-
tures. A finding of tenderness at the physis in the setting of 
negative radiographs warrants magnetic resonance imaging 
(MRI) to assess for physeal injury. MRI is also indicated 
for suspected ACL injury, meniscal tears, or osteochondral 
fractures (Figure 1).

The natural history of nonoperative 
treatment for complete ACL tears 
in children is poor.

The optimum treatment of ACL tears in the 
skeletally immature patient is the subject of much 

debate. Supporters of nonoperative management believe that 
surgical reconstruction should be delayed until the patient 
reaches skeletal maturity and that physical therapy, bracing, 
and activity modification should be instituted as temporiz-
ing measures. For partial ACL tears, Kocher and colleagues4 
reported successful nonoperative management in patients 
younger than 15 years of skeletal age who had normal to 
near normal Lachman and pivot shift results.

For complete ACL tears, the results of nonoperative treat-
ment are consistently poor. These patients tend to experi-
ence persistent instability and pain, and tend not to return 
to sports. In turn, repeated episodes of instability lead to 
meniscal tears, chondral injuries, stretching of secondary 
restraints, and even degenerative joint changes, such as 
osteophyte formation and joint-space narrowing. Millett and 
colleagues5 found a significantly higher incidence of medial 
meniscal tears with longer time from initial injury to sur-
gery in pediatric patients. Furthermore, they found that the 
number of repairable meniscal tears was inversely related to 
chronicity of ACL injury. Skeletally immature patients who 
have undergone ACL reconstruction have higher rates of 
return to sports, more stability, and lower rates of secondary 

meniscal tears when compared with patients who initially 
have undergone nonoperative management.6-9

At least 2 explanations can account for the failure 
of nonoperative management. First, functional braces 
do not provide adequate stability for patients with ACL 
deficiency. The precise mechanism of brace efficacy is 
unknown, and in young patients, proper fit of a brace can 
be difficult because of their variability in leg length and 
girth. Second, nonadherence to activity modification is a 
frequent issue in young patients. Young athletes are often 
reluctant to adjust their postinjury activity level given 
their constant exposure to sports and the significance that 
society and individuals place on athletics. Furthermore, 
children and adolescents may not appreciate the long-term 
consequences of an acute knee condition.	
   Treatment of ACL deficiency in young patients with 
associated cartilage and meniscal damage has outcomes 
that are worse than when cartilage and meniscal damage is 
not present. Shelbourne and Gray10 found a negative cor-
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Figure 1. Sagittal magnetic resonance imaging shows anterior 
cruciate ligament tear in patient with open physes.

Figure 2. Illustration of anterior cruciate ligament reconstruc-
tion using combined intra- and extra-articular physeal-sparing 
technique. (A) Iliotibial band released proximally. (B) Graft 
brought through over-the-top position using curved clamp. (C) 
Graft pulled through joint, under intermeniscal ligament. (D) 
Graft secured to periosteum. Reproduced with permission from 
Kocher MS, Garg S, Micheli LJ. Physeal sparing reconstruction 
of the anterior cruciate ligament in skeletally immature prepu-
bescent children and adolescents. Surgical technique. J Bone 
Joint Surg Am. 2006;88(suppl 1, pt 2):283-293.
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relation between long-term subjective and objective out-
comes and degree of cartilage and meniscal injury at time 
of ACL reconstruction. Patients without evidence of chon-
dral or meniscal damage at time of ACL reconstruction had 
subjective and objective results similar to those of controls. 
Furthermore, 97% of these patients reported participating 
in athletic activities at the same or higher level of competi-
tion as before surgery. Patients found to have meniscal and 
cartilage injuries at time of ACL reconstruction, however, 
had more subjective symptoms and evidence of arthritis at 
5- to 15-year follow-up. Shelbourne and Gray concluded 
that ACL reconstruction is indicated, in patients who want 
to remain active, to prevent episodes of instability and fur-
ther damage to the meniscus and cartilage.

There is a risk for growth distur-
bance with ACL reconstruction.

A major concern in managing a skeletally 
immature patient with an ACL injury is iat-

rogenic growth plate injury. The closure rate of 
the distal femoral and proximal tibial physes in young men 
and young women is 0% at 11 years, 53% at 14 years, and 
100% at 16 years or older, and the tibial growth plate has 
a tendency to close centrally earlier than in the periphery.11 
The more growth that remains, the higher the potential for 
an iatrogenic injury to the physis and, should such an injury 
occur, the larger the magnitude of the growth disturbance.

Adult ACL reconstruction techniques violate the distal 
femoral and proximal tibial physis and have shown poten-
tial for significant growth arrest, angular deformity, or 
leg-length discrepancy. Reports of postoperative growth 
disturbance in the skeletally immature patient are uncom-
mon but do exist. In a series of 24 skeletally immature 
patients who underwent ACL reconstruction, Lipscomb and 
Anderson12 found 7 patients with a leg-length discrepancy. 
Of these 7 patients, 5 had differences of 6 to 10 mm, 1 had 

a difference of 13 mm, and 1 had an operative extremity  
2 cm shorter than the contralateral extremity. The leg-
length differences, attributed to stapling of the tibial and 
femoral physes, led Lipscomb and Anderson to modify 
their fixation technique. Koman and Sanders13 presented 
a case of premature closure of the lateral distal femoral 
physis that resulted in a valgus deformity. The deformity 
was thought to be caused by the femoral fixation screw, 
which traversed the lateral distal femoral growth plate and 
caused growth arrest. Kocher and colleagues14 identified 
15 skeletally immature patients with growth disturbances 
after ACL reconstruction. These disturbances included 8 
cases of valgus deformity caused by premature arrest of 
the lateral distal femoral physis, 3 cases of tibial recurva-
tum from arrest of the tibial tubercle apophysis, 2 cases of 
genu valgum, and 2 cases of leg-length discrepancy. These 
growth disturbances resulted from hardware or bone plugs 
being placed across the physis, from use of large tunnels, 
and from lateral extra-articular tenodesis. 

Surgical technique can minimize the 
risk for growth disturbance.

Research has shown that drilling smaller 
tunnels, drilling them perpendicular to the 

physis, filling them only with soft-tissue graft, 
and lowering graft tensioning minimize the risk for iatro-
genic physeal injury (Table). In the prepubescent patient, 
physeal-sparing ACL reconstruction is recommended if 
there is a concomitant meniscal tear or chondral injury, or 

B. M. Schulz et al

4

Table. Factors Which Minimize Risk of Physeal Injury

Small Tunnels
Tunnels filled with only soft tissue
Vertically oriented tunnel placement
Decreased graft tensioning

3

Figure 3. Anteroposterior and lateral illustrations of all-epiphy-
seal anterior cruciate ligament reconstruction technique. Repro-
duced with permission from Anderson AF. Transepiphyseal 
replacement of the anterior cruciate ligament using quadruple 
hamstring grafts in skeletally immature patients. J Bone Joint 
Surg Am. 2004;86(suppl 1, pt 2):201-209.

Figure 4. Anteroposterior 
radiograph after physeal-
respecting partial transphy-
seal anterior cruciate ligament 
reconstruction with trans-
physeal tibial tunnel and 
intraepiphyseal femoral tunnel.

Figure 5.  Postoperat ive 
anteroposterior radiograph of 
patient who underwent com-
plete transphyseal anterior 
cruciate ligament reconstruc-
tion.



if nonoperative management had failed. Multiple physeal-
sparing techniques have been developed. In general, results 
are poorer with extra-articular techniques because these 
techniques are less anatomical and often require extensive 
dissection or fixation devices near the femoral or tibial 
physis. Conversely, intra-articular reconstructions have 
been more successful. Rates of return to preoperative lev-
els of sporting competition range from 67% to 80% with 
intra-articular reconstructions. Furthermore, no growth 
abnormalities were reported with any of these techniques. 
For prepubescent patients, we advocate either a combined 
intra- and extra-articular reconstruction15 or the all-epiphy-
seal technique.16,17

Kocher and colleagues15,18 have reported excellent results 
for a combined intra- and extra-articular physeal-sparing 
reconstruction (Figure 2). Iliotibial band autograft is left 
intact at its insertion on Gerdy’s tubercle. The free proximal 
end of the graft is brought through the over-the-top position, 
through the joint, under the intermeniscal ligament, and into 
a groove prepared in the anteromedial tibial metaphysis. Of 
44 children with Tanner stage 1 or 2 growth followed for a 
mean of 5.3 years after surgery, none developed leg-length 
discrepancy or angular deformity, and only 2 underwent 
revision reconstruction for graft failure.

Similar results were reported by Anderson16,17 for an 
all-epiphyseal technique that creates epiphyseal tunnels in 
the distal femur and proximal tibia (Figure 3). The idea is 
to create an anatomical position of the hamstring autograft. 
Under fluoroscopic guidance, the femoral tunnel is started 
on the lateral condyle distal to the femoral physis, and the 
tibial tunnel originates anteromedial and proximal to the 
tibial physis. A cortical button and washer are used for 
femoral fixation. The graft is then secured distally with 
locking whipstitch sutures tied to a screw situated distal 
to the tibial physis. There were no leg-length discrepan-
cies, angular deformities, or revision surgeries reported at 
4-year follow-up.

For pubescent adolescents with moder-
ate growth remaining (Tanner stage 3 or 4), 
we advocate either a physeal-respecting 
procedure (Figure 4) or a physis-sparing 
intraepiphyseal technique. The principles of 
a physeal-respecting technique are to create 
tunnels that cross the physis and to use soft-
tissue grafts with fixation that do not cross 
the physis. Tunnel location can be made in 
anatomical positions. In reports of 10 and 16 
adolescent patients, respectively, Fuchs and 
colleagues19 and Shelbourne and colleagues20 
used patellar tendon grafts that crossed both 
the tibial and femoral physes. They ensured 
that the bone plugs and interference screws 
were placed in metaphyseal bone such that 
only soft-tissue graft crossed the physes. In 2 
larger studies, Aichroth and colleagues9 and 
Kocher and colleagues21 performed trans-
physeal reconstructions (Figure 5) using 

hamstring autografts. No growth disturbances or angular 
deformities were reported in either study.

In adolescent patients approaching skeletal maturity 
(Tanner stage 5), the risk for growth disturbance is mini-
mal, and adult ACL reconstruction techniques can be used.

In the skeletally immature patient who wants to 
maintain a high level of activity, the trend now is to be 
more aggressive with treating ACL injuries to avoid the 
risks for additional meniscal and cartilage damage and 
stretching of secondary restraints from repeated episodes 
of instability. We recommend a trial of nonoperative 
management only in the prepubescent patient without 
associated chondral or meniscal injury. Otherwise, we 
recommend ACL reconstruction using a technique based 
on remaining growth potential—a physeal-sparing tech-
nique in the prepubescent or pubescent patient with a 
large amount of growth remaining and a physeal-respect-
ing technique in the patient with less growth remain-
ing. For the adolescent patient who has minimal growth 
potential, we recommend standard adult ACL reconstruc-
tion (Figure 6).

Postoperative rehabilitation is 
required to ensure the best outcome.

For 6 weeks after surgery, the patient 
should be in a brace to protect the recon-

struction. Six weeks of restricted weight-bear-
ing is recommended for the more skeletally immature 
patient who underwent physeal-sparing iliotibial band 
reconstruction, whereas 2 weeks is recommended for 
the adolescent patient who underwent physeal-respect-
ing hamstring reconstruction. Aggressive rehabilitation, 
which typically lasts 3 months, consists of leg strength-
ening, range-of-motion exercises, patellar mobilization, 
and proprioception training. This rehabilitation is often 
followed by 3 more months of plyometrics, straight-line 
jogging, and sport-specific exercises. Patients can expect 
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Figure 6. Treatment algorithm for anterior cruciate ligament tears in skeletally 
immature patients.
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to return to full activities about 6 months after surgery. 
Typically recommended is use of a functional knee brace 
during athletics for 1 year after surgery. In the case of 
concomitant medial or lateral collateral ligament injury, 
rehabilitation and functional bracing should take place 
before ACL reconstruction to allow time for the collateral 
ligament injury to heal.2
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