
AbstrAct
There are few reports on the lon-
gevity of anterior cruciate ligament 
(ACL) reconstruction in adolescents. 
In the study reported here, we per-
formed a survivorship analysis of our 
experience with ACL reconstructions 
in adolescents. We retrospectively 
reviewed the cases of 276 consecu-
tive patients (girls’ bone age, >13 
years; boys’ bone age, >14 years; 
chronological age, <18 years) who 
underwent primary ACL reconstruc-
tion. All patients underwent trans-
physeal ACL reconstruction with 
Achilles tendon soft-tissue allograft 
using the same technique. Twenty-
nine patients (10.5%) were excluded 
or lost to follow-up. Mean follow-up 
of the remaining 247 patients was 6.3 
years (range, 2-10 years). Data were 
collected from charts and telephone 
interviews. Failure was defined as the 

report of symptomatic knee instabil-
ity and/or revision ACL surgery. The 
Kaplan-Meier method showed that 
1-year survivorship of ACL recon-
struction was 96.4% and 5-year sur-
vivorship was 93.1%.

Midsubstance ante-
rior cruciate ligament 
(ACL) tears are rare 
injuries in adolescents 

with open physes. Increases in sports 
participation and improvements in 
imaging, however, have led to an 
increase in the reported incidence of 
ACL tears in adolescents.1,2

Conservative treatment options for 
skeletally immature patients with ACL 
tears have included bracing, quad-
riceps and hamstring rehabilitation, 
counseling, and activity modifica-
tion.2-5 Given the poor results of non- 
operative treatment, several authors 
have advocated operative intervention 
to stabilize the ACL-deficient knee 
in skeletally immature patients.1,2,6-9 
Primary repair of midsubstance ACL 
tears has resulted in persistent instabil-
ity and decreased activity level among 
patients.10,11 Although extra-articular 
procedures may have a role in the treat-
ment of skeletally immature patients, 
the results of such treatment have been 
mixed.2,9 Intra-articular but extra- 
physeal techniques may be used with 
success in patients with wide-open 
physes.12 Standard bone tunnels and 
fixation methods for ACL recon-
struction, though common in adults, 
carry the potential risk for physeal 
damage in adolescents with open 
growth plates.6,8,13,14 However, recent 
data suggest that drilling across the  
open proximal tibial or distal femoral 

physis, or both, can be a safe and  
effective technique for ACL recon-
struction in patients approaching skel-
etal maturity.1,7,14-19

Regardless of the specific surgical 
technique, little is known about the 
longevity of ACL reconstruction in 
adolescents. In the study reported 
here, we used Kaplan-Meier method-
ology to evaluate the survivorship of 
our ACL reconstructions in a cohort 
of adolescents.

MAteriAls And Methods
We retrospectively reviewed all 276 
primary ACL reconstructions per-
formed by a single surgeon (Dr. Gregg) 
between 1990 and 2000. Inclusion cri-
teria for the cohort included chrono-
logical age less then 18 years and bone 
age more than 13 years for girls and 14 
years for boys. Patients were excluded 
from the cohort if their follow-up was 
less than 2 years or if they had multi-
ligament tears or associated fractures of 
the knee. Twenty-nine patients (10.5%) 
were lost to follow-up, leaving 247 for 
review. There were 156 boys (63.1%) 
and 91 girls (39.9%). Mean age at 
surgery was 15.4 years (range, 13-18 
years). Mean follow-up was 6.3 years 
(range, 2-10 years).

All surgeries were performed with 
the same technique.15 The ACL was 
reconstructed with Achilles tendon 
soft-tissue allograft. Holes of 9 to 
10 mm in diameter are drilled across 
the distal femoral and proximal tibial 
physes. The graft is press-fit into 
the tibial tunnel, passed through the 
femoral tunnel, and secured to the 
lateral aspect of the femur with 2 
staples (Smith & Nephew, Memphis, 
Tenn) (Figures 1A, 1B).
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After surgery, patients were 
enrolled in an accelerated physical 
therapy program. Early range-of-
motion and stretching exercises were 
emphasized. After patients regained 
75% of their quadriceps strength 
(tested by Cybex), they were cleared 
for jogging. At 85% strength, they 
started spinning and agility drills. 
No patients were braced after  
3 months.

Follow-up information was 
obtained from charts and telephone 
interviews. We asked patients (a) 
whether their knee ever felt unsta-
ble and (b) if any revision surgery 
had been performed since the index 
procedure. Failure was defined as 
a “yes’’ answer to either question. 
Charts were reviewed for patient 
demographics, complications, and 
return to function. The Kaplan-Meier 
method was used to analyze the sur-
vivorship data.

results
Of 17 failures (6.9%), 9 (3.6%) had 
occurred within 1 year after surgery, 
and the other 8 (3.3%) between 1 
and 3 years after surgery. There 
were 6 failures among the boys 
and 3 among the girls, but there 
was no statistical difference in boys’ 
and girls’ failure rates. All failures 

occurred after return to competitive 
sports. In this series, 1-year survi-
vorship of ACL reconstructions was 
96.4%, and 5-year survivorship was 
93.1% (Figure 2).

discussion
Treatment of skeletally immature 
patients with midsubstance ACL 
tears has eluded a general con-
sensus among treating physicians. 
Nonoperative treatment options 
include activity restriction, quadri-
ceps and hamstring strengthening, 
and functional bracing. Although 
Woods and O’Connor20 reported no 
increase in additional knee injuries in 
adolescents with ACL tears who had 
delayed treatment for 1 to 26 weeks, 
many authors believe that nonopera-
tive treatment is unsuccessful and can 
lead to pathologic laxity, instability, 
and potential meniscal damage.2-5

Primary repair of the torn ACL 
in skeletally immature children has 
had equally poor results. DeLee and 
Curtis10 and Engebretsen and col-
leagues11 both reported continued lax-
ity and episodes of giving way after 
primary repair of midsubstance ACL 
tears. Extra-articular surgical repair 
has had mixed results but perhaps 
is valuable in stabilizing skeletally 
immature patients until skeletal matu-
rity is near and transphyseal proce-
dures pose less risk to the physes.

Intra-articular reconstruction of 
midsubstance ACL tears is the most 
frequently used surgical technique 
in adults. However, drilling across 
open physes in skeletally immature 
patients theoretically can cause per-
manent damage to the growth plates 
and lead to leg-length discrepancy, 

angular deformity, and condylar dys-
plasia. Therefore, some authors have 
advocated techniques in which trans-
physeal drilling is avoided.6,8,13,14 
However, results from several ani-
mal studies suggest that, when up to 
20% of the central physeal surface is 
drilled and filled with an inert sub-
stance, no alteration in growth-plate 
function occurs.18,19 This finding led 
other authors to drill across the open 
proximal tibial or distal femoral phy-
sis, or both, in an effort to more 
closely approximate the anatomic 
position of the ACL.1,7,14-17

In 1999, Micheli and colleagues12 
described an intra-articular, extraphy-
seal technique in which a strip of ilio-
tibial band is placed in the over-the-
top position on the femur and passed 
deep to the intermeniscal ligament 
to the anterior aspect of the tibial 
metaphysis. The 8 patients in their 
series all had stable knees clinically 
and by KT1000 testing at a mean 
follow-up of 66.5 months. Mean 
Lysholm score was 97.4, and no leg-
length discrepancies were reported. 
This technique avoids transphyseal 
drilling and was recommended for 
patients with wide-open physes.

In choosing a management protocol, 
we believe that growth-plate consider-
ations should continue to shape the 
treating physician’s decision. At our 
institution, treatment of midsubstance 
ACL tears in the pediatric population 
is based on skeletal age. Transphyseal 
ACL reconstruction is performed on 
female patients with a skeletal age of 
13 years or more and on male patients 
with a skeletal age of 14 years of 
more.15,21 For patients with an inad-
equately developed chondroepiphysis 
who do not meet the skeletal age 
requirements for transphyseal recon-
struction, we prefer activity modifica-
tion and bracing until these skeletal 
requirements are met.

We previously reported more 
detailed ACL reconstruction results15 
using the same transphyseal technique 
used in the present series. The previ-
ous cohort included 19 patients (mean 
age, 13 years) followed for a mean of 
25 months. Sixteen of the 19 patients 
returned to the same sports after recon-
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Figure 1. Lateral (A) and anteropos-
terior (B) view of the ACL reconstruc-
tion technique. An Achilles tendon 
allograft is passed through drill holes 
across the open physis of both the 
proximal tibia and distal femur. The 
graft is press-fitted on the tibial side 
before fixation with 2 staples on the 
femoral side. 

Figure 2. Kaplan-Meier survivorship 
curve for all anterior cruciate liga-
ment reconstructions. 
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struction; the 3 who elected not to 
return to their previous sports stated 
that their decision was not based on 
symptoms in the reconstructed knee. At 
final follow-up, the mean side-to-side 
KT1000 arthrometer difference was 
1.7 mm, and the mean Lysholm score 
was 97. Scanograms and long-leg plain 
films were obtained for all patients, and 
no significant leg-length discrepancies 
or angular deformities were reported.

Little has been written about the 
survivorship of ACL reconstruc-
tion in adolescents. In a series of 
24 pediatric patients, Edwards and 
Grana22 reported a 2-year failure rate 
of 19.1%—approximately a 4-fold 
increase over the adult 2-year failure 
rate of 2% to 5%.23

The Kaplan-Meier method, the most 
widely used statistical method for esti-
mating time to event outcome, is best 
for data sets with precisely measured, 
timed events (eg, revision surgery). 
This method was previously used to 
evaluate outcomes after total joint 
arthroplasty in patients with degenera-
tive osteoarthritis, congenital disloca-
tion, and rheumatoid arthritis.24,25 Other 
authors have used the Kaplan-Meier 
method to analyze survivorship after 
core decompression for nontraumatic 
osteonecrosis of the femoral head.26

In our study of adolescents, the 
Kaplan-Meier method showed that 
1-year survivorship of primary ACL 
reconstruction using our technique was 
96.4%, and 5-year survivorship was 
93.1%. All failures occurred within 
the first 3 years after reconstruction. 
Our failure rate is higher than that of 
some adult series but lower than that of 
other pediatric ACL reconstruction stud-
ies.10,15,23,27 Our series differs from other 
pediatric ACL series in that our sample 
size was larger (247 patients), the pro-
cedure was performed using a single 
technique by a single surgeon, and mean 
follow-up was more than 6 years. 

Despite its large sample and long 
follow-up, our study has several limi-
tations. A major shortcoming is the 
subjective nature of failure determi-
nation. Patients were asked if they 
had symptomatic instability after 
their reconstruction, but there was no 

quantitative measurement of anterior 
tibial translation. Patients could have 
reported instability that was in fact 
due to a patellofemoral disorder or 
other cause rather than a true failure of 
the ACL (this would actually improve 
our survivorship results). There was 
also a significant segment lost to fol-
low-up (10.5%), which is a weakness 
in any survivorship analysis. At last 
report, none of the 29 patients lost to 
follow-up demonstrated symptomatic 
instability or had undergone revision 
surgery. However, we were not able 
to contact these patients to determine 
the long-term outcome of their ACL 
reconstruction. This study represents a 
single surgeon’s experience with a sin-
gle technique, and as such its ability to 
be generalized to other surgeons using 
other techniques can be questioned.

Regardless of its limitations, this 
study provides useful data about 
the survivorship of ACL recon-
struction in adolescents—an area 
in need of data. This information is 
important for counseling families 
before surgery and for evaluat-
ing intermediate-term results of a 
given surgical technique.
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