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a children’s hospital by a single, fellowship-
trained pediatric sports surgeon. Patients 
undergoing primary ACLR were included. 
Those who were being treated for a revision or 
contralateral tear were excluded. Additionally, 
patients with a congenital ACL deficiency or 
prior tibial spine fracture treatment were also 
excluded. Date of surgery, demographic data 
(race, ethnicity, insurance status, and age at 
the time of injury), surgical data, autograft 
versus allograft, graft donor site (quadriceps, 
patellar tendon, hamstring, iliotibial band, 
posterior tibialis tendon, other), and if an ALL 
or LET was conducted was collected. We then 
performed descriptive statistics to summarize 
the number of ACLRs, type of grafts selected, 
and number of ALL/LET reconstructions over 
time. A chi-square test compared graft donor 
site by age at surgery.

Results
From 2009-2024, there were a total of 

2,433 primary ACLRs. Throughout the course 
of the study, autograft (2,283/2,433 [94%]) 
was the dominant graft type of choice 
(Table 1). Hamstring (1,263/2,433 [52%]) and 
quadriceps (923/2,433 [38%]) were the most 
common graft donor sources. In 2009, 32% 
ACLRs utilized allografts, by 2013 this number 
decreased to 2%. In 2009, hamstring autograft 
was most common, comprising 65% of ACLRs 
that year. The first quadriceps autograft 
was used in 2017, and by 2019, it became 
the primary graft selected (74%, Figure 1). 
During this time, 160 patients underwent a 
concomitant ALL/LET reconstruction. The 
first ALL/LET reconstruction was conducted 
in 2017 with a total of 17 being performed 
that year, by 2023, this number increased to 
48 (Figure 2). 

The mean age at surgery for the entire 
cohort was 15.3  2.3 years. The mean age 
at surgery varied by graft donor site, with 
ITB used in the youngest (11.4  1.5 years) 
and BTB in the oldest (17.7  1.8), while 
Hamstring (15.2±2.2), Quadriceps Tendon 
(15.8  1.9), and Posterior Tibialis Tendon 
(15.5  2.2) fell in between (p0.001).

Introduction: 
Anterior cruciate ligament (ACL) injuries 

are among the most common knee injuries in 
adolescent athletes, and jeopardize patients’ 
return to competitive sports while also 
increasing the risk of osteoarthritis later in 
life.1–5  The combination of high prevalence, 
risk for re-injury and impact on quality of 
life places importance on optimizing ACL 
reconstruction (ACLR) that minimizes retear 
rates and optimize long-term knee stability.

Graft selection is a crucial decision with 
a variety of options and ongoing debates 
regarding the graft that most minimizes 
complications while imparting the lowest 
retear risk.6–9 Numerous studies over the last 
decade have reported on differences in post-
operative outcomes across the most common 
autograft options - bone–patellar tendon–bone 
(BTB), hamstring, and quadriceps tendon.6,9,10 

In pediatric patients, there is added complexity 
in graft selection due to the risk of premature 
physeal closure. For this reason, soft-tissue 
only grafts are preferred to BTB in skeletally 
immature patients. Hamstring autografts used 
to be the most popular soft-tissue graft choice, 
but they have been shown to be associated 
with an increased risk of retear.11 Quadriceps 
tendon autografts have gained popularity in 
recent years as they also do not require bone 
plugs and have lower retear rates compared 
to hamstring autografts.10,12,13

More recently, integration of anterolateral 
ligament (ALL) or Lateral Extra-articular 
Tenodesis (LET) reconstruction in select 
high-risk patients has further refined surgical 
strategies to enhance rotational stability and 
reduce failure rates.14–17 The purpose of this 
study was to describe the trends in ACLR at 
our institution, specifically as it pertains to 
graft selection, and the inclusion of a lateral 
extra-articular augmentation procedure (ALL/
LET). 

Methods
Following Institutional Review Board (IRB) 

approval, patients were identified from an 
internal retrospective database of all ACLRs 
from 2009-2024. All ACLRs were performed at 
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Discussion
The use of quadriceps autografts during ACLR has risen 

in popularity for adolescent athletes because of its physeal 
sparing technique, lower donor site morbidity compared to 
BTB, and lower graft rupture rate compared to allografts and 
hamstring autografts.9,11,18,19 Similarly, the use of ALL/LET 
reconstruction has increased in adolescent patients deemed 
high risk for re-injury (i.e., a pivot shift 2, concurrent Segond 
fracture, pivoting sports, and generalized ligamentous 
laxity), with recent evidence supporting its effectiveness 
in reducing graft rupture risk.14,16,20 Our study affirms these 
trends in quadriceps graft and ALL/LET utilization.

Over the course of this study, our institution shifted 
away from utilizing allografts during ACLR in favor of 
autografts. This shift is reflected by research on the efficacy 
of allografts versus autografts in ACLR which endorses the 
use of autografts.11,21 In 2020, a systematic review by Cruz 
et al. reported that allografts had a 3.87 times higher odds 
of graft rupture compared to autografts.9

Table 1: ACLR Graft and ALL/LET Reconstruction Data 
from 2009-2024

Characteristic N = 2,4331

Graft Type

    Autograft 2,283 (94%)

    Allograft 111 (4.6%)

    Hybrid 39 (1.6%)

Graft Donor Site  

    Hamstring 1,263 (52%)

    Quadriceps Tendon 923 (38%)

    Posterior Tibialis Tendon 105 (4.3%)

    IT Band 104 (4.3%)

    Patellar Tendon 32 (1.3%)

    Other 6 (0.2%)

ALL/LET Reconstructions 160 (6.6%)
1 n (%)

Figure 1. Variations in 
Graft Selection during ACLR 
from 2009-2024.

Figure 2. ALL/LET Reconstructions Performed Concomitantly with ACLR at 
our Institution by Year.
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We found that hamstring autografts were the preferred 
graft of choice until 2019, when preference shifted 
toward the quadriceps autograft. Hamstrings were initially 
preferred in pediatric ACLR because they posed a lower 
risk of physeal injury and postoperative anterior knee pain 
compared to BTB grafts.22,23 In more recent years, there has 
been an increase in literature supporting the efficacy in 
quadriceps tendon over hamstring because it offers ideal 
biomechanical properties as a graft, such as a larger cross-
sectional area, and lower graft rupture rates.8,12,13

ALL/LET reconstruction was first performed in 2017 
at our institution. By 2022, there was a sharp increase in 
the number of initial ACLRs with a concomitant ALL/LET 
reconstruction. This clinical practice shift can be partially 
attributed to its added protection against graft rupture, 
especially in high-risk adolescent patients.15–17,20

Conclusions
From 2009-2024, there has been a significant shift in 

the management of initial ACL ruptures with quadriceps 
tendon autografts overtaking hamstrings as the preferred 
graft donor site. This is likely in response to the shifting 
scientific consensus based on literature that has found 
comparable complication rates between hamstring and 
quadriceps tendon grafts, and lower retear rates in patients 
receiving quadriceps tendon grafts. Additionally, ALL/LET 
reconstruction has increased in use following emerging 
evidence of its benefits.
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