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ACL Injuries Arent Just for Girls: The Role
of Age in Predicting Pediatric ACL Injury

David A. Bloom, BA,*T Adam J. Wolfert, BA,* Andrew Michalowitz, MD,T Laith M. Jazrawi, MD, T

and Cordelia W. Carter, MDT

Background: Female athletes have a higher rate of anterior cruciate ligament (ACL) injuries than male athletes; however,
the role of age in mediating this injury risk has not been explored. The purpose of this study was to characterize the
relationship between age and sex in predicting ACL injury in the pediatric population.

Hypothesis: Prepubescent boys are more likely to sustain an ACL injury than prepubescent girls.

Study Design: Descriptive epidemiological study.

Level of Evidence: Level 4.

Methods: Data were collected from the Statewide Planning and Research Cooperative System database for the state of New
York from 1996 to 2016. The database was queried for patients aged <19 years who had been diagnosed with an ACL tear
using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code 844.2 or the ICD-10
(10th Revision) codes S83.512A/583.511A/583.519A. Patient age and sex at time of ACL injury diagnosis were recorded. Chi-
square analysis was used to compare the frequency of ACL injury between groups, with statistical significance set at

P <0.05.

Results: A total of 20,128 patients aged <19 years were diagnosed with an ACL tear (10,830 males, 9298 females;
male:female, 1.16:1). In all, 129 patients aged <12 years sustained an ACL tear (85 boys, 44 girls; male:female, 1.93:1), and
19,999 of those patients were aged 12 to 19 years (10,745 males, 9254 females; male:female, 1.16:1). Chi-square analysis
demonstrated a significant relationship between sex and age group (P < 0.006). Additional analysis revealed that female
athletes were most at risk for ACL injury from ages 12 to 16 years, with 4025 male and 5095 female athletes sustaining ACL

injuries in this group (male:female, 1:1.27; P < 0.0001).

Conclusion: Prepubescent boys (aged <12 years) are more likely to sustain an ACL injury than same-aged female peers.

Clinical Relevance: This study demonstrates that the risk of ACL injury varies with age and sex throughout childhood and
adolescence, further guiding treatment and prevention for these pediatric athletes.
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requiring surgical intervention in young athletes.
Anterior cruciate ligament (ACL) tears represent half of
these injuries, with almost 200,000 arthroscopic ACL
reconstructions performed each year."” ACL injuries are rare, yet
severe, among skeletally immature patients.
Despite their relative rarity, the incidence of these injuries has
been steadily increasing in recent years.” The reason for this is
likely due to the increased and early participation in organized

K nee injuries represent the majority of sports injuries

sports."® The incidence of ACL tears in this population appears
to be increasing, with patients presenting at younger ages.m’28
This is thought to involve early sports participation and
specialization, as more young athletes are playing just 1 sport
for the majority of the year.”®

Female athletes are at a higher risk of ACL injury than their
male counterparts.>” This relationship has been studied in
many populations and at many levels of play.*’ Previous
literature, some of which has utilized the Statewide Planning
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and Research Cooperative System (SPARCS) database, has
documented a rising rate of ACL reconstruction among the
pediatric population.” However, there is a paucity of research
regarding the effect of age on sex-based differences in ACL
injury incidence.

The purpose of this article was to characterize the effects of
age and sex in predicting the prevalence of ACL injuries in a
pediatric population. We hypothesized that prepubescent boys
were more likely to sustain an ACL injury than their same-aged
female peers.

METHODS

A retrospective review of a Health Insurance Portability and
Accountability Act-compliant database was conducted using the
SPARCS database for the state of New York from 1996 to 2016,
which did not require institutional review board approval. This
database was then queried according to the following inclusion
criteria: patients aged <19 years who had been diagnosed with
an ACL tear, as determined by the International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9 CM) code
844.2 or the ICD-10 (10th Revision) codes S83.512A/S83.511A/
$83.519A. We then recorded each patient’s sex and age at the
time of ACL diagnosis for statistical analysis.

The SPARCS database allowed us to determine the relative
incidence of ACL injury between male and female patients. This
database, unfortunately, does not allow for demonstration of
primary versus reinjury, nor can it give specific historical
information, such as injury mechanism. To investigate age-based
differences in the incidence of ACL injury, patients were
grouped to reflect standard stages of physical development.
Prepubertal patients were defined as 11 years of age and
younger, ages 12 to 16 years were defined as pubertal, and ages
17 to 19 years were defined as late puberty/postpuberty. These
groups were then analyzed as described below.

We utilized GraphPad Prism 8.0 (GraphPad Software) to
conduct our statistical analysis. Chi-square analysis was used to
compare the incidence of ACL injury for the categorical
variables: age and sex. Statistical significance was set at P < 0.05.

To better characterize the rates of ACL injury, rather than simply
ACL injury incidence, we utilized age- and sex-matched New
York State census data to calculate the rate of ACL injury per
100,000 people for each year of the study period. The Student ¢
test was then used to analyze the rate of ACL injury as a function
of age and sex, with statistical significance set at P < 0.05.

RESULTS

The SPARCS database yielded 20,137 patients; 9 of these had to
be excluded because of incomplete demographic information.
Ultimately, 20,128 patients met the inclusion criteria for this
study, 10,830 of whom were male and 9298 of whom were
female. This represents an overall male to female ratio of 1.16:1.
Average age at the time of diagnosis for all patients was 16.55 +
1.70 years (range, <1-19 years). Average age at diagnosis for
female athletes was 16.23 £ 1.68 years (range, <1-19 years),
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Figure 1. Incidence of anterior cruciate ligament (ACL) tear
separated by 3 age cohorts.

while male patients were diagnosed at an average age of 16.83
+ 1.67 years (range, <1-19 years) (P < 0.0001). The distribution of
ACL tears as a function of age and sex is depicted in Figure 1.

A total of 129 patients were younger than 12 years of age.
Among this group, 85 male and 44 female athletes were
diagnosed with an ACL injury, representing a male:female ratio
of 1.93:1. In all, 19,999 patients with an ACL injury between the
ages of 12 and 19 years were identified. This group had 10,745
male and 9254 female athletes, representing a male:female ratio
of 1.16:1. Chi-square analysis demonstrated a statistically
significant difference in incidence by sex between the 2 age
groups (P < 0.000). Athletes younger than 12 years of age with
an ACL tear were significantly more likely to be male.

Conversely, there was a higher incidence of ACL injury
reported in girls between the ages of 12 and 16 years compared
with their male counterparts. A total of 4025 boys and 5095 gitls
were treated for an ACL injury in this age range (male:female,
1:1.27; P < 0.0001). There were 6720 male and 4159 female
athletes between 17 and 19 years of age at the time of diagnosis
in this cohort, representing a ratio of 1.61:1 (P < 0.0001). These
data are represented in Figure 2.

Using age- and sex-matched New York State census data, an
average annual rate was calculated or ACL injury in male
adolescents <12 years of age to be 5.0 £ 2.9 per 100,000; this
rate was significantly greater than that calculated for female
athletes younger than 12 years of age, which was 2.8 £ 2.1 per
100,000 (P = 0.042). The current study reports a calculated
average annual rate of ACL injury in boys 12 to 16 years old to
be 243 £ 63 per 100,000, significantly lower than 322 66 per
100,000, the rate for similarly aged girls (P = 0.006). Last, the
calculated average yearly rate of ACL injury in male adolescents
aged 17 to 19 years was 399 £ 98 per 100,000. This number was
significantly greater than the 260 + 58 per 10,000 rate calculated
for 17- to 19-year-old female adolescents (P < 0.001). These
findings are depicted in Figure 3.
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Figure 2. Incidence of anterior cruciate ligament (ACL) tear
by sex and age at diagnosis.

DISCUSSION

The relationship between sex and age was characterized in
predicting risk of ACL injury in pediatric athletes. Previous
research has shown that young female athletes were at a greater
risk of ACL injury than their male counterparts, but data were
limited with regard to the effect of age on this relationship,
particularly for the youngest athletes. We hypothesized that
prepubescent boys were more likely to be treated for an ACL
injury than similarly aged gils.

The data demonstrate that, among pediatric athletes aged <12
years, male athletes have almost twice the rate of ACL injuries as
their female peers. This finding is reinforced by small-scale
prospective studies investigating outcomes of prepubescent ACL
reconstruction. Koch et al'” investigated epiphyseal
reconstruction of torn ACLs in 12 athletes aged 10 to 13 years.
Of note, postoperative outcomes among their cohort were
generally good, and their study group was 83.3% (n = 10)
male."” Our findings were more similar to those from a
systematic review by Kaeding et al,"” which analyzed surgical
techniques and outcomes in 13 studies looking at ACL
reconstruction among preadolescent athletes. In that systematic
review, the authors found 73.2% (n = 137) of athletes were
male, a similar number to our own study, which found that
65.9% (n = 85) of athletes were male." Of note, our findings
report higher incidence of ACL injury per 100,000 people than a
similar study by Dodwell et al,® which examined rates of
pediatric ACL reconstruction in New York State. This is likely
due to a combination of 2 factors. First, this study period
included 6 additional years of data, and a year-over-year
increase in the rate of pediatric ACL reconstruction has been
consistently reported; moreover, the overall rate of pediatric
ACL reconstruction has likely increased since their findings were
published. Second, it may still be the case that not every child
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Figure 3. Rate of anterior cruciate ligament (ACL) tear by
sex and age at diagnosis.

who presents for treatment of an ACL injury is offered and/or
elects to pursue surgical reconstruction.”

One explanation for the higher rate of ACL injury
demonstrated in prepubescent male athletes is the observed
variance in level of sport participation among young children of
different sexes.** This explanation is limited, as data from the
Women’s Sports Foundation demonstrate that youth
participation in sport is higher among boys throughout all levels
of youth play.* However, it is important to note that
participation in organized sports has been shown to be a risk
factor for ACL injury. Nationally, boys play organized sports at a
higher rate than girls.""*’ This difference is especially
pronounced in urban areas as well as in younger ages.”
Therefore, this increased risk is likely attributable, in part, to
increased organized sport exposure.

Our data, demonstrating that the increased rate in female
athletes begins around puberty, support many of these theories,
especially the anatomic and biomechanical hypotheses. As gitls
typically reach their growth spurt before boys, it would make
sense that the effects of this rapid growth period are first
evident in girls.”* Rapid growth elongates both the tibia and
the femur, increasing the torque on the knee."** Additionally,
increased height and body weight shifts the center of mass
superiorly. All these factors combine to increase stress on the
knee and decrease control of the center of mass, making the
young athlete more prone to injury.” During the male pubertal
growth spurt, increase in muscle mass is protective against
some of these effects.” Increased muscle strength takes some of
the strain off the static components of the joint, such as the
ACL."*Y Prior to puberty and a period of rapid growth,
increased sports participation by young boys likely is the
predominant factor in contributing to risk of injury; yet after this
point, these other risk factors cause female athletes to be at
greater risk.

Interestingly, this relationship changes again after puberty,
with male patients aged 17 to 19 years being more likely than
female patients to sustain an injury to the ACL. This drop-off in
the relative risks of ACL injury may be explained, at least in
part, by the high rates of sport attrition that have been reported
for postpubertal female athletes.'***
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Additionally, prior knee injury is associated with a greater risk
of ACL injury.”’ Pediatric patients undergoing ACL
reconstruction have a high rate of both graft failure and
contralateral ACL tear.”” Studies have shown that this often
occurs before clearance to return to full activity and is likely
caused by pediatric athletes’ high levels of activity and difficulty
adhering to postoperative restriction from sports.4 It is important
to ensure that pediatric athletes and their families are cognizant
of and understand the importance of activity restrictions during
recovery.

While many risks of ACL injury are not modifiable, research
has shown promise in neuromuscular training to prevent ACL
injury.”’ These programs train athletes to avoid common
motions and situations that make them prone to ACL injury as
well as provide strength and balance training.'**

These data demonstrate that the interactions between age, sex,
and ACL injury risk are complex, with the incidence of ACL
injury being higher in prepubertal boys and pubertal girls. Thus,
rather than depicting an “epidemic” of ACL injuries in young
female athletes, it appears that the risk of sustaining an ACL
injury is variable throughout the pediatric and adolescent years,
with both physiologic factors (eg, hormone levels and body
composition) and sociologic factors (eg, rate and level of sport
participation) likely contributing to a young athlete’s overall risk.

Limitations

This study has significant limitations. First, although the SPARCS
database is a powerful tool for retrospectively conducted
epidemiological studies such as this, there are inherent
limitations associated with a retrospective analysis of a large
database. Database studies are limited by the differences in
recording and reporting of data between various hospitals, and
the outcome measurements are also limited. Additionally, this
study is based on the recorded date of diagnosis of ACL injury,
but we have no way of knowing actual age of injury based on
these data. That said, this study would not have been feasible
with regard to scale if designed prospectively. Additionally, as
noted above, this study looked at the simple incidence of ACL
injury and calculated the rate of injury within the population of
New York State, rather than the rate of ACL injury as a function
of athletic exposures, which is more commonly reported in the
sports literature. Last, these data were collected from 1996 to
2016, and as such, may be of somewhat limited use at present.

CONCLUSION

While pubertal female athletes in New York State do have a
greater overall rate of ACL injury than age-matched male
athletes, prepubescent males have a significantly higher rate of
ACL injury than their same-aged female peers. This relationship
may be due in part to differences in rates of youth sports
participation between young boys and gitls, although it is also
likely that anatomic, biomechanical, and hormonal sex-based
differences contribute to the increased risk of ACL injury
observed in pubertal girls. Ultimately, the results of this study

demonstrate a complex relationship between sex and stage of
physiologic development, which underpins an individual’s risk
for ACL injury. Understanding this should, in turn, allow us to
better individualize ACL injury screening and prevention
programs for all pediatric athletes.
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