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Background: Anterior cruciate ligament (ACL) tears are frequently associated with meniscal injury. Risk factors for concomitant
meniscal injuries have been studied in the adult population but less so in pediatric patients.

Purpose: To evaluate the relationship between age and body mass index (BMI) and the presence of a concomitant meniscal tear at
the time of ACL reconstruction (ACLR) in pediatric patients.

Study Design: Case-control study; Level of evidence, 3.

Methods: A single-institution retrospective review was performed of patients aged <19 years who underwent primary ACLR over a
3.5-year period. Revision ACLR and multiligament knee reconstructions were excluded. Logistic regression was used to identify
risk factors associated with having a meniscal tear at the time of surgery. Subgroup analysis was performed for medial and lateral
meniscal tears.

Results: Included in this study were 453 patients (230 males, 223 females; median age, 15 years). Of these, 265 patients (58%) had
a meniscal tear, including 150 isolated lateral meniscal tears, 53 isolated medial meniscal tears, and 62 patients with both lateral
and medial meniscal tears. Median time from injury to surgery was 48 days. For every 1-year increase in age, there was a 16%
increase in the adjusted odds of having any meniscal tear (odds ratio [OR], 1.16; 95% confidence interval [Cl], 1.05-1.27; P = .002),
with a 20% increase in the odds of having a medial meniscal tear (OR, 1.20; 95% Cl, 1.07-1.35; P = .002) and a 16% increase in the
odds of having a lateral meniscal tear (OR, 1.16; 95% Cl, 1.05-1.27; P = .003). For every 2-point increase in BMI, there was a 12%
increase in the odds of having any meniscal tear (OR, 1.12; 95% Cl, 1.02-1.22; P = .016) and a 10% increase in the odds of having a
lateral meniscal tear (OR, 1.10; 95% ClI, 1.01-1.19; P = .028).

Conclusion: Pediatric patients undergoing ACLR had a 58% incidence of concomitant meniscal pathology. Increasing age and
BMI were independent risk factors for these injuries, while no association was found between time to surgery and meniscal
pathology.
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The rate of anterior cruciate ligament (ACL) injuries
continues to rise in the pediatric and adolescent popula-
tion.*?° To minimize the risk of additional intra-articular
damage secondary to altered knee mechanics in ACL-
deficient knees, ACL reconstruction (ACLR) in a timely
fashion is the preferred treatment modality for these
patients.?? Pediatric ACL injuries are often associated
with concomitant meniscal or chondral injuries, and these
concomitant injuries are being treated with increasing fre-
quency.” Concurrent meniscal pathology has been noted to
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be as high as 60% to 70% in large primary ACLR studies
including both adults and adolescents.®?*32:3% Both the
lateral and medial menisci may sustain injury at the time
of the ACL tear. Classically, lateral meniscal tears are
thought to be created at the time of the ACL injury due
to compressive and shear forces during the pivot shift phe-
nomenon. These tears are frequently seen in patients
undergoing acute ACLR.? On the contrary, medial menis-
cal tears have been shown to be more frequent in patients
with chronic ACL injuries undergoing delayed reconstruc-
tion. This may be related to the role of the medial meniscus
as a secondary stabilizer in an ACL-deficient knee,
although medial meniscal tears result from acute injury
as well.>6
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To optimize results after ACLR, it is critical to recognize
and address concomitant injuries. Meniscal tears are par-
ticularly important to appreciate as the menisci function
not only in shock absorption but also as secondary stabili-
zers of the knee.»2” Meniscal deficiency has also been
shown to be an independent risk factor for the development
of radiographic osteoarthritis after ACLR.!® Advanced
imaging such as magnetic resonance imaging (MRI) is good,
but not perfect, in detecting meniscal lesions, so a thorough
and systematic arthroscopic evaluation is routinely
performed.!3-18

Risk factors for meniscal injuries in association with ACL
tears have been extensively studied in the adult population,
but they have been less so in pediatric patients.*?® Among
pediatric and adolescent patients with ACL tears, there is
limited evidence to elucidate independent relationships
between age, BMI, time from injury to surgery, and the
presence of meniscal pathology.®242631 The purpose of this
study was to evaluate the relationship between age, BMI,
time from injury to surgery, and the presence of a meniscal
tear at the time of ACLR in children and adolescents. We
hypothesized that there would be a direct relationship
between increasing age and BMI and the presence of con-
comitant meniscal injury.

METHODS

A retrospective chart review of consecutive pediatric
patients aged <19 years who underwent ACLR between
August 2012 and April 2016 at a single institution by 1 of
3 fellowship-trained pediatric orthopaedic surgeons
(M.T.B., S.C.W., and M.A.C.). The patient cohort was cre-
ated by querying the electronic medical record using the
Current Procedural Code (CPT) code 29888 (ACL recon-
struction). Patients with multiligament knee reconstruc-
tions and revision ACLRs were excluded. Approval for
this study was received from an institutional review board.

Demographic information (age, sex, BMI, and time from
injury to surgery) was obtained from the medical chart.
Meniscal tears were identified based on intraoperative
findings, as documented in the operative report. Meniscal
tears were noted to be medial, lateral, or both medial and
lateral, but more detailed information about tear location or
pattern was not evaluated in this study. Time from injury
to surgery was defined as the patient’s reported date of
injury and the date of surgery.
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Statistical analyses were performed using SAS Version
9.4 (SAS Institute), and statistical significance was
assessed at the 0.05 level. Descriptive statistics were calcu-
lated for all variables of interest and included medians and
interquartile ranges as well as counts and percentages,
when appropriate. Categorical variables were compared
between patients who had a meniscal tear versus those who
did not have a meniscal tear using the chi-square test. Nor-
mality of continuous variables was assessed using histo-
grams and normal probability plots in addition to through
the Anderson-Darling test for normality. The distribution
of continuous variables was compared between groups
using Wilcoxon rank-sum tests. Logistic regression was
used to identify independent risk factors associated with
having a meniscal tear. Adjusted odds ratios (ORs) and
95% confidence intervals (Cls) were constructed for each
independent risk factor (age and BMI). Two subgroup anal-
yses were performed, those who had had a medial meniscal
tear and those who had had a lateral meniscal tear using
similar procedures as for the overall cohort.

RESULTS

A total of 453 patients were included: 230 male patients
(51%) and 223 female patients (49%) with a median age of
15 years (range, 7-18 years). The right (49%) and left (51%)
knees were affected nearly equally. In total, 265 patients
(58%) had a meniscal tear, including 150 isolated lateral
meniscal tears (57%), 53 isolated medial meniscal tears
(20%), and 62 patients (23%) with both lateral and medial
meniscal tears. There were no statistically significant dif-
ferences in sex with regard to meniscal tears, with 54% of
meniscal tears occurring in male patients and 46% in
female patients (P = .16). Demographic data for the cohort
is provided in Table 1. Among patients aged 13 years and
younger (n = 90), 47% had a meniscal tear. In contrast, of
patients aged 14 to 18 years (n = 363), 61% had a meniscal
tear, which was significantly greater compared to the youn-
ger age group (P = .01).

Age at surgery was found to be a statistically significant
independent predictor of the presence of a meniscal tear.
For every 1-year increase in age, there was a 16% increase
in the odds of having any meniscal tear (OR, 1.16; 95% CI,
1.05-1.27; P = .002), depicted in Figure 1. Age at surgery
was also a statistically significant independent predictor
following subgroup analysis of medial and lateral meniscal
tears. For every 1-year increase in age at surgery, there was
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TABLE 1
Demographic and Clinical Characteristics
(n = 453 Patients)”

Value

Sex

Male 230 (51)

Female 223 (49)
Age,y 15 (14-16)
Knee

Right 223 (49)

Left 230 (51)
Any meniscal tear 265 (58)

LM 150 (57)

MM 53 (20)

LM, MM 62 (23)

“Values are shown as n (%) or median (interquartile range).
LM, lateral meniscus; MM, medial meniscus.
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Figure 1. Predicted probability plot of any meniscal tear
by age. Circles represent the number of patients who did have
a meniscus tear (at the top of chart along 100% line) and did
not have a meniscus tear (numbers along 0% line). The solid
line represents the predicted probability of any meniscus tear
for each given age. The dashed lines represent the standard
error of the predicted probability.

a 20% increase in the odds of having a medial meniscal tear
(OR, 1.20; 95% CI, 1.07-1.35; P = .002) and a 16% increase
in the odds of having a lateral meniscal tear (OR, 1.16, 95%
CI, 1.05-1.27; P = .003).

After adjusting for age, body mass index (BMI) was
also identified to be an independent predictor of a
meniscal tear. For every 2 point increase in BMI, there
was a 12% increase in the odds of having any meniscal
tear (OR, 1.12; 95% CI, 1.02-1.22; P = .016), depicted
in Figure 2, and a 10% increase in the odds of having
a lateral meniscal tear (OR, 1.10; 95% CI, 1.01-1.19;
P = .028). Mean BMI for patients with a meniscal tear
24.2 kg/m? and for patients without a meniscal tear was
23.0 kg/m? (P = .01). BMI did not predict the presence
of an isolated medial meniscal tear (OR, 1.04; 95%
CI, 1.00-1.09; P = .07).
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Figure 2. Predicted probability plot of any meniscal tear
by body mass index (BMI). Circles represent the BMIs of
individual patients who did have a meniscus tear (circles
along 100% line) and did not have a meniscus tear (circles
along 0% line). The solid line represents the predicted
probability of any meniscus tear for each given BMI. The
dashed lines represent the standard error of the predicted
probability.

TABLE 2
Time From Injury to Surgery (Days)*
n Median (IQR)
Overall 417 48 (32-91)
LM tear 141 47 (32-84)
MM tear 51 47 (31-94)
LM and MM tears 44 58 (37-131)
No meniscal tear 170 47 (31-95)

“IQR, interquartile range; LM, lateral meniscus; MM, medial
meniscus.

The date of injury was available for 417 patients (92%),
and time from injury to surgery was calculated and ranged
from 1 to 338 weeks. Median time from injury to surgery
and corresponding interquartile ranges are presented in
Table 2. Surgery was performed within 6 weeks of injury
in 43% of patients and within 12 weeks of injury in 72% of
patients. Of the patients, 6% had surgery more than 1 year
after their initial injury. Time from injury to surgery was
not a predictor of a lateral meniscal tear (P = .839) or a
medial meniscal tear (P = .083).

DISCUSSION

This study sought to evaluate the relationship between age
and BMI and the presence of a meniscal tear in pediatric
patients undergoing ACLR. It was observed that age was a
risk factor for a meniscal tear, with a 16% increase in the
risk of having any meniscal tear per 1-year increase in age
from 9 to 18 years. Subgroup analysis among these patients
undergoing ACLR revealed there was a 20% increase in the
odds of having a medial meniscal tear and 16% increase in
the odds of having a lateral meniscal tear for each 1-year
increase in age. Furthermore, every 2 point increase in BMI
was associated with a 12% increase in the odds of having
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any meniscal tear and 10% increase in the odds of having a
lateral meniscal tear. Time from injury to surgery was not
identified as having a statistically significant association
with meniscal tears, with a median time to surgery of 48
days.

Studies including patients of all ages have shown that
older age, male sex, increased body weight, and increased
time from injury to surgery have all been associated with an
increased risk of meniscal tears in patients undergoing
ACLR. In a large prospective cohort of patients undergoing
ACLR, the Multicenter Orthopaedic Outcomes Network
(MOON) noted an incidence of concomitant meniscal injury
slightly higher than our overall study population, with 66%
of their patients identified as having meniscal tears.>2 This
series included a wide range in patient ages (11-63 years),
with a mean of 24 years. However, if we compare our older
patients (aged 17-18 years) to the MOON cohort, we have
very similar rates of concomitant meniscal injuries (60%-
70%). Other large cohorts including patients aged 14 to 78
years have reported similar rates of meniscal pathology in
ACL-deficient knees.5?%3% In a retrospective review of 764
patients (mean age, 27 years; range, 14-59 years) with ACL
tears undergoing arthroscopy, Tandogan et al®® noted a
significant relationship between age and the presence of a
medial meniscal tear. This relationship has been noted in
other studies, all with a wide range of patient ages in the
cohorts.>1423 Neither study demonstrated age or BMI to be
independent risk factors.

The question remains as to whether these risk factors are
similar in the pediatric population. In the largest pediatric
study to assess the association of age and meniscal tears,
Dumont et al® identified that among 370 patients, 57% had
lateral meniscal tears and 43% had medial meniscal tears at
the time of ACL surgery. Patients aged >15 years had a
significantly higher rate of medial meniscal tears at the time
of ACL surgery as well as a trend for increasing meniscal
tear rate with age. In other pediatric studies, Samora et al**
evaluated 142 patients with ACL tears with a mean age of 14
years and found that 69% had a meniscal tear at the time of
surgery, while Anderson and Anderson? noted meniscal
tears in 83% of 135 adolescents with ACL-deficient knees.
In a similar but smaller study, Vavken et al®! described the
presence of concomitant injuries in 208 pediatric patients
undergoing ACLR. The authors identified 59% of patients
as having a concomitant injury (meniscal tear or chondral
injury), but identified no association with age. In cohorts of
pediatric and adult patients, male sex was a predictor for a
higher rate of both medial and lateral meniscal tears.* We
did not find that to be true in our pediatric cohort.

Increasing BMI has been correlated to increased rates of
concomitant meniscal pathology. In adolescents with ACL
tears, Raad et al?! showed a positive correlation between
BMI and concomitant meniscal lesions, and Dumont et al®
noted that a weight >65 kg led to an increased risk of both
medial and lateral meniscal tears. Vavken et al®! noted an
8% increased risk of a medial meniscal tear per 1 unit
increase in BMI, but no association between lateral meniscal
tears. Similarly, Patel et al?® found that children with an
elevated BMI had a higher rate of concurrent meniscal tears
compared with normal BMI (76% vs 70%). Among our
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pediatric patients, we demonstrated a significantly
increased risk of concomitant medial and lateral meniscal
pathology with increasing BMI, even within healthy ranges.

Multiple studies have evaluated timing from injury to
surgery as a risk factor for meniscal injury.'>141517 Spe-
cific to pediatric patients, Millet et al'® noted a 25%
increase in medial meniscal tears among patients undergo-
ing surgery more than 6 weeks after injury. Vavken et al®!
noted a 6% increased risk of medial meniscal tears per
month delay to surgery but no increased risk of lateral
meniscal pathology with delay. Guenther et al'° noted that
a longer interval between injury and surgery was associ-
ated with not only an increased likelihood of a medial
meniscal tear but also of a higher severity grade tear. Like-
wise, Anderson and Anderson? evaluated the impact of sub-
acute (6-12 weeks) and delayed (>12 weeks) ACLR in
patients aged <17 years and found increasing rates and
severity of medial and lateral meniscal tears and chondral
pathology as compared to acute reconstruction. Unlike
these studies, we identified no association between time
from injury to surgery and the presence of medial or lateral
meniscal tears in our large pediatric cohort. It is important
to note, however, that 75% of patients in our series had
surgery within 3 months of injury, and the effects of longer
delays to surgery may not be fully elucidated in this study.
The increased risk of meniscal tears reported in other stud-
ies suggests that increasing time to surgery is associated
with a return to cutting and pivoting activities in an ACL-
deficient knee. With increased awareness of ACL injuries
and a larger presence of certified athletic trainers in schools
in our region, we are hopeful that our finding represents
improvements in return-to-play guidance and safety
offered by the certified athletic trainers in our local schools
as well as educational efforts in our community.

Advancements in MRI quality have helped surgeons in
the preoperative detection of meniscal tears, but MRI is still
not perfect, and intra-articular injuries may be missed.®
Laundre et al'® evaluated MRI reports of 120 patients who
underwent ACLR and found MRI was correct in detecting a
meniscal tear in 76% of cases. The majority of missed tears
were found in the posterior horn of the lateral meniscus, a
finding which has also been seen in other similar stud-
ies.232 In a pediatric population, MRI had a sensitivity of
59% and specificity of 91% in characterizing meniscal tears
compared to what was identified at arthroscopy.2* Given the
high rate of concomitant meniscal pathology identified
among our pediatric cohort, it is vital for the surgeon to
critically inspect and probe the meniscus, especially in older
adolescent patients, regardless of the MRI findings.

This study is the largest pediatric ACLR cohort to quantify
the risk of meniscal injury by age and BMI. The main limita-
tions of this study relate to the retrospective review of
intraoperative findings. The presence of a meniscal tear was
obtained from the operative report with the intraoperative
assessment subject to the operating surgeon. It is conceivable
that some small and superficial meniscal tears had healed
between the time of injury and surgery, perhaps slightly
underestimating the true incidence of concomitant meniscal
tears. This study only evaluated age, sex, time from injury to
surgery, and BMI as potential risk factors, but other
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variables such as sport and injury mechanism could also be
risk factors of concomitant meniscal injuries. Larger cohort
size studies are needed to evaluate which risk factors are
correlated with different tear locations, patterns, and
treatments.

CONCLUSION

The presence of a concomitant meniscal injury is quite com-
mon in pediatric patients with an ACL tear, found in our
series to be 58%. In this population, the presence of a con-
comitant meniscal tear was associated with increasing age
and BMI but not time from injury to surgery. Meniscal
pathology at the time of ACLR is present at a significantly
greater rate in adolescents aged >13 years compared to
those aged 13 years and younger. For every 1-year increase
in age from 7 to 18 years, there is a 16% increase in the odds
of having a meniscal tear. Furthermore, each 2.0-unit
increase in BMI is associated with a 12% increase in the odds
of having a meniscal tear. Patient and family preoperative
education should include a discussion regarding potential
meniscal treatment, implications for rehabilitation, and
long-term sequela. In the pediatric population, there should
be a high index of suspicion and careful arthroscopic assess-
ment for meniscal injuries at the time of ACLR.
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