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Background: In young athletes with anterior cruciate ligament (ACL) injury, increased times from injury to magnetic resonance
imaging (MRI) and injury to surgery can lead to the accrual of new injuries over time.

Purpose: To determine the patient characteristics associated with differences in timing between injury, MRI, and surgery in young
athletes with ACL tears.

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

Methods: We reviewed the electronic medical records of patients aged 13 to 25 years who underwent isolated primary ACL
reconstruction between January 2017 and June 2020 at a single orthopaedic surgery department. The times from injury to
MRI, MRI to surgery, and injury to surgery were documented. Patient demographic data (age, sex, body mass index [BMI],
race and ethnicity, and insurance type) were recorded. Multivariable analysis was used to determine if any patient characteristic
had a significant association with increased time to MRI or surgery.

Results: A total of 369 patients (mean age, 18.0 years; 56% female) were included. Both age and BMI were found to be signif-
icantly associated with timing of care while holding all other predictors constant. For every 1-year increase in patient age, time
from injury to MRI increased by 9.6 days (95% CI, 1.8-17.4 days; P = .02), time from MRI to surgery increased by 7.4 days
(95% CI, 4.4-10.5 days; P \ .001), and time from injury to surgery increased by 17.0 days (95% CI, 8.4-25.6 days; P \ .001).
Compared with patients with normal BMI, overweight patients (BMI range, 25-29.9 kg/m2) had an MRI-to-surgery time that
was on average 37.2 days (95% CI, 11.7-62.7 days; P \ .004) longer and an injury to surgery time that was on average 71.8
days (95% CI, 0.5-143.0 days; P = .048) longer. Obese patients (BMI �30 kg/m2) did not demonstrate a significant relationship
with the studied time intervals.

Conclusion: Increasing age and elevated BMI were found to be associated with increased time to MRI and surgical care in young
athletes with ACL injuries.
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Injuries to the anterior cruciate ligament (ACL) are among
the most common knee injuries in the young athlete.11,14,23

For the majority of tears in this population, patients undergo
ACL reconstruction to restore stability and return to sport.14

Previous studies have shown that increased time from
ACL injury to ACL reconstruction can lead to the accrual
of new injuries over time, specifically medial meniscal
tears.3,7-9,20-22,25 The complexity of the meniscal tears can
also increase with delays to surgery.12,20 Untreated meniscal
tears in the presence of ACL tears lead to poorer outcomes
specifically in this patient population, with instability and
progressive cartilage degeneration.1,7,8 In additional, the
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time between injury diagnosis with advanced imaging to sur-
gical reconstruction can play a role in patient outcomes.
While magnetic resonance imaging (MRI) has excellent sensi-
tivity and specificity for diagnosing ACL and meniscal injury
in the acute setting, its ability to accurately reflect injuries
found intraoperatively decreases with increased time between
imaging and surgery.4,10,15,19,21,22,24

Delays in care for young athletes who sustain ACL inju-
ries, in receiving both advanced diagnostic imaging and sur-
gical reconstruction, can have significant effects. However,
risk factors for delays in care in this patient population
remain largely undetermined. Previous studies outside of
orthopaedic surgery have examined the causes for delay in
care for both diagnosis and treatment. Race, marital status,
and public insurance have been associated with delays in
treatment for patients with adrenocortical carcinoma and
breast cancer.5 Within orthopaedics, public insurance and
household income have been shown to be a barrier both to
securing a clinic appointment and to receiving a diagnosis
and treatment.2,6,13,16,18 A recent study examining individu-
als’ access to resources for health and development through
use of the Child Opportunity Index, defined as a summative
measure of indicators across education, health, and environ-
ment, with higher scores indicating greater access to resour-
ces, found that patients with higher scores who sustain ACL
tears have surgery earlier than those with lower scores.17

Identifying associations between risk factors and delays
in care between ACL injury, MRI, and surgery would assist
clinicians in developing strategies to improve care to this
population. As prior investigations have examined the
effect of patient characteristics on the development of sub-
sequent meniscal injury after ACL injury, the purpose of
this study was to determine the patient characteristics
associated with differences in timing between injury,
MRI, and surgery in young athletes with ACL tears. We
hypothesized that patients with public insurance would
be associated with longer times to MRI and surgery com-
pared to those with private insurance in this population.

METHODS

Patient Selection

The protocol for this study was approved by an institu-
tional review board of the University of Washington. A ret-
rospective chart review was performed on consecutive

patients who underwent primary ACL reconstruction
within a single academic orthopaedic surgery department
between January 1, 2017, and June 30, 2020. Inclusion cri-
teria were patients aged 13 to 25 years at time of surgery
with demographic data available in the patient chart. Exclu-
sion criteria were lack of active participation in an athletic
activity, prior surgery to the ipsilateral knee, other ligament
surgery at the time of ACL reconstruction, and charts with-
out MRI, operative report, or date of initial injury. The age
range was selected to include patients with the highest like-
lihood of participating in an athletic activity or sport at the
time of ACL tear. Athletic activity was defined by participa-
tion in a primary sport as part of their recreational activi-
ties. This was done to include only our specific population
of interest, as patients whose primary activities were of
daily living and not sports likely had a difference in risk
of future degenerative injury. All surgeries were performed
by fellowship-trained orthopaedic surgeons specializing in
sports medicine (M.H., A.G., C.K., K.C., M.S., G.S.). The
patient selection process is illustrated in Figure 1. A waiver
of documentation of consent was obtained.

Medical records were reviewed and demographic data
were collected including age, sex, body mass index (BMI),
race and ethnicity, and insurance status. BMI was
categorized as underweight (\18.5 kg/m2), normal
(18.5-24.9 kg/m2), overweight (25-29.9 kg/m2), and obese
(�30 kg/m2). Race and ethnicity were categorized as Afri-
can American, American Indian or Alaska Native, Asian,
White, Hispanic, Native Hawaiian or Pacific Islander, or
other. Patients with multiracial ethnicity were given the
option to choose 1 ethnicity or ‘‘other.’’ Insurance status
was categorized as public, private, military, or self-pay.
Date of injury was the day identified by patients on which
they experienced an acute traumatic event that resulted in
persistent knee pain, swelling, or instability. The following
time intervals were then calculated: time from injury to
MRI (TIM), time from MRI to surgery (TMS), and time
from injury to surgery (TIS). Time of injury was defined
as the date the patient experienced an acute instability
event, a subjective popping in the knee, or leg trauma
that resulted in persistent pain, swelling, or instability.

Statistical Analysis

The normality of data distribution was confirmed using
Q-Q plots. We analyzed the effect of the study variables
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(age, sex, race and ethnicity, BMI, and insurance type) on
TIM, TMS, and TIS through multiple linear regression mod-
els. Age was considered a quantitative variable, while the
remainder were all categorical. For the categorical varia-
bles with more than 2 options, effects were compared
with the value determined as having the highest propor-
tion per subgroup (White race, normal BMI, and private
insurance). Patients with ‘‘military’’ or ‘‘self-pay’’ insurance
statuses were removed from analysis given their small pro-
portion of the cohort. Factors of the raw categorical data
were transformed into indicator variables for the sake of
easier modeling.

We then determined the 95% CIs for factors that had
significant effects on any of the time outcomes tested. An
alpha value of .05 and a null hypothesis of 0 days were
used to determine the significance of an effect on outcome.
Type 2 errors for nonsignificant predictors were calculated
as such. Confidence intervals were calculated using stan-
dard error values determined using N = 369 as the basis
for degrees of freedom for t tests. Data were assumed to
be normally distributed based on the nature of the data col-
lected for analysis. When the combined effect of multiple
factors was determined, the variances and covariances
for the factors were used to determine the standard error
of the effect. All calculations and modeling were done
through R Version 4.2.1 (Posit PBC).

RESULTS

Overall, 510 patients underwent primary ACL reconstruc-
tion during the study period. A total of 369 patients (56%
female) were included with a mean age of 18.0 6 3.4 years.

The median TIM was 17 days (interquartile range [IQR], 0-
39 days). The median TMS was 44 days (IQR, 22-66 days).
The median TIS was 69 days (IQR, 25-113 days). Baseline
categorical demographic data, stratified according to time
intervals, are illustrated in Table 1.

On multivariable analysis, age was found to be signifi-
cantly associated with timing of care while holding all
other predictors constant. For every 1-year increase in
patient age, TIM increased by 9.6 days (95% CI, 1.8-17.4
days; P = .02), TMS increased by 7.4 days (95% CI, 4.4-
10.5 days; P \ .001), and TIS increased by 17.0 days (95%
CI, 8.4-25.6 days; P \ .001). The length of time to obtain
imaging and surgery as a function of age is illustrated in
Figure 2.

There was also a statistically significant association
between BMI and timing of care while holding all other
predictors constant. When compared to patients with nor-
mal BMI, TMS for overweight patients was on average
37.2 days (95% CI, 11.7 to 62.7 days; P \ .004) longer
and TIS was on average 71.8 days (95% CI, 0.5 to 143.0
days; P = .048) longer. Obese patients did not demonstrate
significant findings with any time interval. For obese
patients, TIM was on average 82.5 days (95% CI, –2.6 to
167.0 days; P = .057) longer than for those with normal
BMI, and TIS was on average 86.2 days (95% CI,–8.8 to
181.0 days; P = .075) longer than for those with normal
BMI. The length of time to obtain imaging and surgery
as a function of BMI is illustrated in Figure 3. No other
patient characteristics had a statistically significant rela-
tionship with the timing of care, although patients with
public insurance or who were of certain minority races
and ethnicities trended toward delays in care.

DISCUSSION

The results of this study indicated that increasing age and
elevated BMI were associated with increased times from
injury to MRI and surgery in athletes with ACL injuries,
when controlling for other variables. Obese athletes also
experienced a trend toward longer times to MRI and surgi-
cal care.

Previous studies have shown the importance of timely
care in young athletes with ACL tears. Delays in diagnosis
and surgical reconstruction can lead to the accrual of new
injuries over time as well as diminishing value in diagnos-
tic imaging.10,19,24 While the delays in these prior studies
have mostly been over the course of years, rather than
months as in our cohort, prior evidence has shown dimin-
ishing ability to repair concomitant meniscal tears with
delays on a month-by-month basis.20 With this knowledge,
understanding what factors play a role in health care tim-
ing becomes all the more important.

No study to our knowledge has commented on the rela-
tionship that age and BMI have with the timing of health
care in this patient population. Considering age, this may
be due to surgeons’ prioritizing getting their younger
patients to the operating room faster in order to minimize
the amount of time spent on an unstable knee. In addition,

Pa�ents aged 13-25 years 
who underwent ACL reconstruc�on,

January 1, 2017–June 30, 2020
(n = 510)

Eligible pa�ents (n = 427)

Demographic informa�on complete
(N = 369)

Excluded (n = 58)
• Demographic informa�on 

incomplete

Excluded (n = 83)

• Prior surgery on same knee
• Mul�ligamentous knee injury
• Lack of athle�c par�cipa�on

Figure 1. Patient selection process through inclusion and
exclusion criteria. ACL, anterior cruciate ligament.
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older patients may have more rigid scheduling require-
ments that could preclude surgery being done right
away, such as job requirements, college courses, or waiting
for the off-season schedule in their sport. In our analysis,
there were higher increases in each time interval after
age 22 years, around the age of transitioning from under-
graduate education to entering the work force. Younger
patients may not have as many extrinsic constraints and
could have more flexibility in the timing of MRI or surgery,
allowing them to be seen earlier. Last, younger patients
may also be more likely to live with their parents and

have the help of family regarding transportation, rehabili-
tation, and general care, whereas older patients may be
more independent and not have as much help at their
disposal.

With regard to BMI, explanations for this association
could include the makeup of patients with higher BMI.
In athletes with an abundant soft tissue envelope, palpat-
ing bony landmarks and conducting accurate provocative
tests can be more difficult than in thinner patients. In
addition, BMI is an imperfect measurement of overall
health as it factors in only height and weight. As a result,

TABLE 1
Patient Characteristics According to Timing of MRI and Surgery (N = 369)

Characteristic n (%)

Time Interval, Mean 6 SD

TIM TMS TIS

Sex
Female 206 (56) 63 6 168 65 6 85 128 6 213
Male 163 (44) 107 6 190 78 6 120 185 6 234

Race and ethnicity
African American 29 (8) 94 6 329 61 6 75 155 6 379
American Indian or Alaska Native 4 (1) 51 6 47 81 6 20 132 6 52
Asian 46 (12) 39 6 123 103 6 170 141 6 219
Hispanic 33 (9) 105 6 165 73 6 143 178 6 210
Native Hawaiian or Pacific Islander 5 (1) 55 6 36 75 6 81 130 6 116
White 227 (62) 73 6 169 63 6 81 136 6 208
Other 25 (7) 211 6 141 88 6 73 299 6 164

Body mass index, kg/m2

\18.5 (underweight) 12 (3) 32 6 26 63 6 65 95 6 84
18.5-24.9 (normal) 221 (60) 59 6 153 59 6 69 119 6 180
25-29.9 (overweight) 89 (24) 102 6 218 100 6 165 202 6 306
�30 (obese) 47 (13) 169 6 222 70 6 67 239 6 226

Insurance
Military 2 (\1) 62 6 40 101 6 23 163 6 63
Public 111 (30) 88 6 178 76 6 105 164 6 232
Private 243 (66) 64 6 174 66 6 66 130 6 189
Self-pay 13 (4) 396 6 237 104 6 236 500 6 316

MRI, magnetic resonance imaging; TIM, time from injury to MRI; TIS, time from injury to surgery; TMS, time from MRI to surgery.

Figure 2. Timing of magnetic resonance imaging (MRI) and surgery as a function of patient age. There was a significant associ-
ation between age and all 3 time intervals studied (P\ .05 for all). TIM, time from injury to MRI; TIS, time from injury to surgery; TMS,
time from MRI to surgery.
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athletes can often fall into ‘‘overweight’’ or ‘‘obese’’ catego-
ries due to large stature and increased overall muscle
mass. In those athletes with significant muscle mass,
lack of appropriate relaxation can make physical examina-
tion maneuvers challenging. These challenges can lead to
delays in diagnosis and, as a result, delays to imaging
and surgery.

There is likely an element of hidden bias that providers
have toward patients with higher BMI. Those with higher
BMI could experience a lack of trust from their physician,
disbelief in their symptoms, or even misattribution of their
pain to other causes such as their weight. When this
occurs, patients do not receive the timely care they
deserve, leading to delays in ordering advanced imaging
or even booking patients for surgery. This subset of
patients is then exposed to consequences of ambulating
with an unstable knee for extended periods of time. Fur-
thermore, physicians may have their patients with ele-
vated BMI wait longer times before surgical
reconstruction in an effort to spend more time in physical
therapy. This can be done to improve range of motion
and mobility in order to maximize all other risk factors
for surgical complications to ensure the best possible out-
come postoperatively.

Existing studies have examined the role that patient
characteristics play in health care timing, primarily insur-
ance status. Hung et al6 demonstrated that in patients
with shoulder instability, public insurance was associated
with delays in evaluation and postoperative complications.
Pierce et al16 conducted a survey study demonstrating
reduced access to orthopaedic care in patients with acute
ACL tears who had public insurance. In our study, sex,
race and ethnicity, and insurance type did not produce
a significant relationship with timing of care. A possible
reason for the lack of statistical significance could be the
makeup of each demographic factor. For example, almost

two-thirds of our cohort identified as White, and there
were over twice as many patients with private insurance
as those with public insurance.

Strengths and Limitations

There are several strengths of this study. This includes our
patient population size. We studied a large cohort of over
350 young athletes with ACL tears. In addition, we
assessed multiple demographic factors at one time. We
also examined multiple time intervals between injury,
diagnosis, and treatment, all of which play a role in patient
outcomes. Furthermore, the study brings to the forefront
age and BMI, 2 demographic factors not often studied
with regard to equality in care. Last, this study has the
ability to change future practice. By recognizing these dif-
ferences in care, we can then take the necessary steps to
eliminate them. While the relationship between age and
health care timing could be primarily due to extrinsic
time constraints, equity in the timing of care should always
be emphasized. With regard to BMI, we must become more
aware of our own hidden biases. When seeing patients who
have elevated BMI, we must consciously act to ensure they
receive the same standard of care as other patients. Sys-
temic changes can occur as well. For example, given the
difficulty in examining a patient with higher BMI (either
secondary to adipose tissue or high muscle content), there
may be a false sense of stability that could delay a primary
care provider’s initiating the referral process to MRI or see-
ing an orthopaedic surgeon. Education of these challenges
to referring physicians can help limit these delays. In addi-
tion, orthopaedic surgeons themselves can have a lower
threshold for diagnostic imaging in patients who meet
overweight or obese BMI criteria when examinations are
more unreliable. System-wide protocols can be created
that, for example, can lead to more efficient MRIs in this
subset of patients. Finally, surgical delay due to increased
time spent in preoperative physical therapy can occur
implicitly or explicitly. Time between injury and surgery
spent in therapy should be planned thoughtfully, and
excess time should be avoided if added for reasons other
than to promote the best outcome for the patient.

This study has limitations. First and foremost is the ret-
rospective design. The study findings cannot determine
a causative link between BMI and timing of care and can
only provide associations. Second, there were patients
who did not provide complete demographic data and as
a result were not included in the overall analysis. The
data set excluded 14% of patients secondary to incomplete
demographic data, which could lead to over- or underesti-
mating the disparities discussed. Third, the data collected
were from a single orthopaedic institution, and thus the
results may not be generalizable to other patient popula-
tions. Fourth, we did not record the date of initial evalua-
tion. While valuable information, most patients in our
hospital system with acute sports knee injuries are seen
by a primary provider and referred to our service after
MRI. As a result, we do not know if delays in TIM were sec-
ondary to time to initial provider evaluation versus

Figure 3. Timing of magnetic resonance imaging (MRI) and
surgery as a function of patient body mass index (BMI). Over-
weight patients experienced significant delays from MRI to
surgery and injury to surgery. Obese patients trended toward
delays from injury to MRI and injury to surgery. TIM, time from
injury to MRI; TIS, time from injury to surgery; TMS, time from
MRI to surgery. Error bars represent 95% CIs. *Significantly
different compared with normal BMI (P \ .05).
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referral to a specialist. Fifth, while we found significant
results in patients with overweight BMI criteria, those
with obese BMI criteria experienced delays that were not
significant when controlling for other variables. It is possi-
ble that with 47 patients with BMI �30 kg/m2, our analy-
sis of obese patients was underpowered, and including
a larger sample size could lead to significant delays in
the obese patient population. Sixth, we did not control for
the intensity of sport played. While lack of participation
in a sport was part of the exclusion criteria, sport activity
level could be associated with BMI and therefore could con-
found the results related to timing of care in patients with
elevated BMI. Seventh, we did not find a significant asso-
ciation with other demographic factors previously shown to
be associated with timing of care, such as insurance type or
race and ethnicity. Due to the small sample size for many
nonsignificant factors, they uniformly had a high type 2
error. Incorporating a larger cohort, perhaps from several
different populations, could have provided more statistical
significance. Last, we removed patients who chose ‘‘mili-
tary’’ and ‘‘self-pay’’ as insurance status from our analysis.
This subgroup made up a fraction of our total cohort, as
96% of patients fell in either the ‘‘public’’ or the ‘‘private’’
insurance category.

CONCLUSION

Increasing age and elevated BMI were associated with
increased times to MRI and surgical care in young athletes
with ACL injuries. In the present study, we focused on
a minority population that is less often discussed with
regard to disparities in health care, expanding on the rela-
tionship between patients with higher BMI and increased
time from injury to diagnosis and treatment. Recognizing
and understanding this potential for disparities in health
care are important to helping provide better patient care.

REFERENCES

1. Anderson AF, Anderson CN. Correlation of meniscal and articular

cartilage injuries in children and adolescents with timing of anterior

cruciate ligament reconstruction. Am J Sports Med. 2015;

43(2):275-281.

2. Baraga MG, Smith MK, Tanner JP, Kaplan LD, Lesniak BP. Anterior

cruciate ligament injury and access to care in South Florida: does

insurance status play a role? J Bone Joint Surg Am. 2012;

94(24):e183.

3. Church S, Keating JF. Reconstruction of the anterior cruciate liga-

ment: timing of surgery and the incidence of meniscal tears and

degenerative change. J Bone Joint Surg Br. 2005;87(12):1639-1642.

4. Crawford R, Walley G, Bridgman S, Maffulli N. Magnetic resonance

imaging versus arthroscopy in the diagnosis of knee pathology, con-

centrating on meniscal lesions and ACL tears: a systematic review.

Br Med Bull. 2007;84:5-23.

5. Holoubek SA, MacKinney EC, Khokar AM, et al. Treatment differen-

ces for adrenocortical carcinoma by race and insurance status. J

Surg Res. 2022;280:169-178.

6. Hung NJ, Darevsky DM, Pandya NK. Pediatric and adolescent shoul-

der instability: does insurance status predict delays in care, out-

comes, and complication rate? Orthop J Sports Med. 2020;8(10):

2325967120959330.

7. Kay J, Memon M, Shah A, et al. Earlier anterior cruciate ligament

reconstruction is associated with a decreased risk of medial meniscal

and articular cartilage damage in children and adolescents: a system-

atic review and meta-analysis. Knee Surg Sports Traumatol Arthrosc.

2018;26(12):3738-3753.

8. Kolin DA, Dawkins B, Park J, et al. ACL reconstruction delay in pedi-

atric and adolescent patients is associated with a progressive

increased risk of medial meniscal tears. J Bone Joint Surg Am.

2021;103(15):1368-1373.

9. Matthewson G, Kooner S, Rabbani R, et al. Does a delay in anterior

cruciate ligament reconstruction increase the incidence of secondary

pathology in the knee? A systematic review and meta-analysis. Clin J

Sport Med. 2021;31(3):313-320.

10. Munger AM, Gonsalves NR, Sarkisova N, et al. Confirming the pres-

ence of unrecognized meniscal injuries on magnetic resonance imag-

ing in pediatric and adolescent patients with anterior cruciate

ligament tears. J Pediatr Orthop. 2019;39(9):e661-e667.

11. Nam TS, Kim MK, Ahn JH. Efficacy of magnetic resonance imaging

evaluation for meniscal tear in acute anterior cruciate ligament inju-

ries. Arthroscopy. 2014;30(4):475-482.

12. Noyes FR, Barber-Westin SD. Treatment of meniscus tears during

anterior cruciate ligament reconstruction. Arthroscopy. 2012;28(1):

123-130.

13. Patel AR, Sarkisova N, Smith R, Gupta K, VandenBerg CD. Socioeco-

nomic status impacts outcomes following pediatric anterior cruciate

ligament reconstruction. Medicine (Baltimore). 2019;98(17): e15361.

14. Pennock A, Murphy MM, Wu M. Anterior cruciate ligament recon-

struction in skeletally immature patients. Curr Rev Musculoskelet

Med. 2016;9(4):445-453.

15. Phelan N, Rowland P, Galvin R, O’Byrne JM. A systematic review and

meta-analysis of the diagnostic accuracy of MRI for suspected ACL

and meniscal tears of the knee. Knee Surg Sports Traumatol

Arthrosc. 2016;24(5):1525-1539.

16. Pierce TR, Mehlman CT, Tamai J, Skaggs DL. Access to care for the

adolescent anterior cruciate ligament patient with Medicaid versus

private insurance. J Pediatr Orthop. 2012;32(3):245-248.

17. Rosenberg SI, Ouweleen AJ, Hall TB, Patel NM. Are neighborhood

conditions associated with surgical delays and meniscus tears in

children and adolescents undergoing ACL reconstruction? Clin

Orthop Relat Res. 2023;481(2):281-288.

18. Skaggs DL, Lehmann CL, Rice C, et al. Access to orthopaedic care

for children with Medicaid versus private insurance: results of

a national survey. J Pediatr Orthop. 2006;26(3):400-404.

19. Sliepka JM, Saper MG, Sorey W, et al. Effect of increased time to

surgery on the ability of MRI to rule out medial meniscal tears in

young athletes with ACL injury. Orthop J Sports Med. 2023;11(1):

23259671221141664.

20. Sorey W, Hagen MS, Mand S, et al. Effect of delayed anterior cruci-

ate ligament reconstruction on repair of concomitant medial menis-

cus tears in young athletes. Am J Sports Med. 2023;51(2):398-403.

21. Tandogan RN, Taser O, Kayaalp A, et al. Analysis of meniscal and

chondral lesions accompanying anterior cruciate ligament tears: rela-

tionship with age, time from injury, and level of sport. Knee Surg

Sports Traumatol Arthrosc. 2004;12(4):262-270.

22. Tayton E, Verma R, Higgins B, Gosal H. A correlation of time with

meniscal tears in anterior cruciate ligament deficiency: stratifying

the risk of surgical delay. Knee Surg Sports Traumatol Arthrosc.

2009;17(1):30-34.

23. Werner BC, Yang S, Looney AM, Gwathmey FW, Jr. Trends in pedi-

atric and adolescent anterior cruciate ligament injury and reconstruc-

tion. J Pediatr Orthop. 2016;36(5):447-452.

24. Wong KP, Han AX, Wong JL, Lee DY. Reliability of magnetic reso-

nance imaging in evaluating meniscal and cartilage injuries in anterior

cruciate ligament-deficient knees. Knee Surg Sports Traumatol

Arthrosc. 2017;25(2):411-417.

25. Yoo JC, Ahn JH, Lee SH, Yoon YC. Increasing incidence of medial

meniscal tears in nonoperatively treated anterior cruciate ligament

insufficiency patients documented by serial magnetic resonance

imaging studies. Am J Sports Med. 2009;37(8):1478-1483.

6 Sliepka et al The Orthopaedic Journal of Sports Medicine


