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Background: While studies have described Kaplan fiber (KF) injury in up to 60% of adults with anterior cruciate ligament (ACL)
tears, the incidence of KF injury in the pediatric and adolescent population remains unknown.

Purpose: To (1) determine the reliability of using magnetic resonance imaging (MRI) to identify KF injury in the pediatric and
adolescent population and (2) define the incidence of KF injury in these patients with acute ACL injuries.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: The authors retrospectively identified patients <18 years of age who underwent ACL reconstruction for acute tears
between 2013 and 2020. All preoperative MRI scans were reviewed independently and in a blinded fashion by 2 musculoskeletal
radiologists, who noted the presence of the KF complex and any evidence of injury; interrater reliability was assessed. Patient
characteristics, time from injury to MRI, laterality, and concomitant ligamentous or meniscal injuries were recorded, and
associations between patient or injury characteristics and KF integrity on MRI were assessed.

Results: In total, 51 patients (mean age, 14.9 years) met the inclusion criteria. Of these, 27 patients were female and 31 sustained
an injury to the right knee. With respect to KF integrity, radiologist 1 visualized KF injury in 29% of patients, while radiologist
2 visualized KF injury in 35% of patients. In 12% of cases for radiologist 1 and 6% of cases for radiologist 2, KFs were unable to be
visualized at all. The overall percentage agreement between the 2 radiologists was 76.5% with a kappa statistic of 0.57 (moderate
agreement). There were no significant associations found between the presence of KF injury and patient age, sex, laterality, body
mass index, concomitant ligamentous injury, or meniscal injury. However, visualization of KF injury on MRI was associated with a
shorter time from index injury to MRI (15 days vs 23 days; P = .044) .

Conclusion: Approximately one-third of pediatric and adolescent patients who underwent ACL reconstruction were found to have
KF injuries. Standard preoperative MRI scans can reliably be used to visualize KF injury in the majority of pediatric and adolescent
patients with ACL tears, especially when the MRI is performed in the acute setting.
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Kaplan fibers (KF's), the deep connections between the
iliotibial band (ITB) and distal femur, are key components
of the anterolateral complex and contribute to anterolateral
rotational stability of the knee®'? (Figure 1). Injuries to any
of the 3 components of this complex (KF's, anterolateral
ligament, and ITB) have been associated with high-grade
pivot shift on examination and decreased rotational
stability.®21:2* Biomechanical cadaveric studies have
demonstrated that KF's approximate the ITB to the lateral
epicondyle and cause ITB tightening with internal
rotation.®1 This augments the ITB’s ability to provide
rotational stability to the knee, which, in the context of
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anterior cruciate ligament (ACL) reconstruction, has been
shown to decrease the risk of graft failure.”?2

Magnetic resonance imaging (MRI) is commonly used to
diagnose acute ligamentous knee injury including sus-
pected ACL tears and related injuries. Studies have dem-
onstrated that approximately 60% of pediatric patients
with acute ACL tears have an additional knee injury on
MRI.2? However, no studies have specifically described the
rate of associated extra-articular injuries in pediatric or
adolescent patients with ACL tears, particularly with
respect to the KF complex. Recently, Batty et al® demon-
strated that KF integrity in adults can be reliably visual-
ized and assessed on routine MRI. Marom et al'” have
reported on the proportion of concurrent ACL tear and
KF injury in a combined pediatric and adult population.
However, both the reliability of using MRI to visualize KF
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Figure 1. lllustration depicting normal anatomic relationship
between Kaplan fibers and other anatomic landmarks. Image
from Godin et al® (2017). Reprinted by permission of SAGE
Publications. ALL, anterolateral ligament; FCL, fibular collat-
eral ligament; GT, gastrocnemius tendon; ITB, iliotibial band;
LE, lateral epicondyle; PLT, popliteus tendon.

injury in pediatric or adolescent patients and the incidence
of KF injury in pediatric and adolescent patients with ACL
tears remain unknown.

Pediatric and adolescent patients have been shown to be
a distinct patient population compared with adults with
respect to both failure rate and optimal ACL reconstruction
technique. The rate of both ACL injury and ACL recon-
struction is increasing rapidly in the pediatric and adoles-
cent population,®® and these patients continue to have an
elevated risk of graft failure requiring revision surgery
compared with their adult counterparts.!??%2° Under-
standing the proportion of KF injuries in these patients
who have sustained an ACL tear may contribute to our
understanding of this distinct patient population and
potentially inform surgeons regarding who may benefit
from extra-articular augmentation procedures.

The purpose of this study was to (1) determine the reli-
ability of using MRI to identify KF injury in this high-risk
population and (2) define the incidence of KF injury in pedi-
atric and adolescent patients with acute ACL injuries. We
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hypothesized that the incidence of KF injury in this popula-
tion would be higher than the historically reported KF
injury rates in adult patients.

METHODS

After institutional review board approval was obtained, all
pediatric and adolescent patients who underwent ACL
reconstruction between January 1, 2013, and December
30, 2020, at a tertiary care referral academic institution
were identified. Inclusion criteria were (1) International
Classification of Diseases, 9th Revision or 10th Revision
diagnosis code for ACL injury, (2) Current Procedural Ter-
minology (CPT) code 29888 for arthroscopic ACL recon-
struction, (3) age <18 years, and (4) preoperative MRI
scan of the injured knee available for review. Furthermore,
to standardize imaging parameters, only patients who
obtained their preoperative MRI scan at our institution
were included. Patients with knee dislocations, ligament
injuries, fractures, or any other concomitant knee injuries
were not excluded from the study cohort. Patients provided
informed consent to participate.

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) flowchart describing
the patient inclusion process is shown in Figure 2. The
initial record screening identified 228 records of patients
<18 years of age with a diagnosis of ACL injury and a CPT
code for ACL reconstruction. After chart review, 6 patients
were excluded for incorrect coding (eg, surgery incorrectly
coded as ACL reconstruction) and 131 patients were
excluded because of missing preoperative MRI scans (eg,
patient brought disk with MRI results to the consultation,
but the images were not uploaded to our institution’s pic-
ture archiving and communication system). Finally, 37
patients were excluded because their MRI scans were
obtained at an outside institution. After excluding 3 dupli-
cate records, 51 patients remained for final analysis.

Patient age, sex, body mass index (BMI), time from
injury to MRI, and laterality of injury were collected
from the electronic medical record. The presence of con-
comitant ligamentous or meniscal injuries was deter-
mined by reviewing operative notes and radiology
reports. Patients with preoperative MRI findings of the
collateral ligament or meniscal injury who did not have
pathology noted during arthroscopy were not categorized
as having concomitant injury.
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Inclusion Criteria:
Age <18
AND ICD 9/10 code for ACL
rupture
AND CPT code for ACL
reconstruction

Excluded 137 patients during

screening:

- Incorrect codes (N=6)

- No pre-operative MRI images
uploaded (N=131)

Records identified (N=228)

Patients with pre-operative MRI
images uploaded (N=91)

Excluded 37 patients with MRI
images obtained at outside
institution

Patients with pre-operative MRI
performed at home institution
(N=54)

ll Excluded 3 duplicate records

l Final cohort for analysis (N=51) |

Figure 2. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) flowchart of patient
inclusion. ACL, anterior cruciate ligament; CPT, Current
Procedural Terminology; ICD, International Classification of
Diseases; MRI, magnetic resonance imaging.

TABLE 1
Kaplan Fiber Diagnostic Criteria

Criterion Definition

Visualized Discrete fibrous band identified in >2 consecutive
slices in 1 sequence
Intact Homogeneous signal intensity and preserved contour
Injured Heterogeneous signal intensity
Partial or complete disruption of fiber contiguity
Fluid signal within the fibrous bands
Separation of fibers from attachments at the iliotibial
band or distal femur

All MRI scans were performed using a Siemens Magne-
tom Vida 3-T MRI scanner (Siemens AG) with a standard
commercial knee coil. All MRI examinations were per-
formed without contrast. Sequences were obtained per
standard institutional protocols with parameters at or close
to the following: repetition time, 2000 to 4700 milliseconds;
echo time, 11 to 72 milliseconds; echo train length, 7 to 91;
receiver bandwidth, 203 to 1180 Hz/Px; field of view, 140 to
330 mm; and slice thickness, 3 to 6 mm. Per standard insti-
tutional procedure, radiology technicians also modified
parameters as necessary to obtain optimal visualization.

MRI scans were retrospectively reviewed independently
and in a blinded fashion by 2 fellowship-trained musculo-
skeletal radiologists (B.L., V.G.) . Axial, coronal, and sagit-
tal plane MRI scans were available for screening by each of
the radiologists at their own discretion. They first focused
on and reported the presence of ACL injury. Next, following
the diagnostic criteria described by Marom et al'” (Table 1),
the radiologists characterized the KF bundles as visualized
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and intact, visualized and injured, or unable to be visual-
ized. To meet criteria for visualization, a discrete fibrous
band arising from the deep margin of the deep ITB and
inserting on the distal femur must have been able to be
identified on >2 consecutive slices in 1 plane. Criteria for
KF injury included disruption or discontinuity of fiber con-
tour, fluid signal within the fibrous bands, heterogeneous
signal intensity, or separation of fibers from their attach-
ments at the I'TB or distal femur. Partial and complete tears
were both recorded as injured. Criteria for intact KF's
included homogeneous signal intensity and a preserved con-
tour of the fibrous band between the distal ITB and distal
femur. Consensus was defined as independent agreement
on KF integrity between the 2 radiologists.

Statistical Analysis

Patient characteristics were reported with means, stan-
dard deviations, and ranges. All collected variables were
assessed for normality with the Shapiro-Wilk test.
Associations between patient or injury characteristics
and the presence of KF injury were assessed with Pearson
chi-square test for categorical variables and the Mann-
Whitney U test for nonparametric continuous variables.
The overall percentage agreement between the 2 radiol-
ogists was calculated, and the kappa statistic was used
to assess interrater reliability with the following scale:
0 to 0.2, slight; 0.21 to 0.4, fair; 0.41 to 0.6, moderate;
0.61 to 0.8, substantial; 0.81 to 1, almost perfect.!®> For
comparative tests, a P value <.05 was deemed statisti-
cally significant. Stata 12 (StataCorp LLC) was used for
all analyses.

RESULTS

In total, 51 patients with a mean age of 14.9 years (median,
15 years; SD, 2.1 years; range, 9-18 years) and mean BMI of
23.7 (SD, 5.3; range, 17.1-38.8) met our inclusion criteria
and were included in this study. Of these, 27 patients (53%)
were female and 31 (61%) sustained an injury to the right
knee. Postinjury MRI was obtained an average of 24 days
after injury (SD, 33 days; range, 0-182 days). Of the total,
40 patients (78%) were found to have a concomitant collat-
eral ligament or meniscal injury. Overall, 22 patients (43%)
sustained concomitant medial collateral ligament (MCL)
injuries, 11 (22%) had a lateral collateral ligament (LCL)
injury, 13 (25%) had medial meniscal tears, and 18 (35%)
had lateral meniscal tears.

Upon review of the MRI scans, the 2 musculoskeletal
radiologists first reported a few qualitative observations
to the study team. First, they reported the highest success
identifying KF's using axial T2 fat-suppressed images
(Figure 3), with comparative difficulty following the fiber
course when using sagittal or coronal images. The standard
3-mm slices were often too thick to reliably identify the
fibers on sagittal or coronal images, precluding the radiol-
ogists’ ability to identify discrete proximal and distal fibers.
Second, while adult patients were not included in this
study, the radiologists reported that compared with their
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Figure 3. Uninjured Kaplan fibers. Series of consecutive axial T2 fat-suppressed images of the left knee in a pediatric patient with
an anterior cruciate ligament injury with visualized, intact Kaplan fibers. (A) Arrow denotes insertion of Kaplan fibers onto the
posterolateral distal femur. (B, C) Arrows denote Kaplan fibers joining with the lateral intermuscular septum and an iliotibial band.

TABLE 2
Kaplan Fiber Magnetic Resonance Imaging Findings®
Finding Radiologist 1 Radiologist 2
Not visualized 6(11.8) 3.9
Visualized, uninjured 30 (58.8) 30 (58.8)
Visualized, injured 15 (29.4) 18 (35.3)

“Data are reported as n (%).

experience reviewing MRI scans of adult knees, the KF's in
our pediatric and adolescent patient cohort were noticeably
smaller and thinner.

Between the radiologists, radiologist 1 (B.L.) noted ACL
injury in 92% of patients, while radiologist 2 (V.G.) noted
ACL injury in 94% of patients, with 94% agreement and a
kappa statistic of 0.54 (moderate agreement). With respect
to KF integrity, radiologist 1 noted KF injury in 29% of
patients, while radiologist 2 noted KF injury in 35% of
patients (Table 2, Figure 4). KFs were not discernible in
12% of cases for radiologist 1 and 6% of cases for radiologist
2. The overall percent agreement between the 2 radiologists
for KF integrity was 76.5% with a kappa statistic of 0.57
(moderate agreement).

When limiting analysis to patients for whom the radiol-
ogists established consensus, there was a higher percent-
age of LCL injury in the KF-injured group compared with
the KF-intact group (46% vs 16%; P = .045). Visualization
of KF injury on MRI was associated with a shorter time
from index injury to MRI (15 days vs 23 days; P = .044).
With the numbers in this study, we could identify no sta-
tistically significant associations between the presence of a
KF injury and patient age, sex, laterality, BMI, or the pres-
ence of an MCL or meniscal injury.

DISCUSSION

In this study of 51 pediatric and adolescent patients with
ACL injuries, KFs were able to be visualized on routine
preoperative MRI scans in approximately 90% of all

patients. A radiologic diagnosis of KF injury was made in
29% to 35% of all patients with moderate agreement noted
between radiologists. Finally, a radiologic diagnosis of KF'
injury was associated with concomitant LCL injury as well
as shorter delay between injury and MRI.

While there is a paucity of literature that focuses on
pediatric and adolescent patients with ACL injury, recent
studies have characterized the visualization rate and KF
injury rate in adults. The findings vary significantly
between studies, with Marom et al'” reporting a 64% to
71% KF injury rate in a cohort of 72 patients with ACL
tears and Batty et al® reporting only a 18.6% injury rate
in a group of 161 patients with ACL tears. Using criteria
similar to those used by Marom et al, we report a 29% to
35% KF injury rate. The magnitude of discrepancy between
published studies highlights the importance of using con-
sistent radiographic criteria for the diagnosis of KF injury.
Marom et al deemed all KF's that had disruption of normal
fiber contiguity, signal heterogeneity, or morphologic
derangement on either coronal, sagittal, or axial MRI scans
as injured. In contrast, Batty et al® enforced more stringent
diagnostic criteria of KF injury, requiring 1 direct sign of
injury or 2 indirect signs of injury. Direct signs included
obvious fiber discontinuity or femoral avulsion, whereas
indirect signs included thickening or signal change, bone
marrow edema at the insertion site, soft tissue edema at the
fiber region, or wavy appearance of the fibers. Using these
more stringent diagnostic criteria likely decreased their
sensitivity and led to a lower reported KF injury rate. Of
the 23 KF injuries noted by Van Dyck et al2 (of 69 patients
with ACL tears), 21 were deemed grade 1, with “mild peri-
ligamentous edema with identifiable, continuous low-
signal intensity fibers,” and would not have been deemed
injured by the criteria of Batty et al.? When applied to the
more underdeveloped anatomy seen in pediatric and ado-
lescent patients, we believe these stringent criteria would
likely underestimate the true rate of KF injury.

Our study found a significant association between con-
comitant LCL injury and the presence of KF injury. While
KFs and the anterolateral complex have been shown to
resist internal rotation of the tibia relative to the femur,
the LCL has a more significant role in controlling
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Figure 4. Injured Kaplan fibers. Series of consecutive axial T2 fat-suppressed images of the right knee in a pediatric patient with an
anterior cruciate ligament injury with torn Kaplan fibers. (A) Arrow denotes a complete tear at Kaplan fiber insertion onto the
posterolateral distal femur. (B, C) Disruption of Kaplan fiber attachments to the lateral intermuscular septum and iliotibial band.

external rotation forces.'®!! While it may not be surpris-
ing that patients who sustained rotational forces signifi-
cant enough to disrupt KFs are more likely to also present
with concomitant collateral injury, there are many factors
that play a role in ACL tears, and it is difficult to propose
a relationship without more specifics regarding mecha-
nism of injury. Batty et al® reported higher rates of MCL
injury, lateral meniscal injury, and posteromedial tibial
bone marrow edema in addition to LCL injury in patients
with an ACL injury with KF tears, but we found no sig-
nificant associations between the presence of KF injury
and MCL or meniscal injury.? One possible explanation
for this disparity is the biomechanical difference in the pedi-
atric or adolescent knee compared with the adult knee. Not
only have studies shown that younger patients have
increased ligamentous strength relative to bone, decreasing
their risk of concomitant ligamentous injury, but also the
presence of the physis in skeletally immature patients con-
tributes to increased flexibility at the knee joint.2° This com-
bined with the decreased stiffness of immature bone may
allow the pediatric and adolescent knee to better absorb rota-
tional stress.2’ Even within pediatric patients with ACL
injury alone, Lee et al'* reported that younger patients had
a lower risk of concomitant ligamentous tears at the time of
ACL injuries.

Although the rates of concomitant ligament tears for
pediatric patients may be lower in the setting of ACL inju-
ries, pediatric and adolescent patients undergoing ACL
reconstruction have been shown to have significantly
higher rates of retear compared with adults.'® Wasserstein
et al?® analyzed more than 12,000 ACL reconstruction pro-
cedures and found that young age (15-19 years) was a sig-
nificant independent risk factor for failure. Asai and
colleagues® reported that 14.8% of skeletally immature
patients required revision compared with 2.9% of adults.
The explanation for this is likely multifactorial, including
lower graft maturity rates, distinct intra-articular inflam-
matory environments, different autograft sizes and materi-
als, and pediatric patients’ overall high activity levels and
relative difficulty adhering to postoperative restrictions.®
Finally, as pediatric patients have been shown to demon-
strate significantly greater amounts of internal tibial

rotation both before and after ACL reconstruction,*
increased rotational instability has been a commonly cited
reason for higher failure rates. Asai et al® reported that
more than 20% of skeletally immature patients had persis-
tent pivot shift postoperatively compared with a 4% posi-
tive postoperative pivot-shift rate in adults. Given the role
of KFs as a restraint against internal tibial rotation,'® we
expected a higher rate of KF injury in our cohort compared
with the published literature on adult patients. Our
observed rate of KF injury was far lower than the rate
Marom et al'” reported of 64% to 71%. Although it is pos-
sible that the aforementioned factors that allow skeletally
immature knees to better absorb rotational stress (ligamen-
tous laxity, open growth plates) may explain these
results,? we did not find younger age to be associated with
elevated rates of KF injury within our combined pediatric
and adolescent patient cohort.

In an effort to augment rotational stability,® lateral
extra-articular tenodesis (LET) has garnered significant
interest as an adjunctive procedure. LET has been shown
to reduce clinical failure and graft rupture rates in young
(14-25 years of age) patients with ACL-deficient knees at
high risk for reinjury.” While LET has a well-supported role
in augmenting revision ACL reconstructions at high risk
for failure,'® there remains no consensus on the specific
indications for LET in the setting of primary ACL surgery.
Characteristics such as high-grade pivot shift, meniscal
deficiency, high tibial slope, or involvement in high-risk
activities such as cutting sports have been listed as possible
indications for LET augmentation, but additional objective
measures of rotational laxity are needed. Our study found
that standard postoperative MRI scans can visualize the
presence of KF's in more than 90% of pediatric and adoles-
cent patients with an ACL injury and that musculoskeletal
radiologists can diagnose KF injury with moderate agree-
ment, demonstrating the feasibility of using MRI to diag-
nose KF injury and assist with surgical decision making.
Further studies correlating radiologic findings with clinical
outcomes and physical examination findings are needed in
order to determine the clinical significance of an MRI
diagnosis of KF injury.
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Limitations

Our study does have limitations. First, it is likely that our
MRI acquisition parameters are not identical to those of
other institutions. Second, given our finding that increased
time between injury and MRI is associated with a lower
rate of KF detection, the average MRI delay of 24 days may
lead to an underestimation of the true rate of KF injuries in
our patients. Third, while our radiologists followed previ-
ously published criteria for the recognition of KF injury
using MRI, there is no consensus on diagnostic criteria for
KF injury, much less in pediatric and adolescent patients.
This heightens the difficulty of accurately comparing our
findings with existing literature. Fourth, despite identify-
ing more than 200 patients who met our inclusion criteria,
the majority obtained their MRI scans at an outside insti-
tution and were excluded from analysis, limiting our
sample size to 51 patients. Because of this, our study may
be underpowered to detect associations between KF injury
and specific patient characteristics. Fifth, the presence of
edema-like marrow signal intensity (ELMSI) was not
included on the image collection sheet used by the radiolo-
gists, preventing assessment of any relationship between
ELMSI and KF injury. And finally, while this study is the
first to define a rate of KF visualization and injury in pedi-
atric and adolescent patients with ACL injuries, we did not
record the status of the growth plate and hence cannot
comment on any association between skeletal maturity and
rate of KF injury. However, we did not find younger age to
be significantly associated with the presence of KF injury in
our cohort of pediatric and adolescent patients.

CONCLUSION

Approximately one-third of pediatric and adolescent
patients who underwent ACL reconstruction were found
to have KF injuries. Standard preoperative MRI scans can
reliably be used to visualize KF injury in the majority of
pediatric and adolescent patients with ACL tears, espe-
cially when the MRI is performed in the acute setting.
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