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Background: Kaplan fibers are distinct deep layers of the distal iliotibial band (ITB) that anchor the ITB to the distal femur and
have a role in rotational stability of the knee. However, the incidence of Kaplan fiber injury in the setting of acute anterior cruciate
ligament (ACL) tear is unknown.

Purpose: To determine the reliability of identifying and evaluating Kaplan fibers on magnetic resonance imaging (MRI) examina-
tions based on previously reported characteristics and to report on the incidence of combined ACL and Kaplan fiber injuries
based on MRI examinations.

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

Methods: Patients with an acute primary ACL tear who obtained a postinjury MRI scan at our institution and were treated with
ACL reconstruction between January 1, 2007, and May 31, 2012, were identified from an institutional registry. Each patient’s
postinjury MRI scan was reviewed by 2 musculoskeletal radiologists, who identified Kaplan fibers and graded them as intact,
injured, or not visualized. Intrarater reliability was measured using the intraclass correlation coefficient (ICC), and interrater reli-
ability was measured using the kappa statistic.

Results: A total of 72 patients were identified. For the proximal Kaplan fibers, 50% versus 58% were identified as injured, 32%
versus 29% were identified as intact, and 18% versus 13% were not visualized by radiologist 1 and 2, respectively. For the distal
Kaplan fibers, 46% versus 60% were identified as injured, 43% versus 28% were identified as intact, and 11% versus 12% were
not visualized by radiologist 1 and 2, respectively. The ICC intrarater reliability measurements were 0.89 (95% CI, 0.83-0.93) for
proximal Kaplan fibers and 0.66 (95% CI, 0.51-0.78) for distal Kaplan fibers. The interrater reliability measurements for both radi-
ologists showed substantial agreement (kappa = 0.7) for proximal Kaplan fibers and moderate agreement (kappa = 0.51) for distal
Kaplan fibers.

Conclusion: Kaplan fibers were visualized on MRI studies in the majority of cases, with substantial reliability for the proximal fi-
bers and moderate reliability for the distal fibers. There was an associated injury to either the proximal or distal or both Kaplan
fibers in the majority of acute primary ACL tears.
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The anterolateral extra-articular structures of the knee
and their role in controlling anterolateral laxity have
been revisited in recent years as part of an effort to opti-
mize anterior cruciate ligament (ACL) reconstruction
(ACLR) outcomes.1,4-7,9,11 The iliotibial band (ITB) and spe-
cifically Kaplan fibers, with their distinct deep layers
anchoring the ITB to the distal femur,8 have been shown
to be important structures in this area that contribute to

static restraint against internal tibial rotation, pivot
shift, and anterior tibial translation in the ACL-deficient
knee.3-5,8,14,16,17

It is believed that injury to these structures may lead to
high-grade pivot shifts and failure of ACLRs4 and, there-
fore, may indicate the need for an extra-articular augmen-
tation to ACLR.5,13,15 Very few studies have reported on
the incidence of concomitant ACL and ITB (Kaplan fibers)
injuries. Early reports12,14 suggested a high occurrence of
up to 93% of ITB injuries among patients with an ACL
tear. Thus, it was suggested that a routine review of the
ITB as a distinct entity may be a useful approach in acute
knee imaging.12 It was recently also reported that the
Kaplan fiber complex can be identified on routine magnetic
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resonance imaging (MRI) sequences in the ACL-intact
knee.2

While the incidence of a distinct injury to Kaplan fibers
in the setting of ACL tear is unknown, the purpose of this
study was (1) to determine the reliability of identifying
Kaplan fibers and their integrity on routine MRI scans of
torn ACLs and (2) to report the incidence of combined
ACL and Kaplan fiber injuries based on MRI scans.

METHODS

The study was approved by our institutional review board.
We queried our institutional registry for patients who had
a diagnosis of acute primary ACL tear and were treated
with ACLR between January 1, 2007, and May 31, 2012.
We included patients who obtained an MRI scan at our
institution within 6 weeks of injury. Each patient’s postin-
jury MRI scan was reviewed by 2 fellowship-trained mus-
culoskeletal radiologists (H.G.G., M.R.), who were asked
specifically to identify Kaplan fibers and grade them as
intact, injured, or not visualized. One radiologist (H.G.G.)
reviewed the MRI scans twice.

MRI Review Process

Noncontrast MRI was acquired using a 1.5-T or 3.0-T scan-
ner (GE Healthcare) with a commercial knee coil. Sequen-
ces were obtained according to a standard institutional
protocol, which included multiplane fast spin echo imaging
optimized for anatomic detail, with parameters at or close
to the following: repetition time, 4000 to 6000 ms; echo
time, 25 to 30 ms; echo train length, 8 to 16; receiver band-
width, 32 to 62.5 kHz; acquisition matrix, 512 3 (256 to
416); number of excitations, 1 to 2; field of view, 15 to

16 cm; and slice thickness, 3.5 mm with zero gap. The cor-
onal, axial, and sagittal MRI sets were independently
reviewed by each radiologist, cognizant of anatomic details
published in the literature to date.

In keeping with the findings of Godin et al6 and Batty
et al,2 MRI scans were scrutinized carefully at the deep
margin of the distal ITB and in relation to the superior lat-
eral genicular artery for the presence of a proximal Kaplan
fiber bundle inserting on a proximal ridge of the distal fem-
oral diaphysis approximately 50 mm proximal to the lat-
eral epicondyle and also for a distinct distal Kaplan fiber
inserting on a distal supracondylar ridge located approxi-
mately 30 mm proximal to the lateral epicondyle. Axial,
sagittal, and coronal plane MRI sets were available to
the 2 musculoskeletal radiologists, who independently
assessed each of the 72 patients’ images for the visibility
and integrity of these fibers in the affected knee, finding
a combination of coronal and axial plane images to be of
greatest utility in this process. Proximal and distal Kaplan
fibers were each categorized as visualized and intact, visu-
alized and injured, or not visualized. When fibers of either
band were identifiable on at least 1 imaging plane, integ-
rity versus injury was determined using extrapolation of
MRI characteristics routinely used in clinical practice to
assess fibrous tissue bands of similar function and histol-
ogy. Criteria for intact fibers were the visualization of a
discrete fibrous band of homogeneous signal intensity,
a preserved contour, an appropriate anatomic course, and
the expected relationship to described anatomic land-
marks. The injured category encompassed partial and com-
plete tears of the fibers characterized by features, such as
morphologic derangement, sufficient signal heterogeneity
and intensity, and/or at least partial disruption of the nor-
mal fiber contiguity (Table 1, Figures 1-3).

TABLE 1
Diagnostic Magnetic Resonance Imaging Criteria for Intact Versus Injured Kaplan Fibers

Intact Fibersa Injured Fibersb

Discrete fibrous band with appropriate anatomic course and
expected relationship to anatomic landmarks identified in
at least 2 consecutive slices in at least 1 plane

Discrete fibrous band with appropriate anatomic course and
expected relationship to anatomic landmarks identified in
at least 2 consecutive slices in at least 1 plane

Homogeneous signal intensity Morphologic derangement
Preserved contour Heterogeneous signal intensity

Partial/complete disruption of the normal fiber contiguity with
or without subjacent edema

aFor intact fibers, all criteria should be met for diagnosis.
bFor injured fibers, the first criterion plus 1 or more of the additional criteria should be met for diagnosis.
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Statistical Analysis

Descriptive characteristics were reported using means,
SDs, and ranges for continuous variables and frequencies
and percentages for discrete variables. Intrarater reliabil-
ity for one reader and interrater reliability between
readers were measured for the whole cohort and also sep-
arately for patients with 1.5-T and 3-T MRI. Intrarater
reliability was measured using the intraclass correlation
coefficient (ICC) with the following scale: \0.5, poor; 0.5
to \0.75, moderate; 0.75 to 0.9, good; and .0.9, excel-
lent.10 Interrater reliability between the readers was
measured using the kappa statistic with the following
scale for levels of agreement: 0 to 0.2, slight; 0.21 to 0.4,
fair; 0.41 to 0.6, moderate; 0.61 to 0.8, substantial; and
0.81 to 1, almost perfect, as described by Landis and
Koch.10 The 95% CIs were also calculated for ICC and
kappa statistics.

RESULTS

A total of 72 eligible patients was identified in the registry.
The mean patient age was 27.65 6 11.28 years (range, 14-
58 years), 40 patients (56%) were men, and 36 patients
(50%) had MRI scans of their right knee. In 50 patients,
3-T MRI was used, and 1.5-T MRI was used in 22 patients.
Overall, for all included patients, the proximal Kaplan
fibers were identified as injured in 50% versus 58% and
intact in 32% versus 29%, and not visualized in 18% versus
13% by reviewer 1 and 2, respectively. For the distal
Kaplan fibers, 46% versus 60% were identified as injured,
43% versus 28% were identified as intact, and 11% versus
12% were not visualized by reviewer 1 and 2, respectively
(Table 2). Both proximal and distal Kaplan fibers were
graded as injured in 29% versus 47% of patients. Injury
to the Kaplan fiber complex (either the proximal or distal

Figure 1. (A) Sagittal proton-density 1.5-T magnetic resonance imaging (MRI) scan demonstrates intact distal Kaplan fibers (left
arrow) adjacent to the superior lateral geniculate artery (right arrow) (as previously described by Batty et al2). (B) Coronal proton-
density MRI scan demonstrates intact distal Kaplan fibers (top solid arrow); the superior lateral geniculate artery (bottom solid
arrow); and the proximal lateral ridge of the lateral femur (dashed arrow), the origin of the proximal Kaplan fibers, located 20
mm proximal to the distal ridge. (C) Corresponding axial proton-density MRI scan at the proximal ridge (dashed arrow) demon-
strates intact proximal Kaplan fibers (arrowheads).

Figure 2. (A) A coronal proton-density magnetic resonance
imaging (MRI) scan, at 1.5-T field strength, demonstrates
full-thickness tearing of the distal Kaplan fibers (diagonal
arrows) with only a thin remnant of the fibers remaining. The
superior lateral geniculate artery is noted for reference (hori-
zontal arrow). (B) Axial proton-density MRI scan demonstrates
partial-thickness tearing of the proximal Kaplan fibers (dashed
arrow) near the origin of the proximal lateral ridge of the femur.
Arrowheads demonstrate the intact portion of the ligament.
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or both fibers) was identified in 64% versus 71% of patients
by reviewer 1 and 2, respectively (Table 2).

The average rate of nonvisualized proximal and distal
Kaplan fibers for all 1.5-T MRI scans (both reviewers com-
bined) was 20% 6 7%. The average rate of nonvisualized
proximal and distal Kaplan fibers for all 3-T MRI scans
(both reviewers combined) was 14% 6 2%.

Intrarater reliability analysis revealed an ICC of 0.89
for proximal Kaplan fibers and 0.66 for distal Kaplan

fibers. The interrater reliability measurements for both
radiologists showed substantial agreement (kappa = 0.70)
for proximal Kaplan fibers and moderate agreement
(kappa = 0.51) for distal Kaplan fibers. Separate reliability
analyses for 3-T MRI scans and 1.5-T MRI scans showed
similar ICC and kappa categories (Table 3).

DISCUSSION

Both proximal and distal Kaplan fibers were distinctly
visualized on MRI scans, either 3-T or 1.5-T MRI, in the
majority of acute primary ACL injury cases (up to 88%
and 89% visualization rate for the proximal and distal
Kaplan fibers, respectively). In addition, when further
evaluating the integrity of Kaplan fibers and categorizing
them as injured versus intact, there was good intrarater
reliability and substantial interrater reliability for the
proximal Kaplan fibers and moderate intra- and interrater
reliability for the distal Kaplan fibers. This is the first
study, to our knowledge, that not only identified the nor-
mal MRI appearance of both proximal and distal Kaplan
fibers in the ACL-injured knee but also evaluated the
integrity of the fibers.

Batty et al2 recently reported on the high identification
rates of the Kaplan fiber complex on routine 3-T MRI scans
of 50 ACL-intact knees (up to 96% identification rates on

Figure 3. (A) A coronal proton-density magnetic resonance imaging (MRI) scan, at 3-T field strength, demonstrates full-thickness
tearing of the distal Kaplan fibers (dashed oval circle) with little normal anatomy identified. The superior lateral geniculate artery is
noted with the dot for reference. (B) A coronal proton-density MRI scan demonstrates full-thickness tearing of the proximal fibers
(arrowheads). The findings were confirmed in the axial plane, demonstrating (C) a full-thickness tear of the origin of the distal fibers
(arrows pointing down) and (D) the proximal fibers (dashed oval circle), located 14 mm superior with a tortuous superior lateral
geniculate artery (arrow).

TABLE 2
Kaplan Fiber MRI Findings

for All Patients (N = 72) by the 2 Reviewersa

Reviewer 1 Reviewer 2b Reviewer 2c

Finding Proximal Distal Proximal Distal Proximal Distal

Injured 36 (50) 33 (46) 42 (58) 43 (60) 48 (67) 43 (60)

Combined injuryd 46 (64) 51 (71) 49 (68)

Intact 23 (32) 31 (43) 21 (29) 20 (28) 15 (21) 19 (26)

Not visualized 13 (18) 8 (11) 9 (13) 9 (12) 9 (13) 10 (14)

aData are presented as n (%). Distal, distal Kaplan fiber; MRI, magnetic

resonance imaging; Proximal, proximal Kaplan fiber.
bFirst reading by reviewer 2. The findings of this reading were used in

the interrater reliability analysis.
cSecond reading by reviewer 2.
dInjury to Kaplan fiber complex (either proximal or distal or both Kaplan

fibers).
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sagittal plane images). They also reported moderate agree-
ment (kappa = 0.5) for identification of the Kaplan fiber
complex among 3 reviewers, who included 1 musculoskele-
tal radiologist and 2 orthopaedic surgeons. The MRI
appearance of the Kaplan fiber complex seen in this study
was generally concordant with that reported recently by
Batty et al. However, several differences are notable. First,
our study investigated both the distinct proximal and dis-
tal Kaplan fibers, as opposed to identification of the Kaplan
fiber complex reported by Batty et al. They determined it
was difficult to differentiate between the proximal and dis-
tal Kaplan fibers radiologically and suggested that there
are in vivo variations in appearance, and they also pro-
posed an extended field of view in MRI scans to ensure
visualization of the most proximal part of the Kaplan fiber
complex. We did not encounter these difficulties in routine
3-T and 1.5-T MRI scans performed at our institution, and
we could distinctly identify the proximal Kaplan fiber on
the majority of the MRI scans. We preferred coronal and
axial plane images to sagittal images for visualization of
the Kaplan fibers in a majority of cases, whereas Batty
et al reported the highest rate of identification with sagit-
tal plane images.

Several factors may explain these differences. There are
likely variations in MRI acquisition parameters, differen-
ces in institutional and individual evaluation protocols of
MRI scans, and differences in the training of the MRI
reviewers (only radiologists in this study vs 1 radiologist
and 2 orthopaedic surgeons in the study by Batty et al2).
Batty et al studied uninjured knees, while our study eval-
uated ACL-injured knees. The ability to assess and evalu-
ate the proximal and distal Kaplan fibers on MRI scans
requires both an awareness of the anatomic structure
and sufficient intrinsic contrast and resolution for imag-
ing assessment. Both Kaplan fiber bundles have a rela-
tively broad osseous attachment in the craniocaudal
dimension; however, they are narrow in the anteroposte-
rior dimension. Therefore, insufficient coronal through-
plane MRI resolution could inhibit consistent identifica-
tion and characterization. These interinstitutional differ-
ences may explain the different observations in both
studies.

We report substantial agreement for the identification
and integrity of the proximal Kaplan fibers and moderate
agreement for that of the distal fibers. Additionally, good
intrarater reliability was found for the proximal Kaplan
fibers, and moderate intrarater reliability was found for
the distal fibers. We believe that these values further sup-
port the use of MRI for the evaluation of these tissues. Our
higher inter- and intrarater reliabilities for evaluation of
the proximal Kaplan fibers may be attributed to a clearer
landmark of the Kaplan fiber attachment to the proximal
femoral ridge, best seen on the axial proton-density
sequence (Figures 1-3). Interestingly, we did not find major
differences when reviewing 1.5-T versus 3-T MRI scans,
which suggests that Kaplan fibers can be identified and
evaluated on either 1.5-T or 3-T MRI scans with similar
identification rates and reliability.

Additionally, we found an associated injury with the
Kaplan fiber complex (proximal, distal, or both Kaplan
fibers) in the majority of acute primary ACL tears (64%-
71% for both reviewers’ readings). Previous studies have
described ITB injuries associated with ACL tears but
have not specifically focused on Kaplan fibers. Terry
et al14 reported a high occurrence (93%) of ITB injuries
among patients with ACL injury, of which 84% were in
the deep ITB layers and 56% were on the femoral side.
Mansour et al12 reported a 70% incidence of concomitant
ITB injury on MRI scans of knees diagnosed with an
ACL tear. Despite not specifically reporting on Kaplan
fiber injuries, we believe that these earlier studies support
our findings of a high incidence of concomitant Kaplan
fiber and ACL injury detectable on MRI scans.

Considering the biomechanical role of the Kaplan fibers
in controlling rotational knee stability4,6 and the potential
effect on outcome after ACLR surgery, the evaluation of
the Kaplan fibers on routine MRI scans of ACL-injured
knees is important. The diagnosis of this injury, combined
with careful documentation of the patient’s history, the
patient’s desired level of activity, a thorough physical
examination, and additional imaging findings, may assist
surgeons in determining if and when lateral extra-articu-
lar augmentation may be indicated in the acute primary
setting. This study supports MRI as an efficacious imaging

TABLE 3
Reliability of MRI Findings for All MRI Scans, 1.5-T MRI Scans, and 3-T MRI Scansa

All MRI Scans (N = 72) 3-T MRI Scans (n = 50) 1.5-T MRI Scans (n = 22)

Reliability Proximal Distal Proximal Distal Proximal Distal

Intrarater (ICC)b 0.89 (0.83-0.93)
Good

0.66 (0.51-0.78)
Moderate

0.9 (0.82-0.94)
Good

0.71 (0.55-0.83)
Moderate

0.86 (0.72-0.94)
Good

0.55 (0.19-0.78)
Moderate

Interrater (kappa)c 0.7 (0.52-0.88)
Substantial

0.51 (0.33-0.69)
Moderate

0.67 (0.45-0.89)
Substantial

0.55 (0.35-0.75)
Moderate

0.72 (0.42-1.0)
Substantial

0.43 (0.09-0.77)
Moderate

aData are presented as ICC or kappa (95% CI). ICC, intraclass correlation coefficient; MRI, magnetic resonance imaging.
bICC: \0.5, poor; 0.5-\0.75, moderate; 0.75-0.9, good; and .0.9, excellent.10

cKappa: 0-0.2, slight; 0.21-0.4, fair; 0.41-0.6, moderate; 0.61-0.8, substantial; and 0.81-1, almost perfect.10
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modality for the evaluation of Kaplan fiber integrity in the
ACL-injured knee.

Limitations

The limitations of our work include utilization of our insti-
tutional musculoskeletal imaging protocols, which may
vary widely in terms of MRI acquisition parameters from
other institutions and limit the immediate reproducibility
of our findings with different MRI protocols. Additionally,
we reported on MRI findings and not on surgical anatomic
findings confirming Kaplan fiber injury. Furthermore, we
reported on MRI readings by fellowship-trained musculo-
skeletal radiologists and not by orthopaedic sports sur-
geons or other clinicians. This could be the focus of
future studies. Last, despite the high incidence of injury
to Kaplan fibers as detected on MRI scans in this study,
the clinical implications and significance of these imaging
findings are not yet clear and require additional research
and better understanding of the healing potential of these
injured tissues.

CONCLUSION

Kaplan fibers were visualized and evaluated for injury on
MRI studies of acute ACL-ruptured knees in a large major-
ity of cases, with substantial reliability between reviewers
for the proximal fibers and moderate reliability for the distal
fibers. On the basis of our findings, there was an associated
Kaplan fiber injury to either the proximal or distal or both
fibers in the majority of acute primary ACL tears. Given
the known biomechanical characteristics of Kaplan fibers,
these findings can further guide surgeons in optimizing
the care for patients with these injury patterns. This study
supports MRI as an efficacious modality for diagnosis of
Kaplan fiber injuries, and further investigation of the clini-
cal implications of such injuries is warranted.
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