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Can the Anterolateral Ligament Be Reliably
Identified in Anterior Cruciate Ligament–
Intact and Anterior Cruciate Ligament–
Injured Knees on 3-T Magnetic
Resonance Imaging?
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Background: The anterolateral ligament (ALL) has been described as an extracapsular stabilizer of knee rotational stability.
Investigators have shown a renewed interest in the ALL and further evaluated its anatomy and biomechanical role as a knee
stabilizer. The appearance of the ALL on magnetic resonance imaging (MRI) remains inconsistent across the literature.

Purpose: The aims of this study were 2-fold. The first objective was to further investigate the appearance of the uninjured ALL on
MRI and provide data regarding interrater agreement in identifying the ligament. The second objective was to describe the inci-
dence of concomitant ALL injuries in anterior cruciate ligament (ACL)–injured knees and provide data regarding interrater
agreement in identifying and grading these injuries.

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

Methods: Fifty consecutive MRI scans of non–ACL-injured knees (control) and 50 consecutive MRI scans of ACL-injured knees
performed at a single sports medicine center were identified. Three musculoskeletal radiologists independently reviewed the
MRI scans in a randomized and blinded fashion. In the control group, the reviewers classified the ALL as visualized or not and did
so for the proximal, middle, and distal thirds of the ligament. In the ACL tear group, the reviewers classified the ALL as visualized
or not for each third of the ligament. They noted whether the ligament was injured and graded the injury as low, intermediate,
or high.

Results: All 3 segments of the ALL were visualized in a mean 11% of patients. The ALL was partially visualized in a mean 68% of
patients. The distal third of the ALL was injured 28% (14/50) of the time in the ACL tear group. The agreement rate among raters for
classifying the injury status was fair to poor.

Conclusion: Visualization of the ALL was inconsistent in the current study. Identifying and grading an injury to the ALL were difficult
and had poor interobserver agreement. Using MRI to aid in the diagnosis of an ALL injury in the setting of an ACL tear is unreliable
according to our study results. Further research looking at consistent ALL identification and injury patterns should be undertaken.

Keywords: anterolateral ligament; anterior cruciate ligament; MRI

The anterolateral ligament (ALL) has been mentioned in
the literature in years past as an extracapsular stabilizer of
knee rotational stability.11 More recently, investigators
have shown a renewed interest in the ALL and further
described its anatomy and biomechanical role as a knee
stabilizer.5,6,13 It has been hypothesized that an injury to
the ALL occurs in high frequency with concomitant ante-
rior cruciate ligament (ACL) tears.5 Ferretti et al8 reported

lateral-sided capsular injuries in up to 90% of patients at
the time of ACL surgery. The true incidence of this com-
bined injury pattern is unknown.

The gross anatomy of the ALL has been well character-
ized. Claes et al6 dissected 41 cadaveric knees and found
that the ALL was present in 97% of specimens. They
described the ligament as a well-defined structure, clearly
distinguishable from the joint capsule. The origin of the
ALL was at the prominence of the lateral epicondyle of
the femur, just anterior to the lateral collateral ligament.
The insertion of the ALL was found to be on the anterolat-
eral tibia between the Gerdy tubercle and the tip of the
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fibular head.6 Kennedy et al12 further characterized the
anatomy of the ligament, identifying its femoral attach-
ment site as 4.7 mm posterior and proximal to the lateral
collateral ligament attachment and the tibial attachment
as 24.7 mm posterior to the Gerdy tubercle.

The proposed biomechanical role of the ALL is to resist
tibial internal rotation at middle and high degrees of knee
flexion. Parsons et al13 described the role of the ACL and
ALL in a cadaveric study using superposition principles to
measure in situ forces on each ligament. They found that
the ALL was an important stabilizer of internal rotation at
flexion angles greater than 35� but was minimally loaded
with anterior drawer testing. The ACL was the primary
restraint to anterior drawer testing at all flexion angles.
Their conclusion was that an ALL-damaged knee could
result in instability at high angles of flexion.13 More
recently, Spencer et al14 performed a cadaveric study
looking at the effect of ALL transection and subsequent
reconstruction on knee kinematics. They found that ALL
reconstruction did not significantly reduce internal rota-
tion or anterior translation during simulated early-phase
pivot-shift testing.14

The appearance of the ALL on magnetic resonance imag-
ing (MRI) has been studied and remains inconsistent across
the literature. Helito et al11 reviewed 39 MRI scans of knees
without cruciate ligament injuries to describe the path of
the All in relation to the lateral knee structures. In that
study, 2 radiologists reviewed 1.5-T MRI scans. They found
that portions of the ALL were visualized 97.8% of the time
but that the complete ligament was visible on only 71% of
the scans.11 In another study aimed at evaluating the vis-
ibility of the ALL using MRI, the ligament was visible only
51% of the time.15 Similarly, the study used 1.5-T MRI, and
scans were reviewed by musculoskeletal radiologists.

The aims of this study were 2-fold. One objective was to
further investigate the appearance of the uninjured ALL on
MRI and provide data regarding interrater agreement in
identifying the ligament. The second objective was to
describe the MRI incidence of concomitant ALL injuries
in ACL-injured knees and provide data regarding interra-
ter agreement in identifying and grading these injuries.

METHODS

After approval of the study by an institutional review
board, 50 consecutive MRI scans of non–ACL-injured knees
and 50 consecutive MRI scans of knees with previously con-
firmed ACL injuries performed at a single sports health

center were identified. The exclusion criteria were patients
who had high-grade ligament injuries to the medial collat-
eral ligament, lateral collateral ligament, or posterior cru-
ciate ligament and patients with lateral meniscus tears.
Exclusion criteria were set to ensure the best uninjured
views of the ALL in the control group and to capture knees
with only ACL and ALL injuries in the ACL tear group, as
one of the aims of this study was to report on the incidence.
Lateral meniscus tears were excluded, as gross anatomic
studies have described the intimate relationship of the
lateral meniscus and the ALL.6 We did not want to over-
estimate ALL injuries secondary to edema from associated
meniscus lesions. All MRI examinations were performed
on a single 3-T system (Verio; Siemens) with the standard
protocol. The imaging protocol consisted of coronal and
sagittal fat-saturated fast spin echo (FSE) proton
density–weighted sequences, sagittal fat-saturated FSE
T2-weighted and non–fat-saturated FSE intermediate-
weighted sequences, a coronal non–fat-saturated FSE
T1-weighted sequence, an axial fat-saturated FSE T2-
weighted sequence, and a 3-dimensional fat-saturated
FSE sequence. All MRI scans were reviewed on a research
PACS system (TeraRecon).

Three fellowship-trained musculoskeletal radiologists
(N.S., J.P., C.W.) independently reviewed the MRI scans
in a randomized order and were blinded to the injury group
and blinded from the readings of the other readers. Before
starting the formal review, the readers reviewed 10 MRI
scans in consensus to agree on the appearance of the ALL
and grading the ALL injury. These 10 MRI scans were
selected at random from a control group. The grading sys-
tem was as follows. In the control group, the reviewers
classified the ALL as visualized or not visualized and did
so for the proximal, middle, and distal thirds of the liga-
ment. The proximal ligament was defined as that portion of
the ligament coursing from the femoral attachment to the
level of the lateral meniscus. The middle portion was at the
level of the lateral meniscus. The distal portion was
between the lateral meniscus and tibial attachment. In the
ACL tear group, the reviewers again classified the ALL as
visualized or not visualized for each third of the ligament.
In addition, they noted whether the ligament was injured
and graded the injury as low (intact ligament with
increased T2 signal adjacent to the ligament but not within
the ligament), intermediate (increased T2 signal within the
ligament without complete disruption of the ligament), or
high (complete disruption of the ligament). Study data were
collected and managed using REDCap.10
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Statistical Analysis

Categorical factors were described using frequencies and
percentages, while continuous variables were summa-
rized with means and SDs. Raw agreement was calcu-
lated overall and between pairs of raters. In addition to
the overall agreement, the 95% CI was estimated. To
measure chance-adjusted agreement, the Cohen kappa
was used for pairs of raters, and the Light kappa for
multiple raters was used to measure overall agreement.
Weights were applied for severity measures to account
for the degree of disagreement. Bias-corrected bootstrap
95% CIs were calculated for the Light kappa. Analyses
were performed using R software (version 3.2). Measures
of agreement were calculated using the irr9 and psy7

packages, and bootstrap 95% CIs were determined using
the boot1 package.

RESULTS

Patient Demographics

MRI scans from 50 patients with isolated ACL tears
and 50 patients without any ligamentous injuries
(control group) were reviewed. The mean age of the
entire cohort was 21.6 years, with 47% being male
(Table 1).

Visualization of the ALL

All 3 segments (proximal, middle, and distal thirds) of the
ALL were visualized in a mean 11% of patients (Table 2).
The 3 segments of the ALL were visualized a mean 14%
of the time in the ACL tear group versus 8% of the time
in the control group. At least 1 of the 3 segments of the
ALL was visualized in a mean 68% of patients (Table 3).
At least 1 segment of the ALL was visualized in a mean
78% of the ACL tear group and 58% of the control group.
An example of complete visualization of the ligament is
shown in Figure 1.

Visualization Agreement

The raw agreement rate for visualizing the entire liga-
ment (proximal, middle, and distal thirds) was 71%

TABLE 1
Patient Demographicsa

Total
(N ¼ 100)

ACL Tear
Group (n ¼ 50)

Control
Group (n ¼ 50)

Age, mean ± SD, y 21.6 ± 7.6 21.1 ± 7.1 22.1 ± 8.0
Male sex, n (%) 47 (47) 26 (52) 21 (42)

aACL, anterior cruciate ligament.

TABLE 2
Visualization of All 3 Segments of the ALLa

Total
(N ¼ 100)

ACL Tear
Group (n ¼ 50)

Control
Group (n ¼ 50)

Rater 1
Not visualized 89 (89) 42 (84) 47 (94)
Visualized 11 (11) 8 (16) 3 (6)

Rater 2
Not visualized 78 (78) 36 (72) 42 (84)
Visualized 22 (22) 14 (28) 8 (16)

Rater 3
Not visualized 99 (99) 50 (100) 49 (98)
Visualized 1 (1) 0 (0) 1 (2)

Average
Not visualized 89 (89) 43 (86) 46 (92)
Visualized 11 (11) 7 (14) 4 (8)

aValues are shown as n (%). ACL, anterior cruciate ligament;
ALL, anterolateral ligament.

TABLE 3
Visualization of at Least 1 Segment of the ALLa

Total
(N ¼ 100)

ACL Tear
Group (n ¼ 50)

Control
Group (n ¼ 50)

Rater 1
None visualized 43 (43) 15 (30) 28 (56)
At least 1 visualized 57 (57) 35 (70) 22 (44)

Rater 2
None visualized 28 (28) 9 (18) 19 (38)
At least 1 visualized 72 (72) 41 (82) 31 (62)

Rater 3
None visualized 25 (25) 9 (18) 16 (32)
At least 1 visualized 75 (75) 41 (82) 34 (68)

Average
None visualized 32 (32) 11 (22) 21 (42)
At least 1 visualized 68 (68) 39 (78) 29 (58)

aValues are shown as n (%). ACL, anterior cruciate ligament;
ALL, anterolateral ligament.

Figure 1. T2-weighted coronal image of a left knee. ALL,
anterolateral ligament.
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across all raters (Table 4). Raw agreement for visualizing
the entire ligament was higher for the control group ver-
sus the ACL tear group (80% vs 62%, respectively). Raw
agreement for visualization decreased from the proximal
to the middle and distal segments. The raw agreement
rate for visualization was 68% in the proximal segment,
while agreement was under 50% for the other 2 seg-
ments. For chance-adjusted agreement using kappa sta-
tistics, values under 0.2 were considered poor, and
values between 0.21 and 0.4 were considered fair. For
visualization, agreement was fair only for the ACL tear
group in the middle segment. In all other cases, agree-
ment was poor (kappa <0.2).

Injury Prevalence

The ALL injury prevalence, accounting for all degrees of
injury by segment, is shown in Table 5. The proximal
third of the ALL was diagnosed as injured 6% of the
time in all patients (10% in ACL tear group and 2% in
control group). The middle third of the ALL was diag-
nosed as injured 11% of the time in all patients (22% in
ACL tear group and 2% in control group). Last, the dis-
tal third of the ALL was diagnosed as injured 17% of the
time in all patients (28% in ACL tear group and 6% in
control group). An example of an injured ALL is shown
in Figure 2.

Injury Agreement

The raw agreement rate among raters for classifying the
injury status was 68%, 38%, and 21% for the proximal,
middle, and distal segments of the ALL, respectively
(Table 6). Raw agreement for classifying the injury status
in the ACL tear group was lower than the control group for

all segments. Chance-adjusted agreement using kappa
statistics was poor (kappa <0.2) in the proximal segment.
Kappa values were mixed between poor (kappa <0.2) and
fair (0.21 < kappa < 0.4) in the middle and distal
segments.

TABLE 4
Visualization Agreement Among Ratersa

Segment of ALL n

Overall Raw
Agreement, %

(95% CI)
Overall Light

Kappa (95% CI)

Entire ligament
Total 100 71 (62 to 80) 0.048 (–0.020 to 0.130)
ACL tear group 50 62 (49 to 75) 0.029 (–0.053 to 0.130)
Control group 50 80 (69 to 91) 0.078 (–0.039 to 0.210)

Proximal
Total 100 68 (59 to 77) 0.058 (–0.019 to 0.140)
ACL tear group 50 58 (44 to 72) 0.035 (–0.054 to 0.140)
Control group 50 78 (67 to 89) 0.110 (–0.034 to 0.230)

Middle
Total 100 41 (31 to 51) 0.190 (0.081 to 0.300)
ACL tear group 50 36 (23 to 49) 0.210 (0.081 to 0.370)
Control group 50 46 (32 to 60) 0.130 (–0.012 to 0.330)

Distal
Total 100 37 (28 to 46) 0.120 (0.024 to 0.240)
ACL tear group 50 46 (32 to 60) 0.130 (0.012 to 0.290)
Control group 50 28 (16 to 40) 0.065 (–0.087 to 0.220)

aACL, anterior cruciate ligament; ALL, anterolateral ligament.

TABLE 5
ALL Injury Prevalence by Segment

Averaged Across All Ratersa

Segment of ALL Total
ACL Tear

Group
Control
Group

Proximal
Not visualized 87 (87) 42 (84) 45 (90)
Visualized, normal 7 (7) 3 (6) 4 (8)
Visualized, low-grade injury 3 (3) 3 (6) 0 (0)
Visualized, intermediate-grade

injury
3 (3) 2 (4) 1 (2)

Visualized, high-grade injury 0 (0) 0 (0) 0 (0)
Middle

Not visualized 63 (63) 28 (56) 36 (72)
Visualized, normal 25 (25) 12 (24) 13 (26)
Visualized, low-grade injury 6 (6) 6 (12) 1 (2)
Visualized, intermediate-grade

injury
5 (5) 5 (10) 0 (0)

Visualized, high-grade injury 0 (0) 0 (0) 0 (0)
Distal

Not visualized 36 (36) 14 (28) 22 (44)
Visualized, normal 48 (48) 22 (44) 26 (52)
Visualized, low-grade injury 10 (10) 9 (18) 1 (2)
Visualized, intermediate-grade

injury
6 (6) 5 (10) 1 (2)

Visualized, high-grade injury 1 (1) 0 (0) 1 (2)

aValues are shown as n (%). The numbers are the average of 3
raters and were rounded to the nearest integer. ACL, anterior
cruciate ligament; ALL, anterolateral ligament.

Figure 2. T2-weighted coronal image of an injury to the ante-
rolateral ligament (ALL) in a right knee.
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DISCUSSION

Visualization of the ALL on MRI is inconsistent across the
literature. In our study using 3-T MRI with 3 musculoskel-
etal fellowship–trained radiologists, we report visualizing
the entire ligament 11% of the time. Partial visualization of
the ALL was reported 68% of the time in our series. The
interrater agreement on ligament visualization was poor,
with kappa values <0.2. This is similar to the findings
reported by Taneda et al15 in which 1.5- and 3-T MRI were
used by 2 readers to look at 60 knees to evaluate ALL vis-
ibility. They reported complete visualization 11% of the
time and partial visualization in 51% of knees. The kappa
statistics for their study indicated higher interrater agree-
ment on ligament identification, with a kappa value of
0.7.15 Helito et al11 reported a much higher rate of ligament
identification. In their study of 42 knees using 1.5-T MRI
and 2 readers, they reported identifying a portion of the
ligament 97.8% of the time. The complete ligament was
visualized 71.7% of the time, and there was high interob-
server agreement, with kappa values ranging from 0.8 to
1.0.10 There was higher interobserver agreement in the
studies with only 2 readers. It is unclear why the variation
in ligament visualization exists.

The incidence of ALL injuries in association with ACL
tears is not well known. Some authors have reported lateral
capsular injuries in up to 90% of ACL tears.8 The data
reported in our cohort suggest that the ALL is difficult
to consistently identify on 3-T MRI in both ACL-injured and
-uninjured knees. The interrater agreement in identifica-
tion of the ligament is fair to poor, which makes identifying
injuries to the ligament inconsistent. In our study, the dis-
tal third of the ALL was judged to be injured 28% of the
time with a concomitant ACL tear. Agreement in classify-
ing the injury status was poor, with kappa values <0.2.

This is in contrast to the findings of Claes et al,4 who
reported a 78.8% concomitant injury rate in a retrospective
cohort study of 271 participants. The weaknesses of their
cohort study were that the MRI scans reviewed were of

differing qualities from various institutions around the
country. Two orthopaedic surgeons reviewed the scans
and classified the ALL as “normal,” “abnormal,” or
“nonvisualized” and reported that the distal segment of the
ALL was injured 77.8% of the time. There was no interob-
server agreement rate reported.

One of the problems encountered was the ability to defin-
itively distinguish the ALL from the fibular collateral liga-
ment proximally and the iliotibial band distally because of
partial volume averaging, which may have caused lower
rates of visualization in these areas. In theory, 3-T MRI
should improve detection because of a higher signal-to-
noise ratio and possibly higher spatial resolution, but this
did not bear out in this study. Other factors may improve
detection: (1) oblique coronal imaging along the expected
oblique course of the ALL; (2) 3-dimensional sequences that
have higher through-plane spatial resolution, which would
allow reformatting in an oblique plane after image acquisi-
tion; and (3) proton density or T2 without fat saturation.
The radiologists in our study found that the coronal MRI
sequence was the most helpful in visualization of the ALL,
that T2 was more helpful in visualizing an ALL injury, and
that T1 and T2 were equivalent in identifying an intact
ALL.

Given the low agreement between radiologists evaluat-
ing the ALL on MRI, ultrasound (US) could serve as an
alternative imaging modality. Studies comparing US to
anatomic dissection as a gold standard have shown mixed
results. Capo et al2 performed a study on 10 cadaveric
knees, attempting to correlate US visualization of the ori-
gin and insertion of the ALL with the actual origin and
insertion of the ALL identified after dissection. The study
found that US and dissection had minimal agreement
(intraclass correlation coefficient [ICC] ¼ 0.308) and
showed that US was unable to reliably identify the ALL
compared with anatomic dissection. Interestingly, interra-
ter reliability of US in the study was high, with an ICC of
0.975.2 Cavaignac et al3 performed a similar study in
cadaveric knees comparing US and anatomic dissection.
The authors found that US had 100% sensitivity in detect-
ing the ALL and that agreement between US and dissection
was high, with a Cohen kappa of 0.88 to 0.94.3 Their study
did not measure interrater reliability between multiple
radiologists, however. Last, a recent study using US found
that there was a high incidence of distal anterolateral com-
plex injuries in ACL-injured knees. Of note, the study
showed high interrater reliability for US (ICC ¼ 0.87)
between 2 musculoskeletal sonographers.16 The inconsis-
tency of these results suggests that further study of US as
a diagnostic technique for ALL injuries is warranted.

Another consideration in the evaluation of ALL injuries
is how to proceed when an injury is diagnosed. The current
literature offers no evidence for or against reconstruction of
the ALL.

The limitations of our study are that there was no refer-
ence standard to determine when nonvisualization of the
ALL is secondary to the absence of the ALL, injuries to the
ALL, or shortcomings of imaging. The lack of a reference
standard also limited the ability to claim whether perceived

TABLE 6
Injury Agreement Among Ratersa

Segment of ALL n

Overall Raw
Agreement, %

(95% CI)
Overall Light

Kappa (95% CI)

Proximal
Total 100 68 (59 to 77) 0.076 (�0.0086 to 0.18)
ACL tear group 50 58 (44 to 72) 0.076 (�0.038 to 0.2)
Control group 50 78 (67 to 89) 0.074 (�0.046 to 0.22)

Middle
Total 100 38 (28 to 48) 0.29 (0.18 to 0.45)
ACL tear group 50 30 (17 to 43) 0.31 (0.18 to 0.48)
Control group 50 46 (32 to 60) 0.11 (�0.04 to 0.26)

Distal
Total 100 21 (13 to 29) 0.28 (0.14 to 0.42)
ACL tear group 50 20 (9 to 31) 0.23 (0.035 to 0.44)
Control group 50 22 (11 to 33) 0.19 (0.017 to 0.42)

aACL, anterior cruciate ligament; ALL, anterolateral ligament.
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ALL injuries were real. Another major limitation to this
study is that intrarater agreement was not conducted.

CONCLUSION

Visualization of the ALL was inconsistent in the current
study. Identifying and grading an injury to the ALL were
difficult and had poor interobserver agreement. Using MRI
to aid in the diagnosis of an ALL injury in the setting of an
ACL tear is unreliable according to our study results. Fur-
ther research looking at consistent ALL identification and
injury patterns should be undertaken.

ACKNOWLEDGMENT

The authors thank the patients, health care providers, ana-
lysts, and support staff whose efforts related to regulatory
management, data collection, participant follow-up, data
quality control, analyses, and article preparation have made
this consortium successful. They also thank Elizabeth Sosic
at the Cleveland Clinic for editorial management.

REFERENCES

1. Canty A, Ripley B. boot: Bootstrap R (S-Plus) functions. Version 1.3-

16. Available at: https://cran.r-project.org/web/packages/boot/index

.html. Accessed June 29, 2015.

2. Capo J, Kaplan DJ, Fralinger DJ, et al. Ultrasonographic visualization

and assessment of the anterolateral ligament. Knee Surg Sports Trau-

matol Arthrosc. 2017;25(10):3134-3139.

3. Cavaignac E, Wytrykowski K, Reina N, et al. Ultrasonographic identi-

fication of the anterolateral ligament of the knee. Arthroscopy. 2016;

32(1):120-126.

4. Claes S, Bartholomeeusen S, Bellemans J. High prevalence of ante-

rolateral ligament abnormalities in magnetic resonance images of

ACL-injured knees. Acta Orthop Belg. 2014;80:45-49.

5. Claes S, Luyckx T, Vereecke E, Bellemans J. The Segond fracture: a

bony injury of the anterolateral ligament of the knee. Arthroscopy.

2014;30(11):1475-1482.

6. Claes S, Vereecke E, Maes M, et al. Anatomy of the anterolateral

ligament of the knee. J Anat. 2013;223(4):321-328.

7. Falissard B. Statistics in brief: when to use and when not to use a

threshold p value. Clin Orthop Relat Res. 2012;470:315-316.

8. Ferretti A, Monaco E, Fabbri M, et al. Prevalence and classification of

injuries of anterolateral complex in acute anterior cruciate ligament

tears. Arthroscopy. 2017;33(1):147-154.

9. Gamer M, Lemon J, Fellows I, Sing P. irr: various coefficients of inter-

rater reliability and agreement. Version 0.83. Available at: http://

CRAN.R-project.org/package¼irr. Accessed June 29, 2015.

10. Harris P, Taylor R, Thielke R, Payne J, Gonzalez N, Conde J. Research

Electronic Data Capture (REDCap): a metadata-driven methodology

and workflow process for providing translational research informatics

support. J Biomed Inform. 2009;42(2):377-381.

11. Helito CP, Helito PV, Costa HP. MRI evaluation of the anterolateral

ligament of the knee: assessment in routine 1.5-T scans. Skeletal

Radiol. 2014;43(10):1421-1427.

12. Kennedy MI, Claes S, Fuso FA, et al. The anterolateral ligament: an

anatomic, radiographic and biomechanical analysis. Am J Sports

Med. 2015;43(7):1606-1615.

13. Parsons EM, Gee AO, Speikerman C, et al. The biomechanical func-

tion of the anterolateral ligament of the knee. Am J Sports Med. 2015;

43(3):669-674.

14. Spencer L, Burkhart T, Tran M, et al. Biomechanical analysis of sim-

ulated clinical testing and reconstruction of the anterolateral ligament

of the knee. Am J Sports Med. 2015;43(9):2189-2197.

15. Taneda AK, Miranda FC, Braga CA, et al. MRI features of the

anterolateral ligament of the knee. Skeletal Radiol. 2015;44:

403-410.

16. Yoshida M, Herbst E, Albers M, Musahl V, Fu FH, Onishi K. The

anterolateral complex in anterior cruciate ligament deficient knees

demonstrate sonographic abnormalities on high-resolution

sonography. Knee Surg Sports Traumatol Arthrosc. 2017;25(4):

1024-1029.

6 Marshall et al The Orthopaedic Journal of Sports Medicine

https://cran.r-project.org/web/packages/boot/index.html
https://cran.r-project.org/web/packages/boot/index.html
http://CRAN.R-project.org/package=irr
http://CRAN.R-project.org/package=irr
http://CRAN.R-project.org/package=irr


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


