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Background: To assess the incidence of anterolateral ligament (ALL) and Kaplan fiber of the iliotibial band (KF)
injuries in patients with acute anterior cruciate ligament (ACL) injury on magnetic resonance imaging (MRI), and
to investigate the association between these injuries and the magnitude of preoperative pivot-shift test.
Method: One-hundred and five patients with primary ACL injury were retrospectively reviewed. ALL injury and
KF injury were assessed by preoperative MRI, and subjects were allocated into four groups: Group A, neither
injury; Group B, only ALL injury; Group C, only KF injury; Group D, simultaneous ALL and KF injuries. Before
ACL reconstruction, tibial acceleration during the pivot-shift test was measured by an electromagnetic mea-
surement system, and manual grading was recorded according to the International Knee Documentation Com-
mittee (IKDC) guideline.

Results: In MRI, the ALL was identified in 104 patients (99.1%) and KF in 99 patients (94.3%). ALL and KF in-
juries were observed in 43 patients (43.9%) and 23 patients (23.5%), respectively. Patient distribution to each
group was as follows; Group A: 43 patients (43.9%), Group B: 32 patients (32.7%), Group C: 12 patients (12.2%),
Group D: 11 patients (11.2%). No significant differences were observed in tibial acceleration, and manual
grading among the four groups.

Conclusion: Simultaneous injury to both ALL and KF was uncommon, and preoperative pivot-shift phenomenon
did not increase even in those patients. The finding suggests that the role of ALL and KF in controlling antero-
lateral rotatory knee laxity may be less evident in the clinical setting compared to a biomechanical test setting.

1. Introduction there are paucity of data on injury rate of both ALL and KF in

ACL-injured knees.

Eliminating anterolateral rotatory instability (ALRI) is one of the key
objectives of anterior cruciate ligament (ACL) reconstruction.' There are
many factors that affect preoperative ALRI in ACL-deficient knee,
including injury to secondary restraint.’

In terms of secondary restraint contributing to anterolateral stability
of the knee, there has been an increased interest in the anterolateral
complex (ALC) of the knee, including mid-third capsular ligament or
capsulo-osseous layer of ITB, so called “anterolateral ligament (ALL)”
and Kaplan fiber of iliotibial band (KF).>*

The incidence of ALL and KF injury in ACL-injured knee has been
shown to be 10.7-78.7%" ° and 17.4-71%,° '* respectively based on
MRI evaluation in previous studies. Although one study has investigated
the incidence of simultaneous injury of ALL and KF in ACL-injured
knees,” rest of the studies investigate solely on ALL or KF. Therefore,
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Although there are several studies, including biomechanical and
clinical researches, investigating the role of ALL and KF in ALRI in ACL-
injured knees, it has not reached its consensus.' "'*"'® Moreover, no one
to date has focused on combined injury of ALL and KF, and its impact on
ALRI.

In the clinical setting, the pivot-shift test is a valuable manual ex-
amination to evaluate ALRI, and its grade correlates with functional
outcomes after ACL reconstruction.'” Recently, there are several vali-
dated quantitative evaluation systems to objectify the pivot-shift
test,'®? and among those, electromagnetic measurement system
(EMS), which can measure the acceleration of the tibial posterior
reduction (m/s%), has been shown to have high diagnostic accuracy for
the pivot-shift test.?’

The purposes of the present study were to investigate the incidence
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of both ALL and KF injury using preoperative MRI in ACL-injured knees,
and to investigate its association with preoperative pivot-shift test. It
was hypothesized that the ACL-injured knees with simultaneous injuries
to ALL and KF would have greater tibial acceleration and have higher
grade of manual pivot-shift test compared to those without concomitant
injury to ALL and KF.

2. Materials and methods
2.1. Subjects

Retrospective cohort study was conducted on series of consecutive
patients from March 2013 to July 2021 who suffered from unilateral
ACL tear and underwent primary ACL reconstruction in one institution.
The diagnoses of ACL tears were made based on clinical examinations
and MRI findings, and eventually confirmed arthroscopically during the
surgery. The inclusion criteria were as follow: unilateral acute primary
ACL tears; time from injury to MRI shorter than 90 days'’; preoperative
evaluation using the EMS. The exclusion criteria were as follow:
multi-ligament or realignment procedures; contralateral knee injury;
previous injury or surgery on ipsilateral knee; MRI quality less than
1.5-T; insufficient data of the EMS measurement. Originally, 204 pa-
tients were detected from the medical records. Of these patients, 105 (52
males and 53 females, mean age: 25.1 + 11.6 years) fulfilled the criteria
and were retrospectively reviewed in the present study. The study was
approved by the Institutional Review Board of the authors’ affiliated
institutions.

2.2. Patient demographics

Demographic data included age, sex, time from injury to MRI, time
from injury to surgery. From medical and surgical records, presence of
either medial or lateral meniscal injury was also reviewed.

2.3. Radiological analysis

The MRI scans were performed using either 1.5 T or 3.0 T magnets
with patients in the supine position and legs extended. Three-plane se-
quences (sagittal, coronal and axial) using both proton-density-weighted
images and fat-suppressed proton-density-weighted images were ob-
tained in each patient. The diagnoses of ALL injuries were made ac-
cording to the methods reported by Van Dyck et al.”! The diagnoses of
KF injuries were done following the methods reported by Batty et al.,
previously.'” Typical images of ALL and KF injuries are shown in Figs. 1
and 2. The whole evaluation was done by single examiner blinded to the
results of the pivot-shift evaluations.

According to the MRI findings, the patients were allocated into
following groups: Group A, without ALL and KF injury; Group B, only
ALL injury; Group C, only KF injury; Group D, simultaneous injury of
ALL and KF. The quantitative evaluation and the manual grading of the
preoperative pivot-shift test were compared among four groups.

2.4. Assessment of the pivot-shift test

Pivot-sift test was performed under general anesthesia in operating
room just before the ACL reconstruction surgery. The standardized
pivot-shift test was performed by experienced knee surgeons as previ-
ously reported. For the quantitative evaluation of pivot-shift test, ac-
celeration of the posterior tibial reduction was measured using the
originally developed EMS as previously described (Fig. 3).”>'%?" Briefly,
two electromagnetic sensors were secured on the thigh and the shank
with plastic straps. Before the measurements, seven anatomic bony
landmarks of the femur and tibia (greater trochanter, medial and lateral
epicondyles, the intersection of medial joint line and the medial
collateral ligament, fibular head, and medial and lateral malleoli) were
digitized with a probe with a sensor to register three-dimensional
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Fig. 1. Typical images of ALL injury. Fat-suppressed coronal T2 images of the
right knee with ACL injury. There was disruption of the proximal ALL (white
arrow). ACL, anterior cruciate ligament; ALL, anterolateral ligament.

positions of the landmarks in relation to the two sensors. Each femoral
and tibial coordinate system was then configured based on the report by
Suntay et al.>” The six degree-of-freedom knee kinematics was moni-
tored with a sampling rate of 240 Hz. The acceleration (m/s?) of pos-
terior tibial reduction during the pivot-shift phenomenon was calculated
by the second derivative of anteroposterior translation velocity over
time. The accuracy of this system was verified by Hoshino et al., and the
mean standard deviation of the three measurements was 0.2 + 0.1
m/s2.1 41820 pivot-shift test was conducted five times, and average of
three measurements, excluding maximum and minimum values, were
used for the data analysis. The manual grade of the pivot-shift was also
assessed according to the International Knee Documentation Committee
(IKDC) guidelines: none (—); glide (+); clunk (++); gross (+++).%° The
assessment of manual grading was done blinded to the quantitative
evaluation results.

2.5. Statistical analysis

All statistical analyses of recorded data were performed using the
Excel statistical software package (BellCurve for Excel; Social Survey
Research Information Co., Ltd., Tokyo, Japan). The one-way analysis of
variance (ANOVA) was used to compare each value of patient de-
mographics and tibial acceleration among four groups. Post hoc analysis
was performed using Tukey-Kramer test. Pearson’s chi-squared test was
used to compare categorical data among four groups. Statistical signif-
icance was set at p < 0.05. Inter-rater reliability of the ALL and KF injury
diagnosed by MRI was assessed using 20 randomly selected subjects by
two orthopaedic surgeons. The Cohen’s xcoefficient for categorical
variables was then calculated.?* Agreement rate (percentage of all
inter-observer comparisons with agreement/disagreement on certain
parameter) was also reported. Kvalues were classified as described by
Landis and Koch, with values of 0-0.20, slight agreement; 0.21-0.40,
fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; 0.80-1.00, excellent agreement.24 The results of each data
were expressed in mean + SD, unless otherwise described. A priori
power analysis performed by G*Power 3.1.9.4 (Franz Paul, Kiel, Ger-
many) showed that at least 73 subjects were required to compare the
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Fig. 2. Typical images of KF injury. (A) Fat-suppressed sagittal, and (B) axial T2 images of the left knee with ACL injury. There was disruption of KF surrounded by
diffuse edema. (white arrow). ACL, anterior cruciate ligament; KF, Kaplan fiber.
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Fig. 3. The electromagnetic measurement system for the pivot-shift test. Two
electromagnetic sensors were secured on the thigh and shank with straps. The
anatomic coordinates of the knee were set via electromagnetic transmitter. The
acceleration of posterior tibial reduction (m/s%) was calculated.

Fig. 4. Diagram of patient distribution of each group.

Table 1
Patient demographics and baseline characteristics.

value among four groups using ANOVA with an effect size of 0.4, a

power of 0.8, and an alpha error of 0.05. GroupA  GroupB  GroupC  GroupD  pvalue’

(n =43) (n = 32) n=12) (n=11)

3. Results Age at the 21.8" 29.1 32.5" 26.5 0.0187*
injury, years (11-59) (12-59) (16-52) (13-56)
The ALL and KF were identified in 104 patients (99.0%) and 99 Se;r’a;g;i/ 21/22 16/16 8/4 5/6 0.704
patients (94.3%), respectively. Among 98 patients, in whom both ALL female
and KF were identified, ALL injuries were observed in 43 patients Period from 8.8+ 8.8+ 6.0+£67 75+ 0.905
(43.9%) and KF injuries were observed in 23 patients (23.5%). Patient g:;:y to MR, 10.6 13.0 18.0
distribution of each group was as follows: Group A, 43 patients (43.9%); Period from 740 + 82.0 + 70.0 + 74.9 + 0.913
Group B, 32 patients (32.7%); Group C, 12 patients (12.2 %); Group D, injury to the 54.3 62.2 32.7 63.1
11 patients (11.2%) (Fig. 4). The patient demographics are shown in surgery, days
Table 1. Total meniscal 18 (41.9) 20 (62.5) 6 (50.0) 6 (54.5) 0.363
No significant difference was observed in tibial acceleration during iwm;ri}z’;ln 6 9(20.9) 14(43.8)  3(25) 4(36.3) 0183
the pivot-shift test among four groups (Fig. 5, 1.4 [95%CI:1.1-1.8] vs. meniscus, n
1.4 [95%CI:1.1-1.7] vs. 1.4 [95%CI:0.9-1.8] vs. 1.7 [95%CI:0.8-2.6], p (%)
= 0.856). Moreover, there was no significant difference in manual Latefal 15(34.9) 12(37.5) 5(41.7) 4(36.4) 0.978
grading of the pivot-shift test among four groups (Table 2, p = 0.247). ?:/:)mscus’ n
In terms of inter-rater reliability of ALL and KF injury diagnosis, the
agreement rate of the presence of ALL and KF injuries between two MRI, magnetic resonance image.
examiners were 85% and 90%, and Cohen’s k coefficients were 0.70 and # Data reported as mean =+ SD unless otherwise indicated. Meniscal injuries were

confirmed by arthroscopic inspection during surgery.
# Statistical significance: p < 0.05.
> p = 0.03 (group A vs group C).

0.78, respectively, which were both considered to be substantial
agreement.24 (Table 3).
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Fig. 5. Comparison of tibial acceleration during the pivot-shift test among four
groups. There was no significant difference among four groups. Data are shown
as mean + 95% CL. n.s.: not significant.

Table 2
Manual grading of the pivot-shift tests in four groups.
Group
A B C D Total p value
Pivot-shift test None (-) 1 0 0 1 2 0.247
Glide (+) 31 17 5 4 57
Clunk (++) 10 14 7 6 37
Gross (+++) 1 1 0 0 2
Total 43 32 12 11 98
Table 3
Results of inter-rater agreement of ALL and KF injury.
Examiner 1
ALL injury + ALL injury - Total
Examiner 2 ALL injury + 7 1 8
ALL injury - 2 10 12
9 11 20
Examiner 1
Kaplan fiber Kaplan fiber Total
injury + injury -
Examiner Kaplan fiber 5 2 7
2 injury +
Kaplan fiber 0 13 13
injury -
5 15 20

ALL, anterolateral ligament.

4. Discussion

The main findings of the present study were (1) more than half of the
patients had concomitant injuries to ALL and KF in ACL injury but
simultaneous injury to ALL and KF was uncommon (11.2%), and (2)
simultaneous injury to both ALL and KF did not have significantly
increased preoperative ALRI measured by EMS in the knees with ACL
injury. Although many studies have investigated whether injuries to ALL
or KF have impact on ALRI, data are contradictory, and it has not
reached consensus yet.'»'*»!>?° The finding of present study suggests
that the role of ALL and KF in controlling anterolateral rotatory knee
laxity may be less evident in clinical setting than biomechanical setting.
Although extra-articular procedures, including lateral extra-articular
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tenodesis (LET) or ALL reconstruction, are recently more often per-
formed because of emerging evidence that it may lower the graft failure
rate of ACL reconstruction, clear indications have not been elucidated.
According to present study, ALL and KF injuries detected by MRI may
not be an absolute indication for adding extra articular procedures to
ACL reconstruction.

There are increasing number of studies investigating the association
between ALL and ALRI in the setting of ACL injury. However, the results
from biomechanical studies are contradictory.'»'>?” The clinical
studies also show conflicting results; Musahl et al. have reported that
ALL injury increased the ALRI, evaluated by iPad measurement,”® while
Miyaji et al. showed that ALL injury did not exacerbate the pivot-shift
phenomenon, evaluated by both manual grading and EMS, which sup-
ports the results of the present study.7 Similar debate continues on
contribution of KF on ALRI as well. There are couple of biomechanical
studies reporting that the KF contributed to the restraint of internal
rotation in ACL-deficient knee,?>>° while recent clinical study by Devitt
et al. reported that there was no association between radiological evi-
dence of KF injury and manual grade of pivot-shift test,'? which co-
incides with the present study.

The present study demonstrated that simultaneous injury of ALL and
KF (Group D), which considered the worst scenario of the ALC injury,
did not have significant impact on ALRI, which did not support the
hypothesis. Discrepancy among the results of each biomechanical study
may be due to different procedure of sectioning each structure and
different modality of assessing the magnitude of ALRI. Difference be-
tween the results of biomechanical and clinical studies may come from
potential healing of the soft tissue structures in the interval between MRI
and surgery. Moreover, sharp incision of anterolateral complex in
biomechanical studies may not simulate the injury pattern in clinical
setting, which is thought to be rather stretching-type injury.® This could
be another reason for such a discrepancy. Recently, there are increasing
number of studies investigating the potential of additional
extra-articular procedures, such as LET and ALL reconstruction, to ACL
reconstruction, and proven its superiority over isolated ACL recon-
struction.”® Although MRI is useful modality to evaluate anterolateral
complex injuries, diagnoses made by MRI may not be main reason to
perform additional procedures mentioned above.

The strength of the present study was to investigate the detailed rate
of ALC injuries, including KF and ALL, using MRI in ACL-deficient knees.
Regarding the identification of ALL and KF in ACL-injured knees by MRI,
an increased but heterogeneous body of evidence has emerged lately
with identification rates ranging between 51% and 100% for ALL and
60.6%-100% for KF. In terms of injury rate, it also ranges from 10.7% to
78.7% for ALL and 17.4%-71% for KF.>>'%!3 In the present study, ALL
and KF were identified in 99% and 94.3%, respectively and injury rates
were 43.9% and 23.5%, respectively, which all coincide with previous
reports. Among many reports about MRI evaluation of anterolateral
complex, only a few of them have evaluated both ALL and KF in the same
patients.”'? The wide variance of the identification and injury rate could
be partially attributable to the different MRI devices and parameters,
different inclusion criteria, and different examination protocols. In the
present study, proton-density-weighted images and fat-suppressed pro-
ton-density-weighted image of three planes (axial, coronal, and sagittal)
were used for evaluation. The examination protocol reported by Van
Dyck et al. was utilized for ALL and protocol by Batty for KF evaluation,
since acceptable inter-rater correlations were already confirmed by
previous studies.'®?! It might be necessary to standardize the exami-
nation protocols to further clarify the clinical importance of ALL and KF
injury detected in MRIL

There are several limitations in the present study. Firstly, the present
study is a retrospective analysis of prospectively collected data, thus
there is possible bias from the retrospective nature of these methodo-
logical designs. Secondly, the MRI images in the present study were
obtained in different institution with different protocols. However, we
excluded poor MRI images, using magnets less than 1.5T, and could
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obtain high detection rate in both ALL and KF, we believe that reliable
and quality data were obtained. Thirdly, the pivot-shift tests were per-
formed by different surgeons, so it may have affected the clinical
assessment of ALRI. However, it was performed with standardized ma-
neuver by experienced surgeons to minimize inter-examiner vari-
ability.?° Finally, concomitant meniscal injuries may have affected the
magnitude of pivot-shift phenomenon. However, the incidence of
meniscal injuries was comparable among four groups, so the bias caused
by this may be subtle.

5. Conclusion

More than half of the patients had concomitant injury to antero-
lateral complex including ALL and KF, but simultaneous injury to both
ALL and KF was uncommon (11.2%) in ACL injury. Preoperative pivot-
shift phenomenon did not increase even in the knees with simultaneous
injuries to both ALL and KF. The finding suggests that the role of ALL and
KF in controlling anterolateral rotatory knee laxity may be less evident
in clinical setting than biomechanical test setting.
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