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Background: Recent studies on lateral knee anatomy have reported the presence of a true ligament structure, the anterolateral
ligament (ALL), in the anterolateral region of the knee joint. However, its biomechanical effects have not been fully elucidated.

Purpose: To investigate, by using computer simulation, the association between the ALL and anterior cruciate ligament (ACL)
under dynamic loading conditions.

Study Design: Descriptive laboratory study; Level of evidence, 5.

Methods: The authors combined medical imaging from 5 healthy participants with motion capture to create participant-specific
knee models that simulated the entire 12 degrees of freedom of tibiofemoral (TF) and patellofemoral (PF) joint behaviors. These
dynamic computational models were validated using electromyographic data, muscle activation data, and data from previous
experimental studies. Forces exerted on the ALL with ACL deficiency and on the ACL with ALL deficiency, as well as TF and PF
contact forces with deficiencies of the ACL, ALL, and the entire ligament structure, were evaluated under gait and squat loading. A
single gait cycle and squat cycle were divided into 11 time points (periods 0.0-1.0). Simulated ligament forces and contact forces
were compared using nonparametric repeated-measures Friedman tests.

Results: Force exerted on the ALL significantly increased with ACL deficiency under both gait- and squat-loading conditions. With
ACL deficiency, the mean force on the ALL increased by 129.7% under gait loading in the 0.4 period (P < .05) and increased by
189% under high flexion during the entire cycle of squat loading (P < .05). A similar trend of significantly increased force on the ACL
was observed with ALL deficiency. Contact forces on the TF and PF joints with deficiencies of the ACL, ALL, and entire ligament
structure showed a complicated pattern. However, contact force exerted on TF and PF joints with respect to deficiencies of ACL
and ALL significantly increased under both gait- and squat-loading conditions.

Conclusion: The results of this computer simulation study indicate that the ACL and the ALL of the lateral knee joint act as
secondary stabilizers to each other under dynamic load conditions.
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Data on the anatomy, kinematics, injury mechanisms, and
treatment of the anterolateral aspect of the knee joint are
limited.?? The interaction between the dynamic and static
stabilizers of the knee joint is complicated.® In particular, the
lateral side of the knee joint relies on these stabilizers because
of its inherent bony instability from the opposite convex

surfaces.*! No standard anatomical terminology for the soft
tissue structures near the anterolateral aspect of the knee
joint is used in orthopaedic clinical practice.® Functional stud-
ies using anatomical specimens may overcome this lack of
knowledge and provide acceptable standard anatomical, clin-
ical, and operative nomenclature.'® Recent anatomical studies
have described the points of origin and tilllgoanterolateral lig-
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study demonstrated the importance of pivot-shift test scores
in anterolateral capsule injury.?® The importance of this struc-
ture in anterior cruciate ligament (ACL) injuries is not a novel
discovery.1%353 There has been renewed interest in recent
years in the anterolateral structures of the knee joint, and our
understanding of the association of these structures to ACL
injury and the resulting rotational instability has evolved. The
natural evolution of an ACL rupture with recurrent instabil-
ity is progressive degeneration on the medial meniscus and
the articular cartilage, which is observed in 60% to 90% of
patients, respectively, about 10 to 20 years after the initial
injury.2?%3! Zens et al*? analyzed changes in ALL length
during passive knee motion. Kennedy et al'” characterized
the anatomical and radiographic locations and structural
properties of the ALL and provided quantitative data. Ras-
mussen et al>* found that combined sectioning of the ALL and
ACL would lead to increased internal rotation and axial plane
translation during a pivot-shift test when compared with iso-
lated sectioning of the ACL. Nitri et al?® investigated the bio-
mechanical function of an anatomical ALL reconstruction in
the setting of a combined ACL and ALL injury. Results from
these 4 studies suggest that the ALL is an important lateral
knee structure that provides rotatory stability to the knee
joint. However, to the best of our knowledge, the association
between the ALL and ACL under dynamic loading conditions
has not been investigated in vitro.

Our objective in this study was therefore to develop and
validate a participant-specific musculoskeletal (MSK) lower
extremity model that allows for 12-degrees-of-freedom (DOF)
motion at both the tibiofemoral (TF) and patellofemoral (PF)
joints by combining medical imaging data with motion cap-
ture data for 5 healthy participants (4 male and 1 female) to
create participant-specific knee models. We hypothesized that
insufficiency of the ACL or ALL would cause an abnormal
increase not only to the ligament force of each other but also
to the joint force under dynamic joint-loading conditions.

METHODS
Experimental Procedures

After receiving approval from the hospital’s institutional
review board and written informed consent from the 5 parti-
cipants, participant-specific data were used to develop the
participant-specific MSK model, and electromyography
(EMG) signals were used during motion capture. Four male
participants and 1 female participant who had no medical
history of lower extremity problems participated in this study.
The mean age, height, and weight of the participants were
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Figure 1. Participant-specific musculoskeletal models during
(A) gait and (B) squat conditions.

33.0 £+ 4.4 years (range, 26-36 years), 175 + 7.4 cm (range,
163-182 cm), and 75.6 + 6.7 kg (range, 65-83 kg), respectively.
The participants performed gait and squatting activities, and
ground-reaction forces were measured using a force plate
(Figure 1). Tracks of marker locations were measured using
a 3-dimensional (3D) motion capture system (Vicon). EMG
signals were recorded from the following muscles using an
EMG sensor (Delsys): gluteus maximus, rectus femoris, vas-
tus lateralis, biceps femoris, semimembranosus, gastrocne-
mius medialis, tibialis anterior, and soleus medialis. Raw
data from the EMG signals were transformed into muscle
activation data by root-mean-square analysis.

To evaluate the predicted muscle activation, an EMG-to-
activation model was developed to represent the underlying
muscle activation dynamics. Muscle-tendon lengths and
moments of muscles crossing the knee joint were deter-
mined from joint kinematics using the 3D anatomic model.
Muscle activation was determined using a second-order dis-
crete nonlinear model with rectified and low-pass filtered
EMG as input. The process of transforming EMG data to
muscle activation data has been described previously.2*

Computational Model

The 5 participant-specific models were developed using Any-
Body Version 6.0.5 (AnyBody Technology), which is a commer-
cial software package for MSK simulation. The generic lower
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Figure 2. Participant-specific musculoskeletal models with
(A) contact conditions and (B) 21 ligament bundles: antero-
medial (aACL) and posterolateral (pACL) bundles of the ante-
rior cruciate ligament; anterolateral (aPCL) and posteromedial
(pPCL) bundles of the posterior cruciate ligament; anterolat-
eral structures; lateral collateral ligament (LCL); popliteofibu-
lar ligament (PFL); medial collateral ligament (anterior portion
[aMCL], central portion [cMCL], and posterior portion
[PMCL]); deep medial collateral ligament (anterior portion
[aCM] and posterior portion [pCM]); medial (MCap) and lateral
(LCap) posterior capsules; oblique popliteal ligament; medial
patellofemoral ligament (superior [sMPFL], middle [mMPFL],
and inferior [iMPFL]); and lateral patellofemoral ligament
(superior [sLPFL], middle [mLPFL], and inferior [iLPFL]).
Anterolateral ligament (ALL); oblique popliteal ligament (OPL).

extremity MSK model is based on the Twente Lower Extrem-
ity Model anthropometric database.?’ The MSK model is actu-
ated by approximately 160 muscle units. It has been
previously validated for predicting muscle and joint reaction
forces in human lower limbs during locomotion.*”

Three-dimensional bone and soft tissue models were
reconstructed from computed tomography (CT) and mag-
netic resonance imaging (MRI) scans in our previous
study.*1%2! Ligament insertion points were also observed
in the MRI sets, and descriptions can be found in the
literature.'*1%2! Two experienced orthopaedic surgeons
(including S.-H.K.) determined the locations of the liga-
ments independently.®

By using 3D femoral and tibial models of the 5 partici-
pants, the femur and tibia in AnyBody were scaled with
nonlinear radial basis functions as scaling laws. The
remaining parts were scaled using an optimization scheme
that minimizes the difference between the model markers
and recorded marker positions. The knee joint in this study
was considered to have 12 DOF (TF, 6 DOF; PF, 6 DOF)."?
The hip and ankle joints were considered to have 2 and 3
DOF, respectively.'® For the hip joint, those are flexion/
extension, abduction/adduction. For the ankle joint, those
are abduction/adduction, dorsiflexion/plantarflexion, and
eversion/inversion.

The attachment points in the AnyBody model were mod-
ified using participant-specific attachment sites. As shown
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in Figure 2, a total of 21 ligament bundles were modeled:
the ACL (anteromedial bundle of the ACL [aACL]; postero-
lateral bundle of the ACL [pACL]); posterior cruciate liga-
ment (PCL), which included the anterolateral and
posteromedial bundles of the PCL; ALL; lateral collateral
ligament (LCL); popliteofibular ligament; medial collateral
ligament, which included the anterior, central, and poste-
rior portions; deep medial collateral ligament, which
included the anterior and posterior portions; medial and
lateral posterior capsules; oblique popliteal ligament;
medial PF ligament (superior, middle, and inferior); and
lateral PF ligament (superior, middle, and inferior).

The stiffness-force relationship of the ligaments in this
model were defined as follows to produce nonlinear elastic
characteristics in slack regions®:
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where fle) is the current force, % is the stiffness, € is the
strain, and ¢; was assumed to be constant at 0.03. The
ligament bundle slack length, [, can be calculated from the
reference bundle length, /., and the reference strain, ¢,, in
the upright reference position.

Most of the stiffness and reference strain values were
adopted from the literature, with some modification.32%37
Menisci were modeled as linear springs to simulate their
equivalent resistance.?* A wrapping surface comprising a
cylinder and an ellipsoid was applied to prevent penetra-
tion of bone by the ligament. One to 3 wrapping surfaces
were applied to each ligament to wrap the geometry of
the bone.

Figure 2 shows 3 rigid-rigid standard tessellation lan-
guage—based contacts defined in the TF and PF joints.
Three deformable contact models were defined between the
femoral and tibial components, and between the femoral
component and patellar button. These contact forces were
proportional to the penetration volume and so-called pres-
sure module.?® To calculate the value of the pressure mod-
ule, an equation derived by Fregly et al® was used.

Inverse Dynamic Simulation and Loading
Conditions

Before running the inverse dynamic analysis, the kinemat-
ics of each trial were calculated on the basis of motion cap-
ture data. Kinematic optimization was used for this
purpose. To optimize kinematic model parameters,
ground-reaction forces and motion capture marker trajec-
tory data were imported into AnyBody. The optimization
objective was to minimize the difference between the Any-
Body model marker trajectories and the motion capture
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marker trajectories. After kinematic optimization, inverse
dynamic analysis was performed. The muscle recruitment
criterion used in this study was cubic polynomial. Muscle
activation and ligament forces were calculated through
inverse dynamic analysis, and muscle activations were com-
pared with EMG signals. Internal rotation torque tests for
rotational laxity under intact and both ACL and ALL condi-
tions with 5 N-m of torque at 0°, 30°, 60°, and 90° of flexion
were compared with previous experimental studies.?*3%

To define the influence of resection of ALL and ACL struc-
tures on the ACL and ALL, respectively, the forces on the
ALL and ACL with deficiencies of the individual components
were investigated under gait and squat loading conditions.
In addition, contact forces on the TF and PF joints were
evaluated with deficiencies of the ACL, ALL, and entire lig-
ament structure under gait and squat loading conditions.

Statistical Analysis

A single gait cycle and squat cycle were divided into 11 time
points (periods 0.0-1.0). Calculated ligament forces and con-
tact forces in each simulated model were compared with the
corresponding simulation data from the same knee at the
same phase of the cycle. Simulated ligament forces and
contact forces for deficiency of the ACL, ALL, and both ACL
and ALL were compared using nonparametric repeated-
measures Friedman tests. Post hoc comparisons were per-
formed between each ligament-deficient status and the
intact knee condition using the Wilcoxon signed-rank test
with Holm correction. Statistical analyses were performed
using SPSS for Windows (Version 20.0.0; IBM Corp). Sta-
tistical significance was set at P < .05 for all comparisons.

RESULTS

Comparison Between Experimental EMG and
Muscle Activation Measurements from
Computational Simulation and Previous
Experimental Studies

The greatest muscle activities predicted from the 4 compu-
tational models were consistent with the transformed EMG
measurements under the gait and squat loading conditions
(Supplemental Figures S1 and S2). For the intact and defi-
cient ACL and ALL models, the mean values for the inter-
nal rotation from computational simulation were within
the range of values from previous experimental studies®+3%
(Figure 3).

Forces Exerted on the ACL With ALL Deficiency
and the ALL With ACL Deficiency

The force exerted on the aACL and pACL with ALL defi-
ciency and the force exerted on the ALL with ACL defi-
ciency under gait and squat loading conditions are shown
in Figure 4. Forces exerted on the aACL and pACL during
the gait-loading condition significantly increased in the
stance phase as the ALL became deficient. The mean
forces on the aACL and pACL increased significantly by

The Orthopaedic Journal of Sports Medicine

~N
%]
o

B Our simulation
W Previous experiment I-

Internal rotation of Tibia
[ = n
b 2 n <

o
o

0° 30° 60° 90° 0° 30° 60° 90°

Intact Ligaments Knee
(Flexion Angle)

Deficiency of Both ALL and ACL
(Flexion Angle)

Figure 3. Comparison between the current study and previous
studies®**® of the internal tibial rotation in the internal rotation
torque between intact and anterolateral ligament (ALL)- and
anterior cruciate ligament (ACL)-deficient conditions at 0°,
30°, 60°, and 90° of flexion. Error bars represent SDs.

42.5% (P < .05) and 62.5% (P < .05), respectively, in the 0.2
and 0.3 periods with ALL deficiency during the stance
phase’s gait-loading condition. The mean force on the ALL
significantly increased by 129.7% (P < .05) in the 0.4
period with ACL deficiency during the stance phase’s
gait-loading condition.

The mean force on the aACL from the 0.6 to 1.0 period
and the pACL from the 0.8 to 1.0 period significantly
increased by 20.2% (P < .05) and 89.4% (P < .05), respec-
tively, with ALL deficiency during the squat-loading condi-
tion. The mean force on the ALL significantly increased the
entire period by 189% (P < .05) under high flexion with
ACL deficiency during squat loading (Figure 4).

Contact Force With Deficiencies of the ACL, ALL,
and Entire Ligament Structures of the Knee Joint
Under Gait- and Squat-Loading Conditions

Figure 5 shows the contact forces on the TF and PF with
deficiencies of the ACL, ALL, and entire ligament structure
during gait loading. The mean contact forces on the TF and
PF joints were 1.7 £ 0.47 (P < .01) and 1.3 £ 0.23 (P < .01)
times greater than body weight (BW) at 1360 £ 303.9 N and
1060 + 203.5 N, respectively, for an intact model.

The mean contact force on the medial side was greater
than that on the lateral side for an intact model during
gait loading. The mean contact forces on the medial TF
joint significantly increased with deficiency of ACL during
the 0.0 and 1.0 periods and with deficiency of both ACL
and ALL during the entire period under the gait cycle’s
loading condition. The deficient ACL significantly
increased lateral contact force in the TF joint during the
initial stance phase under the gait cycle’s loading condi-
tion. The deficiency of ACL and ALL significantly
increased lateral contact force in the TF joint during the
stance and swing phase under the gait cycle’s loading
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Figure 4. Mean force exerted on the anterior cruciate ligament (ACL) and anterolateral ligament (ALL) with deficiencies of the ALL
and ACL during gait- and squat-loading conditions. Error bars indicate SDs. Significant differences (P < .05) were found between
the intact and ALL-deficient condition (*L) and between the intact and ACL-deficient condition (*C). aACL, anteromedial bundle of

the ACL; pACL, posterolateral bundle of the ACL.

condition. However, the deficiency of ALL did not signifi-
cantly increase the medial contact forces in the TF and PF
joints under the gait cycle’s loading condition.

The mean contact forces on the TF and PF joints with
deficiencies of the ACL, ALL, and entire ligament structure
under the squat loading condition are shown in Figure 6.
The mean contact forces on the TF and PF joints were 1.95+
0.89 (P < .01) and 3.78 £ 0.36 (P < .01) times greater than
BW at 1490 £ 613.2 N and 2890 + 288.6 N, respectively,
with an intact model.

The mean contact forces on the medial TF joint
increased in low flexion and decreased in high flexion with
ACL deficiency under the squat-loading condition. The
mean contact forces on the medial TF joint significantly
increased with deficiency of ACL during the 0.1 to 0.2
period and with deficiency of both ACL and ALL during
the 0.2 to 0.6 period under the squat-loading condition.
The deficient ACL significantly increased the lateral con-
tact force in the TF joint during low flexion angle under
the squat-loading condition. The deficiency of ACL and

ALL significantly increased the lateral contact force in the
TF joint during the 0.5 to 1.0 period under the squat-load-
ing condition. However, the deficiency of ALL did not sig-
nificantly increase the medial and lateral contact forces in
the TF joint under the squat-loading condition. ACL defi-
ciency had no significant effect on the mean contact force
on the PF joint during squat loading. However, the mean
contact force on the PF joint increased by 24% and 28%
with deficiencies of the ALL and entire ligament struc-
ture, respectively, under the squat-loading condition. The
deficiency of ALL in the 0.3 to 0.5 period and both ACL and
ALL in high flexion significantly increased the contact
force in the PF joint under the squat-loading condition.

DISCUSSION

Our study demonstrated the hypothesis that the ACL and
the ALL of the lateral knee joint assist as secondary stabi-
lizers of each other under dynamic load conditions. The
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Figure 5. Mean contact forces on the tibiofemoral (TF) and patellofemoral (PF) joints with deficiencies of the anterolateral ligament
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There were significant differences (P < .05) between the intact and ALL-deficient condition (*L), between the intact and ACL-
deficient condition (*C), and between the intact and both ALL- and ACL-deficient conditions (*LC). BW, body weight.

mean force on the ALL increased by 129.7% (P < .05) in the
0.4 period with ACL deficiency under the gait-loading con-
dition and in the entire period by 189% (P < .05) under high
flexion with ACL deficiency during squat loading. Defi-
ciency of the ACL and ALL increased the forces on the ALL
and ACL, respectively, while deficiency of both the ACL and
ALL increased the contact forces on the TF and PF joints.
Lateral instability is less commonly reported but is more
severe than medial instability of the knee joint.% Recently,
there has been an increase in the number of biomechanical
and anatomical studies of the anterolateral capsule struc-
tures.1728:31:3442 Oply a few biomechanical studies have
investigated the function of the structure. However, some
authors have reported the results of surgical treatment of
ACL injuries.® The results of kinematic analyses, cadaveric
experiments, and evaluation of force exerted on ligaments

and ligament-length pattern changes on CT under quasi-
static conditions have been reported.1”-2428:30:3442 [t should
be noted that cadavers used in in vitro experiments are
usually donated from the aged population; therefore, loos-
ening in the experimental setting as well as some attenua-
tion of the tissue itself because of the repetitive loading to
the specimen could occur.® No study, to the best of our
knowledge, has evaluated the ligament or contact forces
on the TF and PF joints with deficiencies of the ACL, ALL,
and entire ligament structure under loading conditions
during daily activities.

We developed a dynamic model in this study to evaluate
the forces exerted on the ACL and ALL, the contact forces
on the TF and PF joints, and muscle activation with defi-
ciencies of the ACL, ALL, and entire ligament structure in
the knee joint under gait- and squat-loading conditions
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Figure 6. Mean contact forces on the tibiofemoral (TF) and patellofemoral (PF) joints with deficiencies of the anterolateral ligament
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Significant differences (P < .05) between the intact and ALL-deficient condition (*L), between the intact and ACL-deficient condition
(*C), and between the intact and both ALL- and ACL-deficient condition (*LC) were found. BW, body weight.

using the MSK model. Errors can occur in the prediction of
muscle activities when using a computation model because
of the muscle redundancy problem under inverse dynamic
conditions and inaccuracy in muscle moment arms. There
may have been significant differences in muscle activations
because some muscles were sectioned into multiple
branches in the AnyBody MSK model, and the EMG signal
was more related to the activity of the large muscle group
closest to the electrode.

We found a strong interaction between the ACL and ALL
under loading conditions during daily activities. Increases
in the ACL force according to ALL deficiency were similar
between the gait- and squat-loading conditions. The mean
force on the ALL increased by 129.7% (P < .05) in the 0.4
period with ACL deficiency under the gait-loading condi-
tion and in the entire period by 189% (P < .05) under high
flexion with ACL deficiency during squat loading. However,
the increase in force exerted on the ALL was more sensitive
to squat loading than gait loading. In other words, the force
exerted on the ALL was influenced more during high

flexion than low flexion. Parsons et al®® reported that the
ALL does not affect resistance to the anterior tibial drawer
during knee flexion and that the LCL is not a primary sta-
bilizer in either the anterior drawer or internal rotation.
However, they found that the ALL is a primary stabilizer
of internal rotation of the tibia in high flexion. Despite the
differences in participants and loading conditions between
the robotic testing systems and computational model, both
suggest that the ALL plays an important role in high
flexion.

ACL deficiency causes degeneration of the articular car-
tilage in the TF joint, which could aggravate progressive
osteoarthritis.2”29:3! Based on previous in vivo lower
extremity measurements, our results support the finding
that a load up to 3 times greater than BW is exerted along
the hip, TF, and PF joints during daily activities.!® The
contact forces exerted on the TF and PF in this study
showed good agreement with the results from previous
studies.?3373 The medial contact forces were greater than
the lateral contact forces under both gait- and squat-
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loading conditions. In addition, the ratio of BW to contact
forces was consistent with those reported in previous stud-
ies.333739 In this study, the contact force on the PF joint
increased compared with that on the TF joint in high flex-
ion, similar to the results of a previous study.?® The contact
forces on the medial side of the TF joint all increased with
deficiencies of the ALL, ACL, and entire ligament structure
in the gait-loading condition. However, the ACL and ALL
deficiencies had no synergistic effect on the contact force on
the medial TF joint. The contact force on the lateral TF joint
had a complicated pattern. Especially for the ACL, the con-
tact force on the lateral TF joint locally increased and
decreased in the stance phase but increased in the swing
phase during gait loading. However, contact force on the
lateral TF joint decreased with ALL deficiency during gait
loading. The contact forces on the PF joint increased in the
swing phase and decreased in the stance phase with ACL
deficiency during gait loading.

Interestingly, contact force on the medial TF joint
increased with deficiencies of the ACL, ALL, and entire
ligament structure. However, for ACL deficiency, it
increased in low flexion and decreased in high flexion. This
trend was also found in the contact force on the lateral TF
joint with ALL deficiency. In this case, it decreased in low
flexion and increased in high flexion. ACL deficiency
decreased the contact force in the lateral TF joint, and a
similar trend was found in the PF joint during squat load-
ing. ACL deficiency did not influence the contact force on
the PF joint, but deficiencies of the ALL and entire liga-
ment structure increased the contact force on the PF joint
in high flexion. In addition, there are 2 things that can
prompt a change to deficient ligaments: 3D knee kinemat-
ics and the force of each ligament. If a primary ligament is
torn, then it is thought that other ligaments will receive
increased forces because of their role as secondary stabili-
zers. Our model helps to predict the forces acting on the
ACL and ALL. However, the ALL remains controversial,
as it not easily identified on MRI; thus, studies with addi-
tional insertion points for the ALL may be needed.

Limitations

Several limitations should be mentioned regarding this
study. First, the insertion point of the ALL was manually
modified to match the geometry of the patient’s knee anat-
omy in the model.®'%17 The result could vary depending on
the position of the ALL. However, there is a large deviation
in the position of the ALL, and the ALL is a structure that
cannot be easily determined by using MRI alone. Second,
sample size was small because it is time-consuming and
computationally expensive to develop participant-specific
models. In many previous studies, only a single
participant-specific model had been used to assess the sur-
gical technique or injury mechanism.l*%15:19.21.25.87,39 1p,
addition, it is also noted that the proportion of men in bio-
mechanical study data is 80%, and thus there is a limit to
female models. Third, deficient-ligament models were val-
idated by using data from the literature rather than obtain-
ing our own measurements. However, this approach is
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widely used in orthopaedic biomechanics research.!®1822

The advantage of computational simulation of a participant
was that we could determine the effects of deficiency of the
ACL or ALL on the validated participant-specific models
and exclude effects of variables such as weight, height,
bony geometry, and ligament properties. Fourth, the mate-
rial properties of the ligaments in the model were based on
literature reports. Fifth, the limitation of DOF at the hip
and ankle can cause significant measurement variances by
not accounting for motion outside of those DOF. Finally,
ground-reaction forces were measured directly from the
feet during gait and squat simulations. Future improve-
ments could be achieved by applying a ground-contact
model that allows reaction force simulation and incorpo-
rates foot-floor interactions.??

CONCLUSION

The results of this study indicate that the ALL is an impor-
tant lateral knee structure in daily dynamic activity. The
ACL and the ALL of the lateral knee joint assist as second-
ary stabilizers of each other under dynamic load conditions.

Supplemental material for this article is available at
http://journals.sagepub.com/doi/suppl/10.1177/23
259671221084970.
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