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Abstract: Knee medial compartment osteoarthritis is effectively treated by a medial open-wedge
high tibial osteotomy (MOWHTO). The feasibility and safety of MOWHTO for mild lateral meniscal
tears are unknown. This study examined the feasibility and safety of knee joint weight-bearing line
ratio (WBLr) adjustment during MOWHTO with lateral meniscal injuries. We used a healthy adult
male’s lower extremities computed tomography scans and knee joint magnetic resonance imaging
images to create a normal fine element (FE) model. Based on this model, we generated nine FE models
for the MOWHTO operation (WBLr: 40–80%) and 15 models for various lateral meniscal injuries. A
compressive load of 650N was applied to all cases to calculate the von Mises stress (VMS), and the
intact lateral meniscus’ maximal VMS at 77.5% WBLr was accepted as the corrective upper limit
stress. Our experimental results show that mild lateral meniscal tears can withstand MOWHTO, while
severe tears cannot. Our findings expand the use of MOWHTO and provide a theoretical direction for
practical decisions in patients with lateral meniscal injuries.
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1. Introduction

Knee osteoarthritis (KOA) is a prevalent chronic degenerative musculoskeletal disease that
predominately occurs in the elderly due to cartilage degradation, synovial membrane inflammation,
and hyperosteogenesis [1, 2]. Statistically, KOA affects approximately 33% of people aged 60 years
and older, with a staggering disability rate of up to 53% [3], thus imposing a significant health and
economic burden [4, 5].

Due to the medial compartment of the knee joint bearing more weight than the lateral compartment,
approximately 72% of osteoarthritis cases originate within this compartment [6], accompanied by a
shift in the lower extremity weight-bearing line (WBL) to the medial side of the knee joint. A medial
open-wedge high tibial osteotomy (MOWHTO) redistributes excessive pressure from the compromised
medial compartment to the healthier lateral compartment by correcting the lower extremity WBL,
effectively relieving pain, restoring optimal knee joint function, and prolonging joint life, thus making
it a highly effective procedure to treat medial compartment osteoarthritis [7, 8]. It involves cutting
and repositioning the tibia bone to shift weight away from the damaged part of the knee joint, thereby
reducing pressure on the affected area and potentially slowing down the progression of osteoarthritis.
MOWHTO is considered important in specific cases where conservative treatments such as physical
therapy and medication have not provided adequate relief, and the patient has symptoms of early to
mid-stage knee osteoarthritis or issues related to knee alignment. By altering the load distribution
within the knee joint, this procedure aims to alleviate pain, improve function, and potentially delay the
need for more invasive interventions such as a knee replacement surgery.

MOWHTO has specific indications and contraindications, and the primary criterion is that
osteoarthritis is limited to the medial compartment, while the lateral compartment has
nondegenerative characteristics with a normal cartilage and meniscus [9, 10]. The decision to undergo
MOWHTO should be carefully considered in consultation with a healthcare professional, while taking
various factors into account, such as the severity of the condition, the patient’s age, activity level, and
their overall health. Recent studies have shown that mild degeneration of the lateral compartment
does not pose a significant risk of surgical failure [11, 12], thus challenging the traditional view that
lateral compartment degeneration automatically disqualifies patients from accepting MOWHTO [13].

While previous studies have separately investigated the biomechanical aspects of MOWHTO
correction [14, 15] and meniscal tears [16–18] using a fine element (FE) analysis, there is a lack of
research evaluating the simultaneous effects of MOWHTO correction and lateral meniscal tears. In
addition, the feasibility and safety of the weight-bearing line ratio (WBLr) correction range when
performing MOWHTO in cases of lateral meniscal tears remain unexplored.

In this study, we developed MOWHTO models with WBLr ranging from 40 to 80% and various
lateral meniscal tear models to evaluate the stress on a torn lateral meniscus after MOWHTO by a FE
analysis. We hypothesize that there is a maximum threshold for the WBLr that would result in too high
stress on the lateral meniscus during the performance of a MOWHTO.
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2. Materials and methods

2.1. Establishment of three-dimensional models of normal lower extremity and MOWHTO

Precise and comprehensive medical imaging is crucial in various medical diagnostic
applications [19, 20], thus providing essential information about different disorders and illnesses [21].
One of the primary steps in utilizing these images for thorough research is the creation of
three-dimensional (3D) models [22]. This technique is an initial and essential phase that creates a
physical and visual depiction of the internal structures and abnormalities discovered in the medical
images [23]. These 3D models serve as a means for physicians and researchers to explore the
complexities of anatomical structures [24], thereby facilitating accurate evaluations [25], treatment
strategizing [26], and the in-depth analysis necessary to provide effective healthcare solutions [27].

In our study, a computed tomography (CT) scanner (SOMATOM Definition AS Siemens,
Germany) captured a series of 976 images with a slice distance of 1 mm, encompassing the hip joint
to the ankle joint of a healthy male volunteer (30 years old, 172 cm tall, weighing 65 kg), who had no
previous lower extremity injuries. Subsequent magnetic resonance imaging (MRI) scans of the knee
joint were conducted, yielding a set of 320 image layers (0.625 mm slice distance) using the
MAGNETOM AVanto 3.0 T scanner by Siemens, Germany. Subsequently, all images were inputted
into the 3D reconstruction software Mimics 21 (Materialise, Belgium) in the DICOM format; the CT
images were utilized to generate 3D bone models, while the MRI images were employed to create 3D
models of the cartilage, meniscus, and ligament. Under the guidance of an experienced orthopedist
and radiologist, the manual segmentation of non-bony structures was meticulously conducted, with an
accuracy level of 0.1 mm. This stringent precision aimed to reduce model variations to the minimum
possible extent. The models were exported in the STL format and imported into Geomagic
Warp 2021 (Geomagic, USA) for reverse engineering reconstruction. The model’s nonuniform
rational basis spline (NURBS) surface underwent reconstruction, removal of nails, smoothing, and the
subsequent materialization of the surface. Finally, a lower extremity 3D geometric model was
generated, and each part was saved in the STEP format.

Then, the STEP format files were imported into Solidworks 2020 (Dassault, USA). As per the
established literature [28], the mechanical axis of the lower extremity was identified on the 3D model,
which coincided with the weight-bearing line (WBL) (Figure 1(A)). Then, the mechanical lateral
distal femur angle (mLDFA, normal: 87 ± 3◦), the mechanical medial proximal tibial angle (mMPTA,
normal: 87 ± 3◦), the joint line convergency angle (JLCA, normal: 0 − 2◦), the distance between the
WBL and the knee joint midpoint (normal: 4 ± 2mm), and the WBL ratio of the knee joint (WBLr,
medial: 0%, lateral: 100%) were measured, which confirmed that the established lower extremity
model was anatomically completely normal [28] (Figure 1(A)). Based on this model, nine
MOWHTO 3D models, with the WBLr ranging from 40 to 80% in 5% increments, were created by
modifying the proximal of a normal tibia to the change mMPTA and by repairing the osteotomy gap
to simulate the situation of a bone healed after MOWHTO (Figure 1(B)).
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Figure 1. 3D models. (A) Normal lower extremity models, (A1) Measurement of knee
joint anatomical angles, (A2) Measurement of WBL passing through the knee joint position;
(B) MOWHTO models with WBLr from 40 to 80%; (C) Lateral meniscus tears models, (a)
Radial tears: (a1) White zone, (a2) Red-white zone junction, (a3) Red zone, (a4) Complete
tear. (b) Oblique tears: (b1) White zone, (b2) Red-white zone junction, (b3) Red zone, (b4)
Complete tear. (c) Partial longitudinal tear. (d) Complete longitudinal tear. (e) Bucket-
handle tear. (f) Big oblique tear. (g) Flap tear. (h) Complex tear. (i) Severe degenerative
peripheral tear.

2.2. Construction of lateral meniscus anterior horn (LMAH) tear models

The tear model was developed with the lateral meniscus anterior horn (LMAH) as the main focus
due to the increased stress on LMAH when standing [15,16] and the prevalence of LMAH as the most
common injury [29]. Referring to the literature [16–18, 30, 31], a total of 15 models of radial and
oblique tears in the white zone (radial depth 25%), red-white zone (radial depth 50%), red zone (radial
depth 100%), and complete tears (radial depth 100%), as well as partial or complete longitudinal tears,
bucket-handle tears, big oblique tears, flap tears, complex tears, and severe degenerative peripheral
tears, were created using the Solidworks software (Figure 1(C)).

2.3. FE modeling and material properties

All models were imported into the FEA software, Ansys Workbench 2021 (ANSYS, USA), and
meshed using C3D10 elements (Figure 2(A)). Von Mises stress (VMS) tests were performed on the
bone, cartilage, and meniscus for the mesh convergence, thus employing a convergence criterion
(variation <5%). Finally, the bone mesh size, ligament mesh, meniscus, and cartilage mesh were set
to 3, 1.5, 1, and 1 mm, respectively, thus aligning with prior studies [32–34]. On average, each model
had approximately 875,000 nodes and 578,500 elements.

Assuming isotropic, homogeneous, and linear elastic behaviors for all models, the Young’s
modulus (E) values were: cartilage (15 MPa), ligaments (215.3 MPa), meniscus (59 MPa), cortical
bone (15000 MPa), cancellous bone (100 MPa); the corresponding Poisson’s ratios were 0.475, 0.46,
0.49, 0.3, and 0.3, respectively [17, 33, 35].
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2.4. Loads and boundary conditions

Within the assembled model, four sets of non-linear and frictionless contacts were instituted, thus
connecting the femoral cartilage with both the medial and lateral menisci, as well as with both the
medial and lateral tibial cartilage [32] (Figure 2(B1)). The posterior and anterior meniscal roots of both
the medial and lateral menisci were defined as the 10 mm of meniscal tissue extending downward to
the attachment on the tibial plateau within the intercondylar notch, thus simulating the root-meniscal
attachment [33] (Figure 2(B1)). The cartilage-bone and ligament-bone contacts were set to bonded
conditions [17, 18, 33, 36]. All six degrees of freedom were restricted for the distal tibia and fibula.
Meanwhile, the femur was constrained in flexion-extension, internal-external rotation, and anterior-
posterior translation, yet was allowed unrestricted movement in medial-lateral translation and varus-
valgus angulation [36]. To apply the “Load”, a coordinate system was established, and the Z-direction
was consistent with the WBL direction. The weight-bearing surface of the femoral head was selected, a
force of 650N, corresponding to a weight of 65 kg, was applied in the Z-direction, and a static analysis
of all models was performed using the ANSYS software (Figure 2(B)).

Figure 2. (A) Mesh generation of the lower extremity, (A1) Anterior view of the right knee,
(A2) Posterior view of the right knee; (B) Loading and boundary condition, (B1) Top view of
the right knee. LM lateral meniscus, MM medial meniscus, ACL anterior cruciate ligament,
PCL posterior cruciate ligament, MCL medial collateral ligament, LCL lateral collateral
ligament, FC femoral cartilage, LTC lateral tibial cartilage, MTC medial tibial cartilage,
WBL weight-bearing line.

2.5. Evaluation indicators

The VMS was the primary assessment parameter to determine the WBLr correction range [37]. Due
to the fact that a mechanical tibiofemoral valgus angle greater than 6◦ (WBLr = 77.5%) may impose
excessive stress on the lateral compartment, which ultimately leads to degeneration [38], the maximum
VMS in the intact lateral meniscus at a WBLr of 77.5% was the upper limit of stress. One WBLr
produced stress on the meniscus that either equaled or exceeded this stress during MOWHTO, which
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was the acceptable upper limit WBLr for correction; however, exceeding this value at WBLr ≤ 50%
meant that the tear could not undergo MOWHTO. If the value of some tear exceeded the upper limit
stress at WBLr of 50 and 55%, no further calculations were performed.

3. Results

3.1. Stress distribution in the intact medial and lateral compartments of the knee joint

The stress load increased in the lateral compartment (with WBLr: 40–80%), while a decrease was
observed in the medial compartment (Figures 3(A) and (B)). In the neutral position (WBLr=46.7%),
the peak VMS experienced by the lateral meniscus was localized at the anterior horn,
measuring 1.01 MPa (Figure 3(C)). Conversely, the medial meniscus exhibited its highest stress at the
mid-posterior zone, measuring 1.32 MPa (Figure 3(D)). The stress values for the lateral and medial
tibial cartilage were 0.8 and 1.22 MPa (Figures 3(E) and (F)), respectively, with the lateral and medial
compartments bearing 39.6 and 60.4% of the total load, respectively. At a WBLr of 55%, both the
lateral and medial tibial cartilage experienced a peak VMS of 0.91 MPa, causing a balanced stress
distribution between the compartments (Figures 3(B), (E) and (F)). Finally, at a WBLr of 77.5%, the
VMS of the lateral meniscus peaked at 1.75 MPa (Figure 3(B)).

Figure 3. Stress results of the intact knee joint. (A) Peak VMS; (B) Stress distribution in the
medial and lateral compartments; (C) Stress cloud map of the lateral meniscus; (D) Stress
cloud map of the medial meniscus; (E) Stress cloud map of the lateral tibial cartilage; (F)
Stress cloud map of the medial tibial cartilage.
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3.2. Stress distribution in the torn lateral meniscus

Throughout the range of WBLr variations (40–80%), a consistent linear increase in the peak VMS
was observed for all types of lateral meniscus tears (Figures 4(A2), (B2), (C2) and (D2)). The stress
concentration area expanded, with fixed locations of occurrence, which consistently surrounding the
fissures (Figures 5–8). When comparing peak VMS values at the same WBLr, the severity order was
as follows: white zone tear < red-white zone tear < red zone tear < complete tear for radial tears
(Figures 4(A1) and 5) and oblique tears (Figures 4(B1) and 6); partial longitudinal tear < complete
longitudinal tear (Figures 4(C1) and 7); and big oblique tear < severe degenerative peripheral
tear < flap tear < complex tear (Figures 4(D1) and 8).

Figure 4. Stress distribution results of different types of meniscus tears (A1, B1, C1, D1) and
acceptable WBLr correction limits(A2, B2, C2, D2). (A) Radial tears; (B) Oblique tears;
(C) Longitudinal tears; (D) Other tears (big oblique tear, flap tear, complex tear, severe
degenerative peripheral tear).

3.2.1. Radial tears

For the white zone tear, the peak VMS was 1.68 MPa when the WBLr was 65% and 1.8 MPa when
the WBLr was 70% (Figures 4(A1) and 5(A)), and the corresponding WBLr for a VMS of 1.75 MPa
was 67.9% (Figure 4(A2)). Similarly, for the red-white zone tear, the peak VMS was 1.68 MPa at
WBLr = 60%, 1.8 MPa at WBLr = 65% (Figures 4(A1) and 5(B)), and the corresponding WBLr for a
VMS of 1.75 MPa was 62.9% (Figure 4(A2)). In the case of the red zone tear, the peak VMS was 1.7
MPa when the WBLr was 55% and 1.82 MPa when the WBLr was 60% (Figures 4(A1) and 5(C)). The
corresponding WBLr for a VMS of 1.75 MPa was 57% (Figure 4(A2)). However, for complete tear,
the peak VMS was 1.83 MPa when the WBLr was 46.7%, which exceeded the threshold of 1.75 MPa
(Figures 4(A1) and 5(D)). Therefore, the acceptable WBLr correction limits for the red zone, red-white
zone, and white zone radial tears were 57.0, 62.9, and 67.9%, respectively; the complete radial tear
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could not be corrected (Figure 4(A2)).

Figure 5. Stress distribution results of meniscus tears of different degrees of radial tears. (A)
White zone tear; (B) Red-white zone tear; (C) Red zone tear; (D) Complete tear.
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3.2.2. Oblique tears

For the white zone tear, the peak VMS was 1.74 MPa at a WBLr of 60% and 1.88 MPa at a WBLr
of 65% (Figures 4(B1) and 6(A)). The corresponding WBLr for a VMS of 1.75 MPa
was 60.4% (Figure 4(B2)). For the red-white zone tear, the peak VMS was 1.74 MPa at a WBLr
of 55% and 1.88 MPa at a WBLr of 60% (Figures 4(B1) and 6(B)). The corresponding WBLr for a
VMS of 1.75 MPa was 55.4% (Figure 4(B2)). For the red-zone and complete tears, the peak VMS
values were 1.79 MPa and 2.03 MPa, respectively, at a WBLr of 46.7%; both values exceeded the
threshold of 1.75 MPa (Figures 4(B1), 6(C), and 6(D)). Consequently, the acceptable WBLr
correction limits for the white-zone and red-white zone oblique tears were 60.4 and 57%, respectively,
and no correction could be accepted for the red-zone and complete oblique tears (Figure 4(B2)).

Figure 6. Stress distribution results of meniscus tears of different degrees of oblique tears.
(A) White zone tear; (B) Red-white zone tear; (C) Red zone tear; (D) Complete tear.
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3.2.3. Longitudinal tears

Partial longitudinal tears exhibited a peak VMS of 1.63 MPa at a WBLr of 70%, which increased
to 1.76 MPa at a WBLr of 75% (Figures 4(C1) and 7A)); a WBLr of 74.6% corresponds precisely
to a VMS of 1.75 MPa (Figure 4(C2)). Alternatively, complete longitudinal and bucket-handle tears
demonstrated peak VMS values of 2.67 MPa and 2.47 MPa, respectively, at a WBLr of 46.7%, and
both values surpassed the threshold of 1.75 MPa (Figures 4(C1), 7(B), and 7(C)). Consequently, partial
longitudinal tears could withstand a WBLr correction upper limit of 74.6%; the complete longitudinal
and bucket-handle tears failed to be corrected (Figure 4(C2)).

Figure 7. Stress distribution results of meniscus tears of different degrees of longitudinal
tears. (A) Partial longitudinal tear; (B) Complete longitudinal tear; (C) Bucket-handle tear.

3.2.4. Other tears

In the case of a big oblique tear, the peak VMS was measured to be 1.73 MPa at a WBLr of 55%
and 1.85 MPa at a WBLr of 60% (Figures 4(D1) and 8(A)). The corresponding WBLr for a VMS
of 1.75 MPa was 55.8% (Figure 4(D2)). As for the flap tear, complex tear, and severe degenerative
peripheral tear, the peak VMS values were 2.40, 2.79, and 2.02 MPa, respectively, at a WBLr of 46.7%;
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all the values exceeded the threshold of 1.75 MPa (Figures 4(D1), 8(B), 8(C), and 8(D)). In the case
of big oblique tears, the acceptable limit for WBLr correction was 55.8%, and the flap, complex, and
severe degenerative peripheral tears were uncorrectable (Figure 4(D2)).

Figure 8. Stress distribution results of meniscus tears of other types. (A) Big oblique tear;
(B) Flap tear; (C) Complex tear; (D) Severe degenerative peripheral tear.

4. Discussion

This study successfully developed comprehensive lower extremity FE models to investigate the
biomechanical changes associated with lateral meniscal tears when subjected to different WBLr
corrections, thus aiming to evaluate the feasibility and safe correction range of conducting MOWHTO
in cases involving lateral meniscus tears. The most significant new finding was that mild lateral
meniscus tears could withstand varying degrees of WBLr correction. However, as the severity of the
tear increased, excessive stress was observed, making the MOWHTO correction inappropriate for
severe tear cases, which is consistent with clinical practice.

Mathematical Biosciences and Engineering Volume 21, Issue 4, 5394–5410.



5405

The accuracy of the FE model employed for knee joint analyses plays a crucial role in determining
the research outcomes. Previous studies [33, 34] which investigated normal knee joints using a FE
analysis reported higher stress levels in the medial compartment compared to the lateral compartment,
while other studies [15, 16] presented contrasting findings. This inconsistency may be attributed to
models solely focusing on the knee joint, which neglected the hip and ankle joints and caused
deviations in the loading direction concerning the WBL.

To mitigate errors, we developed a comprehensive lower extremity model and a series of lower
extremity deformity models with a WBLr correction accuracy of 0.1%. Under a 650 N load applied
at a WBLr of 46.7%, the maximum VMS was located in the anterior horn of the lateral meniscus
and the mid-posterior region of the medial meniscus, thus aligning with previous findings [15, 16].
Additionally, the load distribution revealed that the lateral and medial compartments supported 39.6%
and 60.4% of the total load, respectively, thus aligning with findings documented in literature [15] and
the clinical manifestations of medial osteoarthritis [6]. At a WBLr of 55%, the stress distribution in the
lateral and medial compartments exhibited a balanced pattern, which agrees with the literature [14].
These findings demonstrate the reliability of the analytical results obtained from the established model
and validate its effectiveness.

Meniscal degeneration and tears are recognized as precursors to osteoarthritis and are considered
independent risk factors for its development [39]. Clinical studies have shown that increased body
weight (stress) contributes to meniscal degeneration [40], which significantly heightens the risk of
meniscal tears and secondary osteoarthritis [41, 42]. Our research indicated that both lateral
displacement of the WBL and tears increased the stress on the lateral meniscus. Besides, the deeper
radial depth of meniscal tears corresponded to a more severe extent and higher stress values. These
results align with previous literature [16–18]. Furthermore, the lateral displacement of WBL after
MOWHTO will further increase the stress of the meniscus, suggesting tears may worsen, with partial
tears progressing to complete tears. The stress redistributed to the lateral compartment after
MOWHTO, potentially causing normal meniscal degeneration and susceptibility to tears; in the case
of torn menisci, the severity of tears may intensify. Both scenarios contributed to functional meniscus
loss, leading to lateral compartment osteoarthritis progression and corrective surgery failure. Our
study simulates the process from a healthy to a torn lateral meniscus after MOWHTO, thus offering
insight into the biomechanical mechanisms of lateral compartment osteoarthritis
following MOWHTO.

The degree of WBL correction is an essential factor affecting the efficacy of MOWHTO. This
correction is commonly assessed using either the mechanical tibiofemoral angle or the WBLr [43],
which are used interchangeably. In our study, when the mechanical tibiofemoral valgus angle was 6◦,
the WBLr was 77.5%, which is similar to what has been reported in the literature [44, 45]. It is
generally accepted that during MOWHTO, a valgus angle greater than 6◦ may impose excessive stress
on the lateral compartment, thus leading to degeneration [38]. However, the specific stress values
associated with this condition remained unclear [46]. We quantified this stress value, and the
maximum VMS of the lateral meniscus was 1.75 MPa at a valgus angle of 6◦ (WBLr = 77.5%);
therefore, 1.75 MPa was used as the acceptable upper limit stress for correction in our study.

From a biomechanical standpoint, our study provides the first validation of the feasibility of
performing MOWHTO in cases of a lateral meniscal tear and establishes an upper limit for WBLr
correction. Specifically, we found that radial tears (white zone, red-white zone, and red zone), oblique
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tears (white zone and red-white zone), partial longitudinal tears, and big oblique tears can tolerate
WBLr corrections up to 67.9, 62.9, 57.0, 60.4, 55.4, 74.6, and 55.8%, respectively. However,
complete tears (radial and oblique), red-zone oblique tears, bucket-handle tears, flap tears, complex
tears, and severe degenerative peripheral tears are unsuitable for MOWHTO, as they already
experience unacceptably high stress at WBLr=46.7% (neutral position) in our model. This is
consistent with the clinical practice that these tears typically require surgical intervention, with either
an arthroscopic meniscus repair suture or meniscoplasty being the preferred approach. Moreover, our
findings suggest that correcting the deformity may be necessary to reduce stress and facilitate
meniscus repair if lateral meniscal tears are accompanied by valgus deformity. Additionally, for tears
tolerating WBLr correction near 55% (e.g., red zone radial tear (57%), red-white zone oblique
tear (55.4%), and big oblique tear (55.8%)), a simultaneous arthroscopic meniscus repair during
MOWHTO could potentially further reduce meniscal stress, increase the WBLr correction limit, and
enhance a surgeons’ confidence in performing MOWHTO in patients with concomitant lateral
meniscal tears.

Although our study challenges the conventional notion that lateral meniscal tears are unsuitable for
HTO, it is essential to acknowledge certain limitations. First, all material properties were assumed to be
isotropic, linearly elastic, and homogeneous across the models to ensure consistency and prevent bias.
However, uniform settings were applied to all models to avoid discrepancies. Second, the models were
solely subjected to static loading, thereby omitting the reproduction of joint kinetics during motion.
Third, our analysis focused on stress changes in computational models. Robust support for our findings
could be obtained through biomechanical tests on human cadaver samples and reliable retrospective
clinical observational studies. Finally, our study employed a WBLr in 5% increments, which may
be more accurate if refined. However, the study’s conclusions should remain unchanged since stress
rises linearly.

5. Conclusions

In conclusion, the acceptable WBLr correction upper limits when performing MOWHTO for
radial tears (white zone, red-white zone, and red zone), oblique tears (white zone and red-white zone),
partial longitudinal tears, and big oblique tears were 67.9, 62.9, 57, 60.4, 55.4, 74.6, and 55.8%,
respectively. However, complete tears (radial and oblique), bucket-handle, flap, complex, and severe
degenerative peripheral tears could not undergo MOWHTO. Our findings enhance the understanding
of the biomechanical mechanisms underlying lateral compartment osteoarthritis after MOWHTO,
broaden the application of MOWHTO, and provide a rationale for clinical decisions when conducting
MOWHTO in patients with lateral meniscal tears.
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