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Abstract: Meniscal tear is a common reason for patients to undergo knee operation, and the medial
meniscus posterior root tear (MMPRT) is one of the most frequent kinds of meniscal tears. The pur-
pose of this study was to analyze participants’ factors (anthropometric and medical) to the fate of the
MMPRT based on the treatment strategy. The hypothesis of this study was that treatment modalities
from conservative treatment to final arthroplasty would be affected by participants’ affecting factors.
From July 2003 to May 2018, 640 participants were included. Groups were categorized according to
the treatment strategies such as conservative treatment, arthroscopic surgery, high tibial osteotomy
(HTO) and arthroplasty surgery. Participants’ affecting factors were analyzed by one-way analysis
of variance according to the four different treatment strategies and a correlation between affecting
factors was also analyzed. Participants with K-L (Kellgren–Lawrence) Grade 4 and high BMI > 28.17
were appropriate candidates for arthroplasty, with K-L Grade 4 being a greater determining factor
than high BMI. Participants with alignment factors such as low initial weight bearing line (WBL)
(26.5%) and high delta WBL ratio (5.9%) were appropriate candidates for HTO, with the delta WBL
ratio being a greater determining factor than initial WBL. Longer MRI-event times (1.44 year) and
a lesser extent of meniscal extrusion (2.98 mm) were significantly associated with conservative
treatment. Understanding the correlation of each affecting factor to the treatment strategy will help
clinicians decide on the appropriate treatment for patients with MMPRT.

Keywords: knee; meniscal injury; osteoarthritis; treatment

1. Introduction

The medial meniscus, a crescent-shaped fibrocartilaginous structure, is known to
be essential for congruity, stability, shock absorption, and proprioception of the knee
joint [1–3]. Furthermore, the medial and lateral meniscus maintain up to 90% and 70%
of the knee’s hoop tension, respectively, which allows for accurate intra-articular load
transfer [4]. Hoop tensions are generated as axial forces and converted to tensile stresses
along the circumferential collagen fibers of the meniscus. However, radial tear of the
posterior meniscal root can lead to a loss of circumferential hoop tension. The loss of hoop
tension increases the contact pressure and accelerates the progression of osteoarthritis
(OA) [5,6]. OA is a type of joint disease that results from breakdown of joint cartilage and
underlying bone. Radial tears of the medial meniscus posterior horn are very common
among Asian individuals, and the majority of these tears are expressed as a medial meniscus
posterior root tear (MMPRT) [7]. MMPRT is defined as either a radial tear located within
1 cm of the meniscal attachment or a bony root avulsion [8]. Root tears are more frequently
observed in the medial meniscus than in the lateral meniscus because the posterior horn is
less mobile than lateral meniscus [9].
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MMPRT has recently received greater attention because it has been associated with
the development of excessive meniscal extrusion and accelerated degenerative changes [9].
An important characteristic of MMPRT is that it occurs during the early stages of OA that
may be reversible for the OA progression. In addition, the incidence of MMPRT is higher
than expected. The probability of the MMPRT in OA participants is approximately 80%, and
MMPRT accounts for 27.8% of all medial meniscal tears [7]. Therefore, it may be important
to identify which participants are likely to be managed well with conservative treatments
such as medication or injection therapy and which participants should be referred for
surgical treatment. However, there is little consensus regarding this topic, and current
treatment strategies, including conservative treatment, meniscectomy or meniscal repair,
realignment procedures such as a high tibial osteotomy (HTO), and even arthroplasty, are
highly variable.

Another important characteristic of MMPRT is that it is commonly observed with
degeneration rather than with acute traumatic injury, which mostly occurs in other tear
types. Therefore, it may be important to predict the course of MMPRT and identify
which affecting factors are related to specific treatments. This study aimed to analyze
the participants’ affecting factors of the fate of MMPRT based on treatment strategies.
The hypothesis of this study was that treatment modalities from conservative treatment to
final arthroplasty would be affected by participants’ affecting factors.

2. Materials and Methods

Six hundred and forty patients who were diagnosed with MMPRTs from July 2003 to
May 2018 were included in this retrospective cohort study. The mean age of the participants
was 58.09 (range: 21–86) years, and the average follow-up period was 3.75 (range: 2–11)
years. MMPRTs were diagnosed on the basis of the findings of magnetic resonance imaging
(MRI) or data on outpatient chart review conducted by the Clinical Data Warehouse (CDW)
in Seoul National University Bundang Hospital.

All participants were divided into four groups based on the final treatment: arthro-
plasty, high tibial osteotomy (HTO), arthroscopic surgery, and conservative treatment.
The exclusion criteria were as follows: (1) a history of trauma such as a periarticular
fracture or ligament injury; (2) infection; (3) inflammatory arthritis; (4) previous meniscal
injury and/or knee operation. Institutional Review Board approval was obtained before
the commencement of this retrospective analysis.

2.1. Extraction of Affecting Factors

All the participants’ affecting factors selected for this study were surveyed from previ-
ous articles [10–13]. Possible affecting factors of operation or OA progression were gender,
age, body mass index (BMI), duration of attempted conservative treatment, malalignment
as a weight-bearing line (WBL) ratio, proximal tibial morphology, Kellgren–Lawrence
grading scale (K-L grade), bone marrow lesions (BMLs), and severity of meniscal extrusion.
The affecting factors were categorized as anthropometric or medical factors.

2.1.1. Anthropometric Factors

The anthropometric factors included age, gender, BMI, and interval of conservative
treatment. BMI was defined as the participant’s weight in kilograms divided by body
height (in meters squared). The interval of conservative treatment was expressed as ‘MRI-
event time.’ MRI was described as to the time when MRI was obtained and event as the
date of surgery or the last visit of the outpatient department. The period between MRI and
event was defined as the MRI-event time.

2.1.2. Medical Factors

Standing knee anterior-posterior, lateral, and hip-knee-ankle views were evaluated in
routine follow-ups, and coronal, sagittal MRIs were evaluated in all participants. The WBL
ratio, proximal tibial morphology, K-L grade, BMLs, and severity of meniscal extrusion
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were evaluated. The mechanical axis deviation was evaluated using the initial WBL and
delta WBL ratios. Proximal tibial morphology was evaluated using tibial varus angle (TVA)
and posterior tibial slope (PTS). OA severity was evaluated using the K-L grade. BMLs
were evaluated using the MRI osteoarthritis knee score (MOAKS). Meniscal extrusion
was evaluated on the coronal MRI. INFINITT (ver. 5.0.9.2, Seoul, Korea) was used for all
radiographic assessments and measurements.

WBL

The WBL ratio was calculated by measuring the distance from the medial edge of the
proximal tibia to the point where the WBL intersected the proximal tibia and by dividing the
measurement by the entire width of the tibia. A percentage was calculated by multiplying
this ratio by 100%. The delta WBL ratio was calculated as the difference between the initial
WBL ratio and the WBL ratio just before operation or the last follow-up in the outpatient
department for the participants who did not undergo operation.

TVA

The TVA was defined as the angle between the line perpendicular to the tibial shaft
and the articular surface of the proximal tibia [14].

PTS

The PTS was defined as the angle between the line connecting the highest anterior
and posterior points of the medial plateau and the line perpendicular to the anterior tibial
cortex [10].

K-L Grade

The K-L grade was determined using anteroposterior knee radiographs. Each radio-
graph was assigned a grade from 0 to 4 based on the extent to which it correlated with an
increasing OA severity. Grade 0 indicates no presence of OA and Grade 4 indicates severe
OA [15].

MOAKS

The MOAKS instrument refined the scoring of bone marrow lesions (BMLs) [16]
(Figure 1).

Meniscal Extrusion

The extent of medial meniscal extrusion was measured from the medial margin of the
tibial plateau to the medial margin of the medial meniscus on the image at the midpoint of
the femoral condyle. Osteophytes were excluded for the determination of the margin of
the tibial plateau [10] (Figure 2).

2.2. Statistical Analysis

All parameters were expressed as mean plus-minus standard deviations. Categorical
variables were analyzed using one-way analysis of variance (ANOVA) and Duncan’s
post-hoc analysis, Pearson correlation analysis, and linear regression analysis. Receiver
operating characteristic (ROC) curves were generated and used to determine the best cutoff
value for each affecting factor. A ROC curve is a graphical plot that illustrates the diagnostic
ability of a binary classifier system as its discrimination threshold varies. Results were
considered statistically significant when the p-value was < 0.05 [17]. Level of significance
was set a priori at p < 0.05. The kappa coefficient was used to evaluate the reliability
of radiographic evaluations. The kappa values ranged from 0 to 1, with 1 indicating
perfect agreement between two observers. All statistical analyses were performed using
the Statistical Package for the Social Sciences (version 22.0, IBM, Armonk, NY, USA).
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Figure 1. The scoring system magnetic resonance imaging (MRI) osteoarthritis knee score (MOAKS)
for assessing bone marrow lesions (BMLs). (A) Coronal image showing anatomical delineation of
the tibia into the medial, sub-spinous (SS), and lateral subregions. The femur was divided into the
medial and lateral femoral condylar regions. The intercondylar notch was part of the medial femur.
(B) Anatomical delineation of the femur into the trochlear (T), central (C), and posterior (P) regions
on sagittal projection. Sagittal projection depicts delineation of the tibia into the anterior, central,
and posterior subregions, which was divided into equal thirds. (C–E) BML grading. Grade 0 = none,
Grade 1 < 33% of the sub-regional volume, Grade 2 = 33–66% of the sub-regional volume, and Grade
3 > 66% of the sub-regional volume. (C) Coronal T2-weighed image showing small Grade 1 BML in
the central subregion of the medial femoral condyle. (D) A Grade 2 BML is depicted in the central
subregion of the medial femur. (E) Grade 3 BMLs are observed s in the central subregions of the
medial femur and central medial tibia.
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Figure 2. Measurements of extent of the medial meniscal extrusion on magnetic resonance images. (A,B) Meniscus posterior
root tear (MMPRT) is prominently observed. (C) The extent of medial meniscal extrusion was measured from the medial
margin of the tibial plateau to the medial margin of the medial meniscus on the image at the midpoint of the medial
femoral condyle.

3. Results

The inter- (kappa = 0.816) and intra-observer (kappa = 0.853) reliabilities were ac-
ceptable. The detailed anthropometric and medical data are listed in Table 1. Regarding
the male/female ratio, there was no significant difference among the groups (p = 0.393).
In terms of the mean age, arthroscopic treatment was preferred for participants of younger
age, and HTO and conservative treatments were preferred for participants with similar
mid-ages. Arthroplasty was preferred for participants of older age (p = 0.001). BMI was the
highest in the arthroplasty group (p = 0.001). Participants in the arthroplasty group had
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significantly higher BMI than those in the HTO, arthroscopic treatment, and conservative
treatment groups (p = 0.020, 0.001, and 0.004, respectively). The MRI-Event time was
the longest in the conservative treatment group (p = 0.001). The arthroplasty, HTO, and
arthroscopic treatment groups showed significantly shorter MRI-Event times than the
conservative treatment group (p = 0.001, 0.003, and 0.010, respectively) (Figure 3).

Table 1. Anthropometric and medical factors in each groups.

Arthroplasty (36) HTO (150) Arthroscopic Tx.
(55)

Conservative Tx.
(399) p-Value

Male/Female ratio 5:31 31:119 24:31 155:244 n.s.

Anthropometric

Age (years) 69.25 ± 6.02 58.12 ± 4.18 43.26 ± 15.26 57.13 ± 15.16 0.001 *

BMI (kg/m2) 29.72 ± 2.83 26.67 ± 3.16 26.42 ± 2.63 25.92 ± 2.87 0.001 *

MRI—Event (years) 1.17 ± 0.97 0.88 ± 1.32 0.95 ± 0.41 3.13 ± 2.21 0.001 *

Medical factors

Initial WBL (ratio) 31.44 ± 16.42 21.06 ± 11.03 38.22 ± 10.59 36.24 ± 9.32 0.001 *

Delta WBL (ratio) 4.21 ± 1.77 7.32 ± 3.46 3.06 ± 2.10 2.76 ± 1.09 0.001 *

TVA (degree) 5.32 ± 1.17 5.44 ± 0.85 5.18 ± 0.84 5.07 ± 1.60 n.s.

PTS (degree) 11.25 ± 2.55 11.03 ± 1.72 10.85 ± 1.44 11.11 ± 3.48 n.s.

K-L grade 3.78 ± 0.42 2.18 ± 0.39 2.05 ± 0.65 2.01 ± 1.06 0.001 *

MOAKS 2.11 ± 0.67 1.96 ± 0.69 1.98 ± 0.71 1.83 ± 1.02 n.s.

Extrusion (mm) 3.13 ± 1.36 3.98 ± 1.01 3.43 ± 1.09 1.36 ± 1.51 0.001 *

Values are presented as mean ± standard deviation. WBL: weight bearing line; BMI: body mass index; TVA: tibia varus angle; PTS:
posterior tibial slope; MOAKS: MRI osteoArthritis knee score. * Denotes statistically significant.
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The WBL ratio was the lowest in the HTO group (p = 0.001). The HTO group had
a significantly lower initial WBL ratio than the arthroplasty, arthroscopic treatment, and
conservative treatment groups (p = 0.011, 0.018, and 0.009, respectively). The HTO group
had a significantly higher delta WBL ratio than the arthroplasty, arthroscopic treatment,
and conservative treatment groups (p = 0.021, 0.030, and 0.018, respectively). Regarding
the parameters of proximal tibial morphology, the TVA and PTS were not significantly
different among the four groups (p = 0.218 and 0.377, respectively). The K-L grade was the
highest in the arthroplasty group (p = 0.001). The arthroplasty group had a significantly
higher K-L grade than the HTO, arthroscopic treatment, and conservative treatment groups
(p = 0.010, 0.031, and 0.013, respectively). Regarding the parameters of BMLs, the MOAKS
was not significantly different among the four groups (p = 0.762). The extent of meniscal
extrusion was the least in the conservative treatment group (p = 0.001). The conservative
treatment group had significantly less meniscal extrusion than the arthroplasty, HTO,
and arthroscopic treatment groups (p = 0.031, 0.029, and 0.035, respectively) (Figure 4).
Regarding the comparison between the conservative and surgical treatment groups, the
MRI-event time was significantly longer in the conservative treatment group than the
surgical treatment groups (p = 0.032). Meniscal extrusion was significantly lesser in the
conservative treatment group than the surgical treatment groups (p = 0.018). There were
no significant differences in the other affecting factors (Figure 5).
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In the correlation analysis, three pairs of affecting factors had a significant correlation.
The multivariate Pearson correlation analysis revealed that BMI was significantly correlated
with the K-L grade (r = 0.367). The initial WBL ratio was significantly correlated with the
delta WBL ratio (r = −0.332). In addition, meniscal extrusion was significantly correlated
with the MRI-event time (r = −0.418) (Table 2). Meanwhile, the linear regression analysis
showed that BMI was significantly associated with the K-L grade (p = 0.021, ß = 0.492).
The initial WBL ratio was significantly associated with the delta WBL ratio (p = 0.034,
ß = −0.195). In addition, meniscal extrusion was significantly associated with the MRI-event
time (p = 0.029, ß = −0.924) (Table 3). In the analysis of significant independent variables,
BMI was the highest in the arthroplasty group, the initial WBL ratio was the lowest in
the HTO group, and the extent of meniscal extrusion was the least in the conservative
treatment group (Figure 6).

Table 2. Correlation coefficients between affecting factors.

Variable Sex Age BMI MRI-
Event

Initial
WBL

Delta
WBL TVA PTS K-L

Grade MOAKS Extrusion

Sex 1 0.091 0.121 0.131 0.089 0.187 0.023 0.119 0.087 0.076 0.107
Age 1 −0.008 0.093 0.121 0.129 −0.019 0.110 0.251 0.095 0.117
BMI 1 −0.217 0.093 0.212 0.091 0.034 0.367 * 0.198 0.201
MRI-
Event 1 0.132 −0.229 0.079 0.101 0.211 −0.103 −0.418 *

Initial
WBL 1 −0.332

* 0.013 0.094 0.202 0.081 0.071

Delta
WBL 1 0.113 0.019 0.204 0.109 0.208

TVA 1 0.131 0.042 0.077 0.016
PTS 1 0.076 0.109 0.129
K-L

Grade 1 0.098 0.142

MOAKS 1 0.173
Extrusion 1

Data are presented as correlation coefficients. The statistical significance was set at p < 0.05. * p-value < 0.05. WBL: weight bearing line; BMI:
body mass index; TVA: tibia varus angle; PTS: posterior tibial slope; MOAKS: MRI osteoarthritis knee score; PCC: Pearson correlation
coefficient. * Denotes statistically significant.
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Table 3. Subgroup analysis using a linear regression analysis.

Independent Variable Dependent Variable Regression Coefficient (ß) p Value

Initial WBL Delta WBL −0.195 0.034 *
BMI K-L grade 0.492 0.021 *

Meniscal extrusion MRI-Event −0.924 0.029 *
The statistical significance was set at p < 0.05. * p-value < 0.05 WBL: weight bearing line; BMI: body mass index.
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ratio. BMI was the highest in the arthroplasty group, the initial WBL ratio was the lowest in the HTO group, and meniscal
extrusion was the least in the conservative treatment group.

The ROC curve analyses were conducted to determine the cutoff values for each
affecting factor, including BMI, the K-L grade, the initial WBL ratio, the delta WBL ratio,
meniscal extrusion and the MRI-event time. The cutoff values for BMI and the K-L grade
for arthroplasty were >28.17 and 3, respectively (Figure 7A). The cutoff values for the initial
WBL and delta WBL ratio for HTO were ≤26.5 and >5.9, respectively (Figure 7B). The cutoff
values for meniscal extrusion and the MRI-event time for operation were >2.98 and ≤1.44,
respectively (Figure 7C). Two parameters were related to the different treatment strategies.
In the comparison between those two parameters, the K-L grade, delta WBL ratio, and the
MRI-event had greater separability than BMI, the initial WBL ratio, and meniscal extrusion
in the arthroplasty, HTO, and conservative treatment groups, respectively (Table 4).

Table 4. ROC curve analysis.

Variable AUC SE p Value 95% CI

BMI 0.892 0.021 0.001 * 0.865–0.915
K-L grade 0.955 0.014 0.001 * 0.935– 0.969

Initial WBL ratio 0.886 0.017 0.001 * 0.859–0.910
Delta WBL ratio 0.941 0.013 0.001 * 0.919–0.958

Extrusion 0.920 0.011 0.001 * 0.896–0.940
MRI-event 0.960 0.007 0.001 * 0.942–0.974

The statistical significance was set at p < 0.05. * p-value < 0.05. AUC: area under cover; SE: standard error; CI:
confidence interval; WBL: weight bearing line; BMI: body mass index.
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4. Discussion

The principal finding of this study was the identification of important factors that
affect the fate of the MMPRT, based on treatment strategies. Based on the results, our study
suggests a prediction model for the selection of specific treatment strategies. Most previous
studies have assessed only one or two factors; conversely, in this study, we performed a
multifactorial analysis of relevant affecting factors according to four different treatment
strategies and analyzed the correlations among the affecting factors. We also provide
a specific cutoff value for each factor. Based on the study results, patients with K-L
Grade 4 and high BMI (>28.17 kg/m2) could be appropriate candidates for arthroplasty,
with K-L Grade 4 being a greater determining factor than a high BMI. Meanwhile, those
with alignment factors, such as a low initial WBL ratio (26.5%) and high delta WBL
ratio (5.9%), could be appropriate candidates for HTO, with the delta WBL ratio being
a greater determining factor than the initial WBL ratio. Longer MRI-Event times (1.44
year) and a lesser extent of meniscal extrusion (2.98 mm) were significantly associated with
conservative treatment. Therefore, our hypothesis was verified.

MMPRTs are strongly associated with obesity and are usually accompanied by de-
generative chondral damage of the involved compartment [18]. Similarly, another study
demonstrated significant associations between increasing BMI and meniscal tears, leading
to the need for surgical interventions [19]. In addition, positive correlations have been
reported between BMI and the K-L grades [20]. We also identified that the participants
with a high BMI developed OA and that the probability of arthroplasty was strongly
related to this factor. Varus alignment is a strong risk factor for medial joint degeneration.
Previous studies have reported that varus alignment is consistently identified as a strong
predictor of medial knee OA progression in participants with MMPRT. In addition, HTO
for participants with degenerative meniscal root tears may present an excellent opportunity
for early intervention in participants with varus alignment and symptomatic early knee
OA for secondary prevention of radiographic knee OA [21]. In our study, we found an
association between a lower initial WBL ratio and a high probability of HTO. Furthermore,
we found a negative correlation among affecting factors such as the initial WBL ratio
and delta WBL ratio, which has not been previously reported. Meniscal extrusion can be
regarded as the disruption of meniscal hoop tension. A previous study has reported that
more than 3-mm medial meniscal extrusion was strongly associated with degenerative
joint disease [22]. Another study also reported that meniscal extrusion assessment may
be important for determining the optimal treatment strategy for MMPRT [11]. In our
study, we found an association between larger meniscal extrusion and higher probability
of surgical intervention irrespective of the specific operation. Furthermore, we found a
negative correlation among affecting factors such as meniscal extrusion and the interval of
conservative treatment, which has not been previously reported. Therefore, our second
hypothesis was also verified.

Proximal tibial morphology is closely associated with MMPRT progression to OA. [22]
Okazaki et al. [23] reported that a steep posterior slope is a risk factor for MMPRTs. Most
researchers agree that there is a higher incidence of MMPRTs in participants with a higher
PTS [24]. However, this study only reported on the relationship between proximal tibial
morphology and MMPRT incidence, and no study has assessed further treatment strategies.
In the current study, regarding the parameters of proximal tibial morphology, TVA and PTS
were not shown to be statistically significantly correlated with each treatment strategy and
were not associated with specific treatment strategies or a strong determining factor for
operation. Another study reported that the likelihood of arthroplasty was higher among
participants with BMLs [13]. Participants with bone marrow edema and OA have an
increased risk for arthroplasty compared to those with OA without marrow edema [25].
However, contrary to results of previous studies, the results of our study were analyzed
to be irrelevant. The reasons for this can be explained as follows: BMLs around the knee
can be classified into traumatic or non-traumatic and into reversible or irreversible [26].
Previous studies have included older participants with irreversible BMLs, whereas our
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study included participants with traumatic and non-traumatic BMLs. For this reason, in
the current study, regarding the parameters of BMLs, MOAKS was not related to each
treatment strategy.

The strength of this study was that it is the first study to demonstrate an association
between affecting factors and outcomes of MMPRTs with respect to the specific treatment
strategies. The most important contributions of this study would be its assessment of
MMPRT outcomes and the establishment of a prediction model for MMPRTs, which are
important for early OA management. This study was also performed at a single center.
Moreover, blinded analyses were performed by five knee specialists, and similar results
were obtained when each surgeon analyzed the data individually.

Limitations

This study also had some limitations. First, the selection of a specific operation could
be dependent on a surgeon’s indication and preference. Therefore, the specific cutoff value
and results could be different from our results. Second, although the presence of MMPRT
was determined in accordance with a standardized definition, it was difficult to avoid
the influence of subjective judgment because confounding factors such as the presence of
osteophytes were expressed in measuring the degree of extrusion. Third, there was still
the possibility of OA progression, and participants could subsequently be converted to
another treatment strategy. However, this may be beyond the scope of this study, thus, we
did not focus on secondary treatments.

5. Conclusions

A low initial WBL ratio was associated with a high possibility of realignment proce-
dures, such as HTO; a high BMI was more likely to result in arthroplasty. A large meniscal
extrusion was found to be an important risk factor for any kind of operative treatment.
A low initial WBL ratio, high BMI, and large meniscal extrusion were correlated with a
higher delta WBL ratio, higher K-L grade, and shorter interval of conservative treatment,
respectively. Understanding the correlation of each affecting factor to the treatment strategy
will help clinicians decide on the appropriate treatment for patients with MMPRT.

Author Contributions: Conceptualization, Y.S.L.; data curation, J.I.L. and D.H.K.; formal analysis,
H.G.C., T.W.K. and Y.S.L.; resources, H.G.C. and J.I.L.; supervision, Y.S.L.; writing—original draft,
J.I.L., D.H.K., H.G.C., and Y.S.L.; writing—review and editing, J.I.L., T.W.K., and Y.S.L. All authors
have read and agreed to the published version of the manuscript.

Funding: Supported by grant no 02-2020-040 from the SNUBH Research Fund.

Institutional Review Board Statement: The institutional review boards approved this study (IRB
No. B-1912/580-105).

Informed Consent Statement: The requirement for informed consent was waived due to the retro-
spective nature of this study and the use of anonymized participant data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fithian, D.C.; Kelly, M.A.; Mow, V.C. Material properties and structure-function relationships in the menisci. Clin. Orthop. Relat.

Res. 1990, 252, 19–31. [CrossRef]
2. Koenig, J.H.; Ranawat, A.S.; Umans, H.R.; Difelice, G.S. Meniscal root tears: Diagnosis and treatment. Arthrosc. J. Arthrosc. Relat.

Surg. 2009, 25, 1025–1032. [CrossRef] [PubMed]
3. Greis, P.E.; Bardana, D.D.; Holmstrom, M.C.; Burks, R.T. Meniscal injury: I. Basic science and evaluation. J. Am. Acad. Orthop.

Surg. 2002, 10, 168–176. [CrossRef] [PubMed]
4. Kan, A.; Oshida, M.; Oshida, S.; Imada, M.; Nakagawa, T.; Okinaga, S. Anatomical significance of a posterior horn of medial

meniscus: The relationship between its radial tear and cartilage degradation of joint surface. Sports Med. Arthrosc. Rehabil.
Ther. Technol. 2010, 2, 1. [CrossRef] [PubMed]

5. Vyas, D.; Harner, C.D. Meniscus root repair. Sports Med. Arthrosc. Rev. 2012, 20, 86–94. [CrossRef]

http://doi.org/10.1097/00003086-199003000-00004
http://doi.org/10.1016/j.arthro.2009.03.015
http://www.ncbi.nlm.nih.gov/pubmed/19732642
http://doi.org/10.5435/00124635-200205000-00003
http://www.ncbi.nlm.nih.gov/pubmed/12041938
http://doi.org/10.1186/1758-2555-2-1
http://www.ncbi.nlm.nih.gov/pubmed/20180953
http://doi.org/10.1097/JSA.0b013e31825186ca


J. Clin. Med. 2021, 10, 557 12 of 12

6. Furumatsu, T.; Kamatsuki, Y.; Fujii, M.; Kodama, Y.; Okazaki, Y.; Masuda, S.; Ozaki, T. Medial meniscus extrusion correlates
with disease duration of the sudden symptomatic medial meniscus posterior root tear. Orthop. Traumatol. Surg. Res. 2017, 103,
1179–1182. [CrossRef]

7. Bin, S.I.; Kim, J.M.; Shin, S.J. Radial tears of the posterior horn of the medial meniscus. Arthrosc. J. Arthrosc. Relat. Surg. 2004, 20,
373–378. [CrossRef]

8. Pache, S.; Aman, Z.S.; Kennedy, M.; Nakama, G.Y.; Moatshe, G.; Ziegler, C.; LaPrade, R.F. Meniscal Root Tears: Current Concepts
Review. Arch. Bone Jt. Surg. 2018, 6, 250–259.

9. Vedi, V.; Williams, A.; Tennant, S.J.; Spouse, E.; Hunt, D.M.; Gedroyc, W.M. Meniscal movement. An in-vivo study using dynamic
MRI. J. Bone Jt. Surg. Br. Vol. 1999, 81, 37–41. [CrossRef]

10. Yamagami, R.; Taketomi, S.; Inui, H.; Tahara, K.; Tanaka, S. The role of medial meniscus posterior root tear and proximal tibial
morphology in the development of spontaneous osteonecrosis and osteoarthritis of the knee. Knee 2017, 24, 390–395. [CrossRef]

11. Furumatsu, T.; Kodama, Y.; Kamatsuki, Y.; Hino, T.; Okazaki, Y.; Ozaki, T. Meniscal Extrusion Progresses Shortly after the Medial
Meniscus Posterior Root Tear. Knee Surg. Relat. Res. 2017, 29, 295–301. [CrossRef] [PubMed]

12. Choi, E.S.; Park, S.J. Clinical Evaluation of the Root Tear of the Posterior Horn of the Medial Meniscus in Total Knee Arthroplasty
for Osteoarthritis. Knee Surg. Relat. Res. 2015, 27, 90–94. [CrossRef] [PubMed]

13. Bonadio, M.B.; Filho, A.G.O.; Helito, C.P.; Stump, X.M.; Demange, M.K. Bone Marrow Lesion: Image, Clinical Presentation, and
Treatment. Magn. Reson. Insights 2017, 10. [CrossRef] [PubMed]

14. Van Raaij, T.M.; Takacs, I.; Reijman, M.; Verhaar, J.A. Varus inclination of the proximal tibia or the distal femur does not influence
high tibial osteotomy outcome. Knee Surg. Sports Traumatol. Arthrosc. 2009, 17, 390–395. [CrossRef]

15. Kohn, M.D.; Sassoon, A.A.; Fernando, N.D. Classifications in Brief: Kellgren-Lawrence Classification of Osteoarthritis. Clin. Or-
thop. Relat. Res. 2016, 474, 1886–1893. [CrossRef]

16. Hunter, D.J.; Guermazi, A.; Lo, G.H.; Grainger, A.J.; Conaghan, P.G.; Boudreau, R.M.; Roemer, F.W. Evolution of semi-quantitative
whole joint assessment of knee OA: MOAKS (MRI Osteoarthritis Knee Score). Osteoarthr. Cartil. 2011, 19, 990–1002. [CrossRef]

17. Hackshaw, A.; Kirkwood, A. Interpreting and reporting clinical trials with results of borderline significance. BMJ 2011,
343, d3340. [CrossRef]

18. Ozkoc, G.; Circi, E.; Gonc, U.; Irgit, K.; Pourbagher, A.; Tandogan, R.N. Radial tears in the root of the posterior horn of the medial
meniscus. Knee Surg. Sports Traumatol. Arthrosc. 2008, 16, 849–854. [CrossRef]

19. Ford, G.M.; Hegmann, K.T.; White, G.L., Jr.; Holmes, E.B. Associations of body mass index with meniscal tears. Am. J. Prev. Med.
2005, 28, 364–368.

20. Hashikawa, T.; Osaki, M.; Ye, Z.; Tomita, M.; Abe, Y.; Honda, S.; Aoyagi, K. Factors associated with radiographic osteoarthritis of
the knee among community-dwelling Japanese women: The Hizen-Oshima Study. J. Orthop. Sci. 2011, 16, 51–55. [CrossRef]

21. Primeau, C.A.; Birmingham, T.B.; Leitch, K.M.; Appleton, C.T.; Giffin, J.R. Degenerative Meniscal Tears and High Tibial Osteotomy:
Do Current Treatment Algorithms Need to Be Realigned? Clin. Sports Med. 2019, 38, 471–482. [CrossRef] [PubMed]

22. Shelburne, K.B.; Kim, H.J.; Sterett, W.I.; Pandy, M.G. Effect of posterior tibial slope on knee biomechanics during functional
activity. J. Orthop. Res. 2011, 29, 223–231. [CrossRef] [PubMed]

23. Okazaki, Y.; Furumatsu, T.; Kodama, Y.; Kamatsuki, Y.; Okazaki, Y.; Hiranaka, T.; Ozaki, T. Steep posterior slope and shal-
low concave shape of the medial tibial plateau are risk factors for medial meniscus posterior root tears. Knee Surg. Sports
Traumatol. Arthrosc. 2019. [CrossRef] [PubMed]

24. Lee, J.J.; Choi, Y.J.; Shin, K.Y.; Choi, C.H. Medial meniscal tears in anterior cruciate ligament-deficient knees: Effects of posterior
tibial slope on medial meniscal tear. Knee Surg. Relat. Res. 2011, 23, 227–230. [CrossRef] [PubMed]

25. Scher, C.; Craig, J.; Nelson, F. Bone marrow edema in the knee in osteoarthrosis and association with total knee arthroplasty
within a three-year follow-up. Skelet. Radiol. 2008, 37, 609–617. [CrossRef]

26. Kon, E.; Ronga, M.; Filardo, G.; Farr, J.; Madry, H.; Milano, G.; Shabshin, N. Bone marrow lesions and subchondral bone pathology
of the knee. Knee Surg. Sports Traumatol. Arthrosc. 2016, 24, 1797–1814. [CrossRef]

http://doi.org/10.1016/j.otsr.2017.07.022
http://doi.org/10.1016/j.arthro.2004.01.004
http://doi.org/10.1302/0301-620X.81B1.0810037
http://doi.org/10.1016/j.knee.2016.12.004
http://doi.org/10.5792/ksrr.17.027
http://www.ncbi.nlm.nih.gov/pubmed/29172390
http://doi.org/10.5792/ksrr.2015.27.2.90
http://www.ncbi.nlm.nih.gov/pubmed/26060607
http://doi.org/10.1177/1178623X17703382
http://www.ncbi.nlm.nih.gov/pubmed/28579795
http://doi.org/10.1007/s00167-008-0708-6
http://doi.org/10.1007/s11999-016-4732-4
http://doi.org/10.1016/j.joca.2011.05.004
http://doi.org/10.1136/bmj.d3340
http://doi.org/10.1007/s00167-008-0569-z
http://doi.org/10.1007/s00776-010-0013-3
http://doi.org/10.1016/j.csm.2019.02.010
http://www.ncbi.nlm.nih.gov/pubmed/31079775
http://doi.org/10.1002/jor.21242
http://www.ncbi.nlm.nih.gov/pubmed/20857489
http://doi.org/10.1007/s00167-019-05590-4
http://www.ncbi.nlm.nih.gov/pubmed/31243503
http://doi.org/10.5792/ksrr.2011.23.4.227
http://www.ncbi.nlm.nih.gov/pubmed/22570839
http://doi.org/10.1007/s00256-008-0504-x
http://doi.org/10.1007/s00167-016-4113-2

	Introduction 
	Materials and Methods 
	Extraction of Affecting Factors 
	Anthropometric Factors 
	Medical Factors 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

