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Extrusion of the anterior segment 
of the medial meniscus extrusion initiates 
knee osteoarthritis: evaluation using magnetic 
resonance imaging
Atsushi Ichiba1*  , Eichi Ito1 and Keiichiro Kino1 

Abstract 

Purpose Meniscus extrusion contributes to the progression of knee osteoarthritis (OA). It is not clear which 
site of the medial meniscus (MM) extrusion (MME) is greatest. Moreover, the relationship between sites of MME 
and progression of OA has not yet been elucidated. The purpose of this study was to determine which sites of MME 
that showed the greatest extrusion and to investigate the relationship between the presence of MM tears and MME, 
the relationship between the progression of OA and MME.

Methods A cohort of 111 patients were studied retrospectively. The OA grade was classified using the Kellgren-
Lawrence (K-L) grade. MME was measured at 13 positions from the anterior to the posterior segment using magnetic 
resonance imaging (MRI) with slices perpendicular to the MM (radial MRI). The relationship between the K-L grade 
and the site of the MME was investigated. The patients were grouped as follows: The patients over 40-years-old 
were grouped as follows: patients with the K-L grade ≤1 and without a MM tear (Group En (early, no meniscus tear)); 
patients with the K-L grade ≤1 with a MM tear (Group Ep (early, positive meniscus tear)); patients with the K-L grade 
≥2 and without a MM tear (Group An (advanced, no meniscal tear)); patients over-40 years-old with the K-L grade 
≥2 and with a MM tear (Group Ap (advanced, positive meniscus tear)). And patients between 15 and 39-years-old 
with no abnormal findings on MRI were defined as control group (Group C).

Results In the Groups En and Ep, MME was greatest in the anterior segment, and was greater in Group Ep 
than in Group En. In Groups Ap and Group C, extrusion was greatest in the middle segment.

Conclusion The results suggest that MME predominantly occurred in the anterior segment with increasing age, 
after that, MM extruded at the middle segment with progression of OA and MM tear.

Level of evidence IV

Keywords Medial meniscus, Extrusion, Osteoarthritis, Magnetic resonance imaging

Introduction
Medial meniscus (MM) extrusion (MME) is considered 
to result from the disruption of circumferential colla-
gen fibers, which causes the loss of the ability to resist 
hoop strain [25]. Extruded MM can increase the peak 
contact pressure in the medial compartment of the 
knee, similar to total meniscectomy, which can lead to 
arthritic changes [23]. An MME ≥3 mm is considered an 
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abnormal pathologic extrusion that correlates with the 
severity of chondral lesions in the medial compartment 
[8, 11, 29]. MME is known to occur in meniscus tears [8, 
12, 15, 16, 22, 30], and is one of the known causes of oste-
oarthritis (OA) progression [4–6, 8–13, 16–19, 27, 30]

Most existing studies on MME, measure extrusion at 
the middle segment on a coronal slice using magnetic 
resonance imaging (MRI) [7, 11, 29]. However, when 
evaluating MME using MRI coronal slices, a cross section 
perpendicular to the MM can be created only near the 
center of the anterior-posterior diameter of the menis-
cus, whereas in other slices, a cross-section is created 
obliquely against the meniscus and the exact amount of 
extrusion is unknown. Few studies have been conducted 
on the site of meniscal extrusion. Some researchers have 
reported that MME is greater in the anterior horn [4, 5, 
9, 19, 28]. In their reports, extrusions of the anterior and 
posterior horns were measured on a sagittal slice on MRI, 
and extrusion of the middle segment was measured on a 
midcoronal slice. However, significance of the extrusion 
of the anterior horn being greater than that of the middle 
segment has not been discussed.

Abnormalities in the attachment of the anterior horn 
of the MM have been reported as factors influencing OA 
progression [3, 26]. If the anterior horn attachment of the 
MM is located on the anterior slope of the proximal tibia 
or does not have bony attachment, the meniscus may not 
be able to resist load stress and may be prone to extru-
sion [26]. In this case, extrusion at the anterior segment 
is predicted to greater than that at the middle segment.

Based on these reports, we hypothesized that MME of 
the anterior segment would be greater in patients with 
knee OA. In this study, we circumferentially investigated 
the MME on MRI with slices perpendicular to the MM 
(radial MRI) to determine where extrusion was greatest, 
and whether the site　of MME contributes to the pro-
gression of OA. Therefore, we aimed to determine which 
sites of MME showed the greatest extrusion. Addition-
ally, we aimed to investigate the relationship between 
the presence of MM tears and MME, the relationship 
between the progression of OA and MME, and the fac-
tors that affect MME. There have been no studies investi-
gating the relationship between the site of MME and the 
progression of OA.

Materials and methods
Study participants
The study included consecutive patients with knee joint 
symptoms who visited our outpatient orthopedic clinic 
between June, 2021 and June, 2022. Radiographs and 
unilateral radial MRI of the knee joint were performed 
for each patient. This study was conducted retrospec-
tively. Tumors, dislocations, fractures, ligament injuries, 

pediatric cases (age <15 years old), cases of valgus knee 
deformity (femorotibial angle (FTA) <170°), and cases 
with a body mass index (BMI) >30 kg/m2 were excluded. 
Patients in whom MM was unreadable on MRI were also 
excluded.

Radiograph assessments
For each patient, a series of knee radiographs (standing 
anteroposterior, lateral, and skyline radiographs) were 
obtained. OA grade was classified using the Kellgren-
Lawrence (K-L) grading system [20]. In this study, a K-L 
grade ≥2 was considered to indicate of radiographic OA. 
The anatomical FTA were measured. All radiographic 
images were digitally acquired using a picture archiving 
and communication system (PACS) (Rapideye, Toshiba 
Medical Systems, Tochigi, Japan), and assessments were 
performed using PACS software.

MRI assessment
MRI was performed using a Vantage XGV 1.5 T (Toshiba 
Medical Systems, Tochigi, Japan) with a knee coil in the 
knee extension position. Standard sequences included 
the following: proton density coronal (TR/TE: 2200/15), 
sagittal T1-weighted (TR/TE: 465/12), coronal T2* (rep-
etition time [TR]/echo time [TE]: 530/15), sagittal T2* 
(TR/TE: 530/15) and radial T2* (TR/TE: 560/15).

Measurement of medial meniscus extrusion in radial 
sections

Figure  1A shows the method for determining the 
slice position on MRI. An axial section of the MM was 
obtained on a T2* image. The center of the anteroposte-
rior diameter of the anterior horn of the MM was desig-
nated as point A, and the center of the anteroposterior 
diameter of the posterior horn was designed as point B. 
A line AB drawn and its midpoint set as point M. Twelve 
slices were made radially to the MM at 15° each, centered 
on point M. Slice positions 1–4 was defined as the ante-
rior segment, positions 5–9 as the middle segment, and 
positions 10–13 as the posterior segment. Slice position 1 
is represented as P1 in this study.

In each slice, MME from the tibial articular surface, 
excluding the osteophytes, was measured (Fig.  1B). The 
displacement of the MM from the margin of the medial 
tibial plateau was measured. A vertical line was drawn 
intersecting the outer margin of the medial tibial plateau. 
MME was measured from this line to the outer edge of 
the MM. The relative error of MME length measurement 
on the DICOM system was 0.5%.

Evaluation of the medial meniscus tear
Meniscal damage was assessed using the whole-organ 
magnetic resonance score (WORMS), grading from 0 
to 4 [24]. This evaluation was performed in coronal and 
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sagittal views. The anterior horn, middle segment, and 
posterior horn of the MM were graded from 0 to 4 based 
on both sagittal and coronal images; with 0 = intact 
menisci, 1 = minor radial tear or parrot-beak tear, 2 = 
non-displaced tear or prior surgical repair, 3 = displaced 
tear or partial resection, and 4 = complete maceration/
destruction or complete resection. A tear was defined by 

a signal change within the meniscus that extended to the 
surface of the meniscus.

Subgroup analysis
Patients with a K-L grade 0 or 1 and those ≥40 years of 
age were defined as Group E (early). Patients with K-L 
grades 2, 3, and 4 and aged ≥40 years were classified 

Fig. 1 A Schematic illustration of slice selection on magnetic resonance imaging. Point A; Point at the center of the anteroposterior diameter 
of the anterior horn of the medial meniscus. Point B; Point at the center of the anteroposterior diameter of the posterior horn of the medial 
meniscus. Point M, the midpoint of line AB was designated as point M. Slice position 1 was represented as P1. B In each slice, MME from the tibial 
articular surface, excluding the osteophytes, was measured (*). The displacement of the medial meniscus from the margin of the medial 
tibial plateau was measured. A vertical line was drawn intersecting the outer margin of the medial tibial plateau. Medial meniscus extrusion 
was measured from this line to the outer edge of the medial meniscus
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into Group A (advanced). Patients aged between 15 and 
39 years whose MRI results did not show any obvious 
abnormalities were defined as the control group (Group 
C). We divided our analysis into subgroups to investigate 
the association between meniscal tears, OA changes, 
and MME, as follows: within Group E, cases without 
MM tears were designated as Group En (early, no menis-
cus tear), and cases with MM tears were designated as 
Group Ep (early, positive meniscus tear). Within Group 
A, cases without MM tears were designated as Group An 
(advanced, no meniscal tear), and cases with MM tears 
were designated as Group Ap (advanced, positive menis-
cus tear).

Evaluations
We evaluated the MME of 13 slice positions measured 
on the radial MRI. Second, the sites with the maximum 
MME were identified. The position with the highest 
MME value from P1 to P13 was defined as the maximum 
MME for the knee. Third, the relationship between the 
development of OA (K-L grade) and MME was evalu-
ated, along with the relationship between the presence 
of MM tears and MME, and factors that affected MME 
were investigated. For this analysis, the total MME in the 
anterior and middle segments (P1–9) was defined as the 
amount of MME in the knee.

Reproducibility measurements
Two orthopedic surgeons conducted the examination to 
assess interobserver reproducibility (A.I, E.I.). The kappa 
coefficient showed that the interobserver reliability for 
the K-L grade was 0.93 (95% confidence interval (CI): 
0.84–1.0), and WORMS was 0.91 (95% CI: 0.80–0.99). 
MME was independently measured by two orthopedic 
surgeons (A.I, E.I.). To calculate the interobserver repro-
ducibility, five randomly selected cases were read again by 
the same two readers, at an interval of 1 month between 
readings and assessed by an interclass coefficient (ICC). 
The intraobserver reproducibility of the MME measure-
ment was 0.95 (95% CI: 0.94–0.98), the interobserver 
reproducibility was 0.88 (95% CI: 0.82–0.93). Addition-
ally, we performed Bland-Altman analysis in interob-
server reliability analysis and found good reliability at all 
positions from P1 to P13.

Statistical analysis
Data are presented as the mean ± standard deviation. 
One-way analysis of variance (ANOVA) with Tukey’s 
test was used to compare the demographic data and 
MME. Analysis of co-variance (ANCOVA) was used for 
further confounding analysis if needed. Pearson’s cor-
relation coefficient was used to test for correlations. 
The chi-squared test was used for categorical variables. 

The factors affected MME were analyzed using multi-
ple regression or binary logistic analysis. Statistical sig-
nificance was set at P <0.05. All statistical analyses are 
performed using Bell Curve for Excel (Social Survey 
Research Information. Co., Ltd., Shinjuku, Tokyo, Japan). 
Before the study, a sample size analysis focusing on MME 
was performed using G* power 3.0 (Dusseldorf, Ger-
many). To achieve 80% statistical power with an α error 
of 0.05 in demonstrating large effect size (f = 0.4), power 
analysis revealed that a total sample size of 76 patients 
would be required for detecting differences in MME with 
ANOVA.

Results
Demographics
A total of 111 patients (111 knees) who met the inclusion 
criteria were included in the final study cohort, a flow-
chart of the patient selection is shown in Fig. 2. They con-
sisted of 51 males and 60 females with a mean age of 57.0 
± 17.7 years (range, 15–84 years), mean BMI of 22.8 ± 3.0 
kg/m2 (range, 16.1–29.1 kg/m2), mean FTA of 177.8 ± 2.9° 
(range, 173.5–184.9°). The demographic data of the sub-
groups are presented in Table 1. Group An was excluded 
from the statistical analysis because it contained only two 
cases. The mean age of the patients in Group Ep was sig-
nificantly higher than that of the patients in Group En. 
The FTA in Group Ap was significantly greater than that 
in Group Ep.

Comparison of Group En and Group Ep
To investigate the effect of MM tears on MME, Groups 
En and Ep were compared. The mean MME was greater 
in both groups from the anterior to middle segments. 
The mean MME tended to be greater in Group Ep than 
in Group En, and was significantly greater at P1 and P6 
(Table  2, Fig.  3). There was a significant difference in 
age between Groups En and Ep in the demographic data 
(Table 1). Therefore, we added an analysis by ANCOVA 
to determine whether MME was affected by age or MM 
tears. For analysis by ANCOVA, MME was assigned as 
the objective variable, meniscal tear as a fixed factor, and 
age as a covariate. The results showed that MM tears sig-
nificantly affected all sites except P2, 10, and 11, while age 
significantly affected only P3 (Additional file 1: Appendix, 
Table A). This suggests that the presence of MM tears, 
rather than age, affects the MME.

Comparison of Group Ep and Group Ap
The effect of OA grade on MME was investigated by com-
paring the Groups Ep and Ap. In Group Ap, MME was 
greatest in the middle segment. A comparison of Group 
Ep and Group Ap showed a trend toward greater MME 
in Group Ap in all positions. At P6, P7, and P9, MME was 
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significantly greater in group Ap (Table 2, Fig. 3). There 
was a significant difference in FTA between Group Ep 
and Group Ap in the demographic data (Table 1). There-
fore, we performed ANCOVA to determine whether 
MME was affected by OA grade or FTA. For analysis 
using ANCOVA, MME was assigned as the objective 
variable, OA grade as a fixed factor, and FTA as a covari-
ate. The results showed that OA grade was significantly 
affected at P6 only, whereas FTA significantly affected P4, 
5, 9, and 13. This suggests that the FTA affected the MME 
more than the OA grade (Additional file  1: Appendix, 
Table B). However, in the Ep and Ap groups, K-L grade 
and FTA were positively correlated (r = 0.425, P <0.001), 
suggesting that the progression of OA affected the MME.

Comparison of Group En and Group C
The effect of age on MME was investigated by comparing 
the En and C groups. In Group C, the MME was great-
est in the middle segment. The mean MME was greater 
in Group En than in Group C, and at P2, the MME was 
significantly greater in Group En (Table 2).

Sites of maximum MME
The results for sites with the maximum MME are shown 
in Fig. 4. In Groups En and Ep, MME was evident in the 
anterior segment. In contrast, in Groups Ap and C, MME 
was evident in the middle segment (chi-square test, P = 
0.012).

Factors which affected MME
The statistical analysis of the factors affecting the MME is 
presented in Table 3. Age, K-L grade, and the presence of 
MM tears were shown to affect MME.

Discussion
The most important finding of this study was that MME 
was greatest in the anterior segment in Group E (Groups 
En and Ep) and in the middle segment in Groups Ap and 
C. And also, the presence of meniscus tear, age-related 
changes, and progression of OA influenced the increase 
in MME.

Group E had the greatest MME in the anterior seg-
ment, with or without concomitant MM tears. Group 

Fig. 2 Flowchart summarizing the subject inclusion/exclusion process. MRI, magnetic resonance imaging; n, numbers; K-L, Kellgren-Lawrence 
grade; MM, medial meniscus; Group En, non- or early osteoarthritis without meniscus tear; Group Ep, non- or early osteoarthritis with meniscus tear; 
Group An, advanced osteoarthritis and without meniscus tear; Group Ap, advanced osteoarthritis and with meniscus tear; Group C, control group
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Ep showed greater MME than Group En (Table  1 and 
Figs.  3 and 4), suggesting that MM tears resulted in 
increased MME but did not affect the site of extrusion 
in non-OA or early OA knees.

In contrast, most of the patients in Group A (Groups 
An and Ap) had MM tears, and the MME was great-
est in the middle segment, according to the comparison 
results between Groups Ep and Ap (Table 2 and Figs. 3 
and 4). This suggests that most cases of advanced OA 
complicate MM tear and that MME typically occurs in 
the middle segment.

The comparison between Groups En and C showed 
that age-related changes first appeared in the anterior 
segment (Table 2 and Figs. 3 and 4). This suggests that 
age-related changes affected MME and caused MME in 
the anterior segment. As such, we speculated that OA 
progression is initiated by the MME at the anterior seg-
ment with age, followed by extrusion at the middle seg-
ment or MM tear. This is the first study to demonstrate 
the relationship between age, OA progression, and sites 
of MME.

We hypothesized that MME would be greater in the 
anterior segment in patients with knee OA. However, our 
hypothesis was not confirmed, as the MME of the mid-
dle segment was greater in Group Ap. In Group Ap, the 
MME was presumed to increase in the middle segment 
due to the progression of OA, resulting in cartilage wear 
and progressive varus deformity.

It has been reported that abnormalities in the attach-
ment of the anterior horn of the MM are associated with 
the progression of OA [3, 26]. This could be a reason 
that the MME at the anterior segment was greater in the 
Group E in our study.

Several researchers have reported MME of the ante-
rior horn [2, 4, 5, 9, 19, 28]. Arepati et al. [2] investigated 
the association of anterior horn and middle segment 
extrusion with the degree of OA progression using MRI 
in 1191 patients. They reported that in advanced OA 
knees, extrusion of the anterior horn as well as extrusion 
of the middle segment was observed. Bloecker et  al. [5] 
used three-dimensional MRI to measure extrusion of the 
meniscus in healthy subjects without OA with a mean 

Table 1 Demographic data of participants in subgroups

En vs. Ep, P = 0.015; En vs. Ap, P = 0.0017; En vs. C, P < 0.001; Ep vs. Ap, P = 0.90; Ep vs. C, P < 0.001. g, Results of statistical analysis: En vs. Ep, P = 0.23; En vs. Ap, P = 
0.13; En vs. C, P = 0.57; Ep vs. Ap, P < 0.001; Ep vs. C, P = 0.99.

Group E, non- or early osteoarthritis group; Group A, advanced osteoarthritis group; Group C, control group; Group En, non- or early osteoarthritis without meniscus 
tear; Group Ep, non- or early osteoarthritis with meniscus tear; Group An, advanced osteoarthritis and without meniscus tear; Group Ap; advanced osteoarthritis and 
with meniscus tear.

The number of patients in group An was two, thus statistical analysis was not performed
a n, numbers
b SD, Standard deviation
c °, degrees
d WORMS, Whole-Organ Magnetic Resonance Score
e n.s., not significant
f Results of statistical analysis

Group E Group A Group C Statistics

Group En Group Ep Group An Group Ap

No. of patient/knees 27/27 32/32 2/2 34/34 16/16

Sex, men/women,  na 11/16 15/17 0/2 17/17 8/8 n. s. e

Age, years  (SDb)
Range

55.4 (12.3) 64.3 (11.9) 64.5 (10.6) 66.3 (10.5) 22.0 (3.1) f

41–82 43–84 50–56 51–82 15–39

Body mass index, kg/m2

(SD b), range
21.9 (3.0) 23.5 (9.4) 22.3 (2.1) 22.0 (3.1) 21.9 (3.1) n. s. e

16.9–29.1 20.0–29.0 20.8–23.8 19.1–29.0 16.6–28.9

Side, right /left,  na 16/11 14/18 1/1 18/16 10/8 n. s. e

Kellgren-Lawrence grade
Grade 0/1/2/3/4,  na

17/10/0/ 0/0 21/11/0/0/0 0/0/2/0/0 0/0/8/15/11 15/1/0/0/0

Femorotibial angle (°c)  (SDb), Range 177.9 (1.7) 177.6 (2.3) 175.9 (1.9) 179.4 (3.8) 176.9 (1.4) g

174.9–182.5 173.0–181.2 174.2–177.2 174.0–184.9 175.6–179.1

Medial meniscus tear  (WORMSd)
Grade 0/1/2/3/4, n a

27/0/0/0/0 0/2/16/8/6 2/0/0/0/0 0/0/5/9/20 16/0/0/0/0

Lateral meniscus tear  (WORMSd)
Grade 0 /1/ 2/ 3/4,  na

25/1/0/0/0 29/1/2/0/0 2/0/0/0/0 29/3/0/1/0 16/0/0/0/0
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Table 2 Medial meniscus extrusion in subgroups

Boldface text indicates statistical significance

Group E, non- or early osteoarthritis group; Group A, advanced osteoarthritis group; Group C, control group; Group En, non- or early osteoarthritis without meniscus 
tear; Group Ep, non- or early osteoarthritis with meniscus tear; Group An, advanced osteoarthritis and without meniscus tear; Group Ap, advanced osteoarthritis and 
with meniscus tear.
a P1, on radial MRI coronal slices were made radially from the anterior to posterior horns of medial meniscus, with the anterior horn slice as position 1 and the 
posterior horn slice as position 13
b SD, Standard deviation
c vs, versus

P1 a P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Anterior segment Middle segment Posterior segment

Group En

 Mean 0.8 3.6 3.5 3.6 3.7 3.4 3.6 3.4 2.3 0.9 −1.0 −3.7 −5.8

 SD b 1.9 2.2 1.4 1.4 1.4 1.4 0.8 1.3 1.6 1.9 2.5 2.6 1.0

Group Ep

 Mean 2.3 4.5 4.5 4.4 4.6 4.6 4.4 4.4 3.7 2.2 −0.1 −0.2 −2.8

 SD b 2.5 1.7 1.6 1.5 1.4 1.4 1.5 1.4 1.8 2.9 3.5 2.6 2.8

Group Ap

 Mean 2.4 3.5 4.9 5.2 5.6 5.8 5.6 5.4 5.3 3.9 1.9 −0.1 −3.0

 SD b 2.2 2.4 2.0 1.8 2.4 1.8 2.2 2.8 3.1 3.5 3.7 4.3 3.5

Group C

 Mean 1.1 1.3 2.3 2.5 2.8 2.9 2.6 2.2 0.7 −0.51 −2.5 −3.6 −3.9

  SDb 2.1 1.8 1.9 1.5 1.5 1.1 1.2 1.7 2.0 2.7 2.8 2.5 2.2

En vs c Ep

P value 0.038 0.31 0.12 0.18 0.26 0.011 0.21 0.18 0.086 0.25 0.68 0.11 0.18

Ep vs Ap

 P value 0.99 0.52 0.79 0.13 0.11 0.0085 0.013 0.13 0.026 0.068 0.058 0.21 0.85

En vs C

 P value 0.97 0.0033 0.099 0.14 0.32 0.56 0.17 0.24 0.10 0.43 0.49 0.99 0.84

Fig. 3 Medial meniscus extrusion in the subgroups. En, Group En, non- or early osteoarthritis without meniscus tear; Ep, Group Ep, non- or early 
osteoarthritis with meniscus tear; Ap, Group Ap, advanced osteoarthritis and with meniscus tear; C, Group C, control group; MME, medial meniscus 
extrusion. P1, on radial MRI coronal slices were made radially from the anterior to posterior horns of medial meniscus, with the anterior horn slice 
as position 1 and the posterior horn slice as position 13
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age of 57 years (range, 45-79 years). The authors reported 
the greatest MME in the anterior horn. This corresponds 
to the results for group E in our study.

Voet et al. [28] measured MME in elderly subjects and 
reported the relationship between MME and OA pro-
gression. They reported that MME of the middle seg-
ment, but not the anterior horn, is significantly involved 
in OA progression. In their report, these patients were in 
the K-L grade 2 or higher group, corresponding to Group 
A in our study. The results of their study are in agreement 
with those of our study. Both the above-mentioned stud-
ies measured the MME of the anterior horn; the MME 
of the anterior segment was unknown. The anterior 

segment is anchored to the tibia by the coronary liga-
ment, whereas the anterior horn is firmly anchored to the 
bone through the anterior root. Therefore, the anterior 
segment is considered to be more prone to extrusion.

Many reports have described the relationship between 
MME and meniscal tears [7, 11, 14–17, 27, 29, 31] by 
studying multiple factors related to extrusion, these fac-
tors include including, older age [1] , sex [6, 7, 31], BMI 
[9], history of knee trauma [9], bone marrow lesion [9], 
malalignment [9, 16], chondral lesion [4, 6, 8, 16, 26, 29] 
and OA [9, 12, 18, 19, 27, 29, 30]. Our study provides 
supporting evidence suggesting both meniscal tear and 
OA progression (Table 3).

Fig. 4 Results of maximum position of the medial mensicus extrusion. En, Group En, non- or early osteoarthritis without meniscus tear; Ep, Group 
Ep, non- or early osteoarthritis with meniscus tear; Ap, Group Ap, advanced osteoarthritis and with meniscus tear; C, Group C, control group; 
Anterior, anterior segment of the medial meniscus; Middle, middle segment of the medial meniscus; Posterior, posterior segment of the medial 
meniscus

Table 3 Analysis of factors affecting the medial meniscus extrusion

K-L grade Kellgren-Lawrence grade, B Partial regression coefficient, SE Standard error, β Standard partial regression coefficient

Boldface text indicates statistical significance

Multiple linear regression analysis

    Dependent variables Independent Variables Non-standardized coefficients Standardized coefficients

B SE β P value

    Medial meniscus extrusion Age 0.17 0.072 0.21 0.018
Body mass index 0.13 0.27 0.040 0.62

K-L grade 4.68 0.85 0.48 < 0.001
Femorotibial angle − 0.0050 0.0072 − 0.055 0.49

Logistic regression analysis

    Dependent variables Independent variables P value Odds ratio 95% Confidence Interval Standard Error

Lower Upper

    Medial meniscus extrusion Sex 0.21 0.98 0.96 1.01 0.014

Medial meniscus tear < 0.001 1.16 1.09 1.23 0.031
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Our study has several limitations. First, patients in 
the control group had no abnormal MRI findings, but 
were symptomatic. Second, the MME was measured 
as absolute values and was not expressed in propor-
tion to individual body size [7, 26, 31]. Third, MRI was 
performed in the knee extension position. Thus, MRI of 
the knee in the flexion position or dynamic movement 
was not performed. It was also evaluated in the supine 
position without weight bearing. Because the meniscus 
has its functions during load bearing, the MME differs 
when measured under weightbearing conditions [1].

Finally, the influence of the type of meniscus tear was 
not examined.

One of the strengths of this study is that MME was 
measured circumferentially from the anterior to the 
posterior segment by MRI, which provides new insight 
into the progression of OA. Clinically, the results of this 
study showed that even if the patient is over 40 years of 
age and has a low grade of OA, extrusion of the anterior 
segment exists in many cases, so centralization [22] of 
the MM or osteotomy should be considered to prevent 
further progression of OA.

Conclusion
In Group E, extrusion of the anterior segment was 
greater. Most cases in Group A are complicated by 
MM tears and have the greatest MME in the middle 
segment. In Group C, MME was also greatest in the 
middle segment. It was inferred that extrusion at the 
anterior segment occurred with age and as OA pro-
gressed, followed by extrusion at the middle segment 
and the MM tear. The presence of meniscus tear, age-
related changes, and progression of OA influenced the 
increase in MME. This study provides new insights into 
the progression of OA by examining the site of menis-
cal extrusion using radial MRI.

Abbreviations
OA  Osteoarthritis
MM  Medial meniscus
MME  Extrusion of the medial meniscus
K-L  Kellgren-Lawrence
MRI  Magnetic resonance imaging
FTA  Femorotibial angle
BMI  Body mass index

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40634- 023- 00693-x.

Additional file 1: Table A. Results of analysis of covariance in Group En 
and Group Ep. Table B. Results of analysis of covariance in Group Ep and 
Group Ap. Table A.

Acknowledgements
We would like to thank Editage (www. edita ge. com) for English language 
editing.

Authors’ contributions
All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by E. I., K. K. and A. I. The first 
draft of the manuscript was written by A. I. and all authors commented on 
previous versions of the manuscript. All authors read and approved the final 
manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Declarations

Ethics approval and consent to participate
This study was carried out with local ethical approval from the institution from 
which data was collected (IRB number:2201).

Consent for publication
Informed consent was obtained from all individual participants included in 
the study.

Competing interests
The authors declare that we have no potential conflict of interest.

Received: 22 July 2023   Accepted: 14 November 2023

References
 1. Achtnich A, Petersen W, Willinger L, Sauter A, Rasper M, Wortler K et al 

(2018) Medial meniscus extrusion increases with age and BMI and is 
depending on different loading conditions. Knee Surg Sports Trauma-
tol Arthrosc 26:2282–2288

 2. Arepati A, Kaneko H, Negishi Y, Watada Y, Kawamori R, Ishijima M (2021) 
Meniscus is extruded not only medially but also anterior and radial 
displaced meniscus is associated with cartilage destruction in knee 
osteoarthritis. Osteoarthr Cartil 29(Suppl 1):S344-5

 3. Berlet GC, Fowler PJ (1998) The anterior horn of the medial meniscus. 
An anatomic study of its insertion. Am J Sports Med 26:540–543

 4. Berthiaume MJ, Raynaud JP, Martel-Pelletier J, Labonte F, Beudoin 
G, Bloch DA et al (2005) Meniscal tear and extrusion are strongly 
associated with progression of symptomatic knee osteoarthritis as 
assessed by quantitative magnetic resonance imaging. Ann Rheum Dis 
64:556–563

 5. Bloecker K, Wirth W, Hundelmaier M, Burgkart R, Rrobell R (2012) Mor-
phologic differences between the medial and lateral meniscus in healthy 
men- A three-dimensional analysis using magnetic resonance imaging. 
Cells Tissues Org 195:353–364

 6. Bloecker K, Guermazi A, Wirth W, Benichou O, Kwoh CK, Hunter DJ et al 
(2013) Tibial coverage, meniscus position, size and damage in knees dis-
cordant for joint space narrowing – data from the Osteoarthritis Initiative. 
Osteoarthr Cartil 21:419–427

 7. Bruns K, Svensson F, Turkiewicz A, Wirth W, Guernmazi A, Eckstein F et al 
(2014) Meniscus body position and its change over four years in asymp-
tomatic adults: a cohort study using data from the osteoarthritis initiative. 
BMC Musculoskelet Disord 15:32

 8. Choi VJ, Choi YJ, Lee JJ, Choi CH (2010) Magnetic resonance imaging 
evidence of meniscal extrusion in medial meniscus posterior root tear. 
Arthroscopy 26:1602–1606

 9. Ding C, Pelletier MJ, Pelletier JP, Abram F, Raynauld JP, Cicuttini F et al 
(2007) Knee meniscal extrusion in a largely non-osteoarthritic cohort: 
association with greater loss of cartilage volume. Arthritis Res Ther 9:R21

https://doi.org/10.1186/s40634-023-00693-x
https://doi.org/10.1186/s40634-023-00693-x
http://www.editage.com


Page 10 of 10Ichiba et al. Journal of Experimental Orthopaedics          (2023) 10:135 

 10. Driban JB, Ward RJ, Eaton CB, Lo GH, Price LL, Lu B et al (2015) Meniscal 
extrusion or subchondral damage characterize incident accelerated 
osteoarthritis: data from the osteoarthritis initiative. Clin Anat 28:792–799

 11. Ekşili HA, Toprak U, Emekli E (2023) Relationship between medial menis-
cus extrusion and damage to medial stabilizers: should extrusion be 
considered significant only when more than 3 mm? Knee 44:180–188

 12. Emmanuel K, Quinn E, Niu J, Guermazi A, Roemer F, Wirth W et al 
(2016) Quantitative measures of meniscus extrusion predict incident 
radiographic knee osteoarthritis – data from the Osteoarthritis Initiative. 
Osteoarthr Cartil 24:262–269

 13. Englund M, Guermazi A, Roemer FW, Aliabadi P, Yang M, Lewis CE et al 
(2009) Meniscus tear in knees without surgery and the development of 
radiographic osteoarthritis among middle-aged and elderly persons: the 
Multicenter Osteoarthritis Study. Arthritis Rheum 60:831–839

 14. Foreman SC, Liu Y, Nevitt MC, Neumann J, Joseph GB, Lane NE et al (2021) 
Meniscus root tears and extrusion are significantly associated with the 
development of accelerated knee osteoarthritis: Data from the osteoar-
thritis initiative. Cartilage 13:239S-248S

 15. Furumatsu T, Kodama Y, Kamatsuki Y, Hino T, Okazaki Y, Ozaki T (2017) 
Meniscal extrusion progresses shortly after the medial meniscus posterior 
root tear. Knee Surg Relat Res 29:295–301

 16. Ghouri A, Muzumdar S, Barr AJ, Robinson E, Murdoch C, Kingsbury SR 
et al (2022) The relationship between meniscal pathologies, cartilage loss, 
joint replacement and pain in knee osteoarthritis: a systematic review. 
Osteoarthritis Cartil 30:1287e1327

 17. Guermazi A, Eckstein F, Hayashi D, Romer FW, Wirth W, Yang T et al (2015) 
Baseline radiographic osteoarthritis and semi-quantitatively assessed 
meniscal damage and extrusion and cartilage damage on MRI is related 
to quantitatively defined cartilage thickness loss in knee osteoarthritis: 
The Multicenter Osteoarthritis Study. Osteoarthr Cartil 23:2191–2198

 18. Hada S, Ishijima M, Kaneko H, Kinoshita M, Liu L, Sadatsuki R et al (2017) 
Association of medial meniscus extrusion with medial tibial osteophyte 
distance detected by T2 mapping MRI in patients with early-stage knee 
osteoarthritis. Arthritis Res Ther 19:201

 19. Kawahara T, Sasho T, Katsuragi J, Ohnishi T, Haneishi H (2017) Relationship 
between knee osteoarthritis and meniscal shape in observation of Japa-
nese patients by magnetic resonance imaging. J Orthop Surg Res 12:97

 20. Kellgren JH, Lawrence JS (1957) Radiological assessment of osteoarthritis. 
Ann Rheum Dis 16:494–502

 21. Kim DH, Lee GC, Kim HH, Cha DH (2020) Correlation between meniscal 
extrusion and symptom duration, alignment, and arthritic changes in 
medial meniscus posterior root tear: research article. Knee Surg Relat Res 
32:2

 22. Koga H, Nakanura T, Nakagawa Y, Ozeki N, Ohara T, Shioda M et al (2021) 
Arthroscopic centralization using knotless anchors for extruded medial 
meniscus. Arthrosc Tech 10:e639–e645

 23. Kurosawa H, Fukubayashi T, Nakajima H (1980) Load-bearing mode of the 
knee joint: physical behavior of the knee joint with or without menisci. 
Clin Orthop Relat Res 149:283–290

 24. Peterfy CG, Guermazi A, Zaim S, Tirman PFJ, Miaux Y, White D et al (2004) 
Whole-organ magnetic resonance imaging score (WORNS) of the knee in 
osteoarthritis. Osteoarthr Cartil 12:177–190

 25. Petersen W, Tillmann B (1998) Collagenous fibril texture of the human 
joint menisci. Anat Embryol 197:317–324

 26. Puig L, Monllau JC, Corrales M, Pelfort X, Melendo E, Caceres E (2006) 
Factors affecting meniscal extrusion: correlation with MRI, clinical, and 
arthroscopic findings. Knee Surg Sports Traumatol Arthrosc 14:394–398

 27. Svensson F, Felson DT, Zhang F, Guermazi A, Roemer FW, Niu J et al 
(2019) Meniscal body extrusion and cartilage coverage in middle-
aged and elderly without radiographic knee osteoarthritis. Euro Radiol 
29:1848–1854

 28. Voet JS, Runhaar J, Plas P, Vroegindeweig D, Oei EHG, Bierma-Zeinstra 
SMA (2017) Baseline meniscal extrusion associated with incident knee 
osteoarthritis after 30 months in overweight and obese woman. Osteoar-
thr Cartil 25:1299–1303

 29. Voet JS, Schiphof D, Vroegindeweij D, Oei EH, Sita MA, Bierma-Zeinstra 
SMA, Runhaar J (2023) Association between baseline meniscal extrusion 
and long-term incident knee osteoarthritis in two different cohorts. 
Semin Arthritis Rheum 59:152170

 30. Xu D, Voet JS, Hansson NM, Klein S, Oei EHG, Wagner F et al (2021) Asso-
ciation between meniscal volume and development of knee osteoarthri-
tis. Rheumatology 60:1392–1399

 31. Zhang F, Kumn J, Svensson F, Turkiewicz A, Frobell R, Englund M (2016) 
Risk factors for meniscal body extrusion on MRI in subjects free from 
radiographic knee osteoarthritis: longitudinal data from the osteoarthritis 
initiative. Osteoarthr Cartil 24:801–806

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Extrusion of the anterior segment of the medial meniscus extrusion initiates knee osteoarthritis: evaluation using magnetic resonance imaging
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study participants
	Radiograph assessments
	MRI assessment
	Evaluation of the medial meniscus tear
	Subgroup analysis
	Evaluations
	Reproducibility measurements
	Statistical analysis

	Results
	Demographics
	Comparison of Group En and Group Ep
	Comparison of Group Ep and Group Ap
	Comparison of Group En and Group C
	Sites of maximum MME
	Factors which affected MME

	Discussion
	Conclusion
	Anchor 26
	Acknowledgements
	References


