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ABSTRACT

Objective: To evaluate the relationship between medial meniscus (MM) tear morphology and meniscal extrusion, and to determine whether extrusion can be used as
an indicator for identifying high-risk tears based on knee MRI findings.

Materials and Methods: This retrospective study included 183 knee examinations from 160 patients. MM pathologies were classified as degeneration, horizontal-
oblique tear, radial tear at the root region, and complex tear. Lateral meniscal pathologies, chondromalacia, joint effusion, and anterior cruciate ligament (ACL) status
were recorded. Meniscal extrusion was measured on coronal proton-density-weighted images. Intergroup differences were analyzed using the chi-square and Kruskal-
Wallis tests. Receiver operating characteristic (ROC) analysis was performed to predict high-risk tears. A multivariate logistic regression model was used to investigate
independent predictors of extrusion >3 mm.

Results: Radial root tears and complex tears demonstrated significantly greater extrusion compared with other pathologies. Chondromalacia and joint effusion were
significantly more frequent in knees with extrusion >3 mm. ACL rupture was associated with both increased extrusion and complex MM tears. ROC analysis identified
a threshold value of 3.27 mm (clinically approximated as 3 mm) for discriminating high-risk tears (sensitivity 84.4%, specificity 70.2%, AUC 0.82). In the regression
analysis, low-risk and high-risk tear groups as well as chondromalacia were identified as independent predictors of pathological extrusion.

Conclusion: MM extrusion, particularly values >3 mm, is a strong radiological indicator of radial root and complex tears and reflects accompanying degenerative
changes. Quantitative assessment of extrusion may contribute to the early diagnosis of surgically significant meniscal tears.
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OZET

Amag: Medial meniskis (MM) yirtik morfolojisi ile meniskus ekstriizyonu arasindaki iliskiyi ve ekstrizyonun yuksek riskli yirtiklarin belirlenmesinde bir gésterge olarak
kullanilip kullanilamayacagini diz MRG bulgulari tizerinden degerlendirmek.

Gereg ve Yontemler: Bu retrospektif calismaya 160 hastaya ait 183 diz degerlendirmesi dahil edilmistir. MM patolojileri dejenerasyon, horizontal-oblik, kok bélgesinde
radyal yirtik ve kompleks yirtik olarak siniflandirilmistir. Lateral meniskiis patolojileri, kondromalazi, efiizyon ve 6n capraz bag (OCB) durumu kaydedilmistir. Meniskiis
ekstriizyonu koronal proton-agirlikli kesitlerde 6lgtilmustir. Gruplar arasi farklar Ki-kare ve Kruskal-Wallis testleri ile degerlendirilmis; ylksek riskli yirtiklari 5ngérmek
icin ROC analizi yapilmistir. Multivaryant lojistik regresyon modeli >3 mm ekstrizyonun bagimsiz belirleyicilerini arastirmistir.

Bulgular: Radyal kok yirtigr ve kompleks yirtiklar diger patolojilere gore belirgin derecede daha yiiksek ekstriizyon gostermistir. Kondromalazi ve efizyon, =3 mm
ekstriizyonu olan dizlerde anlamli olarak daha sik gérilmistiir. OCB riiptiirii, hem yiiksek ekstriizyon hem de kompleks MM yirtiklari ile iliskili bulunmustur. ROC
analizinde yuksek riskli yirtiklari ayirt etmek icin 3,27 mm (klinik olarak 3 mm) esik degeri belirlenmistir (duyarlilik %84,4; 6zgullik %70,2; AUC 0,82). Regresyon
analizinde dislk-risk ve yuksek-risk yirtik gruplari ile kondromalazi, patolojik ekstriizyonun bagimsiz belirleyicileri olarak bulunmustur.

Sonu¢: MM ekstrizyonu 6zellikle 3 mm ve Uzerindeki degerlerde, radyal kok ve kompleks yirtiklarin gu¢li bir radyolojik gostergesidir ve eslik eden dejeneratif
degisiklikleri yansitir. Ekstrizyonun nicel degerlendirilmesi, cerrahi agidan énemli yirtiklarin erken tanisina katki saglayabilir.

Anahtar Kelimeler: Meniskus yirtigi, meniskis ekstrizyonu, MRG, 6n ¢apraz bag yirtigi, kondromalazi
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INTRODUCTION

Magnetic Resonance Imaging (MRI) is a reliable method in
the diagnosis of knee pathologies. Since 1985, when Reiche
et al first used MRI for knee pathologies, MRI has become a
non-invasive alternative to knee arthroscopy with its day-by-
day increasing sensitivity and specificity (1). Ability to have
images in three planes, having no radiation, high contrast in
soft tissue, allowing elaborate examination in cartilage tissue
besides the bony structures, and superiority in different
scans for tissue characterization, MRI plays an important role
in musculoskeletal imaging, especially for knee imaging (2).
This positioning establishes MRI as the principal or exclusive
imaging technique for evaluating suspected internal knee
derangements, given that traditional radiography and CT
arthrography exhibit limitations in thoroughly assessing the
capsule, collateral ligaments, menisci, and tendons (3).

The menisci in the knee are crucial for load transmission,
shock absorption, joint stability, nutrient supply, lubrication,
and proprioception (4). They also enhance joint congruency
and load transmission by increasing the contact area.
While meniscal tears are prevalent knee pathologies, other
conditions affecting connective tissues and bones can
present with symptoms mimicking meniscal injuries (5). MRI
provides the physician with proper diagnostic information
in meniscus injuries and accompanying knee pathologies.
This comprehensive imaging capability allows for a detailed
assessment of meniscal integrity, including the identification
of various tear types and associated extrusions, which are
crucial for determining appropriate management strategies
(6).

This study aims to explore the relation of knee pathologies,
which may be seen in knee joint effusion, cartilage damage,
anterior cruciate ligament rupture, and the relationship of
these signs with meniscus degeneration, different tear types,
and meniscus shift. Our hypothesis is that major medial
extrusion amounts could be a sign of high-risk tears of medial
meniscus tears and even can be related with lateral meniscal
and other intraarticular pathologies.

MATERIAL AND METHODS

After obtaining the ethical board approval from our
institution (2009/324,26-02-2009, Selcuk University Meram
School of Medicine), a total of 183 knees from 160 patients
who presented to our clinic with a knee MRI request between
January 2009 and August 2010 were included in this study.
Patients reported by the same musculoskeletal radiologist
were searched retrospectively. All knee MRI reports during
this period were screened in the PACS archive, and meniscal
pathologies were identified using the keywords “radial’,
“complex’; “horizontal’, “discoid’, and “degeneration. The
patients were stratified based on meniscal pathology,
comprising 40 knees with medial meniscal degeneration, 40
with horizontal or horizontal oblique medial meniscal tears, 50
with medial meniscal radial tears of the root, 40 with complex
medial meniscal tears, and 13 with discoid lateral menisci.
Cases with more than one tear were evaluated in the complex
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tear group. Patient selection was consecutive within each
predefined pathology subgroup: the first eligible examinations
that met all imaging and reporting criteria were included until
the intended sample size (40-50 knees) was reached. This
approach was chosen to avoid subjective case picking while
maintaining analytically meaningful subgroup sizes. Lateral
meniscus pathologies of the patients were also recorded.
The 13 knees with discoid lateral menisci were analyzed as a
separate group for LM pathology; however, any co-existing
medial meniscal pathologies within this group were also
included in the corresponding MM pathology subgroups for
analysis. Radiographic Kellgren-Lawrence grading was not
available in this retrospective MRI-based dataset. Exclusion
criteria were applied to minimize confounding factors and
included: prior knee surgery (such as meniscectomy orligament
reconstruction), acute fractures or bone tumors, clearly
documented inflammatory arthropathies, and inadequate
image quality or missing sequences that prevented accurate
extrusion measurement.

The imaging of all of the patients were performed by 1,5
Tesla MRI device (Symphony, Siemens, Germany) with knee
coil using a protocol of Proton density plus T2A turbo spin
echo (TE: 14 ve101, TR: 3450, Matrix: 183x256, FOV: 160, slice
thickness 3,5 mm) sagittal; T2-A turbo spin-echo fat sat (TE:
88, TR:3300, Matrix: 183x256, FOV: 160, slice thickness 4 mm)
coronal; Proton density turbo spin-echo (TE: 22, TR: 3300,
Matrix: 183x256, FOV: 160, slice thickness 4 mm) coronal;
proton density turbo spin-echo fat sat (TE: 14, TR: 3800, Matrix:
180x 256, FOV: 160, slice thickness 4 mm) transverse images.
Images were evaluated on the PACS system (Enlil Paks, Eroglu
software, Eskisehir). Tear types and degeneration condition
of medial and lateral menisci, extrusion amounts of medial
and lateral menisci, anterior cruciate ligament, synovial
effusion condition, and periarticular cartilage and bone were
evaluated. The anterior cruciate ligament is evaluated in three
groups as normal, mucinous degeneration, and tear. Synovial
effusion is evaluated especially on the T2A and PD images, and
chondromalacia is evaluated on the coronal images. Medial
and lateral menisci extrusion amounts were measured on
the magnified coronal PD images on radiological monitors,
from the most distal point of the meniscus to the tibial plate.
Measurement was performed perpendicular to the tibial
plateau, from the outer margin of the meniscal body to the
edge of the tibial cortex at the level of the medial compartment
(Figure 1).

Statistical Analysis

Meniscus status and extrusion rates of the groups; ACL
conditions, jointeffusions,and development of chondromalacia
were compared. Chi-square test was performed to reveal the
relationship between anterior cruciate ligament, effusion, and
chondromalacia conditions with lateral and medial meniscus
pathologies and MM deviation amounts. The amount of medial
and lateral meniscus extrusion according to tear types was
determined by Kruskal-Wallis one-way analysis of variance. If
the result was significant, the Bonnferroni-corrected Mann-
Whitney U test was applied. A multivariable binary logistic
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Figure 1. Measurement of the amount of extrusion in
the medial meniscus in the coronal proton-weighted
knee MRl image. The horizontal distance between the
edge of the tibial plateau and the outermost edge of
the meniscus was measured.

regression model was constructed to identify independent
factors associated with pathological MME. The dependent
variable was pathological MME (= 3 mm). Independent
variables entered the model were age (years, continuous),
sex (male vs. female), presence of chondromalacia (yes/no),
presence of joint effusion (yes/no), presence of ACL pathology
(yes/no), and meniscal risk group (low risk and high risk vs.
degenerative). Odds ratios (ORs) with 95% confidence intervals
(Cls) and p values were calculated. Statistical significance was
setat p <0.05.

RESULTS

The patients were between 18 and 62 years old, and their
average age was 43. There were 85 women and 75 men. Ages
of the females and males in each of the MM pathologies groups
was not significant (p>0.05).
Distribution of Meniscal Pathologies

Medial meniscus (MM) pathologies included 6 normal
(3.2%), 44 degeneration (24.0%), 43 horizontal-oblique (HO)
tears (23.0%), 50 radial tear of the root (27.8%), and 40 complex
tears (22.0%). Lateral meniscus (LM) pathologies comprised
113 normal (62.1%), 23 degeneration (12.6%), 27 HO tears
(14.8%), 5 complex tears (2.7%), and 14 discoid menisci (7.7%).
Joint Effusion

Effusion was present in 52 of 183 knees (28.4%).

Effusion was present at all ages. In younger age groups,
effusion was often associated with acute traumatic pathology
(ACL tear, root tear, high grade meniscal tears). In older
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groups, effusion was more frequently seen together with
chondromalacia and degenerative meniscal tears, reflecting
chronic synovial irritation rather than only acute trauma.

« Association by LM pathology: Effusion occurred in 24.8%
of normal LM, 43.5% of degeneration, 33.3% of HO, 40.0% of
complex, and 21.4% of discoid.

The association was not statistically significant (x’=3.41,
p=0.49).

« Association by MM pathology: Effusion was 0% in normal
MM, 9.1% in degeneration, 21.4% in HO, 43.1% in radial
root, and 42.5% in complex. The distribution was significant
(x*=14.28, p=0.0065).

Effusion was significantly more frequent in radial root and
complex tears compared to normal MM.

+ Association by MM extrusion severity: Effusion was 17.6%
with no extrusion, 17.1% with <3 mm, and 36.1% with =3 mm.
The association was significant (’=7.68, p=0.022).

Effusion was significantly more common in =3 mm
extrusion compared to both 0 mm and <3 mm groups.
Chondromalacia

Chondromalacia was observed in 98/183 knees (53.6%).
Across the entire cohort, knees with chondromalacia were
older on average than those without chondromalacia.

« Association by LM pathology: It was present in 82.6% of
degeneration, 74.1% of HO, 100% of complex, 45.1% of normal,
and 21.4% of discoid LMs. The distribution was significant
(x*=18.97, p=0.0008).

LM degeneration and LM complex groups had significantly
higher chondromalacia than LM discoid and LM normal groups.
LM discoid showed significantly lower chondromalacia than all
other LM groups.

« Association by MM pathology: Chondromalacia was 16.7%
in normal MM, 36.4% in degeneration, 33.3% in HO, 74.5% in
radial root, and 72.5% in complex.

The association was highly significant (x’=34.77, p<0.001).

Radial root and complex tears had significantly higher
chondromalacia compared to normal and degenerative MM.
Differences between radial root and HO, and between complex
and HO, were also significant.

+ Association by MM extrusion severity: Chondromalacia
was 38.2% with 0 mm, 24.4% with <3 mm, and 70.4% with >3
mm extrusion.

The association was highly significant (x’=29.53, p<0.001).
>3 mm extrusion had significantly higher chondromalacia
than both 0 mm and <3 mm groups (Figure 2).

Anterior Cruciate Ligament (ACL)

ACL was normal in 101 knees (55.2%), degenerated in 61
(33.3%), and ruptured in 21 (11.5%). Patients <30 and 30-39
categories had the highest proportion of ACL tears, consistent
with trauma related injuries. In the =50 groups, ACL tears were
relatively infrequent, whereas degenerative ACL changes
constituted a higher proportion of findings.

« Association by LM pathology: With normal ACL, LM was
usually normal (68.3%).

With ACL degeneration, LM was more often with HO (18.3%).
With ACL rupture, LM degeneration and HO were frequent
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Figure 2. Extrusion amounts of MM according to
chondromalacia. Chondromalacia was seen more
common in knees with major medial meniscus
extrusions. MM: Medial meniscus.
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(both 28.6%). The association was significant (x’=17.49,
p=0.025). LM degeneration and HO groups were significantly
more common in ACL rupture compared to normal ACL.

« Association by MM pathology: With normal ACL, MM most
often showed degeneration (28.7%) or HO (25.7%).

With ACL degeneration, MM radial root was most common
(45.9%).

With ACL rupture, MM complex was most common (47.6%).
The association was highly significant (x’=42.03, p<0.001).
Radial tear of the root was significantly associated with ACL
degeneration. Complex tears were significantly associated
with ACL rupture. Normal MM was significantly associated with
normal ACL compared to degeneration/rupture groups.

« Association by MM extrusion severity: ACL rupture was
11.8% with 0 mm, 2.4% with <3 mm, and 14.8% with =3 mm
extrusion. The association was significant (x’=12.15, p=0.016).
ACL rupture was significantly more common in >3 mm
extrusion compared to <3 mm.

Extrusion Measurements

Mean MM extrusion was 3.79 + 2.82 mm (range 0-11.6).
Mean LM extrusion was 0.27 + 0.91 mm (range 0-6).

« Association by LM pathology: MM extrusion was 3.27 +
2.53 mm in normal, 5.24 + 3.16 in degeneration, 5.25 + 2.78
in HO, 5.66 + 3.71 in complex, and 2.12 + 2.04 in discoid LM.
Kruskal-Wallis showed significance (x’=19.3, p<0.001).

MM extrusion was significantly higher in LM degeneration,
HO, and complex compared to LM discoid; complex was also
higher than LM normal.

LM extrusion (0.16-2.09 mm) did not differ significantly
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(p=0.27).

« Association by MM pathology: MM extrusion was 1.08 +
1.37 mm in normal, 1.40 £ 1.77 in degeneration, 3.34 + 1.98
in HO, 5.92 + 2.56 in radial root, and 4.67 £ 2.51 in complex.
Kruskal-Wallis showed strong significance (x2=92.6, p<0.001).
Radial root and complex tears had significantly higher
extrusion than all other MM groups. HO was significantly higher
than degeneration and normal MM. LM extrusion across MM
pathologies (0.18-0.53 mm) showed no significant differences
(p=0.47).

« Association by LM pathology distribution across extrusion
categories: =3 mm extrusion was more frequent in LM
degeneration (78%) and HO (81%) compared to normal (52%)
and discoid (29%). The association was significant (x2=18.93,
p=0.041).

« Association by MM pathology distribution across extrusion
categories: =3 mm extrusion occurred in 92% of radial root
and 80% of complex tears, but only 17% of normal, 23% of
degeneration, and 43% of HO.

The association was highly significant (\’=91.86, p<0.001)
(Figure 3).

ROC Analysis-Cut off point for extrusion

ROC analysis was performed to distinguish high-risk MM
lesions (defined as radial root and complex tears, n=90) from
low-risk lesions (normal, degeneration, and horizontal oblique
tears, n=93). A 3.27 mm extrusion was found to be the optimal
cut-off point to differentiate these two categories with the
following results (Figure 4). AUC: 0.82, Sensitivity: 84.4%,
Specificity: 70.2%, PPV: 73.1%, NPV: 77.2%. This indicates that
MM extrusion =3.27 mm reliably discriminates against high-
risk meniscal tears.
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Figure 3. MM pathology types according to extrusion
amounts. Knees with medial meniscus extrusion equal
to and more than 3 mm had significantly more risk of
radial and complex medial meniscus tears on knee
MRI. MM: Medial meniscus.
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Figure 4. ROC curve to explore the optimum extrusion
amount to use as a cut-off point in between tear
types. AUC: 0.82, Sensitivity: 84.4%, Specificity: 70.2%,
PPV: 73.1%, NPV: 77.2%. Cut-off for medial meniscus
extrusion =23.27 mm reliably discriminates high-risk
meniscal tears.

Multivariance analysis

After evaluating the variables with basic statistics, we
performed multivariant logistic regression to find the
independent effects of the variables on MM extrusion,
searching for each one’s variance analysis. In the multivariable
logistic regression model, meniscal tear risk group and
chondromalacia were independently associated with
pathological medial meniscal extrusion (MM Extrusion >
3 mm) (Table 3). Compared with degenerative meniscal
changes, both low risk and high risk tear types demonstrated
significantly higher odds of pathological MM Extrusion (low
risk vs. degenerative: OR 7.34, 95% Cl 1.78-30.17, p = 0.006;
high risk vs. degenerative: OR 4.90, 95% Cl 1.49-16.12, p =
0.009). The presence of chondromalacia was also associated
with an increased likelihood of pathological MM Extrusion (OR
3.83,95% Cl 1.42-10.32, p = 0.008).

Male sex was associated with a lower odd of pathological

MME compared with female sex (OR 0.29, 95% CI 0.10-0.84,
p = 0.022). Age, joint effusion, and ACL pathology were not
significantly associated with pathological MM Extrusion after
adjustment for other variables in the model (all p > 0.05).

DISCUSSION
Effusion

Fifty-two of the 183 (28%) knees who were all patients with
medial meniscus pathologies had synovial effusion. Specifically,
the presence of effusion often accompanies advanced meniscal
tearsand degenerative changes, suggesting a reactive synovitis
(7,8). Academic literature indicates that synovial inflammation,
frequently observed as effusion, is strongly associated with
meniscal pathology and represents a substantial risk factor for
the worsening of structural joint deterioration in osteoarthritis
(9). This correlation underscores the significance of evaluating
joint effusion in conjunction with meniscal extrusion, as it
may function as a clinical indicator of ongoing intra-articular
pathology and a prognostic marker for patient outcomes (10).

Effusion is found to be significantly more common
in patients with 3 mm or more extrusion (p=0.022). This
observation suggests that significant meniscal extrusion may
serve as an indicator of increased intra-articular inflammation,
contributing to synovial fluid accumulation. Most patients with
medial meniscus degeneration, without any tears, did not have
effusion. This might imply that while degeneration can occur
without significant inflammatory exudates, the mechanical
disruption and instability caused by meniscal extrusion are
more directly linked to the induction of a synovial inflammatory
response and subsequent effusion (11,12). Because detailed
clinical data such as trauma mechanism, symptom duration,
and whether presentations were acute or chronic were not
systematically documented in the retrospective records,
effusion could not be analyzed separately for acute versus
chronic knee pain. This lack of clinical stratification should
be considered when interpreting the effusion findings and is
acknowledged as a limitation of the study.
Chondromalacia

It is known that osteoarthritis changes are related to the
degree of the meniscal extrusion, and MM extrusion is an
independent predictor for both cartilage loss and osteoarthritic
changes (7,11,13). Meniscal extrusion itself likely represents a

Table 3. Logistic regression between pathological medial meniscus extrusion and other variables.

Variable OR 95% ClI p-value
Intercept 0.14 0.01-3.94 0.250
Meniscal risk group: low vs. degenerative 7.34 1.78-30.17 0.006
Meniscal risk group: high vs. degenerative 4.90 1.49-16.12 0.009
Age (per 1-year increase) 1.01 0.97-1.05 0.560
Sex: male vs. female 0.29 0.10-0.84 0.022
Chondromalacia: present vs. absent 3.83 1.42-10.32 0.008
Joint effusion: present vs. absent 1.03 0.33-3.18 0.964
ACL pathology: present vs. absent 1.23 0.42-3.63 0.706

Binary logistic regression between pathological MME (> 3 mm) as the dependent variable and, given independent variables.
MME, medial meniscal extrusion; OR, odds ratio; CI, confidence interval; ACL, anterior cruciate ligament.
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complex interplay of joint tissue degradation and mechanical
stressors within the osteoarthritic process, highlighting its
role as both a consequence and a contributor to disease
progression (13). Similarly, our study demonstrated that
71% of the patients with MM extrusion had chondromalacia,
which is consistent with the previous studies (11,14). A study
with 548 cadavers revealed that cadavers with a radial tear
of the posterior horn had more cartilage damage (15). The
authors suggested early repair of posterior horn radial tears
to protect the joint from subsequent possible degeneration.
In a parallel way, in our study, patients with radial tear of the
MM root having chondromalacia (37/50, 74%) and knees with
chondromalacia having radial tears of the root compared to
the other pathologies (37/98, 38%) are shown to be statistically
significant. This finding reinforces the notion that specific
meniscal tear patterns, particularly radial tears, significantly
predispose the knee to early chondral degeneration (Figure 5).
Lateral meniscus degeneration and chondromalacia were seen
together significantly in our series. The lateral meniscus carries
70% of the load applied to the lateral compartment (16). As
a result, in a patient with LM degeneration, a diminished
function of LM may reflect the load to the cartilage more
than in a patient with normal LM and can cause degenerative
changes of the cartilage (8).

Itisalsoshownthatdiscoid LMisassociated withtheabsence
of chondromalacia. Conversely, the normal morphology of a
discoid lateral meniscus, despite its atypical shape, may offer a
broader contact area, thereby distributing forces more evenly
across the articular cartilage and mitigating localized wear.
This situation reveals that increased meniscal volume in the
discoid meniscus causes a decreased load reflecting to the

Figure 5. Proton Density Coronalimage demonstrating
the chondromalacia and cartilage irregularity
concomitant with radial tear of root of medial
meniscus.
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cartilage. This study is notable for demonstrating that discoid
meniscus may be a protective factor from chondromalacia,
although it can cause knee complaints itself. The larger surface
area of a discoid meniscus may help it dissipate compressive
forces across the tibiofemoral joint, reducing localized stress
on the articular cartilage (17,18).

ACL pathologies

Studies were showing and denying the relation between
MM extrusion and ACL tears (19,20). In this study, patients
with extrusion had 40% and patients without a major or minor
extrusion had 20% percent mucinous degeneration of ACL,
and this relation was significant. This finding suggests that
substantial meniscal displacement may contribute to altered
knee kinematics, potentially predisposing the anterior cruciate
ligament to degenerative changes (11). Similarly, ACL tear
had a significant relation with major extrusion (16/21). This
indicates that the mechanical instability induced by significant
meniscal extrusion may predispose the ACL to injury or
accelerate its degeneration, thereby contributing to broader
knee joint pathology (13,16). This study revealed consistent
results with previous studies regarding ACL and meniscal
tears (36%). Furthermore, the presence of an ACL tear often
exacerbates meniscal extrusion due to increased joint laxity,
creating a vicious cycle of instability and accelerated cartilage
degradation (19). This result could be anticipated due to the
close relation of ACL and MM and the coexistence of their
pathologies (10).

There was not any normal MM in the degenerated or
ruptured ACL group. We observed that the presence of a
complex tear in the half of the patients with ruptured ACL
and a radial tear of the root in the patients with degenerated
ACL was significant according to chi square test(p<0,005). This
observation underscores the critical role of ACL stability in
maintaining meniscal integrity and preventing the progression
of complex meniscal tears.

LM-MM Extrusion difference

Itis reported that MM is more prone to extrusion due to the
movements of the medial capsule (21). In our study, we found
a mean extrusion of 3,8 at MM and 0,27 mm at LM. Consistent
with prior research, a statistically significant difference in
extrusion between the medial and lateral menisci has been
observed (22). Whereas Rennie, with his younger study group,
said that there is no significant difference between MM and
LM extrusions (12). This can be a clue that extrusion may be
developing mostly after degenerative changes instead of
acute traumas, which are more commonly seen in the younger
patient group (23). This age-related disparity in extrusion
prevalence suggests that chronic biomechanical stresses
and degenerative processes likely play a more substantial
role in medial meniscal extrusion than acute traumatic
events. Furthermore, the anatomical differences in capsular
attachments and meniscotibial ligaments contribute to the
greater mobility of the lateral meniscus compared to the
more rigidly fixed medial meniscus, inherently predisposing
the medial compartment to higher extrusion rates under
chronic loading (11). A key finding of this study, distinct from
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Table 1. Lateral and medial meniscus extrusion
amounts in mm, according to medial meniscus
pathologies.

Mm Condition Mm* Lm

Normal 1,078 0,53
Degenerated 1,401 0,19
Horizontal Oblique Tear 3,341 0,39
Radial Tear Of Root 5,920 0,18
Complex Tear 4,672 0,30
Total 3,796 0,27

Medial meniscus extrusion significantly alters in between MM pathologies.

previous research, was the differential effect of meniscal
pathologies on extrusion. While both LM and MM pathologies
were significantly associated with an increase in MM extrusion,
neither pathology type significantly affected LM extrusion.
This suggests the lateral meniscus is more resilient to extrusive
forces, likely due to its greater mobility, whereas the more fixed
medial meniscus is susceptible to extrusion resulting from
pathology in either compartment.
Meniscal pathologies-meniscal extrusion

Costa et al. showed a relation between minor extrusion
of less than 3 mm and oblique tear (22). There are studies
demonstrating the relation of radial tear, complex tear, and root
avulsion with major extrusion (20,24,25). Magee et al showed
that when MRI is compared with arthroscopy, patients having
3mm or more extrusion on MRI had severe degeneration,
complex tear, or radial tear of the MM root arthroscopically.
Among these patients 55% had radial tears displayed both on
MRI and arthroscopically (26). Distinct from previous studies,
this study searched for the effect of LM pathologies apart
from MM pathologies on LM and MM extrusion. There was a
significant relation between LM tear types and MM extrusion,
but it was not true for LM tear types and LM extrusion (Table1).
Similarly, while MM pathologies are not found to be affecting
LM extrusion whereas there was a significant relation between
MM extrusion amount and MM pathologies (Table2). This can
be interpreted as LM is less sensitive to MM and LM pathologies
in the aspect of extrusion due to its increased mobility shown
in dynamic studies (16). Likewise, because of its anatomical
configuration and close relation with the capsule, MM is more
prone to extrusion as a result of MM and LM pathologies as

Table 2. Lateral and medial meniscus extrusion
amounts in mm, according to lateral meniscus
pathologies.

Lm Condition Mm#* Lm

Normal 3,268 0,16
Degenerated 5,238 0,43
Horizontal Oblique Tear 5,253 0,29
Complex Tear 5,660 2,09
Discoid Meniscus 2,123 0,23
Total 3,789 0,27

Medial meniscus extrusion significantly alters in between LM pathologies.

Figure 6. T2 Fat Saturated coronal MRl image of knee.
Thereis aradial tear attheroot of the medial meniscus.

tears and degeneration (27). A cut-off value of MM extrusion
amountis tried to find to predict the MM pathologies. We found
that 3mm or more of extrusion of MM can be used as a reliable
tool in differentiating the degeneration and HO tear patients
from complex tear and radial tear of the root group, with a
sensitivity of 84% and specificity of 70% (Figure 6). Costa et al
showed that advanced meniscal degeneration, which is a close
entity to a tear, is related to the major extrusion (22). However,
most of the patients with any degree of degeneration did not
demonstrate extrusion in the current study.

MM posterior root tears are a form of avulsion fracture
occurring within the 1st cm of the tibial bony attachment
(28). MM root tear is known to increase osteoarthritic changes
in the knee (29). This could be due to the disruption of the
continuity of circumferential fibers and resulting in loss of
hoop tension and meniscal extrusion, which is a cause of rapid
osteoarthritic changes (30). MM root tears can be overlooked
arthroscopically if a detailed examination is not performed,
especially if the tear is close to the tibial insertion site. For
this reason, recognizing radial tears of the root by MRI is
important in the aspect of enlightening the physician during
the arthroscopy (28). Studies show that diagnosing radial tears
of the root on MR is difficult (28,31). These tears are often seen
at the knees, with osteoarthritis and coexisting degeneration
can mask the tear (24). Also, it is shown that extrusion develops
very shortly after the root tear (32). Extrusion of MM can be
used as a helpful tool in evaluating the radial tear of the root,
and it can provide the chance of early diagnosis and treatment
before the development of osteoarthritic changes (24,29).
There are biomechanical studies show that repair of radial tears
of the root at the MM is successful in sustaining the normal
biomechanics of the knee (33). For this reason, early diagnosis
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and repair of radial tear of the root as a treatable disease are
important (34).

Inthis study, meniscal tear morphology and chondromalacia
emerged as the strongest independent predictors of
pathological medial meniscal extrusion (MME). Both low-
risk and high-risk meniscal tear groups showed markedly
increased odds of MME > 3 mm compared with degenerative
changes alone. And high-risk tears resulting in even more
severe extrusions. This finding supports the concept that
structural disruption of the meniscal hoop fibers, even in so-
called “low-risk” tear patterns, can lead to loss of meniscal
containment and medial displacement of the meniscus. Also, it
is demonstrated that radial, root, complex, and bucket-handle
tears are associated with greater meniscal extrusion and altered
tibiofemoral contact mechanics, which in turn accelerates
cartilage degeneration and osteoarthritis progression
(17,22,35). The strong association between chondromalacia
and pathological MME in our model is also in line with previous
reports linking meniscal extrusion to cartilage damage and
knee osteoarthritis severity (11,17). Meniscal extrusion reduces
the effective load-bearing surface of the meniscus, increases
focal cartilage stress, and may reflect an advanced stage of
menisco-chondral disease. Our results therefore reinforce the
idea that MME is not only a marker of meniscal pathology but
also a potential imaging marker of early degenerative joint
change.

Interestingly, male sex was associated with lower odds
of pathological MME compared with female sex, even after
adjustment for meniscal tear type and chondromalacia.
Although sex differences in knee osteoarthritis prevalence
and pain perception have been described, the relationship
between sex and meniscal extrusion is less clear (36). Potential
explanations include sex-related differences in knee alignment,
ligamentous laxity, or hormonal influences on soft tissue and
cartilage biomechanics; however, these hypotheses require
further investigation. Despite sole meaningful, joint effusion,
and ACL pathology were not independently associated with
pathological MM Extrusion in our multivariable model. While
ACL rupture and chronic instability have been related to
meniscal tears and secondary osteoarthritic changes, our
results suggest that, when meniscal tear morphology and
chondromalacia are considered, ACL abnormalities per se may
not be the primary determinant of extrusion (37). The lack of
association with age may reflect the predominance of structural
factors (tear pattern and cartilage damage) over chronological
age in driving MME in our cohort. Overall, our findings
highlight the importance of carefully characterizing meniscal
tear morphology and assessing MME and cartilage status in
routine knee MRI. Early recognition of tear patterns prone to
extrusion, together with the presence of chondromalacia, may
have implications for treatment decisions and prognosis.

Clinical variables such as body mass index, activity level,
and detailed injury mechanism were not available in the
radiology archive and therefore could not be included in
the analysis. The single observer measurements planning
of the study is a limitation that should be mentioned. Also,
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the absence of arthroscopic correlation can be considered
a limitation of this study. However, we aimed to evaluate
meniscal extrusion, not the recognizability of tears on MRI,
so tear diagnosis by arthroscopy was not included in the
study plan. Future prospective studies incorporating direct
arthroscopic correlation would be valuable to further validate
the 3 mm extrusion threshold as a definitive diagnostic sign.

CONCLUSION

This study demonstrates a correlation between extrusion
and important tears as the root tear of the posterior horn and
complex tear, highlighting the importance of its diagnosis via
MRI. An extrusion of 3 mm or more can serve as an indicator of
radial tear of the root, prompting closer examination of the root
to avoid overlooking this treatable condition. Furthermore,
significant extrusion is indicative of concurrent degenerative
changes, underscoring the clinical value of quantitatively
assessing meniscal extrusion through imaging as a critical
early sign of substantial intra-articular pathologies, especially
those that are surgically manageable.
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