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Abstract

Objective: The purpose of this study is to determine whether osteoarthritis (OA) is associated with meniscus volume and pathologies in young and middle-aged 
individuals.
Methods: This study assessed 155 knee magnetic resonance images (MRIs) and X-rays from 138 participants aged 18-65. The knee X-ray examination was 
employed to identify OA, whereas the knee MRI was utilized to evaluate meniscal diseases. The volume of the meniscus was measured using ITK-SNAP 
software.
Results: There was a strong correlation between age and OA (P < .001). A link was identified between medial and lateral meniscus disease and age (P < .001, 
P = .002, respectively). Osteoarthritis was identified as being linked to both medial and lateral meniscus diseases (P < .001, P = .007 respectively). Medial 
meniscus extrusion was identified as being correlated with OA (P < .001). Neither medial nor lateral meniscus volumes showed significant correlations with OA 
(P = .236, P = .501 respectively). The inter-reader agreement for meniscal volume measurements was assessed using intraclass correlation coefficients (ICCs). 
ICCs for inter-reader agreement was 0.84.
Conclusion: In cases of meniscal disorders, including meniscal extrusion, even in the absence of OA symptoms, the patient should be considered at risk for OA 
and monitored accordingly. Given the aging population that is predicted to rise over the next several years, this strategy will also help to manage the condition 
more affordably.
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INTRODUCTION
Knee osteoarthritis (OA) is a complex, multifactorial condition that impacts the entire joint and is a leading cause of disability globally.1 
Osteoarthritis, a prevalent degenerative musculoskeletal disorder, is associated with numerous risk factors including advanced age, female sex, 
malalignment, obesity, genetic predispositions, and trauma.2,3 Osteoarthritis is a prevalent source of pain and impairment in the aged population.4 
Given the rising older population due to increased life expectancy, the significance of this disease will escalate in the coming decades. An essential 
first step in preventing this disease, which impacts both individuals and society, is to comprehend it and identify its risk factors and causes.

The growing acknowledgment of the relationships among the structural tissues of the knee joint has led researchers to classify several OA phe-
notypes based on biochemical and imaging results.5 Articular cartilage degeneration and changes in subchondral bone are the leading biomarkers 
of OA.6 The meniscus is a fibrocartilaginous structure that is crucial for absorbing, transferring, and dispersing mechanical stress within the knee 
joint. It has been demonstrated that the lack of a functional meniscus exposes the knee’s articular cartilage to pathologic stresses, leading to degen-
eration.7,8 A robust causal link between meniscus injury and the structural development of OA is well acknowledged.9 Therefore, especially when 
investigating knee OA, it is important to evaluate the joint space, subchondral sclerosis, and osteophytes, as well as assess meniscus pathologies, 
particularly in early-stage cases.

Research has been attempted to elucidate the influence of meniscal modifications on the start of OA, emphasizing factors such as volume, extru-
sion, thickness (height), and tibial coverage that describe meniscal architecture.10-12 In the magnetic resonance imaging (MRI) Osteoarthritis Knee 
Score, extrusion and meniscal morphology were rated as semi-quantitative parameters.13 However, meniscus volume is not yet included in this 
scoring system.

3

3

Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

http://orcid.org/0000-0003-2075-0856
http://orcid.org/0000-0002-0144-0142
http://orcid.org/0009-0006-0158-1304
http://orcid.org/0000-0001-6649-3256
mailto:tanismanozge@gmail.com


Tanişman et al. Meniscus and osteoarthritis

91

Liu et  al14 and Atik et  al15 have conducted studies revealing the rela-
tionship between meniscus structure, pathologies, and OA in elderly 
patients. Given that advanced age is a risk factor for OA, the study 
was designed to focus on young and middle-aged adults. Thus, the aim 
was to examine the correlation between meniscus pathology and OA 
while controlling for the positive impact of age on the progression of 
OA. The purpose of this study is to determine whether OA is associ-
ated with meniscus volume and pathologies in young and middle-aged 
individuals.

METHODS
Study Population
This is a single-center, retrospective, and cross-sectional study. This 
research has been approved by the ethical committee of Bandırma 
Onyedi Eylül University School of Medicine(Decision: January 2, 
2025, no: 2024-12-05). The study was conducted in acordance with the 
Declaration of Helsinki. Written informed consent was obtained from 
patients who participated in this study.

Patients who underwent knee MRI at the hospital from December 2023 
to June 2024 were retrospectively examined using Picture Archiving 
and Communication Systems. Patients aged 18-65 who had both knee 
MRI and knee radiography (RG) were identified. The study excluded 
trauma patients, individuals who had knee surgery for any reason, those 
with metabolic disorders, osteoporotic patients, oncology patients, and 
patients with suboptimal imaging quality. The screening resulted in the 
inclusion of 155 knee MRIs and knee X-rays from 138 participants 
aged 18-65 in the research.

Radiological Evaluation
This study analyzed Anteroposterior (AP) knee RG in the extended 
position. The RGs were evaluated using the Kellgren Lawrence (KL) 
classification system for OA. Accordingly, grade 0 is normal; grade 1 
is suspicious osteophyte formation; grade 2 is significant osteophyte 
formation with normal joint space; grade 3 is osteophytes, narrowing 
of the joint space, and subchondral sclerosis; grade 4 is a reduction in 
joint space or ankylosis with multiple osteophytes, significant sclero-
sis, and erosion.16 Patients were classified as having knee OA if their 
KL score was greater than or equal to 2. Patients were categorized into 
2 groups according to the presence or absence of OA (Figure 1). The 
assessment was performed by 2 experienced radiologists. In instances 
of interpretative inconsistency or ambiguous cases, the images were 
re-assessed, and a consensus final decision was reached. The knee RG 
was used to measure the joint space.

Magnetic resonance imaging (MRI) was used to assess meniscus dis-
eases. All MR images were acquired using a 1.5 Tesla MRI device 
(GE 1.5T, 60 cm, SIGNATM Creator/Explorer, China, 2017). The MRI 

evaluation was conducted with the knee in an extended posture. The 
assessment was performed utilizing a knee MRI protocol including 
coronal T1, sagittal fat-suppressed proton-weighted, coronal fat-sup-
pressed proton-weighted, and axial fat-suppressed proton-weighted 
sequences. The anterior and posterior horns of the lateral and medial 
menisci were assessed individually for each knee. Patients were cat-
egorized into 3 groups according to the condition of their meniscus: 
normal, degenerated, or torn. In addition, the presence of extrusion in 
the meniscus was evaluated with the coronal plane of MRI. Unaware 
of the patients’ clinical and X-ray scans, 2 experienced radiologists 
prospectively reinterpreted each MRI. When there were uncertain or 
inconsistent interpretations, the images were reexamined, and a final 
conclusion was made by consensus.

The ITK-SNAP software was employed to evaluate the volume of the 
meniscus.17 Magnetic resonance scans were uploaded to the software, 
and measurements were obtained using a three-dimensional (3D) 
region of interest. Measurements were obtained in the sagittal plane 
and subsequently validated with additional sequences. Segmentation 
was conducted from lateral to medial on all sections where the 
meniscus was visible (Figure 2). The volume measures were conducted 
independently by 2 radiologists who were oblivious to the patient’s 
radiological results.

Statistical Analysis
Descriptive statistics were applied to analyze the baseline characteristics. 
The Chi-square (χ2) test and Fisher’s exact χ2 test were applied in the 
evaluation of qualitative data. After testing for normality, statistical 
significance was calculated using an independent sample t-test for 
comparisons between 2 groups or one-way ANOVA for comparisons 
among 3 or more groups when the data were normally distributed. For 
non-normally distributed data, the Mann–Whitney U test was used for 
2-group comparisons, and the Kruskal–Wallis test was applied for 3 or 
more groups. The Pearson correlation test was used to assess the linear 
relationship between normally distributed continuous variables, while 
the Spearman correlation test was used for those without a normal 
distribution. Interobserver agreement was assessed using the intraclass 
correlation coefficient (ICC). The significance of the ICC values was 
interpreted as follows: <0.50 poor, 0.50-0.75 moderate, 0.75-0.90 
good, and >0.90 excellent reliability. All statistical analyses were 
performed using IBM SPSS software (IBM SPSS Corp.; Armonk, NY, 
USA, version 23), and a significance level of P < .05 was considered.

RESULTS
There were 57 (36.7%) male patients and 98 (63.2%) female patients. 
In this investigation, radiographic evidence of knee OA was identified 
in 84 (54.1%) of the 155 cases evaluated (KL grade ≥ 2). The charac-
teristics of the study group are presented in Table 1.

There was a strong correlation between age and OA (P < .001). It was 
found that as people age, OA becomes more common. There was a 
correlation found between gender and OA (P = .004). Osteoarthritis 
is more frequently detected in females. A link was identified between 
medial and lateral meniscus disease (degeneration and tear) and age 
(P < .001, P = .002, respectively). The prevalence of medial meniscus 
disease was higher. Osteoarthritis was identified as being linked to both 
medial and lateral meniscus diseases (P < .001, P = .007 respectively). 
Medial meniscus extrusion was identified as being correlated with OA 
(P < .001). Lateral meniscus extrusion was not significantly associ-
ated with OA (P = .5). Medial meniscus diseases and medial joint space 

MAIN POINTS

•	 Osteoarthritis is a prevalent source of pain and impairment in the aged 
population.

•	 An essential first step in preventing this disease, which impacts both 
individuals and society, is to comprehend it and identify its risk factors 
and causes.

•	 In cases of meniscal disorders, including meniscal extrusion, even in 
the absence of osteoarthritis symptoms, the patient should be consid-
ered at risk for osteoarthritis and monitored accordingly.
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were found to be significantly correlated (P < .015). A correlation was 
demonstrated between gender and the volume of the medial and lat-
eral meniscus (P < .001). The volume of the meniscus was determined 
to be larger in males. Neither medial nor lateral meniscus volumes 
showed significant correlations with OA (P = .236, P = .501 respec-
tively) (Table 2). The inter-reader agreement was assessed for meniscal 
volume measurements using ICCs. Intraclass correlation coefficient for 
interreader agreement was 0.84.

DISCUSSION
Knee OA is a degenerative musculoskeletal disease that can be caused 
by a variety of reasons. Radiography is used to make the diagnosis of 
OA. Osteoarthritis results can also be assessed using MRI. Meniscus 
diseases present a substantial risk for the onset and advancement of OA 
and are relatively common in knee MRI studies.18

Radiography was used to evaluate knee OA in this study. Knee OA was 
diagnosed in 54.1% of patients, with a notable increase in frequency 
associated with advancing age. This study revealed that women 
exhibited OA outcomes more frequently than males. It was discovered 
that these findings aligned with previous research.2,3,15

In this study, it was discovered that meniscus diseases are more com-
mon in people with OA than in those without OA, and they also 
increase with age. It was found that 54.9% of individuals without 
OA had meniscus pathology, whereas 82.1% of patients with OA had 
meniscus pathology. In studies that include elderly patients in the study 
group, these rates are elevated.15,19 In contrast to these studies, the 

Figure 1.  A 56-year-old female patient. The RG of the knee showed OA (A). Subchondral sclerosis (yellow arrow), joint space narrowing (yellow arrow), and 
osteophyte formation (white arrow) are noted. The fat-suppressed proton density-weighted MR sequence indicates medial meniscus extrusion in the coronal plane 
(B) and a horizontal tear of the posterior horn of the medial meniscus in the sagittal plane (C), as shown by arrows.

Figure 2.  Example of meniscus segmentation. (A) Three-dimensional 
representation of the left knee and coronal perspective of meniscus 
segmentation. (B) Meniscus in 3D from segmentation (lateral meniscus is 
blue; medial meniscus is purple).

Table 1.  Patient Characteristics and Features of the Knee Joint

Characteristics n = 155
Age, mean (range) years 45.6 (19-64)
Gender female/male (%) 98 (63.2%)/57 

(36.7%)
OA (%)
  Yes
  No

​
84 (54.1%)
71 (45.8%)

Medial joint space, mean (range) mm 5.2 (1.53-12.8)
Lateral joint space, mean (range) mm 6.1 (2.28-11.3)
Medial meniscus (%)
  Normal
  Degeneration
  Tear

​
47 (30.2%)
71 (45.8%)
37 (23.8%)

Lateral meniscus (%)
  Normal
  Degeneration
  Tear

​
126 (81.2%)
20 (12.9%)
9 (5.8%)

Medial meniscus extrusion
  Yes
  No

​
34 (21.9%)
121 (78%)

Lateral meniscus extrusion
  Yes
  No

​
2 (1.2%)

153 (98.7%)
Medial meniscus volume, mean (range) mm3 1745 (964-3822)
Lateral meniscus volume, mean (range) mm3 1317 (552-2905)
OA, osteoarthritis.
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reduced prevalence of meniscus pathology in patients without OA in 
this research can be attributed to the fact that the patients were under 
65 years of age.

The prevalence of medial meniscus pathology was higher than that of 
lateral meniscus diseases. Compared to the lateral meniscus, the medial 
meniscus is more vulnerable to injury and extrusion because of its ana-
tomical characteristics and relative lack of mobility.20 The increased 
prevalence of medial meniscus diseases relative to the lateral meniscus 
in the current study has been linked to this condition.

A strong correlation between OA and medial meniscus extrusion was 
discovered. Medial meniscus extrusion was seen more often in patients 
with OA than in those without the condition. In a review made by 
Ghouri et al21, it was identified that meniscal extrusion is a risk fac-
tor for knee OA cartilage structural progression independently of age, 
gender, and BMI.

Osteoarthritis and both medial and lateral meniscus volume did not 
significantly correlate in the current research. Previous studies indicate 
that a greater initial meniscal volume and alterations in volume over 
time are associated with OA.22,23 Individual anatomical variations in 
the meniscus have been documented in healthy knees.24 To the authors’ 
knowledge, there is no established normal range for meniscus volume 
for this reason. Given the absence of a standard range for meniscus vol-
ume, it was determined that a solitary measurement in a cross-sectional 
study would be inadequate and that temporal changes would provide 
more significant knowledge. This has been assumed to be the cause of 
the lack of any correlation between OA and meniscus volume.

A theory states that the extruded meniscus outside the joint edge has the 
chance to expand since the bones that comprise the joint do not com-
press it.25 Okazaki et al26 and Nebelung et al27 established that altera-
tions in meniscus volume, both in vitro and in vivo, could be triggered 
by variations in load on the meniscus. Baseline meniscus extrusion was 
positively correlated with changes in meniscus volume, according to 
Xu et  al23, but they found no correlation between changes in menis-
cus volume and radiographic knee OA. It can be concluded from this 
data that changes in meniscus volume are not the mechanism by which 
meniscus extrusion affects OA. Therefore, it is possible to think that 

an extrusion of the meniscus first leads to a larger meniscus, which 
then causes radiographic knee OA. According to Xu et al23, this theory 
requires testing in cohorts with younger participants.

The findings of this investigation, which excluded those aged 65 and 
older, confirm that meniscal extrusion influences OA before alterations 
in meniscus volume occur. Nevertheless, due to the retrospective nature 
of this investigation, the impact of extrusion on meniscus volume could 
not be assessed. This hypothesis requires validation through extensive 
randomized controlled studies, including young patients.

There were several limitations to this study. The main limitation of 
this study is its retrospective design. The impact of temporal variations 
in meniscus volume on OA was not detected. The second limitation 
is that clinical findings and concerns from patients were not included 
in the study. Thirdly, the actual incidence of meniscal extrusion may 
be understated because all MRI studies evaluated extrusion while the 
subject was supine and not bearing any weight.

Osteoarthritis impacts the entire joint and is a leading cause of disabil-
ity globally. Thus, it is critical to identify it early and restrict its pro-
gression. In cases of meniscal disorders, including meniscal extrusion, 
even in the absence of OA symptoms, the patient should be considered 
at risk for OA and monitored accordingly. Given the aging population 
that is predicted to rise over the next several years, this strategy will 
also help to manage the condition more affordably.
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