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ABSTRACT 29 

 30 

Objective: To determine factors associated with higher degree of meniscal body extrusion in 31 

overweight and obese women at high risk of knee osteoarthritis (OA). 32 

Design: We used baseline data of the PROOF study, Netherlands, comprising overweight or 33 

obese women aged 50 to 60 years, free of clinical knee OA. All subjects completed a 34 

questionnaire on knee complaints and physical activity, underwent physical examination, 35 

radiography, and 1.5 Tesla MRI of both knees. Using the mid-coronal MRI slice, one blinded 36 

observer measured tibial plateau width and meniscal body extrusion of both menisci in both 37 

knees. The association between baseline factors and meniscal extrusion, were analyzed with a 38 

random effects regression model. In addition, we used a fixed effect regression model for 39 

evaluation of knee-specific factors. 40 

Results: Mean age of the included women (n=395) was 55.7 years and mean body mass index 41 

32.4 kg/m
2
. Of all knees, 23% had an absolute medial meniscus body extrusion ≥3.0 mm and 42 

4% had lateral meniscus body extrusion ≥3.0 mm. In the multivariable model, the medial 43 

meniscus extrusion was increased by 0.44 mm (95% confidence interval [CI] 0.11, 0.77) 44 

when a medial meniscus tear was present, by 0.20 mm per 5 kg/m
2
 (95% CI 0.05, 0.35) 45 

increase in body mass index and by 0.25 in the presence of mild knee symptoms (95% CI 0.05 46 

to 0.44). Kellgren-Lawrence grade ≥1 and tibia width were associated with increased both 47 

medial and lateral extrusion. 48 

Conclusion: In women, ipsilateral meniscus tear and high body mass index are factors 49 

associated with medial meniscus body extrusion. 50 

Key words: Knee, meniscus, magnetic resonance imaging, osteoarthritis, women 51 
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INTRODUCTION 53 

 54 

The menisci are two crescent-shaped fibrocartilaginous discs located medially and laterally 55 

between the surfaces of femur and tibia in the knee joint cavity. The menisci act to disperse 56 

the weight of the body, reduce shock and friction during movement and stabilize the knee 57 

joint
1, 2

. If the integrity or normal position of meniscus is compromised, these functions may 58 

be negatively affected. Findings of meniscus tears or destruction on magnetic resonance 59 

imaging (MRI) of the knee are common in the general population and increase with 60 

increasing age
3, 4

. Several reports show damage to the menisci is a strong risk factor for the 61 

occurrence and progression of knee osteoarthritis (OA) 
5-7

. Further, if the outer margin of 62 

meniscal body (mid portion of meniscus) is markedly located outside the tibial joint margin, 63 

typically by 3 mm or more, this phenomenon is considered as meniscus extrusion
8, 9

.  64 

Meniscus extrusion has been reported to be more prominent in women than men
10, 11

. Knee 65 

OA is also more frequent in women after menopause than in men of corresponding age
12-14

. 66 

The gender propensity may be attributed to certain female physiological factors which may 67 

lead to increased laxity of certain knee structures such as collateral ligaments which serve as 68 

important attachment of the medial meniscus in particular
15, 16

. Body mass index (BMI) has 69 

also been reported as a risk factor for the development of medial meniscal extrusion 
17

. 70 

Obesity increases the load that needs to be transmitted by the menisci, which may also lead to 71 

meniscus extrusion. Among population without any signs of radiographic OA a previous 72 

study has suggested that female sex, incident meniscal tear, and higher baseline value of 73 

extrusion are risk factors for increased meniscal body extrusion
18

.  74 

In order to get a better understanding of factors associated with meniscus extrusion in women, 75 

and potentially better insight into the mechanisms involved in knee OA development, we 76 
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studied a specific cohort of obese women OA. We paid attention to a number of pre-specified 77 

demographic and knee-specific characteristics such as age, BMI, presence of meniscus tear, 78 

menopause, knee alignment, the presence of Herberden’s nodes, prior knee injury etc. which 79 

might be associated with meniscal body extrusion. 80 

 81 

METHODS 82 

 83 

Study sample 84 

 85 

Data of our study were obtained from baseline data of the PRevention of knee Osteoarthritis 86 

in Overweight Females (PROOF) study, Netherlands, which comprises 407 women with a 87 

BMI ≥27 kg/m
2
, aged 50 to 60 years, free of clinical knee OA according to the clinical ACR 88 

criteria for knee OA 
19

. . However, some of the participants already had evidence of 89 

radiographic knee OA. The BMI cut-point of 27 kg/ m
2
 was chosen since there is a clear 90 

increase in OA incidence beyond this point
20

. All subjects completed a questionnaire on knee 91 

complaints and physical activity, underwent physical examination, radiography, and 1.5 Tesla 92 

MRI of both knees. PROOF was originally designed to evaluate the effects of a diet, exercise 93 

program and glucosamine sulphate on the development of clinical knee OA. During the 94 

progress of reading images, we found that 12 subjects’ MR images were incomplete (with 95 

only one sided knee images) or unreadable. Therefore, the final number of subjects analyzed 96 

was 395. 97 

PROOF was approved by the ethics committee at the Erasmus University Medical Center 98 

Rotterdam, the Netherlands in 2005. 99 

 100 



 
7 

 

MRI protocol 101 

 102 

MRIs of both knees were acquired at baseline on 1.5 T scanners The MRI protocol included 103 

coronal and sagittal non-fat suppressed proton density weighted sequences (slice thickness 104 

3.0 mm/slice gap 0.3 mm), a coronal T2 weighted Spectral Presaturation by Inversion 105 

Recovery sequence (slice thickness 5.0 mm/slice gap 0.5 mm, , TE 79ms, TR 2550ms, No of 106 

slices 17, Matrix 448x358, No. of signals acquired 2, FOV 480x144,  echo train length 7), an 107 

axial dual spin-echo sequence (slice thickness 4.5 mm/slice gap 0.5 mm, TE 14 / 100 msms, 108 

TR 3000ms, No of slices 19, Matrix 512x512, No. of signals acquired 1, FOV 160x160 mm,  109 

echo train length 5,) and a sagittal 3D water selective sequence with fat saturation (slice 110 

thickness 1.5 mm, TE 6ms, TR 19.5ms, No of slices 17, Matrix 384x384, No. of signals 111 

acquired 1, FOV 160x160 mm,  echo train length 1). 112 

 113 

MRI measurements 114 

 115 

We used a two-dimensional quantitative measurement method of meniscal extrusion 116 

previously reported by several other investigators
6, 8

. One observer (FZ), who was blinded to 117 

subject characteristics and clinical data, performed measures on both left and right knees on 118 

the baseline mid-coronal MR images. We refer ‘mid-coronal’ to the single slice visually 119 

presenting the greatest area of the medial tibial spine. Sometimes this was difficult to 120 

differentiate because two slices may depict a similar area of the tibial spine, in which case we 121 

used the slice which showed the greatest width of the tibial plateau. The observer measured 122 

tibial plateau width from the margin of the tibial plateau excluding any possible osteophytes, 123 

medial and lateral meniscus coronal width, and meniscal body extrusion to the closest 0.1 mm 124 

using Sante DICOM Editor (64-bit) software (Figure 1). Thirty randomly selected knees were 125 
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reassessed. Intra-observer reliability (intra-class correlation coefficient) and inter-observer 126 

reliability for the tibial plateau width, medial and lateral meniscus width, medial and lateral 127 

meniscal extrusion ranged from 0.69 to 0.98 and 0.62 to 0.96, respectively.  128 

                                                                (Figure 1) 129 

Meniscal tears were read by two trained readers(JR, PvdP)  and one experienced 130 

musculoskeletal radiologist(EO)  as part of MOAKS scoring system 21
 
22

. After extensive 131 

training, high to nearly perfect inter-observer reliability was reached
21

. 132 

 133 

Other covariates 134 

 135 

BMI was defined as the body weight in kg divided by the square of the body height in meters. 136 

Both hands were examined for Heberden’s nodes. Standardized semi-flexed posterior-anterior 137 

knee radiographs were taken, according to the MTP-protocol
23

. Knee radiographs were read 138 

by a trained reader, blinded to clinical measures,  according to the Kellgren-Lawrence (KL) 139 

scale
24

. Medial anatomical knee alignment angle was assessed by digitally determining the 140 

angle between the line from the center of the tibial spine through the center of the femoral 141 

shaft at approximately 10 cm from the joint margin and the matching line through the tibia
25

. 142 

Isometric quadriceps muscle strength was measured as maximal isometric contraction in a 143 

supine position, using a hand-held dynamometer. This method has proven to be valid and 144 

reliable 26
. Date of birth and information on physical activity level

27
, menopausal status, mild 145 

knee symptoms (defined as any knee complaints in the last year), and previous knee injury 146 

were ascertained by questionnaires. 147 

 148 
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Statistics 149 

 150 

Our pre-specified hypothesized risk factors that we evaluated were: age (continuous), BMI 151 

(continuous), physical activity (continuous), menopause status (yes/no), presence of mild knee 152 

symptoms (yes/no), Heberden’s nodes (yes/no), knee alignment (categorical), Kellgren-153 

Lawrence (KL) grade (0 vs ≥1), ipsilateral meniscus tear (yes/no), history of knee injury 154 

(yes/no), and quadriceps muscle strength (continuous). We used a random effects linear 155 

regression model with robust standard errors to analyze the association of these risk factors 156 

with medial and lateral extrusion, respectively. We adjusted all analyses for the tibial plateau 157 

width to take the knee size into account. In a second step, we used a fixed effects linear 158 

regression model to analyze the association of the knee-specific risk factors with medial and 159 

lateral extrusion, respectively. This method allows to control for all the person-level 160 

confounding (both measured and unmeasured) by using a person as her own control 
28

 . 161 

 162 

RESULTS 163 

 164 

The mean (SD) age of the study participants (n=395) was 55.7 (3.2) years and the mean (SD) 165 

BMI was 32.4 (4.3) kg/m
2
. Among all 395 women, 267 (68%) were postmenopausal and 104 166 

(26%) had Heberden’s nodes. Of the 790 knees, 313 (40%) had varus malalignment while 98 167 

(12%) had valgus malalignment, 246 (31%) reported an affirmative answer (yes) to the 168 

question: "Have you experienced pain in or around the knee during the last 12 months?”, 100 169 

(13%) had a history of injury, and 393 knees (50%) had KL grade ≥1 (49 knees with KL 170 

grade 2 and 5 knees with KL grade 3) (Table 1). 171 

 172 
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Medial Compartment 173 

 174 

Among all knees, 181 (23%) had medial meniscus extrusion ≥3.0 mm. In the univariable 175 

analysis, we found the following baseline factors to be statistically significantly associated 176 

with high degree of medial meniscal body extrusion: high BMI, Heberden’s nodes, meniscal 177 

tear, varus malalignment, knee injury history, mild knee symptoms, KL grade ≥1. In the 178 

multivariable random effects analysis, the medial meniscus extrusion was higher in persons 179 

with higher BMI by 0.20 mm (95% confidence interval [CI] 0.05, 0.35), with presence of 180 

mild knee symptoms 0.25mm (95% CI 0.05, 0.44), meniscal tear 0.44mm (95% CI 0.11, 0.77) 181 

and K&L grade ≥1 0.43mm (95% CI 0.26, 0.60) (Table 3). 182 

In the analysis of the knee-specific risk factors while adjusting for all the person level 183 

confounding, the estimates of associations remained similar (Table 5). 184 

 185 

Lateral Compartment 186 

 187 

We found that only 4% of all the 790 available knees had lateral meniscal extrusion ≥3.0 mm. 188 

We found no statistically significant associations with the included risk factors in the 189 

multivariable regression model. When accounting for the person-level confounding, we found 190 

the KL≥1 to be associated with an increase in the lateral extrusion by 0.35 mm (95% CI 0.10, 191 

0.60). The lateral extrusion was decreased by 0.17 mm (95% CI 0.08, 0.26) for each mm 192 

increase in tibia width. 193 

 194 
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DISCUSSION 195 

 196 

By using a cross-sectional study design we evaluated factors associated with meniscal body 197 

extrusion in overweight and obese women using a two-dimensional quantitative measurement 198 

technique on coronal MR images. We found meniscus tear and high BMI to be factors 199 

associated with medial meniscus body extrusion in women. 200 

A previous longitudinal study has suggested high BMI to be a risk factor for the development 201 

of medial meniscus extrusion
17

. Although Crema et al suggested that BMI itself has no effect 202 

on meniscus position
29

 but BMI change affects other concomitant risk factors such as 203 

meniscus tears, cartilage damage, and knee malalignment, we hypothesized that obesity 204 

would potentially also have a more direct effect on meniscus position in some subjects. 205 

Previously, it has been reported that a diet and exercise program aimed to reduce weight did 206 

affect the progression of meniscus extrusion over 30 months of follow-up within the 207 

population studied here 30
. Whether this would reduce the development of future knee OA 208 

remains to be determined. 209 

Heberden’s nodes are hard soft tissue or bony swellings that can develop around the distal 210 

interphalangeal joints. They have been considered to be connected with generalized OA and 211 

have strong genetic determinants
31

. Heberden’s nodes have been reported to be associated 212 

with the incidence and progression of knee OA
32

 as well as meniscus pathology
17

. In our 213 

current cross-sectional study, it was however not statistically significantly associated with 214 

either medial or lateral meniscus extrusion, although the point estimate of association was 215 

elevated.  216 

Knee trauma is strongly linked to meniscus tears
17, 18

 and our study confirmed that it is also 217 

associated with meniscus extrusion. Though it is not a prerequisite for the development of 218 

https://en.wikipedia.org/wiki/Distal_interphalangeal_joint
https://en.wikipedia.org/wiki/Distal_interphalangeal_joint
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meniscus extrusion, a knee trauma often compromises the integrity of knee joint structures 219 

such as menisci which may then lead to loss of hoop tension and increased risk of meniscus 220 

extrusion
33

. Further, meniscus tears are highly prevalent in the general population and are 221 

more frequent with increasing age
3
. Such meniscus lesions are strongly associated with the 222 

occurrence and progression of knee OA
5, 6

. Little is known of their origin but some cases, e.g. 223 

occupational kneeling have been reported to be associated with such tears
34

 Conversely, OA 224 

could exacerbate the pathological meniscus conditions and form a vicious cycle and 225 

biomechanical joint failure
17

. Subjects with KL grade ≥1 have structural changes of OA, 226 

although these changes may not necessarily be clinically relevant yet. Joint space narrowing is 227 

an integral part of the KL grading system, so it is not unexpected that this turned out 228 

statistically significant in the model as meniscus extrusion have been reported to contribute to 229 

joint space narrowing on radiographs 
6, 35

. In our study, both random-effects and fixed-effects 230 

linear regression analysis showed that KL score is a risk factor for medial extrusion and the 231 

fixed-effects linear regression analysis showed it is a risk factor for lateral meniscal extrusion 232 

as well.  233 

Recently, Øiestad et al. 
36

 published a systematic review and meta-analysis in which they 234 

reported that knee extensor muscle weakness is associated with a higher risk of developing 235 

knee OA in both men and women. However, we did not find quadriceps muscle strength to be 236 

associated with meniscal body extrusion. 237 

In the PROOF study several explanatory variables are measured for each knee separately, 238 

such as KL grade, pain or muscle strength. Thus, we used the fixed-effects linear regression 239 

analysis to allow estimation of the specific associations of these knee-specific factors after 240 

accounting for person-specific confounding factors, e.g., age, BMI, and even other person-241 

level factors that we have not measured such as genetic background. Although, the overall 242 
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picture remained essentially similar, the associations for ipsilateral meniscus tear and 243 

malalignment with meniscus extrusion were somewhat weakened, suggesting that association 244 

of these factors with meniscal extrusion may be in part due to unmeasured confounding. 245 

There are limitations to our study. Importantly, our study was cross-sectional, thus we can’t 246 

make any causal inferences. Second, the MR images were acquired in the supine position 247 

without weight-bearing. Load bearing menisci have been reported to have a different position, 248 

and extrusion may become more evident in weight-bearing MRI
37, 38

. For instance, Boxheimer 249 

et al. have reported meniscal positions vary slightly under loading conditions in asymptomatic 250 

volunteers
39

. Third, we only measured meniscus extrusion on coronal MR images which are 251 

ideal in assessing the meniscal body. No attempts were made to assess potential extrusion of 252 

the anterior and (or) posterior horns
6
.  253 

In conclusion, we found evidence that ipsilateral meniscus tear and high BMI are factors 254 

associated with medial meniscal body extrusion in women. Meniscus extrusion may be a key 255 

event on the causal pathway between obesity and knee OA. Future research should evaluate 256 

the causal pathway leading to meniscal extrusion and to radiographic and clinical knee OA 257 

with the aim to identify potential targets for therapeutic intervention(s) to prevent or slow 258 

down OA from developing. 259 

 260 
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 Figure legends 404 

  405 

Figure 1  Example of measurements on mid-coronal 1.5 T intermediate weighted knee 406 

magnetic resonance images using Sante DICOM Editor (the two dashed white vertical lines 407 

perpendicular to the tibial plateau mark the edge of the tibial plateau and the peripheral border 408 

of the meniscus body, respectively). 409 

 410 
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TABLES 411 

 412 

Table 1. Characteristics of the study subjects 413 

Women N=395 

Age, mean (SD) years 55.7 (3.2) 

Body mass index, mean (SD) kg/m
2
 32.4 (4.3) 

Physical activity*, mean (SD)  6837 (3714) 

Postmenopausal status 68% 

Heberden’s nodes 26% 

Knees N=790 

Varus malalignment 40% 

Valgus malalignment 12% 

History of knee injury 13% 

Kellgren-Lawrence grade ≥1 50% 

Quadriceps muscle strength, mean (SD) Newton 253 (47) 

Mild knee symptoms 31% 

Meniscus tear, medial 9% 

Meniscus tear, lateral 5% 

*Measured with the Short Questionnaire to Assess Health-enhancing physical activity 414 

(SQUASH) questionnaire 415 
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Table 2. The random-effects linear regression analysis (univariable analyses). 416 

  Medial Lateral 

Age 0.02 (-0.01, 0.05) 0.01 (-0.02, 0.04) 

Body mass index, per 5kg/m² increase 0.25 (0.13, 0.36) 0.00 (-0.11, 0.11) 

Physical activity, per 1 SD 0.04 (-0.05, 0.14) 0.04 (-0.06, 0.13) 

Menopause -0.10 (-0.32, 0.11) -0.07 (-0.28, 0.15) 

Heberden’s nodes 0.23 (0.01, 0.46) 0.20 (-0.02, 0.42) 

Knee alignment: Neutral  reference reference 

   Varus 0.27 (0.09, 0.45) 0.00 (-0.17, 0.18) 

   Valgus -0.15 (-0.40, 0.10) 0.14 (-0.10, 0.37) 

History of knee injury 0.25 ( 0.02, 0.49) 0.19 (-0.03, 0.42) 

Kellgren-Lawrence grade ≥1 0.54 (0.38, 0.71) 0.14 (-0.03, 0.30) 

Quadriceps strength, per 1 SD increase 0.02 (-0.07, 0.11) 0.01 (-0.07, 0.10) 

Mild knee symptoms 0.38 (0.21, 0.55) 0.10 (-0.06, 0.27) 

Ipsilateral meniscus tear 0.53 (0.26, 0.80) 0.28 (-0.06, 0.62) 

 417 
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Table 3. The random-effects linear regression analysis (multivariable analysis); model 418 

adjusted for tibia width. 419 

  Medial Lateral 

Age 0.01 (-0.02, 0.05) 0.01 (-0.02, 0.05) 

BMI, per 5kg/m² increase 0.20 (0.05, 0.35) -0.01 (-0.14, 0.12) 

Physical activity, per 1 SD 0.05 (-0.05, 0.15) 0.00 (-0.12, 0.11) 

Menopause -0.13 (-0.36, 0.10) -0.12 (-0.35, 0.11) 

Heberden’s nodes 0.17 (-0.05, 0.38) 0.20 (-0.03, 0.44) 

Knee alignment: Neutral  reference reference 

   Varus 0.17 (-0.02, 0.35) -0.05 (-0.22, 0.13) 

   Valgus -0.19 (-0.42, 0.05) 0.15 (-0.18, 0.48) 

History of knee injury 0.06 (-0.19, 0.32) 0.13 (-0.14, 0.40) 

Kellgren-Lawrence grade ≥1 0.43 (0.26, 0.60) 0.13 (-0.05, 0.30) 

Quadriceps strength, per 1 SD increase 0.03 (-0.07, 0.13) 0.07 (-0.03, 0.17) 

Mild knee symptoms 0.25 (0.05, 0.44) 0.11 (-0.08. 0.29) 

Ipsilateral meniscus tear 0.44 (0.11, 0.77) 0.26 (-0.18, 0.70) 

 420 
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Table 4. The fixed-effects linear regression analysis (univariable analyses) of knee-specific 421 

risk factors. 422 

  Medial Lateral 

History of knee injury 0.28 (-0.03, 0.60) 0.20 (-0.08, 0.49) 

Kellgren-Lawrence grade ≥1 0.40 (0.14, 0.66) 0.29 (0.05, 0.53) 

Quadriceps strength, per 1 SD increase -0.03 (-0.21, 0.14) -0.01 (-0.17, 0.15) 

Knee alignment: Neutral  reference reference 

   Varus 0.27 (0.09, 0.45) 0.00 (-0.17, 0.18) 

   Valgus -0.15 (-0.40, 0.10) 0.14 (-0.10, 0.37) 

Mild knee symptoms 0.38 (0.15, 0.62) 0.14 (-0.08, 0.35) 

Ipsilateral meniscus tear 0.38 (0.02, 0.73) -0.10 (-0.53, 0.32) 

 423 
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Table 5. The fixed-effects linear regression analysis (multivariable analysis) of knee-specific 424 

risk factors; model adjusted for tibia width. 425 

  Medial Lateral 

History of knee injury 0.11 (-0.20, 0.43) 0.09 (-0.20, 0.39) 

Kellgren-Lawrence grade ≥1 0.43 (0.17, 0.69) 0.35 (0.10, 0.60) 

Quadriceps strength, per 1 SD increase -0.04 (-0.22, 0.13) 0.03 (-0.14, 0.19) 

Knee alignment: Neutral  reference reference 

   Varus 0.13 (-0.14, 0.40) 0.04 (-0.22, 0.29) 

   Valgus -0.27 (-0.60, 0.06) 0.19 (-0.12, 0.50) 

Mild knee symptoms 0.24 (-0.01, 0.49) 0.10 (-0.13, 0.34) 

Ipsilateral meniscus tear 0.29 (-0.07, 0.65) -0.19 (-0.62, 0.23) 

 426 

 427 

 428 

 429 


