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Abstract 

Objectives: To compare medial meniscal extrusion on weight-bearing ultrasound with supine 

ultrasound and MR imaging correlating with meniscal pathology and reported symptoms. 

Methods: IRB-approved study with informed consent. Patients obtaining routine knee MR 

imaging for suspected knee pathology were prospectively evaluated with supine and weight-

bearing ultrasound (US) of the medial meniscus. Meniscal extrusion was measured 

independently by two fellowship-trained musculoskeletal radiologists. Correlation was made 

to presence or absence of meniscal degeneration or tear on MR imaging, as well as reported 

symptoms. Statistical significance was calculated via ICC and ANOVA. 

Results: 99 knees from 95 subjects (50 males, 45 females; mean age 45±15 years) were 

included. Mean medial meniscal extrusion measured at ultrasound for a normal meniscus 

(n=36) was 0.8mm when supine, increasing to 1.6mm on weight-bearing. Mean meniscal 

extrusion in subjects with mucoid degeneration (n=20) and those with meniscal tears (n=43) 

was 1.6mm, increasing to 2.3mm with weight bearing. Inter-reader reliability showed ICC 

values of 0.853-0.940. There was a significant difference in medial meniscal extrusion 

comparing subjects with a normal medial meniscus at MRI and subjects with either meniscal 

degeneration or tear. There was no significant difference in degree of meniscal extrusion 

between subjects with meniscal degeneration or tear. There was trend of worsening 

symptoms and increasing functional limitations moving from normal meniscus to meniscal 

degeneration to meniscal tear.  

Conclusions: A normal meniscus shows lesser mobility between supine and upright position, 

than a pathologic meniscus. Both mucoid degeneration and meniscal tear demonstrate 

extrusion in the supine position, which increases with weight-bearing position.  
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Abbreviations  

ANOVA =  Analysis of Variance 
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Introduction 

 Menisci have a broad range of functions within the knee joint, including load bearing, 

shock absorption, joint stabilization, and proprioception 1. When the medial meniscus 

protrudes medial to the tibia, this is termed meniscal extrusion 2. In addition to meniscal 

tear, there are many causes for meniscal extrusion, such as internal knee derangement and 

effusion 2,3. Meniscal extrusion can be associated with meniscal tears, especially radial tears 

that involve the meniscal root, and joint space narrowing related to cartilage loss 4. 

Identification of meniscal extrusion at imaging can be an important indicator of knee 

pathology, correlating with severity and progression of knee osteoarthritis 5-7. Meniscal 

extrusion is also a negative predictor of clinical outcomes after partial meniscectomy 1. 

 MR imaging is commonly used to show meniscal extrusion 8. When the knee is loaded 

during MR imaging, simulating weight-bearing, meniscal extrusion increases in the presence 

of osteoarthritis 4,9. However, a load-bearing MRI is uncommon in the typical clinical 

scenario. Ultrasound, which has been shown to have equal diagnostic accuracy as MRI for 

meniscal extrusion, has also been studied in supine subjects 10. Ultrasound has the potential 

added benefit of routine weight-bearing assessment 11. However, the role and importance of 

dynamic weight-bearing meniscal evaluation with ultrasound has not been fully delineated. 

A prior ultrasound and MR imaging study has shown that a meniscus with a radial 

tear shows meniscal extrusion with and without weight-bearing 12. However, it is unknown 

how meniscal degeneration or other meniscal pathology affects dynamic meniscal extrusion 

with weight-bearing, and how this may relate to patient symptoms. Therefore, the purpose 

of this study was to evaluate dynamic meniscal extrusion during weight-bearing, and 

correlating those findings with MR imaging findings and patient symptomatology. Our 

hypotheses are that weight-bearing ultrasound reveals meniscal extrusion which is not 
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visible on supine non-weight-bearing imaging, meniscal degeneration and tears can lead to 

meniscal extrusions, which might be evident only in weight-bearing, and that meniscal 

pathologies correlate with higher symptom scores of patients.  

  

Materials and Methods 

Inclusion and Exclusion Criteria 

Institutional Review Board approval was obtained for this HIPAA-compliant study to 

prospectively perform additional ultrasound of the knee in consecutive patients referred for 

routine knee MR examinations (non-tumor protocol). All subjects were included after 

obtaining their written informed consent.  

Exclusion criteria included patients under the age of 21 years, inability to stand 

without crutches or other supporting devices for the duration of the weight-bearing 

ultrasound examination, knee arthroplasty, and non-routine MR examinations of the knee 

(e.g. tumor protocol).  

 

Ultrasound Imaging 

Ultrasound imaging of the mid portion of the medial meniscus deep to the medial 

collateral ligament was performed in supine and weight-bearing position by one fellowship-

trained musculoskeletal radiologist with 7 years of experience using a 12 MHz transducer 

(Philips, Model CX50, Bothell, Washington) (Fig. 1). The order of the examinations both 

performed on the same day (MR examination immediately followed by ultrasound or 

ultrasound immediately followed by MR examination), was determined regarding the time 

prior to the MR exam (if there was enough time to perform an ultrasound examination, then 

this was performed first, otherwise second). This was done to reduce the waiting period of 
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the patients to ensure a higher willingness to participate in the study. The radiologist 

performing the ultrasound examination was blinded for the MR images and MR imaging 

results. Three positions were used for ultrasound examination: (1) For the supine relaxed 

examination a cushion was placed under the knee at the ultrasound examination to simulate 

the slightly flexed knee position in the MR knee coil; (2) For the stressed supine examination 

the patient had to contract the quadriceps muscle lifting the leg; and (3) For the upright 

weight-bearing examination the patient was standing on both legs and instructed to 

distribute their weight equally between both legs. The medial collateral ligament was used 

as landmark when imaging the body of the medial meniscus. Both static images and cine 

clips were obtained. 

 

MR Imaging 

The routine knee MR imaging was completed on commercially available machines 

(General Electric 1.5T, Siemens 3T, and Philips 1.5T and 3T) with protocols that consisted of 

axial T1W TSE non-fat-saturated (TR 500, TE 17), axial T2W fat-saturated (TR 3000, TE 60), 

coronal PDW fat-saturated (TR 3531, TE 20), sagittal PDW TSE non-fat-saturated (TR 5000, TE 

20), and sagittal PDW fat-saturated (TR 3122, TE 30).  

 

Image Review 

The randomized MR and ultrasound images were evaluated independently by two 

fellowship-trained musculoskeletal radiologists (23 and 7 years of experience) on Food and 

Drug Administration-approved PACS workstations for meniscal extrusion, which was 

measured using the position of the outer boundary of the medial meniscus (apex of the 

meniscal curve) measured relative to the medial tibial cortex. The presence of an osteophyte 
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was not included in this measurement. Meniscal extrusion measurements were obtained 

from the coronal MR images, as well as the supine and weight-bearing ultrasound images.   

Medial meniscus integrity was also evaluated on MR imaging (normal, mucoid 

degeneration, tear) by one of the radiologists (7 years of experience). Mucoid degeneration 

was defined as intrasubstance signal changes of the meniscus not reaching the articular 

surface. Meniscal tears were defined as abnormal meniscal morphology, e.g. radial tear or 

bucket-handle tear or increased signal intensity extending to meniscal articular surface. If 

present, meniscal tears were classified as radial, root, horizontal, complex, or bucket-handle 

tears. Additionally, any postoperative meniscus was assessed (postoperative meniscus 

without tear, postoperative meniscus with tear). 

 

Assessment of Symptoms and Functional Limitations 

All subjects enrolled in the study filled out a "Knee Outcome Survey Activities of Daily 

Living Scale" (KOS-ADLS) prior to their examinations 13. This survey evaluates symptoms and 

functional limitations over the last one to two days. The symptoms assessed were: (a) pain, 

(b) stiffness, (c) swelling, (d) giving way, buckling or shifting of knee, (e) weakness, and (f) 

limping. The scale for the symptoms was: (1) I do not have the symptom; (2) I have the 

symptom, but it does not affect my activity; the symptom affects my activity (3) slightly, (4) 

moderately, (5) severely; and (6) the symptom prevents me from all daily activities. The 

functional limitations assessed how the knee affects the subjects’ ability to: (a) walk, (b) go 

up stairs, (c) go down stairs, (d) stand, (e) kneel on the front of the knee, (f) squat, (g) sit 

with knee bent, and (h) rise from a chair. The scale used for functional limitations is: (1) 

activity is not difficult; activity is (2) minimally, (3) somewhat, (4) fairly, (5) very difficult; and 

(6) I am unable to do the activity. For each subject, a score is calculated as follows. For each 
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of the 14 survey questions, any response of “1” is multiplied by 5, “2” multiplied by 4, “3” 

multiplied by 3, “4” multiplied by 2, “5” multiplied by 1, and “6” multiplied by 0. The sum of 

the 14 questions is then divided by 70 and multiplied by 100. The higher the number 

indicates the less symptoms and less functional limitations.  

 

Statistical Analysis 

 Statistical analyses were performed with Microsoft Excel (Redmond, WA) and SPSS 

software (version 22.0; SPSS, Chicago, IL, USA). Descriptive statistics were calculated (mean, 

standard deviation, range, and percentage). Inter-reader reliability and inter-modality 

reliability was evaluated using intraclass correlation coefficient (ICC). Continuous variables 

(KOS-ADLS scores, supine and standing extrusion measurements by ultrasound) were 

compared between the three meniscal groups (normal, degeneration, and tear) using 

analysis of variance (ANOVA). Pairwise comparisons were performed when necessary to 

detect the difference between each paired groups. According to Rosner for the inter-reader 

reliability an ICC value of >0.75 is considered excellent, 0.40-0.75 fair to good and <0.40 poor 

14. A P value less than 0.05 was considered statistically significant. 

  

Results 

Demographics 

The study group of 95 subjects with 99 knees consisted of 53% male (50/95) and 47% 

female (45/95) subjects. There were 43 right and 56 left knees examined, with four bilateral 

examinations. The mean age of the subjects was 45 years (range 21 to 81 years; standard 

deviation 15 years).  
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Imaging Results 

The medial meniscus was normal in 36.4% (36/99) knees, showed mucoid 

degeneration in 20.2% (20/99) knees, and a tear in 43.4% (43/99) knees. The types of tears 

were as follows: radial (n=3), root (4), horizontal (13), complex (16), and bucket handle (7). 

Five menisci were postoperative, including one with a re-tear. 

 

Meniscal Extrusion Measurements 

Medial meniscal extrusion measurements from MRI and ultrasound are shown in 

Table 1 for subjects with: a normal meniscus (Fig. 2), degenerative meniscus (Fig. 3), and 

torn meniscus (Fig. 4). The intermodality agreement between meniscal extrusion on the 

supine MR imaging compared to supine ultrasound was fair to good for both readers (reader 

1: 0.689; reader 2: 0.629). Inter-reader reliability showed ICC values with good to excellent 

reliability (0.853 and 0.940). The statistical details are depicted in Table 1. 

 The amount of meniscal extrusion at ultrasound (supine and standing) in each of the 

three subject groups (normal meniscus, meniscal degeneration, meniscal tear at MRI) was 

then compared (see Table 2). For reader #1, there was a significant difference in meniscal 

extrusion both supine and standing between the three groups (p=0.001 and 0.011, 

respectively). Similarly, for reader #2, there was a significant difference in meniscal extrusion 

both supine and standing between the three groups (p=0.003 and 0.002, respectively). The 

results of the pairwise analysis are also shown in Table 2, and show for both readers 

significant differences in extrusion between the meniscal tear group and the normal 

meniscus group. There was no significant difference in meniscal extrusion between the 

meniscal degeneration and meniscal tear groups. 
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Results of Symptoms and Functional Limitations 

The KOS-ADLS scores for the three subject groups based on meniscal findings on MRI 

are shown in Table 3. There was trend of decreasing score (worsening symptoms and 

increasing functional limitations) moving from normal to meniscal degeneration to meniscal 

tear. There was a significant difference in the KOS-ADLS scores between the 3 subject groups 

(p=0.037). 

 

Discussion 

 In our study we found medial meniscal extrusion to be increased with additional 

loading as assessed by ultrasound, especially in standing weight-bearing position compared 

to relaxed supine position. A normal meniscus demonstrated less extrusion when compared 

to a meniscus with mucoid degeneration or a tear. A meniscus with mucoid degeneration 

showed the same amount of extrusion as a torn meniscus.  Patients had worsening 

symptoms and increasing functional limitations moving from normal meniscus to meniscal 

degeneration to meniscal tear as shown on MRI. 

Meniscal extrusion has been shown to be independently associated with meniscal 

tears, knee malalignment, and tibiofemoral cartilage damage 15. An extruded meniscus has a 

reduced weight-bearing capacity, cannot optimally distribute loading between the femoral 

and tibial compartment, and thus cannot properly fulfill functions like shock absorption and 

joint stabilization. This leads to an increased load bearing on cartilage and bone 16 and can 

contribute to the progression of osteoarthritis 7,17,18. However, if the meniscus is not already 

extruded without weight-bearing load, the diagnosis of an occult meniscal extrusion might 

be obscured. Only specialized MR units can perform partial weight-bearing examinations and 

are not widely available 19. These MR units perform weight-bearing examinations in an 82° 
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upright position with the patient leaning on the backrest. However, it is unknown to what 

degree this backrest prevents full weight-load on the extremities. Additionally, these are 

open bore low magnetic field scanners (0.25T to 0.6T scanners) 19, with limited spatial 

resolution compared to higher field scanners. Other studies examined meniscal extrusion 

using a loading device simulating upright position by applying axial load to the leg of 50% 

body weight on conventional supine MR examination 4,9. These studies have shown that 

meniscal extrusion occurs more frequently under loading conditions. However, weight-

bearing MR units as well as simulated weight-bearing remain mostly limited to research 

purposes. Ultrasound on the other hand is widely available even in countries with limited 

resources 20,21. Rowland et al. demonstrated in their cadaveric study that meniscal extrusion 

not only increases with loading, but also with the amount of injury using 50% and 100% 

meniscal cuts. Interestingly, they could also show that a meniscal repair could reduce the 

meniscal extrusion 11. This raises the possibility of weight-bearing ultrasound as a possible 

pre- and postsurgical scanning tool to follow-up postsurgical outcome. However, their 

cadaveric study used artificially created injuries and examined the lateral and not the medial 

meniscus. Thus, this effect on the medial meniscus can only be hypothesized.  

In our study, medial meniscal extrusion was most evident with upright load bearing; 

however, even in the supine stressed-leg-lift position meniscal extrusion was appreciated. 

Although, the amount of extrusion was less than in the upright weight-bearing examination, 

knowledge of this finding might be useful in patients who cannot perform a weight-bearing 

examination.  

In a recent study Karpinski et al. examined medial meniscal extrusion in a cohort of 

25 patients with a medial root lesion of the meniscus and 25 healthy controls 12. They 

examined the medial meniscus extrusion using MR and ultrasound in supine position, and 
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additionally ultrasound under full weight-bearing. Their study group found no dynamic 

extrusion using weight-bearing ultrasound of confirmed meniscal root tear lesions, but only 

a dynamic meniscal extrusion in the healthy control group. However, the root tear group 

showed already a meniscal extrusion on supine ultrasound and MR exams. Thus, no increase 

in extrusion was present under weight-bearing. Though, it might be more critical to identify 

an occult medial meniscal extrusion to prevent increased load bearing on cartilage and bone. 

Of note, the degree of meniscal extrusion described by Karpinski et al. was greater than 

what was seen in our subjects, which could in part be explained by the root tears in their 

subjects, pathology that is prone to meniscal extrusion. Chiba et al. in a three year follow-up 

study, compared the development of meniscal extrusion on ultrasound and progression of 

osteoarthritis grades on radiographs 5. They showed progression of osteoarthritis and 

correlation with meniscal extrusion using both modalities in severe stages of osteoarthritis. 

In moderate osteoarthritis grades, progression could not show a correlation with meniscal 

extrusion. However, Chiba et al. did not perform a weight-bearing ultrasound examination. 

Thus, occult meniscal extrusion, i.e. only visible on weight-bearing examinations, might have 

been undiagnosed. This ultrasound finding might be of particular interest especially in 

settings where MR imaging is not readily available to allow adaptation of the therapy prior 

to the need of a joint replacement. Newer and less expensive hand-held ultrasound devices 

might contribute to an increase of ultrasound examinations, especially since their diagnostic 

accuracy was found to be comparable to conventional cart-based ultrasound 22. Thus, 

weight-bearing ultrasound might be a useful tool to close the gap between the accessibility 

of MR or even weight-bearing MR, and could help in the identification of occult meniscal 

extrusion not visible on conventional MR imaging.  
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Interestingly, our study showed the same amount of extrusion in subjects having 

mucoid degeneration and subjects having a meniscal tear. This shows that mucoid 

degeneration may cause loss of the normal hoop stress and extrusion of the meniscus, and 

that this extrusion may be a precursor of a tear. Crema et al. could not find an association 

between prevalent medial meniscal intrasubstance signal changes and meniscal tears over a 

1-year period 23.  Further longitudinal assessment of our subjects with regard to 

development of meniscal tears is being considered as a future research study. Our current 

study also showed a trend where patients reported worsening symptoms and increasing 

functional limitations moving from normal meniscus to meniscal degeneration to meniscal 

tear as shown on MRI.  

 We acknowledge some limitations in our study. We only examined the medial 

meniscus at the level of the medial collateral ligament. However, this was to allow a reliable 

comparison with the MR imaging with an additional anatomical landmark. The upright 

weight-bearing ultrasound examination was performed while standing on both legs. We did 

not perform a weight-bearing examination with the full load of the whole body while 

standing on one leg, due to potential risk of patient falling. However, our subjects were 

instructed to distribute their weight equally between both legs to prevent an axial loading 

primarily on the contralateral side. We did not evaluate specific differences between the 

different types of meniscal tears, to prevent a bias due to the low number in the specific 

subgroups of tears. In addition, correlation was not made with other knee findings on MRI.  

We performed the study using different MR scanners 1.5T and 3T. However, since meniscal 

evaluation is routinely performed on those scanners, we did not anticipate significant 

differences for these scanner types. We do not have surgical correlation to the results of our 

study, because the majority of our patients received conservative treatment. We were not 
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able to perform a follow-up of the subjects to evaluate a possible progression of mucoid 

degeneration into a meniscal tear as well as osteoarthritis. 

 

Conclusion 

 A normal meniscus shows less meniscal extrusion between supine and upright 

position compared to a pathologic meniscus. Menisci with either mucoid degeneration 

and/or meniscal tear both demonstrate meniscal extrusion in the supine position, which 

further increases with weight-bearing position. There was trend of worsening symptoms and 

increasing functional limitations moving from normal meniscus to meniscal degeneration to 

meniscal tear.  
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Tables  

Table 1 – Extrusion of the medial meniscus on supine MR imaging, supine ultrasound (US), 

and weight-bearing position. The values depict mean ± standard deviation (and range) in 

millimeters.  

 MR imaging: 

supine  

US:  

supine, relaxed 

US:  

supine, active 

leg lift 

US:  

upright, weight-

bearing 

Normal meniscus 

Reader 1 1.1 ± 1.0  

(0 – 3.4) 

0.8 ± 0.9  

(-0.4 – 2.8) 

1.2 ± 1.0  

(0 – 3.8) 

1.6 ± 1.1  

(0 – 4.0) 

Reader 2 1.2 ± 0.9  

(0 – 3.3) 

0.8 ± 0.8  

(0 – 2.3) 

1.1 ± 0.8  

(0 – 3.2) 

1.6 ± 1.0  

(0 – 3.9) 

Mucoid degeneration 

Reader 1 1.6 ± 1.2  

(0 – 4.6) 

1.6 ± 1.2  

(0 – 4.4) 

1.9 ± 1.1  

(0 – 3.4) 

2.3 ± 0.9  

(0.6 – 3.7) 

Reader 2 1.7 ± 1.1  

(0 – 4.5) 

1.6 ± 1.2  

(0 – 4.3) 

1.8 ± 1.0  

(0 – 4) 

2.3 ± 1.0  

(0.4 – 4.0) 

Torn meniscus 

Reader 1 1.8 ± 1.2  

(-0.8 – 4.4) 

1.6 ± 1.2  

(-1.5 – 3.6) 

2.0 ± 1.1  

(0 – 4.0) 

2.3 ± 1.2  

(0 – 4.4) 

Reader 2 1.9 ± 1.0  

(-1.0 – 4.4) 

1.5 ± 1.1  

(0 – 4.0) 

1.9 ± 1.2  

(0 – 4.5) 

2.4 ± 1.1  

(0 – 4.8) 

ICC 0.940 0.902 0.853 0.885 
ICC = intraclass correlation coefficient  
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Table 2 – Comparison of meniscal extrusion at ultrasound (supine and standing) between 

the three subject groups.  

 Meniscus: normal 
(N=36) 

Meniscus: 
degeneration 

(N=20) 

Meniscus: tear 
(N=43) 

p-value 

Reader #1     

Extrusion: Supine 0.77±0.87*# 1.65±1.23* 1.63±1.19# 0.001 

Extrusion: Standing 1.59±1.07* 2.30±0.90 2.31±1.21* 0.011 

Reader #2     

Extrusion: Supine 0.81±0.79*# 1.58±1.17* 1.54±1.12# 0.003 

Extrusion: Standing 1.58±1.00*# 2.29±0.97* 2.42±1.10# 0.002 

 
Note: * and # indicate significant difference between the paired groups.  
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Table 3- KOS-ADLS scores for each subject group based on meniscus status on MRI 
 

 Meniscus: normal 
(N=36) 

Meniscus: 
degeneration 

(N=20) 

Meniscus: tear 
(N=43) 

p-value 

KOS-ADLS score 0.64±0.20* 0.63±0.18 0.53±0.22* 0.037 
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Figure legends  

 

Figure 1 

Fig. 1 – Image shows ultrasound transducer placement in the coronal plane at the medial 

knee parallel with the medial collateral ligament to measure medial meniscal body 

extrusion. 

 

Figure 2 

Fig. 2 – Right knee of a 36-year-old male showing a normal medial meniscus (arrowhead) on 

(A) coronal and (B) sagittal PDW fat-saturated MR imaging at the level of the medial 

collateral ligament (arrows). Supine relaxed ultrasound of the medial meniscus (arrowheads) 

at the level of the medial collateral ligament (arrows) (C), supine stressed ultrasound (D), 

and weight-bearing ultrasound (E) show no meniscal extrusion.    F = Femur; T = Tibia 

 

Figure 3 

Fig. 3 – Left knee of a 65-year-old male showing the medial meniscus (arrowhead) on (A) 

coronal PDW fat-saturated at the level of the medial collateral ligament (arrows) without 

extrusion. Sagittal PDW MR imaging (B) shows a mucoid degeneration (dashed arrow) of the 

posterior horn of the medial meniscus. Supine relaxed ultrasound (C) of the medial meniscus 

(arrowheads) at the level of the medial collateral ligament shows no extrusion. However, 

supine stressed ultrasound (D) and especially weight-bearing ultrasound (E) shows a mild 

meniscal extrusion.    F = Femur; T = Tibia 
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Figure 4 

Fig. 4 – Left knee of a 55-year-old female showing a medial meniscus (arrowhead) on (A) 

coronal PDW fat-saturated at the level of the medial collateral ligament (arrows) without 

extrusion. Coronal PDW fat-saturated MR imaging slightly posterior (B) shows a tear with 

contact to the undersurface of the meniscus (dashed arrow) and adjacent bone marrow 

edema (asterisk). Supine relaxed ultrasound (C) of the medial meniscus (arrowheads) at the 

level of the medial collateral ligament shows slight meniscal extrusion with minimal change 

on supine stressed ultrasound (D). Weight-bearing ultrasound (E) increases the meniscal 

extrusion severely.     

F = Femur; T = Tibia  

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/20/2021 

Your Name: Asheesh Bedi, MD 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: 
correlation with MR imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☒ None 
 

  
  
 Click the tab key to add additional rows. 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☐ None 
 

Arthrex Royalties 
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☐ None 
 

Arthrex Consultant 
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☒ None 
 

  
  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☒ None 
 

  
  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/13/2021 

Your Name: Mark Cresswell 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: correlation with MR 
imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☒ None 
 

  
  
 Click the tab key to add additional rows. 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☒ None 
 

  
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☐ None 
 

Philips Healthcare  
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☐ None 
 

Medicolegal reports requested by lawyers or 
insurance corporations 

 

  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☐ None 
 

Director, RSNA Global learning centre 
(Stellenbosch, South Africa) 

 

  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/14/2021 

Your Name: Anna L. Falkowski, MD, MHBA 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: correlation with MR 
imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☐ None 
 

Research Funds of the University of Basel Research grant 
Swiss Society of Radiology Research grant 
Gottfried und Julia Bangerter-Rhyner-Stiftung Research grant 

Freiwillige Akademische Gesellschaft Basel Research grant 
 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☒ None 
 

  
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☒ None 
 

  
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☒ None 
 

  
  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☒ None 
 

  
  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/14/2021 

Your Name: Jon A. Jacobson, MD 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: correlation with MR 
imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☒ None 
 

  
  
 Click the tab key to add additional rows. 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☒ None 
 

  
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☒ None 
 

  
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☒ None 
 

  
  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☒ None 
 

  
  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/13/2021 

Your Name: Vivek Kalia, MD 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: correlation with MR 
imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☒ None 
 

  
  
 Click the tab key to add additional rows. 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☒ None 
 

  
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☒ None 
 

  
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☒ None 
 

  
  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☒ None 
 

  
  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



1 8/26/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 12/13/2021 

Your Name: Bin Zhang, PhD 

Manuscript Title: Medial meniscal extrusion evaluation with weight-bearing ultrasound: correlation with MR 
imaging findings and reported symptoms 

Manuscript Number (if known): JUM-2021-04-0512 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☒ None 
 

  
  
 Click the tab key to add additional rows. 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☒ None 
 

  
  
  

 

3 Royalties or 
licenses 

☒ None 
 

  
  
  

 



2 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

4 Consulting fees ☒ None 
 

  
  
  
  

 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☒ None 
 

  
  
  

 

6 Payment for 
expert testimony 

☒ None 
 

  
  
  

 

7 Support for 
attending 
meetings and/or 
travel 

☒ None 
 

  
  
  

 

8 Patents planned, 
issued or 
pending 

☒ None 
 

  
  
  

 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☒ None 
 

  
  
  

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 

☒ None 
 

  
  
  

 



3 8/26/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☒ None 
 

  
  
  

 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 

☒ None 
 

  
  
  

 

13 Other financial or 
non-financial 
interests 

☒ None 
 

  
  
  

 

   

Please place an “X” next to the following statement to indicate your agreement: 

☒ I certify that I have answered every question and have not altered the wording of any of the questions on this form. 

 



Fig 1.tif



Fig 2A.tif



Fig 2B.tif



Fig 2C.tif



Fig 2D.tif



Fig 2E.tif



Fig 3A.tif



Fig 3B.tif



Fig 3C.tif



Fig 3D.tif



Fig 3E.tif



Fig 4A.tif



Fig 4B.tif



Fig 4C.tif



Fig 4D.tif



Fig 4E.tif




