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Abstract

Objective: The aim of this work was to report the prevalence of computed tomography (CT)-

detected intra-articular mineralization.

Design: We included participants from the Multicenter Osteoarthritis (MOST) Study. At the 12th 

year visit of the MOST study, bilateral knee CTs were first obtained. All participants also had 

posteroanterior and lateral radiographs of bilateral knees and completed standard questionnaires. 

Knee radiographs were assessed for Kellgren & Lawrence grade (KLG) and radiographic evidence 

of intra-articular mineralization. CT images were scored using the Boston University Calcium 

Knee Score (BUCKS) for cartilage, menisci, ligaments, capsule, and vasculature. Prevalence of 

intra-articular mineralization was computed for the total sample, and stratified by age, sex, race, 
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BMI, presence of frequent knee pain, and KLG. We also determined distribution of mineralization 

in the cartilage and meniscus, and co-localization.

Results: 4140 bilateral knees from 2070 participants were included (56.7% female, mean 

age 61.1 years, mean BMI: 28.8 kg/m2). On radiographs 240 knees (5.8%) had intraarticular 

mineralization, while CT-detected mineralization was present in 9.8% of knees. Prevalence 

of hyaline articular and meniscus mineralization increased with age and KL grade, and was 

similar by sex, BMI categories, and comparable in subjects with and without frequent knee 

pain. Mineralization tended to be ubiquitous in the joint, most commonly involving all three 

(medial/lateral tibiofemoral and patellofemoral) compartments (3.1%), while the patellofemoral 

compartment was the most involved compartment in isolation (1.4%).

Conclusions: CT of the knee provides greater visualization of intra-articular mineralization 

than radiographs and allows better localization of the crystal deposition within the joint. Further 

studies should focus on the co-localization of intra-articular crystal deposition and corresponding 

MRI-features of knee OA.

INTRODUCTION:

Intra-articular mineralization, often referred to as chondrocalcinosis, most commonly affects 

the knee joint. Its presence is associated with older age and knee osteoarthritis (OA) 1-4. 

Chondrocalcinosis on radiographs, reflecting calcium crystal deposition, has been associated 

with OA disease severity 5,6, although studies of the relationship between chondrocalcinosis 

and radiographic or MRI-based OA progression have shown mixed results 7-10. Based on 

the findings of some studies, intra-articular mineralization is hypothesized to be largely 

related to age and independent of OA 5,11. Others have described mineralization as 

having an active pathogenic role in OA, a phenomenon that is referred to as “microcrystal-

induced stress” 12, which appears to be supported by a large epidemiological study that 

demonstrated an association between intra-articular mineralization and pain, as well as 

physical disability13. Similarly, a recent study from the Osteoarthritis Initiative (OAI) 

found that chondrocalcinosis on baseline knee radiographs was significantly associated 

with change in magnetic resonance imaging (MRI)-detected structural damage over four 

years of follow-up 10. In contrast, in a French cohort with symptomatic knee and hip OA, 

chondrocalcinosis on knee radiographs at baseline was not significantly associated with the 

risk of joint replacement, radiographic progression, or changes in worsening pain or function 

over five years 9.

Epidemiological study of intra-articular mineralization of the knee is challenging because 

its presence is often asymptomatic14, and most studies have used radiographically-

detected chondrocalcinosis, which lacks sensitivity due to its limited projectional nature 
1-4. Ultrasonography has much higher sensitivity for the detection of intra-articular 

mineralization 15, but is limited by its inability to visualize the inner margins of the articular 

cartilage and soft tissues deep to the osseous surfaces such as the cruciate ligaments 16, 

and is operator-dependent. Traditional MRI pulses are less sensitive than high resolution 

radiography for intra-articular mineralization 17.
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Technological advances in computed tomography (CT), including thinner collimation and 

multidetector technology, have contributed to its increased sensitivity for the detection of 

soft tissue mineralization calcific deposits 18. For example, a recent study from 2013 showed 

a prevalence of atlantoaxial chondrocalcinosis of 12.5% 19, which was two-times higher than 

a prior study from 1995 using earlier CT technology 20.

In our preliminary study, we demonstrated the feasibility of using CT to illustrate that 

intra-articular mineralization involves nearly all soft tissue components within the knee 
21. Patterns of intra-articular mineralization have not been systematically studied to date, 

including locations of tissue involvement and co-involvement in a large epidemiological 

study with the higher sensitivity CT modality. The aim of the current study was to 

understand the epidemiology and patterns of CT-detected intra-articular and vascular 

mineralization in a large cohort of older adults with or at risk of knee OA.

METHODS:

The Multicenter Osteoarthritis Study (MOST) Study is a NIH-funded cohort study of 

community-dwelling older adults with or at risk of knee OA22. The original cohort was 

recruited in 2003-05 and included adults aged 50-79 years with or at risk of knee OA. In 

addition to the original cohort, a new cohort was recruited in 2016-18 (coinciding with the 

12th year visit of the original cohort, and the first year that knee CTs were obtained). The 

new cohort included adults aged 45-69 years, with minimal knee pain and Kellgren and 

Lawrence KL grade (KLG) ≤ 2 in both knees. During the study visit, participants from both 

cohorts underwent CT scans, and PA and lateral radiographs of bilateral knees, and filled out 

standard questionnaires.

CT Scanning Protocol

Examinations were performed at 2 sites using dual energy CT: The University of Alabama 

at Birmingham using a GE Discovery CT750HD scanner (80/140 kVp, 260mAs, 0.9mm 

pitch, 0.8s exposure, rotation speed 50ms), and the University of Iowa using a Siemens 

SOMATOM Force scanner (80/150 kVp, 250 mAs, 0.8mm pitch, tin filtration at 150kVp, 

rotation speed 15ms). For the purpose of this study, we only utilized the 80 kVp images 

from both sites. The use of the lower kilovoltage images (80 Kvp) for the detection of 

calcium crystals is explained by the high atomic number (Z) of calcium, therefore an 

associated k-edge that is more closely matched to the mean energy of the low kilovoltage 

photon source23-25. The raw projection data were reconstructed using a slice thickness of 

0.6mm and a slice interval of 0.3mm with a standard 512 × 512 imaging matrix. Display 

field-of-view (DFOV) was standardized to approximately 14 cm for each respective knee 

data set, using the standard kernel (University of Alabama at Birmingham) and Qr40 kernel 

(University of Iowa). The DFOV provided an in-plane resolution of 0.3mm (x plane) × 

0.3mm (y plane) which corresponded to an isotropic voxel dimension of 0.3mm × 0.3mm × 

0.3mm when using a slice interval of 0.3mm in the z-plane. The CT acquisition covered the 

distal 20% of femur and proximal 20% of tibia.
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Image Scoring

Participants obtained bilateral posterior-anterior knee radiographs which were assessed by 

a musculoskeletal radiologist with more than 30 years of experience (P.A.). Each knee 

radiograph was scored for the presence or absence of chondrocalcinosis. For CTs, we used 

the Boston University Calcium Score (BUCKS) scoring system to grade each knee for the 

presence and severity of intra-articular mineralization 24. The presence of intra-articular 

mineralization was based on visual assessment of differential density of mineralization 

compared to the adjacent cartilage/soft tissue density. Specifically, we applied the Whole 

Organ Magnetic Resonance Imaging Score (WORMS) scoring system 25 to divide each 

knee into 14 cartilage subregions. Both medial and lateral menisci were each divided into 4 

subregions (anterior horn, body, posterior horn, and posterior root), resulting in 8 meniscus 

scores. The anterior cruciate ligament (ACL), posterior cruciate ligament (PCL), medial 

collateral ligament (MCL), lateral collateral ligament (LCL), and joint capsule were scored.

Each hyaline cartilage subregion was graded for calcium-crystal deposition using BUCKS 
26, yielding a 0-3 ordinal scale based on the extent of crystal mineralization (% of surface 

area as related to the size of each individual region): Grade 0 = none, grade 1 < 10% of 

region of cartilage surface area, grade 2 = 10-75% of region of cartilage surface area, and 

grade 3 >75% of region of cartilage surface area 27. An identical scoring system was used 

for meniscus body, and anterior/posterior horns. The posterior meniscus root attachments, 

MCL and LCL, ACL and PCL, and joint capsule were each graded either 0 (absent) or 1 

(present).

A single musculoskeletal radiologist with 8 years of experience in semi-quantitative scoring 

of knee OA features (M.J.) scored CT examinations of both knees of all participants using 

axial images, along with multiplanar reformats in the sagittal and coronal views. The 

location of calcium deposition and the shape of the structure in which calcium was deposited 

made it possible to identify the tissue affected. The presence of intra-articular mineralization 

in meniscus and cartilage was defined as present when the score was ≥ grade 1.

The intra-rater reliability of BUCKS scoring system was assessed in a sample of 31 

subjects (61 knees) read 12 weeks after the initial reading. The details and rationale for the 

selection of this sample was previously reported26. Another board-certified musculoskeletal 

radiologist with 20 years of experience in semi-quantitative scoring of knee OA features 

(A.G.) independently read the scans for assessment of inter-rater reliability. All reliability 

measures demonstrated at minimum very good agreement according to the criteria 

developed by Landis and Koch28. Intra-rater reliability ranged from 0.93 to 1.0, while 

the inter-rater reliability ranged from 0.92 to 1.0, using weighted kappa for cartilage and 

meniscal mineralization and regular kappa for capsular and ligament mineralization, since 

the 0-1 scoring of capsular and ligament mineralization did not allow for weighting26.

The study protocol was approved by the institutional review boards at the University of 

Iowa, University of Alabama, Birmingham, University of California, San Francisco, and 

Boston University Medical Center.
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Pain Measure:

All participants completed standard questionnaires, including the Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC)29 and the Intermittent and Constant 

Osteoarthritis Pain (ICOAP)30.” We defined frequent knee pain as a response of yes to the 

question, “During the past 30 days, have you had pain, aching, or stiffness in your knee on 

most days?” during the same study visit. We specified this definition of frequent knee pain 

as it allowed for the most consistency in terms of measurement.

Statistical Analysis

We calculated the prevalence of intra-articular mineralization from both the CT and 

radiographs for the whole sample, and by age, sex, race, BMI, KLG, and presence of 

frequent knee pain. The prevalence of CT-detected mineralization was calculated excluding 

ligaments and capsule, to fairly compare radiographs and CT for detection of intraarticular 

mineralization. We categorized age as 45-56, 57-64, and ≥65 years. We also evaluated 

the prevalence of mineralization at different locations within the joint, by number of 

subregions involved both for cartilage and meniscus, as well as co-localization of cartilage 

and meniscus mineralization. We additionally calculated the adjusted prevalence of intra-

articular mineralization by race/ethnicity groups, using generalized estimating equation 

(GEE) models adjusted for age, sex, BMI and KLG.

RESULTS:

We included 4140 knees from 2170 participants (56.7% female, 82.9% white, mean age 

61.1 (SD 9.6) years, mean BMI 28.8 (SD 5.2)) kg/m2 with complete radiographic and CT 

scoring, and pain data. Figure 1 shows a flowchart of the participants’ selection criteria. 

Participants characteristics are summarized in Table 1. Participants characteristics for the 

Original and New Cohorts are presented in supplementary table 1. More than half of the 

knees had a score of KLG0 (n=2318, 56%) in the tibiofemoral compartment, and 824 knees 

(19.9%) were KLG1. Approximately 24% of the knees had radiographic tibiofemoral OA; 

712 (17.2%), 217 (5.2%) and 69 (1.7%) knees had KLG2, KLG3, and KLG4, respectively.

Prevalence of radiographic chondrocalcinosis at the knee-level was 5.8%, while intra-

articular mineralization of cartilage or meniscus on CT was 9.8%; the prevalence at 

the person-level was 6.8% vs. 12.9%, respectively. If mineralization in the ligaments 

and capsule was considered, then the prevalence of intra-articular mineralization on CT 

rose to 10.2%. At the person-level, 121 participants (5.9%) had unilateral intra-articular 

mineralization, while 114 (7%) had bilateral knee involvement. The agreement between 

radiographic chondrocalcinosis and CT-detected intra-articular mineralization is shown in 

Table 2. Regardless of tissue or location, mineralization was detected numerically more 

frequently on CT than on radiograph (Table 2).

Using radiography, the prevalence of intra-articular mineralization was 2.5%, 7.9%, 10.3%, 

16.1% and 11.6% from KLG0 to KLG4, respectively. The prevalence of any intra-articular 

mineralization on CT also increased with KLG (5.5% for KLG0 to 37.7% for KLG4 

knees) and with age (3.4% in age group 45-56 years to 19.5% for age group 65+ years) 
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(Table 3). The increase of intra-articular mineralization with KLG and age was consistent 

for all joint tissues (cartilage, menisci, ligament, and capsule). The crude prevalence of 

CT-detected intra-articular mineralization among participants with frequent knee pain was 

11% vs. 9.6% for those without frequent knee pain. The prevalence across different BMI 

groups was 9-10%. The prevalence of CT-detected mineralization was 10.8% among those 

who self-identified as white, vs. 7.1%, 7.3% and 2.4% among those who identified as 

African-American, Hispanic and other, respectively. Of note, the African-American group 

was substantially younger with few KLG3 and KLG4 knees as shown in the knee-level 

distribution of Table 2. When adjusted for age, BMI and KL grade, and accounting for 

correlations within individuals, the prevalence of intra-articular mineralization was 7.6% 

for White participants, 6.8% for African-American, 8.2% for Hispanic, and 2.6% for other 

(supplemental table 3 B).

The prevalence of meniscus mineralization was comparable to cartilage mineralization for 

the whole sample (8% vs. 7.1%), and across KLG. For instance, knees with KLG 0 (4.4% 

vs. 3.6%), KLG1 (9.5% vs. 7.9%), and KLG4 knees (16.5% vs. 14%) all showed similar 

differences.

Table 4 shows the distribution of intra-articular mineralization by number of cartilage and 

meniscus subregions involved. When intra-articular mineralization involved the hyaline 

cartilage, it was more likely to involve 1-3 (out of 14) subregions (3.6% of all knees), rather 

than 4-6 subregions (1.4%) or 7-14 subregions (2.1%). That is, of the 7.1% of knees with 

cartilage mineralization, just over half (50.7%) had only 1-3 subregions involved, suggesting 

a predilection for mineralization to be more localized. In contrast, in the 8% of knees with 

mineralization in the menisci, mineralization tended to be more widespread, with a higher 

prevalence of knees demonstrating mineralization in 4-8 meniscus locations (62.5% of knees 

with meniscus mineralization (5% of all knees)) than in 1-3 locations (37.5% of knees with 

meniscus mineralization (3% of all knees)).

Figure 2 shows the distribution of cartilage and meniscus mineralization by compartment 

and meniscus side. When cartilage mineralization was present, it most frequently affected 

all three compartments of the knee (medial and lateral tibiofemoral and patellofemoral) 

(3.1% of all knees (i.e., 43.7% of knees with cartilage mineralization)), whereas the PF 

compartment was the compartment most frequently involved in isolation (1.4% of all knees, 

or 19.7% of knees with mineralization). When meniscus mineralization was present, it most 

frequently involved both medial and lateral sides (5.7%, or 71.3% of knees with meniscus 

mineralization), versus 1.1 %–1.2% (13.8%–15% of knees with meniscus mineralization) for 

either side in isolation.

DISCUSSION:

In this study we investigated the prevalence of CT-detected intra-articular mineralization 

in adults with or at risk of knee OA. The prevalence of intra-articular mineralization of 

the knee was 5.8% using conventional radiographs, and 9.8% using CT. We also noted 

an increase in prevalence of intra-articular mineralization with age, as previously reported 
31, and with increasing severity by KLG. We did not see differences in the prevalence 
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of intra-articular mineralization by sex, BMI, or presence of frequent knee pain. Finally, 

mineralization, when present, tended to be present in all three compartments of the joint.

Studies to date have not been able to determine a definite pathogenic role for intra-articular 

mineralization in knee OA. Whether intra-articular mineralization represents a pathogenic 

process in the development and progression of OA, or is an “innocent bystander”, remains 

unclear. One step towards clarifying this question is identifying means by which intra-

articular mineralization can be more accurately identified. To the best of our knowledge 

this is the first estimate of prevalence of intra-articular mineralization based on CT in a 

large epidemiological cohort. The prevalence of radiographically detected intra-articular 

mineralization was similar to other large epidemiological cohorts of similar age in the U.S. 
4, U.K. 32 and Italy 2 which reported prevalence ranging from 7 to 9.8%. The prevalence of 

radiographically detected intra-articular mineralization was like other large epidemiological 

cohorts of similar age in the U.S. (mean age 73 years, 59% female), U.K. (mean age 64 

years, 63% female) and Italy (mean age 78 years, 58% female), which reported prevalence 

ranging from 7 to 9.8%. These studies were mostly performed in the community setting 

regardless of pain status or history of OA2,32. However, radiographic knee OA was present 

in 27% of the UK cohort and 20% of the Italian cohort. In smaller clinical cohorts that 

were not community-based but also using conventional radiographs, the prevalence was 

reported to be as high as 26% 3,6, and reached 60% when relying on the synovial fluid 

analysis and 100% with digital-contact radiography in end-stage OA knees at the time of 

joint replacement6. Lastly, the reported prevalence in cadaveric studies ranges from 5.6 to 

21% 33-35.

The higher prevalence of intra-articular mineralization on CT compared to radiographs is 

predictable due to the greater visualization by CT of soft tissue mineralization. It is also 

in line with prior studies showing higher prevalence of soft tissue mineralization than 

previously thought in the cervical spine 19 and the sternoclavicular joint 36 when using CT. 

In addition to the higher prevalence of intra-articular mineralization using CT compared 

to radiography, we noted that the difference in prevalence between these 2 modalities was 

highest for KLG4 knees. This may be explained by the challenge of detecting mineralization 

on radiographs when the cartilage loss is advanced. Our finding of increasing prevalence 

of intra-articular mineralization with KLG is also consistent with numerous epidemiological 
2,4,32,37, clinical 3, and cadaveric studies 17,33,35. For instance, a meta-analysis on the 

relationship between calcium pyrophosphate deposition disease (CPPD) and OA suggested 

that people with OA are three times more likely to have CPPD than people without OA 38. 

Of note, there were few KLG4 knees included in this study, as many KLG4 knees were not 

eligible for CT examination at 144-month visit (participants with end stage OA at previous 

visit were not eligible for CT).

In our study, hyaline cartilage mineralization, when present, was most commonly present 

in all three compartments (medial and lateral TF, and PF). That is, of the 7.1% of 

knees with cartilage mineralization, ~43.6% of those knees had mineralization in all 

three compartments. In contrast, though, when mineralization was present in the cartilage, 

it tended to occur in just a few subregions (1-3 subregions) for about half of those 

knees. Interestingly, the PF compartment was the most frequently involved compartment 
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in isolation. This finding is at odds with a prior study by Neame et al., which included 

both PA and skyline radiographs, showing a markedly lower prevalence of radiographically-

detected chondrocalcinosis in the PF joint (only 9 out of 119 cases of chondrocalcinosis 

were noted in the PF joint, and they all also had chondrocalcinosis in the TF joint) 32. We 

hypothesize that the use of CT in our cohort accounts for the much higher proportion of PF 

chondrocalcinosis in our study, versus the use of skyline radiographs in the above-mentioned 

study32.

Our study supports the utility of CT as a more performant modality than radiography. 

However, location-specific data may be more informative to understand local intra-articular 

effects. The identification of meniscus mineralization involvement using ultrasound has 

allowed for improved sensitivity beyond conventional radiography 39, but the biologic 

relevance of particular anatomic location of mineralization hasn’t been fully elucidated in 

clinical and in vitro studies 40. A novel finding emanating from our study owing to the 

greater visualization of all joint tissues with CT compared with radiography is that we 

noted the common tricompartmental but relatively limited subregional involvement of intra-

articular hyaline articular cartilage mineralization as well as involvement of the menisci in 

multiple subregions, ligaments, and the joint capsule. Calcification of the joint capsule and 

ligaments in the knee has been even less well studied 41.

In terms of other characteristics of individuals with intra-articular mineralization, we found 

no difference in prevalence of intra-articular mineralization between men and women, 

in contrast to numerous prior reports showing higher prevalence among women 2,4,32,37. 

However our findings appear in line with Mussachio, et al. who reported in a large cohort 

of 3,099 participants no sex difference in prevalence of intra-articular mineralization after 

adjusting for severity of radiographic OA 13. We also found no differences in intra-articular 

mineralization with BMI. Mussachio, et al. also reported a significant association between 

intra-articular mineralization and knee pain and limited physical function after adjusting for 

radiographic severity. In our study, we found no crude association between intra-articular 

mineralization and presence of frequent knee pain. However, the possible contributing role 

of subclinical inflammatory episodes from crystal deposition on pain fluctuation in OA 

cannot be excluded from these data.

In the current study, we observed race/ethnicity crude differences in intra-articular 

mineralization; however, after adjustment for sex, age, BMI and KLG those differences were 

not significant or clinically meaningful, and largely reflected differences in the age and KLG 

distribution. We conclude that the prevalence of intra-articular mineralization was similar 

by ethnicity/race. Of note, the presence of intra-articular mineralization by race/ethnicity 

has not been well-studied to date, although a prior study reported lower prevalence of 

radiographically detected chondrocalcinosis on frontal radiographs of the hands and knees 

among Chinese participants from Beijing (1.8% in men and 2.7% in women), in comparison 

with white participants in the United States (6.2% in men, 7.7% in women) 37. Additionally, 

a large longitudinal study on 5,018 participants in Korea reported a crude incidence of 

radiographically detected knee chondrocalcinosis of 3.19 per 1000 person-years31. The 

underlying etiology for these differences is not known.
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We acknowledge the radiation exposure from CT as an important consideration, however the 

effective dose of a CT of the knees (0.15mSV) is very low and comparable to equivalent 

to 2 chest radiographs (0.08 mSv per radiograph)42. Depending on the site, scanner, and 

participant size, the CTDIvol ranged from approximately 5.7 to 10.8 mGy, while the DLP 

varied from 8.7 to 43.3 mGy-cm.

The strength of this study lies in its large sample size of a wide range of radiographic 

severity of OA, from none to end-stage disease. Our study has some limitations which 

must be acknowledged. First, since MOST is a large epidemiological cohort study, and 

thus the use of invasive diagnostic methods is not feasible, we were unable to use further 

confirmatory methods for the presence of intra-articular mineralization that could not be 

detected by CT, which requires a certain concentration or volume to be detectable. Another 

limitation of our study is the different age and KLG distribution of the different race 

groups, which therefore limits the power to draw any conclusions about influence of race 

in chondrocalcinosis. Also, the use of hydroxyapatite phantoms could have been useful for 

quantitative measurements of areas of intraarticular mineralization, however in our study 

the severity of intra-articular mineralization was based on its extent within the meniscal 

and cartilage subregions rather than its HU measurement. Finally, we were unable to 

elucidate the exact nature of crystal deposits by differentiating the various types of calcium 

crystals (calcium pyrophosphate vs. basic calcium phosphate). Of note, the detection of 

intra-articular monosodium urate (gout deposits) was outside the scope of this study, 

although technically possible considering the dual energy acquisition.

In summary, we report here the first study of the prevalence in a large cohort recruited from 

the population of intra-articular mineralization detected by CT and its association with age, 

gender, radiographic OA severity, and frequent knee pain. CT provides greater visualization 

of intra-articular mineralization than radiographs. These data will provide opportunity to 

evaluate the longitudinal relation of intra-articular mineralization to adjacent articular tissue 

pathology and overall OA progression, particularly in a location-specific and tissue-specific 

manner.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flowchart of the selection criteria for the study
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Figure 2: 
Distribution of (a) cartilage and (b) meniscus mineralization. The Y axis represents 

proportion of knees with intra-articular mineralization in the whole sample
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Figure 3. 
(A-D): CT images of two participants with intra-articular mineralization from the two 

sites of the MOST study. (A) Coronal and (B) Sagittal 80 kVp CT reformats from the 

University of Alabama at Birmingham site using a GE Discovery CT750HD scanner (80/140 

kVp, 260mAs,0.9mm pitch, 0.8s exposure, rotation speed 50ms, standard kernel), showing 

intra-articular mineralization of the medial and lateral menisci (solid arrows) and menisci 

posterior roots (arrowheads), as well as the posterior capsule (empty arrows). (C) Coronal 

and (D) Sagittal reformats from the University of Iowa site using a Siemens SOMATOM 

Force scanner (80/150 kVp, 250 mAs, 0.8mm pitch, tin filtration at 150kVp, rotation speed 

15ms, Qr40 kernel) show intraarticular mineralization in similar distribution including the 

medial and lateral menisci (solid arrows) as well as the posterior capsule.
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Table 1.

Sample characteristics at the person level (by race/ethnicity) and knee level.

Person level N=2070 By race / ethnicity

White
N=1621
(78.3%)

AA
N=352

(17.0%)

Hispanic
N=55

(2.7%)

Other
N=42

(2.0%)

Mean Age (SD), years 61.1 (9.6) 61.9 (9.8) 58.4 (8.4) 56.9 (8.2) 58.9 (7.6)

Mean BMI (SD), kg/m2 28.8 (5.2) 28.5 (5.1) 30.5 (5.3) 28.3 (5.4) 26.3 (5.4)

Female 1174 (56.7%) 895 (55.2%) 221 (62.8%) 34 (61.8%) 24 1(57.1%)

Knee level N=4140 N=3242 N=704 N=110 N=84

Kellgren & Lawrence Grade

0 56.0% 54.7% 60.2% 60.9% 64.3%

1 19.9% 20.2% 16.9% 26.4% 25.0%

2 17.2% 17.6% 17.1% 10.9% 9.5%

3 5.2% 5.7% 4.1% 0.9% 1.2%

4 1.7% 1.7% 1.7% 0.9% 0

Frequency knee pain

Yes 24.2% 23.2% 30.7% 15.5% 19.0%
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Table 2.

Agreement between radiographic chondrocalcinosis (for the whole knee) and CT-detected intra-articular 

mineralization detected in different locations.

Presence of CT-based intra-articular
mineralization

N knees Radiographic
Chondrocalcinosis
Absent (n=3900)

Radiographic
Chondrocalcinosis

Present (n=240)

Any cartilage/meniscus Present 406 204 (5.2%) 202 (84.2%)

Any cartilage/meniscus Absent 3734 3696 (94.8) 38 (15.8)

Any cartilage /meniscus /capsule /ligament 424 222 (5.7%) 202 (84.2%)

By location

Any cartilage 294 117 (3%) 177 (73.8%)

Cartilage (medial compartment) 199 45 (1.2%) 154 (64.2%)

Cartilage (lateral compartment) 194 40 (1%) 154 (64.2%)

   Cartilage (TF joint) 236 67 (1.7%) 169 (70.4%)

   Cartilage (PF joint) 214 79 (2%) 135 (56.3%)

Any meniscus 331 132 (3.4%) 199 (82.9%)

Meniscus (medial compartment) 283 90 (2.3%) 193 (80.4%)

Meniscus (lateral compartment) 284 94 (2.4%) 190 (79.2%)

Any capsule 185 46 (1.2%) 139 (57.9%)

Any ligament 174 46 (1.2%) 128 (53.3%)
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Table 3.

Prevalence (percentage) of intra-articular mineralization on CT by age, gender, pain status, and KL grade

Total

Prevalence (%) of
any intra-articular
mineralization in

the knee

Cartilage
(overall)

TF
Cartilage

PF
Cartilage Meniscus Capsule Ligaments

Total 4140 9.8 7.1 5.7 5.2 8 4.5 4.2

Men 1792 10.4 7.4 5.4 5.9 8 4.3 4.2

Women 2348 9.5 6.9 5.9 4.6 8 4.6 4.2

White 3242 10.8 7.9 6.6 5.7 9.0 5.2 4.9

African-American 704 7.1 4.4 2.4 3.1 3.8 1.4 1.4

Hispanic 110 7.3 3.6 3.6 3.6 7.3 4.5 3.6

Other 84 2.4 2.4 0 2.4 2.4 0 0

No frequent knee pain 3909 9.6 6.8 5.3 5.1 7.7 4.3 4

Frequent Knee Pain 1002 11 8.1 7 5.4 8.9 4.9 4.9

Age 45-56 1456 3.4 2.6 1.8 2.1 2.3 1 1

Age 57-64 1220 6.1 3.9 2.5 3.1 4.6 2.3 1.8

Age 65+ 1464 19.5 14.2 12.3 10 16.5 9.7 9.4

KL 0 2318 5.5 3.6 2.6 2.8 4.4 1.8 1.7

KL 1 824 11.2 7.9 6.1 6.1 9.5 5 4.9

KL 2 712 15.6 12.6 10.7 8.3 11.9 8.4 7.4

KL 3 217 24.4 18.4 15.7 13.4 8.4 13.4 13.8

KL 4 69 37.7 23.2 23.2 17.4 36.2 20.3 15.9

BMI 20-25 1026 9.6 7.4 6.6 5 8.7 4.3 3.6

BMI 25-30 1574 10 7.2 5.9 5.4 8.2 5 4.4

BMI >30 1540 9.9 6.8 4.9 5.1 7.3 4.1 4.4
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Table 4:

Patterns and distribution of cartilage and meniscus mineralization by number of subregions involved, both in 

the whole sample and among knees with mineralization

Distribution of
mineralization in the
whole sample (%)

Distribution of
mineralization among
involved knees (%)

Cartilage

None 92.9 Not applicable

1-3 subregions with mineralization 3.6 50.7

4-6 subregions with mineralization 1.4 19.7

7-14 subregions with mineralization 2.1 29.6

Meniscus

None 92 Not applicable

1-3 subregions with mineralization 3 37.5

4-8 subregions with mineralization 5 62.5
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