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Abstract

Objectives—To determine if infrapatellar fat pad (IPFP) signal intensity (SI) measures are 

predictive of incident radiographic osteoarthritis (iROA) over 4 years in the OA Initiative (OAI) 

study.

Methods—Case knees (n=355) defined by iROA were matched one-to-one by gender, age and 

radiographic status with control knees. T2-weighted MR images were assessed at P0 (the visit 

when iROA was found on radiograph), P-1 (1 year prior to P0) and baseline, and utilized to assess 

IPFP SI semi-automatically using MATLAB. Conditional logistic regression analyses were used to 

assess risk of iROA associated with IPFP SI alteration after adjustment for covariates.

Results—Participants were on average 60.2 years old, predominantly female (66.7%) and 

overweight (mean BMI: 28.3). Baseline IPFP measures including mean value and standard 
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deviation of IPFP SI [Mean(IPFP), sDev(IPFP)] (HR, 95%CI: 5.2, 1.1 to 23.6 and 5.7, 2.2 to 14.5, 

respectively), mean value and standard deviation of IPFP high SI [Mean(H), sDev(H)] (HR, 

95%CI: 3.3, 1.7 to 6.4 and 3.1, 1.3 to 7.7, respectively), median value and upper quartile value of 

IPFP high SI [Median(H), UQ(H)], and clustering effect of high SI [Clustering factor(H)] were 

associated with iROA during 4 years. All P-1 IPFP measures were associated with iROA after 12 

months. P-0 IPFP SI measures were all associated with ROA.

Conclusions—The quantitative segmentation of high signal in IPFP is confirming previous 

work based on semiquantitative assessment suggesting its predictive validity. The IPFP high SI 

alteration could be an important imaging biomarker to predict the occurrence of radiographic OA.

INTRODUCTION

Osteoarthritis (OA) is a chronic disease characterised by articular cartilage loss and 

osteophyte formation, as well as abnormal changes in other structures within the joint, such 

as synovitis, menisci damage, ligament tears and infrapatellar fat pad (IPFP) alterations, 

eventually leading to joint failure and, in some cases, total knee replacement [1].

IPFP is a local fat pad situated inferior to the patella and filling the anterior knee 

compartment [2]. It performs a buffering and lubricating function in the knee joint, and is 

extensively vascularized and innervated [3]. It has close interaction with surrounding joint 

tissues. Sports and trauma can cause IPFP damage including edema, inflammation, synovial 

proliferation and fibrosis, which may induce pain and restriction of knee movement [4]. 

Based on the fact that the anatomical cleft within IPFP is lined with synovium [5], high 

signal intensity (SI) alterations observed on water-sensitive fat suppressed magnetic 

resonance imaging (MRI) are widely used as a surrogate for synovitis; however, it remains 

to be determined whether these signals represent inflammation or other pathological changes 

and whether they play a major role in the early stage of OA [2].

Some MRI studies have reported an association between synovitis measured using IPFP SI 

alteration and knee pain or cartilage loss in OA patients [6, 7]. Han et al [8] reported that 

high SI of the IPFP was associated with knee pain, joint structural changes, and knee 

radiographic OA (ROA) in older adults, suggesting it may serve as an important imaging 

biomarker in knee OA. A nested case-control study reported that Hoffa-synovitis, where the 

IPFP SI alteration was assessed on a manual semi-quantitative scale from zero to three [9], 

was strongly associated with the development of incident ROA (iROA) [10]. However, the 

reproducibility of this method is not high [9]. It also cannot detect heterogeneity of the 

signal which might be indicative of ongoing biomechanical perturbation of the region. There 

is a need for a reliable and valid method to quantify IPFP SI quantitatively. Recently, we 

developed a semi-automatic, quantitative method to measure SI changes of IPFP. This 

method is reproducible and has concurrent and clinical construct validity [11], but its 

predictive validity needs to be examined.

The current nested case-control study is nested within the Osteoarthritis Initiative (OAI) 

study, which includes data on those who have or those who are at high risk for developing 

symptomatic knee OA. The aim of this study was to investigate if SI alteration within the 
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IPFP predicts iROA over 4 years, in which IPFP SI was measured using our novel, semi-

automatic, quantitative method.

METHODS

Study design and subjects

Participants were selected from the OAI study, which is a multi-center, longitudinal, 

prospective observational study focusing primarily on knee OA. This study enrolled 4796 

participants (aged 45-79 years old) from February 2004 to May 2006, and followed them up 

for four years. The follow-up included annual clinical assessments and radiological (x-ray 

and magnetic resonance) images. Our data was from the incidence subcohort, in which 

participants had characteristics that placed them at increased risk for developing 

symptomatic knee OA.

Demographic information (age, gender and ethnicity) had been recorded at the first visit. 

Height and weight were measured twice in light clothing without shoes. BMI (weight/

height2, kg/m2) was calculated at the same visit. Inclusion criteria were frequent knee 

symptoms and frequent medications for knee symptoms. Other screening risk factors were 

weight, history of knee injury and surgery, bony enlargement of fingers, frequent knee 

bending, and total knee replacement (TKR) in parent or sibling. Exclusion criteria were 

bilateral TKR, plans to have bilateral TKR, rheumatoid and inflammatory arthritis, 

contraindications to 3.0 Tesla MRI, non-ambulatory status, serious comorbid conditions 

likely to interfere with participation, or plans to relocate and clinical trial participation. 

Signed consent forms were obtained from all participants.

Cases and controls

Case knees (n=355) were defined by iROA [Kellgren Lawrence grading (KLG)≥2] on the 

knee radiographs at any assessment after baseline (BL) but prior to the 48-month visit. This 

sample is all such case knees with available images except for knees that developed ROA by 

the first follow-up visit (12 months) and were KL = 1 at baseline and KL = 2+ in the 

contralateral knee. Two knees of a participant could be included if both developed ROA. 

They were matched one-to-one by gender, age (± 5 years) and radiographic status (KL = 0 

or 1 in the index knee, KL = 0 or 1 or 2+ in the contralateral knee) with a control knee. 

Control knees did not develop incident ROA from BL to 48 months.

Knee injury and surgery history were ascertained by self-report at the enrollment visit (OAI 

study protocol). Knee injury was defined as a history of injury causing difficulty of walking 

for at least a week, and surgery was defined as history of any knee surgery such as meniscal 

and ligamentous repairs. Repetitive knee bending activity was assessed by a questionnaire 

which including climbing up a total of 10 or more flights of stairs, kneeling for 30 minutes 

or more, squatting or deep knee bending for 30 minutes or more, moving a heavy (25 pounds 

or more) object or going into/out of a squat more than 10 times. A 0-5 scale point was used 

to measure the sum of different activities.
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Radiographs

The fixed flexion radiograph was taken in both knees of all participants at baseline and all 

annual follow-up visits. All participants had bilateral, standing knee films obtained in 

posteroanterior projection with knees flexed to 20-30 degrees and feet internally rotated 10 

degrees. Knee radiographs were read by central readers using standard protocols including 

KLG and OARSI joint space narrowing grades. ROA was defined as KLG of ≥ 2 [12].

Measurements of SI in IPFP

MR images were assessed at P0 (visit when ROA was found on radiograph), 1 year prior to 

P0 (P-1), and at OAI BL. Sagittal planes of intermediate weighted images with turbo spin-

echo obtained on 3.0-T MRI were utilized to assess IPFP SI semi-automatically using 

MATLAB (MATLAB X.Y, The MathWorks Inc., Natick, MA, 2000) [11]. The reader 

manually created an initial lasso around the IPFP by a set of points in sequence near the 

outer contour of IPFP and it contracted inward to the actual edge of the IPFP automatically 

(Figure 1a). This new algorithm was easy to distinguish fake edges from real edges and 

more accurate to identify the IPFP boundary. The high SI regions in IPFP were also obtained 

subsequently based on the algorithm [11]. It examined the neighbouring pixels of initial seed 

points to determine whether the pixel neighbours should be added to the area of high 

intensity signal (Figure 1b, c).

The algorithm automatically calculated the SI of the IPFP. Measures of IPFP SI included 

mean value [Mean(IPFP)] and standard deviation [sDev(IPFP)] of IPFP SI, mean value 

[Mean(H)] and standard deviation [sDev(H)] of IPFP high SI, median value [Median(H)] 

and upper quartile value [UQ(H)] of high SI, volume of high SI regions of IPFP 

[Volume(H)] and the ratio of Volume(H) to volume of whole IPFP [Percentage(H)], and 

Clustering factor(H) representing clustering effect of high SI.

The sDev(IPFP) was introduced to represent SI variation of whole IPFP. The UQ(H) was 

used to represent the highest quartile of the signal. The Upper Quartile Value means that the 

highest quartile cut-point value of the signal. The Volume(IPFP) and Volume(H) were 

calculated according to the slice thickness and the area on each slice, and the Percentage(H) 

was used to represent the adjusted quantity of these regions. The clustering regions with 

high SI in IPFP differed in different patients, which may have different clinical significance. 

Clustering factor(H) was therefore introduced to represent this clustering effect. The greater 

the clustering effects, the higher aggregation of the high SI even if they had the same volume 

of high SI [11].

These SI measures were selected to represent IPFP SI heterogeneity, extent and clustering 

effect based on the the concurrent validity and the clinical construct validity we previously 

reported [11]. (Figure 1b, 1c). The ICCs and inter-observer correlation coefficients for all 

measures are high (>0.90) [11]. Significant correlations were found between the semi-

quantitative score and quantitative measures. The Pearson correlation coefficient was list as 

follows: r =0.30 for Mean (IPFP), r = 0.74 for sDev (IPFP), r =0.58 for Median (H), r = 0.60 

for UQ (H), r= 0.19 for Volume (H), r = 0.37 for Percentage (H) and r = 0.49 for Clustering 

factor (H); all P < 0.001 [11].
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Statistical analysis

T, Chi-Squared and Fisher’s Exact tests were used to test the difference between case and 

control groups. Conditional logistic regression accounting for the correlation of knees in an 

individual was applied to assess risk of ROA in regard to SI alteration before and after 

adjustment for covariates measured at baseline. These covariates were self-reported knee 

injury, self-reported knee surgery, BMI (normal, overweight, obese), and the number of knee 

bending activities (none, 1-3, 4-5). We rescaled the values of the IPFP measurements by 

dividing them by 3, 4 or 10 when performing the analyses, in order to make the hazard ratios 

at the same order of magnitude. Models were run at three time points: baseline, P-1 (one 

year prior to the iROA) and P0 (concurrent with iROA). Analyses were conducted in SAS 

9.4 (SAS Institute Inc., Cary, NC, U.S.A.)

RESULTS

One knee lacked readable MRI data and was removed along with its matched knee, leaving 

708 knees. Participants (n = 677) were on average 60.2 years old (SD: 8.6), predominantly 

female (66.7%), and overweight (mean BMI 28.3, SD: 4.5). Characteristics of the 

participants are summarized in Table 1. The case and control groups were comparable with 

respect to age, sex, height and knee bending activities but participants in the case group had 

higher levels of weight and BMI, and greater proportions of those in the overweight and 

obese categories. Case knees had higher percentages of baseline knee injury (38.4% vs 

19.8%) and knee surgery (15.3% vs 6.8%) than the control knees. The case-defining visit of 

iROA was 12 months for 119 (33.6%), 24 months for 82 (23.2%), 36 months for 103 

(29.1%), and 48 months for 50 (14.1%) knees.

The case group had higher levels of sDev(IPFP), Percentage(H), UQ(H) and Clustering 

factor(H) than the control group at baseline, 1-year prior ROA and the same time of ROA 

(Figure 2). The differences between these two groups were all significant except for baseline 

Percentage(H) (p=0.06).

Associations between IPFP SI measures at baseline and incident ROA are shown in Table 2. 

In unadjusted analyses, baseline IPFP measures including sDev(IPFP), Mean (H), sDev(H), 

Median(H), UQ(H), and Clustering factor(H) were significantly associated with increased 

iROA during 4 years and these associations remained unchanged after adjustment for BMI, 

number of knee bending activities, self-reported injury and self-reported knee surgery [HR 

(95% CI): 5.2 (1.1 to 23.6), 5.7 (2.2 to 14.5), 3.3 (1.7 to 6.4), 3.1 (1.3 to 7.7), 3.2 (1.6 to 

6.2), 2.9 (1.6 to 5.2), 1.6 (1.2 to 2.1), respectively]. Baseline Mean(IPFP) was not 

significantly associated with iROA in univariable analysis, but this association became 

significant after adjustment for the above covariates. In contrast, baseline Percentage(H) was 

not significantly associated iROA in both univariable and multivariable analyses. The risk of 

incidence of ROA of case knees were 1.6 to 5.2 higher than control knees regarding to 

different IPFP measurements.

Associations between IPFP SI measures 1-year prior and iROA are shown in Table 3. All 

P-1 IPFP measures were significantly and positively associated with iROA after 12 months 

before and after adjustment for BMI, number of knee bending activities, self-reported injury, 
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and self-reported knee surgery (HR (95% CI): 12.6 (2.8 to 57.2); 8.1 (3.2 to 20.4); 5.1 (2.6 

to 9.9); 2.8 (1.1 to 6.7); 4.8 (2.5 to 9.2); 4.0 (2.2 to 7.2); 5.0 (1.6 to 15.7); 2.7 (2.0 to 3.7)). 

The hazard ratios were larger than those at baseline.

Associations between IPFP SI measures and ROA assessed at the same time are shown in 

Table 4. Similar to the P-1 IPFP measures, all P-0 IPFP measures were significantly and 

positively associated with concurrent ROA in unadjusted analyses and after adjustment for 

the covariates (HR (95% CI), 8.8 (2.0, 39.0); 5.7 (2.5, 12.9); 3.2 (1.7, 6.0); 2.8 (1.3, 6.4); 3.5 

(1.9, 6.6); 3.0 (1.7, 5.3); 9.7 (2.9, 32.5); 2.6 (1.9, 3.5)).

DISCUSSION

To the best of our knowledge, this is the first study to demonstrate that IPFP SI alterations 

are associated with iROA using a novel method to measure IPFP SI alterations 

quantitatively. We found that except for Percentage(H), the baseline IPFP SI measures were 

all significantly associated with iROA during 4 years. All IPFP measures at P-1 predicted 

iROA after 12 months and at P-0 were associated with concurrent iROA. These findings 

suggest that our quantitative measurements of IPFP SI alterations have predictive validities. 

IPFP SI alterations, which can be regarded as an important imaging marker similarly as bone 

marrow lesions, cartilage defects, mensical tears and effusion-synovitis, may play a role in 

the pathogenesis of early OA.

Usually IPFP SI alteration was assessed semi-quantitatively (0-3), with a grade of ≥1 termed 

as Hoffa synovitis [9, 13], even though IPFP SI alteration may also represent other 

pathological changes such as vascular neoformation, oedema, or fibrosis [4]. The roles of 

IPFP SI alteration or Hoffa synovitis in knee OA remain unclear. A 2.6-year longitudinal 

study reported that baseline IPFP SI was positively associated with knee pain when going 

up/down stairs, cartilage defects and bone marrow lesions, while negatively associated with 

lateral tibial cartilage volume in older adults [8]. A case-control study using a semi-

quantitative method (grade 0-3) found that the baseline Hoffa-synovitis was associated with 

incident ROA over 4 years [10]. The results from Multicenter Osteoarthritis Study (MOST) 

showed that Hoffa’s synovitis was an independent cause of incident knee OA during 84 

months follow-up [14]. In contrast, a 30-month follow-up study reported that Hoffa synovitis 

did not predict cartilage loss in participants at high risk of knee OA [15]. Similar results 

were found in symptomatic knee OA patients, in which IPFP SI changes were not associated 

with cartilage loss at 15-30 month follow-up, but significantly associated with pain change 

assessed by visual analogue scale (VAS) [6]. Although these findings were not all consistent, 

they suggest that IPFP SI alteration was potentially a biomarker of knee OA development; 

however, the semi-quantitative assessment was insensitive for change which would not be an 

ideal outcome measure for interventions.

Other studies have focused on the special region of IPFP, the superolateral Hoffa fat pad 

(SHFP), based on the hypothesis that SHFP edema (grade 0-3) was caused by friction 

between the patellar tendon and the lateral femoral condyle and by patellofemoral joint 

malalignment [16,17]. Results based on the MOST study were shown that SHFP 

hyperintensity were siganificantly associated with cartilage damage and BMLs in the lateral 
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PFJ, and the worsening BMLs in the medial PFJ. It may be a local marker of PFJ structural 

damage. Edema in superolateral Hoffa’s fat pad may be an important indicator of underlying 

patellofemoral maltracking or impingement in younger, symptomatic patients [18]. Our 

current study designed to include older rather younger adults, so we focused on SI in whole 

rather than regional IPFP.

Our newly-developed quantitative method has concurrent and clinical construct validity to 

measure IPFP SI alterations, when compared with the semi-quantitative method and 

examing the associations with joint structural outcomes, respectively [11]. This 

measurement was also reproducible with high ICCs. However, this study was preliminary 

and was limited by a small sample size and the cross-sectional design, and significant 

associations between IPFP measures and structural changes in knee OA patients were not all 

consistent [11]. Furthermore, the predictive validity of this new method was not reported. 

We presented IPFP SI measures which represent aspects of SI but they are highly correlated. 

Future work would explore if a composite score of these measures can be established for a 

valid IPFP assessment in OA studies.

In this study, we found that all IPFP measures assessed at the time of incidence were 

significantly associated with iROA, further confirming clinical construct validity of this 

method. Furthermore, we found that IPFP measures assessed 12 months prior to iROA were 

all significantly associated with iROA, and measures assessed at baseline were mostly 

[except for Percentage (H)] associated with iROA, suggesting the predictive validity of this 

quantitative measure. The more heterogeneous SI of whole IPFP, higher SI quantity and 

more clustering of high SI, the more likely they are to predict incident OA. The associations 

for baseline IPFP measures were not as strong as those for P-1 IPFP measures, indicating 

that IPFP SI measures would be more strongly associated with iROA in a fixed, shorter time 

interval (1 year) than in variable time intervals (1-4 years).

The underlying mechanisms for the association between IPFP SI alteration and iROA remain 

to be elucidated. IPFP SI alteration can be a sign of synovial inflammation [6, 20]. Synovial 

tissues from early OA patients were characterized by increased mononuclear cell infiltration 

and over-production of proinflammatory cytokines [21]. These cytokines diffused into 

cartilage through the synovial fluid and influenced cartilage metabolism by producing 

proteases and other catabolic factors such as nitric oxide (NO), causing other structural 

changes associated with the disease process [22] and thereafter ROA.

IPFP has been identified as a potential source of cytokines and adipokines [23-25]. In vitro 
studies have demonstrated that IPFP has an anabolic phenotype and the factors secreted by 

IPFP can influence cartilage metabolism and mesenchymal stem cells (MSCs)-derived 

cartilage repair [4, 26, 27]. IPFP is also enriched with immune cells towards a 

proinflammatory phenotype [25, 27], which can be influenced by the proinflammatory 

environment in the joint [23]. Activated immune cells (e.g., macrophages) produced various 

growth factors, cytokines and enzymes that enhanced osteophyte formation, mitigated 

cartilage breakdown by MMP activity, induced joint effusion by vasodilation and might 

influence subchondral bone metabolism [4]. We recently reported that serum IL-17 level was 

positively, and serum adiponectin was negatively, associated with IPFP SI alteration in knee 
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OA patients [28], suggesting that association between IPFP SI alteration and iROA may be 

through dysregulated cytokines and adipokines.

Our study was unique as we looked at multiple time points prior to the diagnosis of ROA in 

a well-designed nested case-control study, matched by gender, age, and baseline 

radiographic disease status in both knees, which ensured maximal comparability of baseline 

characteristics between cases and controls. There were also some potential limitations. First, 

the SI alterations in IPFP on non-enhanced MRI were sensitive but nonspecific in detecting 

inflammatory changes as compared with contrast enhanced MRI images in OA [7]; however, 

non-enhanced MRI is more economical and less invasive, and the SI changes on non-

enhanced MRI have been widely used as a synovitis surrogate and are correlated with 

chronic synovitis [13]. Second, pathological examinations were unable to be performed in 

our epidemiological study so the pathological changes associated with IPFP high SI 

alteration are unknown. Third, our new method only included the high SI alterations. While 

the low signal alterations may also be associated with the outcomes of knee OA [28], further 

modifications to our technique to identify them were needed in the future. Last, the case 

group had higher percentages of obesity, surgery and injury than the control group, which 

could influence our results; however, we have added them as potential confounders into the 

analysing models and therefore our findings should not be greatly affected by these factors.

The quantitative segmentation of high signal in IPFP is confirming previous work based on 

semiquantitative assessment of IPFP high SI suggesting its predictive validity. These 

findings emphasise the importance of IPFP pathology to the structural pathogenesis of OA. 

The quantitative measures of IPFP signal intensity is sensitive for changes and could be ideal 

endpoints for intervention. Targeting inflammation or synovitis may have the potential to 

delay knee OA development.
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Significance and Innovation

1. We provided a novel quantitative method to measure infrapatellar fat pad 

(IPFP) signal intensity alterations.

2. It demonstrates that IPFP signal intensity alterations are associated with 

incidence of radiographic osteoarthritis using this novel quantitative method.

Wang et al. Page 11

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. The segmentation of IPFP and high signal intensity measurements on sagittal T2 
images using MATLAB
(A) The outer contour of IPFP was contracted inward by software. (B) The high signal 

intensity region was selected automatically by red circle. (C) The clustering effect of high 

signal intensity regions on this image was different from image b, which had a lower 

clustering factor(H).
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Figure 2. Comparison of major IPFP SI measures between case and control groups
(A) sDev (IPFP), (B) Percentage (H), (C) UQ (H), (D) Clustering factor (H). P0: the visit 

when iROA was found on radiograph; P-1: 1 year prior to P0; BL: baseline.
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Table 2

Associations between IPFP signal intensity measures at baseline and incident radiographic OA

Univariable Multivariable*

HR (95% CI) HR (95% CI)

Mean (IPFP) 3.8 (0.9, 16.4) 5.2 (1.1, 23.6)

sDev (IPFP) 5.2 (2.1, 12.9) 5.7 (2.2, 14.5)

Mean (H) 2.9 (1.5, 5.6) 3.3 (1.7, 6.4)

sDev (H) 2.6 (1.1, 6.3) 3.1 (1.3, 7.7)

Median (H) 2.9 (1.5, 5.5) 3.2 (1.6, 6.2)

UQ (H) 2.7 (1.5, 4.7) 2.9 (1.6, 5.2)

Percentage (H) 2.8 (1.0, 8.4) 2.7 (0.9, 8.2)

Clustering factor (H) 1.7 (1.3, 2.1) 1.6 (1.2, 2.1)

N=708.

*
Adjustment for BMI, number of knee bending activities, self-reported injury and self-reported knee surgery. IPFP: infrapatellar fat pad; HR: 

hazard ratio; Mean (IPFP), mean value of IPFP intensity; sDev (IPFP), standard deviation of IPFP signal intensity; Mean (H), mean value of IPFP 
high intensity; sDev (H), standard deviation of IPFP high signal intensity; Median (H), median value of high signal intensity region; UQ(H), upper 
quartile value of high signal intensity region; Percentage (H): ratio of volume of high signal intensity region/whole IPFP volume; Clustering 
factor(H): clustering factor of high signal intensity. Significant differences at p<0.05 are shown in bold.
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Table 3

Associations between IPFP signal intensity measures 1 year prior and incident radiographic OA

Univariable Multivariable*

HR (95% CI) HR (95% CI)

Mean (IPFP) 9.4 (2.4, 40.5) 12.6 (2.8, 57.2)

sDev (IPFP) 8.5 (3.4, 21.1) 8.1 (3.2, 20.4)

Mean (H) 5.1 (2.6, 9.8) 5.1 (2.6, 9.9)

sDev (H) 2.8 (1.2, 6.8) 2.8 (1.1, 6.7)

Median (H) 4.8 (2.5, 9.2) 4.8 (2.5, 9.2)

UQ (H) 4.0 (2.3, 7.2) 4.0 (2.2, 7.2)

Percentage (H) 4.8 (1.5, 15.3) 5.0 (1.6, 15.7)

Clustering factor (H) 2.7 (2.0, 3.6) 2.7 (2.0, 3.7)

N=658.

*
Adjustment for BMI, knee bending activities, self-reported injury and self-reported knee surgery. IPFP: infrapatellar fat pad; HR: hazard ratio; 

Mean (IPFP), mean value of IPFP intensity; sDev (IPFP), standard deviation of IPFP signal intensity; Mean (H), mean value of IPFP high intensity; 
sDev (H), standard deviation of IPFP high signal intensity; Median (H), median value of high signal intensity region; UQ(H), upper quartile value 
of high signal intensity region; Percentage (H): ratio of volume of high signal intensity region/whole IPFP volume; Clustering factor(H): clustering 
factor of high signal intensity. Significant differences at p<0.05 are shown in bold.
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Table 4

Associations between IPFP signal intensity measures at the same time and incident radiographic OA

Univariable Multivariable*

HR (95% CI) HR (95% CI)

Mean (IPFP) 6.4 (1.5, 26.6) 8.8 (2.0, 39.0)

sDev (IPFP) 5.5 (2.4, 12.4) 5.7 (2.5, 12.9)

Mean (H) 3.0 (1.6, 5.7) 3.2 (1.7, 6.0)

sDev (H) 2.8 (1.2, 6.6) 2.8 (1.3, 6.4)

Median (H) 3.2 (1.7, 6.1) 3.5 (1.9, 6.6)

UQ (H) 2.9 (1.6, 5.1) 3.0 (1.7, 5.3)

Percentage (H) 9.8 (3.0, 31.4) 9.7 (2.9, 32.5)

Clustering factor (H) 2.7 (2.0, 3.6) 2.6 (1.9, 3.5)

N=666.

*
Adjustment for BMI, physical activities, self-reported injury and self-reported knee surgery. IPFP: infrapatellar fat pad; HR: hazard ratio; Mean 

(IPFP), mean value of IPFP intensity; sDev (IPFP), standard deviation of IPFP signal intensity; Mean (H), mean value of IPFP high intensity; sDev 
(H), standard deviation of IPFP high signal intensity; Median (H), median value of high signal intensity region; UQ(H), upper quartile value of high 
signal intensity region; Percentage (H): ratio of volume of high signal intensity region/whole IPFP volume; Clustering factor(H): clustering factor 
of high signal intensity. Significant differences at p<0.05 are shown in bold.
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