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Abstract

Objective—Aims were to assess (1) structural progression in knees with no/mild radiographic 

osteoarthritis (ROA) (i.e. Kellgren-Lawrence (K-L) grades 0 to 2) that will undergo knee 

replacement (KR) during a 5-year period; (2) differences in structural damage on MRI between 

knees with no/mild ROA vs. those with severe ROA (i.e. K-L 3 and 4) at baseline; and (3) 

differences in pain levels between those groups.

Methods—All participants who underwent KR from baseline (BL) to 60 months were drawn 

from the Osteoarthritis Initiative. MRIs were assessed for bone marrow lesions (BMLs), Hoffa- 

and effusion-synovitis (i.e. hyperintensity signal changes in the fat pad and abnormal amount of 

capsular distension due to intraaticular joint fluid and/or synovial thickening) at BL and the time 

point before KR (T0). The measures of WOMAC and KOOS pain were used for pain 

characterization. WOMAC Activity of Daily Life (ADL) and KOOS Quality of Life (QoL) were 

applied to characterize functional status of the included participants. Logistic regression was used 

to assess the association of no/mild ROA with these MRI features and pain.

Results—Based on inclusion criteria 181 knees were selected. Participants were predominantly 

female (57.8%) with a mean age of 64.4 years. 51 (28.2%) knees had no/mild ROA at BL. Of 

these, 51.0% progressed to severe ROA. No/mild ROA knees showed higher odds of BMLs in the 

patellofemoral joint (PFJ) at BL (OR 7.92 95%CI [3.45,18.16]) and T0 (OR 9.44 95%CI [4.00, 

22.28]) compared to severe ROA knees. In addition, no/mild ROA knees were associated with 

change from “no pain” to “pain” from BL to T0 (aOR 5.48, 95%CI [1.25, 24.00]).

Conclusion—Over half of the knees with no/mild ROA before KR progressed to severe ROA 

over 4 years of follow-up. BMLs in the PFJ were more often seen among knees that had no/mild 

ROA. Worsening pain status may contribute to KR in knees with no/mild ROA.

Keywords
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Introduction

Osteoarthritis (OA) is a complex, heterogeneous condition, and the most common cause of 

disability in the ageing population1. Progression of radiographic OA (ROA) is typically 

slow, although a subtype with more rapid structural progression has been described2,3. 

Structural hallmarks of the pathophysiology of OA include the breakdown of cartilage and 

associated changes in adjacent soft tissue and subchondral bone that can lead to debilitating 
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joint symptoms such as pain and disability accompanied by structural deformity1. 

Identifying the prognosis of disease progression on an individual level is challenging. While 

MRI has increased the understanding of the multiple pathologies contributing to the OA 

phenotype, it is not clear how it should be used in routine clinical care. As the role of 

imaging in clinical practice for OA diagnosis, management and follow-up has not been 

clearly defined, a recent consensus statement by EULAR has emphasized that imaging is 

recommended if there is unexpected rapid progression of symptoms or change in clinical 

characteristics4.

Rates of knee replacement (KR) have more than doubled in the United States from 1999 to 

20085. In the absence of disease modifying OA drugs, further increases in knee replacement 

volume are projected to continue into the future due to an ageing population, the obesity 

epidemic, the growing prevalence of sports-related knee injuries, and other factors6,7. Joint 

arthroplasty is commonly considered the therapy of choice for advanced symptomatic 

ROA7. However, despite low-grade ROA being uncommon before joint replacement 

compared to knees with severe structural ROA8, we recently observed that the proportion of 

knees in the Osteoarthritis Initiative (OAI) undergoing knee replacement within a 5-year 

period with no or only mild radiographic disease (Kellgren-Lawrence [K-L] grades 0–2) at 

baseline was surprisingly high, i.e. 28%9. There are several potential explanations, 

including: 1.) Knees with no/mild tibiofemoral ROA at baseline may have had rapid 

radiographic progression over the follow-up period, resulting in advanced structural disease 

prior to the time point of knee replacement; 2.) Knees may have had worsening symptoms 

that were associated with MRI features but not radiographic disease worsening; and/or 3.) 

Differences in pain and function levels close to the time point of knee replacement or in pain 

trajectories over time may be present between those with no/mild ROA at baseline compared 

to those with severe ROA at baseline.

To examine these hypotheses further, we aimed to assess whether knees with no/mild 

tibiofemoral ROA at baseline progressed to higher grade structural disease during an 

observation period of 4 years of follow-up and whether structural damage commonly 

considered to be associated with pain (i.e. bone marrow lesions [BMLs], Hoffa- synovitis 

and effusion-synovitis)10 not visible on radiographs but seen on MRI differed at baseline and 

at the time point immediately prior to reported knee replacement (i.e. time point “T0”). In 

addition, we evaluated whether pain and function levels at T0 differed between the two 

groups, and also whether the change in pain levels from baseline to the time point before 

knee replacement (T0) differed between the two groups.

Methods

The Osteoarthritis Initiative (OAI)

The OAI is a longitudinal cohort study designed to identify biomarkers of the onset and/or 

progression of knee OA. Both knees of 4,796 participants were studied using MRI and 

radiography at baseline, and annually over five years of follow-up11. OAI participants were 

45 to 79-years-old at baseline, with or at risk of developing symptomatic knee OA in at least 

one knee. General exclusion criteria were the presence of prior bilateral KR, rheumatoid or 

other inflammatory arthritis, bilateral end-stage knee OA, inability to walk without aids, and 
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MRI contraindications. Participants were recruited at four clinical sites in the United States. 

The Institutional Review Boards at each of the sites approved the study, and all participants 

gave informed consent.

The current study is a secondary analysis nested within the OAI and based on the POMA 

(Pivotal OAI MRI Analyses; NIH/NHLBI Contract No. HHSN2682010000 21C) sample.

Knee Selection and Clinical Assessment

OAI participants were interviewed yearly and asked about knee replacement in the preceding 

12 months. For the current analysis, we selected all knees for which:

a. a knee replacement was reported after baseline and up to the five-year follow-up 

visit, which was confirmed by radiography and/or review of medical records;

b. central radiographic readings were available; and

c. MRI measurements were available at the baseline and the time point before the 

visit of reported knee replacement.

The K-L grade was determined by central readings (OAI Dataset Release 0.4) of serial 

posterior-anterior (PA) fixed-flexion knee radiographs at each annual visit. Lateral or 

Merchant’s view X-rays for assessment of the patello-femoral joint were not available. 

Clinical symptoms were assessed with the Western Ontario and McMaster Universities 

Arthritis (WOMAC) and Knee Injury and Osteoarthritis Outcome Score (KOOS) 

questionnaires at baseline and at the time point before the visit of reported knee replacement 
acknowledging that questions asked to assess pain in these instruments are similar12,13. The 

measures of WOMAC and KOOS pain were used for pain characterization. WOMAC 

Activity of Daily Life (ADL) and KOOS Quality of life (QoL) were applied to characterize 

functional status of the included participants. Both WOMAC and KOOS have demonstrated 

adequate content validity, internal consistency, test-retest reliability, construct validity and 

responsiveness14–16. Participants could contribute one or two knees to the analyses.

MRI Acquisition

MRI of both knees was performed on identical 3 T systems (Siemens Trio, Erlangen, 

Germany). The MRI pulse sequence protocol included a coronal two-dimensional 

intermediate-weighted (IW) turbo spin-echo (TSE), sagittal three-dimensional (3D) dual-

echo at steady-state (DESS), coronal and axial multiplanar reformations of the 3D DESS, 

and sagittal IW fat saturated (fs) TSE sequences. Additional parameters of the full OAI pulse 

sequence protocol and sequence parameters have been published in detail elsewhere11. MRIs 

were acquired without the administration of intra-venous contrast agents.

MRI Assessment

Two musculoskeletal radiologists with 13 (F.W.R.) and 15 (A.G.) years’ experience in semi-

quantitative assessment of knee OA, blinded to clinical data and radiographic scores and 

later outcomes (KR or not), read the MRIs according to the MRI Osteoarthritis Knee Score 

(MOAKS), a validated scoring system for whole joint MRI OA assessment17. Data on 

validity and responsiveness of MOAKS has been published18–20. Each reader scored half of 
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the cases that were randomly assigned. For our study, subchondral BMLs, Hoffa-synovitis 

and effusion-synovitis were considered, as these represent features commonly associated 

with the presence or development of OA symptoms10.

BMLs were assessed in 14 articular subregions taking into account percentage of a 

subregion that is affected by BML (from 0 to 3). Signal alterations in the intercondylar 

region of Hoffa’s fat pad were scored from 0 to 3 as a surrogate for synovial thickening 

termed Hoffa-synovitis. Joint effusion (also called effusion-synovitis, as it is not possible to 

discern joint fluid from synovial thickening on MRI without intravenous contrast) was 

graded from 0 to 3 regarding the estimated maximal distention of the synovial cavity17.

One radiologist (F.W.R.) re-scored 20 randomly chosen MRIs in random order for the same 

features after a 4-week interval to determine intra-reader reliability. Inter-observer reliability 

between the two readers was assessed using the same 20 cases. Summarizing the intra- and 

inter-observer reliability results, all of the measures showed substantial (0.61–0.80) or 

reached almost perfect agreement (0.81–1.0). Appendix 1 gives a detailed overview of the 

reliability results of the MRI readings.

Statistical Analysis

Weighted kappa statistics were applied to determine inter- and intra-observer reliability for 

the MRI assessments. Logistic regression adjusted for the correlation of knees in an 

individual using generalized estimating equations (GEE) was used to assess the association 

of mild ROA, defined as knees with a baseline K-L grade of 0, 1, or 2, with the number of 

subregions affected by any BMLs per compartment (medial tibio-femoral, lateral tibio-

femoral, patello-femoral) and presence of any Hoffa-synovitis and effusion-synovitis at 

baseline and T0. Logistic regression was applied to assess the association of no/mild ROA 

with the presence of pain at baseline and T0, and with change in pain from baseline to T0 

using the parameters WOMAC and KOOS pain and functioning using the severe OA group 

(i.e. knees with a baseline K-L grade of 3 or 4) as the referent. In models, the KOOS scores 

were reversed so that higher scores indicated more pain/lower quality of life in order to be 

able to interpret odds ratios in the same direction as the other pain measures. Models for 

change in pain/functioning were adjusted for baseline pain/functioning age, sex, baseline 

body mass index (BMI), baseline reported previous knee injury and baseline reported knee 

surgery.

We considered a two-tailed p-value of less than 0.05 as statistically significant. All statistical 

calculations were performed using SAS 9.4 for Windows (SAS Institute, Cary, NC).

Results

Sample characteristics

A total of 181 knees from 161 participants with radiographic, MRI and pain assessments 

available underwent knee replacement during the 5 years of observation. Only ten of the 

knees in this study did not undergo total KR. Of the partial KRs, 8 were medial and only one 

each were lateral or a PFJ replacement. At baseline, subjects were on average 64.4 years old 

(SD ± 8.5), predominantly female (57.8%) and overweight (mean BMI 29.7 SD ± 4.6). Of 
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these, 125 participants contributed knees to the severe ROA group (baseline K-L 3 and 4, 

55.2% female, aged 64.5 +/− 8.8 years, BMI 29.6 +/− 4.7) and 46 to the no/mild ROA group 

(baseline K-L 0–2; 65.2% female, aged 64.7 +/− 7.8 years, BMI 29.8 +/− 7.2). The mean 

time interval from baseline to T0 was 863 +/− 495 days for the total sample, with the median 

being 767 days and the 25th and 75th percentiles at 403 and 1424 days. In regard to time 

from baseline to T0 the two subgroups differed significantly (p=0.015) with a longer interval 

for the no/mild ROA group (992 +/− 451 vs. 812 +/− 504 days, median 1089 vs. 753 days 

and the 25th and 75th percentiles at 716 vs. 367 and 1453 vs. 1168 days). There was a 

considerable time lag between T0 and KR for some knees. The mean number of days was 

178 (SD = 102.6) and the median was 167.5 days. While the minimum number of days was 

1, 75% of the knees had 98 days or more between T0 and KR. There was no difference 

between the two study groups (t-test, p = 0.91).

Distribution of radiographic disease severity

Knee replacement was reported for 20 (11.0%) knees at 12-month follow-up, for 32 (17.7%) 

at 24 months, for 46 (25.4%) at 36 months, for 38 (21.0%) at 48 months, and for 45 knees 

(24.9%) at 60 months (Table 1). Of the 181 knees included, 130 (71.8%) knees had severe 

ROA at baseline while 51 (28.2%) knees had no/mild ROA at baseline. Of the no/mild ROA 

knees, 19 (37.3%) progressed to K-L grade 3, and 7 (13.7%) knees to K-L grade 4 at the 

time point T0. Of the 26 knees that went from no or mild OA (K-L 0,1 or 2) at baseline to 

severe OA at T0 (K-L 3 or 4), just over half (n = 14) were progressing from K-L 2 to K-L 3. 

Only three knees with baseline K-L 2 increased to K-L 4 at T0, but nine knees had larger 

increases in K-L grades starting at either K-L 0 or 1.

BML load by compartment and BML associations

Of the 25 knees that did not progress to severe ROA, 17 knees had a BML in two or more 

subregions of the patello-femoral joint (PFJ) at baseline and 20 knees at the time point T0 

(Table 2). Compared to knees with severe ROA at baseline, no/mildOA knees that later 

underwent knee replacement were more strongly associated with two or more subregions in 

the PFJ having BMLs (OR 7.92, 95% CI [3.45,18.16]) at the baseline visit. 67% of the mild 

ROA knees had ≥ 2 subregions with BMLs in the PFJ at baseline vs. only 24% in severe 

ROA knees. Similar findings were observed for T0, with no/mildROA being associated with 

two or more subregions with BMLs in the PFJ (OR 9.44 95% CI [4.00, 22.28]) but 

decreased odds for medial (OR 0.21 95%CI [0.10,0.47]) and lateral (OR 0.39 95%CI 

[0.17,0.92]) TFJ BML subregion counts.

Associations with inflammatory MRI markers

Over two-thirds of mild ROA knees had none or minimal effusion-synovitis at baseline, 

whereas over half of severe ROA knees had moderate or large effusion-synovitis (Table 3). 

No/mild ROA knees were less likely to be associated with the presence of effusion-synovitis 

and Hoffa-synovitis at baseline (OR 0.32, 95% CI [0.16,0.65]) and 0.35, 95% CI [0.17,0.73], 

respectively), while at T0 there were no differences between knees with no/mild ROA 

compared to those with severe ROA.
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Associations with pain measures

The no/mild ROA knees had better WOMAC and KOOS scores at baseline (3.80 vs. 5.58 

and 64.95 vs. 76.01), but at T0 there were no differences with regard to any of the pain 

measures between the two groups (Table 4).

Trajectory of pain measures

No associations of increased odds were seen for change in either WOMAC or KOOS pain 

scores. This agrees with the finding that the adjusted mean changes in pain levels between 

the no/mild and severe OA groups were not statistically significant using those two 

measures. Nevertheless, based on WOMAC or KOOS pain scores, both the no/mild OA and 

the severe OA groups did have statistically significant increases in pain from baseline to the 

clinic visit just prior to KR (all p<0.0001) (Table 5).

Discussion

The determinants of progression from low-grade structural knee OA to knee replacement are 

poorly understood. Among OAI participants who received a knee replacement within the 

first 5 years of follow-up, we observed during four years of follow-up that over half of the 

knees with no/mild tibio-femoral ROA at baseline progressed to severe ROA at the annual 

OAI visit before knee replacement, indicating a more rapid progression of disease than 

commonly observed in such a period21. As the indication for knee replacement is based on 

both patients’ symptoms and structural parameters, we compared differences in both 

structural features and symptoms for the pre-defined subgroups that exhibited no/mild, or 

severe tibio-femoral ROA at the baseline visit. The PFJ is not part of the K-L grading 

scheme and is only visualized on skyline or lateral radiographs, yet based on our findings, it 

seems to play a relevant contributory role regarding structural damage that contributes to 

knees undergoing replacement. In this sample of knees that went on to knee replacement, 

BMLs in the PFJ at baseline and T0 were more often observed among knees that had mild 

ROA at baseline, while the opposite was true for those with medial and lateral TFJ disease. 

The importance of structural damage in the PFJ was also reflected by the high numbers of 

knees without rapid tibio-femoral radiographic progression that exhibited BMLs in the PFJ 

in the year prior to knee replacement. While inflammatory MRI markers were less prevalent 

in the no/mild ROA group at baseline, at the visit prior to knee replacement (T0) there were 

no differences between groups, indicating development of an inflammatory component in 

the no/mild ROA group over the time period since baseline. Knees with severe ROA at 

baseline reported pain more frequently and at higher levels at baseline compared to the mild 

ROA group, while at the visit prior to knee replacement no differences between these two 

groups were observed. Worsening pain status over the follow-up period was also observed in 

knees with no/mild ROA at baseline that subsequently underwent knee replacement, 

confirming previous work on the relevance of clinical symptom progression in the decision 

process for knee replacement22. This contrasts with severe OA knees at baseline, which 

predominantly tended to have persistent pain at both visits, baseline and T0. The clinical 

implications of these findings need to be further elucidated; particularly the role of PFJ 

symptoms and structural damage needs to be better understood in the context of indications 

for KR.
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This study was nested within the large OAI cohort, in which participants were examined on 

an annual basis over a 60-month period. Multiple clinical and structural assessment metrics 

were gathered in the OAI, offering the unique opportunity to follow structural and 

symptomatic progression with frequent assessments over time. The discordance between 

symptoms and structural damage in OA has long remained enigmatic, although more recent 

data has shown that there seems to be a stronger association than previously thought, a 

conclusion also reflected by our data, in which more than half of the subjects progressed 

structurally and symptomatically23,24.

Pain and the severity of ROA are considered important variables in the decision to perform 

knee replacement surgery25–27. A recently published survey of Dutch orthopedic surgeons 

reported that age and severe structural ROA were variables that are considered to be 

important in the decision to perform knee replacement, while pain symptoms of moderate or 

severe pain were unequivocal8.

Our hypothesis that knees with mild ROA at baseline progressed quickly to higher grades of 

structural (radiographic) OA was supported for approximately half of the knees with K-L 

grades 0 to 2 at baseline. Although half of the knees remained low grade according to the K-

L scale, this was based on the TF joint only and disregards structural damage and 

progression in PFJ. The finding that particularly patello-femoral BMLs, which are 

commonly considered to be associated with symptoms, were more prevalent in the no/mild 

ROA knees at the time point before knee replacement supports the premise that the PFJ 

seems to play a relevant role in the decision process for knee replacement28,29. Other 

markers of active disease that are commonly associated with measures of pain are the MRI 

findings of Hoffa synovitis and effusion-synovitis, which are surrogates for whole joint 

inflammation10. While at baseline these markers were markedly less frequently observed in 

the mild ROA group compared to the severe ROA group, at the time point before knee 

replacement no differences were seen between the two groups, indicating the development 

of active disease in mild ROA group30. Whether aggressive treatment of inflammation might 

reduce the risk for knee replacement remains to be examined in future randomized studies.

We have also recently used a nested, matched case-control design within the OAI cohort to 

demonstrate that multiple features of MRI tissue pathology were related to clinical prognosis 

and predicted knee replacement in the following year9. The time point closest to surgery 

seems to be most relevant in regards to both structural disease manifestations and clinical 

symptoms. In addition, our findings are in line with knee OA being considered a disease 

following the principles of inertia as suggested by Felson and colleagues21. Our results 

suggest that the knees that appeared to have mild ROA at baseline, but progressed to knee 

replacement over the follow-up period were already in a rapidly progressive state at the 

baseline visit. We encourage further characterization of these knees, given that knees at risk 

of fast progression are of high relevance to potential treatment and prevention efforts. On the 

other hand it was surprising to observe that six knees with mild or no OA at baseline still 

exhibited K-L grades 0 or 1 at the time point T0 and went on to knee replacement between 

T0 and the next annual visit, i.e. underwent surgery without severe radiographic changes. 

The reasons for this remain enigmatic but underlines that the decision making process is 

complex and based on individual decisions between patient and treating physician.
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The MOAKS scoring system that has been applied in our study is the latest whole organ 

assessment tool for MRI-based knee OA evaluation and has emerged from experiences with 

other systems such as WORMS or BLOKS31,32. Reliability data has been published and 

responsiveness has been shown recently for the FNIH sample showing the predictive value 

of MOAKS for clinical and structural joint progression20. Measures of agreement for MRI 

assessment were not perfect but in the range commonly reported for experienced readers 

applying semi-quantitative MRI scoring systems for knee OA evaluation31,32.

There are limitations to our study that warrant mention. The OAI does not include X-rays of 

the patello-femoral joint (PFJ) and, thus, radiographic changes from baseline to T0 in this 

joint could not be assessed. We focused only on certain structural measures that are 

considered particularly relevant for clinical disease manifestations, i.e. BMLs and markers 

of inflammation10,17. To assess the degree of joint inflammation, we used a surrogate of 

signal alterations in Hoffa’s fat pad and separately evaluated effusion-synovitis in the joint. 

We did not have histological confirmation of those MRI findings, nor contrast-enhanced 

MRI, which is considered the gold standard for synovitis assessment in knee OA33.

There was a considerable time lag between T0 and KR for some knees which may explain 

why some knees without relevant levels of pain at T0 had reported KR at the next annual 

visit. An increase in pain after the T0 visit is likely but unfortunately this remains 

speculative. In addition, fluctuation of MRI features between time points may explain 

additional discrepancies between symptoms at T0 and the time point of reported KR.

The moderate precision for some of the estimates, particularly for the BML PFJ models and 

the change in pain models needs to be acknowledged, and thus, these findings should be 

interpreted cautiously given the observed variability around the point estimates. 

Additionally, because of the limited numbers of knees with some features, statistical power 

was often only sufficient to reliably find large effects and small effects may be present.

In summary, our study showed that about half of the knees with no/mild tibio-femoral ROA 

at baseline that underwent knee replacement during the observational period progressed to 

higher-grade tibiofemoral ROA closer to the time point of surgery. However, the other half 

of these knees did not progress to severe tibio-femoral ROA, but had evidence of patello-

femoral BMLs, which seemed to play a role in structural disease that ultimately led to knee 

replacement. Also, joint inflammation developed over time as active disease in the year prior 

to knee replacement was observed in a majority of knees. Finally, while pain levels differed 

markedly at baseline, no differences were observed between no/mild and severe ROA knees 

at the time point before knee replacement, indicating marked progression of symptoms over 

time.

Acknowledgments

Funding and role of the funding sources

The study and image acquisition was funded by the OAI, a public-private partnership comprised of five contracts 
(N01-AR-2-2258; N01-AR-2-2259; N01-AR-2-2260; N01-AR-2-2261; N01-AR-2-2262) funded by the National 
Institutes of Health, a branch of the Department of Health and Human Services, and conducted by the OAI Study 
Investigators. Private funding partners of the OAI include Merck Research Laboratories, Novartis Pharmaceuticals 

Roemer et al. Page 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Corporation, GlaxoSmithKline, and Pfizer, Inc. Private sector funding for the OAI is managed by the Foundation 
for the National Institutes of Health.

The image analysis of this study was funded in part by Novartis Pharma AG (Basel, Switzerland), in part by a 
contract with the University of Pittsburgh (Pivotal OAI MRI Analyses [POMA]: NIH/NHLBI Contract No. 
HHSN2682010000 21C), and in part by a vendor contract from the OAI coordinating center at University of 
California, San Francisco (N01-AR-2-2258).

The statistical data analysis was funded in part by a contract with the University of Pittsburgh (Pivotal OAI MRI 
Analyses [POMA]: NIH/NHLBI Contract No. HHSN2682010000 21C) and by the Biomarker of Early 
osteoArthritis of the Knee (BEAK) study (AR066601).

The funding sources did not have any role in the writing of the manuscript or the decision to submit it for 
publication.

None of the authors have been paid by a pharmaceutical company or other agency to write this article.

The corresponding author had full access to all the data in the study and had final responsibility for the decision to 
submit for publication.

The authors would like to thank the readers of the fixed flexion radiographs at Boston University for the central KL 
grading; the OAI investigators, clinic staff and OAI participants at each of the OAI clinical centers for their 
contributions in acquiring the publicly available clinical and imaging data; and the team at the OAI coordinating 
center, particularly John Lynch, Maurice Dockrell, and Jason Maeda, for their help in selecting images and 
verifying the knee replacements radiographically. This manuscript has received the approval of the OAI 
Publications Committee based on a review of its scientific content and data interpretation.

References

1. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance for clinical practice. 
Lancet. 2011; 377:2115–26. [PubMed: 21684382] 

2. Lohmander LS, Felson D. Can we identify a 'high risk' patient profile to determine who will 
experience rapid progression of osteoarthritis? Osteoarthritis Cartilage. 2004; 12(Suppl A):S49–52. 
[PubMed: 14698642] 

3. Roemer FW, Zhang Y, Niu J, Lynch JA, Crema MD, Marra MD, et al. Tibiofemoral joint 
osteoarthritis: risk factors for MR-depicted fast cartilage loss over a 30-month period in the 
multicenter osteoarthritis study. Radiology. 2009; 252:772–80. [PubMed: 19635831] 

4. Sakellariou G, Conaghan PG, Zhang W, Bijlsma JWJ, Boyesen P, D'Agostino MA, Doherty M, 
Fodor D, Kloppenburg M, Miese F, Naredo E, Porcheret M, Iagnocco A. EULAR recommendations 
for the use of imaging in the clinical management of peripheral joint osteoarthritis. Ann Rheum Dis. 
2017; 76(9):1484–1494. [PubMed: 28389554] 

5. Healthcare Cost and Utilization Project (HCUP). Content last reviewed January 2017. Agency for 
Healthcare Research and Quality; Rockville, MD: http://ahrq.gov/research/data/hcup/index.html 
[accessed 20th February 2017]

6. Losina E, Thornhill TS, Rome BN, Wright J, Katz JN. The dramatic increase in total knee 
replacement utilization rates in the United States cannot be fully explained by growth in population 
size and the obesity epidemic. J Bone Joint Surg Am. 2012; 94:201-. [PubMed: 22298051] 

7. Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee replacement. Lancet. 
2012; 379:1331–40. [PubMed: 22398175] 

8. Verra WC, Witteveen KQ, Maier AB, Gademan MG, van der Linden HM, Nelissen RG. The reason 
why orthopaedic surgeons perform total knee replacement: results of a randomised study using case 
vignettes. Knee Surg Sports Traumatol Arthrosc. 2016; 24:2697–703. [PubMed: 26759152] 

9. Roemer FW, Kwoh CK, Hannon MJ, Hunter DJ, Eckstein F, Wang Z, et al. Can structural joint 
damage measured with MR imaging be used to predict knee replacement in the following year? 
Radiology. 2015; 274:810–20. [PubMed: 25279436] 

10. Zhang Y, Nevitt M, Niu J, Lewis C, Torner J, Guermazi A, et al. Fluctuation of knee pain and 
changes in bone marrow lesions, effusions, and synovitis on magnetic resonance imaging. Arthritis 
Rheum. 2011; 63:691–9. [PubMed: 21360498] 

Roemer et al. Page 10

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ahrq.gov/research/data/hcup/index.html


11. Peterfy CG, Schneider E, Nevitt M. The osteoarthritis initiative: report on the design rationale for 
the magnetic resonance imaging protocol for the knee. Osteoarthritis Cartilage. 2008; 16:1433–41. 
[PubMed: 18786841] 

12. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a 
health status instrument for measuring clinically important patient relevant outcomes to 
antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J Rheumatol. 1988; 
15:1833–40. [PubMed: 3068365] 

13. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis 
Outcome Score (KOOS)--development of a self-administered outcome measure. J Orthop Sports 
Phys Ther. 1998; 28:88–96. [PubMed: 9699158] 

14. Gandek B. Measurement properties of the Western Ontario and McMaster Universities 
Osteoarthritis Index: a systematic review. Arthritis Care Res (Hoboken). 2015; 67(2):216–29. 
[PubMed: 25048451] 

15. Sun Y, Stürmer T, Günther KP, Brenner H. Reliability and validity of clinical outcome 
measurements of osteoarthritis of the hip and knee--a review of the literature. Clin Rheumatol. 
1997; 16(2):185–98. [PubMed: 9093802] 

16. Collins NJ, Prinsen CA, Christensen R, Bartels EM, Terwee CB, Roos EM. Knee Injury and 
Osteoarthritis Outcome Score (KOOS): systematic review and meta-analysis of measurement 
properties. Osteoarthritis Cartilage. 2016; 24(8):1317–29. [PubMed: 27012756] 

17. Hunter DJ, Guermazi A, Lo GH, Grainger AJ, Conaghan PG, Boudreau RM, et al. Evolution of 
semi-quantitative whole joint assessment of knee OA: MOAKS (MRI Osteoarthritis Knee Score). 
Osteoarthritis Cartilage. 2011; 19:990–1002. [PubMed: 21645627] 

18. Roemer FW, Guermazi A, Collins JE, Losina E, Nevitt MC, Lynch JA, Katz JN, Kwoh CK, Kraus 
VB, Hunter DJ. Semi-quantitative MRI biomarkers of knee osteoarthritis progression in the FNIH 
biomarkers consortium cohort - Methodologic aspects and definition of change. BMC 
Musculoskelet Disord. 2016 Nov 10.17(1):466. [PubMed: 27832771] 

19. Runhaar J, Schiphof D, van Meer B, Reijman M, Bierma-Zeinstra SM, Oei EH. How to define 
subregional osteoarthritis progression using semi-quantitative MRI osteoarthritis knee score 
(MOAKS). Osteoarthritis Cartilage. 2014; 22(10):1533–6. [PubMed: 25278062] 

20. Collins JE, Losina E, Nevitt MC, Roemer FW, Guermazi A, Lynch JA, Katz JN, Kent Kwoh C, 
Kraus VB, Hunter DJ. Semiquantitative Imaging Biomarkers of Knee Osteoarthritis Progression: 
Data From the Foundation for the National Institutes of Health Osteoarthritis Biomarkers 
Consortium. Arthritis Rheumatol. 2016; 68(10):2422–31. [PubMed: 27111771] 

21. Felson D, Niu J, Sack B, Aliabadi P, McCullough C, Nevitt MC. Progression of osteoarthritis as a 
state of inertia. Ann Rheum Dis. 2013; 72:924–9. [PubMed: 22753401] 

22. Lawrence JS, Bremner JM, Bier F. Osteo-arthrosis. Prevalence in the population and relationship 
between symptoms and x-ray changes. Ann Rheum Dis. 1966; 25:1–24. [PubMed: 5905334] 

23. Hawker GA, Guan J, Croxford R, Coyte PC, Glazier RH, Harvey BJ, et al. A prospective 
population-based study of the predictors of undergoing total joint arthroplasty. Arthritis Rheum. 
2006; 54:3212–20. [PubMed: 17009255] 

24. Neogi T, Felson D, Niu J, Nevitt M, Lewis CE, Aliabadi P, et al. Association between radiographic 
features of knee osteoarthritis and pain: results from two cohort studies. BMJ. 2009; 339:b2844. 
[PubMed: 19700505] 

25. Gossec L, Paternotte S, Maillefert JF, Combescure C, Conaghan PG, Davis AM, et al. The role of 
pain and functional impairment in the decision to recommend total joint replacement in hip and 
knee osteoarthritis: an international cross-sectional study of 1909 patients. Report of the OARSI-
OMERACT Task Force on total joint replacement. Osteoarthritis Cartilage. 2011; 19:147–54. 
[PubMed: 21044689] 

26. Maillefert JF, Roy C, Cadet C, Nizard R, Berdah L, Ravaud P. Factors influencing surgeons' 
decisions in the indication for total joint replacement in hip osteoarthritis in real life. Arthritis 
Rheum. 2008; 59:255–62. [PubMed: 18240195] 

27. Mancuso CA, Ranawat CS, Esdaile JM, Johanson NA, Charlson ME. Indications for total hip and 
total knee arthroplasties. Results of orthopaedic surveys. J Arthroplasty. 1996; 11:34–46. 
[PubMed: 8676117] 

Roemer et al. Page 11

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. Felson DT, Chaisson CE, Hill CL, Totterman SM, Gale ME, Skinner KM, et al. The association of 
bone marrow lesions with pain in knee osteoarthritis. Ann Intern Med. 2001; 134:541–9. 
[PubMed: 11281736] 

29. Dy CJ, Franco N, Ma Y, Mazumdar M, McCarthy MM, Gonzalez Della Valle A. Complications 
after patello-femoral versus total knee replacement in the treatment of isolated patello-femoral 
osteoarthritis. A meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2012; 20:2174–90. 
[PubMed: 21987361] 

30. Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!). 
Osteoarthritis Cartilage. 2013; 21:16–21. [PubMed: 23194896] 

31. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D, Kothari M, Lu Y, Fye K, Zhao S, 
Genant HK. Whole-Organ Magnetic Resonance Imaging Score (WORMS) of the knee in 
osteoarthritis. Osteoarthritis Cartilage. 2004; 12(3):177–90. [PubMed: 14972335] 

32. Hunter DJ, Lo GH, Gale D, Grainger AJ, Guermazi A, Conaghan PG. The reliability of a new 
scoring system for knee osteoarthritis MRI and the validity of bone marrow lesion assessment: 
BLOKS (Boston Leeds Osteoarthritis Knee Score). Ann Rheum Dis. 2008; 67(2):206–11. 
[PubMed: 17472995] 

33. Guermazi A, Roemer FW, Hayashi D, Crema MD, Niu J, Zhang Y, et al. Assessment of synovitis 
with contrast-enhanced MRI using a whole-joint semiquantitative scoring system in people with, 
or at high risk of, knee osteoarthritis: the MOST study. Ann Rheum Dis. 2011; 70:805–11. 
[PubMed: 21187293] 

Appendix 1

Intra- and inter-observer·reliability

Intra-observer agreement Inter-observer agreement

Weighted
Kappa

Standard
Error

95% confidence
interval Weighted

Kappa
Standard

Error

95% confidence
interval

Lower Upper Lower Upper

BML size (0–3) PFJ 0.85 0.101 0.65 1.00 0.92 0.100 0.73 1.00

Whole knee 0.87 0.050 0.77 0.97 0.90 0.050 0.80 1.00

Medial TFJ 0.84 0.081 0.68 1.00 0.90 0.082 0.74 1.00

Lateral TFJ 0.90 0.087 0.73 1.00 0.90 0.086 0.73 1.00

Hoffa-Synovitis (0–3) 0.68 0.157 0.38 0.99 0.68 0.157 0.38 0.99

Effusion-synovitis (0–3) 0.95 0.174 0.61 1.00 0.91 0.171 0.57 1.00
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Significant and/or Innovative Findings

- A substantial proportion of knees (28.2%) undergoing knee replacement 

within a five year period in the Osteoarthritis Initiative study did not have 

severe radiographic OA (Kellgren Lawrence grades 3 and 4) at the baseline 

visit.

- Of these knees with no or only mild radiographic OA (Kellgren Lawrence 

grade 0–2), 37.3% progressed to K-L grade 3, and 13.7% knees to K-L grade 

4.

- MRI-defined joint inflammation defined as effusion- or Hoffa-synovitis, 

reflecting whole joint inflammation, developed over time in a majority of 

knees, indicating the presence of active disease at time points close to knee 

replacement

- Patello-femoral bone marrow lesions were more likely to be observed in no/

mild ROA knees compared to severe ROA knees, emphasizing the role of the 

patello-femoral joint in the decision for knee replacement.

- While pain levels differed markedly between knees with no/mild ROA and 

severe ROA at baseline, no differences were observed between no/mildand 

severe ROA knees at the time point before knee replacement, indicating 

marked clinical symptomatic progression over time.
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Table 1

Sample Description

Baseline Demographics

All Participants
(N = 161†)

Baseline no/mild OA
Participants*

(N = 46)

Baseline severe OA
Participants*

(N = 125)

Female, N (%) 93 (57.8) 30 (65.2) 69 (55.2)

Age in years, Mean (SD) 64.4 (8.5) 64.7 (7.8) 64.5 (8.8)

BMI, Mean (SD) 29.7 (4.7) 29.8 (4.2) 29.6 (4.7)

Radiographic OA severity in the two subgroups at baseline and T0

All knees (%)
(N = 181)

Baseline no/mild OA
(%)*

(N = 51)

Baseline severe OA
(%)*

(N = 130)

Time point of T0

12 Month 20 (11.0) 3 (5.9) 17 (13.1)

24 Month 32 (17.7) 6 (11.8) 26 (20.0)

36 Month 46 (25.4) 15 (29.4) 31 (23.9)

48 Month 38 (21.0) 11 (21.6) 27 (20.8)

60 Month 45 (24.9) 16 (31.4) 29 (22.3)

Kellgren-Lawrence grade at Baseline

0 7 (3.9) 7 (13.7) 0 (0.0)

1 8 (4.4) 8 (15.7) 0 (0.0)

2 36 (19.9) 36 (70.6) 0 (0.0)

3 66 (36.5) 0 (0.0) 66 (50.8)

4 64 (35.4) 0 (0.0) 64 (49.2)

Kellgren-Lawrence grade at T0

0 2 (1.1) 2 (3.9) 0 (0.0)

1 4 (2.2) 4 (7.8) 0 (0.0)

2 19 (10.5) 19 (37.3) 0 (0.0)

3 56 (30.9) 19 (37.3) 37 (28.5)

4 100 (55.3) 7 (13.7) 93 (71.5)

†
Note that ten individuals contributed one knee each to both groups.

*
No/Mild OA: Kellgren –Lawrence grades 0–2; Severe OA: Kellgren–Lawrence grades 3 and 4
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Table 2

Compartmental presence of bone marrow lesions (BMLs) at baseline and T0

BML load in compartment
(Predictor)

Severe OA
(n=130)
N (%)

No/Mild OA
(n=51)
N (%)

Odds of being a no/mild OA
knee (Outcome)
Crude odds ratio
(95% confidence intervals)

BL - BML medial TFJ (number of subregions affected)

0 26 (20.0) 37 (72.6) Reference

1 16 (12.3) 8 (15.7) 0.35 (0.13,0.94) *

≥ 2 88 (67.7) 6 (11.7) 0.05 (0.02,0.13) *

BL -BML lateral TFJ (number of subregions affected)

0 69 (53.5) 39 (76.5) Reference

1 26 (20.2) 9 (17.7) 0.61 (0.26,1.44)

≥ 2 34 (26.3) 3 (5.9) 0.16 (0.05, 0.54) *

BL - BML PFJ (number of subregions affected)

0 65 (50.0) 9 (17.7) Reference

1 34 (26.2) 8 (15.7) 1.70 (0.60,4.80)

≥ 2 31 (23.8) 34 (66.6) 7.92 (3.39,18.53) *

T0 - BML medial TFJ (number of subregions affected)

0 24 (18.5) 20 (40.0) Reference

1 10 (7.7) 13 (26.0) 1.56 (0.57,4.31)

≥ 2 96 (73.8) 17 (34.0) 0.21 (0.10,0.47) *

T0 - BML lateral TFJ (number of subregions affected)

0 62 (48.1) 34 (68.0) Reference

1 30 (23.3) 8 (16.0) 0.49 (0.20,1.18)

≥ 2 37 (28.6) 8 (16.0) 0.39 (0.17,0.94) *

T0 - BML PFJ (number of subregions affected)

0 65 (50.0) 8 (16.0) Reference

1 34 (26.2) 6 (12.0) 1.43 (0.46,4.47)

≥ 2 31 (23.8) 36 (72.0) 9.44 (3.92,22.69) *

BML – bone marrow lesion; TFJ – tibio-femoral joint; PFJ – patello-femoral joint, OA – osteoarthritis, T0 – OAI visit prior knee replacement

*
Statistically significant at p< 0.05

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roemer et al. Page 16

Table 3

Inflammatory MRI markers at baseline and T0

Inflammatory MRI marker
(Predictor)

Severe OA
(n=130)
N (%)

No/Mild OA
(n=51)
N (%)

Odds of being a no/mild
OA knee (Outcome)

Crude odds ratio
(95% confidence

intervals)

BL – Effusion-synovitis

0 21 (16.2) 19 (37.3) Reference

1 41 (31.5) 16 (31.4)

2 47 (36.2) 10 (19.6) 0.32 (0.16,0.65) 1*

3 21 (16.2) 6 (11.8)

BL – Hoffa-synovitis

0 21 (16.2) 18 (35.3) Reference

1 66 (50.8) 24 (47.1)

2 42 (32.3) 9 (17.6) 0.35 (0.17,0.73) 1*

3 1 (0.8) 0 (0.0)

T0 – Effusion-synovitis

0 13 (10.0) 8 (15.7) Reference

1 32 (24.6) 9 (17.7)

2 47 (36.2) 23 (45.1) 0.60 (0.24,1.48) 1

3 38 (29.2) 11 (21.6)

T0 – Hoffa-synovitis

0 17 (13.1) 10 (19.6) Reference

1 62 (47.7) 26 (51.0)

2 48 (36.9) 14 (27.5) 0.62 (0.26,1.47) 1

3 3 (2.3) 1 (2.0)

1
odds ratio presented for any grade ≥1 combined

*
statistically significant at p< 0.05

OA – osteoarthritis, BL – baseline visit, T0 – OAI visit directly prior knee replacement
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Table 4

Cross sectional pain measures for mild and severe OA knees

Pain measure Severe OA
(n=130)

No/Mild OA
(n=51)

Odds of being a
no/mild OA knee

(Outcome)
Crude odds ratio
(95% confidence

intervals)

BL – WOMAC and KOOS Pain

WOMAC, mean (SD) 5.58 (3.48) 3.80 (4.10) 0.86 (0.76, 0.98)*

KOOS, mean (SD) 64.95 (17.51) 76.01 (21.22) 0.97 (0.94, 0.99)*

BL – WOMAC and KOOS Functioning

WOMAC ADL, mean (SD) 17.98 (11.49) 14.30 (13.31) 0.97 (0.94, 1.01)

KOOS QoL, mean (SD) 46.97 (18.47) 50.37 (25.01) 0.99 (0.97, 1.01)

T0 – WOMAC and KOOS Pain Odds ratio per one unit increase

WOMAC, mean (SD) 7.49 (3.89) 7.00 (4.06) 0.97 (0.89,1.05)

KOOS, mean (SD) 57.05 (18.38) 58.04 (19.80) 1.00 (0.98,1.02)

T0 – WOMAC and KOOS Functioning

WOMAC ADL, mean (SD) 23.56 (12.85) 23.26 (11.81) 1.00 (0.97,1.02)

KOOS QoL, mean (SD) 40.72 (17.60) 36.76 (19.79) 1.01 (0.99,1.03)

*
statistically significant at p<0.05

In models, the KOOS pain score was reversed so that higher scores indicated more pain in order to be able to interpret odds ratios in the same 
direction as the other pain measures.

WOMAC – Western Ontario and McMaster Universities Arthritis Index; KOOS – Knee Injury and Osteoarthritis Outcome Score; SD – standard 
deviation; OA – osteoarthritis, BL – baseline, T0 – OAI visit directly prior knee replacement
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Table 5

Change in pain from baseline to T0#

Change in pain
(Predictor)

Severe OA
(n=130)
N (%)

No/Mild OA
(n=51)
N (%)

Odds of being a
no/mild OA knee
(Outcome)
adjusted Odds Ratio1
(95% confidence
intervals)

Change in WOMAC and KOOS Pain Odds ratio per one unit increase2

WOMAC pain +1.91 (3.78) +3.20 (4.19) 1.00 (0.90,1.11)

KOOS pain −7.89 (19.31) −17.71 (21.86) 1.01 (0.98,1.03)

Change in WOMAC and KOOS Functioning

WOMAC ADL +5.56 (11.57) +8.78 (13.44) 1.00 (0.96,1.03)

KOOS QoL −6.25 (17.26) −13.60 (20.03) 1.02 (1.00,1.05)

1
adjusted for age, sex, baseline BMI, baseline reported previous knee injury, baseline reported knee surgery

2
adjusted for the same as above plus the baseline value for that scale.

*
statistically significant at p<0.05

#
days from baseline to T0 (days): mean 222, SD ± 495, median 767, IQR 403 – 1424, maximum 1560
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