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ABSTRACT 

Objective: To determine if accelerated knee osteoarthritis (KOA) is preceded and 

characterized by destabilizing meniscal tears or other pathologic changes. 

Methods: We selected 3 sex-matched groups from the first 48 months of the 

Osteoarthritis Initiative who had a knee without KOA at baseline (Kellgren-Lawrence 

[KL]<2): Accelerated KOA (AKOA) developed KL grade≥3, typical KOA increased 

radiographic scoring, and no KOA had the same KL grade over time. An index visit 

was the visit when the radiographic criteria for AKOA and typical KOA were met (no 

KOA was matched to AKOA). The observation period was up to 2 years before and 

after an index visit. Radiologists reported destabilizing meniscal tears (root tears, 

radial tears, complex tears), miscellaneous pathology (acute ligamentous or 

tendinous injuries, attrition, subchondral insufficiency fractures, other incidental 

findings), and meniscal damage in >2 out of 6 regions (3 regions/meniscus: anterior 

horn, body, posterior horn) on magnetic resonance images. We quantified bone 

marrow lesions (BML) and cartilage damage on magnetic resonance images. We 

performed linear mixed models. 

Results: At 1 year before the index visit, >75% of adults with AKOA had meniscal 

damage in >2 regions (vs typical KOA: OR=3.19, 95%CI=1.70 to 5.97). By the index 

visit, meniscal damage in >2 regions was ubiquitous in AKOA; including 42% with a 

destabilizing meniscal tear (typical KOA=14%). These changes corresponded to 

larger BMLs and greater cartilage loss.  

Conclusion: AKOA is characterized by destabilizing meniscal tears in a knee 

compromised by meniscal damage in >2 regions, large BMLs, and cartilage loss.  
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Knee osteoarthritis (KOA) is typically a slowly progressive disorder. However, a 

subset of individuals develops accelerated KOA (AKOA), which is defined by the 

rapid onset and progression of disease within 4 years (from pre-radiographic disease 

to advanced-stage disease)(1-3). Two out of 3 adults with AKOA transition from 

develop AKOA in less than 12 months (1-4). Individuals with AKOA have 

substantially greater pain and disability than peers without AKOA and this is evident 

prior to radiographic onset (3, 4). AKOA may be a unique subset of KOA 

characterized by specific pathologies (e.g., meniscal root tears(5-9)) that differentiate 

it from typical KOA; however, this hypothesis has not been specifically examined. If 

specific pathologies differentiate people at risk for AKOA it may help identify adults 

with early-stage or high-risk for AKOA and inspire novel prevention strategies. 

 

The purpose of this longitudinal study was to determine if AKOA is preceded and 

characterized over time by destabilizing meniscal tears (i.e., root tears, radial tears, 

complex tears), miscellaneous pathologies (i.e., acute ligamentous or tendinous 

injuries, attrition, subchondral insufficiency fractures, other incidental findings), or 

other structural changes (i.e., meniscal damage in 2 or more regions, medial or 

lateral meniscal pathology or extrusion, and greater changes in bone marrow lesions 

[BMLs] and articular cartilage) than adults with typical or no KOA. We hypothesize 

that AKOA is a unique disorder characterized by destabilizing meniscal tears, 

miscellaneous pathologies, and greater cartilage loss and increases in BML size 

than in individuals with typical or no KOA.  
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MATERIALS AND METHODS 

We identified adults using OAI data from baseline and the first 4 annual follow-up 

visits. The OAI is a cohort of 4,796 adults with or at risk for symptomatic KOA 

recruited at 4 clinical sites (Memorial Hospital of Rhode Island, The Ohio State 

University, University of Maryland and Johns Hopkins University, and the University 

of Pittsburgh) between 2004 and 2006. Institutional review boards at each clinical 

site and the coordinating center (University of California, San Francisco) approved 

the study. Participants offered informed consent prior to enrollment. 

 

Participant selection 

We identified 3 groups based on radiographic criteria. Adults with AKOA included 

anyone with a knee without radiographic osteoarthritis at baseline (Kellgren-

Lawrence [KL] grade<2) that developed advanced-stage KOA (KL grade 3 or 4) 

within 48 months (n=125)(2). Individuals with typical KOA had no radiographic KOA 

in both knees at baseline and at least 1 knee that increased radiographic scoring 

within 48 months (n=187; i.e., KL change from 0 to 1, 0 to 2, or 1 to 2). Individuals 

with no KOA had no KOA in both knees at baseline and had no change in KL grade 

in either knee from baseline to 48 months (n=1,325). We matched the typical and no 

KOA groups to those with AKOA on sex (n=125/group). 
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Index knee 

The index knee among adults with AKOA or typical KOA was the first knee to 

develop AKOA or typical KOA, respectively. For individuals with no KOA, the index 

knee was the same as that person’s matched member of the AKOA group. 

 

Definition of index visit 

For individuals with either AKOA or typical KOA, the index visit was the visit when a 

person met the definition for AKOA or typical KOA, respectively. For someone with 

no KOA, the index visit was the same as that person’s matched member of the 

AKOA group.  

 

Knee radiographs 

Bilateral weight-bearing, fixed-flexion posteroanterior knee radiographs were 

obtained at each visit. Blinded central readers recorded KL grades (0 to 4; intrarater 

agreement: weighted kappa=0.70 to 0.80) and tibiofemoral joint space narrowing (0 

to 3 with within grade changes permitted (10, 11); intrarater agreement: weighted 

kappa=0.75 to 0.87; files: kXR_SQ_BU##_SAS [versions 0.6, 1.6, 3.5, 5.5, and 6.3]) 

(12). These radiographs were also used to measure baseline static knee alignment 

(femorotibial alignment angle; intra-reader reliability intraclass correlation coefficient 

[ICC]=0.98; file: KXR_FTA_Duryea00, version 0.2)(13). 
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Magnetic resonance imaging acquisition 

Magnetic resonance (MR) images were acquired annually with 1 of 4 identical 

Siemens (Erlangen, Germany) Trio 3-Tesla MR systems at each clinical site. 

Readers performing semi-quantitative scoring were provided all the sequences 

acquired on each index knee at each visit (e.g., those noted below; coronal 

intermediate-weighted, turbo spin echo, without fat suppression). BML quantitative 

measurements were performed using a sagittal intermediate-weighted, turbo spin 

echo, fat-suppressed MR sequence. Cartilage damage was quantified using a 3-

dimensional dual-echo steady-state sequence. These sequences have been 

described elsewhere (14).  

 

Meniscal readings 

Two musculoskeletal radiologists reviewed MR images (RW:255 cases, JM:120 

cases) blinded to group but unblinded to time. They reported the presence of 

meniscal pathology in 3 regions (anterior, body, posterior) of each meniscus based 

on the International Society of Arthroscopy, Knee Surgery, and Orthopaedic Sports 

Medicine meniscal tear classification, which was modified for MR imaging (15, 16). 

Possible meniscal pathologies were normal, degeneration, horizontal, flap horizontal, 

vertical longitudinal, radial, morphologic deformity, maceration, complex, or vertical 

flap tear. The readers also reported the presence of a root tear, which was a 

complete radial tear at the anterior or posterior medial and lateral meniscal roots. 

These tears would be considered radial tears; however, due to the potential 

pathological significance of root tears the readers reported these separately. The 

readers also scored medial and lateral meniscal extrusion (0 to 3) based on the MR 
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Imaging Osteoarthritis Knee Score (Grade 1: <2 mm, Grade 1: 2 to 2.9 mm, Grade 2: 

3 to 5 mm, and Grade 3: >5mm) (17).  

 

Since some meniscal findings were infrequently identified we created 6 dichotomous 

variables (defined below) to ensure statistical power. Our primary outcome for 

meniscal pathology was the presence of a destabilizing meniscal tear in either 

meniscus. Destabilizing meniscal tears compromise meniscal function and may 

increase the risk for accelerated progression (6, 7). Destabilizing meniscal tears 

consisted of a root tear, radial tear, or complex tear, which almost always featured a 

radial component. We also created five variables for secondary meniscal findings: 1) 

meniscal damage in 2 or more regions: knee with any meniscal pathology in >2 out 

of 6 regions (kappa=0.89), 2) medial meniscal pathology: any pathology in the 

medial meniscus (excludes extrusion; kappa=0.90), 3) medial meniscal extrusion 

(scores: 0 vs >1; kappa=0.91), 4) lateral meniscal pathology: any pathology in the 

lateral meniscus (excludes extrusion; kappa=0.63), and 5) lateral meniscal extrusion 

(scores: 0 vs > 1; 100% agreement). All kappa statistics represent inter-reader 

agreement among 24 knees.  

 

Miscellaneous pathology 

The radiologists were asked to record the presence of any other pathologies: 

attrition, acute ligamentous or tendinous injuries, subchondral insufficiency fractures, 

and any other incidental findings. We recorded attrition from 0 (normal) to 3 (severe), 

based on the perceived degree of deviation from a normal contour for the medial and 

lateral femur and tibia. We defined the presence of attrition as a score of 1 or more. 
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We defined acute ligamentous or tendinous injury as per routine clinical practice, 

using the presence/absence of focal fiber disruption and intrinsic ligamentous or 

subjacent soft tissue edema to detect the presence of injury. We differentiated acute 

from chronic injuries as per clinical judgement, using the criteria above (focal fiber 

disruption and edema) as the key differentiators from a chronic finding with 

attenuation and no edema. We defined subchondral insufficiency fracture as a linear 

low signal in the subchondral bone on a fat suppressed image and subadjacent 

edema (18). Since each pathologic finding was rare we combined them into a 

primary outcome variable based on the presence of any miscellaneous pathology. 

 

Semi-automated bone marrow lesion segmentation 

One reader (ACS) measured tibiofemoral BML volume with a validated semi-

automated segmentation method (19, 20). After the reader identified crude 

boundaries of the bones, the program automatically identified the precise bone 

boundaries and performed a thresholding and curve evolution process twice to 

segment areas of high-signal intensity. We eliminated false-positive regions by 

defining a BML based on 2 criteria: 1) the distance between a BML to the articular 

surface should be <10 mm (21-23) and 2) a BML should span more than one MR 

image. We summed BML measurements to generate a whole knee BML volume 

(intra-reader reliability: ICC3,1=0.91). The reader was unaware of group assignment 

and was unblinded to the order of time. The primary investigator (JBD) reviewed all 

measurements.  
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Cartilage damage index 

To quantify change in tibiofemoral cartilage damage, we used the validated cartilage 

damage index (CDI) (24, 25). One reader (JED) manually marked the bone-cartilage 

boundary on automatically selected images, and measured the cartilage thickness at 

predefined informative locations, which the software located. The software then 

computed the CDI by summing the products of cartilage thickness, cartilage length 

(anterior-posterior), and voxel size from each informative location. The CDI was 

calculated for the medial and lateral femur and the medial and lateral tibia (intra-

reader reliability: ICC3,1=0.86 to 0.99). The reader was unaware of group assignment 

and was unblinded to the order of time. All measurements were reviewed by the 

primary investigator.  

 

Clinical data 

Age, body mass index, self-reported injury, frequent knee pain, days with limited 

activity in prior month, overall global rating, and Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) pain were acquired at each visit based 

on a standard protocol.  

 

Statistical analysis 

We calculated descriptive baseline characteristics and compared groups using chi-

square tests or one-way analyses of variance with post hoc comparisons of the three 

groups with a Bonferroni correction. 
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To determine if the presence of destabilizing meniscal tears, miscellaneous 

pathology, or other secondary meniscal findings differed between groups across time 

we used generalized linear mixed models assuming compound symmetry. 

Independent variables included group (3 levels) and time (up to 5 levels). We also 

tested a group-by-time interaction. Significant interactions were followed up with 3 

cross-sectional post hoc comparisons at each time (e.g., at the index visit: AKOA vs 

typical KOA, AKOA vs no KOA, and typical vs no KOA). For our primary analyses we 

adjusted for sex (matching variable)(26) and factors related to someone having no 

MR images at the next annual visit (i.e., age, body mass index, injury, frequent knee 

pain, days with limited activity in prior month, overall global rating, and WOMAC 

pain). When a model failed to converge because of a limited number of outcomes in 

a group, we performed a logistic regression for each time point separately with group 

(2 levels: AKOA versus no AKOA [typical and no KOA]) as an independent variable 

and adjusted for sex.  

 

To explore if cartilage damage or BML volume (continuous measures) differed 

between groups, we performed linear mixed models assuming compound symmetry. 

Independent variables included group (3 levels) and time (up to 5 levels). We also 

tested a group-by-time interaction. Significant interactions were followed up as 

described above. For our primary analyses we adjusted for sex and factors related to 

missing MR images at the next visit (see above). We calculated the mean change in 

each measure during the 2 years preceding the index visit based on the least-

squares means from the primary analyses. 
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We conducted several sensitivity analyses:  

1) adjusted only for sex,  

2) controlling for contralateral KOA: only included people who developed AKOA and 

had no radiographic KOA in the contralateral knee at baseline (n=54/group with 

matching),  

3) controlled for contralateral KL grade: we added baseline contralateral KL grade as 

a covariate to the models in our primary analyses (n=125/group), 

4) controlled for static knee alignment: we added baseline femorotibial angle as a 

covariate to the models in our primary analyses (n=125/group), 

5) assessed people with the fastest development of AKOA: only included individuals 

who developed AKOA in <12 months (n=71/group with matching);  

6) assessed people with complete data: among people with complete data at every 

visit (AKOA n=12, typical KOA n=29, no KOA n=25; no matching),  

7) assessed a commonly reported radiographic definition of incident KOA: only 

included those who developed typical KOA and had KL=2 (n=76/group with 

matching), and 

8) controlled for baseline disease severity: only included adults who had KL=0 in the 

index knee at baseline (AKOA n=42, typical KOA n=71, no KOA n=92; no matching). 

Since the sensitivity analyses were always among a smaller sample size, we 

performed them adjusted for sex only, unless noted above. As an additional 

sensitivity analysis, we assessed model diagnostics on the primary analyses and 

reran the analyses excluding people with potential influential data (i.e., large Cook’s 

D or Cook’s D Covariance Parameters). We also repeated the primary BML analyses 
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with the log of BML volume because BML volume was skewed with a few knee-visits 

having large BML volumes. 

All analyses were performed with SAS Enterprise 7.15 (Cary, NC, USA).  

 

RESULTS 

Descriptive characteristics 

Table 1 provides an overview of the descriptive characteristics of the groups. 

Overall, participants were predominantly female (63%), overweight, and 24 to 39% 

reported frequent knee pain within the prior 12 months. Compared with adults with 

typical or no KOA, those with AKOA were on average older, heavier, and reporting 

greater global impact of arthritis, and more likely to have questionable signs of KOA 

(KL grade=1; Table 1). Over time, 70%, 25%, 4% of adults with AKOA developed 

joint space narrowing in the medial, lateral, or both tibiofemoral compartments, 

respectively. In contrast, only 26% and 0% of adults with either typical or no KOA 

developed joint space narrowing, respectively. 

 

Destabilizing meniscal tear 

Destabilizing meniscal tears were rare in adults with no KOA (<5%; Table 2, Figure 

1). Hence, we compared AKOA versus no AKOA. At 2 years prior to the index visit, 

people who developed AKOA had >4 times the odds of a destabilizing meniscal 

pathology than adults without AKOA (Table 2, Figure 1). By the index visit, adults 

with AKOA were >7 times more likely to have a destabilizing meniscal tear than 

those without AKOA and this persisted for the next 2 visits. Among adults with AKOA 
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86% of destabilizing tears occurred in the same compartment as joint space 

narrowing. 

 

Miscellaneous pathology  

Since very few cases (< 5%) of miscellaneous pathology occurred among adults with 

typical or no KOA we compared AKOA versus no AKOA. Starting at the year before 

the index visit adults with AKOA had >4 times greater odds of having miscellaneous 

pathology than their peers (OR = 4.4, Table 2, Figure 2). At the index visit individuals 

with AKOA were ~8.6 times as likely to have miscellaneous pathology compared to 

those without AKOA (Table 2, Figure 1). This persisted for up to 2 years after the 

index visit. Table 2 shows the frequency of miscellaneous pathology separately for 

attrition or other findings (i.e., subchondral insufficiency fractures, acute ligamentous 

injuries, acute tendinous injuries, osteochondral lesions, and tibial contusions). 

 

During the 4-year observation period, all cases of miscellaneous pathology in a 

specific compartment, excluding those with no KOA, developed joint space 

narrowing in the same compartment. Adults with AKOA who had ligamentous or 

musculotendinous injuries all developed medial joint space narrowing. Two adults 

with typical KOA and a cruciate ligament injury experienced medial or no joint space 

narrowing.  
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Collectively, more than three times as many adults with AKOA (49%) had a 

destabilizing meniscal tear or miscellaneous pathology compared with typical KOA 

(15%; no KOA 6%) at the index visit (Figure 1). 

 

Secondary meniscal findings 

At 2 years prior to the index visit, adults with AKOA were more likely to have 

meniscal damage in 2 or more regions  (66% vs 30%), any medial meniscal 

pathology (excluding extrusion; 72% vs 39%), and medial meniscal extrusion (20% 

vs 6%), compared with adults with no KOA (Table 3). Thereafter, individuals with 

AKOA were more likely to have these pathologic features as well as lateral meniscal 

extrusion than adults with either typical or no KOA. By the index visit, >90% of adults 

with AKOA had meniscal damage in 2 or more regions and 85% had medial 

meniscal pathology. Furthermore, 77% of individuals with AKOA had meniscal 

extrusion at the index visit compared to only 32% and 6% with typical KOA, or no 

KOA.  

 

Regardless of time, individuals with either AKOA or typical KOA were more likely 

than those with no KOA to have lateral meniscal pathology (AKOA: OR=2.94, 95% 

CI=1.64 to 5.26; typical KOA: OR=1.82, 95% CI=1.03 to 3.25). All sensitivity 

analyses supported the secondary meniscal findings with a few exceptions.  
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Bone marrow lesion volume 

At one year prior to the index visit, adults who developed AKOA had greater BML 

volume than comparators (versus typical KOA: p=0.024, versus no KOA: p=0.046) 

and these findings persisted for at least 2 years after the index visit (all p<0.001; 

Table 4, Figure 1). In addition, during the two years leading up to the index visit, the 

adults with AKOA exhibited on average 13 times greater longitudinal increase in 

BML volume than adults with typical KOA, (2.00 vs 0.15 cc; Figure 1). All the 

sensitivity analyses led to similar patterns described above. 

 

Articular cartilage loss 

Articular cartilage loss prior to the index visit 

At 2 years prior to the index visit, adults with AKOA had greater medial femoral 

cartilage compared with typical KOA (p=0.016; Table 4, Figure 2). The mean 

changes in CDI during the 2 years prior to the index visit was greater among people 

with AKOA  compared with typical or no KOA (Figure 2).  

 

Articular cartilage loss at the index visit 

At the index visit, the AKOA group had less cartilage in the medial and lateral tibia 

than adults with typical KOA or no KOA (all p<0.04; Table 4, Figure 2). Furthermore, 

adults with AKOA had less medial femoral cartilage than those with no KOA 

(p=0.041).  
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Articular cartilage loss after the index visit 

After the index visit, adults with AKOA had less cartilage in the medial and lateral 

tibia and medial femur compared with individuals with either typical or no KOA. 

During this time frame the typical KOA group had less cartilage in the medial tibia 

than the no KOA group (all p<0.023; Table 4, Figure 2).  

 

All the CDI sensitivity analyses led to similar results; however, when we omitted 

influential observations (outliers), the group-by-time interaction for lateral femur 

cartilage damage was no longer statistically significant (p=0.48; 5 observations 

removed). 

 

DISCUSSION 

Adults with AKOA are differentiated from adults with typical KOA by early meniscal 

damage in 2 or more regions, subsequent larger BMLs, a substantially greater rate 

of cartilage loss, and eventually a destabilizing meniscal tear. These observations 

provide strong support for the hypothesis that AKOA is a unique subset of KOA likely 

precipitated by a destabilizing meniscal tear in a joint compromised by the presence 

of multiple structural abnormalities (e.g., large BMLs, cartilage loss, meniscal 

damage in 2 or more regions, large effusion-synovitis volumes(27)). Since adults 

with AKOA experience a shortened window to advance-stage disease it is critical 

that we recognize and are proactive when a patient without radiographic KOA 

presents with knee pain and signs of meniscal damage in 2 or more regions and 

large BMLs. For these individuals, early (pre-radiographic) recognition is urgently 

needed as is research to develop primary prevention strategies (e.g., injury 
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prevention programs) to reduce their risk of a destabilizing meniscal tear or 

miscellaneous pathology. 

 

These findings add to the evidence that AKOA (4, 28-30) is different to the typically 

perceived archetype of slow-progressing osteoarthritis. AKOA has a unique risk 

profile (e.g., coronal tibial slope with malalignment) (1, 3, 29-31), greater prodromal 

symptoms (4, 28), and greater preradiographic disease burden(3). These new 

findings complement evidence from a prior publication using this case-control 

sample that AKOA is preceded and characterized by large effusion-synovitis 

volumes and altered infrapatellar fat pad signal intensity(27), which may reflect local 

inflammation. The meniscal extrusion and meniscal damage in 2 or more regions 

likely contributed to effusion-synovitis(32), altered signal intensity in the infrapatellar 

fat pad, large BMLs(33-35), and cartilage loss(36, 37). Furthermore, the early 

evidence of large BMLs, effusion-synovitis, and meniscal damage in 2 or more 

regions may explain the greater knee pain and dysfunction (4, 20, 37-41) reported by 

people up to 3 years prior to developing radiographic evidence of AKOA (4, 28). 

Knee pain is a risk factor for a new injury (42) that may lead to destabilizing tears or 

other pathologies, which could be a catalyst for an accelerated onset and 

progression to joint failure.  Hence, it is critical to recognize people with knee pain 

early and be proactive when they report knee pain or a new injury. 

 

Our findings that adults who go onto develop AKOA had greater baseline prevalence 

of KL=1 and pre-radiographic evidence of meniscal damage in 2 or more regions, 

dramatic increases in BML volume, and articular cartilage loss is consistent with 
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evidence that questionable signs of radiographic KOA (KL=1) predict incident KOA 

(43) and AKOA (3). Our MR-based findings of greater pre-radiographic disease 

burden were even found among adults who had definitively no radiographic KOA 

(KL=0) at baseline. This highlights that radiographs are nonspecific and offer an 

inconclusive interpretation of early disease status. Early (pre-radiographic) evidence 

of meniscal damage, BMLs, and cartilage damage are important as they associate 

with prevalent and incident knee symptoms (44) as well as incident radiographic 

KOA (45-47). Our findings confirm that pre-radiographic disease burden is a risk 

factor for KOA, especially AKOA. 

 

Our findings that AKOA is characterized by destabilizing meniscal tear or 

miscellaneous pathology, especially subchondral bone damage, supports prior 

evidence that certain types of meniscal pathology (e.g., root tears) may increase the 

risk for accelerated progression (6, 7) and that other more aggressive forms of 

rapidly progressive osteoarthritis progression may be defined by significant 

subchondral bone damage (48, 49). It is important to acknowledge that it remains 

unclear if AKOA has any relation to type 2 rapidly progressive osteoarthritis, which 

was characterized by a more dramatic joint space narrowing (>2mm within 1 year) 

and greater abnormal bone loss/destruction (48, 50). However, the role of bone in 

both forms of rapid disease onset/progression warrants further study.  

 

Since almost 50% of people who develop AKOA have a destabilizing meniscal tear 

or miscellaneous pathology (versus typical KOA: 15% or no KOA = 6%) it is critical to 

question the current standard of grouping people with AKOA with peers who develop 
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typical KOA. Within the OAI, AKOA accounts for more than 1 in 5 cases of incident 

KOA during the first 4 years of follow-up (1). Hence, adults with AKOA may have a 

strong influence on the results from epidemiological studies and clinical trials. Many 

findings that are attributed to KOA may be attributable to AKOA rather than typical 

KOA. For example, we recently demonstrated that excluding cases of incident AKOA 

from analyses that defined incident KOA as a >2 point increase in KL grade (i.e., 

KL=0 to 2, 3, or 4; or KL=1 to 3 or 4) led to smaller effect estimates (Cohen’s d (51)) 

when comparing cases to controls for average WOMAC knee pain over time (all 

incident KOA d=0.41, excluding AKOA d=0.14) or recent knee injury (all incident 

KOA OR=5.4, excluding AKOA OR=4.0) (2). Adults with AKOA may be distinct from 

those with typical KOA regarding symptomatic and structural changes. This raises 

critical concerns about suggestions that clinical trials for KOA would benefit from 

recruiting people with faster progression. Instead, these findings may indicate that 

separate trials may be needed for AKOA and other forms of KOA because AKOA 

has a unique natural history defined by the onset of a destabilizing meniscal tear or 

miscellaneous pathology in a joint compromised by the presence of multiple 

pathologies. It will be beneficial to explore if adults with AKOA respond differently to 

therapeutic interventions than adults with typical KOA.  

 

While this study characterized AKOA it is important to acknowledge some limitations. 

First, the timing of disease onset was hard to discern, which made it challenging to 

define the moment of incident disease. Despite this limitation the OAI offered an 

unprecedented opportunity to study annual images to observe how AKOA develops. 

Secondly, we were unable to definitively demonstrate that AKOA is a distinct disease 

versus an accelerated progression of typical features. However, the occurrence of 
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unique structural changes (e.g., destabilizing tears and miscellaneous pathologies) 

support the hypothesis that AKOA is a different KOA subset. Thirdly, we classified a 

meniscal tear as destabilizing if it predisposed a meniscus to extrusion. Hence, we 

may have neglected other types of tears (e.g., bucket handle tears) that other 

investigators may consider unstable. We also included small radial tears as 

destabilizing tears despite some of these possibly being stable. However,  despite 

the potential for misclassification we still observed a significant association between 

destabilizing meniscal tears and AKOA. Fourth, we found no universal pathology that 

was associated with AKOA. Hence, AKOA may be a collection of subsets of KOA 

that rapidly develops. Fifth, we had missing MR data that could influence the results. 

However, we conducted robust analyses that adjusted for factors related to missing 

MR data at the next visit. We also completed numerous sensitivity analyses to 

explore the robustness of these results. Our study was also limited by our sample 

size and the number of structural features we explored. Future research with a larger 

sample size of adults at risk for AKOA may help further refine our understanding of 

AKOA and help develop a clinically useful predictive model. Despite these 

limitations, the OAI offered an unprecedented opportunity to address this study 

question and we pursued the analyses with well-defined a priori hypotheses.  

 

In conclusion, we found that in an early phase, individuals who develop AKOA are 

differentiated from individuals with typical KOA by the presence of meniscal damage 

in 2 or more regions, subsequent development of large BMLs, substantially greater 

rate of cartilage loss, and ultimately a destabilizing meniscal tear. 
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FIGURE LEGENDS 

Figure 1. Accelerated Knee Osteoarthritis (AKOA) is Characterized by a Large 

Increase in Bone Marrow Lesion (BML) Volume that Corresponds to Destabilizing 

Meniscal Tears and Miscellaneous Pathologies 

 

Figure 2. Adults with Accelerated Osteoarthritis (AKOA) have a Loss of Cartilage 

Compared with Adults with typical or no knee osteoarthritis (KOA, NoKOA). 
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Table 1. Descriptive Characteristics of those with Accelerated, Typical, and No Knee Osteoarthritis (KOA) at 

Osteoarthritis Initiative Baseline 

Variables  

(means, SD; except where noted) 

Accelerated 

KOA 

(n=125) 

Typical 

KOA 

(n=125) 

No KOA 

(n=125) 

p-value 

Females (n, %) 79 (63%) 79 (63%) 79 (63%) 1.00 

Index knee KL Grade=0 (n, %) 42 (34%)a,b 71 (57%)a 92 (74%) <0.001 

Frequent knee pain in past 12 months (n, %) 44 (35%) 49 (39%)a 30 (24%) 0.03 

Age (years)c 63 (9)a,b 58 (8) 57 (8) <0.001 

Body mass index (kg/m2)d 29.7 (4.6)a,b 28.1 (4.4) 26.9 (4.4) <0.001 

Global impact rating (0 to 10; higher score=greater impact) 1.7 (1.9)a,b 1.1 (1.5) 0.8 (1.1) <0.001 

How many days limited activities in past 30 days (0 to 30)? 3.2 (7.3)a 1.7 (4.8) 1.4 (4.3) 0.03 

WOMAC pain (0 to 20; higher score=more pain) 2.3 (3.1) 1.8 (2.3) 1.6 (2.4) 0.08 

Notes. Index knee Kellgren-Lawrence (KL) grade could be 0 or 1. SD=standard deviation, MR = magnetic resonance 

a. statistically significant difference with No KOA (p <0.017). 

b. statistically significant difference with Typical KOA (p <0.017). 

c. Age Ranges: AKOA: 45 to 79 years, typical KOA: 45 to 79 years, no KOA: 46 to 80 years. 

d. Body Mass Index Ranges: AKOA: 17.0 to 40.6 kg/m2, typical KOA: 18.6 to 40.9 kg/m2, no KOA: 19.3 to 45.6 kg/m2. 
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 Table 2. Adults with Accelerated Knee Osteoarthritis (AKOA) are Approximately Twice as Likely to have Destabilizing 
Meniscal Tears and Miscellaneous Pathology Starting at the Index Visit than Adults with Either Typical or No Knee 
Osteoarthritis (KOA). 

Variable Visit AKOA Typical KOA No KOA AKOA vs  No AKOA 

  
n (%) n (%) n (%) OR (95%CI) 

Destabilizing Meniscal Tear 
-2 12 (13) 3 (5) 2 (2) 4.7 (1.6 to 14.1) 

-1 25 (21) 13 (11) 3 (2) 4.0 (2.0 to 7.9) 

 
Index 44 (42) 17 (14) 5 (4) 7.3 (4.1 to 13.1) 

 
1 39 (49) 18 (16) 4 (4) 8.0 (4.3 to 14.9) 

 
2 19 (53) 14 (17) 1 (2) 9.8 (4.1 to 23.6) 

Miscellaneous Pathology: Overall 
-2 6 (7) 1 (2) 2 (2) 3.6 (0.9 to 14.9) 

-1 6 (5) 1 (1) 2 (2) 4.4 (1.1 to 17.9) 

 
Index 16 (15) 2 (2) 3 (2) 8.6 (3.1 to 24.2) 

 
1 13 (16) 3 (3) 2 (2) 8.1 (2.8, 23.8) 

 
2 8 (22) 3 (4) 1 (2) 9.7 (2.7, 34.5) 

Miscellaneous Pathology: Attrition -2 1 (1%) 0 (0%) 1 (1%)  

 -1 2 (2%) 0 (0%) 1 (1%)  

 Index 
11 (11%)  

2 cases had fractures 
1 (1%) 1 (1%)  

 1 11 (14%) 1 (1%) 1 (1%)  

 2 7 (19%) 2 (2%) 1 (2%)  

Miscellaneous Pathology: subchondral 
insufficiency fractures, acute 

ligamentous injuries, acute tendinous 
injuries, osteochondral lesions, and tibial 

contusions 

-2 5 (5%) 1 (2%) 1 (1%)  

-1 4 (3%) 1 (1%) 1 (1%)  

Index 7 (7%) 1 (1%) 2 (2%)  

1 2 (3%) 2 (2%) 1 (1%)  

2 1  (3%) 1 (1%) 0 (0%)  

OR = odds ratio, 95%CI = 95% confidence intervals. Original models with AKOA, Typical KOA, and No KOA failed to converge. 
Presented logistic regression models are adjusted for sex only.  
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Table 3. Secondary Meniscal Findings Indicate that Adults Who Develop Accelerated Knee Osteoarthritis (AKOA) Have 
More Meniscal Pathology Than Adults with Either Typical or No Knee Osteoarthritis as Early as 2 Years Before 
Radiographic Onset 

Variable Visit AKOA 
Typical 
KOA No KOA AKOA vs No KOA KOA vs No KOA AKOA vs KOA 

    n (%) n (%) n (%) OR (95%CI) OR (95%CI) OR (95%CI) 

Meniscal 
Damage in >2 
regions (group-
by-time 
interaction 
p<0.001) 

-2 61 (66) 26 (40) 29 (30) 3.12 (1.69, 5.76) 1.87 (1.00, 3.53) 1.66 (0.89, 3.13) 

-1 90 (77) 63 (51) 35 (28) 7.60 (4.00, 14.45) 2.38 (1.33, 4.28) 3.19 (1.70, 5.97) 

Index 99 (93) 67 (54) 37 (30) 19.87 (9.08, 43.46) 2.71 (1.56, 4.70) 7.34 (3.42, 15.76) 

1 73 (91) 61 (55) 30 (31) 21.25 (9.24, 48.88) 2.88 (1.64, 5.04) 7.39 (3.27, 16.71) 

2 
33 (92) 47 (56) 14 (26) 27.03 (9.55, 76.48) 2.90 (1.60, 5.26) 9.32 (3.36, 25.83) 

Medial Meniscal  

Pathology (group
-by-time 
interaction 
p<0.001) 

-2 66 (72) 36 (55) 37 (39) 5.89 (2.80, 12.42) 3.25 (1.62, 6.49) 1.81 (0.85, 3.87) 

-1 93 (79) 78 (63) 50 (40) 9.10 (4.15, 19.94) 3.23 (1.65, 6.31) 2.82 (1.29, 6.16) 

Index 90 (85) 81 (65) 49 (40) 12.49 (5.44, 28.71) 3.94 (2.02, 7.66) 3.17 (1.39, 7.25) 

1 70 (88) 72 (65) 39 (40) 12.24 (5.28, 28.38) 4.00 (2.05, 7.80) 3.06 (1.32, 7.08) 

2 31 (86) 54 (64) 23 (43) 8.50 (3.74, 19.33) 3.94 (1.99, 7.80) 2.16 (0.95, 4.88) 

Medial Meniscal  

Extrusion (group-
by-time 
interaction 
p<0.001) 

-2 18 (20) 10 (15) 6 (6) 4.17 (1.46, 11.88) 3.50 (1.15, 10.63) 1.19 (0.52, 2.71) 

-1 43 (37) 26 (21) 7 (6) 11.02 (4.11, 29.57) 3.57 (1.26, 10.12) 3.09 (1.52, 6.30) 

Index 68 (64) 36 (29) 6 (5) 34.09 (11.73, 99.07) 8.13 (2.82, 23.43) 4.19 (2.24, 7.84) 

1 51 (64) 36 (33) 3 (3) 43.28 (13.52, 138.52) 12.29 (3.91, 38.60) 3.52 (1.86, 6.65) 

2 28 (78) 29 (35) 2 (4) 53.97 (14.69, 198.32) 13.90 (4.01, 48.19) 3.88 (1.87, 8.06) 

Lateral Meniscal 
Pathology 
(group p=0.002; 

group-by-time 
interaction 

p=0.97) 

-2 43 (47) 19 (29) 20 (21) 2.96 (1.60, 5.48) 1.74 (0.92, 3.26) 1.71 (0.95, 3.06) 

-1 52 (44) 40 (33) 25 (20) 2.99 (1.63, 5.49) 1.85 (1.00, 3.40) 1.62 (0.92, 2.85) 

Index 54 (51) 41 (33) 26 (21) 3.21 (1.76, 5.86) 1.94 (1.07, 3.51) 1.65 (0.95, 2.87) 

1 37 (46) 36 (33) 23 (24) 2.80 (1.54, 5.08) 1.80 (1.00, 3.22) 1.56 (0.90, 2.71) 

2 19 (53) 32 (38) 9 (17) 2.74 (1.48, 5.07) 1.81 (1.01 (3.24) 1.51 (0.85, 2.69) 

Lateral Meniscal 
Extrusion 

-2 3 (3) 1 (2) 0 (0) 

Model Failed to Converge  
(see text for more details) 

-1 9 (8) 4 (3) 1 (1) 

 
Index 15 (14) 5 (4) 1 (1) 

 
1 10 (13) 5 (5) 1 (1) 

  2 3 (8) 4 (5) 0 (0) 
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* No statistically significant group-by-time interaction was detected; however, there was a significant group effect. OR = odds ratio, 
95%CI = 95% confidence intervals 
All models adjusted for sex (matching variable) and factors related to someone having no MR images at the next annual visit (i.e., 
age, body mass index, injury, frequent knee pain, days with limited activity in prior month, overall global rating, and WOMAC pain). 
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Table 4. Adults who develop accelerated knee osteoarthritis (AKOA) exhibit different structural 
findings than adults with typical knee osteoarthritis (KOA) or no KOA as early as 2 years before 
meeting the criteria for AKOA or typical KOA. 

Outcome Visit AKOA Typical KOA No KOA 

  
n =125 n = 125 n = 125 

  
LSMeans (SE) 

Total Bone Marrow Lesion Volume (cc) 
(group-by-time interaction p<0.001)  
  
  
  

-2 1.48 (0.24) 0.90 (0.32) 1.16 (0.25) 

-1 1.71 (0.23)1,2 0.94 (0.25) 1.07 (0.23) 

Index 3.48 (0.22)1,2 1.05 (0.20) 1.02 (0.20) 

1 2.45 (0.25)1,2 1.03 (0.20) 1.01 (0.21) 

2 2.58 (0.35)1,2 0.97 (0.23) 0.76 (0.27) 
Medial Femur Cartilage Damage Index 
(group-by-time interaction p<0.001) 

-2 1689 (28)1 1583 (33) 1617 (28) 

-1 1653 (27) 1609 (28) 1629 (26) 

Index 1542 (27)2 1602 (25) 1620 (25) 

1 14212 (29)1,2 1607 (25) 1624 (26) 

2 1359 (35)1,2 1605 (30) 16334 (29) 

Medial Tibia Cartilage Damage Index 
(group-by-time interaction p<0.001)  
  
  
  

-2 724 (15) 685 (16) 719 (15) 

-1 704 (14) 685 (15) 718 (14) 

Index 643 (14)1,2 683 (13)2 721 (13) 

1 600 (15)1,2 678 (13)2 727 (14) 

2 569 (18)1,2 664 (14)2 712 (15) 
Lateral Femur Cartilage Damage Index 
(group-by-time interaction p=0.008) 

-2 2150 (34) 2147 (39) 2126 (34) 

-1 2156 (34) 2141 (34)301 2121 (33) 

Index 2095 (34) 2154 (31) 2107 (31) 

1 2060 (35)1 2172 (31) 2130 (32) 

2 2088 (42) 2176 (33) 2130 (35) 

Lateral Tibia Cartilage Damage Index 
(group-by-time interaction p<0.001)  
  
  
  

-2 877 (19) 892 (21) 877 (19) 

-1 873 (19) 879 (19) 885 (18) 

Index 816 (19)1,2 875 (17) 877 (18) 

1 795 (20)1,2 867 (18) 875 (18) 

2 795 (22)1,2 863 (18) 885 (19) 
1: Significant against KOA; 2: Significant against No KOA 
All models adjusted for sex (matching variable) and factors related to someone having no MR data at the 
next annual visit (i.e., age, body mass index, injury, frequent knee pain, days with limited activity in prior 
month, overall global rating, and WOMAC pain). 
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Figure 1. Accelerated Knee Osteoarthritis (AKOA) is Characterized by a Large 

Increase in Bone Marrow Lesion (BML) Volume that Corresponds to Destabilizing 

Meniscal Tears and Miscellaneous Pathologies. 

 

Figure 2. Adults with Accelerated Osteoarthritis (AKOA) have a Loss of 

Cartilage Compared with Adults with Either Typical or No Knee Osteoarthritis 

(KOA, NoKOA). 
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