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Abstract

Objective—We aimed to determine if a decline in walking speed during the year prior to disease 

onset is associated with concurrent changes in cartilage, bone marrow lesions (BMLs), or effusion 

in adults who develop common knee osteoarthritis (KOA), accelerated KOA (AKOA), or no KOA.

Methods—We identified 3 groups from the Osteoarthritis Initiative based on annual radiographs 

from baseline to 48 months: 1) AKOA; 2) common KOA; 3) no KOA. We used the cartilage 

damage index (CDI) to assess tibiofemoral cartilage damage and used a semi-automated program 

to measure BML and effusion volume. Walking speed was assessed as an individual’s habitual 

walking speed over 20 meters. One-year change in walking speed and structural measures were 

calculated as index visit minus the year prior visit. Logistic regression models were used to 

determine if change in walking speed (exposure) was associated with change in each structural 
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measure (outcome) for the overall group and then separately for AKOA, common KOA, and no 

KOA.

Results—Adults who slowed their walking speed are almost twice as likely to present with 

increased BML volume, with a statistically significant association (OR=3.04, 95%CI=1.03,8.95) 

among adults with AKOA. Adults with AKOA who slowed their walking speed were ~3.4x 

(95%CI=1.10,10.49) more likely to present with increased effusion volume. Walking speed change 

was not significantly associated with CDI change.

Conclusion—A change in an easily assessable clinical examination (i.e. 20m walk test) is 

associated with concurrent worsening in BML and effusion volume in adults who developed 

AKOA.

INTRODUCTION

Walking speed is an easily accessible clinical measure that reflects physical function in 

individuals with or at risk for knee osteoarthritis (OA).(1) Walking speed decline is a 

clinically relevant impairment that is a risk factor for developing radiographic knee OA and 

receiving a knee replacement.(2, 3) While walking speed decline is a prognostic marker of 

knee OA, it remains unclear how it relates to structural changes prior to the onset of 

radiographic OA. Understanding whether early changes in walking speed are associated with 

commonly used sensitive measures of knee health that are related to OA onset and 

progression (e.g., changes in bone marrow lesions [BMLs],(4) effusion,(5) cartilage(6)) may 

provide a better understanding of the early link to physical function and joint health decline.

While knee OA is commonly considered a slowly progressive disorder, some individuals 

develop an accelerated form of the disease that progresses from a normal joint [Kellgren-

Lawrence Grade (KL) 0–1] to advanced-stage disease (KL 3–4) within 4 years.(7–9) 

Individuals with accelerated knee OA present with earlier worsening of magnetic resonance 

(MR)-based structural measures (e.g., effusion) and poorer patient-reported and physical 

function measures (e.g., walking speed) compared to individuals with a more gradual onset 

of knee OA (common knee OA).(8, 10) Hence, the association between walking speed 

decline and early structural changes may be more pronounced among adults with accelerated 

knee OA than those with common knee OA.

Therefore, we aimed to determine if a decline in walking speed during the year prior to 

disease onset is associated with concurrent worsening of tibiofemoral effusion, BMLs, and 

articular cartilage in three groups: adults who develop accelerated knee OA, common knee 

OA, or no knee OA. This information may help clarify the relationship between a decline in 

knee structure and physical function in individuals with incident knee OA. We hypothesize 

that an association exists between a change in walking speed and a change in structural 

features due to two possibilities: 1) a decline in walking speed may alter loading at the knee 

and result in structural alterations, or 2) alterations in structural features may lead to a 

decline in gait speed in an attempt to avoid pain or protect the joint from further damage. 

Either way, the results of this study may demonstrate that a clinically feasible physical 

function test may be a proxy for early structural changes and hence help identify individuals 

with early evidence of structural changes in a knee.
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PATIENTS AND METHODS

Study Design

To determine the association between changes in walking speed and changes in MR-based 

knee structural measures, we conducted a longitudinal analysis of data from the 

Osteoarthritis Initiative (OAI). The OAI is a multicenter (Memorial Hospital of Rhode 

Island, The Ohio State University, University of Maryland and Johns Hopkins University, 

and the University of Pittsburgh) cohort study that recruited 4,796 adults with or at risk for 

symptomatic knee osteoarthritis between February 2004 and May 2006.(11) MR images and 

walking speed were obtained at the initial baseline study visit, as well at the first 4 annual 

follow-up visits. Institutional review boards at all OAI clinical sites and the OAI 

coordinating center (University of California, San Francisco) approved the OAI study. 

Participants provided informed consent prior to participation.

Participant Selection

We identified 3 groups within the OAI based on radiographs obtained at baseline and the 

first four annual follow-up visits.(9) All groups had at least one knee with no radiographic 

knee OA at baseline (Kellgren-Lawrence [KL] < 1). Individuals with incident accelerated 

knee OA were defined as having one knee that developed advanced-stage knee OA (KL 

Grade = 0/1 to 3/4, definitive osteophyte and joint space narrowing) within 48 months (n = 

125).(9) Individuals with incident common knee OA had no knee OA in both knees at 

baseline and were defined as having a more gradual onset of knee OA, with one knee 

increasing in KL grade within 48 months (i.e. KL = 0 to 1, 0 to 2, 1 to 2; n = 187). 

Individuals with no knee OA were defined as having no knee OA in both knees at baseline 

and had no change in KL grade in either knee from baseline to the 48-month follow-up (n = 

1,325). To match people with common and no knee OA, we first identified those with one or 

no missing MR images. Next, we used SAS to assign each male and female a random 

number from a uniform distribution and used this number to randomly match people with 

common or no knee OA to those in the accelerated knee OA group stratified by sex (125 

participants/group).

Index Knee

For individuals with accelerated knee OA or common knee OA, the index knee was defined 

as the knee that first met the definition for incident accelerated knee OA or common knee 

OA. The index knee for individuals with no knee OA was side-matched to that person’s 

matched member of the accelerated knee OA group.

Index Visits

For the individuals with accelerated knee OA and common knee OA, the index visit was 

defined as the visit that the index knee met the criteria for accelerated OA or common OA. 

For individuals with no knee OA, the index visit was the same as their matched member of 

the accelerated knee OA group.

For this study, we assessed walking speed and the MR-based knee structure measures at the 

index visit and the visit in the year prior to the index visit (Figure 1).
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Knee Radiographs

To determine group assignment, we used readings of bilateral weight-bearing, fixed-flexion 

posteroanterior knee radiographs obtained at baseline and each of the annual follow-up 

visits.(9) Central readers blinded on group assignment scored the KL Grade of each knee 

(KL = 0 to 4) The intrarater reliability agreement for the KL grades was good (weighted κ = 

0.70 to 0.80). These data are publicly available (files: kXR_SQ_BU##_SAS [versions 0.6, 

1.6, 3.5, 5.5, and 6.3]).(12)

Magnetic Resonance Imaging Acquisition

MR images were acquired annually with one of four identical Siemens (Erlangen, Germany) 

Trio 3-Tesla MR systems at each clinical site using the OAI MR imaging protocol.(12, 13) 

BML and effusion quantitative measurements were performed using a sagittal intermediate-

weighted, turbo spin echo, fat-suppressed MR sequence with the following parameters: field 

of view=160mm, slice thickness=3mm, skip=0mm, flip angle=180 degrees, echo 

time=30ms, recovery time=3200ms, 313x448 matrix, x resolution=0.357mm, y 

resolution=0.511mm, and total slice number=37. Cartilage was quantified using a 3-

dimensional dual-echo steady-state sequence with the following parameters: field of 

view=140mm, slice thickness=0.7mm, skip=0mm, flip angle=25 degrees, echo time=4.7ms, 

recovery time=16.3ms, 307x384 matrix, x resolution=0.365mm, y resolution=0.456mm, and 

total slice number=160.

Magnetic Resonance Imaging Outcomes

For BML, effusion, and cartilage processing, the readers were unaware of group assignment. 

Additionally, during the processing of all MRI measures the readers had both time points on 

screen and were unblinded to the order of time as this is the standard method used to 

maximize the sensitivity to change.(14, 15)

Bone Marrow Lesion Volume—One reader (ACS) measured tibiofemoral BML volume 

with a semi-automated segmentation method.(16, 17) The only manual step required the 

reader to identify crude boundaries of the tibia and femur in each slice of the MR images. 

The boundary furthest from the articular surfaces was marked just prior to the epiphyseal 

line or at the edge of the bone and soft tissue. The program then automatically identified the 

precise bone boundaries and performed a thresholding and curve evolution process twice to 

segment areas of high signal intensity, which may represent a BML. We eliminated false-

positive regions by operationally defining a BML based on 2 criteria: 1) the distance 

between a BML to the articular surface should be <10 mm, and 2) a BML needed to span 

more than one MR image. BML volume was expressed as a total tibiofemoral BML volume. 

A previous study used a similar total tibiofemoral BML volume and observed a significant 

association between change in BML volume and change in knee pain severity.(17) The study 

principal investigator (JBD) reviewed all measurements with both timepoints on screen 

simultaneously. Our reader demonstrated excellent intra-reader reliability (ICC3,1=0.91).

Effusion Volume—We used a customized semi-automatic software to measure knee 

effusion/synovitis, which reflects effusion and synovitis volume but for simplicity is referred 

to as effusion volume. Two readers (JBD and FA) used the software to mark the first and last 
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MR slice that included bone, the proximal border of the patella, and the apex of the fibular 

head on a central slice. The software then automatically segmented effusion between these 

limits based on an existing threshold. The senior reader (JBD) then manually adjusted the 

threshold to change the effusion boundaries and removed areas of high signal intensity that 

were not effusion (e.g., subchondral cysts, blood vessels). The effusion volume measurement 

was a total tibiofemoral effusion volume. The senior reader demonstrated excellent intra-

reader reliability (ICC3,1=0.96).

Cartilage Damage Index—To quantify change in tibiofemoral cartilage damage we used 

the validated cartilage damage index (CDI).(18, 19) One reader (JED) manually marked the 

bone-cartilage boundary on specific knee slices that are automatically selected based on the 

width of the knee. The reader then measured cartilage thickness at predefined informative 

locations, which the software automatically located. The software then computed the CDI 

for the medial femur, lateral femur, medial tibia, and lateral tibia by summing the products 

of cartilage thickness, cartilage length (anterior-posterior), and voxel size from 9 informative 

locations in each compartment. All measurements were reviewed by study principal 

investigator. Our reader demonstrated excellent intra-reader reliability (ICC3,1=0.86 to 0.99).

Walking Speed Assessment

To assess habitual walking speed, participants performed two trials of a timed 20-meter walk 

at their usual, comfortable walking pace.(1, 2) The participants began each trial in a 

stationary, standing position and timing began when the participant took their first step at the 

starting line and ended when they passed a cone positioned 20-meters away. Participants 

were instructed to maintain their usual walking pace for three steps past the cone to ensure 

the participants were not decelerating at the end of each trial. The time needed to complete 

the 20-meters was converted to walking speed (i.e. meters/second [m/s]) and averaged across 

the two trials.

Clinical Data

Demographic and other participant characteristics were acquired based on a standard 

protocol. We extracted OAI baseline age, body mass index (BMI), index knee Western 

Ontario & McMaster Universities Osteoarthritis Index (WOMAC) pain score, self-reported 

Physical Activity Scale for the Elderly (PASE) score, frequent knee pain, and injury between 

the two study visits. The data are publicly available (Files: allclinical0#; version 0.2.2, 1.2.1, 

3.2.1, 5.2.1, and 6.2.1).(13)

Statistical Analysis

Data Analysis—As cartilage thickness is largely dependent on an individual’s height,(20) 

we normalized the CDI of each tibiofemoral compartment (i.e. medial femur, lateral femur, 

medial tibia, and lateral tibia) to participant height. One-year change in BML, effusion, and 

CDI for each compartment was calculated as “index” visit minus “year prior index” visit. If 

individuals were missing a timepoint of the structural measures, we used the most proximate 

visit (e.g. if missing “year prior index” visit, we used the “two years prior index” visit; if 

missing the “index” visit we used the “year following index” visit) to calculate an annual 

rate of change over two years (n=13). Total tibiofemoral CDI change was calculated as the 
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sum of the change for each individual compartment CDI. Total tibiofemoral change for 

BML, effusion, and CDI were then separated into tertiles, and converted to a dichotomous 

variable to compare the worst tertile (i.e. highest BML and effusion, lowest CDI) to the 

combination of the other two tertiles to facilitate the interpretation of the odds ratio. These 

binary change variables were used in our statistical analysis to compare individuals with the 

greatest increase in BML/effusion volume and greatest decrease in CDI to individuals with 

no change/decrease in BML/effusion volume and no change/increase in CDI, respectively.

Walking speed change was calculated as “index” visit walking speed minus “year prior to 

index” visit walking speed. Based on a previous study detecting an increase in risk of knee 

OA in individuals decreasing their walking speed,(2) we dichotomized walking speed 

change as: 1) slower/decline in walking speed: walking speed change < −0.1m/s, 2) no 

change/increase in walking speed: walking speed change > −0.1m/s. This dichotomous 

variable allowed us to compare individuals with declining walking speed to individuals with 

no change/increase in walking speed.

Primary Analysis - Association Between Change in Walking Speed and 

Change in Structure—Three logistic regression models were used to determine if the 

change in walking speed (predictor) was associated with the change in BML volume, 

effusion volume, and CDI (outcomes) for the overall group. Additionally, we separately 

explored these relationships for people with accelerated knee OA, common knee OA, or no 

knee OA. As a post hoc analysis, we replicated these analyses using a linear regression with 

each structural feature as a continuous variable for the overall group and separated for 

accelerated knee OA, common knee OA, and no knee OA.

Sensitivity Analysis—We conducted three sensitivity analysis using the same logistic 

regression models above on three subsets: 1) individuals who developed accelerated knee 

OA within 1 year, 2) individuals who had no radiographic knee OA bilaterally at baseline 

(KL = 0/1), 3) excluding the 13 individuals with missing structural data that we imputed by 

calculating an annual rate of change over two years.

Covariates for all analyses included baseline age, body mass index (BMI), WOMAC pain, 

and PASE score. We used baseline covariates because the covariate means were stable 

throughout the study period and to prevent the loss of participants due to missing self-

reported data between the two time points. We ran sensitivity analyses that used the 

“frequent knee pain” variable as a covariate instead of WOMAC pain and a sensitivity 

analysis that included injury between the two visits as a covariate. All analyses were 

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

RESULTS

The group demographics are described in Table 1. Due to missing MR or walking speed 

data, our final analyses included 106 individuals with accelerated knee OA, 121 individuals 

with common knee OA, and 119 individuals with no knee OA.
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Primary Analyses

BML Volume and Walking Speed—Overall, adults who slowed their walking speed 

over one year had almost twice the odds of presenting with increased BML volume (adjusted 

odds ratio [OR]=1.8, 95% confidence interval [CI]=1.00, 3.20, Table 2). Specifically, adults 

with accelerated knee OA who slowed their walking speed had 3x the odds of increasing 

BML volume (OR=3.0, 95% CI=1.03, 8.95). However, in individuals who develop common 

knee OA or no knee OA, walking speed change was not significantly associated with a 

change in BML volume.

Effusion Volume and Walking Speed—Adults with accelerated knee OA who slowed 

their walking speed had 3.4 greater odds of presenting with increased effusion volume 

(OR=3.4, 95% CI=1.10, 10.49, Table 2). However, in individuals who develop common 

knee OA or no knee OA, walking speed change was not significantly associated with a 

change in effusion volume.

CDI and Walking Speed—Walking speed change was not significantly associated with 

CDI change (Table 2).

The results of our post hoc linear regressions using the continuous structural variables 

agreed with our primary results (Supplemental Table).

Sensitivity Analyses

Neither of the sensitivity analyses that included “frequent knee pain” or injury as a covariate 

significantly altered the odds ratios observed in our primary results.

Individuals Who Developed Accelerated Knee OA Within One Year—Similar 

trends with stronger odds ratios were observed when limiting our analysis to individuals 

with accelerated knee OA who progressed from KL 0/1 to KL 3/4 within one year and their 

matched individuals in the common knee OA and no knee OA groups (Table 3). Adults with 

accelerated knee OA who slowed their walking speed had 9.3x (95% CI=1.52, 56.50) and 

6.4x (95% CI=1.04, 39.38) greater odds of presenting with increased BML and effusion 

volume, respectively. CDI change and walking speed change were not significantly 

associated in any of the groups.

Individuals with No Radiographic OA Bilaterally at Baseline—Similar trends with 

stronger odds ratios were observed when limiting our analysis to individuals without 

radiographic knee OA at baseline (KL 0/1) and their matched individuals in the common 

knee OA and no knee OA groups (Table 4). Adults with accelerated knee OA who slowed 

their walking speed had 5.7x (95%CI=1.00, 32.39) the odds of presenting with increased 

BML volume. However, due to the loss of power with this sensitivity analysis the 

association between declining walking speed and increasing effusion volume had wide 

confidence intervals that crossed 1 (OR = 6.38; 95%CI=0.96, 42.33). CDI change and 

walking speed change were not significantly associated in any of the groups.
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Excluding the Individuals that were Included after Imputing Missing Structural 

Data—Similar trends with stronger odds ratios were observed when excluding the 

individuals that were included after imputing their missing structural data (Table 5). Adults 

with accelerated knee OA who slowed their walking speed had 3.6x (95%CI=1.11, 11.62) 

odds of presenting with increased effusion volume. However, due to the loss of power with 

this sensitivity analysis, the association between declining walking speed and increasing 

BML volume had wide confidence intervals that crossed 1 (OR = 3.04; 95%CI=0.99, 9.30). 

CDI change and walking speed change were not significantly associated in any of the 

groups.

DISCUSSION

Individuals with accelerated knee OA who slowed their walking speed had 3.0x and 3.4x 

greater odds of demonstrating an increase in BML and effusion volume, respectively, when 

compared to individuals who did not decrease their walking speed. However, there was not a 

significant association between change in walking speed and cartilage damage in individuals 

developing accelerated knee OA. Additionally, individuals with no knee OA or common 

knee OA demonstrated no significant associations between a change in walking speed and 

any of our knee structural measures. These findings build upon a growing body of work that 

indicates a stark difference between individuals that develop accelerated and common knee 

OA,(8, 10, 21–24) which highlights the potential need for future studies to separately 

analyze these individuals. These results are important as they indicate that a one-year change 

in an easy, clinically accessible examination (i.e. 20m walk) is associated with concurrent 

worsening in BML and effusion volume in adults developing accelerated knee OA.

Walking speed has been labelled a “functional vital sign”(25) because this physical function 

measure has been linked to the prediction of falls,(26) hospitalization,(27) and mortality(28) 

in older individuals. In knee OA specifically, declining walking speed is associated with 

decreased knee confidence,(29) radiographic development of disease,(29) and likelihood to 

undergo a knee replacement.(3) This is the first study linking declining walking speed with 

concurrent worsening of specific knee structural measures in individuals with knee OA. The 

mechanisms leading to this association between walking speed and knee structure are 

unknown, but we foresee two possibilities: 1) declining walking speed is creating altered 

knee loading(30–32) that leads to worsening knee structure, or 2) the worsening knee 

structure is leading to a protective gait strategy that decreases walking speed to minimize 

loading of the joint. Future work is needed to tease out the causality of this association. 

Understanding this causality may lead to the development of two treatment possibilities: 

interventions targeting the maintenance of walking speed to prevent pathologic joint loading 

created by slower walking speed or interventions that decrease BML and effusion volume to 

prevent the decline in walking speed.

Even though walking speed decline was associated with worsening BML and effusion 

volume in individuals that developed accelerated knee OA, there was no significant 

association between walking speed decline and knee articular cartilage in any group. While 

we observed no significant association between walking speed and articular cartilage, prior 

cross-sectional studies and prognostic studies have suggested a link between walking speed 
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and cartilage health.(33, 34) Specifically, slower walking speed is significantly associated 

with both worse cartilage composition(33) (i.e. T1rho relaxation times) and serum 

biomarkers of cartilage metabolism(34) (i.e. ratio of type II collagen degradation to 

synthesis) in individuals at high risk of knee OA (i.e. young adults with a history of an 

anterior cruciate ligament reconstruction). Additionally, habitual walking speed is associated 

with acute femoral cartilage deformation following a 30-minute treadmill walk,(35) 

indicating that walking speed may play a role in cartilage loading that is important in the 

maintenance of cartilage health. Our analysis determined the association between concurrent 

change in walking speed and change in cartilage structure, which is a more robust analysis 

technique than previous cross-sectional studies.(33–35) However, this difference in analysis 

may be one reason why we did not observe a significant association between changes in 

walking speed and articular cartilage.

Another reason for our lack of statistical significance is that the change in walking speed 

may be eliciting subtle changes in the cartilage composition that may precede changes in 

cartilage thickness.(36) Declines in cartilage thickness may be a downstream event that 

occur later in the structural progression of knee OA following significant increases in BML 

and effusion volume. Therefore, further studies are needed to determine if changes in 

walking speed are associated with more sensitive cartilage compositional metrics in 

individuals with knee OA. Since pain may influence the decline in walking speed and early 

cartilage damage is typically not painful,(37) this may be another reason why there appears 

to be no association between change in walking speed and change in cartilage damage. 

Future studies should explore whether the change in walking speed contributes to future loss 

of articular cartilage.

While these results indicate that a decline in walking speed is associated with concurrent 

worsening of BML and effusion volume in individuals with accelerated knee OA, there are 

some limitations we must acknowledge. We only included individuals that completed the 

walking speed assessment and MR protocol at their index and year prior visit. Thus, the 

individuals with potentially the largest change in outcomes may have been omitted from our 

analysis due to their inability to complete the study protocol. However, we expanded our 

analysis to the most proximate visit in the individuals with missing data (n=13) to reclaim 

some of these excluded individuals. Due to our analysis using concurrent changes in walking 

speed and knee structure, we are unable to determine if one outcome is generating the 

change in the other outcome. Future research is needed to determine if slower walking speed 

is creating the alterations in knee structure, or if early decline in knee structure are leading to 

declines in walking speed. Previous investigations have determined that individuals with 

accelerated knee OA oftentimes have self-reported and MR-detected knee injuries,(38) 

which may influence the change in the BML, effusion, and cartilage structure.

In conclusion, these results highlight a significant link between a decline in a clinically 

accessible physical function measure (i.e. walking speed) and specific changes in knee 

structure in individuals that develop accelerated knee OA. Specifically, walking speed 

decline was associated with concurrent worsening BML and effusion volume over the year 

prior to the development of accelerated knee OA, but not in individuals with incident 

common KOA or no knee OA. Additionally, cartilage structure changes were not associated 
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with walking speed decline in any group. Future studies are needed to determine if 

interventions that target the declining walking speed will also create concurrent 

improvements in knee structure outcomes, and vice versa.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE & INNOVATION

• Understanding whether early changes in walking speed are associated with 

sensitive measures of knee structure may provide a better understanding of 

the early link to physical function and joint health decline.

• Individuals with accelerated knee osteoarthritis present with earlier worsening 

of knee structure as well as poorer patient-reported and physical function 

measures compared to individuals with a more common, gradual onset of 

knee osteoarthritis.

• Individuals with accelerated knee osteoarthritis who slowed their walking 

speed were 3.0 and 3.4 times more likely to demonstrate an increase in BML 

and effusion volume, respectively.

• Cartilage structure changes were not associated with walking speed decline in 

individuals with accelerated or common knee osteoarthritis.
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Figure 1. 

Walking speed and structural measures were assessed at the visit in the year prior to the 

index visit, as well as the index visit. One-year change in walking speed and structural 

measures were calculated as the index visit minus the year prior visit.
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Table 1

Group Demographics.

Variable Overall n=346 Accelerated Knee OA n=106 Common Knee OA n=121 No Knee OA n=119

Age (years), mean (SD) 60.6 (8.6) 64.5 (8.4) 59.4 (8.4) 58.3 (7.8)

BMI (kg/m2), mean (SD) 28.2 (4.6) 29.7 (4.5) 28.0 (4.5) 27.1 (4.6)

WOMAC Pain, mean(SD) 2.0 (2.8) 3.3 (3.5) 1.8 (2.3) 1.1 (2.1)

PASE, mean (SD) 162.8 (84.0) 148.1 (89.1) 161.6 (80.1) 177.3 (81.6)

Female, n(%) 214 (62%) 66 (62%) 75 (62%) 73 (61%)

OA = osteoarthritis, PASE = Physical Activity Scale for The Elderly, WOMAC = Western Ontario and McMaster’s Osteoarthritis Index

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



A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u

s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t

Harkey et al. Page 16

Table 2

Association Between Longitudinal Walking Speed Change and Knee Structure Change.

BML Change (Decrease/No Change = Reference)

Group Walking Speed Change
Decrease/No Change Increase Adjusted* Odds Ratio

n (%) n (%) OR (95%Cl)

Overall
Slower 35 (58%) 25 (42%) 1.79 (1.00, 3.20)

Faster/No Change 200 (70%) 86 (30%) Reference

Accelerated
Knee OA

Slower 7 (30%) 16 (70%) 3.04 (1.03, 8.95)

Faster/No Change 46 (55%) 37 (45%) Reference

Common
Knee OA

Slower 15 (68%) 7 (32%) 1.17 (0.41, 3.32)

Faster/No Change 72 (73%) 27 (27%) Reference

No Knee
OA

Slower 13 (87%) 2 (13%) 0.60 (0.12, 2.92)

Faster/No Change 82 (79%) 22 (21%) Reference

Effusion Change (Decrease/No Change = Reference)

Decrease/No Change Increase

n (%) n (%)

Overall
Slower 36 (60%) 24 (40%) 1.48 (0.83, 2.66)

Faster/No Change 195 (68%) 91 (32%) Reference

Accelerated
Knee OA

Slower 6 (26%) 17 (74%) 3.39 (1.10, 10.49)

Faster/No Change 41 (49%) 42 (51%) Reference

Common
Knee OA

Slower 17 (77%) 5 (23%) 0.57 (0.19, 1.73)

Faster/No Change 67 (68%) 32 (32%) Reference

No Knee
OA

Slower 13 (87%) 2 (13%) 0.80 (0.16, 4.02)

Faster/No Change 87 (84%) 17 (16%) Reference

CDI Change (Increase/No Change = Reference)

Decrease Increase/No Change

n (%) n (%)

Overall
Slower 18 (30%) 42 (70%) 0.89 (0.48, 1.66)

Faster/No Change 97 (34%) 189 (66%) Reference

Accelerated
Knee OA

Slower 12 (52%) 11 (48%) 0.81 (0.30, 2.16)

Faster/No Change 51 (61%) 32 (39%) Reference

Common
Knee OA

Slower 4 (18%) 18 (82%) 0.75 (0.22, 2.55)

Faster/No Change 22 (22%) 77 (78%) Reference

No Knee
OA

Slower 2 (13%) 13 (87%) 0.49 (0.10, 2.35)

Faster/No Change 24 (23%) 80 (77%) Reference

CDI = cartilage damage index, BML = bone marrow lesion, OR = odds ratio, 95% CI = 95% confidence intervals, OA = osteoarthritis,

*
Adjusted for baseline age, body mass index, WOMAC pain, and physical activity

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 February 01.
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Table 3

Association Between Longitudinal Walking Speed Change and Knee Structure Change Among Individuals 

Who Developed Accelerated Knee Osteoarthritis Within One Year./Table_Caption>

BML Change (Decrease/No Change = Reference)

Group Walking Speed Change
Decrease/No Change Increase Adjusted* Odds Ratio

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

Overall
Slower 35 (58%) 25 (42%) 1.79 (1.00, 3.20)

Faster/No Change 200 (70%) 86 (30%) Reference

Accelerated
Knee OA

Slower 7 (30%) 16 (70%) 3.04 (1.03, 8.95)

Faster/No Change 46 (55%) 37 (45%) Reference

Common
Knee OA

Slower 15 (68%) 7 (32%) 1.17 (0.41, 3.32)

Faster/No Change 72 (73%) 27 (27%) Reference

No Knee
OA

Slower 13 (87%) 2 (13%) 0.60 (0.12, 2.92)

Faster/No Change 82 (79%) 22 (21%) Reference

Effusion Change (Decrease/No Change = Reference)

Decrease/No Change Increase

n (%) n (%)

Overall
Slower 36 (60%) 24 (40%) 1.48 (0.83, 2.66)

Faster/No Change 195 (68%) 91 (32%) Reference

Accelerated
Knee OA

Slower 6 (26%) 17 (74%) 3.39 (1.10, 10.49)

Faster/No Change 41 (49%) 42 (51%) Reference

Common
Knee OA

Slower 17 (77%) 5 (23%) 0.57 (0.19, 1.73)

Faster/No Change 67 (68%) 32 (32%) Reference

No Knee
OA

Slower 13 (87%) 2 (13%) 0.80 (0.16, 4.02)

Faster/No Change 87 (84%) 17 (16%) Reference

CDI Change (Increase/No Change = Reference)

Decrease Increase/No Change

n (%) n (%)

Overall
Slower 18 (30%) 42 (70%) 0.89 (0.48, 1.66)

Faster/No Change 97 (34%) 189 (66%) Reference

Accelerated
Knee OA

Slower 12 (52%) 11 (48%) 0.81 (0.30, 2.16)

Faster/No Change 51 (61%) 32 (39%) Reference

Common
Knee OA

Slower 4 (18%) 18 (82%) 0.75 (0.22, 2.55)

Faster/No Change 22 (22%) 77 (78%) Reference

No Knee
OA

Slower 2 (13%) 13 (87%) 0.49 (0.10, 2.35)

Faster/No Change 24 (23%) 80 (77%) Reference

CDI = cartilage damage index, BML = bone marrow lesion, OR = odds ratio, 95% CI = 95% confidence intervals, OA = osteoarthritis,

*
Adjusted for baseline age, body mass index, WOMAC Pain, and physical activity

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 February 01.
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Table 4

Association Between Longitudinal Walking Speed Change and Knee Structure Change in Individuals with no 

Radiographic Knee OA Bilaterally at baseline (KL = 0/1).

BML Change (Decrease/No Change = Reference)

Group Walking Speed Change
Decrease/No Change Increase Adjusted* Odds Ratio

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

Overall
Slower 10 (40%) 15 (60%) 3.67 (1.47, 9.19)

Faster/No Change 85 (69%) 38 (31%) Reference

Accelerated
Knee OA

Slower 3 (25%) 9 (75%) 5.68 (1.00, 32.39)

Faster/No Change 19 (54%) 16 (46%) Reference

Common
Knee OA

Slower 6 (50%) 6 (50%) 2.11 (0.47, 9.57)

Faster/No Change 29 (73%) 11 (27%) Reference

No Knee
OA

Slower 1 (100%) 0 (0%)
Unable to Calculate

Faster/No Change 37 (77%) 11 (23%)

Effusion Change (Decrease/No Change = Reference)

Decrease/No Change Increase

n (%) n (%)

Overall
Slower 14 (56%) 11 (44%) 1.95 (0.78, 4.85)

Faster/No Change 85 (69%) 38 (31%) Reference

Accelerated
Knee OA

Slower 4 (33%) 8 (67%) 6.37 (0.96, 42.33)

Faster/No Change 19 (54%) 16 (46%) Reference

Common
Knee OA

Slower 9 (75%) 3 (25%) 0.49 (0.10, 2.34)

Faster/No Change 27 (68%) 13 (32%) Reference

No Knee
OA

Slower 1 (100%) 0 (0%)
Unable to Calculate

Faster/No Change 39 (81%) 9 (19%)

CDI Change (Increase/No Change = Reference)

Decrease Increase/No Change

n (%) n (%)

Overall
Slower 9 (36%) 16 (64%) 1.34 (0.52, 3.43)

Faster/No Change 40 (33%) 83 (67%) Reference

Accelerated
Knee OA

Slower 7 (58%) 5 (42%) 1.37 (0.31, 5.98)

Faster/No Change 19 (54%) 16 (46%) Reference

Common
Knee OA

Slower 2 (17%) 10 (83%) 0.74 (0.11, 4.85)

Faster/No Change 9 (23%) 31 (77%) Reference

No Knee
OA

Slower 0 (1%) 1 (100%)
Unable to Calculate

Faster/No Change 12 (25%) 36 (75%)

CDI = cartilage damage index, BML = bone marrow lesion, OR = odds ratio, 95% CI = 95% confidence intervals, OA = osteoarthritis,

*
Adjusted for baseline age, body mass index, WOMAC pain, and physical activity

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 February 01.
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Table 5

Association Between Longitudinal Walking Speed Change and Knee Structure Change Excluding Individuals 

with Imputed Missing Structural Data.

BML Change (Decrease/No Change = Reference)

Group Walking Speed Change
Decrease/No Change Increase Adjusted* Odds Ratio

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

Overall
Slower 34 (57%) 26 (43%) 1.95 (1.09, 3.49)

Faster/No Change 192 (70%) 81 (30%) Reference

Accelerated
Knee OA

Slower 7 (30%) 16 (70%) 3.04 (0.99, 9.30)

Faster/No Change 39 (54%) 33 (46%) Reference

Common
Knee OA

Slower 14 (64%) 8 (36%) 1.50 (0.54, 4.21)

Faster/No Change 71 (73%) 26 (27%) Reference

No Knee
OA

Slower 13 (87%) 2 (13%) 0.60 (0.12, 2.92)

Faster/No Change 82 (79%) 22 (21%) Reference

Effusion Change (Decrease/No Change = Reference)

Decrease/No Change Increase

n (%) n (%)

Overall
Slower 37 (62%) 23 (38%) 1.44 (0.80, 2.61)

Faster/No Change 189 (69%) 84 (31%) Reference

Accelerated
Knee OA

Slower 6 (26%) 17 (74%) 3.59 (1.11, 11.62)

Faster/No Change 35 (49%) 37 (51%) Reference

Common
Knee OA

Slower 17 (77%) 5 (23%) 0.59 (0.20, 1.79)

Faster/No Change 66 (68%) 31 (32%) Reference

No Knee
OA

Slower 14 (93%) 1 (7%) 0.40 (0.05, 3.44)

Faster/No Change 88 (85%) 16 (15%) Reference

CDI Change (Increase/No Change = Reference)

Decrease Increase/No Change

n (%) n (%)

Overall
Slower 19 (32%) 41 (68%) 0.98 (0.53, 1.81)

Faster/No Change 91 (33%) 182 (67%) Reference

Accelerated
Knee OA

Slower 12 (52%) 11 (48%) 0.84 (0.31, 2.30)

Faster/No Change 45 (63%) 27 (37%) Reference

Common
Knee OA

Slower 5 (23%) 17 (77%) 1.00 (0.32, 3.13)

Faster/No Change 22 (23%) 75 (77%) Reference

No Knee
OA

Slower 2 (13%) 13 (87%) 0.49 (0.10, 2.35)

Faster/No Change 24 (23%) 80 (77%) Reference

CDI = cartilage damage index, BML = bone marrow lesion, OR = odds ratio, 95% CI = 95% confidence intervals, OA = osteoarthritis,

*
Adjusted for baseline age, body mass index, frequent pain, and physical activity
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