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Abstract

STUDY DESIGN—Controlled laboratory study, longitudinal design.

OBJECTIVE—To examine whether baseline knee flexion moment or impulse during walking is 

associated with the progression of osteoarthritis (OA) with magnetic resonance imaging of the 

patellofemoral joint (PFJ) at 1 year.

BACKGROUND—Patellofemoral joint OA is highly prevalent and a major source of pain and 

dysfunction. The biomechanical factors associated with the progression of PFJ OA remain 

unclear.

METHODS—Three-dimensional gait analyses were performed at baseline. Magnetic resonance 

imaging of the knee (high-resolution, 3-D, fast spin-echo sequence) was used to identify PFJ 

cartilage and bone marrow edema–like lesions at baseline and a 1-year follow-up. The severity of 

PFJ OA progression was defined using the modified Whole-Organ Magnetic Resonance Imaging 

Score when new or increased cartilage or bone marrow edema–like lesions were observed at 1 

year. Peak external knee flexion moment and flexion moment impulse during the first and second 

halves of the stance phase of gait were compared between progressors and nonprogressors, and 

used to predict progression after adjusting for age, sex, body mass index, and presence of baseline 

PFJ OA.

RESULTS—Sixty-one participants with no knee OA or isolated PFJ OA were included. 

Patellofemoral joint OA progressors (n = 10) demonstrated significantly higher peak knee flexion 
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moment (P = .01) and flexion moment impulse (P = .04) during the second half of stance at 

baseline compared to nonprogressors. Logistic regression showed that higher peak knee flexion 

moment during the second half of the stance phase was significantly associated with progression 

at 1 year (adjusted odds ratio = 3.3, P = .01).

CONCLUSION—Peak knee flexion moment and flexion moment impulse during the second half 

of stance are related to the progression of PFJ OA and may need to be considered when treating 

individuals who are at risk of or who have PFJ OA.
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bone marrow lesions; cartilage; gait; kinetics; WORMS

Patellofemoral joint (PFJ) osteoarthritis (OA) is a highly prevalent knee disease that can 

result in significant pain and dysfunction.17,32,35 Based on the findings of radiographic18 

and magnetic resonance imaging (MRI)54 studies, 64% of adults over 50 years of age have 

PFJ OA, a third of whom have isolated PFJ OA. This shows that the prevalence of PFJ OA 

is as high as, if not higher than, tibiofemoral joint (TFJ) OA.18,39,54 Moreover, similar rates 

of disease progression have been reported for TFJ and PFJ OA.4,14,32,47 Though extensive 

research has evaluated the biomechanical risk factors associated with the progression of TFJ 

OA,5,11,41 biomechanical predictors of the progression of PFJ OA have not been reported. 

Identifying biomechanical factors related to morphological changes of PFJ OA is critical to 

inform clinical assessment and intervention strategies for this common knee disease.

Mechanical loading plays an important role in the onset and progression of knee 

OA.2,12,24,26 For example, higher knee adduction moment and adduction moment impulse, 

which can result in increased medial TFJ loading, have been well documented to be related 

to the presence,6,23,42 severity,23,33 and progression5,11,41 of medial compartment TFJ OA. 

At the PFJ, biomechanical factors such as knee flexion moment and flexion moment impulse 

can be used to estimate mechanical loading. For example, increased knee flexion moment 

has been reported to result in higher PFJ reaction force and stress.31,56 Moreover, knee 

flexion moment impulse, which takes into account both the magnitude and duration of knee 

flexion moment, may provide more detailed information regarding PFJ loading. As such, 

knee flexion moment and flexion moment impulse may be important predictors of the onset 

or progression of degenerative changes of the PFJ.

During gait, distinct peaks of knee flexion moment are observed during the first and second 

halves of the stance phase.29,31,36 Although the first peak is typically 2 to 3 times larger than 

the second peak, recent cross-sectional studies have shown that peak knee flexion moment 

during the second half of the stance phase is higher in individuals with PFJ OA.21,55 To the 

best of our knowledge, no study has reported biomechanical factors associated with the 

onset or progression of PFJ OA. Articular cartilage lesions and subarticular bone marrow 

edema–like lesions (BMELs) are morphological features of OA disease10,15,16,32 and have 

been associated with pain.3,9,16,20,37 Using MRI, semi-quantitative assessment can be 

performed to provide reliable and sensitive measures of these morphological characteristics 

over time.19,28,45,49 The purpose of this study was to examine whether knee flexion moment 

or flexion moment impulse during the stance phase of gait could be predictive of the onset 
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or progression of morphological lesions (ie, cartilage lesions and BMELs) associated with 

PFJ OA at 1 year. We hypothesized that higher knee flexion moment and flexion moment 

impulse would be associated with progression of PFJ OA.

METHODS

Participants

Participants were recruited from the local community as part of a longitudinal study on knee 

OA. All participants were above 35 years of age and did not have (1) history of lower 

extremity or spine surgery, (2) total joint replacement of any lower extremity joint, (3) self-

reported inflammatory arthritis, (4) any condition that would limit the ability to walk 

without an assistive device, and (5) contraindications to MRI.55 As part of the procedures of 

the knee OA study, all participants underwent a weight-bearing, posteroanterior, fixed-

flexion radiograph of the TFJs. The knee with the higher Kellgren-Lawrence grade was 

chosen for the following MRI and biomechanical tests. When both knees presented with the 

same Kellgren-Lawrence grade, the test limb was determined based on participant 

preference. Prior to inclusion in the study, all participants signed a written informed consent 

approved by the Committee on Human Research at the University of California San 

Francisco.

Pain and Function Assessments

All participants completed the Knee injury and Osteoarthritis Outcome Score (KOOS) 

survey. A higher score on the KOOS, which ranges from 0 to 100, represents less pain and 

better function.50,51 Physical function was tested in all participants using a six-minute walk 

test, timed up-and-go test, and stair-climbing test. During the six-minute walk test, 

participants were instructed to walk as long a distance as possible during a 6-minute 

period.34 During the timed up-and-go test, participants were timed with a stopwatch as they 

rose from a standard armchair (approximate seat height, 44 cm; arm height, 68 cm from the 

floor), walked to a tape mark 3 m away, then returned to a sitting position with their back 

against the chair as fast as possible.34 During the stair-climbing test, participants were timed 

with a stopwatch as they ascended and descended a set of 12 stairs (step height, 18 cm) as 

fast as possible.48

MRI Assessment

Magnetic resonance images were acquired using a 3-T scanner (Discovery MR750w; GE 

Healthcare, Waukesha, WI) with an 8-channel transmit/receive knee coil (Invivo, 

Gainesville, FL) at baseline and 1 year. A high-resolution, 3-D fast spin-echo CUBE (GE 

Healthcare) sequence (repetition time/echo time, 1500/26.69 milliseconds; field of view, 16 

cm; matrix, 384 × 384; slice thickness, 0.5 mm; echo train length, 32; bandwidth, 37.5 kHz; 

number of excitations, 0.5; acquisition time, 10.5 minutes) was used for clinical grading of 

OA-related morphological changes.

Semi-quantitative assessment of articular cartilage lesions and BMELs was performed by an 

experienced boardcertified radiologist using the modified Whole-Organ Magnetic 

Resonance Imaging Score (WORMS).1,45,54 Cartilage lesions were graded as follows: 0, 
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normal thickness; 1, normal thickness (increased signal intensity); 2, a partial-thickness 

focal lesion less than 1 cm at greatest width; 2.5, a full-thickness focal lesion less than 1 cm 

at greatest width; 3, multiple areas of partial lesions less than 1 cm at greatest width or a 

grade 2 lesion wider than 1 cm but less than 75% of the region; 4, diffuse partial-thickness 

loss greater than 75% of the region; 5, multiple areas of full-thickness lesions greater than 1 

cm but less than 75% of the region; and 6, diffuse full-thickness loss greater than 75% of the 

region.45 The BMELs were graded as follows: 0, normal; 1, mild (maximum diameter less 

than 5 mm); 2, moderate (5–20 mm); and 3, severe (greater than 20 mm).45 Gradings were 

performed at 6 regions: the patella, trochlea, medial and lateral femoral condyles, and 

medial and lateral tibial plateau.

The WORMS grading system has been shown to have high intrarater (intraclass correlation 

coefficient greater than 0.92)3 and interrater (intraclass correlation coefficient greater than 

0.82)3,45 reliability and demonstrates strong agreement with other commonly used imaging 

scoring systems.38 The WORMS score was used to define the presence of knee OA in this 

study. Tibiofemoral joint OA was considered present when the WORMS score was greater 

than 1 for cartilage lesion of the tibia or femur.54 Patellofemoral joint OA was considered 

present when the WORMS score was greater than 1 for cartilage lesion of the patella or 

trochlea.54 End-stage PFJ cartilage lesions and BMELs were defined as a WORMS score of 

6 for cartilage lesions and of 3 for BMELs. Individuals with TFJ OA were excluded from 

this study to prevent potential influence of TFJ OA on gait biomechanics. Individuals with 

end-stage PFJ cartilage lesions or BMELs were also excluded from this study because no 

further progression was possible.

Gait Analysis

Three-dimensional gait analysis was performed at baseline. Lower extremity kinematics 

were recorded using a 10-camera motion-capture system (Vicon; OMG plc, Oxford, UK) at 

a sampling rate of 250 Hz. Ground reaction force data were obtained using 2 embedded 

force platforms (Advanced Mechanical Technology, Inc, Watertown, MA) at a sampling 

rate of 1000 Hz. Marker and ground reaction force data were collected and synchronized 

using motion-capture software (Nexus; OMG plc). Participants wore shorts and their 

personal sneakers during the evaluation.

Prior to the walking test, retroreflective anatomical markers (14-mm spheres) were placed 

on the following bony landmarks: L5-S1 junction, bilateral iliac crests, anterior superior 

iliac spines, greater trochanters, medial and lateral femoral epicondyles, medial and lateral 

malleoli, and first and fifth metatarsal heads. Additionally, tracking marker clusters mounted 

on semi-rigid plastic plates were placed bilaterally on the lateral surfaces of the participant’s 

thighs, shanks, and heel counters of the shoes. A standing calibration trial was obtained to 

define the segment coordinate systems and joint axes. After the calibration trial, anatomical 

markers were removed, except for those on the L5-S1 junction, iliac crests, and anterior 

superior iliac spines, which served as tracking markers for the pelvis. The tracking markers 

remained on the participant throughout the entire data-collection session.

Participants were instructed to walk at a self-selected speed, which was described as “you 

have some place to be, but you are not late.” Five successful trials were obtained. A trial was 
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considered successful when the foot of the tested limb fell within the borders of either of the 

force platforms from initial contact to toe-off and the speed was within ±5% of the first 

successful trial.

Kinematic and kinetic data were computed using Visual3D (C-Motion, Inc, Germantown, 

MD) and MATLAB software (The MathWorks, Inc, Natick, MA). Marker trajectory data 

were low-pass filtered using a fourth-order Butterworth filter with a cutoff frequency of 6 

Hz. The pelvis was modeled with 6 degrees of freedom relative to the laboratory coordinate 

system.40 The hip, knee, and ankle joints were assigned 3 degrees of freedom for 

rotations.57 Joint kinematics were calculated using a Cardan rotation sequence in the order 

of flexion/extension, abduction/adduction, and internal/external rotation.57 Net joint 

moments were reported as external moments and normalized to each participant’s body 

mass (kg) and height (m). The positive and negative values of the sagittal plane knee 

moment were used to indicate knee flexion and extension moments, respectively (FIGURE 

1). Knee flexion moment impulse was calculated as the integral of knee flexion moment 

(Nm/kg·m) with respect to time (milliseconds) when sagittal plane knee moment was 

positive for each walking trial (FIGURE 1). The stance phase of gait was defined during the 

time when the vertical ground reaction force was greater than 20 N. Variables of interest, 

peak knee flexion moment, and knee flexion moment impulse were computed for the first 

50% and second 50% of the stance phase. Averaged data from 5 successful trials were used 

for statistical analyses.

PFJ OA Progression

Participants were stratified into progressors and nonprogressors based on OA-related 

morphological changes observed on magnetic resonance images obtained at 1 year 

compared to baseline images. Progression of PFJ OA was defined as an increase in 

WORMS score of at least 1 grade on the cartilage or BMEL grading systems, except for an 

increase from 0 to 1.

Statistical Analysis

Chi-square and independent t tests were used to compare demographic, symptom, and 

functional data between progressors and nonprogressors. Walking speed was compared 

between the progression and nonprogression groups using an independent t test. To account 

for any significant group difference in walking speed, adjustments to the subsequent 

statistical analyses were planned but not performed, as no significant group difference was 

found.

Peak knee flexion moment and knee flexion moment impulse during the first and second 

halves of the stance phase were compared between progressors and nonprogressors using 

analyses of covariance, with age, sex, body mass index (BMI), and presence of baseline PFJ 

OA as covariates.

Binary logistic regression was used to identify whether baseline peak knee flexion moment 

and knee flexion moment impulse during the first and second halves of the stance phase 

predicted progression of PFJ OA at 1 year. Models were performed with and without 
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adjustment for age, sex, BMI, and presence of baseline PFJ OA. All ordinal data were 

converted into standardized scores before entering the logistic regression models. All 

analyses were performed using IBM SPSS Statistics Version 22.0.0 software (IBM 

Corporation, Armonk, NY), with a significance level set at .05.

RESULTS

Eighty-four participants completed MRI and gait analysis at baseline and MRI at 1 year. 

Among these participants, 23 presented TFJ OA on baseline MRI and were excluded from 

statistical analysis. A total of 61 participants (41 female, 20 male; mean ± SD age, 51.3 ± 

9.9 years; BMI, 24.4 ± 3.3 kg/m2) were included in the statistical analysis. Twenty-eight 

(45.9%) of the 61 participants were diagnosed with PFJ OA at baseline. At 1-year follow-up, 

10 (16.4%) of the 61 participants demonstrated progression of PFJ OA. Among the 10 

progressors, 6 demonstrated progressions in cartilage lesions, 3 had progressions in BMELs, 

and 1 demonstrated progressions in both cartilage lesions and BMELs. Demographic, pain, 

and functional activity data of the progressors and nonprogressors at baseline are presented 

in TABLE 1. A higher percentage of women (P = .02) and individuals who presented with 

baseline PFJ OA (P = .03) were among the progressors. No significant differences were 

observed in age, BMI, and symptom and functional ability between progressors and 

nonprogressors (TABLE 1). In addition, there was no significant difference (P = .79) in self-

selected walking speed during gait analysis between progressors (mean ± SD, 1.53 ± 0.22 

m/s) and nonprogressors (1.55 ± 0.22 m/s).

Analyses of covariance revealed significant differences in knee kinetics during the second 

half of the stance phase between progressors and nonprogressors (TABLE 2, FIGURE 2). 

Patellofemoral joint OA progressors demonstrated significantly higher peak knee flexion 

moment (P = .01, Cohen d = 1.17) and knee flexion moment impulse (P = .04, Cohen d = 

1.02) during the second half of the stance phase compared to the nonprogressors. No 

significant difference was observed for knee flexion moment and flexion moment impulse 

during the first half of stance between the 2 groups (TABLE 2).

Logistic regression unadjusted for demographic variables revealed that higher peak knee 

flexion moment (odds ratio [OR] = 3.30, P = .003) and flexion moment impulse (OR = 2.45, 

P = .008) during the second half of stance at baseline were significantly associated with 

progression of PFJ OA at 1 year (TABLE 3). When adjusted for age, sex, BMI, and 

presence of baseline PFJ OA, higher peak knee flexion moment (adjusted OR = 3.30, P = .

014) during the second half of stance at baseline was significantly associated with PFJ OA 

progression at 1 year. Knee flexion moment impulse during the second half of stance was 

also approaching significance in its association with progression of PFJ OA (adjusted OR = 

2.52, P = .06). Knee flexion moment and impulse during the first half of the stance phase 

were not significantly associated with PFJ OA progression at 1 year, based on the 

unadjusted and adjusted models.
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DISCUSSION

This is the first study to reveal biomechanical risk factors associated with morphological 

progressions of PFJ OA. Our findings suggest that higher knee flexion moment and flexion 

moment impulse during walking may contribute to morphological progression of PFJ OA. In 

particular, we found that individuals who demonstrated a progression of PFJ OA at 1 year 

exhibited higher peak knee flexion moment and knee flexion moment impulse during the 

second half of stance phase at baseline. Peak knee flexion moment during the second half of 

stance was predictive of progression of PFJ OA at 1 year after adjusting for age, sex, BMI, 

and presence of baseline PFJ OA. Peak knee flexion moment and knee flexion moment 

impulse during the first half of the stance phase were not related to PFJ OA progression at 1 

year.

Findings of this study support the importance of mechanical loading in the progression of 

morphological changes associated with OA.2,12,24,26 Previously, frontal plane knee kinetics, 

such as knee adduction moment and adduction moment impulse, have been identified as 

being predictive of the progression of cartilage loss and of BMELs in medialcompartment 

TFJ OA.5,11,41 Our findings indicate that sagittal plane knee kinetics, specifically knee 

flexion moment and knee flexion moment impulse, are associated with progression of PFJ 

cartilage lesions and BMELs. Based on the results of the adjusted ORs, every 1-SD 

(approximately 33%) increase in peak knee flexion moment during the second half of stance 

is related to a 3.3-times-higher chance of PFJ OA progression occurring at 1 year. Moreover, 

every 1-SD increase in knee flexion moment impulse during the second half of stance is 

related to a 2.5-times-greater occurrence of the progression of PFJ OA at 1 year. Increased 

knee flexion moment is suggestive of greater quadriceps force requirements and, thus, 

higher PFJ reaction force and stress.31,56 Moreover, increased knee flexion moment impulse 

can result from increased magnitude and/or duration of knee flexion moment. Based on the 

ensemble average curves of knee moments (FIGURE 2), higher knee flexion moment 

impulse observed in the progressors was contributed from both increased amplitude and 

duration of knee flexion moment. This suggests that PFJ OA progressors experienced higher 

PFJ loading over longer periods during each stride. As such, it is reasonable to suggest that 

these sagittal plane knee kinetic variables may be related to progression of cartilage lesions 

and BMELs at the PFJ.

The results of this study add to current knowledge regarding the biomechanical risk factors 

of PFJ OA. Recent studies have shown that individuals with isolated PFJ OA55 and 

combined PFJ and TFJ OA21 demonstrate higher knee flexion moment and flexion moment 

impulse during the second half of the stance phase. The findings of the current study also 

show these biomechanical factors to be related to the progression of PFJ OA. The second 

peak of knee flexion moment typically occurs during the second period of double-limb 

support, during which the knee continues to flex and body weight is transferred to the 

contralateral limb. An increased knee flexion moment can be a result of increased knee 

flexion angle and/or ground reaction force. The observed difference in the magnitude of 

knee flexion moment and impulse during the second half of stance was relatively small, 

which is consistent with the difference previously observed between individuals with and 

without PFJ OA.21,55 Given the highly repetitive nature of walking during daily activities, 
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even a small increase in knee flexion moment over each step may result in a large increase 

in the cumulative loading on the PFJ over time. It must be kept in mind, however, that 

participants in this study presented with a high level of function. As such, they might have 

been more susceptible to a small increase in knee loading. Together, our findings show that 

increased knee flexion moment and impulse during late stance are associated not only with 

the presence but also with the progression of PFJ OA.

Based on the findings of this study, knee flexion moment and impulse during the first half of 

the stance phase were not associated with morphological progression of PFJ OA at 1 year. 

Although nonsignificant, PFJ OA progressors showed 22% and 25% lower peak knee 

flexion moment and flexion moment impulse, respectively, during the first half of the stance 

phase compared to nonprogressors (TABLE 2, FIGURE 2). This finding concurs with 

previous cross-sectional studies that reported nonsignificant but lower knee flexion 

moment55 and vasti force13 during the first half of the stance phase in individuals with PFJ 

OA compared to healthy controls. During loading response, the quadriceps contract 

eccentrically to perform shock absorption.44 The reduction in knee flexion moment and vasti 

force suggests a deficiency in quadriceps performance in individuals who have or show 

progression of PFJ OA. Further studies are warranted to investigate the relationship between 

lower extremity muscle performance and knee kinetics in this population.

The progression of PFJ OA, defined as changes in cartilage lesions and BMELs between 

baseline and 1 year, was assessed with a semi-quantitative MRI scoring system (WORMS). 

Though radiographic images are commonly used in clinical settings and have also been used 

in previous studies to determine the severity of PFJ OA,13,17,21,22,30 they do not allow direct 

assessment of cartilage morphology or the detection of early-stage OA.25,28,43,52 The MRI-

based scoring system, WORMS, on the other hand, provides reliable measurements on 

subtle morphological changes associated with knee OA.28,45,49 As such, by utilizing 

WORMS, the findings of this study may better inform researchers of the biomechanical risk 

factors associated with early-stage or subtle progression of PFJ OA.

The observed percentage of participants who showed progression of morphological changes 

associated with PFJ OA was lower in this study (16.4%) compared to that reported in the 

previous study, which had a combined cohort of those with PFJ and TFJ OA.5,46 This might 

have been due to participants in this study being younger and having less severe baseline 

OA, which was reflected in a lower level of pain and a higher level of function (TABLE 1). 

As age and OA severity have been associated with OA progression,7 it is reasonable that a 

lower progression rate was observed in this study than in other studies. The progression 

group consisted of a relatively higher percentage of women. This is in agreement with the 

literature that women have a higher risk of developing PFJ disorders and show a higher 

progression rate of OA.8,27,53 Consistent with previous literature,7 our data show that 

individuals with existing PFJ OA demonstrate higher progression rates. More than one 

quarter of those who presented with baseline PFJ OA (28.5%) showed progression of the 

disease at 1 year, whereas only 6.1% of the individuals without baseline PFJ OA showed 

morphological changes related to PFJ OA at 1 year.
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Certain limitations should be considered when interpreting the results of this study. First, a 

relatively small sample size and short follow-up times were used. Future studies may 

consider expanding the follow-up times beyond 1 year to explore more significant 

progression of OA that would likely affect a larger percentage of the study sample. Second, 

the observed differences in knee flexion moment and impulse between the progressors and 

nonprogressors are relatively small, despite a large effect size for group differences (Cohen 

d greater than 1). Further research is needed to investigate the relationship of knee flexion 

moment and impulse with clinical symptoms (ie, pain, function, quality of life). Third, 

because a greater proportion of female participants (67.2%) were recruited in this study, 

caution should be taken when generalizing the findings to the overall population. Finally, 

individuals with TFJ OA, defined by cartilage lesions shown on MRI, were excluded from 

this study to eliminate potential interference of TFJ OA with gait biomechanics. Further 

investigations are warranted to verity whether the observed relationships occur in 

individuals with combined PFJ and TFJ OA.

CONCLUSION

The findings of this study indicate that PFJ OA progressors exhibit higher peak knee flexion 

moment and flexion moment impulse during the second half of the stance phase at baseline. 

Logistic regression analysis showed that higher peak knee flexion moment during the 

second half of the stance phase was associated with progression of PFJ OA at 1-year follow-

up. Knee flexion moment and moment impulse during the first half of stance were not 

associated with PFJ OA progression.
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KEY POINTS

FINDINGS

Patellofemoral joint OA progressors demonstrated higher peak knee flexion moment and 

flexion moment impulse during the second half of stance at baseline compared to 

nonprogressors. Logistic regressions showed that higher peak knee flexion moment 

during the second half of the stance phase was significantly associated with PFJ OA 

progression at 1 year (adjusted OR = 3.3).

IMPLICATIONS

An increase in knee flexion moment and impulse during the second half of the stance 

phase may need to be considered when treating individuals with or at risk of PFJ OA.

CAUTION

The observed difference in knee kinetics is relatively small and the 1-year follow-up was 

relatively brief. Some morphological changes of OA may develop over a longer period.
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FIGURE 1. 
Sagittal plane knee moment curve during the stance phase of walking of a sample trial. Joint 

moment is expressed as external moment. Positive and negative values indicate knee flexion 

and extension moments, respectively. The vertical dotted line indicates 50% of the stance 

phase. Peak knee flexion moment and flexion moment impulse are computed during the first 

and second halves of the stance phase. Knee flexion moment impulse was calculated as the 

integral of knee flexion moment (Nm/kg·m) with respect to time (milliseconds) when 

sagittal plane knee moment was positive (orange area).
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FIGURE 2. 
Sagittal plane knee moments during the stance phase of walking for progressors and 

nonprogressors of patellofemoral joint osteoarthritis. Values are mean ± SD (error bars). 

*Significant group difference in the peak knee flexion moment during the second half of the 

stance phase.
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TABLE 1

Baseline Demographic, Symptom, and Functional Data for the PFJ OA Nonprogressors and Progressors*

Nonprogressors Progressors P Value†

Demographics

  Sex (male/female), n 20/31 0/10 .02

  Age, y 50.6 ± 9.9 55.0 ± 9.5 .20

  BMI, kg/m2 24.6 ± 3.1 22.7 ± 3.8 .09

  PFJ OA‡ (yes/no), n 20/31 8/2 .03

Pain and function

  KOOS pain, % 89.4 ± 11.2 86.4 ± 18.4 .50

  KOOS activities of daily living, % 94.0 ± 8.9 93.4 ± 9.5 .85

  Timed up-and-go test, s 5.8 ± 0.9 5.6 ± 0.6 .50

  Timed stairs, s 11.6 ± 1.8 11.5 ± 2.2 .93

  Six-minute walk test, m 642.0 ± 83.5 664.4 ± 90.0 .45

Abbreviations: BMI, body mass index; KOOS, Knee injury and Osteoarthritis Outcome Score; OA, osteoarthritis; PFJ, patellofemoral joint.

*
Values are mean ± SD unless otherwise indicated.

†
Independent t test for ordinal variables and chi-square for categorical variables.

‡
Cartilage lesions of the trochlea or patella with a score of greater than 1 on the modified Whole-Organ Magnetic Resonance Imaging Score 

(WORMS).
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TABLE 2

Baseline Values for Knee Kinetics During the First and Second Halves of the Stance Phase for the PFJ OA 

Nonprogressors and Progressors

Nonprogressors* Progressors* P Value†

Knee flexion moment: first peak, Nm/kg·m 0.37 ± 0.14 0.29 ± 0.13 .23

Knee flexion moment impulse: first half, Nm·ms/kg·m 43.1 ± 18.5 32.4 ± 15.2 .31

Knee flexion moment: second peak, Nm/kg·m 0.13 ± 0.05 0.20 ± 0.07 .01

Knee flexion moment impulse: second half, Nm·ms/kg·m 9.1 ± 6.2 16.4 ± 8.8 .04

Abbreviations: OA, osteoarthritis; PFJ, patellofemoral joint.

*
Values are mean ± SD.

†
Analysis of covariance adjusted for age, sex, body mass index, and presence of baseline PFJ OA.
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TABLE 3

Results of Logistic Regression Analysis

Univariate Analysis Multivariate Analysis*

Odds Ratio† P Value Odds Ratio† P Value

Knee flexion moment: first peak, Nm/kg·m 0.53 (0.24, 1.14) .10 0.63 (0.26, 1.52) .31

Knee flexion moment impulse: first half, Nm·ms/kg·m 0.51 (0.23, 1.13) .10 0.63 (0.26, 1.55) .32

Knee flexion moment: second peak, Nm/kg·m 3.30 (1.51, 7.18) .003 3.30 (1.27, 8.54) .01

Knee flexion moment impulse: second half, Nm·ms/kg·m 2.45 (1.26, 4.78) .008 2.52 (0.95, 6.70) .06

*
Adjusted for age, sex, body mass index, and presence of patellofemoral joint osteoarthritis at baseline.

†
Values in parentheses are 95% confidence interval.
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