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Abstract

Objective: To assess the impact of different types of physical activity types on longitudinal knee 

joint structural changes over 48-months in overweight and obese subjects.
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Materials and Methods: We included 415 subjects with a BMI ≥ 25kg/m2, Kellgren-Lawrence 

scores ≤ 3 at baseline and Whole-Organ Magnetic Resonance Imaging Score (WORMS) scores 

available from the Osteoarthritis Initiative cohort. Regular self-reported participation in six 

physical activity types was assessed: ball sports, bicycling, jogging/running, elliptical-trainer, 

racquet sports and swimming. Moreover, they were classified into high and low impact physical 

activity groups. Evaluation of structural knee abnormalities was performed using WORMS 

obtained by two independent observers blinded to the subjects’ physical activity and timepoint. 

Linear regression models were used to assess the associations between participation in different 

physical activity types and changes in WORMS.

Results: No significant differences in epidemiological data were found between the groups 

except for gender composition and there were no significant differences in baseline WORMS. In 

the cohort as a whole and most exercise groups overall WORMS significantly increased during the 

observational period. Highest increases compared to the remainder of the group were found in the 

high impact group (increase in WORMS: 4.65; [95% CI]: [3.94,5.35];p=0.040) and the racquet 

sports group (6.39; [95% CI]: [5.13,7.60];p≤0.001). Subjects using an elliptical-trainer showed the 

lowest increase in WORMS (−1.50 [−0.21, 3.22];p=0.002).

Conclusion: Progression of knee joint degeneration was consistently higher in subjects engaging 

in high impact and racquet sports while subjects using an elliptical-trainer showed the smallest 

changes in structural degeneration.

Keywords

Knee osteoarthritis; Knee articular cartilage; MRI; physical activity; obesity

Introduction

Knee osteoarthritis (OA) is worldwide the second most frequent cause of lower extremity 

disability, and it has a global incidence of 199 cases per 100.000 (1), including over 14 

million people with symptomatic knee OA in the US (2). Overweight and obese individuals 

have a higher incidence of knee OA due to excessive knee joint load. An association 

between weight loss and less cartilage degeneration has been previously reported (3, 4). 

However, the association between physical activity and knee OA, has not been 

systematically addressed in overweight and/or obese subjects and its association seems to be 

controversial. On the one hand, physical activity has been found to be beneficial in the 

management knee homeostasis, the physiologic knee joint load providing an optimized 

chondrocyte cycle of production and destruction (5). Furthermore, mild to non-weight-

bearing physical activities such as swimming, bicycling, elliptical trainer are recommended 

to lose weight and to have a healthy life style (6). On the other hand, excessive fast-paced 

physical activity with high load-joint torsion such as racquet sports, ball sports and running 

have been found to have an increased incidence of knee injury compared to mild-moderate 

exercise such as swimming, bicycling and low-impact aerobics independent of body weight 

(5, 7). Furthermore, joint injury can lead to a trauma-initiated joint degeneration, which has 

been found to be associated with 5% of new knee OA cases (7, 8). Previous studies have 

found associations between physical activities, such as running, soccer, basketball 

weightlifting and daily recreational activities and knee OA detected with radiographs (9–12); 
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however, the reported correlations may underestimate early grade of cartilage degeneration 

and mainly did not focus on overweight and/or obese individuals. The effect of different 

types of physical activity on morphologic degeneration of the knee has never been assessed 

with MR Imaging, but MRI is the most sensitive modality which can depict early structural 

alteration of cartilage and knee internal structures (3).

Therefore, the aims of this study were (i) to investigate knee joint structural degeneration 

over 48-months in overweight and obese subjects who performed high impact physical 

activities compared to those who performed low impact physical activities, and (ii) to assess 

how different types of physical activity affect progression of degenerative changes, using 

semi-quantitative MRI-grading over a period of 48-months.

Materials and Methods

Subject selection

Participants were selected from the Osteoarthritis Initiative (OAI, https://oai.epi-ucsf.org), a 

multicentric cohort study of individuals with or without risk factors for knee osteoarthritis 

(OA) as well as individuals with mild to moderate OA, supported by the U.S. National 

Institutes of Health (NIH). Participants were recruited from February 2004 to May 2006 and 

longitudinal clinical and imaging data were collected in four different medical centers until 

January 2015. The entire cohort consists of 4796 men and women, aged 45–79 years at 

enrollment. The study was approved by the local institutional review boards and informed 

consent was obtained from all participants; the study was also compliant with the Health 

Insurance Portability and Accountability Act.

We included overweight and obese subjects with a body mass index (BMI) of ≥ 25 kg/m2 at 

baseline and during the observational period who reported physical activity during the 

observation period of the OAI based on self-administered questionnaires. Moreover, the 

regularity of each activity performed (number of years, numbers of months per year) was 

evaluated. The participant provided information about the physical activity that they 

performed at least 20 minutes within a given day for at least 10 times in their life per each 

age range. Moreover, they were asked to report the 3 activities they performed most 

frequently. For each of the top 3 activities, they were asked how many years they 

participated in that physical activity. Subjects who did not report the top 3 activities for at 

least 5 years were excluded from the analysis. Subjects with a diagnosis of rheumatoid 

arthritis (n=9) and those that did not have MRI scans available of the right knee at baseline 

and 48-months follow-up were excluded from the analysis. In addition, subjects who did not 

have right knee WORMS evaluation at baseline and at 48 months in our database were 

excluded from the study. The detailed subject selection process is shown in Figure 1. Overall 

415 subjects were studied. In all individuals the OAI database provided Kellgren Lawrence 

(K/L) scores from the interpretation of knee radiographs, information on knee surgery and/or 

arthroscopy and Knee Injury and Osteoarthritis Outcome Scores (KOOS).
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Physical Activity

Information on specific types of physical activity was recorded at the 96 months visit of the 

OAI using a questionnaire (13, 14). This survey had been validated and successfully applied 

in previous studies (9, 15). Participants were asked the following questions: “What were the 

top three frequently performed physical activities during the age range 35–49, and in the age 

range 50 and older listed from above?”. The self-administered questionnaire is provided at 

the NIAMS OAI website (https://nda.nih.gov/oai/). A participant could have therefore 

reported from one to six different types of physical activity. Since high impact activities 

potentially have greater risk for knee degeneration due to higher compression and shear 

loading (16), participants that reported at least one high impact physical activity within one 

age range were defined as performing high impact activities. In some cases, a participant 

performed more than one type of high or low impact physical activity, in these cases we 

followed the “harmful” principle: they were categorized in the physical activity group with 

the highest joint load and frictional shear stress (5, 17–19).

A list of 37 different physical activities identified by univocal code was provided in the OAI 

questionnaire. In our study, we included those activities if a minimum of 40 participants 

performed this type of activity to ensure sufficient statistical power for analysis. The 

following activities were included: (1) bicycling (outdoor or individual stationary cycling), 

(2) elliptical trainer, (3) jogging or running (outdoor or indoor treadmill or track), (4) 

swimming, (5) sport types using a racquet (including: tennis single or double, badminton, 

squash, and racquet ball), and finally (6) sports types including a ball (basketball, baseball, 

volleyball, football, soccer and handball).

In order to assess how different types of physical activity may affect the longitudinal 

changes in joint structure, we classified the different activities in high and low impact, 

according to estimated intensity of joint impact and loading (5, 7). Therefore bicycling, 

elliptical trainer, and swimming were defined as low impact activities, while jogging or 

running, sport types using racquets (tennis, badminton, squash and racquet ball), and sport 

types including a ball (baseball, basketball, football, handball, soccer and volleyball) were 

defined as high impact activities. Concerning the high impact activities, we considered 

jogging or running as high compressive but low shear physical activity, and ball sports and 

racquet sports as high compression and high friction shear stress physical activities (18, 20, 

21).

MRI protocol and image analysis

All right knee studies were acquired using 3.0-T MRI scanners (Siemens Magnetom Trio, 

Siemens Healthcare, Erlangen, DE) with quadrature transmit-receive coils (USA 

Instruments, Aurora, OH, USA) at four different OAI centers (University of Maryland, 

School of Medicine, Baltimore, MD; University of Pittsburgh, Pittsburgh, PA; Memorial 

Hospital of Rhode Island, Pawtucket, RI and The Ohio State University, Columbus, OH). 

The following sequences were analyzed using the Whole Organ Resonance Imaging Score 

(WORMS): (a) 3D dual echo steady-state (DESS) gradient-echo with water excitation (WE) 

sequences obtained in the sagittal plane (16.3ms/4.7ms/25°, repetition time (TR) / echo time 

(TE)/flip angle), (b) 2D proton density-weighted sequences in the coronal plane (3700 ms/29 
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ms, TR/TE) and (c) 2D intermediate-weighted fat suppressed (FS) sequences (3200 ms/30 

ms, TR/TE) obtained in the sagittal plane. Further specification about the MR imaging 

sequences are provided in the OAI protocol (22).

All readings were performed using the modified WORMS scoring system, that has been 

validated and applied in multiple previous studies (23–25), independently by two 

radiologists (SS with 3 years of experience and MP with 11 years of experience) who were 

blinded to the physical activity information. Readings with divergent findings were 

adjudicated with an experienced musculoskeletal radiologist (25 years of experience).

In all baseline and 48-month follow-up MR images the following features were evaluated: 

articular cartilage, meniscus and ligamentous abnormalities, bone marrow edema pattern, 

subarticular cysts, effusion, loose bodies and popliteal cysts. Cartilage abnormalities, bone 

marrow edema pattern and subarticular cysts were graded in six joint compartments (patella, 

trochlea, medial femur condyle, lateral femur condyle, medial tibia and lateral tibia) as 

previously described (3, 4, 23–26). In addition, signal changes and tears of the anterior horn, 

body and posterior horn of the medial and lateral menisci as well abnormal signal and 

structural abnormalities of the anterior and posterior cruciate ligaments (ACL, PCL), medial 

and lateral collateral ligaments (MCL, LCL), patellar and popliteal tendon were graded. 

Additional criteria included joint effusion, loose bodies and popliteal cysts. For each feature, 

a sum score was calculated by adding the lesion scores of all subregions of the knee and an 

overall WORMS score was obtained by adding these sum scores.

The intra- and interreader reliability of WORMS grading by our group estimated with 

intraclass correlation coefficients (ICCs) along with 95% confidence intervals calculated for 

each WORMS imaging feature, has been validated in multiple prior studies(3, 26–30). The 

ICCs for intrareader agreement were between 0.85 and 0.99 for each of the following 

WORMS imaging features: cartilage, meniscus, ligaments, bone marrow edema pattern, 

subarticular cyst, effusion, loos bodies and popliteal cysts. The ICCs for interreader 

agreement were between 0.75 to 0.97 for each of the following WORMS imaging features: 

cartilage, meniscus, ligaments, bone marrow edema pattern, subarticular cyst, effusion, loos 

bodies and popliteal cysts.

Statistical Analysis

Statistical analysis was performed using STATA software (Version 14, College Station, TX, 

USA: SataCorp LP). Differences in participant characteristics between different types of 

physical activity groups were assessed using Pearson’s X2-test (categorical variables) and 

linear regression (continuous variables). Linear regression models were used to assess the 

differences in changes in WORMS features over 48 months between the high and low 

impact groups. In addition, linear regression models were used to assess the differences in 

changes in WORMS features over 48 months between individual types of physical activity 

groups and the remainder of the cohort. Furthermore, a multivariate analysis was performed. 

All analyses were adjusted for common risk factors of knee OA such as age, race, sex and 

baseline BMI. Primary outcomes were defined as 48-month changes in WORMS scores.
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Results

Participant Characteristics

In total, 415 participants were included in this study. Subject characteristics are listed in 

Table 1. There was a statistically significant difference in gender composition (p=<0.001) 

between subjects in high and low physical activity groups, otherwise no significant 

differences were found. Among the six different types of physical activity groups, there was 

a statistically difference in gender composition (p=<0.001), otherwise no significant 

differences were found. The baseline WORMS scores are summarized in Table 1.

Longitudinal WORMS findings related to different types of physical activity

Longitudinal change results including overall WORMS sum score, cartilage sum score and 

subscores (medial femur and medial tibia), meniscus scores, were the primary outcomes of 

this study and are summarized by high and low impact and types of physical activity in 

Tables 2, 3, 4 and 5.

Overall WORMS score

In the longitudinal analysis, the overall WORMS scores increased significantly more in the 

high impact physical activity group compared the low impact group (Adjusted means 

changes in WORMS score [95% CI]:4.65 [3.94,5.35]; p=0.040) (Table 2). With regard to the 

specific physical activities, the overall WORMS scores increased significantly more in 

participants in the racquet sports group compared to the remainder of the cohort (Adjusted 

means changes in WORMS score [95% CI]:6.39 [5.13,7.60]; p=≤0.001) (Table 3). 

Moreover, the lowest increase of overall WORMS scores compared to the remainder of the 

group was found in the elliptical trainer group (Adjusted means changes in WORMS score 

[95% CI]:1.50 [−0.21,3.22]; p=0.002) (Table 4). A graphic summary of longitudinal 

adjusted means by physical activity groups compared to each other is shown in Figure 2. No 

significant differences were found for longitudinal change in overall WORMS scores for 

participants in the other physical activity groups compared to the remainder of the cohort 

(Table 5).

Cartilage Subscores

In the longitudinal analysis, participants categorized in the high impact sports group showed 

a higher increase in cartilage sum score, but it was not statistically significant (p=0.13). 

However, the medial femorotibial joint cartilage compartments explored separately showed a 

statistically significant increase including the medial femur (p=0.034) and medial tibia 

(p=0.006) (Fig. 3; Table 2). The cartilage sum score increased significantly more in 

participants in the racquet sports group compared to the remainder of the cohort (Adjusted 

means changes in WORMS score [95% CI]: 3.00 [2.37,3.63]; p=0.003), likewise there was a 

significant difference in the medial femur cartilage compartment (p=0.015) and medial tibial 

cartilage compartment (p=0.003), respectively (Table 3). Comparison of right knee MR 

images between two overweight subjects in the racquet sports and elliptical trainer groups 

are shown in Figure 4. The lowest increase of cartilage sum scores was found in the elliptical 

trainer group compared to the remainder of the cohort (Adjusted means changes in WORMS 
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score [95% CI 0.83 [−0.03,1.71]; p=0.003), likewise there was a significant difference in the 

medial tibia cartilage compartment [p=0.007] (Table 4). No significant differences were 

found for longitudinal WORMS cartilage parameters in the other physical activity groups 

(Table 5).

Meniscus

In the longitudinal analysis, participants in the high impact sports group showed a higher 

increase in meniscus sum score, but it was not statistically significant (p=0.066). Meniscus 

sum scores increased significantly more in participants in the racquet sports group compared 

to the remainder of the cohort (1.21 [0.79,1.64]; p=0.029), (Table 3). No significant 

differences were found for longitudinal WORMS menisci parameters for participants in the 

other physical activity groups.

Multivariate analysis of WORMS subgroup

Multivariate models were built to understand which WORMS subgroup scores account for 

the changes in overall WORMS scores. For the racquetball analysis, the two terms: change 

in medial cartilage sum scores and change in lateral meniscus sum scores were driving the 

relationship between racquetball and change in WORMS. The coefficient for racquetball in 

the analysis adjusted for age, race, gender, and BMI was 2.49 (p<0.001). When adding the 

two variables (change in medial cartilage sum score and change in lateral meniscus sum 

score) the relationship between racquetball and delta overall WORMS became non-

significant (coefficient = 0.84, p = 0.07). Similarly, for the elliptical trainer analysis, medial 

cartilage sum score and change in lateral meniscus sum score were driving the relationship 

between elliptical and delta WORMS. The coefficient for elliptical trainer in the unadjusted 

analysis adjusted for age, race, gender, and BMI was −2.98 (p=0.002). When adding the two 

variables (change in medial cartilage sum score and change in lateral meniscus sum score) 

the relationship between elliptical and delta overall WORMS became non-significant 

(coefficient = −0.83, p = 0.18).

Discussion

This study investigated structural degeneration of the knee joint, using a semi-quantitative 

MRI grading, in overweight and obese individuals who performed high impact physical 

activity and compared them to individuals who performed low impact physical activity. We 

also compared structural degeneration in individuals performing different types of physical 

activities. While we found that overall WORMS scores significantly increased in the entire 

cohort and most exercise groups during the observational period, the high impact physical 

activity group, showed greater progression in particular in the medial cartilage 

compartments (medial femur and medial tibia) over 48 months. Moreover, the type of 

physical activity performed, especially racquet sports, was significantly associated with 

degree of progression of overall knee joint and cartilage defects.

Subjects who played racquet sports (high compression and high shear) showed significantly 

greater overall knee joint degeneration when compared to the remainder of the cohort. These 

findings suggest that a fast-paced and high shear load to the knee joint is more harmful for 
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cartilage than is mild or soft joint load or shear stress. Furthermore, the racquets sport group 

showed elevated cartilage degeneration in the medial tibia, which supports the hypothesis 

that high impact activities, in particular with high compression and high shear are more 

damaging in the medial compartment (32). Studies by Anandacoomarasamy et. al and 

Eckstein et. al have shown that the medial compartment generally displays higher rates of 

cartilage loss in overweight and obese subjects with OA, which could be attributed to a 

greater proportion of load transmitted through the medial tibiofemoral compartment (20, 

33). Hence, high impact physical activity with elevated load and high shear forces may 

trigger and accelerate this process. Moreover, subjects who played racquet sports showed 

significantly more meniscal degeneration when compared to the remainder of the cohort. 

Our hypothesis is that in overweight and obese individuals the joint mechanics are impaired 

with a harmful joint overload and triggering increased contact stress on the meniscus.

Overall workouts using an elliptical trainer were especially associated with reduced 

progression of overall knee joint and cartilage defects. A recent study showed that 

overweight and obesity are associated with greater vertical loading rates (34) and increased 

risk for total knee replacement surgery, thus restricted weight bearing exercises should be 

preferred in order to lose weight and reduce the excessive knee joint overload. Our regional 

analyses, showing a strong association for the medial tibia, support this hypothesis, although 

our work adds a key component of reducing activities that include cutting and have high 

shear loads such as racquet sports.

Interestingly, when comparing two different types of high impact physical activity groups 

i.e. racquets sport and running, presenting opposite shear stress loading: the former high and 

the latter low, runners showed less overall knee joint and cartilage degeneration. Our results 

are aligned with previously several studies that have shown the benefit of running especially 

if mild and not long distance (9, 15). Thus, it has been hypothesized that running as a 

lifestyle intervention might increase the muscle strength and improve the proprioception (9) 

and if performed safely should not be avoided. Our findings also showed that when 

comparing different low impact activities with the remainder of the cohort such as bicycling, 

elliptical trainer and swimming, the elliptical trainer was associated with the lowest increase 

in WORMS subscores over 48 months. In previous studies, we found that for subjects at risk 

for OA or with OA low impact physical activities are most beneficial, however, 

recommendations were not based on imaging findings but on clinical symptoms and pain 

relief (32, 35). Thus, the results of our study, which show differences in the structural 

progression of overall knee joint and cartilage degeneration detected with semi-quantitative 

morphologic MR imaging are novel compared to previous studies, which analyzed smaller 

study cohorts and used less sensitive imaging techniques (radiographs vs MRI). Some 

previous studies assessed the association between obesity on OA progression or even the 

association between different methods of weight loss including physical activity as weight 

loss regime (3, 36, 37), however, the literature is inconsistent regarding the effects of 

different types of physical activity on the knee joint in overweight and obesity subjects. Our 

findings confirmed that low impact physical activity in particular elliptical trainer is 

associated with less progression of overall knee joint degeneration and less cartilage defects 

and emphasized the importance of a healthy lifestyle with minimal joint overload. Moreover, 

bicycling, jogging/running and swimming groups also showed lower overall knee joint 
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degeneration when compared to the other physical activity groups. Our findings may 

highlight that the commonly suggested low impact activities to prevent knee OA such as 

bicycling, and swimming may be reconsidered since the rate of progression was not 

significantly different from high impact physical activities such as running.

In this study we did not include a control cohort as previous studies have investigated larger 

cohorts of obese and overweight subjects from the OAI with and without weight loss over a 

period of 4 years (3, 37). Gersing et al found (3) that in a stable weight group over 4 years 

global sum cartilage WORMS increased by 2.3 [2.0,2.7] and by 1.6 [1.3,1.9] if subjects lost 

5–10% weight; in the current study we found an increase in global sum cartilage WORMS 

by 2.3 [2.0,2.6] for high impact activities and by 1.9 [1.7, 2.3] for low impact activities. 

These results suggest that low impact activities have a similarly beneficial impact on joint 

health as weight loss.

When we looked at the weight changes over 48-months, few participants (22/415) lost 

weight with their BMI being below the threshold of 25, however, these participants were 

equally distributed throughout the different physical activity groups and a statistically 

meaningful analysis of this subcohort was therefore not possible. Please also note, that in the 

entire cohort the average BMI at baseline and after 48-months did not significantly change 

(p>0.05), BMI was 30 at both time points.

Our study has several limitations. The information concerning the types of physical activity 

performed was retrospectively acquired through a self-administered questionnaire and a 

recall bias could not be excluded. Thus, evidence regarding causation between different 

types of physical activity performed on progression of overall knee joint and cartilage 

degeneration is somewhat limited. In some cases, a participant performed more than one 

physical activity, therefore it was not possible to discriminate which physical activity 

affected the knee joint degeneration most. This limitation of the OAI study may have 

introduced a bias to our analyses. In order to strengthen our analysis, we evaluated the 

regularity of each activity performed (number of years) and we excluded participants who 

reported to be competitive players, which may have introduced a bias to our analysis, 

however, we followed the “harmful” principle: subjects were categorized in the physical 

activity group with the highest joint load and friction shear stress (18, 20, 21). In this study, 

we focused on only overweight and/or obese adults that were active, therefore we did not 

have a sedentary cohort because the purpose of our study was to assess how different types 

of physical activities were associated with knee degenerative changes rather than to assess 

the relationship between physical activity and knee OA, which was analyzed in previous 

studies (39–41). Another potential bias could have been introduced by the subjects’ selection 

process from the OAI cohort. The largest number of potential participants was excluded 

because they did not report any physical activity or their BMI was not greater than 25. 

Subsequently, a smaller number of subjects were excluded because they did not have 

WORMS readings available in our database. We decided to include the most frequently 

performed physical activities, which are also considered for the management of the knee 

OA. However, we acknowledge limitations due to recall bias and incomplete evaluation of 

frequency, duration and intensity of physical activities performed.
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In summary our study showed that high impact physical activities, and in particular racquet 

sports, were significantly associated with increased progression of overall knee joint 

degeneration and cartilage loss in obese and overweight individuals with risk factors for OA 

or mild to moderate radiographic evidence of OA. We found that low impact activities such 

as those performed on an elliptical trainer may be most beneficial for overall knee joint and 

cartilage health and therefore may be more useful for both losing weight and maintaining a 

healthy lifestyle in obese and overweight individuals.
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Figure 1: 
Selection of study subjects. Flow chart illustrating the subject selection from the OAI 

database. (BMI=Body Mass Index, K/L= X-ray based Kellgren-Lawrence score).
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Figure 2: 
Graphic representation of adjusted mean changes in WORMS (± standard error of the mean) 

over 48 months in high impact, low impact, ball sports, jogging/running, racquet sports, 

bicycling, elliptical trainer, and swimming groups. Note that elliptical trainer has the 

smallest changes compared to the remainder of the cohort (p=0.001). Overall WORMS 

score; cartilage sum = sum of score of all cartilage compartments; meniscus sum = sum of 

score of all meniscal compartments.
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Figure 3: 
MR images of the right knee obtained with a coronal proton density-weighted sequence (A, 

B, C, D) at baseline (A, C) and after 48 months (B, D). Obese 76-year-old man in the low 

impact physical activity group (A-B) and obese 59-year-old woman in the high impact 

physical activity group (C-D). The woman in the high impact activity group developed full 

thickness cartilage defects in both medial femur condyle and tibia in D (arrows), with 

associated extrusion of the meniscus body (asterisk). In contrast, no cartilage defects were 

seen in the man in the low physical activity group (A, B).
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Figure 4: 
MR images of the right knee obtained with a sagittal dual-echo steady state (DESS) 

(A,B,D,E) and intermediate-weighted fat suppressed sequence (C,F) at baseline (A, D) and 

after 48 months (B, C, E, F). Overweight 64-year-old man in the racquet sports group (A-C) 

and overweight 47-year-old woman in the elliptical trainer group (D-F). The man in the 

racquet sports group developed full thickness cartilage defects in both medial femur condyle 

and tibia in B-C (arrow and arrowhead) with associated bone marrow edema like lesions 

(asterisks). In contrast, no cartilage defects were seen in the woman in the elliptical trainer 

group (D, E or F).
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Table 1.

Subject characteristics and baseline WORMS scores of high and low physical activity and types of physical 

activity.

Subject 
Characteristics

High Impact 
(N=244)

Low Impact 
(N=171)

p-
value

Ball sports 
(N=70)

Bicycling 
(N=74)

Elliptical 
trainer 
(N=41)

Jogging/
running 
(N=94)

Racquet 
sports 
(N=80)

Swimming 
(N=56)

p-
value

Age (years) 59.2 (±8.9) 59.4 (±8.9) 0.885 57.8 (±8.9) 57.6 (±8.9) 56.0 (±9.0) 58,5 (±8.8) 61.4 (±8.9) 64.1 (±8.9) 0.501

BMI (kg/m3) 29.5 (±3.4) 30.1 (±3.5) 0.069 29.7 (±3.4) 30.0 (±3.5) 30.6 (±3.5) 29.3 (±3.4) 29.6 (±3.4) 30.0 (±3.5) 0.501

Sex F=84 (34)
M=160 (66)

F=99 (58)
M=72 (42)

≥0.001 F=10 (14)
M=60 (86)

F=42 (57)
M=32 (43)

F=21 (51)
M=20 (49)

F=43 (48)
M=49 (52)

F=29 (36)
M=51 (64)

F=36 (64)
M=20 (36)

≤0.001

K/L score 0=82 (34)
1=51 (21)
2=75 (11)
3=36 (15)

0=56 (33)
1=36 (21)
2=56 (33)
3=23 (13)

0.965 0=20 (28.5)
1=20 (28.5)
2=19 (27)
3=11 (16)

0=25 (34)
1=17 (23)
2=20 (27)
3=12 (16)

0=13 (32)
1=5 (12)
2=18 (44)
3=5 (12)

0=38 (40)
1=19 (20)
2=27 (29)
3=10 (11)

0=24 (30)
1=12 (15)
2=29 (36)
3=15 (19)

0=18 (32)
1=14 (25)
2=18 (32)
3=6 (11)

0.507

Ethnicity Caucasian=198 
(81)

African/
American=43 

(18)
Asian=3 (1)

Caucasian=150 
(88)

African/
American=19 

(11)
Asian=2 (1)

0.185 Caucasian=56 
(80) African/
American=14 

(20)
Asian=0

Caucasian=67 
(90.5)

African/
American=7 

(9.5)
Asian=0

Caucasian=33 
(80.5)

African/
American=8 

(19.5)
Asian=0

Caucasian=73 
(78)

African/
American=20 

(21)
Asian=1 (1)

Caucasian=69 
(86.2)

African/
American=9 

(11.2)
Asian=2 (2.5)

Ceucasian=50 
(89)

African/
American=4 

(7)
Asian=2 (4)

0.099

Knee surgery/
arthroscopy

Y=6 (2)
N=231 (95)

*=7 (3)

Y=2 (1)
N=166 (97)

*=3 (2)

0.339 Y=2 (3)
N=65 (93)

*=3 (4)

Y=0
N=73 (99)

*=1 (1)

Y=1 (1)
N=40 (99)

Y=1 (1)
N=89 (95)

*=4 (4)

Y=3 (4)
N=77 (96)

Y=1 (2)
N=53 (95)

*=2 (3)

0.620

KOOS pain 86 (±15.4) 88 (±15.1) 0.467 82.4 (±15.5) 86.5 (±15.2) 89.1 (±15.3) 88.2 (±15.4) 87.9 (±15.4) 87.8 (±15.2) 0.501

KOOS 
symptoms

88 (±13.5) 89 (±13.2) 0.319 86.1 (±13.5) 87.5 (±13.2) 91.2 (±13.3) 88.2 (±13.6) 88.2 (±13.5) 89.1 (±13.2) 0.501

WORMS 
Baseline 
Scores

High Impact vs 
Low Impact

p-
value Ball Sports p-

value Bicycling p-
value Elliptical trainer p-

value Jogging/running p-
value Racquet sports p-

value Swimming p-
value

Overall 
Worms 
score

1.83 
[−0.56,4.22]

0.13 1.25 
[−1.51,4.02]

0.37 0.05 
[−2.51,2.63]

0.96 −1.91[−5.45,1.63] 0.28 −0.46 
[−2.62,1.68]

0.67 1.54[−1.10,4.19] 0.25 −1.14 
[−3.82,1.52]

0.40

Cartilage

Cartilage 
Sum

0.88 
[−0.15,1.93]

0.095 0.80 
[−0.43,2.03]

0.20 −0.12 
[−1.27,1.10]

0.82 −0.47[−2.05,1.09] 0.55 −0.50 
[−1.46,0.45]

0.30 1.47[0.30,2.64] 0.014 −0.37 
[−1.56,0.81]

0.53

Meniscus

Meniscus 
Sum

0.46[−0.50,1.43] 034 0.45 
[−0.68,1.58]

0.43 −0.10[1.15,0.94] 0.84 −0.84 
[−2.29,0.60]

0.25 −0.07[−0.95,0.80] 0.86 −0.35[−1.43,0.72] 0.52 −0.38 
[−1.47,0.70]

0.49

The Table shows the subjects characteristics and WORMS scores at baseline. Continuous data are expressed as mean ± SD. Categorical data are 
presented in numbers with percentage in parenthesis. P values are for differences between participants with different types of physical activity and 

were calculated using either Pearson’s X2 test (categorical variables) or analysis of variance (parametric testing). Baseline WORMS scores are 
listed as average WORMS score adjusted for common risk factor of knee OA age, sex, race and baseline BMI, with [95% Confidence interval]. 
Significant statistical results (p=≤0.050) are in bold.
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Table 2.

WORMS grade longitudinal changes for high and low impact physical activity over 48 months.

Worms Parameters High impact P-value

Adjusted means changes in WORMS over 48 months [95% CI] High impact vs Other groups

Overall Worms score 4.65 [3.94,5.35] 0.040

Cartilage

 Global Sum 2.25 [1.88,2.61] 0.13

 Patella 0.44 [0.31,0.56] 0.97

 Trochlea 0.37 [0.26,0.48] 0.56

 Medial femur 0.48 [0.35,0.60] 0.034

 Medial tibia 0.39 [0.27,0.52] 0.006

 Lateral femur 0.34 [0.22,0.45] 0.46

 Lateral tibia 0.23 [0.13,0.34] 0.058

Meniscus

 Global sum 0.91 [0.68,1.15] 0.066

Worms Parameters Low impact P-value

Adjusted means changes in WORMS over 48 months [95% CI] Low impact vs Other groups

Overall Worms score 3.46 [2.61,4.32] 0.040

Cartilage

 Global Sum 1.80 [1.36,2.24] 0.13

 Patella 0.43 [0.28,0.58] 0.97

 Trochlea 0.32 [0.19,0.43] 0.56

 Medial femur 0.26 [0.10,0.41] 0.034

 Medial tibia 0.10 [−0.04,0.26] 0.006

 Lateral femur 0.27 [0.13,0.40] 0.46

 Lateral tibia 0.40 [0.27,0.53] 0.058

Meniscus

 Global sum 0.56 [0.27,0.84] 0.066

Data are listed as adjusted means, adjusted for common risk factors of knee OA age, sex, race and baseline BMI, with [95% Confidence Intervals] 
and calculated as the numerical means for each different type of physical activity. Significant statistical results (p= ≤0.050) are in bold.
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Table 3.

WORMS grade longitudinal changes over 48 months for subjects in the racquet ball group compared to the 

remainder of the cohort.

Worms Parameters Racquet ball P-value

Adjusted means changes in WORMS over 48 months [95% CI] Racket ball vs other groups

Overall Worms score 6.39 [5.13,7.60] ≤0.001

Cartilage

 Global Sum 3.00 [2.37,3.63] 0.003

 Patella 0.54 [0.33,0.76] 0.39

 Trochlea 0.48 [0.29,0.68] 0.12

 Medial femur 0.66 [0.44,0.89] 0.015

 Medial tibia 0.57 [0.34,0.81] 0.019

 Lateral femur 0.43 [0.25,0.61] 0.084

 Lateral tibia 0.31 [0.11,0.51] 0.99

Meniscus

 Global sum 1.21 [0.79,1.64] 0.029

Data are listed as adjusted means, adjusted for common risk factors of knee OA age, sex, race and baseline BMI, with [95% Confidence Intervals] 
and calculated as the numerical means for each different type of physical activity. Significant statistical results (p= ≤0.050) are in bold.
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Table 4.

WORMS grade longitudinal changes over 48 months for subjects in the elliptical trainer group compared to 

the remainder of the cohort.

Worms Parameters Elliptical trainer P-value

Adjusted means changes in WORMS over 48 months [95% CI] Elliptical trainer vs other groups

Overall Worms score 1.50 [−0.21,3.22] 0.002

Cartilage

 Global Sum 0.83 [−0.03,1.71] 0.003

 Patella 0.39 [0.09,0.69] 0.66

 Trochlea 0.36 [−0.17,0.35] 0.048

 Medial femur 0.14 [−0.16,0.45] 0.080

 Medial tibia −0.12 [−0.45,0.20] 0.007

 Lateral femur 0.02 [−0.22,0.27] 0.030

 Lateral tibia 0.31 [0.03,0.58] 0.97

Meniscus

 Global sum 0.22 [−0.36,0.81] 0.059

Data are listed as adjusted means, adjusted for common risk factors of knee OA age, sex, race and baseline BMI, with [95% Confidence Intervals] 
and calculated as the numerical means for each different type of physical activity. Significant statistical results (p= ≤0.050) are in bold.
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Table 5.

WORMS grade longitudinal changes over 48 months for subjects in bicycling group, swimming group, 

jogging/running group and sport ball group compared to the remainder of the cohort respectively.

Worms Parameters Bicycling P-value

Worms Parameters

Swimming P-value

Adjusted means 
changes in WORMS 
over 48 months [95% 

CI]

Bicycling vs 
other groups

Adjusted means 
changes in WORMS 
over 48 months [95% 

CI]

Swimming vs 
other groups

Overall Worms score 3.75 [2.54,4.96] 0.43 Overall Worms score 3.99 [2.73,5.26] 0.73

Cartilage Cartilage

 Global Sum 2.04 [1.43,2.66] 0.81  Global Sum 1.93 [1.29,2.58] 0.56

 Patella 0.50 [0.30,0.71] 0.61  Patella 0.35 [0.13,0.56] 0.30

 Trochlea 0.38 [0.19,0.56] 0.67  Trochlea 0.40 [0.21,0.59] 0.53

 Medial femur 0.34 [0.12,0.55] 0.50  Medial femur 0.25 [0.02,0.47] 0.14

 Medial tibia 0.16 [−0.06,0.38] 0.15  Medial tibia 0.08 [−0.15,0.32] 0.045

 Lateral femur 0.30 [0.12,0.47] 0.89  Lateral femur 0.38 [0.20,0.56] 0.25

 Lateral tibia 0.37 [0.18,0.56] 0.53  Lateral tibia 0.46 [0.26,0.66] 0.11

Meniscus Meniscus

 Global sum 0.60 [0.19,1.01] 0.38  Global sum 0.75 [0.32,1.18] 0.91

Worms Parameters Jogging/running P-value Worms Parameters Sport ball P-value

Adjusted means 
changes in WORMS 
over 48 months [95% 

CI]

Jogging/
running vs 

other groups

Adjusted means 
changes in WORMS 
over 48 months [95% 

CI]

Sport ball vs 
other groups

Overall Worms score 4.50 [3.54,5.46] 0.49 Overall Worms score 3.90 [2.60,5.20] 0.62

Cartilage Cartilage

 Global Sum 2.29 [1.81,2.78] 0,40  Global Sum 2.11 [1.45,2.77] 0.99

 Patella 0.49 [0.32,0.65] 0.64  Patella 0.54 [0.32,0.77] 0.40

 Trochlea 0.38 [0.23,0.52] 0.60  Trochlea 0.26 [0.06,0.46] 0.38

 Medial femur 0.49 [0.32,0.67] 0.24  Medial femur 0.36 [0.12,0.59] 0.66

 Medial tibia 0.39 [0.21,0.57] 0.32  Medial tibia 0.21 [−0.03,0.46] 0.39

 Lateral femur 0.35 [0.20,0.34] 0.33  Lateral femur 0.42 [0.24,0.61] 0.11

 Lateral tibia 0.20 [0.05,0.35] 0.11  Lateral tibia 0.30 [0.10,0.51] 0.91

Meniscus Meniscus

 Global sum 0.71 [0.39,1.04] 0.71  Global sum 0.91 [0.46,1.35] 0.52

Data are listed as adjusted means, adjusted for common risk factors of knee OA age, sex, race and baseline BMI, with [95% Confidence Intervals] 
and calculated as the numerical means for each different type of physical activity. Significant statistical results (p= ≤0.050) are in bold.
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