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Abstract: Objective: Exercise has purported benefits for patients with osteoarthritis but dosing effects are not remarkable 
and poorly understood. We used serum levels of cartilage oligomeric matrix protein (COMP) to determine the effect of 
exercise duration on cartilage stress.  

Methods: Six men and 11 women, mean age 49.3 years (range: 25-69) who met inclusion criteria were enrolled with in-
formed consent. The cohort consisted of those with (n=6) and without (n=11) joint pathology. Two separate bicycling ses-
sions were conducted lasting 20 or 40 minutes. Session order was randomized. Pedaling resistance was adjusted to enable 
consistent speed (50 RPM) without exceeding 65% maximum HR. Venous blood, obtained before and after each session, 
was analyzed using a commercial COMP ELISA. Subjects also completed an AAOS Hip and Knee Outcomes Question-
naire. Data were analyzed by repeat measures ANOVA and Pearson correlation.  

Results: After 20 minutes, mean COMP levels decreased from 811 ± 326.8 ng/ml to 768 ± 337.3 ng/ml; after 40-
minutes,from 723 ± 311.8 to 693 ± 312.2 ng/ml. Neither duration of exercise or pathology significantly affected COMP. 
AAOS outcome scores were 83.7 (range: 65 to 94) for those with and 99.1 (range: 94 to 100) for those without pathol-
ogy/OA; scores did not correlate to COMP. 

Conclusion: Our data show that moderate, non-weight bearing exercise up to 40 minutes does not elevate serum COMP, 
suggesting it is to be non-injurious to joint cartilage for periods of this duration. Given the small subset of subjects with 
OA, additional study is warranted. 
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INTRODUCTION 

 Osteoarthritis (OA) is a degenerative disease that affects 
an estimated 27 million Americans or 12.1% of the adult 
population in the United States, making it the most common 
form of arthritis [1]. It develops primarily as a result of aging 
but other lifestyle variables such as obesity, cigarette smok-
ing, and a history of manual labor have also been implicated 
[2]. Not only has the prevalence of osteoarthritis increased in 
the past six years, but the economic burden has as well. 
Medical expenditures for osteoarthritis and other arthritic 
conditions have increased from $233.5 billion in 1997 to 
$321.8 billion in 2003 [2]. As a result, over 900,000 total 
joint replacement surgeries were performed in 2009 at a cost 
of $42.3 billion [3]. OA, then represents a burden to the in-
dividual and society, as well. 

 Conventional methods for diagnosing and monitoring the 
progression of OA include both non-invasive/imaging and  
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invasive/surgical studies. Typical radiographic signs of OA 
include joint space narrowing, subchondral bone sclerosis, 
and osteophyte formation. Direct visualization via arthro-
scopy represents the definitive method for assessing cartilage 
damage. Although both methods are staples for diagnosis, 
significant cartilage degradation has already occurred by the 
time the disease is detected. 

 Biomarkers have been proposed as a potential modality 
for early detection of arthritic changes. In particular, serum 
concentrations of cartilage oligomeric matric protein 
(COMP) have been shown to be elevated during periods of 
radiographic progression of the disease and are allied to dis-
ease stage [4-9]. COMP is a pentameric, non-collagenous 
glycoprotein which aids in chondrocyte mechanotransduc-
tion and collagen fibril formation [10,11]. These findings 
have led to additional research on this biomarker’s use as a 
prognostic and diagnostic indicator as well as a marker for 
disease severity and treatment effects [9]. 

 In addition to diagnostic studies, COMP, along with 
other biomarkers, has been used to assess therapeutic effec-
tiveness of conservative treatments for OA. Exercise has also 
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been shown to allay pain and improve function in patients 
with OA [12-16]. Forms of exercise include aerobic, 
strengthening, aquatic, balance, and isometric exercise. 
Given that exercise involves joint loading, COMP levels are 
elevated after exercise in a manner commensurate to the de-
gree of stress [17,18]. 

 While exercise has shown to be beneficial for OA pa-
tients, little information is available, however, regarding ef-
fects of dosing, especially for patients with hip or knee os-
teoarthritis. As a starting point for understanding dose re-
sponse, the present study monitored serum COMP levels 
immediately before and after stationary bicycling of two 
different durations in subjects with and without knee pathol-
ogy. We hypothesized that levels of the biomarker would 
increase with increased duration of work, especially in the 
subset of patients with OA. 

MATERIALS AND METHODS 

 Seventeen adult subjects, average age 49.3 years 
(range:25-69), were enrolled with informed consent in this 
repeated-measures, prospective, observational study. The 
average age was 49.3 years (range: 25-69; Table 1), and 
most were female (64%, 11/17). Six had either a history of 
knee or hip injury or a confirmed diagnosis of OA. Of these, 
all were female with an average age of 56.0 years (range: 33-
69). Of the remaining eleven without pathology, the average 
age was 45.6 years (range: 25-61). Subjects were enrolled if 
they were between the ages of 18 and 80, were competent to 
perform stationary bike riding for up to 40 minutes and did 
not have a history of coagulopathies, cardiopulmonary dis-
ease, stroke, chronic infection or severe knee or hip OA 
(Kellgren-Lawrence Grade III or above). The study complied 
with the tenants of the Declaration of Helsinki and was ap-
proved by the hospital institutional review board. 

 The intervention consisted of two, stationary bicycling 
sessions for either 20 or 40 minutes performed on separate 
occasions but within a two-week period. The order of the 
sessions was randomized to preclude the effects of neuro-

muscular ‘learning’ for subjects with limited bicycling ex-
perience. Subjects were instructed to pedal at 50 RPM 
throughout the duration of the session. Pedaling resistance 
was adjusted to enable consistent effort without exceeding 
65% of maximum heart rate. Either TRUE or Nautilus re-
cumbent bikes were used in the study; both are products of 
Nautilus, Inc. (Vancouver, WA). To assess pain along with 
functional impairment, study subjects also completed the 
American Association of Orthopaedic Surgeons(AAOS) Hip 
and Knee Outcomes Questionnaire. 

 Prior to and within 30 minutes of the completion of each 
session, a 10-cc sample of venous blood was obtained from 
an antecubital vein. The timing of post-exercise sampling 
was performed to ensure peak serum levels [17,19]. Blood 
samples were centrifuged at 3,000 RPM for 10 minutes and 
the sera collected and stored at -80ºC until batch analysis. 
COMP assays were performed with a commercial ELISA 
(Biovendor, Chandler, NC). 

 Summary statistics were used to characterize the data. 
Repeated measures ANOVA was used to compare the effects 
of exercise duration and OA status on COMP levels. Pearson 
correlation was used to assess the strength of the relationship 
between AAOS outcome scores and post-exercise COMP 
levels. The threshold for significance was 0.05. 

RESULTS 

 The average, standardized, mean AAOS outcome score 
for the cohort was 93.6 (range: 65-100). Mean score for the 
OA/joint pathology sub-group was 83.7 (range: 65-94) ver-
sus 99.1 (range: 94-100) for those without OA (p=0.020). 
AAOS scores were higher in the non-pathology (control) 
group (p<0.001), but failed to correlate with post-exercise 
COMP levels (p≥0.603). 

 Average COMP levels were 811 ± 326.8 ng/mlbeforeand 
768 ± 337.3 ng/ml after a 20 minute exercise session  
(Table 2). Subgroup analysis revealed levels of 935 ± 345.6 
before and 842 ± 332.0 ng/ml after 20 minutes of exercise in 

Table 1. Demographics of Subjects With Hip/Knee Pathology and Matched Controls 

Variable Control (n=11) Patients (n=6) p-Value  

Age 45.6±12.8  56 ± 12.4  0.13 

Height (cm) 169.9±9.70  168.9 ± 7.08  0.829 

Weight (kg) 77.8±12.8  75.0±16.5 0.708 

BMI (kg/m2) 27.0±4.21  26.1±  0.677 

AAOS Hip Knee 99.1±2.07  83.6±11.3  0.0004 

Age, anthropomorphic data for study subjects along with AAOS Hip/Knee scores. 
Date represent mean ± standard deviation. 
 

Table 2. Serum COMP Levels (ng/ml) of All Subjects During Cycling Session (mean + SD) 

 Before Exercise After Exercise p-Value 

20-Minute Cycling Session 811 ± 326.8 768±337.3  0.706 

40-Minute Cycling Session 723 ±311.8  693 ±312.2  0.787 
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the joint pathology group (Fig. 1); corresponding values for 
those without pathology were 744 ± 311.5 and 727 ± 349.1 
ng/ml, respectively. For the 40-minute session, overall 
COMP levels were 723 ± 311.8 and 693 ± 312.2 pre- and 
post-exercise, respectively. For subgroup analysis, average 
COMP levels were 924.1 ± 287.1 before and 817.6 ± 372.4 
ng/ml after exercise in the OA group (Fig. 2); for subjects 
without pathology, corresponding values were 631.4 ± 288.9 
and 636.2 ± 281.8 ng/ml, respectively. Neither the duration 
of the exercise nor existing OA/joint pathology had an im-
pact on COMP levels (p≥0.221). Post-exercise decreases in 
COMP levels were observed in approximately 70% of sub-
jects with OA/joint pathology and 60% of those without. 

DISCUSSION 

 Our hypothesis was not supported. The data indicate that 
COMP levels did not become elevated when the duration of 
moderate intensity bicycling was doubled, from 20 to 40 
minutes. Quite the contrary, more than half of the subjects 
manifested decreased levels after exercise (Figs. 1, 2), irre-
spective of duration. At baseline, the joint pathology group 
had a higher COMP level than controls but there was no dif-
ference between groups after exercise. 

 Pre-exercise COMP levels reported herein were consis-
tent with values obtained by Jordan et al. [7]. They measured 
COMP levels of 806 ng/ml for individuals with no hip or 

 

Fig. (1). Serum COMP concentrations 30 minutes before and within 30 minutes after the 20-min bicycling exercise in patients with knee/hip 
OA and control subjects. Each line represents an individual patient/subject. 

 

Fig. (2).Serum COMP concentrations 30 minutes before and within 30 minutes after the 40-min bicycling exercise in patients with knee/hip 
OA and control subjects. Each line represents an individual patient/subject. 
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knee OA (Kellgren-Lawrence stage 0) or 934 ng/ml for those 
with radiographic evidence of OA (Kellgren-Lawrence 
stages 2-4). In the present study, COMP levels were between 
630 and 745 ng/ml in subjects without joint pathology and 
924-934 ng/ml for those with a history of OA/injury. 

 Despite a large difference between mean values of 
COMP between subgroups, variability in the data coupled 
with small sample size mitigated against showing a statistical 
difference. Previous studies have shown differences in 
COMP levels as a consequence of ethnicity [7] and age [20]. 
However, COMP has shown its utility in many studies as a 
marker of joint stress along with its use as a quantitative 
marker for OA [4-9]. 

 Contrary to our study, various weight-bearing exercise 
studies have reported increases in COMP following an exer-
cise bout. A study by Kim et al. demonstrated that after run-
ning a marathon, there was 1.3-fold and 3-fold increase in 
the serum COMP levels for the 100 and 200 km marathons, 
respectively [21]. A follow up study by Kim et al. found a 
1.9-fold increase in serum COMP at the end of the 200-km 
race. This elevated level of COMP was sustained for three 
days before returning to pre-race baseline levels on day six 
[22]. Niehoff suggested that mode of joint loading and inten-
sity affect serum COMP concentration [23]. Aligned with 
this, our study limited patients to pedaling resistance that did 
not exceed 65% of maximum heart rate. Lack of a strenuous 
exercise protocol may have elicited less of a systemic change 
in serum COMP levels compared to previous studies. 

 To the extent that COMP levels reflect joint stress, our 
findings show a benefit for non-weight-bearing, moderate 
exercise. While surprising, this is not a unique observation. 
Recent studies by Helmark et al. have demonstrated in-
creases in anti-inflammatory Interleukin-10 (IL-10) follow-
ing bicycling as well as decreased intrasynovial COMP fol-
lowing a bout of leg extension exercise [24,25]. They found 
that exercise increases intra-articular and perisynovial levels 
of IL-10 in patients with osteoarthritis of the knee, whereas 
IL-10 remains unchanged in the non-exercise group. They 
proposed that these results suggest a positive effect of exer-
cise on the expression of anti-inflammatory IL-10 in patients 
with knee OA and may contribute to the beneficial exercise 
effect on OA. Speculatively, the chondroprotective proper-
ties of IL-10 help suppress the release of inflammatory cyto-
kines by macrophages. IL-10 was first identified as a cyto-
kine produced by T helper type-2 (Th2) lymphocytes that 
strongly inhibit the production of pro-inflammatory cyto-
kines IL-1, IL-6, IL-8, and TNA- secreted by monocytes 
[26]. 

 Other studies have documented the therapeutic benefit of 
exercise for patients with OA. A meta-analysis conducted by 
Bosomworth (2009) noted that moderate exercise for knee 
osteoarthritis helps reduce pain and disability along with 
improved physical functioning [27]. Fransen et al. went as 
far to say ‘the magnitude of the [exercise] treatment effect 
would be considered small, but comparable to estimates re-
ported for non-steroidal anti-inflammatory drugs’[28]. In a 
more generalized sense, others have noted the positive role 
that exercise exerts on human articular cartilage [29,30]. Our 
data support these findings and suggest a biochemical basis 
for the therapeutic benefits of moderate exercise in patients 

with knee osteoarthritis. Our study was limited, however, by 
the small subset of subjects with joint pathology and the ab-
sence of standardized work intensity across the cohort. 

CONCLUSION 

 Exercise prescription for patients with knee or hip OA 
has to consider the type of joint loading (including weight 
bearing), intensity, frequency and duration. The present 
study suggests that stationary bicycling up to 40 minutes 
does not cause an elevation in serum COMP levels. Given 
that COMP has been used as a biomarker of cartilage degra-
dation, this study suggests that moderate, non-weight bearing 
exercise is not injurious to joint cartilage. Such exercise, 
performed at moderate intensity for up to 40 minutes, may 
actually hold potential benefit, especially in patients with 
existing joint pathology. Additional study is warranted. 

CONFLICT OF INTEREST 

 This study was partially underwritten by a grant from the 
Lake Erie Consortium for Osteopathic Medical Training, 
Erie, PA, USA. 

ACKNOWLEDGEMENTS 

 None declared. 

REFERENCES 

[1] Bitton R. The economic burden of osteoarthritis. Am J Manag Care 
2009; 15: S230-5. 

[2] Moskowitz RW. The burden of osteoarthritis: clinical and quality-
of-life issues. Am J Manag Care 2009; 15: S223-9. 

[3] Murphy L, Helmick CG. The impact of osteoarthritis in the United 
States: a population-health perspective: A population-based review 
of the fourth most common cause of hospitalization in U.S. adults. 
Orthop Nurs 2012; 31: 85-91. 

[4] Tseng S, Reddi AH, Di Cesare PE. Cartilage oligomeric matrix 
protein (COMP): a biomarker of arthritis. Biomark Insights 2009; 
4: 33-44. 

[5] Chaganti RK, Kelman A, Lui L, et al. Change in serum measure-
ments of cartilage oligomeric matrix protein and association with 
the development and worsening of radiographic hip osteoarthritis. 
Osteoarthr Cartil 2008; 16: 566-71. 

[6] Vilím V, Olejárová M, Machácek S, Gatterová J, Kraus VB, Pav-
elka K. Serum levels of cartilage oligomeric matrix protein 
(COMP) correlate with radiographic progression of knee os-
teoarthritis. Osteoarthr Cartil 2002; 10: 707-13. 

[7] Jordan JM, Luta G, Stabler T, et al. Ethnic and sex differences in 
serum levels of cartilage oligomeric matrix protein: the Johnston 
County Osteoarthritis Project. Arthritis Rheum 2003; 48: 675-81. 

[8] Sharif M, Kirwan JR, Elson CJ, Granell R, Clarke S. Suggestion of 
nonlinear or phasic progression of knee osteoarthritis based on 
measurements of serum cartilage oligomeric matrix protein levels 
over five years. Arthritis Rheum 2004; 50: 2479-88. 

[9] Clark AG, Jordan JM, Vilim V, et al. Serum cartilage oligomeric 
matrix protein reflects osteoarthritis presence and severity: the 
Johnston County Osteoarthritis Project. Arthritis Rheum 1999; 42: 
2356-64. 

[10] Halász K, Kassner A, Mörgelin M, Heinegård D. COMP acts as a 
catalyst in collagen fibrillogenesis. J Biol Chem 2007; 282: 31166-
73. 

[11] Giannoni P, Siegrist M, Hunziker EB, Wong M. The mechanosen-
sitivity of cartilage oligomeric matrix protein (COMP). Biorheol-
ogy 2003; 40: 101-9. 

[12] Aglamiş B, Toraman NF, Yaman H. Change of quality of life due 
to exercise training in knee osteoarthritis: SF-36 and WOMAC. J 
Back Musculoskelet Rehabil 2009; 22: 43-5, 47-8, 46. 



Knee Pathology, Stationary Bicycling, COMP The Open Arthritis Journal, 2013, Volume 6    5 

[13] Fernandes L, Storheim K, Nordsletten L, Risberg MA. Develop-
ment of a therapeutic exercise program for patients with os-
teoarthritis of the hip. Phys Ther 2010; 90: 592-601. 

[14] Williams SB, Brand CA, Hill KD, Hunt SB, Moran H. Feasibility 
and outcomes of a home-based exercise program on improving bal-
ance and gait stability in women with lower-limb osteoarthritis or 
rheumatoid arthritis: a pilot study. Arch Phys Med Rehabil 2010; 
91: 106-14. 

[15] Jenkinson CM, Doherty M, Avery AJ, et al. Effects of dietary 
intervention and quadriceps strengthening exercises on pain and 
function in overweight people with knee pain: randomised con-
trolled trial. BMJ 2009; 339: b3170. 

[16] Iwamoto J, Sato Y, Takeda T, Matsumoto H. Effectiveness of 
exercise for osteoarthritis of the knee: A review of the literature. 
World J Orthop 2011; 2: 37-42. 

[17] Andersson ML, Thorstensson CA, Roos EM, Petersson IF, 
Heinegård D, Saxne T. Serum levels of cartilage oligomeric matrix 
protein (COMP) increase temporarily after physical exercise in pa-
tients with knee osteoarthritis. BMC Musculoskelet Disord 2006; 7: 
98. 

[18] Chua SD Jr, Messier SP, Legault C, Lenz ME, Thonar EJ, Loeser 
RF. Effect of an exercise and dietary intervention on serum bio-
markers in overweight and obese adults with osteoarthritis of the 
knee. Osteoarthr Cartil 2008; 16: 1047-53. 

[19] Mündermann A, Dyrby CO, Andriacchi TP, King KB. Serum con-
centration of cartilage oligomeric matrix protein (COMP) is sensi-
tive to physiological cyclic loading in healthy adults. Osteoarthr 
Cartil 2005; 13: 34-8. 

[20] Mündermann A, King KB, Smith RL, Andriacchi TP. Change in 
serum COMP concentration due to ambulatory load is not related to 
knee OA status. J Orthop Res 2009; 27: 1408-13. 

[21] Kim HJ, Lee YH, Kim CK. Biomarkers of muscle and cartilage 
damage and inflammation during a 200 km run. Eur J Appl Physiol 
2007; 99: 443-7. 

[22] Kim HJ, Lee YH, Kim CK. Changes in serum cartilage oligomeric 
matrix protein (COMP), plasma CPK and plasma hs-CRP in rela-
tion to running distance in a marathon (42.195 km) and an ultra-
marathon (200 km) race. Eur J Appl Physiol 2009; 105: 765-70. 

[23] Niehoff A, Kersting UG, Helling S, et al. Different mechanical 
loading protocols influence serum cartilage oligomeric matrix pro-
tein levels in young healthy humans. Eur J Appl Physiol 2010; 110: 
651-7. 

[24] Helmark IC, Mikkelsen UR, Børglum J, et al. Exercise increases 
interleukin-10 levels both intraarticularly and peri-synovially in pa-
tients with knee osteoarthritis: a randomized controlled trial. Ar-
thritis Res Ther 2010; 12: R126. 

[25] Helmark IC, Petersen MC, Christensen HE, Kjaer M, Langberg H. 
Moderate loading of the human osteoarthritic knee joint leads to 
lowering of intraarticular cartilage oligomeric matrix protein. 
Rheumatol Int 2012; 32: 1009-14. 

[26] Hart PH, Ahern MJ, Smith MD, Finlay-Jones JJ. Comparison of the 
suppressive effects of interleukin-10 and interleukin-4 on synovial 
fluid macrophages and blood monocytes from patients with in-
flammatory arthritis. Immunology 1995; 84: 536-42. 

[27] Bosomworth NJ. Exercise and knee osteoarthritis: benefit or haz-
ard? Can Fam Physician 2009; 55: 871-8. 

[28] Fransen M, McConnell S. Exercise for osteoarthritis of the knee. 
Cochrane Database Syst Rev 2008; (4): CD004376. 

[29] Roos EM, Dahlberg L. Positive effects of moderate exercise on 
glycosaminoglycan content in knee cartilage: a four-month, ran-
domized, controlled trial in patients at risk of osteoarthritis. Arthri-
tis Rheum 2005; 52: 3507-14. 

[30] Leong DJ, Hardin JA, Cobelli NJ, Sun HB. Mechanotransduction 
and cartilage integrity. Ann N Y Acad Sci 2011; 1240: 32-7. 

 
 

Received: January 14, 2013 Revised: March 14, 2013 Accepted: March 20, 2013 
 
© Cooney et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 
by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.  

 


