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Abstract 

Osteoarthritis, degenerative joint disease: is the com-

monest cause of pain, disability and impairment in 

general population. Many risk factors are involved in 

the development of osteoarthritis but its etiology is 

still poorly understood. It can affect any joint but mos-

tly it is common in weight bearing joints like hip, knee 

and spine. The forces acting on joint and variations of 

the structures of the joint are important. There may be 

mechanical source is one of the reason in which there 

is abnormal load distribution on weight bearing joints 

that accelerate wear and tear process. Excessive stress 

or lack of normal stress may cause major part in the 

development of osteoarthritis. Excessive stress may be 

in the form of strenuous physical activates or in case 

of obesity. Lack of stress may be due to sedentary life 

style or immobilization of joints after injury. Normal 
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weight bearing is very important for the preservation 

of normal articular cartilage because it’s essential for 

the supply and distribution of nutrition in the form of 

synovial fluids throughout the articular cartilage. Nor-

mal weight bearing can be maintained by regular exer-

cise in the form of high repetition and low intensity 

exercises and by managing weight to prevent over 

stress on joints. 

Key words:  Degenerative joint disease, Exercise, 

Joint loading, Weight bearing. 

 

 

Introduction 

Osteoarthritis is the chronic progressive musculoskele-

tal disorder in which there is gradual degeneration of 

articular cartilage.1 In osteoarthritis, cartilage break-

down results into matrix fibrillation, thickness of sub-

chondral bone, marginal osteophytes, loss of joint spa-

ce and loss of joint function.2 Osteoarthritis can affect 

any joint but mostly it affects the weight- bearing join-

ts like hip, knee and spine.1,3,4 The osteoarthritis is 

generally considered as the consequences of only wear 

and tear process in the joint of elderly peoples. Recen-

tly work showed that it is not only due to wear a tear 

process but pathological changes in osteoarthritis are 

more dynamic in nature3. Osteoarthritis is complex, 

metabolically active process that involves the balance 

between anabolic and catabolic processes which affect 

the joint tissues. The balance of these processes dicta-

tes the rate of progression of joint damage.5 Osteoar-

thritis is multi-factorial disease, mechanical overload 

in the form of strenuous physical activities or sports, 

instability of joints, trauma and repeated injuries play a 
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part in the development and progression of osteoarthri-

tis. Prevention of sports or work related injuries, wei-

ght control and proper exercise planning are the one of 

the best ways for the prevention and slowing down the 

progression of osteoarthritis.1 

 

 

Epidemiology 

Osteoarthritis is the common degenerative disease that 

affects greater extent of population all over the world. 

According to a rough Worldwide estimation indicates 

9.6% of men and 18% of women more than 60 years 

of age have symptomatic osteoarthritis. Osteoarthritis 

is the main factor of impaired mobility in individuals. 

In 1990, Osteoarthritis was included in top ten non-

fatal burden of disease accounting for 2.8% of total 

years of living with disability. It is the highest-ranking 

disease among the musculoskeletal diseases and cau-

ses approximately 50% of the disease burden in mus-

culoskeletal disease group.1,6 

 

 

Classification 

Often the cause of osteoarthritis is unclear called pri-

mary or idiopathic osteoarthritis but in some cases the-

re is some obvious cause called secondary osteoarthri-

tis.9 The primary osteoarthritis may be localized to one 

joint like hand, knee or hip etc or generalized in which 

three or more than three joints are involved in osteo-

arthritis. Secondary osteoarthritis may be linked with 

trauma, congenital anomalies, perthes disease, Pre-

existing bone and joint disorders, metabolic disease, 

Endocrine disorder, work related, immobilization, 

mechanical and local factors in the form of obesity and 

deformity.5 

 
 

Risk Factors 

There are number of risk factors which contribute the 

development of osteoarthritis. Some risk factors are 

modifiable and others are not. Systemic and local bio-

mechanical factors may determine the severity of the 

condition. Non-modifiable risk factors may include 

gender, age, sex, genetic factors, racial predisposition 

and bone density. The modifiable risk factors which 

can be change like injury, deformity, obesity, muscle 

weakness, mal-alignment and joint loading. Some-

times, osteoarthritis is linked with heavy mechanical 

load.1,5 Mechanical loading and injuries play an impor-

tant part in the development of osteoarthritis. Recre-

ational activities and active range of motion do not 

seem to provoke early changes of osteoarthritis.8 All 

the joint tissue relies on each other for their function 

and constancy. Injury of any tissue has impact on other 

tissue which affects the whole joint.5 

 

 

Joint Changes in Osteoarthritis 

In old age, the enzymatic modeling, metabolism, colla-

gen synthesis and nature of tissues in the joint remain 

normal. The tissues around the joint become thicker, 

hyper plastic and hypertrophic as a result of arthritis 

which can increase deformity. Osteoarthritis is the im-

balance between the cartilage synthesis and its break 

down. The primary cause of cartilage losses is the acti-

ve protease. The most significant resource of this pro-

tease is Chondrocytes themselves.5 

 The physiological changes occur in osteoarthritic 

joints in several steps. Tearing of articular cartilage 

occurs due to friction which is absorbed by synovium 

and initiate inflammatory reaction.9 Due to inflamma-

tory response, patient feels aching and stiffness in the 

joint after exercise rather than during exercise. Remo-

deling of cartilage during repair is inadequate so that 

the weight bearing capability of the joint is affected. 

The lesions on the surface of the articular cartilage are 

unable to repair themselves. Sub-chondral bone densi-

ty increases below the damaged cartilage.10 As a result, 

there is formation of less resilient bone which results 

in increase chances of micro-fracture. Marginal osteo-

phytes are covered by fibro cartilage. These osteophy-

tes resist joint movement. The bone associated with 

damaged cartilage is exposed and become hard and 

eburnated. Eburnation of bone and cyst formation 

results into disorganization. As a result osteophytes 

enlargement the bone surfaces are more worn out 

causing joint pain, stiffness and deformity. So, the nor-

mal joint function is altered in the form of restricted 

movement and structural changes.11 

 

 

Osteoarthritis and Impact of Joint Loading 

Exact source of osteoarthritis is still unclear. There 

may be many reasons for the development of osteoar-

thritis. Mechanical source is one of the reasons that 

accelerate wear and tear process due to abnormal load 

distribution on weight bearing joints. There are two 

possibilities regarding abnormal load bearing in joints.
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Fig. 1:  Mechanical stress and osteoarthritis. 

 

 

The first possibility is that some congenital abnormali-

ties of the joints that left undiagnosed or not properly 

treated lead to structural changes in joints and start 

bases of osteoarthritis process. According to second 

theory, normal joints become osteoarthritic due to 

abnormal weight bearing through joints.11 The abnor-

mal load12 may be in the form of obesity or in the form 

of strenuous sports or activities.8 Joint alignment effe-

cts the sharing of load on articular cartilage. Intrinsic 

and extrinsic changes are vital in the development of 

osteoarthritis.5 

 Abnormal mechanical forces, increased bone stif-

fness and Chondrocytes dysfunction are the important 

factor that can affect cartilage. The normal joint funct-

ion depends on ability of cartilage to resist and repair 

any injury in response to forces acting on joint and 

chemical processes in cartilage. Fig. 1 shows that, abn-

ormal loading on normal cartilage or normal mechani-

cal loading on abnormal cartilage results into joint fai-

lure. Abnormal stress may be due to traumatic injury, 

dysplasia, obesity, mal-alignment, muscle weakness 

and loss of proprioception. Inflammation, aging, meta-

bolic changes and endocrine factors have vital role in 

abnormal changes in cartilage.5 Forces acting on the 

joint and the variations of the structures of the joint are 

important. Joint loading induces changes in the carti-

lage of the joint. Compression of the joint surfaces and 

sudden shocks can cause degenerative changes in the 

cartilage.13 The normal forces acting on the joint are 

more than the normal body weight during vigorous 

activities. More than normal stress9 may be acting on 

the joint during vigorous physical training or in sports 

like in tennis, soccer or in hockey 8. Frequent use of 

joints without higher mechanical loading is not harm-

ful for the articular cartilage.14 The effect of loading on 

joints has been shown to depend on the amount of loa-

ding.21 So, normal physiological loading is safer for 

cartilage.8 

 Joints are specializes structure that transmit mech-

anical load of the body. The mechanical loading have 
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affect on properties as well as quality of cartilage. 

Articular cartilage is an avascular structure8. Free flow 

of synovial fluids is very necessary for the nutrition of 

the cartilage. The static loading reduces absorption of 

synovial fluid, because in static loading fluid move-

ment occurs only by diffusion. Whereas, in dynamic 

loading increase the rates of transportation of synovial 

fluid by means of cyclic convection.15 Expanded pres-

sure on the cartilage affects the normal nutrition of the 

cartilage by limiting the free flow of fluids. Similarly, 

lack of normal stress also affects the nutrition because 

there is lack of compressive forces that play important 

part in synovial fluid flow. Joint movement and nor-

mal weight bearing plays an important role in the pre-

servation of the articular cartilage. The movement of 

joint without normal stress on joint leads to atrophic 

changes in joints. Same changes were experienced 

during immobilization16-18 due to casting, extended bed 

rest or structural alteration.8 When structural alteration 

is found in a joint, its function may be altered due to 

unbalance distribution of stress and nutrition in arti-

culating cartilage.19,20 The changes observed following 

immobilization were similar to the changes like in ost-

eoarthritis. The cartilage of immobilized joint resumes 

partially its structure on normal weight-bearing to the 

joint in case of joint is under the abnormal load in this 

phase, the cartilage does not resumes its normal state 

and osteoarthritis changes can be accelerated.8 

 

 

Obesity and Osteoarthritis 

Obesity is the form of mechanical loading that exerts 

continues stress on joints particularly on weight bear-

ing joints. That’s why; osteoarthritis is more common 

in weight bearing joints like knee and hip. The obesity 

includes one of the major risk factors for the develop-

ment of osteoarthritis due to mechanical loading on 

joint.8 So, weight loss and weight management is very 

important in osteoarthritis and person should be encou-

raged to reduce their extra weight.19,20 Observation 

showed that obesity is modifiable risk factor. Curren-

tly one clinical study shows that weight reduction alo-

ne can be associated with reduced pain and improve-

ment in function in patients affected with osteoarth-

ritis.1 

 
 

Exercise and Osteoarthritis 

Exercises play an important part in reducing impair-

ment, improvement in physical function and prevent 

disability in patient with osteoarthritis. Osteoarthritis is 

more common in persons engaged with strenuous spo-

rts or physical work and persons engaged with heavy 

load working occupation. The developments of osteo-

arthritis are common in sports like soccer, wrestling, 

cycling and boxing without prominent injury to joint 

surfaces and in persons engaged with heavy load wor-

king. Similarly, normal joints are at higher risk for the 

development of osteoarthritis in the absence of exer-

cise or physical activity.8 But the abnormal joints show 

degenerative changes on exposure to repetitive, high 

or low impact recreational exercises. The normal me-

chanical loading on regular use is not harmful for the 

articular cartilage.14 Strong muscles can’t prevent the 

progression of osteoarthritis. Both therapeutic and re-

creational physical activity with moderate intensity 

and duration is an effective therapy in osteoarthritis 

but the moderate intensity exercises have no effect on 

progression of osteoarthritis related with immobilizat-

ion.8 So, low impact; repetitive, recreational activities 

like aerobics in the form of jogging, walking, cycling, 

muscle strengthening and range of motion exercise 

should be done on regular basis.19,20 

 

 

 

Conclusion 

Weight management is one of the best ways to decre-

ase the pain and disability associated with osteoar-

thritis. Weight can be managed by doing proper exer-

cise and by controlling diet. Over weight places extra 

stress on the weight – bearing joints. By controlling 

weight, the stress and pain in the joints will be greatly 

reduced. So, weight management greatly reduces the 

risk for the development of osteoarthritis. 

 Regular exercises are very important, not only for 

prevention purposes but also for the treatment of the 

osteoarthritis. Exercise helps to support and stabilize 

joints. It can greatly reduce pain and disability related 

with osteoarthritis. Planning of exercise is very impor-

tant. So, care must be taking to avoid overuse and pre-

vents injuries. Each exercise programme should inclu-

de both warm up and cool down period. Low impact 

recreational exercises like aerobics in the form of wal-

king, jogging, swimming are very helpful in osteoar-

thritis. Strong muscles are very important because they 

promote stable joints. So, exercises particularly, stren-

gthening exercises targeting the muscles surrounding 

the joint are very important in osteoarthritis. 



OSTEOARTHRITIS: IMPACT OF MECHANICAL LOADING AND EXERCISE 

ANNALS VOL 19,   ISSUE 1,   JAN. – MAR. 2013      111 

References 

1. Tanna S. Osteoarthritis: Opportunities to address Phar-

maceutical Gaps. Priority Medicines for Europe and 

World: a public health approach to innovation. 2004: 3-

23. 

2. Pelletier JM. Pathophysiology of osteoarthritis. J Osteo-

arthr cartilage. 2004; 12: 31-33. 

3. Davis MA, Ettinger WH, Neuhaus JM, Cho SA, Hauck 

WW. The association of knee injury and obesity with 

unilateral and bilateral osteoarthritis of the knee. Am J 

Epidemiol. 1989 Aug; 130 (2): 278-88. 

4. Sowers MF, Hochberg M, Crabbe JP, Muhich A, Cru-

tchfield M, Updike S. Association of bone mineral den-

sity and sex hormone levels with osteoarthritis of the 

hand and knee in premenopausal women. Am J Epi-

demiol. 1996 Jan; 143 (1): 38-47. 

5. Atkinson K, Couttis F, Hassenkamp AM. Physiothe-

rapy in orthopaedics : A problem solving approach. 

Churchill Livingstone. 2005; 7: 167-170. 

6. Rodriguez – Amado J, Peláez – Ballestas I, Sanin LH, 

Esquivel – Valerio JA, Burgos – Vargas R, Pérez – Bar-

bosa L, et al. Epidemiology of rheumatic diseases. A 

community – based study in urban and rural populat-

ions in the state of nuevo leon, Mexico. J Rheumatol 

Suppl. 2011 Jan; 86: 9-14. 

7. Jensen CH, Rofail S. Knee injury and obesity in pati-

ents undergoing total knee replacement: a retrospective 

study in 115 patients. J Orthop Sci. 1999; 4 (1): 5-7. 

8. Arokoski JP, Jurvelin JS, Väätäinen U, Helminen HJ. 

Normal and pathological adaptations of articular carti-

lage to joint loading. Scand J Med Sci Sports. 2000; 10 

(4): 186-98. 

9. Paul JP. Joint kinetics. The joint and synovial fluid. 

Volume 2. New york : acdemic press 1980: 140-176. 

10. Alexopoulos LG, Haider MA, Vail TP, Guilak F. Alte-

rations in the mechanical properties of the human chon-

drocyte pericellular matrix with osteoarthritis. J Bio-

mech Eng. 2003 Jun; 125 (3): 323-33. 

11. Kneale J, Davis P. Orthopaedic and trauma nursing. 

Churchill Livingstone. 2005; 17: 346-347. 

12. Hall AC. Differential effects of hydrostatic pressure on

cation transport pathways of isolated articular chondro-

cytes. J Cell Physiol. 1999 Feb; 178 (2): 197-204. 

13. Radin EL, Paul IL, Lowy M. A comparison of the dy-

namic force transmitting properties of subchondral bone 

and articular cartilage. J Bone Joint Surg Am. 1970; 52 

(3): 444-56. 

14. Alexander CJ. Osteoarthritis: a review of old myth and 

current concepts. Skeletal Radiol. 1990; 19 (5): 327-

333. 

15. Zhang L, Shezi AZ. Transport of neutral solute in arti-

cular cartilage: effects of loading and particle size. Pro-

ceed of Royal soc A 461; 2005: 2021-2042. 

16. Säämänen AM, Tammi M, Jurvelin J, Kiviranta I, Hel-

minen HJ. Proteoglycan alterations following immobili-

zation and remobilization in the articular cartilage of 

young canine knee (stifle) joint. J Orthop Res. 1990 

Nov; 8 (6): 863-73. 

17. Wei L, Hjerpe A, Brismar BH, Svensson O. Effect of 

load on articular cartilage matrix and the development 

of guinea – pig osteoarthritis. Osteoarthritis Cartilage. 

2001 Jul; 9 (5): 447-53. 

18. Roemhildt ML, Coughlin KM, Peura GD, Badger GJ, 

Churchill D, Fleming BC, et al. Effects of increased 

chronic loading on articular cartilage material proper-

ties in the lapine tibio – femoral joint. J Biomech. 2010 

Aug; 43 (12): 2301-8. PubMed PMID: 20488444. 

19. Zhang W, Moskowitz RW, Nuki G, Abramson S, Alt-

man RD, Arden N, et al. OARSI recommendations for 

the management of hip and knee osteoarthritis, Part II: 

OARSI evidence – based, expert consensus guidelines. 

Osteoarthr Cartilage. 2008; 16 (2): 137-62. 

20. Rhon D. Re: Zhang W, Moskowitz RW, Nuki G, et al. 

OARSI recommendations for the management of hip 

and knee osteoarthritis, Part II: OARSI evidence – ba-

sed, expert consensus guidelines. Osteoarthritis Cartila-

ge 2008; 16: 137-62. Osteoarthritis Cartilage. 2008; 16 

(12): 1585. 

21. Tammi M, Saamanen AM, Jauhiainen A, Maminen O, 

Kiviranta I, Helminen H. Proteoglycan Alteration in 

Rabbit Knee Articular Cartilage Following Physical 

Exercise and Immobilization. Connect tissue res. 1983; 

11 (1): 45-55. 

 


