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It has long been felt that osteoarthritis is the result of wear and tear. Many physicians are not aware 
that biological science has now validated that this increased “wear and tear” on the joint is the result 
of loading-induced stresses that undermine cell function and aging. The loading creates shear 
forces on the cartilage that leads to increased oxidants. These oxidants then cause chondrocyte 
premature aging, leading to the development of what we know as osteoarthritis. 

Studies have also found a significant association between foot pain and knee and hip pain. Likewise, 
many physicians are not aware of the relationship between the hip, knee and foot are a result of 
the kinetic chain. The kinetic chain being the dynamic transfer of forces during ambulation of the 
foot, ankle, knee, and hip. The kinetic chain explains how the body’s joints and segments affect one 
another during movement, and so play a role in pain. The pain results from transferred mechanical 
stress from one joint to another. The same stress and shear forces that leads to osteoarthritis. 

This article involves a literature of the connection of osteoarthritis and the kinetic chain in the lower 
limb and highlights the need to consider related joints in the kinetic chain when addressing and 
injury in one joint to address and perhaps delay progression of osteoarthritis in related joints. 
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INTRODUCTION
Osteoarthritis (OA) is the leading arthritic condition worldwide.1 
Nearly 1 million people were hospitalized for osteoarthritis in 
the United States in 2011.1 The cost to care for these patients—
at almost $15 billion—elevated it to the position of second most 
expensive disease in the country.1 In 2013, OA was the second 
most costly health condition treated in U.S. hospitals, in that it 
accounted for $16.5 billion.2 OA is most often found in the knee 
joint, while the hand and the hip are the next most common areas 
to be affected.3 The authors questioned if the osteopathic tenets 
would explain progression and perhaps management of OA. This 
article will review the results of the Medline literature search 
and discuss possible application of osteopathic manipulative 
treatment (OMT).

METHODS
Applying osteopathic tenets of body connectedness, one 
would expect that OA of one joint in the lower extremity would 
transfer forces to the opposite extremity as a compensatory 
mechanism. Therefore, a Medline/PubMed literature search 

was performed using the search phrase “association between 
knee and contralateral hip osteoarthritis." The search returned 
68 articles between 1981 and 2021. These were then reviewed 
for relevance to the question. Those that addressed association 
or disassociation of OA and ipsilateral joint are included in the 
discussion. 

Because association is not causation, a separate, second PubMed 
search was performed looking for a biochemical/physical force 
cause for OA. The intent of the search was to identify a biochemiocal 
explanation for the association found in the first search. The 
search returned 538 articles between 2001 and 2021. These 
were also reviewed for relevance to the question of causation. Of 
note, most of the research has been related to risk factors and 
genetic predisposition. Those articles addressing biochemical or 
biomechanical causes were included in the discussion. 

RESULTS/DISCUSSION
It has long been believed that OA is the result of wear and tear on 
a joint.4 Research into occupations that include strenuous physical 
labor suggests an association between repeated and intense 
episodes of joint loading with the early onset of joint degeneration. 
Additionally, an increased risk for the development of OA has 
been associated with sports that involve repeated exposures to 
high joint-loading activity.5 Newer studies have demonstrated that 
the pathophysiology of OA is somewhat more complex and other 
considerations must be taken into account. A myriad of factors 
contributes to the destruction of joint cartilage, 
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including inflammatory, metabolic and mechanical etiologies.3 
However, it appears that all factors contribute to mechanical 
forces on joint surfaces. 

In evaluating the mechanical forces, cellular studies have 
demonstrated the association of shear force on the chondrocyte 
with the release of multiple biochemical factors that can lead to 
oxidation, inflammation, decreased metabolic activity, early aging 
and chondrocyte cell death.5 Thus, at the cellular level, it is the 
development of shear forces on the joint that appears to lead to 
the development and progression of OA.

For osteopathic clinicians, it is also helpful to consider how these 
processes could impact the patient, beyond just a single joint. 
The motion paradigm of the kinetic chain can provide insight 
into this bigger picture. The kinetic chain concept, specifically 
the kinetic chain reaction, has been attributed to Franz Reuleaux 
(1829–1905). He proposed a system of overlapping rigid segments 
connected by pin joints whereby, fixed at each end, application of 
an external force results in a chain reaction, with each segment 
receiving and transmitting force to the next segment in the 
system.6 The concept has been adapted over time to the human 
body, where it has been described as “a sequencing of individual 
body segments and joints to accomplish a task.”7 

In the gait cycle, contact with the ground begins at heel strike,8 
beginning the process of directing forces through the lower 
extremity. When looking at the lower extremity, the relationship 
between the toes, foot, ankle, lower leg, knee, upper leg, hip, pelvis 
and spine comprises the kinetic chain. To evaluate the secondary 
biomechanical effects of knee gait mechanics, investigators 
studied ipsilateral hip and ankle joint motion among patients 
with knee OA against a control group. This would be a marker for 
potential transfer of forces onto the follow-on affected joint in OA 
patients. Results showed that the range of motion (ROM) of the 
hip and ankle joints were significantly smaller in the OA group and 
were associated with limited ROM of the knee joint (both p<0.001). 
The authors concluded that OA of the knee has a negative effect 
on the ROM of both the hip and ankle.9 

Another study looked at the pattern of evolution of end-stage 
lower extremity OA in a clinical cohort of 5894 patients. The 
study used total joint replacement as the marker of end-stage 
OA. Investigators selected patients who underwent hip or 
knee replacement and evaluated the relative likelihood those 
patients would have a subsequent total joint replacement. Since 
mechanical processes are not the primary driving force behind 
the pathology seen in rheumatoid arthritis (RA), RA patients 
were used as a control population. In OA patients undergoing 
a second joint replacement, these individuals were significantly 
more likely to have contralateral limb joint affected (hip to knee 
p<0.001; knee to hip p= 0.013), whereas the RA patients did not 
show any pattern of laterality.10 A subsequent study expanded on 
the concept, investigating 85,616 patients who had either a total 
knee, total hip, or total shoulder arthroplasty. The authors found 
that 23.6% of the patients went on to have the contralateral joint 
replaced 5–8 years later, while 3.7% had a different joint replaced 
in that same timeframe.11 Thinking of these results in the context 
of the kinetic chain, it is understandable that injurious forces 
causing damage at one joint may be distributed throughout the 
chain, causing damage to other joints.

In follow-up to the findings that the contralateral knee was more 
likely to require knee replacement after total hip replacement, 
investigators examined whether the finding was related to 
asymmetries in dynamic loading at the knee joint. Specifically, 
the investigators assessed increases in the peak external knee 
adduction moment, as this has been associated with disease 
progression in knee OA. Fifty individuals had their gait analyzed 
prior to the total hip replacement, and 22 of them were reevaluated 
10–23 months after surgery. At each evaluation, dynamic joint 
loads were compared between the contralateral and ipsilateral 
knees. Peak external knee adduction moment and peak medial 
compartment load were increased in the contralateral knee, 
persisting post-operatively.12 This further exemplifies the concept 
of the kinetic chain and force distribution throughout the different 
elements of that system.

CONCLUSION
Typical management of OA has involved symptomatic treatment 
of pain with non-steroidal anti-inflammatory drugs (NSAIDs) until 
total joint replacement was deemed medically necessary. Exercise 
is encouraged, but is difficult to implement, as insufficient 
exercise is not helpful and too much increases pain.13 It has been 
suggested that the standard recommendation of resistance and 
weight-loaded exercises (such as walking and exercise bicycles) 
that involve repeated short-arc motions could actually decrease 
joint mobility and continue to propagate the gait disturbances 
noted around the kinetic chain, as they would be similar to the 
repetitive motions seen in work- and sport-related activities 
implicated in the type of joint damage, which leads to OA.14 Given 
the biochemical nature of OA and the impact of the kinetic chain 
on connected joints, an argument could be made for enhanced 
physical therapy after joint injuries (for example, ankle sprains or 
strains) to correct or prevent establishment of compensatory but 
destructive gait disturbances that perpetuate the progression of 
OA. In response to clinical findings of gait dysfunction and OA, it 
makes sense that physicians should ensure that there is a focus 
on restoration of the gait, and not just ROM and strengthening of 
the affected joint, in physical therapy efforts. Considering these 
kinetic chain mechanics, there is logic to the addition of manual 
therapy, including the use of OMT, to reduce shear forces applied 
to the joints to perhaps reduce or delay the progression of OA.14

The interrelationship of structure and function in the human body 
is a central osteopathic tenet.15 Along with the concept of somatic 
dysfunction,16 these foundational principles of osteopathic 
medicine correlate with the concepts discussed above—
mechanical stressors lead to joint damage leading to further joint 
damage. Using OMT to treat arthrodial and myofascial somatic 
dysfunctions will, by definition, improve positional asymmetry and 
remove restrictions to joint range of motion. These improvements 
in joint function translate to a reduction of strain/shear forces on 
the joint, the type that the literature discussion above states will 
lead to joint damage and progression of OA. Specific techniques to 
address these types of somatic dysfunction include muscle energy, 
counterstrain, myofascial release, high-velocity, low amplitude 
(HVLA), and articulatory techniques. These technique methods 
are components of a comprehensive osteopathic principles 
and practice/osteopathic manipulative medicine (OPP/OMM), 
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and the majority are required to be taught in the osteopathic 
medical student curriculum.17 Therefore, these techniques are 
in the wheelhouse of most osteopathic physicians and are easy 
to apply in outpatient primary care, as well as other clinical 
settings. Studies looking at knee OA, for example, have shown 
improvements in range of motion, joint function, and pain after 
manual manipulation to the knee (including bony articular, axial 
traction, oscillatory mobilization and fascial/vascular manipulative 
techniques).18 Given the impact of OA on the lower extremity, 
there is room for the physician to make significant improvement 
on patient morbidity and quality of life, while potentially reducing 
financial healthcare burdens related to this disease process.

Funding and Disclosures: The authors received no financial 
support related to this submission and have no financial 
affiliations or conflict of interest related to this article to disclose. 

REFERENCES

1.	 Sen R, Hurley JA. Osteoarthritis. In: StatPearls. StatPearls Publishing; 

August 19, 2021. PMID: 29493951

2.	 The Cost of Arthritis in US Adults; Centers for Disease Control and 

Prevention; https://www.cdc.gov/arthritis/data_statistics/cost.htm; 

February 27,2020. Accessed February 2, 2021

3.	 Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 

2019;393(10182):1745–1759. doi:10.1016/S0140-6736(19)30417-9

4.	 Barnett R. Osteoarthritis. Lancet. 2018;391(10134):1985. doi:10.1016/

S0140-6736(18)31064-X

5.	 Buckwalter JA, Anderson DD, Brown TD, Tochigi Y, Martin JA. The roles  

of mechanical stresses in the pathogenesis of osteoarthritis: Implications 

for treatment of joint injuries. Cartilage. 2013;4(4): 

286–294. doi:10.1177/1947603513495889

6.	 Karandikar N, Vargas OOO. Kinetic chains: A review of the concept 

and its clinical applications. PM R. 2011;3(8):739–745. doi:10.1016/j.

pmrj.2011.02.021

7.	 Kuchera ML, et al. Osteopathic approaches to diagnosing and treating 

somatic dysfunction in the extremities: Osteopathic patient management. 

In: Foundations of Osteopathic Medicine: Philosophy, Science, Clinical 
Applications and Research. 4th ed. Wolters Kluwer, 2018.

8.	 Kuchera ML. Osteopathic considerations in sports medicine: Lower 

extremities. In: Foundations of Osteopathic Medicine: Philosophy, Science, 
Clinical Applications and Research. 4th ed. Wolters Kluwer, 2018.

9.	 Ro DH, Lee J, Lee J, Park J-Y, Han H-S, Lee MC. Effects of knee 

osteoarthritis on hip and ankle gait mechanics. Adv Orthop. 

2019;2019:9757369. doi:10.1155/2019/9757369

10.	 Shakoor N, Block JA, Shott S, Case JP. Nonrandom evolution of end-stage 

osteoarthritis of the lower limbs. Arthritis Rheum. 2002;46(12): 

3185–3189. doi:10.1002/art.10649

11.	 Lamplot JD, Bansal A, Nguyen JT, Brophy RH. Risk of subsequent joint 

arthroplasty in contralateral or different joint after index shoulder, hip, 

or knee arthroplasty: Association with index joint, demographics, and 

patient-specific factors. J Bone Joint Surg Am. 2018;100(20): 

1750–1756. doi:10.2106/JBJS.17.00948

12.	 Shakoor N, Hurwitz DE, Block JA, Shott S, Case JP. Asymmetric knee 

loading in advanced unilateral hip osteoarthritis. Arthritis Rheum. 

2003;48(6):1556–1561. doi:10.1002/art.11034

13.	 Treatment Guidelines for Osteoarthritis, Arthritis Foundation,  

https://www.arthritis.org/diseases/more-about/guidelines-for-

osteoarthritis-treatments, accessed December 15, 2020

14.	 Wade GJ. Rethinking the model of osteoarthritis: A clinical viewpoint. 

 J Am Osteopath Assoc. 2011;111(11):631–637. PMID:22104515

15.	 Seffinger MA, et al. Philosophy of osteopathic medicine: The educational 

council on osteopathic principles. In: Foundations of Osteopathic Medicine: 
Philosophy, Science, Clinical Applications and Research. 4th ed. Wolters 

Kluwer, 2018.

16.	 Somatic dysfunction. In: Glossary of Osteopathic Terminology. 3rd ed. 

American Association of Colleges of Osteopathic Medicine; 2017:63.

17.	 Introduction and Disclaimer. In: A Teaching Guide for Osteopathic 
Manipulative Medicine. 2nd ed. American Association of Colleges of 

Osteopathic Medicine; 2018:1.

18.	 Snider K. Dysfunction in a patient with acute knee pain and osteoarthritis: 

A case report. The AAO Journal. 2015;25(2):27–32.


