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Where Are We Now?

E
nergy expenditure measure-

ment is considered a reliable

method for quantitatively

assessing gait disability [4]. Few

studies have examined the effects that

lower limb osteoarthritis (OA) has on

the joints, specifically the hip, knee,

and ankle joints for patients 45 years

of age or older [2, 8]. Lower limb OA

can affect the hip, knee, and ankle and

is associated with joint pain, ROM

limitation, and fatigue [1, 2].

When walking on an assumed stiff

leg, the center of mass follows the cycle

of an ‘‘inverted pendulum.’’ Think of a

pendulum that has its center of mass

above its pivot point. A person with an

upright position will constantly make

adjustments to maintain balance during

standing, walking, or running. The

inverted pendulummodel has been used

to describe the transformation between

potential energy and kinetic energy for

propulsion [5, 6].When this exchange is

efficient, it will take less energy towalk.

However, the exchange expends more

energy, which could explain why

patients with OA develop fatigue [7–9].

Lower extremity OA reduces the

exchange of potential and kinetic

energy, increasing the muscular work

required to control movements of the

center of mass [12, 14]. The fatigue and

limited physical activity reported in

patients with OA of the lower extremity

could be associated with increased

mechanical work of the center of mass.

Queen and colleagues have a novel

view on the energy exchange between

potential and propulsive energy of the

center of mass during walking. An

orthopaedic surgeon identified all par-

ticipants of the study as having end-

stage radiographic disease, and all

were considered candidates for joint

replacement surgery. After adjusting

for walking speeds, the results indi-

cated that those showing no signs of

OA had greater recovery than those

with hip OA and ankle OA.

The primary force of progression is

an individual’s body weight. Progres-

sion over the stance limb is assisted by

a rocker action by the foot and ankle.

Another progressive force is provided

by the swinging limb [10]. The role of

the knee is passive with a linkage of

ankle and hip joints.
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Where Do We Need To Go?

Currently, we know the energy recov-

ery rate of each joint involvement due

to end-stage OA, and we generally

understand the center of mass fluctua-

tion [3, 13]. However, we have to

investigate the total energy consump-

tion affected by arthritis of the major

joints in the lower extremity [11]. Is

there any difference of total energy

among the several conditions derived

from single or multiple joint involve-

ment? The center of mass fluctuation is

not limited to the vertical direction. A

lateral shift of the center of mass and

its control in stance phase also is

important, as the center of mass

depends upon the laterality of joint

involvement and on gait symmetry. Of

course, movement in the horizontal

plane does not cause a fluctuation of

the energy transformation. But, this is

an essential point—we need a different

point of view from energy transfor-

mation between potential energy and

kinetic energy for propulsion in sagit-

tal plane.

How Do We Get There?

In their study, the authors mentioned

that a ‘‘disruption in energy exchange

is associated with changes in the tim-

ing and magnitude of the center of

mass energy fluctuations.’’ Future

studies should examine how the center

of mass sways in each case of joint

involvement, as well as how a center

of mass change regulates energy sav-

ing during gait phases.

Queen and colleagues calculated the

recovery rate of energy transformation

through one cycle of gait. Future

studies should conduct a more precise

analysis that examines (1) stance or

swing phases of the affected side, and

(2) ascending or descending phases of

the center of mass in a stance period. If

we know which phase has difficulty in

transforming energy, rehabilitation

interventions could be more effective

at mitigating the energetic burdens of

disability during ambulation. Focused

gait retraining could potentially

improve walking mechanics and

decrease fatigue in this patient

population.

References
1. Astephen JL, Deluzio KJ, Caldwell

GE, Dunbar MJ. Biomechanical
changes at the hip, knee, and ankle
joints during gait are associated with
knee osteoarthritis severity. J Orthop
Res. 2008;26:332–341.

2. Detrembleur C, Dierick F, Stoquart
G, Chantraine F, Lejeune T. Energy
cost, mechanical work, and effi-
ciency of hemiparetic walking. Gait
Posture. 2003;18:47–55.

3. Grabowski A, Farley CT, Kram R.
Independent metabolic costs of sup-
porting body weight and accelerating

body mass during walking. J Appl
Physiol (1985). 2005;98:579–583.

4. Kuo AD, Donelan JM. Dynamic
principles of gait and their clinical
implications. Phys Ther.
2010;90:157–174.

5. Kuo AD, Donelan JM, Ruina A.
Energetic consequences of walking
like an inverted pendulum: step-to-
step transitions. Exerc Sport Sci Rev.
2005;33:88–97.

6. Kuo AD. The six determinants of
gait and the inverted pendulum
analogy: A dynamic walking per-
spective. Hum Mov Sci.
2007;26:617–656.

7. Massaad F, Lejeune TM, Detrem-
bleur C. Reducing the energy cost
of hemiparetic gait using center of
mass feedback: a pilot study. Neu-
rorehabil Neural Repair.
2010;24:338–347.

8. Mian OS, Thom JM, Ardigò LP,
Narici MV, Minetti AE. Metabolic
cost, mechanical work, and effi-
ciency during walking in young and
older men. Acta Physiol (Oxf).
2006;186:127–139.

9. Neptune RR, Zajac FE, Kautz SA.
Muscle mechanical work require-
ments during normal walking: the
energetic cost of raising the
body’s center-of-mass is signifi-
cant. J Biomech. 2004;37:817–
825.

10. Perry J, Burnfield JM. Basic func-
tion. In: Gait analysis; normal and
pathological function. 2nd ed. Tho-
rofare, NJ: SLACK; 2010: 33–47.

11. Schmitt D, Vap A, Queen RM.
Effect of end-stage hip, knee, and
ankle osteoarthritis on walking

123

Volume 474, Number 9, September 2016 CORR Insights1 2065

CORR Insights



mechanics. Gait Posture. 2015;42:
373–379.

12. Sparling TL, Schmitt D, Miller CE,
Guilak F, Somers TJ, Keefe FJ,
Queen RM. Energy recovery in
individuals with knee osteoarthritis.

Osteoarthritis Cartilage. 2014;22:
747–755.

13. Tesio L, Civaschi P, Tessari L.
Motion of the center of gravity of the
body in clinical evaluation of gait.
Am J Phys Med. 1985;64:57–70.

14. Waters RL, Perry J, Conaty P,
Lunsford B, O’Meara P. The
energy cost of walking with
arthritis of the hip and knee. Clin
Orthop Relat Res. 1987;214:278–
284.

123

2066 Akai Clinical Orthopaedics and Related Research1

CORR Insights


	CORR Insightsreg: Hip, Knee, and Ankle Osteoarthritis Negatively Affects Mechanical Energy Exchange
	Where Are We Now?
	Where Do We Need To Go?
	How Do We Get There?
	References




