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s u m m a r y

Objective: Pathological gaits have been shown to limit transfer between potential (PE) and kinetic (KE)
energy during walking, which can increase locomotor costs. The purpose of this study was to examine
whether energy exchange would be limited in people with knee osteoarthritis (OA).
Methods: Ground reaction forces during walking were collected from 93 subjects with symptomatic knee
OA (self-selected and fast speeds) and 13 healthy controls (self-selected speed) and used to calculate
their center of mass (COM) movements, PE and KE relationships, and energy recovery during a stride.
Correlations and linear regressions examined the impact of energy fluctuation phase and amplitude,
walking velocity, body mass, self-reported pain, and radiographic severity on recovery. Paired t-tests
were run to compare energy recovery between cohorts.
Results: Symptomatic knee OA subjects displayed lower energetic recovery during self-selected walking
speeds than healthy controls (P ¼ 0.0018). PE and KE phase relationships explained the majority (66%) of
variance in recovery. Recovery had a complex relationship with velocity and its change across speeds was
significantly influenced by the self-selected walking speed of each subject. Neither radiographic OA
scores nor subject self-reported measures demonstrated any relationship with energy recovery.
Conclusions: Knee OA reduces effective exchange of PE and KE, potentially increasing the muscular work
required to control movements of the COM. Gait retraining may return subjects to more normal patterns
of energy exchange and allow them to reduce fatigue.

� 2014 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

Introduction

It is well understood that the movements of the center of mass
(COM) of a person during normal walking on a relatively stiff leg
(with limited knee flexion) follow the cycle of an inverted
pendulum and that this pattern influences the exchange of energy
and muscular work required to accelerate and decelerate (strictly
defined as positive or negative accelerate) the COM1e5. In walking,
the stored gravitational potential energy (PE) of the COM is at its

highest during midstance, when the kinetic energy (KE) of the
COM is at its lowest. As it leaves this midstance position and the
COM descends, PE is converted to KE, and the horizontally
directed component of KE moves the body forward to land on the
contralateral limb. After this footfall, the COM again moves up-
ward (as long as the limb remains relatively straight) driven partly
by KE and stores PE that can again be returned as KE at the next
step-to-step transition. The efficiency of this energy exchange
between PE and KE can be as high as 70% during normal human
walking at preferred speeds. When the exchange is efficient, it can
reduce the amount of muscular effort needed to accelerate and
decelerate the COM1,6. Several studies have separately indicated
that the metabolic cost of walking is primarily allocated towards
raising the COM throughout the gait cycle7e9. Thus, this mecha-
nism of exchanging KE and PE may serve to reduce the metabolic
cost of locomotion by reducing the muscular effort required to
accelerate and decelerate the COM2.

* Address correspondence and reprint requests to. D. Schmitt, Department of
Evolutionary Anthropology, Room 108 Biological Sciences, Box 90383, Science
Drive, Duke University, Durham, NC 27710, USA. Tel: 1-(919)-684-5664.

E-mail addresses: tlsparling@me.com (T.L. Sparling), Daniel.schmitt@duke.edu
(D. Schmitt), charlotte.miller@duke.edu (C.E. Miller), farshid.guilak@duke.edu
(F. Guilak), tamara.somers@dm.duke.edu (T.J. Somers), francis.keefe@dm.duke.edu
(F.J. Keefe).

http://dx.doi.org/10.1016/j.joca.2014.04.004
1063-4584/� 2014 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

Osteoarthritis and Cartilage xxx (2014) 1e9

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

YJOCA3116_proof ■ 3 May 2014 ■ 1/9

Please cite this article in press as: Sparling TL, et al., Energy recovery in individuals with knee osteoarthritis, Osteoarthritis and Cartilage (2014),
http://dx.doi.org/10.1016/j.joca.2014.04.004

mailto:tlsparling@me.com
mailto:Daniel.schmitt@duke.edu
mailto:charlotte.miller@duke.edu
mailto:farshid.guilak@duke.edu
mailto:tamara.somers@dm.duke.edu
mailto:francis.keefe@dm.duke.edu
http://dx.doi.org/10.1016/j.joca.2014.04.004
http://dx.doi.org/10.1016/j.joca.2014.04.004
http://dx.doi.org/10.1016/j.joca.2014.04.004


T.L. Sparling et al. / Osteoarthritis and Cartilage xxx (2014) 1e92

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

YJOCA3116_proof ■ 3 May 2014 ■ 2/9

Please cite this article in press as: Sparling TL, et al., Energy recovery in individuals with knee osteoarthritis, Osteoarthritis and Cartilage (2014),
http://dx.doi.org/10.1016/j.joca.2014.04.004



Download	English	Version:

https://daneshyari.com/en/article/6124792

Download	Persian	Version:

https://daneshyari.com/article/6124792

Daneshyari.com

https://daneshyari.com/en/article/6124792
https://daneshyari.com/article/6124792
https://daneshyari.com/

