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Abstract—Peripheral arterial disease (PAD) produces abnor-
mal gait and disproportionately affects older individuals. The 
current study investigated PAD gait biomechanics in younger 
(<65 yr) and older (>/=65 yr) subjects. The study included 
61 patients with PAD (31 younger, age: 57.4 +/– 5.3 yr, and 
30 older, age: 71.9 +/– 5.2 yr) and 52 nondisabled age-matched 
control subjects. Patients with PAD were tested during pain-free 
walking and compared with control subjects. Joint kinematics 
and kinetics (torques) were compared using a 2 x 2 analysis of 
variance (groups: patients with PAD vs control subjects, age: 
younger vs older). Patients with PAD had significantly 
increased ankle and decreased hip range of motion during the 
stance phase as well as decreased ankle dorsiflexor torque com-
pared with control subjects. Gait changes in older individuals 
are largely constrained to time-distance parameters. Joint kine-
matics and kinetics are significantly altered in patients with 
PAD during pain-free walking. Symptomatic PAD produces a 
consistent ambulatory deficit across ages definable by advanced 
biomechanical analysis. The most important finding of the cur-
rent study is that gait, in the absence of PAD and other ambula-
tory comorbidities, does not decline significantly with age based 
on advanced biomechanical analysis. Therefore, previous stud-
ies must be examined in the context of patients with potential 
PAD being present in the population, and future ambulatory 
studies must include PAD as a confounding factor when assess-
ing the gait function of elderly individuals.

Key words: aging, biomechanics, gait, gait decline, joint 
angles, joint torques, older adults, peripheral arterial disease, 
peripheral vascular disease, walking.

INTRODUCTION

Peripheral arterial disease (PAD) results in a signifi-
cant decrease in blood flow to the lower limbs secondary 
to atherosclerosis within the pelvic and leg arteries. The 
most common symptom is intermittent claudication, a 
cramping pain occurring in the calves, thighs, and/or but-
tocks brought on by physical activity and relieved with 
rest. The end result of PAD is reduced mobility, reduced 
physical functioning, and poor health outcomes [1–4]. 
The prevalence of PAD increases as individuals age, with 
4.3 percent of all Americans >40 yr old having PAD and 
20 percent of Americans >75 yr old having PAD accord-
ing to Hirsch et al. [5]. Based on this disproportionate 
occurrence of PAD in older adult populations, the total 

Abbreviations: ANOVA = analysis of variance, NIH = 
National Institutes of Health, O-CON = older control subjects, 
O-PAD = older patients with PAD, PAD = peripheral arterial 
disease, ROM = range of motion, VA = Department of Veter-
ans Affairs, Y-CON = younger control subjects, Y-PAD = 
younger patients with PAD.
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number of patients affected by PAD is expected to 
increase according to current demographic predictions 
[6]. PAD will therefore significantly affect our older adult 
population by causing increased pain, discomfort, and 
fatigue. In addition, persons with PAD experience signif-
icant gait deficits, which result in reduced daily activity 
and loss of independence.

Gait changes in older adult individuals have been 
well-documented using biomechanical measures [7–11]. 
Older adults tend to walk slower and have shorter strides 
than young adults [7]. Older adults use their hip extensors 
more and their ankle plantar flexors and knee extensors 
less than younger nondisabled individuals, showing an 
overall reorganization of joint torques [12]. In addition, 
older adults tend to have a decreased range of motion 
(ROM) at the hip, knee, and ankle joints and spend more 
time in double support, which also increases overall 
stance time [10]. Despite a known high prevalence of 
PAD in the older adult population [13], no previous study 
in older individuals has taken into account that these mea-
sured changes in older adults may be due to the effect of 
PAD within the tested population. Our groups’ work on 
PAD and aging [7,11,14–17] led us to a recognition that 
the gait of older adult patients is very similar to the gait 
changes described for patients with PAD [14–15]. It is our 
concern, therefore, that elderly patients with unrecog-
nized PAD have likely “contaminated” previous studies 
of older adult gait [8,18].

Our research group has noted that many gait altera-
tions previously identified in patients with PAD are simi-
lar to the gait changes documented in older adult 
subjects. Specifically, slower walking speeds, shorter 
strides [7,14–16], increased stance time [10–11,16–17], 
decreased ROM at the hip and knee during the stance 
phase, increased ankle ROM during the stance phase 
[10,19–20], and reduced propulsion forces and push-off 
power [11,15,17,21] have been noted in both populations. 
Our group has also reported kinetic changes in PAD gait. 
Specifically, patients with PAD have decreased joint 
torques [15,22–23] and powers [24] at the ankle and hip 
and exhibit reduced external work [25] compared with 
nondisabled age-matched control subjects. However, 
because many patients with PAD are also older adults, 
the independent effects of age and the disease are 
unknown. It is also unknown whether the effects of PAD 
and aging are additive. If gait truly worsens as patients 
age, then intervention in patients with PAD becomes 
even more important to preserve physical function and 

overall quality of life. This creates a need to examine the 
effects of age on gait parameters in patients with PAD.

The current study investigated the effect of age and 
PAD on gait mechanics using kinematics and kinetics in 
younger (<65 yr) and older (65 yr) patients with PAD 
and nondisabled age-matched control subjects. We 
hypothesized that patients with PAD would exhibit altered 
gait characteristics compared with nondisabled control 
subjects. We also hypothesized that gait characteristics 
would be different between younger and older groups. 
Finally, we hypothesized that if age affects gait parame-
ters, then age and PAD would act synergistically, with the 
most significant gait alterations found in older adult 
patients with PAD.

METHODS

Subject Inclusion and Exclusion Criteria
The study consisted of 61 patients with PAD diag-

nosed with Rutherford class 2/Fontaine class 2 arterial 
occlusive disease with classic Rose intermittent claudica-
tion (Table 1). Subjects were arbitrarily considered younger 
(n = 31) if <65 yr of age and older (n = 30) if 65 yr of age 
based on the definition of the older adult population by 
the Centers for Disease Control and Prevention and the 
National Center for Health Statistics [26]. Patients with 
PAD were recruited from the vascular surgery clinics of the 
Department of Veterans Affairs (VA) Nebraska-Western
Iowa Health Care System and the University of Nebraska 
Medical Center. In addition, 52 sex-, age-, height-, and 
body mass-matched nondisabled control subjects were 
recruited from the community (Table 1).

Patients with PAD and control subjects were screened 
and evaluated by one of two board-certified vascular sur-
geons (J.J. and I.P.). Patient evaluation included resting 
ankle-brachial index (a resting measurement <0.90 was 
present in all subjects with claudication), detailed history, 
and physical examination. Standard ankle-brachial index 
measurement was performed and consisted of blood pres-
sure measurement at the brachial artery in the arm and the 
posterior tibial and dorsalis pedis arteries at the ankle. Con-
trol subjects had an ankle-brachial index 0.90 and absence 
of subjective or objective ambulatory dysfunction. Control 
subjects were screened in a similar fashion as patients with 
PAD and were excluded for the same ambulation-limiting 
problems or if pain was experienced during walking. All 
subjects were screened to exclude any underlying cardiac, 



Characteristic
Y-PAD
(n = 31)

O-PAD
(n = 30)

Y-CON
(n = 27)

O-CON
(n = 25)

Sex (n)
   Male 26 30 20 21
   Female 5 0 7 4
Age, yr (mean ± SD) 57.4 ± 5.3 71.9 ± 5.2 55.4 ± 6.3 70.3 ± 3.2
Body Mass, kg (mean ± SD) 84.2 ± 15.8 83.9 ± 17.4 85.0 ± 18.3 82.3 ± 13.2
Body Height, cm (mean ± SD) 172.8 ± 6.7 173.3 ± 5.5 173.6 ± 8.5 170.9 ± 8.6
Ankle-Brachial Index (mean ± SD) 0.56 ± 0.47 0.53 ± 0.67 1.10 ± 0.11 1.10 ± 0.10
Smoker (%) 83.9 33.3 7.4 12.0
Hypertension (%) 74.2 76.7 18.5 20.0
Diabetes Mellitus (%) 9.7 36.7 0 12.0
Hyperlipidemia (%) 64.5 86.7 14.8 20.0
Body Mass Index (mean ± SD) 28.08 ± 4.37 27.84 ± 5.20 28.08 ± 4.63 28.14 ± 3.75
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pulmonary, neuromuscular, or musculoskeletal disease that 
would affect gait or make data collection unsafe. Therefore, 
both the patients with PAD and the nondisabled control 
subjects recruited for this study were somewhat unique in 
that they were excluded if they experienced pain or discom-
fort during walking for the following conditions: arthritis, 
low back pain, musculoskeletal problems, and neuropathy.

Experimental Procedure and Data Collection
Prior to data collection, reflective markers were 

placed at specific anatomical locations of each subject’s 
lower limbs based on the marker systems of Nigg et al. 
and Vaughan et al. [27–28]. Each subject was directed to 
walk using their self-selected pace over a 10 m pathway 
while three-dimensional marker trajectories and ground 
reaction force data were simultaneously collected. The 
marker trajectories were captured with a 12-camera 
motion capture system (Motion Analysis Corporation; 
Santa Rosa, California) sampling at 60 Hz. The ground 
reaction force data were acquired with a Kistler force 
platform (Kistler Instrument Corporation; Amhurst, New 
York) sampling at 600 Hz. To assess baseline ambulatory 
functions, patients with PAD were tested in a pain-free 
condition. To ensure that patients did not experience pain 
during walking, a minimum of 1 min rest was required 
between each walking trial. Subjects completed five suc-
cessful walking trials on each leg, with a successful trial 
being defined as the subject’s foot being completely on 
the force platform. Subjects were positioned on the path-

way so that they would step on the force platform while 
walking naturally.

Data Analysis
Time-distance gait variables were calculated using 

custom software in MATLAB (The MathWorks Inc; 
Natick, Massachusetts). Total ROM of the joint kinematics 
and peak values of the joint kinetics in the sagittal plane 
during the stance phase were analyzed (Figures 1–2). All 
marker trajectories were smoothed using a low-pass, 
fourth-order Butterworth filter (7 Hz cutoff) during post-
data processing. Joint kinetics and kinematics were calcu-
lated for the stance phase from exported raw forces and 
marker trajectories using Visual3D software (C-Motion 
Inc; Germantown, Maryland). The joint torque values 
were scaled to body mass [11].

Statistical Analysis
Group means of the joint kinetics and kinematics 

were calculated by using the affected leg of unilateral 
patients and the side with the lowest respective ankle-
brachial index for bilateral patients in the PAD group, as 
well as the dominant legs of nondisabled control subjects 
(younger patients with PAD [Y-PAD], n = 31; older 
patients with PAD [O-PAD], n = 30; younger control sub-
jects [Y-CON], n = 27; and older control subjects [O-
CON], n = 25). For each dependent variable, a 2 × 2 anal-
ysis of variance (ANOVA) was used with the factors 
being group (patients with PAD vs control subjects) and 

Table 1.
Subject demographics and clinical characteristics for younger (<65 yr) and older (65 yr) patients with peripheral arterial disease (PAD) and 
control subjects.

O-CON = older control subjects, O-PAD = older patients with PAD, SD = standard deviation, Y-CON = younger control subjects, Y-PAD = younger patients with 
PAD.



Figure 1.
Representative joint angle curves from younger (<65 yr) nondis-

abled control subjects for (a) ankle, (b) knee, and (c) hip during 

stance phase. Bar graphs represent total flexion-extension range 

of motion (ROM) of corresponding curve. Patients with periph-

eral arterial disease (PAD) have more ankle ROM while also 

exhibiting less knee and hip ROM than control subjects. *p < 0.5, 

significant main effect for group (patients with PAD vs control 

subjects). AROM = maximum ankle ROM during stance phase, 

HROM = maximum hip ROM during stance phase, KROM = 

maximum knee ROM during stance phase, CON-O = older con-

trol subjects, PAD-O = older patients with PAD, CON-Y = 

younger control subjects, PAD-Y = younger patients with PAD.
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age (younger vs older). Group means for age, height, 
body mass, body mass index, and 

Figure 2. 

Representative joint torque curves from younger (<65 yr) nondis-

abled control subjects for (a) ankle, (b) knee, and (c) hip during 

stance phase. Positive value indicates net internal extensor or 

plantar flexor torque; negative value indicates net internal flexor 

or dorsiflexor torque. Torques are normalized to body mass. Bar 

graph values represent peak torque of corresponding curves 

(units = percent body weight × body height). Patients with periph-

eral arterial disease (PAD) have lower response of hip extensors 

during early stance, suggesting weakness of hip extensor mus-

cles. Patients with PAD also have reduced ankle dorsiflexor and 

knee extensor torque during early stance and decreased hip 

flexor torque during late stance. *p < 0.5, significant main effect 

for group (patients with PAD vs control subjects). ADT = maxi-

mum ankle dorsiflexor torque, APT = maximum ankle plantar 

flexor torque, HET = maximum hip extensor torque, HFT = maxi-

mum hip flexor torque. KET = maximum knee extensor torque, 

KFT = maximum knee flexor torque, CON-O = older control sub-

jects, PAD-O = older patients with PAD, CON-Y = younger con-

trol subjects, PAD-Y = younger patients with PAD.

time-distance gait 
parameters were also compared using a 2 × 2 ANOVA. 
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When a significant interaction was identified, Tukey tests 
were used for post hoc analysis to identify significant 
differences between the group and/or age combinations. 
Statistical comparisons were performed using SPSS 22.0 
(IBM Corporation; Armonk, New York). The level of sig-
nificance was set at 0.05.

RESULTS

Demographics
Table 1 presents the baseline clinical characteristics 

of the Y-PAD, O-PAD, Y-CON, and O-CON groups. 
Group means for age (p = 0.31), height (p = 0.26), body 
mass (p = 0.27), and body mass index (p = 0.62) did not 
differ between patients with PAD and control subjects. 
Thus, patients with PAD and control subjects were well-
matched for anthropometric data, whereas clinical char-
acteristics of the patients with PAD versus control sub-
jects were significantly different, as was expected.

Time-Distance Gait Parameters
Significant main effect of group (patients with PAD vs 

control subjects) was found for cadence (F = 5.39, p = 
0.02) (Table 2). When compared with control subjects, 
patients with PAD had significantly decreased walking 
velocity (p < 0.001), cadence (p < 0.001), stride length 
(p < 0.001), and stance phase percent of the total gait cycle 
(p = 0.02). Significant differences for age (younger vs 
older) also exist. Older subjects had decreased walking 

velocity (p = 0.01), decreased step width (p = 0.05), and 
decreased stride length (p = 0.002). There were significant 
interactions between group and age. Specifically, Y-PAD 
subjects had decreased stride length (p = 0.003) compared 
with Y-CON subjects as well as increased step width (p = 
0.03) and decreased cadence (p = 0.009) compared with 
O-CON subjects. O-PAD subjects also had decreased 
stride length (p = 0.002), cadence (p < 0.001), and stance 
phase percent of the total gait cycle (p = 0.03) compared 
with O-CON subjects. Y-PAD subjects exhibited increased 
walking velocity (p = 0.001), stride length (p = 0.005), 
step length (p = 0.002), and stance phase percent of the 
total gait cycle (p = 0.03) compared with O-PAD subjects.

Joint Angles
Significant main effect of groups (patients with PAD 

vs control subjects) were detected for ankle ROM (F = 
8.82, p = 0.004). Compared with control subjects, patients 
with PAD had increased ankle (p = 0.04) and decreased 
hip (p = 0.005) ROM during stance (Table 3, Figure 1). 
No significant main effects for joint angles were observed 
for comparing Y-CON versus O-CON subjects. Addition-
ally, there were significant interactions between group and 
age for joint angles. Specifically, Y-PAD subjects had 
decreased hip ROM (p = 0.03) compared with O-CON 
subjects and decreased knee ROM (p = 0.01) compared 
with O-PAD subjects. O-PAD subjects had increased 
ankle ROM compared with O-CON subjects (p = 0.004) 
and decreased knee (p = 0.02) and hip (p = 0.001) ROM 
compared with O-CON 

Gait Parameter
Y-PAD
(n = 31)

O-PAD
(n = 30)

Y-CON
(n = 27)

O-CON
(n = 25)

Significance

Gait Velocity (m/s) 1.11 ± 0.18 0.98 ± 0.22 1.25 ± 1.74 1.19 ± 0.22 a, b, c, d
Stride Length (m) 1.33 ± 0.13 1.21 ± 0.17 1.43 ± 0.13 1.36 ± 0.17 a, b, c, d, e, f
Cadence (steps/min) 102.10 ± 8.46 100.20 ± 6.15 105.99 ± 8.61 108.63 ± 9.66 a, c, f, g
Step Length (m) 0.64 ± 0.11 0.53 ± 0.15 0.67 ± 0.13 0.58 ± 0.17 b, c, d
Step Width (m) 0.13 ± 0.04 0.11 ± 0.04 0.12 ± 0.03 0.10 ± 0.05 b, g
Stance Phase (% of gait cycle) 66.27 ± 2.12 62.70 ± 8.84 66.30 ± 1.53 66.85 ± 1.53 a, c, d, f
Swing Phase (% of gait cycle) 33.66 ± 1.36 33.56 ± 1.69 33.70 ± 1.53 33.15 ± 1.91 —
Double Support (% of gait cycle) 16.46 ± 1.44 17.02 ± 1.15 16.46 ± 1.33 16.70 ± 1.69 —

subjects (Table 3).

Table 2.
Group mean ± standard deviation for selected time-distance gait parameters for younger (<65 yr) and older (65 yr) patients with peripheral 
arterial disease (PAD) and control subjects.

ap < 0.05, significant difference between groups (control subjects vs patients with PAD).
bp < 0.05, significant difference between groups (younger vs older).
cp < 0.05, significant interaction between O-PAD and Y-CON.
dp > 0.05, significant interaction between Y-PAD and O-PAD.
ep < 0.05, significant interaction between Y-PAD and Y-CON.
fp < 0.05, significant interaction between O-PAD and O-CON.
gp < 0.05, significant interaction between Y-PAD and O-CON.
O-CON = older control subjects, O-PAD = older patients with PAD, Y-CON = younger control subjects, Y-PAD = younger patients with PAD.



Kinematic and Kinetic Parameter
Y-PAD
(n = 31)

O-PAD
(n = 30)

Y-CON
(n = 27)

O-CON
(n = 25)

Significance

Ankle ROM (°) 18.48 ± 2.90 20.46 ± 3.13 18.75 ± 3.10 17.57 ± 3.96 a, b, c, d
Knee ROM (°) 11.53 ± 4.01 10.45 ± 5.44 11.61 ± 5.00 13.84 ± 4.85 b
Hip ROM (°) 40.42 ± 4.59 37.73 ± 6.62 40.84 ± 5.47 43.28 ± 5.12 a, b, e
Ankle Dorsiflexor Torque (N•m/kg) 0.36 ± 0.11 0.31 ± 0.11 0.38 ± 0.11 0.38 ± 0.11 a, b, c, d
Ankle Plantar Flexor Torque (N•m/kg) 1.42 ± 0.12 1.32 ± 0.24 1.41 ± 0.17 1.43 ± 0.16 d
Knee Extensor Torque (N•m/kg) 0.51 ± 0.45 0.38 ± 0.66 0.29 ± 0.69 0.77 ± 0.31 b, e, f
Knee Flexor Torque (N•m/kg) 0.15 ± 0.16 0.08 ± 0.19 0.05 ± 0.21 0.16 ± 0.15 f, g
Hip Extensor Torque (N•m/kg) 0.46 ± 0.49 0.30 ± 0.56 0.21 ± 0.62 0.65 ± 0.27 b, f
Hip Flexor Torque (N•m/kg) 0.58 ± 0.55 0.39 ± 0.71 0.34 ± 0.96 0.79 ± 0.38 b, f
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Joint Torques
A significant main effect for groups (patients with 

PAD vs control subjects) was detected for hip flexor 
torque (F = 6.31, p < 0.01). Patients with PAD had signif-
icantly decreased ankle dorsiflexor torque in late stance 
compared with control subjects (p = 0.04, Table 3, 
Figure 2). No differences were observed for age 
(younger vs older). There were significant interactions 
between group and age for joint torques. Specifically, Y-
PAD subjects had greater knee flexor torque (p = 0.04) 
during stance compared with Y-CON subjects and 
decreased knee extensor torque (p = 0.02) during stance 
compared with O-CON subjects. Y-PAD subjects also 
had increased ankle plantar flexor torque (p = 0.04) com-
pared with O-PAD subjects. O-PAD subjects had 
decreased ankle dorsiflexor torque (p = 0.02) during 
stance compared with Y-CON subjects. O-PAD subjects 
also had decreased ankle dorsiflexor torque (p = 0.03), 
knee extensor torque (p = 0.009), hip extensor torque (p = 
0.006), and hip flexor torque (p = 0.01) during stance 
compared with O-CON subjects.

DISCUSSION

The purpose of our study was to investigate the effect 
of age and PAD independently on gait mechanics using 
kinematics and kinetics in younger and older patients. 

Because PAD occurs primarily in older individuals, it is 
imperative to determine the effect of aging and PAD on 
gait independently. Our hypothesis that gait characteris-
tics would differ between patients with PAD and control 
subjects was supported by both the current study and our 
previous studies where time-distance parameters and 
joint kinematic and kinetic variables were different 
between patients with PAD versus control subjects. Inter-
estingly, gait biomechanics did not decline significantly 
with age but only declined for time-distance variables, 
suggesting the effect of aging is not nearly as significant 
as the changes seen due to PAD. This suggests that the 
previous literature examining the gait of older patients 
failed to take into account the presence of PAD in the 
subjects and likely contaminated previous studies over-
emphasizing the effect of natural aging on gait function.

Previous studies have used joint kinematics [14,19], 
ground reaction forces [17], joint torques [15,23], and 
joint powers [22,24] to study gait disability in patients 
with PAD. The present study is unique, being the first to 
use advanced biomechanical measures to examine the 
independent effect of aging and PAD on gait parameters. 
In our study, time-distance parameters, joint kinematics, 
and joint kinetics were evaluated while younger and older 
patients with PAD walked without claudication pain and 
were compared with younger and older nondisabled 
control subjects who were representative in sex, height, 
and body mass characteristics. Our results demonstrate 

Table 3.
Group mean ± standard deviation for selected kinematic and kinetic parameters for younger (<65 yr) and older (65 yr) patients with peripheral 
arterial disease (PAD) and control subjects.

ap < 0.05, significant difference between groups (control subjects vs patients with PAD).
bp < 0.05, significant interaction between O-PAD and O-CON.
cp < 0.05, significant interaction between O-PAD and Y-CON.
dp > 0.05, significant interaction between Y-PAD and O-PAD.
ep < 0.05, significant interaction between Y-PAD and O-CON.
fp > 0.05, significant interaction between Y-CON and O-CON.
gp < 0.05, significant interaction between Y-PAD and Y-CON.
O-CON = older control subjects, O-PAD = older patients with PAD, ROM = range of motion, Y-CON = younger control subjects, Y-PAD = younger patients with PAD.
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that gait in patients with PAD is significantly affected 
prior to the onset of claudication pain. The time-distance 
parameters demonstrate a lethargic gait in patients with 
PAD, with reduced gait velocity, stride length, step length, 
and cadence and increased step width. These findings, 
like those in previous PAD studies, show altered time-
distance parameters for patients with PAD [29]. The joint 
angle and joint torque data combined suggest that muscu-
lar weakness is present across all three joints and is likely 
the fundamental source of altered gait patterns in PAD. 
Muscle weaknesses in the plantar flexors (gastrocnemius 
and soleus), knee extensors (quadriceps), hip flexors (illi-
opasoas and anterior thigh muscles), and hip extensors 
(gluteal and posterior thigh muscles) resulted in decreased 
plantar flexor torque, knee extensor torque, and hip exten-
sor torque in early stance and hip flexor torque during late 
stance in patients with PAD [22]. Thus, PAD has adverse 
gait effects that are of primary importance regardless of 
patient age. These findings support the hypothesis that age 
and PAD act synergistically, with the most significant gait 
alterations found among the O-PAD group. The only con-
founding issue is whether the amount of time the patient 
had PAD contributed to the worsening of the muscular 
function. The findings coincide with weakening of the 
muscles driving movement at the ankle as patients with 
PAD age, a likely result of the documented myopathy 
found in the muscles of patients with PAD [30]. As the 
myopathy progresses, scar tissue forms, resulting in what 
amounts to the overall findings of our study. An alterna-
tive explanation for slower walking speed and reduced 
spatiotemporal variables could be that patients with PAD 
are using these alterations as a compensatory strategy to 
avoid claudication pain.

Perhaps the most notable and important finding of 
the current study is that gait, in the absence of PAD and 
other ambulatory comorbidities, does not decline signifi-
cantly with age based on advanced biomechanical analy-
sis. Because previous studies have not excluded patients 
with underlying PAD and other comorbidities, our study 
is important in that all ambulatory comorbidities were 
excluded in the control population without selecting for 
high-functioning older control subjects. Time-distance 
parameters exhibited a shortening and slowing of gait, 
but the joint angles and joint kinetics remained mostly 
unchanged. This lack of differences between age groups 
differs from the generally accepted idea that it is normal 
for gait to decline as people age because of muscular 
changes such as sarcopenia. Previous studies that investi-
gated kinematics in older adults have demonstrated a 

decreased knee ROM, ankle plantar flexion maximum, 
and hip extension maximum for older adult individuals 
[20–21]. Similarly, previous studies have found differ-
ences in joint torques in nondisabled older adults as com-
pared with younger control subjects [12,20,31]. 
Interestingly and calling into question previous studies, 
the findings of gait decline in the aged from previous 
studies are consistent with findings in the current study 
for both younger and older patients with PAD. We 
believe this is due to the majority of studies examining 
the decline of older adult gait not excluding patients with 
PAD based on a simple ankle-brachial index despite the 
known high prevalence of PAD in the older adult popula-
tion [12,20–21,31]. In contrast, significant evidence 
exists for marked ambulatory decline and function in 
older adult patients with PAD [32–34]. Therefore, it is 
likely that some of the older adult subjects in previous 
gait studies had unrecognized PAD, because 14 to 30 per-
cent of people over 65 yr of age have PAD [5,13]. Our 
results show that in nondisabled control subjects without 
health conditions affecting mobility, aging does not nec-
essarily produce significant changes in gait mechanics. 
Therefore, our study calls into question the results of pre-
vious studies of gait dysfunction in older adults and 
whether gait actually does decline with age in the 
absence of movement pathologies.

The source of gait disability in patients with PAD, as 
suggested by previous studies, points to a definable mus-
cular weakness resulting in decreased propulsion forces 
[17], decreased lower-limb strength [34–37], decreased 
hip and ankle joint torques [15,23–24], and reduced hip 
and ankle joint powers [22–24]. The presence of these 
gait deficits in a pain-free state combined with recent bio-
chemical and histological studies of PAD muscles sup-
ports the idea of an acquired neuromuscular weakness. 
Specifically, there is increasing evidence that a signifi-
cant muscle metabolic myopathy [38] and an axonal 
polyneuropathy in the lower limbs [39] exist in patients 
with PAD. Ultimately, the metabolic myopathy present in 
the PAD muscle is likely related to the chronic repetitive 
cycles of ischemia reperfusion. This chronic ischemia 
leads to mitochondriopathy of PAD muscle and is linked 
to oxidative damage to the muscle components [30] and 
axonal nerve loss [39]. These biochemical changes 
appear to contribute to myopathic and neurologic 
changes in patients with PAD. Future work will need to 
correlate these biochemical changes in PAD muscle with 
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biomechanical gait changes and overall physical function 
in patients with PAD.

For this study, we chose to evaluate subjects while 
walking at their self-selected pace. We took this approach 
to closely replicate real-world conditions. Many studies 
have investigated the varying effects of speed during bio-
mechanical analysis, and the effect of speed is controver-
sial even within the biomechanics community [21]. 
However, it is important to note that gait differences have 
been found between younger and older adults regardless 
of whether or not the walking speeds were the same dur-
ing the experimental protocol [12]. Therefore, we have 
attempted to obtain an accurate representation of the dif-
ferences between control subjects and patients with PAD 
and between the younger and older groups of subjects. 
The older control subjects recruited for this study were 
carefully screened and persons with conditions affecting 
the lower-limb musculoskeletal system were excluded in 
an attempt to truly determine the effect of aging in the 
absence of ambulatory comorbidities. This approach may 
limit the generalizability of our findings since diseases of 
the musculoskeletal system are not uncommon in the 
older adult population. However, from a methodological 
standpoint, this approach is required to accurately differ-
entiate the effect of PAD and aging on gait. Furthermore, 
aging itself may not lend itself to gait abnormalities, and 
if movement pathologies can be prevented, gait can be 
preserved even into advanced age.

CONCLUSIONS

In conclusion, our study of joint kinematics and joint 
kinetics indicates that patients with PAD experience sig-
nificantly altered gait parameters even in a pain-free 
state, resulting in a significant ambulatory deficit defin-
able by biomechanical analysis. The current study pro-
vides evidence that typical aging in the absence of 
ambulatory comorbidities may not result in a significant 
decline in gait function. The presence of PAD among 
sampled subjects may influence the data in a negative 
direction, leading to misguided conclusions. Therefore, 
previous studies must be examined in the context of 
potential patients with PAD being present in the popula-
tion, and future ambulatory studies must include PAD as 
a confounding factor when assessing the gait function of 
elderly individuals.
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