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Accumulating evidence suggests revascularization of peripheral arterial disease (PAD) limbs results in limited improvement in
functional gait parameters, suggesting underlying locomotor system pathology. Spatial and temporal (ST) gait parameters are
well studied in patients with PAD at baseline and are abnormal when compared to controls. The purpose of this study was
to systematically review and critically analyze the available data on ST gait parameters before and after interventions. A full
review of literature was conducted and articles were included which examined ST gait parameters before and after intervention
(revascularization and exercise). Thirty-three intervention articles were identified based on 154 articles that evaluated ST gait
parameters in PAD. Four articles fully assessed ST gait parameters before and after intervention and were included in our analysis.
The systematic review of the literature revealed a limited number of studies assessing ST gait parameters. Of those found, results
demonstrated the absence of improvement in gait parameters due to either exercise or surgical intervention.Our study demonstrates
significant lack of research examining the effectiveness of treatments on ST gait parameters in patients with PAD. Based on the four
published articles, ST gait parameters failed to significantly improve in patients with PAD following intervention.

1. Introduction

Peripheral arterial disease (PAD) is the result of atheroscle-
rosis in the lower extremities, affecting 8 to 12 million people
in the United States and up to 30% of older adults [1, 2]. PAD
is often accompanied by intermittent claudication that occurs
due to ischemic conditions after lower extremity blood flow
decreases. Intermittent claudication is defined as pain occur-
ring during physical exertion that ceases after rest. Patients
with PAD commonly present with intermittent claudication
after walking a short distance and complain of having to cease
physical activity to allow for reperfusion [3]. Thus, PAD is
a painful ambulatory disorder of the lower extremities that

originates during and ultimately halts ambulation. Underly-
ing this ambulatory dysfunction are severe musculoskeletal
changes andmyopathy [4–6] that may be related to abnormal
gait patterns and lead to a loss of function.Thus, PAD results
in reduced physical functioning and higher prevalence of
falling and is associated with increased cardiovascular mor-
bidity and mortality [7, 8].

Ambulation requires the integration of numerous systems
and will reflect the overall burden of disease [9]. Spatial and
temporal (ST) gait parameters are commonly used to identify
abnormalities in ambulation and tomonitor patient progress.
ST gait parameters have also been proposed as globalmarkers
for health-related risk in older adults [10]. Walking velocity
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alone has been shown to be an independent predictor of hos-
pitalization and disability [11–13]. Variabilities in step length
and stance time have also been associated with increased
health problems, functional loss, and decreased physical
activity [14]. Consequently, evaluation of ST gait parameters
may be used as a surrogate measure to assess overall func-
tional status.

Previous studies of patients with PAD have utilized mea-
surement of ST gait parameters to document the functional
loss due to abnormal gait patterns that result from PAD [15–
18]. In particular, patients with PAD demonstrate decreased
walking velocity, cadence, step length, stride length, time
spent in single support, and increased time spent in double
support during pain-free conditions, when compared to con-
trol subjects [15, 19]. When patients are asked to walk while
experiencing claudication pain, further decrements in ST gait
parameters have been recorded [20]. With increasing deficits
in gait parameters as the disease progresses, there is a need
to investigate the efficacy of treatment programs for these
patients.

Several treatments are available to address functional loss
in PAD. Currently, primary medical treatments for patients
with PAD include revascularization, pharmacology, risk fac-
tor management (i.e., smoking cessation), and exercise pro-
grams that focus on restoring impaired physical functioning.
Several meta-analyses have been performed to evaluate the
effectiveness of different treatments on improving initial
claudication distance (also referred to as pain-free walking
distance) and the distance covered during the 6-minute walk
test [21–24]. It has been found that pharmacological treat-
ments, pentoxifylline and cilostazol, significantly improve
initial claudication distance for patients with PAD up to six
months after the initiation of treatment [21, 22]. Supervised
treadmill training [23], strength training [25], and high inten-
sity resistance training [26] have been shown to significantly
improve 6-minute walking distance while strength training
also improved initial claudication distance [27]. These walk-
ing distance-based measures provide only a general measure
of functional loss [28] and do not provide insight into
ambulatory dysfunction associated with PAD. Evaluation of
basic ST parameters of gait is a necessary first step to provide
such insight. Evaluation of the literature, however, reveals that
there has been no systematic review of studies utilizing ST
gait parameters to evaluate the effectiveness of treatments on
functional improvements.

Thepurpose of this studywas to systematically review and
critically analyze available data on ST gait parameters, before
and after treatments, and consequently provide an overall
evaluation of changes in functional status posttreatment. If
sufficient studies have been conducted to evaluate ST gait
parameters before and after treatment, this review will shed
light on which treatments most effectively lead to functional
improvements. If insufficient studies have investigated ST
gait parameters before and after treatment, the review will
demonstrate the need for future studies of changes in ST gait
parameters following treatment of patients with peripheral
arterial disease.

2. Methods

This review was performed following procedures outlined
in previous reviews of treatment outcomes for intermittent
claudication patients [29–31].

2.1. Literature Search Strategy. The search strategy was devel-
oped to identify all articles pertaining to basic ST gait para-
meters in patients with PAD. Databases searched were
PubMed (from 1950), EBSCO (from 1982), CINAHL (from
1982), Cochrane library (from 1900), and UMI Dissertation
(from 1963). Targeted searching of frequently cited journals,
authors, and article reference lists ensured that all relevant
articles were obtained.

For an article to be labeled relevant for review, it had
to contain words pertaining to basic ST gait parameters in
patients with PAD in the title, abstract, or keywords. Search
strings included “walking velocity and peripheral arterial
disease,” “cadence and peripheral arterial disease,” “stride
length and peripheral arterial disease,” “step width and peri-
pheral arterial disease,” “walking velocity and intermittent
claudication,” “cadence and intermittent claudication,” “stride
length and intermittent claudication,” and “step width and
intermittent claudication.”

2.2. Study Selection. The initial search yield was obtained
by combining all original articles from online databases. All
original articles were available to the authors. Articles not
initially available were obtained via interlibrary loan. Articles
not pertaining to basic ST gait parameters in patients with
PAD were excluded during initial screening of titles and
abstracts by the reviewer (author:Neil B.Huben).The full text
of the remaining articles was then screened by the reviewer
(author: Neil B. Huben). There was no date restriction on
articles. Articles were required to be full text in English. The
articles containing mean and standard deviation information
for the basic ST gait parameters in patients with PAD were
further screened for the inclusion of pre- and posttreatment
data for walking velocity, cadence, stride length, and step
width parameters following treatment by two reviewers
(authors: Neil B. Huben and Jennifer M. Yentes).

2.3. Quality Assessment. For systematic literature reviews, it
is important to conduct a quality assessment to decrease
reviewer bias and increase standard of review [32]. In order
to conduct a systematic assessment, three reviewers (authors:
Jason M. Johanning, Neil B. Huben, and Jennifer M. Yentes)
developed a table checklist based on standardized techniques
presented in published reviews and literature sources on
systematic review principles [32–35].

The quality assessment table developed for the current
systematic review, Table 1, was formulated based on the funda-
mental research aims. Two reviewers (authors: Neil B. Huben
and Jennifer M. Yentes) analyzed and scored the quality of
each article independently. Differences in scores after inde-
pendent analysis were discussed by the initial reviewers
(authors: Neil B. Huben and Jennifer M. Yentes), plus one
additional third-party reviewer (author: Sara A. Myers).
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Table 1: Summary of quality assessment for individual articles.The four articles shown are those selected for detailed review. Scoring criteria
employed: Yes, 1; inadequate, 0.5; no, 0.

Question Crowther et
al. [36]

Gardner and
Killewich

[37]

Wullink et al.
[38] McDermott et al. [39]

(1) Research aims stated 1 1 1 1
(2) Intervention clearly stated 1 1 1 1
(3) Patient demographics reported

Number 1 1 1 1
Age 1 1 1 1
Sex 1 1 1 1
Height 1 0 0 0
BMI 1 0 1 1
ABI 1 1 1 1

(4) Methods: recruitment explained 1 1 0.5 1
(5) Methods: inclusion and exclusion criteria reported 0.75 0.5 1 1
(6) Methods: control group 1 0 1 0
(7) Methods: adequate methodology reported 1 1 1 1
(8) Methods: methodology able to answer research question

Sample size 1 1 1 1
Equipment 1 1 1 1
Intervention 1 1 1 1
Data processing 1 1 1 1
Statistical analysis 1 1 1 1

(9) Methods: reliability of methodology 1 1 1 1
(10) Results: logical interpretation of data 1 1 1 1
(11) Results: reported key findings supported by data 1 1 1 1
(12) Discussion: research question answered adequately 1 1 1 1
(13) Discussion: clinical implications stated 1 1 1 1
Total 21.75 18.50 20.50 20.00

2.4. Data Extraction. A customized data extraction docu-
ment which formed the questions for Table 1 was created and
agreed upon by two authors (authors: Jason M. Johanning
and Neil B. Huben) to ensure extraction reliability.Themajor
data extraction categories included type of treatment, ankle-
brachial index, walking velocity, cadence, stride length, and
step width. Data extraction was performed initially by one
reviewer (author: Neil B. Huben) and then checked by two
additional reviewers (authors: Jason M. Johanning and Jen-
nifer M. Yentes).

2.5. Reliability of the Reviewing Process. The quality of the
selected articles was analyzed independently by two resear-
chers (authors: Neil B. Huben and Jennifer M. Yentes). To
verify the reliability of quality assessment, two reviewers
(authors: Neil B. Huben and Jennifer M. Yentes) indepen-
dently assessed a single, randomized pilot article and their
results were checked by a third reviewer (author: Sara A.
Myers). To verify the reliability of data extraction, data from a
single, randomized pilot article was independently extracted
by one reviewer (author: Neil B. Huben) and checked by a
second reviewer (author: Jason M. Johanning).

3. Results

3.1. Yield. The online database search resulted in an initial
yield of 153 articles related to PADand gait (Figure 1).Of those
153 articles, 33 articles reported one or more basic ST gait
parameters (velocity, stride length, and cadence; Table 2). Of
those 33, 25 articles reported mean and standard deviations
of walking velocity, stride length, and cadence in patients
with PAD. No articles reported mean step width before
and after intervention. Of those 25, 9 examined the effects
of treatment on the above ST parameters. After searching
the electronic databases and references lists, the final yield
included four articles pertaining to the effect of treatments
on basic ST gait parameters in patients with PAD. The four
articles contained three treatments exploring exercise [36, 38,
39] and one treatment exploring revascularization [37]. None
of the articles that reported ST gait parameters before and
after pharmacological treatment were considered appropriate
for detailed consideration.

3.2. Quality of Reviewed Articles. The quality of the four
reviewed articles is reported in Tables 2 and 3. The reviewed
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PubMed EBSCO CINAHL Cochrane UMI Dissertation

Initial yield of PAD gait articles
153

Articles without ST gait parameters
120

Articles reporting mean and standard 
deviation of gait ST parameters

25

Articles reporting basic gait ST parameters
(walking velocity, stride length, and cadence)

33

Articles not reporting mean and standard 
deviation of gait ST parameters

8

Articles not reporting effects of 
treatment on gait ST parameters

16

Articles reporting effects of treatment 
on basic gait ST parameters

9

Articles retained for review
4

Articles not considered
suitable for review

5

Figure 1: Diagram showing the steps of the article selection procedure which resulted in four articles being selected for detailed review.

articles adequately stated the aims, performed a treatment,
reported sufficient patient demographics, stated inclusion
and exclusion criteria, reported adequate methodology, log-
ically interpreted results, and adequately answered the
research questions. Furthermore, the clinical implications
were stated in each article.

3.3. Demographics. Within the four articles, 66 patients with
PAD and 30 controls were enrolled and completed a baseline
measurement and at least one posttreatment measurement
with respect to the basic gait parameters of interest (e.g.,
walking velocity, cadence, and stride length).These results are
reported in Table 3. All four articles reported pre- and post-
treatment walking velocity [36–39]. Two articles reported
pre- and posttreatment cadence [36, 37]. Two articles repor-
ted pre- and posttreatment stride length [36, 37]. Importantly,
no statistically significant differences were reported for the
effect of treatments on walking velocity, cadence, or stride
length in any of the articles.

4. Study Outcomes

All outcomes (ankle-brachial index, walking velocity, cade-
nce, and stride length) of the studies are shown in Table 3.
These results are presented based on intervention type: revas-
cularization and exercise. Due to the different interventions,
and because outcomes were assessed at a different treatment
length for each exercise study, the data could not be pooled.
Thus, the results of the individual studies are concisely stated
in Sections 4.1 and 4.2.

4.1. Revascularization. One study examined functional status
before and three-to-four months after infrainguinal bypass
in 20 symptomatic patients with Fontaine stage III or IV
PAD [37]. Results of the study indicated significant improve-
ments in resting ankle-brachial index; however, no significant

changes were reported for walking velocity, cadence, or step
length.

4.2. Exercise. Three studies evaluated ST gait parameters
at baseline and following an exercise intervention in PAD
patients. Of those three studies, one included walking veloc-
ity, cadence, and stride length as outcome measures [36] and
two others included walking velocity only [38, 39]. Regarding
length of intervention, one study evaluated patients after 12
months [36], one study after six months [38], and one study
after threemonths [39], respectively.None of the three studies
found significant improvements in the outcome measures
following intervention.

5. Discussion

ST gait parameters provide an overall marker of functional
status and health risk in older adults [9, 10] and are associated
with disability and hospitalization in older adults [10]. Thus,
examining ST gait parameters will provide a vital under-
standing of the functional status of patients with PAD. From
the results of the current systematic literature review, it has
been demonstrated that there is lack of studies evaluating ST
gait parameters before and after treatment therapies. Specif-
ically, we were unable to find any study that appropriately
reported ST gait parameters before and after pharmacological
treatment. Further, only one study was found that reported
ST gait parameters before and after revascularization. The
systematic reviewof literature in conjunctionwith the current
experimental findings found no significant ST gait parameter
changes (walking velocity, cadence, and stride length) due to
either exercise or revascularization. Taken as a whole, our
current study demonstrates the need for further research to
evaluate treatment therapies with a clear and specific focus
on ST and more detailed gait parameters. Though limited in
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Table 3: Study information and parameters reported for the four articles that contained information pertaining to the effect of treatment on
basic ST gait parameters in patients with PAD, which were selected for detailed analysis.

Study Crowther et al. [36] McDermott et al. [39] Wullink et al. [38] Gardner and Killewich [37]
Number of subjects 10 24 17 20
Number of controls 11 — 8 —
Intervention Exercise Exercise Exercise Bypass
Time (months) 12 6 3 3-4
Parameters reported∗

Ankle-brachial index P P P# P
Walking velocity P P P P
Cadence P — — P
Stride length P — — P

∗Mean and standard deviation of the listed parameters were reported.
#Postintervention measurements were not reported.

nature, the available studies demonstrate that treatments do
not change ST gait abnormalities [36–39].

One potential reason behind the failure of revasculariza-
tion to elicit change could be inability of revascularization to
reverse the known myopathic damage in patients with PAD.
Patients with symptomatic PAD suffer from lower extremity
cellular abnormalities. Such abnormalities include axonal
nerve loss andmitochondrial dysfunction [4–6], which could
explain the failure to elicit change with revascularization.
Lack of differences before and after revascularization could
also suggest that even more detailed methods of gait analysis
may be necessary to evaluate the effectiveness of currently
available treatments. It is possible that ST gait parameters
were not sensitive enough to detect the effect of these treat-
ments. Studies of patients with PAD have demonstrated
decreasedwalking velocity, cadence, stride length, and single-
support phase and increased double-support phase as com-
pared to controls during pain-free conditions [15, 19]. When
patients are asked to walk during claudication pain, further
decrements in ST gait parameters are demonstrated [20].
However, two studies that have compared patients with PAD
with or without intermittent claudication to controls found
no significant differences in ST parameters [2, 45]. These
conflicting results have questioned the sensitivity of ST gait
parameters to detect differences in gait of patients with PAD.
In contrast, advanced biomechanical analysis has revealed
changes due to treatment, in previous studies of orthotics,
prosthetics, and the elderly, when no change in ST gait
parameters has been demonstrated [63, 64]. It may be nec-
essary, therefore, to use advanced biomechanical analysis of
joint torques and powers, to confirm whether ST parameters
are sensitive enough to evaluate the effectiveness of various
treatments used for PAD [18, 65, 66].

Advanced biomechanical analyses allow an objective
measurement of the joint muscular responses and contri-
butions to walking during every instance of the gait cycle.
Several studies in patients with PAD have included advanced
biomechanical gait analysis beyond ST gait parameters,
demonstrating abnormal joint kinematics and kinetics [18,
20, 65, 66]. Patients with PAD have significantly reduced
ankle plantar-flexor torque and power during late stance with

reduced knee power during early and midstance of the gait
cycle [65].These decrements in gait are seen in the unaffected
limb of unilateral patients with PAD, demonstrating the
impact of this disease on functional status [65]. Thus, the use
of advanced biomechanical analysis to assess changes in gait
following exercise and surgical treatments must be explored
in future studies.

Despite multiple studies documenting the patency rate of
treatments in patients with PAD, there was a paucity of arti-
cles evaluating ST gait parameters following pharmacologi-
cal, exercise, or revascularization treatments, severely limit-
ing our ability to perform anymeta-analysis. No articles were
found for the effect of pharmacological treatment on ST gait
parameters that included both pre- and posttreatment mea-
surements using a within-patient design. In addition, only
one article was found for the effect of revascularization on
ST gait parameters, which focused solely on lower extremity
bypass. Potential reasons for the limited data include pub-
lication bias and lack of publications due to negative study
results. We attempted to limit this effect by searching mul-
tiple databases, including dissertation work. A formal meta-
analysis, which aims to quantitatively combine the results of
different studies, could not be conducted in the current study
because the four articles selected for inclusion differed in
terms of the type of treatment and/or the length of time for
the treatment. Although walking velocity was assessed prior
to and following the treatment in each of the four articles,
three of the articles dealt with an exercise treatment, but the
exercise programs were of different durations: 3 months, 6
months, and 12 months, respectively [36, 38, 39]. The fourth
article assessed ST gait parameters three to four months after
revascularization [37]. Based on the yield of articles, addi-
tional studies that extend to 6months or longer follow-up are
needed for both exercise and surgical treatments.

In conclusion, our study demonstrates significant lack of
research examining the effectiveness of treatments on ST gait
parameters in patientswith PAD. From the four articles found
which reported pre- and posttreatment data, no significant
changes were demonstrated due to exercise or revasculariza-
tion. Due to the limited data, additional studies are needed to
confirm these results. Further studies need to be performed
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to adequately address in a detailed and scientific manner the
effects of revascularization or alternative exercise protocols
on spatial and temporal gait parameters, in addition to
accepted clinical measurements, to provide a comprehensive
understanding of how such protocols may alter the gait of
patients with PAD. Moreover, advanced biomechanical gait
analysis should be performed to provide objective evaluation
of intrinsic components to gait (i.e., joint torques and powers)
to confirm the sensitivity of ST gait parameters to functional
changes in patients with PAD following intervention.
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