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INTRODUCTION 

Peripheral arterial disease (PAD) refers to chronic arterial 

disease of atherosclerotic origin, commonly present in the 

legs, which often grows slowly and insidiously with patients 

presenting mild symptoms [1]. Intermittent claudication (IC) 

is a classic manifestation and symptom of PAD [2]. IC refers 

to the muscular pain and cramping in the lower limbs brought 

on by muscular activity within a symptomatic PAD limb (such 

as walking) and relieved by rest [3]. To date, literature 

concerning gait biomechanics in the PAD-IC population is 

fairly sparse and producing conflicting results, particularly 

with regards to function about the ankle joint [4,5] 

 

A common treatment option within this population is exercise 

therapy with supervised exercise being shown to be a cost-

effective treatment for PAD-IC [6]. However, the current 

literature has focused primarily on the effect of different 

treatment modalities on clinical outcome measures, thereby 

providing little evidence-based information about the effects 

of exercise on gait biomechanics. Therefore, the aim of this 

study was to investigate the effects of a 3-month supervised 

exercise programme on the gait biomechanics of PAD-IC 

participants. 

 

METHODS 

Ethical approval for the study was obtained from the local 

NHS research ethics committee. Participants were included if 

they were over the age of 60 years and diagnosed with PAD-

IC as deemed by a classification of grade I of the Rutherford 

scale and an ankle brachial pressure index (ABPI) of <0.9. 

Individuals diagnosed as grade II/III or having chronic critical 

limb ischemia were excluded. Patients with lower limb 

neurological conditions with observable gait and/or balance 

abnormalities were also excluded. Participants with 

atherosclerotic lesions at any level were included in the study. 

 

12 PAD-IC participants were recruited (age: 67.3 ± 6.8 years, 

height: 1.67 ± 0.09m, mass: 79.4 ± 14.0kg, ABPI: 0.73 ± 0.17) 

from the Hull Royal Infirmary Vascular Unit and enrolled in a 

3-month circuit training based supervised exercise programme 

(SEP). The SEP involved 2-minute stations incorporating 

strength and aerobic exercises (heel raises, knee extension, 

knee bends, exercise bikes, step ups and bicep curls) with 

active rest in between each station (brisk walking for 2 

minutes). 

 

Gait analysis was performed using Ten Qualisys Pro-Reflex 

MCU1000 camera’s (Qualisys, Gothenburg, Sweden) and 

three AMTI (model BP600600, Advanced Medical 

Technology Inc., Massachusetts, USA) force plates. Reflective 

markers were placed bilaterally on the lower limbs according 

to the 6 DoF model [7]. Participants were asked to walk 

continuously across a 10m level walkway. These initial walks 

were deemed pain free walking.  

 

Data were exported in SPSS v17.0 (SPSS Inc., USA) for 

statistical analysis. A linear mixed model was used on gait 

analysis at pre- and post-intervention. An LSD post- with an 

alpha value of P=0.05 was used to determine significant 

differences between the variables. The gait variables used for 

analysis included: walking speed; cadence; step length; peak 

joint angles and joint ROM, first vertical GRF peak (FZ1), 

minimum vertical GRF (FZ2), second vertical GRF peak 

(FZ3), anterior and posterior GRF, load and decay rates; peak 

joint extensor and flexor moments moments. 

 

RESULTS AND DISCUSSION 

No significant differences were found at post-intervention in 

any of the gait parameters (Table 1). It was hypothesised that 

the participants would demonstrate improvements in hip 

function. It has been previously shown that the elderly exhibit 

reduced hip extension [8] and the lack of joint flexibility has 

been linked to falls in the elderly [9]. The act of walking, 

particularly fast walking, can stretch the hip flexors and aid in 

achieving adequate levels of hip extension. The lack of change 

in hip extension observed in the present study suggests the 

SEP did not include sufficient walking. Alternatively 

participants were not walking at an adequately fast pace 

during the training sessions in order to achieve the desired 

improvement in hip joint flexibility.  

 

The lack of change in the ankle kinematics and moments 

suggests the SEP did not improve ankle muscle function 

sufficiently. Ankle dysfunction is prevalent in the PAD-IC 

population [4, 5, 10]. The nature of PAD-IC lesions within 

arteries means only the muscles below the occlusion are 

directly affected by the reduced blood flow. This puts the 

ankle plantarflexor and dorsiflexor muscles at a particular 

disadvantage and is therefore a frequent site of muscular 

dysfunction. With this in mind, it could be expected that the 

exercises used within the SEP should target these muscle 

groups. The lack of change implies the content of the SEP did 

not address the calf muscles sufficiently to elicit notable 

change in muscular function. More evident improvements in 

calf function could be achieved through more regimented 

strength related exercises with incremental intensity and/or 
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frequency. This may then be reflected by increased vertical 

FZ3 GRF, peak propulsive force and ankle plantarflexion. 

 

CONCLUSIONS 

The lack of significant improvement in any gait parameter at 

post- SEP intervention suggests the current employed exercise 

programme may not be specific or tailored to the PAD-IC 

population to elicit notable responses in muscular or 

locomotor function. A longer programme or a programme 

with more control regarding specific increases in intensity of 

exercises could elicit more positive results. Further research 

into specific muscular and biomechanical adaptations seen in 

this population is needed to direct and inform specific exercise 

programmes. 
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Table 1. Mean (SD) gait kinematics, kinetics and joint moments at pre- and post-intervention during pain free walking. N=11 at 

post-intervention was due to non-compliance to the SEP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hip extension, ankle plantarflexion, posterior/braking force, decay rate, hip and knee flexor and ankle dorsiflexor moments are all 

negative. 

 

 

Parameter 

Pre-intervention 

(N=12) 

Post-intervention 

(N=11) 

Speed (m/s) 1.27 (0.13) 1.32 (0.17) 

Symptomatic step length (m) 0.65 (0.01) 0.66 (0.06) 

Symptomatic limb Steps Per Minute (steps) 117 (5) 119 (9) 

Peak hip extension (°) -7.0 (5.0) -5.0 (5.0) 

Hip ROM (sagittal) (°) 44.4 (3.3) 43.5 (3.5) 

Peak knee flexion in loading response (°) 16.4 (6.3) 18.6 (4.4) 

Knee ROM (sagittal (°) 66.9 (2.9) 67.3 (2.5) 

Peak ankle dorsiflexion during terminal stance (°) 17.0 (4.1) 19.0 (4.6) 

Ankle angle at toe-off (°) -4.5 (5.3) -5.3 (6.3) 

Peak ankle plantarflexion during swing (°) -10.5 (4.8) -12.0 (4.4) 

Ankle ROM (sagittal) (°) 27.4 (2.6) 30.9 (3.5) 

Vertical FZ1 (N/Kg) 1.11 (0.07) 1.14 (0.10) 

Vertical FZ2 (N/Kg) 0.70 (0.10) 0.64 (0.10) 

Vertical FZ3 (N/Kg) 1.09 (0.05) 1.09 (0.07 

Braking Force (N/Kg) -0.18 (0.04) -0.19 (0.06) 

Propulsive Force (N/Kg) 0.19 (0.02) 0.20 (0.02) 

Load Rate (N/Kg/s) 7.16 (0.05) 7.17 (0.07) 

Decay Rate (N/Kg/s) -6.76 (0.01) -7.08 (0.01) 

Peak hip extension moment in loading response (Nm/kg) 0.72 (0.11) 0.82 (0.18) 

Peak hip flexor moment in pre-swing (Nm/Kg) -0.92 (0.23) -0.90 (0.20) 

Peak knee extensor in loading response (Nm/kg) 0.53 (0.16) 0.73 (0.25) 

Peak knee flexor moment in mid-stance (Nm/Kg) -0.38 (0.15) -0.37 (0.16) 

Peak knee extensor moment in late stance (Nm/kg) 0.19 (0.11) 0.20 (0.05) 

Peak dorsiflexion moment in loading response (Nm/kg) -0.25 (0.15) -0.26 (0.09) 

Peak plantarflexion moment in pre-swing (Nm/kg) 1.52 (0.26) 1.59 (0.15) 


