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ABSTRACT: 

Background: Foot drop after stroke compromises toe clearance, gait symmetry and walking efficiency. Ankle–foot orthoses 
(AFOs) are commonly prescribed, but the relative effects of a solid polypropylene AFO (SAFO) and a dynamic foot-drop-stop 
AFO (DAFO-FDS) remain clinically relevant, particularly in resource-limited rehabilitation settings. 

Objective: To compare selected gait parameters and physiological cost index (PCI) in adults with post-stroke hemiplegic foot 
drop using a SAFO and a DAFO-FDS. 

Methods: Thirty adults with hemiplegic foot drop participated in this comparative pre–post study. Fifteen participants were 
fitted with a polypropylene SAFO and 15 with a polypropylene DAFO-FDS. Participants received orthotic fitting and gait 
familiarisation followed by assessment using a 10-metre walking protocol. Step length, stride length, cadence, walking velocity 
and PCI were recorded. Between-group comparisons were performed using independent-samples t tests with statistical 
significance set at p<0.05. 

Results: The SAFO group demonstrated a mean step length of 0.345±0.088 m, stride length of 0.595±0.249 m, cadence of 
61.725±20.292 steps/min and velocity of 0.350±0.229 m/s. Corresponding values in the DAFO-FDS group were 0.260±0.081 
m, 0.602±0.225 m, 61.075±11.442 steps/min and 0.300±0.187 m/s. Differences in these spatiotemporal measures were not 
statistically significant. PCI was higher with the SAFO (11.207±0.427) than with the DAFO-FDS (8.476±0.280), with a 
statistically significant between-group difference (reported p<0.001). 

Conclusion: In this sample, the SAFO and DAFO-FDS produced broadly comparable spatiotemporal gait outcomes, whereas 
the DAFO-FDS was associated with a lower PCI. Orthosis selection should therefore consider physiological cost, ankle control 
requirements, gait speed, alignment, comfort and individual functional goals rather than gait parameters alone. Larger 
randomised studies with standardised accommodation and validated outcome measures are required. 
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INTRODUCTION 

Stroke frequently produces persistent motor, sensory and 
postural impairments that limit independent mobility. 
Hemiplegic gait is commonly characterised by reduced 
walking speed, shortened paretic step length, asymmetry, 
impaired foot clearance and compensatory hip and knee 
movements. Foot drop, often accompanied by 
plantar-flexion and inversion posturing, increases the risk 
of toe drag and instability during swing and may 
contribute to inefficient walking. 

An AFO can position the ankle and foot, limit excessive 
plantar flexion during swing, improve initial contact and 
provide mechanical stability during stance. A solid AFO 
restricts ankle motion and may be useful when substantial  

 

control of plantar flexion, inversion or mediolateral 
instability is required. A dynamic or articulated design can 
provide swing-phase foot-drop control while permitting 
selected ankle motion, potentially preserving more normal 
rocker function and reducing unnecessary muscular 
co-contraction. The optimal design is therefore likely to 
depend on impairment severity, residual motor control, 
spasticity, alignment, footwear and rehabilitation stage. 

Previous research has generally shown that AFOs can 
improve gait speed, foot clearance and selected functional 
outcomes compared with barefoot or shoe-only walking. 
However, findings comparing different AFO designs are 
inconsistent. Some studies report advantages of 
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articulated or dynamic devices for temporal-spatial gait 
and muscle activity, while others find minimal differences 
in conventional gait measures. Physiological cost may 
provide additional clinically meaningful information 
because two orthoses can produce similar walking speeds 
while imposing different cardiovascular demands. 

The available institutional dissertation data describe a 
comparative study of a polypropylene SAFO and a 
polypropylene DAFO-FDS in 30 adults with post-stroke 
foot drop. The present manuscript condenses that work 
into a publication-oriented format and focuses on the 
reported outcomes of step length, stride length, cadence, 
velocity and PCI. The objective was to compare these 
outcomes between the two orthotic conditions. It was 
hypothesised that the DAFO-FDS would reduce 
physiological cost and improve selected gait 
characteristics compared with the SAFO. 

METHODS 

STUDY DESIGN AND PARTICIPANTS 

A comparative pre–post clinical study was conducted in 
the Department of Prosthetics and Orthotics, Swami 
Vivekananda National Institute for Rehabilitation Training 
and Research, Cuttack, Odisha, India. Thirty adults with 
hemiplegic foot drop were included. The source study 
reported participants aged approximately 25–70 years; 
the master chart contained participants aged 26–67 years. 
There were 26 men and four women, with 16 participants 
having left-sided and 14 having right-sided involvement. 

Participants were included if they had hemiplegia 
following stroke, were able to walk with support, could 
understand and follow instructions, and were first- or 
second-time orthosis users. The source protocol described 
a post-stroke interval of at least six weeks and no more 
than 12 months. Individuals with progressive neurological 
disease, traumatic injury, spinal tumour, significant 
coordination problems, other major medical conditions or 
conditions likely to affect walking assessment were 
excluded. 

ORTHOSES AND INTERVENTION 

Participants were allocated to one of two groups. Group A 
received a custom polypropylene SAFO, and Group B 
received a custom polypropylene DAFO-FDS. The SAFO 
was designed to control ankle motion and maintain the 
foot in a functional position. The DAFO-FDS was designed 
to limit foot drop while allowing more dynamic ankle 
behaviour than the solid design. Orthoses were fabricated 
and fitted according to routine institutional procedures. 
Participants received gait familiarisation and training, 
including practice in parallel bars when required, before 
outcome assessment. 

OUTCOME MEASURES 

Walking was assessed over a 10-metre walkway at a 
self-selected comfortable speed. The following outcomes 
were recorded: 

 Step length: distance between successive foot 

contacts, assessed for the paretic side. 

 Stride length: distance covered between successive 
contacts of the same foot. 

 Cadence: number of steps per minute. 

 Velocity: walking distance divided by walking time, 
expressed in metres per second. 

 Physiological cost index: calculated from heart 
rate and walking speed using the study formula, PCI 
= (walking heart rate − resting heart rate)/walking 
speed. 

Heart rate was recorded using a pulse oximeter. A 
stopwatch and measured walkway were used for timing 
and distance standardisation. The source protocol also 
described assessment without an orthosis and with the 
prescribed orthosis; however, the between-group results 
reported in the dissertation compare SAFO-PP and 
DAFO-FDS-PP. 

STATISTICAL ANALYSIS 

Data were entered into Microsoft Excel and analysed using 
SPSS version 20.0. Descriptive statistics were reported as 
mean and standard deviation. The source analysis used 
independent-samples t tests to compare the two groups, 
with the significance level set at α=0.05 and a 95% 
confidence interval. The reported p values were retained 
for this manuscript. Because individual-level data, 
confidence intervals and exact degrees of freedom were 
not available in the source document, effect sizes and 
adjusted analyses could not be independently calculated. 

ETHICAL CONSIDERATIONS 

The source study reported institutional ethical approval 
and written informed consent from participants or their 
attendants before participation. Participant confidentiality 
and the right to withdraw were described in the 
information and consent documents. 

RESULTS 

PARTICIPANT CHARACTERISTICS 

All 30 participants completed the study, with 15 
participants in each orthosis group. The mean age was 
46.33±9.59 years in the SAFO group and 47.13±7.53 years 
in the DAFO-FDS group. The groups were therefore similar 
in age descriptively. The sample was predominantly male, 
and both sides of hemiplegic involvement were 
represented. 

GAIT OUTCOMES 

The reported group-level results are summarised in Table 
1. The SAFO group had a higher mean step length and 
velocity, whereas the DAFO-FDS group had a marginally 
greater mean stride length. Cadence was almost identical 
between groups. None of the reported spatiotemporal 
differences reached statistical significance. 
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TABLE 1: COMPARISON OF GAIT OUTCOMES 
BETWEEN ORTHOSIS GROUPS 

Outcome 
SAFO-PP, 
mean±SD 

DAFO-FDS-PP, 
mean±SD 

Reported p 
value 

Step length 
(m) 

0.345±0.088 0.260±0.081 0.263 

Stride length 
(m) 

0.595±0.249 0.602±0.225 0.970 

Cadence 
(steps/min) 

61.725±20.292 61.075±11.442 0.963 

Velocity 
(m/s) 

0.350±0.229 0.300±0.187 0.780 

PCI 11.207±0.427 8.476±0.280 <0.001* 

*Statistically significant at p<0.05. 

PHYSIOLOGICAL COST INDEX 

PCI was lower in the DAFO-FDS group than in the SAFO 
group. The reported means were 8.476±0.280 and 
11.207±0.427, respectively. The source analysis reported 
an independent-samples t value of 5.351 and p<0.001, 
indicating a statistically significant difference favouring 
the DAFO-FDS for the measured physiological cost 
outcome. Given the absence of individual-level data, the 
result should be interpreted as a between-group 
association rather than definitive evidence of lower 
long-term energy expenditure. 

DISCUSSION 

This comparative study found no statistically significant 
difference between the SAFO and DAFO-FDS in step length, 
stride length, cadence or walking velocity. The mean 
values suggest broadly similar functional gait 
performance. Although the SAFO group showed a 
numerically longer step length and greater velocity, these 
differences were not statistically significant and may 
reflect sampling variation, baseline impairment differences 
or unequal adaptation to the orthoses. 

The most notable finding was the lower PCI reported for 
the DAFO-FDS. A dynamic design may reduce the 
mechanical restriction imposed at the ankle and permit 
more favourable progression through stance while still 
controlling plantar flexion during swing. This could reduce 
compensatory movements or unnecessary muscular 
activity. A lower physiological cost is clinically relevant for 

stroke survivors, who may already have reduced exercise 
tolerance and limited cardiopulmonary reserve. 
Nevertheless, PCI is influenced by walking speed, resting 
heart rate, anxiety, medication, cardiovascular status, 
familiarity with the device and measurement timing. These 
factors should be controlled carefully in future trials. 

The results are consistent with the broader clinical 
rationale for comparing AFO designs rather than treating 
all AFOs as equivalent. A solid AFO can provide reliable 
control where spasticity, instability or fixed deformity 
requires restriction. However, excessive restriction may 
limit ankle rocker function and alter propulsion. A 
dynamic or articulated device may be preferable for 
patients with adequate passive range, sufficient knee 
control and a need for swing-phase foot-drop correction 
with less stance-phase restriction. Orthotic prescription 
should therefore be impairment-based and individualised. 

The absence of significant differences in standard gait 
measures does not mean that the devices are clinically 
identical. Patient-reported comfort, confidence, donning 
and doffing, footwear compatibility, skin tolerance, 
balance, falls and community participation were not 
comprehensively measured. In addition, the relatively 
large standard deviations for step length, stride length, 
cadence and velocity indicate heterogeneity within this 
small sample. A subgroup with marked spasticity or poor 
mediolateral control may respond differently from a 
relatively high-functioning walker. 

The study should also be interpreted in light of 
methodological limitations. It used convenience sampling, 
a small sample and a non-randomised comparative design. 
Baseline equality for stroke severity, time since stroke, 
ankle range of motion, spasticity, muscle strength, walking 
aid use and functional ambulation was not fully reported. 
The protocol described a 60-day or approximately 
three-month intervention period in different sections, 
creating uncertainty about the exact exposure duration. 
The source analysis reported p values but did not provide 
confidence intervals, effect sizes, missing-data handling or 
a prespecified primary outcome. These issues limit causal 
inference and reproducibility. 

Future research should use random allocation, 
concealment where feasible, standardised orthotic 
accommodation, blinded outcome assessment, validated 
gait analysis and a larger sample. Outcomes should include 
comfortable and fast gait speed, 10-metre walk test, 
6-minute walk test, Timed Up and Go, balance, falls, ankle 
and knee kinematics, spasticity, patient preference, 
adherence, adverse skin events and cost. PCI should be 
measured after adequate rest and repeated trials, with 
heart-rate medication and cardiorespiratory comorbidity 
documented. Reporting should follow CONSORT principles 
for randomised trials or an appropriate observational 
reporting guideline for comparative studies. 

CONCLUSION 

In adults with post-stroke hemiplegic foot drop, the 
polypropylene SAFO and DAFO-FDS produced comparable 
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reported values for step length, stride length, cadence and 
walking velocity. The DAFO-FDS was associated with a 
significantly lower reported PCI than the SAFO. These 
findings suggest that the dynamic design may offer a 
physiological-efficiency advantage for selected patients, 
but they do not establish universal superiority. Orthotic 
prescription should integrate impairment severity, ankle 
range, spasticity, stability, gait goals, comfort and patient 
preference. Larger, well-controlled studies with 
standardised follow-up and validated outcomes are 
needed before firm comparative recommendations can be 
made. 
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