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Background: Level of ambulation following stroke is a long-term pre-
dictor of participation and disability. Decreased lower extremity motor 
control can impact ambulation and overall mobility. The purpose of this 
clinical practice guideline (CPG) is to provide evidence to guide clini-
cal decision-making for the use of either ankle-foot orthosis (AFO) or 
functional electrical stimulation (FES) as an intervention to improve 
body function and structure, activity, and participation as defined by 
the International Classification of Functioning, Disability and Health 
(ICF) for individuals with poststroke hemiplegia with decreased lower 
extremity motor control.
Methods: A review of literature published through November 2019 was 
performed across 7 databases for all studies involving stroke and AFO 
or FES. Data extracted included time post-stroke, participant charac-
teristics, device types, outcomes assessed, and intervention parameters. 
Outcomes were examined upon initial application and after training. 
Recommendations were determined on the basis of the strength of the 
evidence and the potential benefits, harm, risks, or costs of providing 
AFO or FES.
Results/Discussion: One-hundred twenty-two meta-analyses, system-
atic reviews, randomized controlled trials, and cohort studies were in-
cluded. Strong evidence exists that AFO and FES can each increase gait 
speed, mobility, and dynamic balance. Moderate evidence exists that 
AFO and FES increase quality of life, walking endurance, and muscle 
activation, and weak evidence exists for improving gait kinematics. AFO 
or FES should not be used to decrease plantarflexor spasticity. Studies 
that directly compare AFO and FES do not indicate overall superiority 
of one over the other. But evidence suggests that AFO may lead to more 
compensatory effects while FES may lead to more therapeutic effects. 
Due to the potential for gains at any phase post-stroke, the most appro-
priate device for an individual may change, and reassessments should 
be completed to ensure the device is meeting the individual’s needs.
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Limitations: This CPG cannot address the effects of one type of AFO 
over another for the majority of outcomes, as studies used a variety of 
AFO types and rarely differentiated effects. The recommendations also 
do not address the severity of hemiparesis, and most studies included 
participants with varied baseline ambulation ability.
Summary: This CPG suggests that AFO and FES both lead to 
improvements post-stroke. Future studies should examine timing of 
provision, device types, intervention duration and delivery, longer 
term follow-up, responders versus nonresponders, and individuals with 
greater impairments.
Disclaimer: These recommendations are intended as a guide for clini-
cians to optimize rehabilitation outcomes for people with poststroke 
hemiplegia who have decreased lower extremity motor control that im-
pacts ambulation and overall mobility.
A Video Abstract is available as supplemental digital content from the 
authors (available at: http://links.lww.com/JNPT/A335).
Key words: ankle-foot orthosis, clinical practice guidelines, function-
al electrical stimulation, hemiplegia, neuroprosthetics, stroke
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This clinical practice guideline (CPG) is intended to provide 
recommendations to improve mobility, function, and quality-
of-life (QOL) outcomes using an ankle-foot orthosis (AFO) 
or functional electrical stimulation (FES) for individuals with 
poststroke hemiplegia who have decreased lower extremity 
motor control that impacts body function and structure, ac-
tivity, and participation. The intention is to provide evidence-
based guidance to clinicians who evaluate and treat these 
individuals to assist in clinical decision-making. These recom-
mendations should be interpreted based on the desired clinical 
outcomes, the patient presentation and goals, the potential risks 
and harms, and clinical practice needs. These guidelines were 
developed using accepted methodology1,2 for critical appraisal 

and the assignment of levels of evidence and strength of rec-
ommendations (Tables 1 and 2) as defined in the APTA Clinical 
Practice Guideline Process Manual.2 This CPG provides an in-
troduction and description of the need for this CPG and clear 
recommendations through 8 action statements. For each action 
statement, a standardized profile is provided and supported by 
relevant evidence. Clinical interpretation and research recom-
mendations follow to provide clinicians and researchers with 
guidance for each action statement. Each study included in this 
CPG was appraised by at least 2 trained appraisers, and as-
signed a level of evidence and strength of recommendation. 
The strength represents the overall strength of the available 
evidence to support that recommendation.

LEVELS OF EVIDENCE AND GRADES OF RECOMMENDATIONS

Table 1. Levels of Evidencea,b

LEVEL OF EVIDENCE INTERVENTION

I.  Evidence: high-quality systematic reviews, diagnostic or 
prospective studies, RCTs

Systematic review of high-quality RCTs
High-quality RCT

II.  Evidence from lesser-quality diagnostic studies, prospective 
studies, or weaker RCTs

Systematic review of high-quality cohort studies
High-quality cohort study
High-quality outcomes research
High-quality quasi-experimental study
High-quality single-subject design
Lower-quality RCT

III.  Case-controlled studies 
or retrospective studies

Systematic review of case-controlled studies
High-quality case-controlled study
Outcomes study or ecological study
Lower-quality cohort study

IV. Case series Case series

V. Expert opinion Expert opinion
Abbreviation: RCT, randomized controlled trial.
aAPTA Clinical Practice Guideline Process Manual.2

bFrom © 2018 American Physical Therapy Association. All rights reserved. Reprinted with permission.

Table 2. Grades of Recommendationa,b

LETTER 
GRADE

LEVEL OF 
OBLIGATION DEFINITION

A Strong A high level of certainty of moderate to substantial benefit, harm, or cost, or a moderate level of 
certainty for substantial benefit, harm, or cost (based on a preponderance of level 1 or 2 evidence 
with at least 1 level 1 study).

B Moderate A high level of certainty of slight to moderate benefit, harm, or cost, or a moderate level of certainty 
for a moderate level of benefit, harm, or cost (based on a preponderance of level 2 evidence, or a 
single high-quality RCT).

C Weak A moderate level of certainty of slight benefit, harm, or cost, or a weak level of certainty for 
moderate to substantial benefit, harm, or cost (based on level 2-5 evidence).

D Theoretical/
foundational

A preponderance of evidence from animal or cadaver studies, from conceptual/theoretical models/
principles, or from basic science/bench research, or published expert opinion in peer-reviewed 
journals that supports the recommendation.

P Best practice Recommended practice based on current clinical practice norms, exceptional situations in which validating 
studies have not or cannot be performed, yet there is a clear benefit, harm, or cost, expert opinion.

R Research An absence of research on the topic or disagreement among conclusions from higher-quality studies 
on the topic.

Abbreviation: RCT, randomized controlled trial.
aAPTA Clinical Practice Guideline Process Manual.2

bFrom © 2018 American Physical Therapy Association. All rights reserved. Reprinted with permission.
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SUMMARY OF ACTION STATEMENTS

 The action statements are organized by outcome across the 
International Classification of Functioning, Disability and 
Health (ICF) domains of participation, activity, and body 
structure and function. The statements and recommendations 
are then further subdivided by phase of recovery and effect. A 
summary of these subdivisions is shown in Table 3, with fur-
ther explanation provided within each action statement profile.

Participation Outcomes

Action Statement 1: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE QUALITY OF LIFE. Clinicians 
should provide an AFO or FES for individuals with foot drop 
due to chronic poststroke hemiplegia who have goals to im-
prove QOL (evidence quality: II; recommendation strength: 
moderate).

Activity Outcomes

Action Statement 2: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE GAIT SPEED. Clinicians should 
provide an AFO or FES for individuals with decreased lower 
extremity motor control due to acute or chronic poststroke 
hemiplegia who have goals to improve gait speed (evidence 
quality: I; recommendation strength: strong).

Action Statement 3: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE OTHER MOBILITY. Clinicians 
should provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve other mobility 
(evidence quality: I; recommendation strength: strong).

Action Statement 4: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE DYNAMIC BALANCE. Clinicians 
should provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve dynamic bal-
ance (evidence quality: I; recommendation strength: strong).

Action Statement 5: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE WALKING ENDURANCE. Cli-
nicians may provide an AFO or FES for individuals with 

decreased lower extremity motor control due to acute 
poststroke hemiplegia who have goals to improve walking 
endurance (evidence quality: II; recommendation strength: 
moderate).

 Clinicians should provide an AFO or FES for individuals 
with decreased lower extremity motor control due to chronic 
poststroke hemiplegia who have goals to improve walking 
endurance (evidence quality: I; recommendation strength: 
strong).

Body Structure and Function Outcomes

Action Statement 6: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE PLANTARFLEXOR SPASTIC-
ITY. Clinicians should not provide an AFO or FES for in-
dividuals with decreased lower extremity motor control due 
to acute or chronic poststroke hemiplegia who have primary 
goals to improve plantarflexor spasticity (evidence quality: 
II; recommendation strength: moderate).

Action Statement 7: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPACT MUSCLE ACTIVATION. Clinicians 
may provide an AFO with decreased stiffness for individuals 
with decreased lower extremity motor control due to acute 
or chronic poststroke hemiplegia who have goals to allow 
activation of the anterior tibialis and gastrocnemius/soleus 
muscles while walking with the AFO (evidence quality: II; 
recommendation strength: moderate).

 Clinicians should provide FES for individuals with de-
creased lower extremity motor control due to chronic post-
stroke hemiplegia who have goals to improve activation of 
the anterior tibialis muscle while walking without FES (evi-
dence quality: II; recommendation strength: moderate).

Action Statement 8: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE GAIT KINEMATICS. Clinicians 
may provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve ankle dorsiflex-
ion at initial contact and during loading response and swing 
(evidence quality: III; recommendation strength: weak).

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.
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INTRODUCTION

Purpose of Clinical Practice Guidelines
The Academy of Neurologic Physical Therapy (ANPT) of 
the APTA supports the development of CPGs to assist physi-
cal therapists in the decision-making process. Generally, the 
purpose of a CPG is to inform clinicians about who, what, 
how, and when to treat. The purpose of this CPG is to pro-
vide evidence to guide clinical decision-making for the use 
of either AFO or FES as an intervention to improve body 
function and structure, activity, and participation as defined 
by the ICF3 for individuals with poststroke hemiplegia with 
decreased lower extremity motor control.

The objective of this CPG is to address the specific 
health question: “Is an AFO or FES effective at improving 
outcomes for individuals with decreased lower extremity 
motor control due to poststroke hemiplegia?”. The scope 
of the CPG is intended to provide evidence on the effects 
of AFO or FES on important outcomes across the ICF, to 

define these effects based on the intended goal, which may 
include the use of the device as a compensatory strategy or 
as a means to promote recovery, and lastly this CPG will 
examine differences in outcomes and effects in the acute 
versus chronic period after stroke across any health care set-
ting. The target population of the CPG includes adults (≥18 
years) of both genders and all races and ethnicities.

Background and Need for a Clinical Practice 
Guideline on the Use of Ankle-Foot Orthoses or 
Functional Electrical Stimulation for Individuals 
With Poststroke Hemiplegia
Approximately 15 million individuals worldwide experi-
ence a stroke annually, with 795 000 of these occurring in 
the United States.4 Stroke is currently the leading cause of 
serious long-term disability, with an estimated annual health 
care cost of $34 billion in the United States.5 Following a 
stroke, damage to the motor cortex and corticospinal tract 
can lead to decreased motor control and lower extremity 

Table 3. Action Statement Summary Based on Chronicity and Device

ACTION STATEMENT

AGGREGATE 
EVIDENCE 
QUALITY

PREPONDERANCE 
OF BENEFIT OR 
HARM

LEVEL OF 
OBLIGATION

PHASE AND 
DEVICE

INDIVIDUAL 
EVIDENCE 
QUALITY

1. Quality of life II Moderate Should provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

Best practice
Best practice
I
II

2. Gait speed I Strong Should provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

I
II
I
I

3. Other mobility I Strong Should provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

II
I
I
I

4. Dynamic balance I Strong Should provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

II
Best practice
I
I

5. Endurance Acute II Moderate May provide Acute AFO
Acute FES

II
III

Chronic I Strong Should provide Chronic AFO
Chronic FES

I
I

6. Spasticity II Moderate Should not provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

II
II
II
II

7. Muscle activation II Moderate
Best practice
Moderate
Moderate

May provide
May provide
May provide
Should provide

Acute AFO
Acute FES
Chronic AFO
Chronic FES

II
Best practice
III
II

8. Gait kinematics III Weak May provide Acute AFO
Acute FES
Chronic AFO
Chronic FES

III
Best practice
III
III

Abbreviations: AFO, ankle-foot orthosis; FES, functional electrical stimulation.
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weakness, defined by the inability to generate sufficient 
force.6 This decrease in motor control is a significant con-
tributor to decreased gait speed and increased gait asymme-
try.7 Weakness or the inability to generate sufficient force of 
the dorsiflexor (DF) muscles can lead to an inability to lift 
the foot sufficiently for clearance during the swing phase of 
gait,8 a condition commonly referred to as foot drop.9 Weak-
ness of the plantarflexors can lead to decreased stance-phase 
stability and decreased push-off.10 These impairments can 
lead to compensations at other joints, decreased walking 
speed, falls, and decreased QOL.8 Level of ambulation fol-
lowing stroke is a long-term predictor of participation and 
disability.11,12

The more traditional method to address foot drop and 
decreased stance-phase stability is an AFO, which better 
positions the foot for swing and can improve stance-phase 
ankle and knee stability.13,14 Guidelines from the American 
Heart Association in 2016 recommended an AFO to com-
pensate for foot drop to improve overall mobility and gait 
biomechanics post-stroke.15 AFOs can improve gait devia-
tions,14 but they also have limitations. AFOs limit ankle ex-
cursion and can also decrease muscle activation and dynam-
ic balance.16,17 Tasks such as standing up from a chair can 
be made more difficult with an AFO18 and many individuals 
find AFOs uncomfortable.15

There are many options for the design of an AFO.19,20 
Different materials can be used that vary in stiffness based 
on the material properties and the amount of material placed 
over the foot and shank. AFOs can be solid with motion 
only permitted by the flexibility of the material or can be 
articulating at the ankle to allow motion. The amount of mo-
tion allowed or restricted by AFO can also be manipulated. 
AFOs can also provide assistance or resistance to motion 
through springs, rods, straps, and stops that limit motion. 
AFO designs with increased stiffness and stops have ad-
ditional biomechanical considerations, as they also impact 
stance-phase control. With so many options for design, there 
are various ways to approach AFO decision-making based 
on patient presentation. This situation also requires exper-
tise in decision-making by the treating team that includes the 
physical therapist, orthotist, and physician when evaluating 
the needs of their patients with foot drop or stance-phase 
instability due to poststroke hemiplegia. While physical 
therapists learn the principles of different AFO types, there 
is variability in how these are applied. Chisholm and Perry21 
reported that increased knowledge translation is needed by 
physical therapists when choosing an AFO for a patient for 
measuring impairments and outcomes, identifying goals of 
an AFO including design features, and determining the influ-
ence of contextual factors. The role of the orthotist as part of 
the rehabilitation team is important in decision-making for 
planning, design, and provision due to their education and 
expertise.22

The 2016 guidelines from the American Heart Associa-
tion state that FES of the DF and peroneal muscles during 
swing is a reasonable alternative to an AFO for foot drop 
for individuals with upper motor neuron involvement.15 FES 
creates an orthotic effect when the FES is on,8 and may also 
be used therapeutically for strengthening or retraining mus-
cles so that it may later be withdrawn.8 With FES, there are 

different decisions to be made than with AFO. Commercially 
available systems are commonly used clinically. The physi-
cal therapist’s decision-making focuses on stimulation inten-
sity and electrode placement based on the desired response 
of the muscles to achieve the effect.23 Due to differences in 
how the FES is controlled or triggered by the different com-
mercially available systems, the physical therapist also needs 
to decide which FES device works best for each patient.23 
FES has limitations. If ankle medial/lateral instability is a 
significant concern, FES may be less effective.24 The sensory 
aspect of FES is not always tolerated, setup can be complex, 
and pain may limit the ability to achieve adequate DF in 
swing.18 Many physical therapists do not recommend FES 
due to lack of knowledge of devices or of which individuals 
would most benefit.23,25 Inconsistent reimbursement can also 
be a deterrent for choosing FES.23,25

There are no CPGs on the use of AFO or FES that ad-
dress deficits in body function and structure, activity, and 
participation in individuals with poststroke hemiplegia who 
have lower extremity motor control deficits. Three related 
CPGs were published in 2006,26 2009,22 and 2010.27 Two26,27 
of these CPGs were on overall stroke rehabilitation that in-
cluded AFO and FES as intervention options. One of these 
CPGs27 concluded that there was fair evidence for using an 
AFO to prevent foot drop and increase knee stability and 
fair evidence for using FES as an adjunctive intervention for 
individuals with impaired muscle strength and impaired gait. 
The third CPG from 200922 was specific to AFO only and 
provides recommendations for assessment, fitting, and pro-
vision of AFO. These CPGs are at least 10 years old. More 
evidence is now available to develop a new CPG that takes 
outcomes into account across the ICF. In the past 5 years, 2 
systematic reviews (SRs) on AFO and FES, 1 with a meta-
analysis, have been conducted. In the SR, Dunning et al8 ex-
amined the outcomes from 6 randomized controlled trials 
(RCTs), with a total of 820 participants and found that AFO 
and FES were effective and were equivalent for increasing 
gait speed.8 In an SR with a meta-analysis, Prenton et al9 in-
cluded 7 RCTs also finding equivalent outcomes for AFO 
and FES but suggested that stronger studies are needed to 
link impairment to function. Additional SRs examine the ef-
fects of either AFO or FES.20,21,28,29 Considering the current 
evidence available, a CPG is warranted. The health intent 
and expected benefit of this CPG are to inform and guide 
clinicians and consumers in choosing the best intervention 
using AFO or FES based on desired outcomes.

Statement of Intent
This guideline is intended for health care professionals, 
family members, educators, researchers, policy makers, and 
payers who have a role in the decision-making process for 
either AFO or FES. It is not intended to be construed or to 
serve as a legal standard of care. As rehabilitation knowledge 
expands, clinical guidelines are promoted as syntheses of 
current research and provisional proposals of recommend-
ed actions under specific conditions. Standards of care are 
determined on the basis of all clinical data available for an 
individual patient/client and are subject to change, as knowl-
edge and technology advance, patterns of care evolve, and 
patient/family values are integrated. This CPG is a summary 
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of practice recommendations that are supported with current 
published literature that has been reviewed by expert practi-
tioners and other stakeholders. These parameters of practice 
should be considered guidelines only, not mandates. Adher-
ence to them will not ensure a successful outcome in every 
patient, nor should they be construed as including all proper 
methods of care or excluding other acceptable methods of 
care aimed at the same results. The ultimate decision regard-
ing a particular clinical procedure or treatment plan must be 
made using the clinical data presented by the patient/client/
family, the diagnostic and treatment options available, the 
patient’s values, expectations, and preferences, and the clini-
cian’s scope of practice and expertise.

METHODS

The broad topic of orthotics and neuroprosthetics was identi-
fied as being of importance by the Board of the ANPT fol-
lowing a member survey. A call for applicants to serve on 
the Guideline Development Group (GDG) was sent out to 
ANPT membership. In the fall of 2015, 5 GDG members 
were identified following an application process, creating 
a diverse team of neurologic physical therapists with back-
grounds ranging from research, academia, service, and clini-
cal practice in the area of orthotics and neuroprosthetics. 
Each GDG member signed a conflict of interest form, which 
was then approved by the Evidence Based Documents Com-
mittee of the ANPT. No competing conflicts of interest were 
identified. One GDG member resigned from the GDG early 
in the process and transitioned to the advisory board. The 
administrative, clinical content expert and co-chair (L.B.) is 
a faculty member within a physical therapy (PT) department 
at an R1 (high research activity) university with clinical and 
teaching expertise on the application of orthotics and neuro-
prosthetics. The research content expert and co-chair (T.J.) is 
a full professor in a PT department R2 (high research activ-
ity) university with research and clinical experience in the 
application of neuroprosthetics. The clinical content expert 
(S.K.) is a faculty member in a PT department with clinical 
and teaching expertise on the application of orthotics and 
neuroprosthetics, and the clinical content expert (C.D.-W.) is 
a clinician and administrator in a nationally ranked rehabili-
tation institution overseeing inpatient and outpatient clinical 
care. Three of the GDG members (L.B., SK, and C.D.-W.) 
are board-certified clinical specialists in neurologic PT, and 
2 members (L.B. and S.K.) have experience as appraisal 
team members on prior CPGs. One member (T.J.) has expe-
rience conducting and reviewing SRs.

Three GDG members (T.J., S.K., and C.D.-W.) attend-
ed the APTA Workshop on Developing CPGs in August of 
2016, and materials from this workshop and the subsequent 
APTA Clinical Practice Guideline Process Manual2 were 
used to guide GDG development. The GDG received APTA 
funding for CPG development, specifically for travel for 
working meetings, a software license, and publication costs. 
Financial assistance was also provided by the ANPT to sup-
plement travel and publication costs. The views or interests 
of the funding body have not influenced final recommenda-
tions or content of the guideline. Guidance on the CPG pro-
cess was provided by the ANPT Evidence-Based Document 
Committee without impacting CPG content.

To gain important perspectives from diverse stakehold-
ers, information was gathered from neurologic physical 
therapists, consumers of either AFOs or FES devices, and 
a multidisciplinary advisory board. Perspectives of neu-
rologic physical therapists and consumers were gathered 
via web-based surveys using Qualtrics (Qualtrics, Seattle, 
Washington). The purpose of these surveys was to gain an 
understanding of the perceived knowledge gaps and needs of 
clinicians and consumers to guide the literature search and 
CPG development. The main needs that clinicians identified 
were considered when developing the CPG and included 
an improved understanding of the examination process and 
clinical decision-making related to timing, potential impact, 
and outcomes identified with AFO and FES interventions. 
Consumers identified a need for more extensive education 
about device selection, use, and expense along with in-
creased training with devices prior to final selection. Both 
groups identified a need for better understanding of the ef-
fects of device application and the long-term impact on re-
covery. This information contributed to the development of 
the CPG in several ways including the organization of action 
statements by outcome along the ICF domain with the subdi-
vision of statements and recommendations by effect.

A multidisciplinary advisory board was assembled by 
the GDG. This expert panel included 2 physical therapist 
researchers with experience with AFO and FES use post-
stroke; a physician/researcher in the field of orthotics; a 
board-certified orthotist with experience in AFO, FES, re-
imbursement research, education, and industry; 2 consum-
ers with a history of poststroke hemiplegia with experience 
in AFO or FES use; and an end-user advocate for technol-
ogy for individuals with neurologic diagnosis. Advisory 
board members were solicited to gather a diverse group of 
stakeholders across health care providers, industry repre-
sentatives, consumers, and advocates. Each advisory board 
member signed a conflict-of-interest form, which was then 
approved by the Evidence-Based Documents Committee of 
the ANPT. No competing conflicts of interest were identified. 
The advisory board provided guidance and feedback to the 
GDG at key points in the CPG development process. In addi-
tion to the advisory board, a methodologist with expertise in 
CPG development provided guidance with the CPG process.

External Review Process by Stakeholders
Throughout the development of the CPG, the advisory board 
and methodologist were invited to review and comment on 
drafts at various points via email and conference calls. The 
purpose of this phase was to gather feedback, assess the clar-
ity, applicability, and feasibility of the action statements, rec-
ommendations, and supporting evidence as well as the over-
all organization of the information presented. Feedback was 
provided about important decisions to be made about CPG 
scope and format to best inform practice. The full draft of 
the guidelines underwent 3 formal reviews. The first review 
was completed by the advisory board. Following revisions, 
the second review was completed by the Evidence-Based 
Documents Committee of the ANPT and included comple-
tion of the Appraisal of Guidelines for Research and Evalu-
ation II (AGREE II) tool. Following revisions, the draft was 
then distributed for public comment through the ANPT, the 

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



Johnston et al  JNPT • Volume 45, April 2021

122 © 2021 Academy of Neurologic Physical Therapy, APTA

American Academy of Geriatric Physical Therapy, and to the 
American Academy of Orthotists and Prosthetists to obtain 
the target population perspectives. Representatives from the 
American Academy of Orthotists and Prosthetists also com-
pleted the AGREE II.

Literature Search
A preliminary broad literature search was completed to 
identify and review all CPGs and SRs addressing the ef-
fects of either AFO or FES to improve outcomes across 
the ICF for individuals with poststroke hemiplegia. This 
search was completed to confirm that the topic of this CPG 
would not be replicating a previously published guideline, 
to ensure that there was sufficient high-quality evidence 
available to support the development of this CPG, and to 
refine the PICO (patient, intervention, control/compari-
son, and outcomes) question. A secondary review of the 
literature was then performed by the last author (L.B.), 
with specific inclusion and exclusion criteria and guidance 
on search terms and databases from an APTA librarian. 
Databases searched included PubMed, CINAHL, EM-
BASE, Pedro, Scopus, Web of Science, and Cochrane. 
The scope of the search was defined by the PICO ques-
tion previously introduced, “Is AFO or FES effective at 
improving any outcome for individuals with foot drop 
or decreased stance-phase stability due to post-stroke 
hemiplegia?”. Terms used across databases included 
stroke, hemiplegia, cerebrovascular accident, electrical 
stimulation, electric stimulation therapy, neuromuscu-
lar electrical stimulation, foot orthoses, FES, neuromus-
cular stimulation, neuromuscular electrical stimulation 
(NMES), orthoses, orthotic, foot drop, and peroneal nerve 
paralysis. As an example, the search string in PubMed was 
(Stroke[MeSH] OR Hemiplegia[Mesh] OR stroke*[tiab] 
OR hemiplegia*[tiab] OR foot drop[tiab]) AND (Electric 
Stimulation Therapy[Mesh] OR Foot Orthoses[Mesh] OR 
electrical stimulation[tiab] OR FES[tiab] OR neuromus-
cular stim*[tiab] OR NMES[tiab] OR orthoses[tiab] OR 
orthotic*[tiab]). Additional studies were located through 
reference lists within studies and SRs found through the 
literature search that were relevant to the clinical question.

Study types included were meta-analyses, SRs, RCTs, 
cohort studies, and case control studies. Inclusion criteria 
for all study types were human subjects, adults 18 years and 
older, stroke, AFO or FES, and measurement of an outcome 
related to the ICF categories. Excluded were case studies; 
studies written in a non-English language; and studies that 
included individuals with other neurologic diagnoses or 
children, electrical stimulation targeting the central nervous 
system or heart, and orthoses that only impacted the foot or 
crossed the knee or hip joints.

The Figure shows the PRISMA for the search results. 
The initial search was performed in May 2017 and 7726 
potential articles were identified. All reference information 
was entered into Endnote (Clarivate Analytics, Philadelphia, 
Pennsylvania), where exact duplicates were removed yield-
ing 6187 articles. Titles and abstracts were then uploaded 
into Covidence (Covidence, Melbourne, Australia), an SR 
management system, for review. In Covidence, the GDG first 
performed a title/abstract review where irrelevant articles 

and nonexact duplicates were identified and removed upon 
agreement of 2 GDG members. Full-text articles were up-
loaded into Covidence and then reviewed by 2 GDG mem-
bers for further inclusion/exclusion. A third GDG member 
reviewed any disagreements. Articles were excluded that did 
not meet inclusion criteria, did not report outcomes relevant 
to the question, were solely about AFOs or FES develop-
ment, or did not include an intervention or a 1-time test 
with AFOs or FES. The studies included were intervention 
studies, studies with a 1-time assessment of effects when 
wearing an AFO or FES, or an SR related to intervention or 
1-time assessment. Thus, this CPG will focus on these areas.

Follow-up literature searches were performed every 4 
months from May 2017 through November 2, 2019. Over 
this period, 9 articles were identified and appraised. Of these 
9 articles, 5 were excluded and 4 were included in the CPG 
using the same consensus process by the GDG. Thus, this 
search process resulted in 288 studies that remained for criti-
cal appraisal, which included 272 primary studies and 16 
SRs (Figure).

Critical Appraisal Process
Potential appraisers were recruited via 2 announcements 
in the ANPT Action Potential Newsletter. Following an ap-
plication process, 30 physical therapists were selected. The 
appraisal team evaluated the quality of all intervention stud-
ies using the APTA Critical Appraisal Tool for Experimental 
Intervention Studies (CAT-EI).2 The CAT-EI is a critical ap-
praisal tool designed to evaluate research design and meth-
odology, to appraise the risk of bias, and to inform the level 
of evidence by the rigor of the outcome measure(s) used. 
The CAT-EI includes 3 parts: Part A gathers information on 
the study question and content, Part B evaluates the research 
methods and quality of outcome measures, and Part C as-
sesses the impact of the results. Items were scored with a “1” 
for yes and a “0” for no or not applicable.

Prior to appraising the intervention studies, the apprais-
ers completed training on the CAT-EI using a web-based 
course taught by the methodologist. The training was com-
pleted in 3 phases. Phase 1 included individual review of 
a training manual, completion of an online module with a 
guided critical appraisal, and individual appraisal of 2 in-
tervention studies chosen by the GDG. Appraisers were 
required to achieve more than 80% accuracy for the 2 inter-
vention articles, with the gold standard being the mutually 
agreed-upon scores of the GDG team’s keys. Following this 
process, less than 58% of the appraisers achieved more than 
80% accuracy. Feedback on common errors was provided 
to the appraisal team prior to phase 2. In phase 2, apprais-
ers were paired and asked to appraise a third intervention 
study, after which 83% of the appraisers achieved more 
than 80% accuracy. Discrepancies in scoring remained for 
items assessing reliability and validity of outcome measures. 
Further instructions were provided, and appraisers rescored 
these items for this third study, resulting in 100% of the ap-
praisers achieving more than 80% accuracy.

Critical appraisals were then performed in rotating 
pairs for each intervention study included in the CPG. Each 
pair completed the appraisal individually and then com-
pared scores, and conflicts in scoring were resolved prior 
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to entering data into Qualtrics, a secure online database. In 
the event significant conflicts could not be resolved, a third 
appraiser was added to achieve consensus. In addition to 
completing the CAT-EI, appraisers extracted data from each 
study as identified by the GDG. Key information that was 
further extracted included device type, baseline mobility, 
and intervention dose parameters. Any SRs and meta-analy-
ses were appraised by the GDG members using the measure-
ment tool to assess systematic reviews (AMSTAR). Mem-
bers of the GDG appraised all articles in pairs and resolved 
conflicts prior to entering data into Qualtrics. SRs were then 

rated as moderate, low, or critically low evidence based on 
the overall AMSTAR score.

After all critical appraisals and data extraction were 
completed by the appraisal team, the CAT-EI score for each 
article was tallied and the GDG reviewed all CAT-EI scores 
and extracted data. Each study was first assigned a level of 
evidence based on study type as defined in Table 1. If there 
was a discrepancy in CAT-EI score within the paired 2 ap-
praisers, the lower score was taken. These CAT-EI scores 
were then used to determine the final level of evidence 
for each study. Studies were rated as high quality (CAT-EI 

Figure. PRISMA.
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score ≥50%), acceptable quality (CAT-EI score >35% but 
<50%), low quality (CAT-EI score 20%-35%), or unaccept-
able (CAT-EI scores <20%) as seen in Table 4. As defined 
in the APTA Clinical Practice Guideline Process Manual, 
studies rated as acceptable were downgraded by 1 level of 
evidence, those as low quality were downgraded by 2 levels, 
and those that were unacceptable were excluded from the 
CPG (Table 4).2 The cut-off scores for studies that scored 
less than 50% were determined based on group consensus 
after reviewing all studies as a group due to clear distinctions 
in quality seen based on the score categories seen in Table 4. 
It is important to note that Part B items 13 to 20 of the CAT-
EI provide a score for each individual outcome measure 
within a study. Depending on the strength of the outcome 
as scored in items 13 to 20, the overall study quality for 
each outcome measure added could differ. Therefore, stud-
ies were assigned final CAT-EI scores for each outcome by 
tallying scores for the overall study quality items, then add-
ing in the score for the items assessing the outcome measure 
of interest. For example, a study with 10 different outcome 
measures could potentially have 10 different CAT-EI scores. 
This final CAT-EI score per outcome measure was then used 
to identify the final level of evidence for the study for the 
outcome of interest (Table 4). For example, an RCT may 
be assigned a level I for evidence for gait speed using the 
10-meter walk test (10mWT) (final CAT-EI score ≥50%), 
but be downgraded to level II for a QOL measure that scored 
lower (final CAT-EI score >35% but <50%).

The appraisal process and the review of the AMSTAR 
and CAT-EI scores resulted in the following. Using the 
AMSTAR, 3 SRs were rated as critically low and were sub-
sequently excluded from this CPG. An additional 8 SRs were 
also removed at this stage due to not being SRs (2), including 
FES to multiple muscles (3), including mixed populations 
(2), not including an outcome measure (1), and reporting 
synthesized results (1). Five SRs then remained for inclusion 
in this CPG.8,20,28-30

Following the appraisal process, an additional 151 studies 
were removed due to CAT-EI scores less than 20% indicating 
unacceptable quality of evidence or, regardless of CAT-EI 
scores, due to lack of data to use to determine change, out-
come measures with little clinical application (ie, engineer-
ing/design outcomes), and any other issues that prevented 
study interpretation in relation to CPG goals. An additional 4 
studies were removed due to study designs not meeting inclu-
sion criteria for the CPG. Thus, a total of 117 studies and 5 
SRs were included in the development of this CPG.

Device Definitions
In reviewing the extracted data, numerous types of AFOs 
were included within and among studies and device names 
often differed. When possible, AFOs were combined into 1 
category if a description and/or photograph could adequately 
represent the AFO type. All AFO types included are identi-
fied in Table 5.23,31-59 There was less variation with FES, as 
studies were only included if they only applied FES to 1 
muscle or muscle group distal to the knee to have a primary 
effect on control of the ankle dorsiflexion. In studies that 
provided multichannel stimulation, data were extracted only 
if these results could be isolated and not influenced by the 
other muscles. FES applications included both surface and 
implanted systems (Table 5).

Outcome Measures
Key outcome measures spanning the ICF were identified 
across studies. Outcome measures were grouped by con-
struct (Appendix Table 1).60-71 When data were available 
within studies, minimal clinically important difference 
(MCID) and/or minimal detectable change (MDC) were 
used to identify the importance of any changes seen for that 
measure in the included studies8 (Table 5 Appendix Table 1). 
Small meaningful change (SMC) was also included for gait 
speed, as this metric has been developed based on an effect 
size of 0.2 as compared to an effect size of 0.5 for the MCID 
used for gait speed.62 An additional broad literature review 
was conducted to identify these properties for the included 
measures. Unless specified that only a subsection was per-
formed, any outcome measure included was completed in 
its entirety. When data were presented in tables but not in-
cluded in the text of the results or discussion sections, data 
were examined by the GDG to determine whether the MCID, 
the SMC or the MDC could be determined across the dif-
ferent effects. This approach has some limitations in that it 
examines mean change within a group rather than at an in-
dividual level. However, it does provide additional clinical 
interpretation beyond statistical significance. Both statistical 
significance as reported by each study and clinical signifi-
cance were considered in developing this CPG.

All studies were reviewed to identify the conditions for 
evaluating the outcomes to determine how the device was 
used. As study participants could have been tested with and 
without the AFO or FES at different time points in a study, 
it was important to note all testing conditions to determine 
the device’s effects. Table 68,9,72-76 identifies the different 
effects that were used in writing recommendations and 

Table 4. Classification of Levels of Evidence Based on CAT-EI Scoresa

CATEGORY CAT-EI SCORE
FINAL LEVEL OF EVIDENCE 
CLASSIFICATION

High quality ≥50% No change

Acceptable >35% but <50% Downgraded 1 level of evidence

“Other” low quality 20%-35% Downgraded 2 levels of evidence

Unacceptable <20% Excluded from the CPG

Abbreviations: CAT-EI, Clinical Appraisal Tool for Experimental Intervention Studies; CPG, clinical practice guideline; GDG, Guideline Development Group.
aThe score ranges were determined by the GDG. The criteria were chosen to categorize all study types included in the CPG.

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



© 2021 Academy of Neurologic Physical Therapy, APTA 125

JNPT • Volume 45, April 2021 A CPG for the Use of AFO and FES Post-Stroke

evidence summaries for the CPG. Only one of these effects, 
the therapeutic effect, would suggest recovery as compared 
to compensation, as testing is done with the device off at 
baseline and off after using the device for a period of time. 
For the other effects, effects after first use and after a period 
of time are tested with the device on. The immediate effect 

identifies the effects when the device is on as compared to 
off at the same time point. Both the training and combined 
orthotic effects test with the device on after a period of time, 
but testing at baseline is done with the device to assess the 
training effect and the device off to assess the combined or-
thotic effect.

Table 5. Description of Devicesa

AFO GENERAL TYPE DESCRIPTION

Prefabricated31 An AFO made to general specifications and of various sizes but not custom-made.

Custom31 An AFO made and adapted specifically for an individual, made of any material, stiffness, 
articulating, or nonarticulating. 

Dynamic32 An AFO made of composite, spring-like material (eg, carbon fiber and fiberglass) and AFOs with an 
ankle joint equipped with springs. Mechanisms of AFO enhance or resist a direction of ankle move-
ment. Designed to allow for some movement and storage of energy to be returned during push-off 
and/or to lift the foot during swing.
Specific types seen in studies in this CPG: carbon fiber31; dorsiflexion assist31; Chignon AFO33; oil 
damper34,35; Liberté elastic dynamic36; hybrid37; and DF stop with DF assist.38

Articulating31 An AFO made with a hinge between foot insert or shoe and lower leg upright; hinge provides vary-
ing levels of motion at the ankle with stops to limit motion depending on individual needs. Stops 
may be placed at any degree to limit DF or PF within the individual’s available range of motion. 

Ground reaction31 An AFO made with the addition of an anterior shell on the lower leg that provides a posteriorly 
directed force to the superior anterior tibia/patellar tendon to create an extension moment to stabilize 
the knee.

Solid, rigid, semirigid, or 
flexible31

An AFO made from continuous polypropylene or similar materials from the footplate to lower leg 
with a shell that contacts the posterior calf.
A rigid AFO designed to prevent movement and stabilize the foot.
Semirigid or flexible AFO designed to allow for some movement but also support the foot during 
swing.
Specific types seen in studies in this CPG: flexible/posterior leaf31; anterior; Ytech39; solid plastic 
with inhibitor bar40; SWIFT cast41; heel cutout42,53

FES DEVICES DESCRIPTION

Surface FES

 Bioness L30023,43 (US) Wireless surface FES unit composed of a cuff with electrodes for the lower leg to stimulate muscles 
that lift the foot. Uses a foot sensor on the shoe.

 WalkAide (Innovative  
   Neurotronics/

Hanger) 23,54 (US)

Wireless surface FES unit composed of a cuff with electrodes applied below the knee and an in-cuff 
accelerometer to detect tilt.

 Odstock23,44 (UK) Surface FES unit with a cuff with electrodes applied below the knee, and a foot switch.

Surface FES brands less 
commonly reported

CyberMedic EMS (Korea)55,56

Neurostimulator KDC 2000A45 (Denmark)
Respond II46

Electronic dorsiflexion stimulator47

Dorsiflex48 (Brazil)
CEFAR Step II57 (US)
Novastim CU-FS58 (Korea)
Power Assist (PAFES)59 (Japan)

Implanted FES

 ActiGait49,50 Implanted 4-channel nerve stimulator with 12-contact electrode cuff, an external control unit, and a 
heel switch. 

 STIMuSTEP51 Implanted 2-channel peroneal nerve stimulator with an external transmitter with a built-in antenna, a 
foot switch.

 Biotech (Japan)52 Three-channel stimulator (BIOTEC Ltd, Akita, Japan) with a heel sensor switch that triggers the 
stimulator and implanted intramuscular electrodes.

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; FES, functional electrical stimulation; PF, plantarflexors/plantarflexion.
aFor AFO general types, it should be noted that these categories are not mutually exclusive and that an AFO type may fit into more than 1 category.
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Diagnostic Considerations
For the purpose of this CPG, acute poststroke hemiplegia 
was defined as up to 3 months post-stroke and chronic post-
stroke hemiplegia was defined as 3 months or greater post-
stroke.29 Definitions of the acute and chronic phases after 
stroke are not consistently defined in the literature, and thus 
the definitions earlier as defined by Tyson et al29 were ac-
cepted by the GDG and agreed upon by the advisory board. 
For any study that included individuals with both acute and 
chronic stroke, the GDG used the average time post-stroke 
for the group from that study to determine chronicity. The 
GDG then reviewed participant details in that study to en-
sure agreement with the classification chosen based on the 
average time post-stroke. There were no studies in which 
agreement was unable to be achieved using this process.

The term accepted for use in this CPG was decreased 
lower extremity motor control. Many studies focused on 
addressing foot drop, which was not clearly defined across 
studies. Thus, a singular definition cannot be provided. The 
GDG accepts the definition of foot drop as the inability to 
achieve sufficient ankle DF during the swing phase of gait.8 
Studies were included if they used an AFO and/or FES to ad-
dress foot drop, or decreased stance-phase stability, or used 
a device with a known goal to address outcomes across the 
ICF.

Treatment Effects
Included studies were those that tested the immediate effects 
of device use at one point in time as well as those that pro-
vided an intervention with a device over a period of time and 
examined the effects of the intervention (therapeutic, train-
ing, and combined orthotic effects) (Table 6). Some studies 
examined both the immediate effects and effects post-inter-
vention. Included studies were limited in regard to examina-
tion details of study participants; thus, evidence-based rec-
ommendations based on patient/client examination cannot 
be developed to guide decision-making for device choice. 
Examination-based recommendations were developed using 
clinical expertise and evidence when available to support the 
recommendations.

Formation of Action Statements and 
Recommendations
Action statements were written based on each of the includ-
ed outcomes. All studies that included that outcome were 

examined for both AFOs and FES, if applicable, to determine 
the aggregate level of evidence. Thus, an individual study 
with more than 1 measure of interest will appear in more than 
1 supporting evidence section. If the evidence included an 
SR, the SR was examined to determine which of its included 
studies also met criteria for this CPG for that outcome. Those 
individual studies are then identified as being included in the 
SR. There were instances in which a lower-quality study in-
cluded in an SR did not meet criteria for this CPG.

For each action statement, findings from relevant studies 
were examined based on AFOs and FES separately to deter-
mine the effects of each device. These results could be from 
studies only examining one device as compared to a baseline 
or from a comparative study that reported data separately 
for AFOs or FES. Studies that compared devices were then 
examined to determine possible benefits of one device com-
pared to another.

Once the aggregate level of evidence was determined, 
the benefits and harms as well as the presence of a prepon-
derance of evidence as defined in Table 2 across the different 
levels (I-IV) were identified. Then, a letter grade and level 
of obligation were assigned as per the criteria in Table 2. 
The word for the level of obligation in Table 2 was used to 
identify the strength of each action statement (strong, mod-
erate, and weak). The strength for each statement was agreed 
upon by all 4 GDG members. When there were discrepan-
cies between GDG members, concerns were discussed dur-
ing in-person meetings with all GDG members present until 
consensus was met. Finally, the strength of the evidence was 
used to write each recommendation and assign a level of ob-
ligation to follow the recommendation. A strong or moderate 
recommendation for a certainty of benefit resulted in the use 
of “should,” whereas a strong or moderate recommendation 
for lack of a benefit resulted in the use of “should not.” A 
weak recommendation resulted in the use of “may” or “may 
not” due to lack of certainty of benefit. This process contin-
ued for each outcome. One recommendation was written to 
incorporate both AFOs/FES and acute/chronic stroke. This 
decision was made to create concise action statements to ad-
dress each outcome based on the overall preponderance of 
evidence for that outcome, as defined in Table 2. For each 
action statement, the strength of each condition (acute AFO, 
acute FES, chronic AFO, and chronic FES) was then deter-
mined to further clarify the level of certainty of benefit based 
on chronicity and device.

Table 6. Different Effects of Ankle-Foot Orthoses and Functional Electrical Stimulation

EFFECT TESTING CONDITIONS NOTATIONa

Immediate orthotic effect8,9,72,73 With and without AFO/FES at the same point in time On vs off at 1 time point

Therapeutic effect8,9,72-75 Without FES/AFO before and after using FES/AFO for a period of 
time

Off vs Off over time

Training effect8,9,76 With FES/AFO on before and after using FES/AFO for a period of 
time

On vs On over time

Combined orthotic effect8,9,72 Without FES/AFO before and with FES/AFO after using FES/AFO 
for a period of time

Off vs On over time

Abbreviations: AFO, ankle-foot orthosis; FES, functional electrical stimulation.
aThe notation provides a shortened version of the testing conditions.
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Action statements and action statement profiles were 
written using the guidelines of BridgeWiz for APTA 3.0. 
BridgeWiz allows the generation of action statements that in-
clude clear and implementable recommendations, consistent 
with the Institute of Medicine recommendations for transpar-
ency.77,78 Action statement profiles were further developed 
following the standards of BridgeWiz. For each statement, the 
following were written: (1) benefits, harms, and costs associ-
ated with clinical implementation of the recommendation, (2) 
assumptions or judgments made by the GDG in writing the 
recommendation, (3) reasons for intentional vagueness of the 
recommendation if applicable, and (4) a summary and clini-
cal interpretation of the supporting evidence.1

As seen in Appendix Table 1, outcomes included in 
this CPG focused on body structure and function, activ-
ity, and participation. Action statements and recommenda-
tions were based on each outcome to provide appropriate 
recommendation strength in relation to individual goals. 
However, most studies included more than 1 outcome, with 
minimal attempt made to examine relationships between 
those outcomes. Therefore, this CPG is unable to make a 
statement about these relationships. For example, if ankle 
DF during swing showed a clinically meaningful increase, it 
cannot be stated that this increase will lead to gains in gait 
speed. Likewise, few studies examined relationships among 
common PT evaluation items for individuals post-stroke 
and outcomes, and few studies provided sufficient evalua-
tion findings to guide decision-making for AFOs or FES in 
relation to outcomes. No differences in outcomes were seen 
between surface and implanted FES systems. Thus, all FES 
recommendations apply to both types.

For each included study, pertinent details are included 
in the supporting evidence sections and associated support-
ing evidence tables for each action statement. For further de-
tails about each study, refer to the master tables (Appendix 
Table 213,16,18,32-40,42,45,46,48-53,55-59,72,73,76,79-165 and Appendix 
Table 38,20,21,28,29). It is important to note that most studies of-
ten focused only on 1 or 2 effects and did not report data on 
the other effects. Thus, no conclusions can be reached about 
the other effects for those studies. Tables with supporting 
evidence are provided for each action statement as its evi-
dence is presented. In these tables, the results are displayed 
based on effect. The symbols (Table 7) indicate the direction 
of change and whether statistical or clinical significance was 
achieved. Statistical significance was determined by study 
authors. Clinical significance was determined by either the 
study authors or the GDG who evaluated the data provided 
by each study.

Table 7. Key to Symbols in Supporting Evidence

PROPERTY SYMBOL

MCID ++

SMC/MDC +

Statistically significant *

No change 0

Negative effect −
Abbreviations: MCID, minimal clinically important difference; MDC, 
minimal detectable change; SMC, small meaningful change.
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ACTION STATEMENTS AND RESEARCH RECOMMENDATIONS

The action statements are organized by outcomes across the 
ICF domains of participation, activity, and body structure 
and function. Action statements within each ICF domain sec-
tion are presented starting with the statements with the stron-
gest level of evidence. The statements and recommendations 
are then further subdivided by phase of recovery and effect.

Participation Outcomes
The participation measures captured by the literature search 
included a variety of tools that could be classified as QOL 
(Appendix Table 1). No studies were found that included 
QOL outcomes in the acute phase since this can be challeng-
ing to measure in the initial stage of recovery, so this action 
statement will only address QOL in the chronic phase.

Action Statement 1: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE QUALITY OF LIFE. Clinicians 
should provide an AFO or FES for individuals with de-
creased lower extremity motor control due to chronic post-
stroke hemiplegia who have goals to improve QOL (evidence 
quality: II; recommendation strength: moderate).

•	 Acute AFO: evidence quality: not applicable; rec-
ommendation strength: best practice

•	 Acute FES: evidence quality: not applicable; rec-
ommendation strength: best practice

•	 Chronic AFO: evidence quality: II; recommenda-
tion strength: moderate

•	 Chronic FES: evidence quality: II; recommendation 
strength: moderate

Action Statement Profile
Aggregate Evidence Quality: Level II due to lack of 
moderate to substantial gains in QOL across studies, 
despite having 5 level I studies. Based on 1 level I SR, 
4 level I RCTs, and 1 level II, 1 level II/III, 1 level III, 
and 1 level IV studies (Appendix Table 4).8,76,85,146,148,159

Benefits:
•	 QOL and participation may improve with AFO or 

FES use.
Risk, Harm, Cost:
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intolerance 
to the sensation of the stimulation, insufficient DF 
achieved, general dissatisfaction, and skin irritation. 
With an implanted FES system, FES may not be suc-

cessful due to system failure, infection, hematoma, 
lymphedema, nerve injury, and neurodermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Outcome measures chosen influence benefits or 

lack of benefits.
•	 It is difficult to differentiate responsiveness of mea-

sures used and duration needed for benefits.
Intentional Vagueness:
•	 The differing effects on AFOs and FES on QOL are 

not included, as these cannot be determined due to 
the more global nature of QOL measures.

•	 The recommendations purposefully do not address 
the effects of one type of AFO over another, as stud-
ies used a variety of AFO types and rarely differen-
tiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals may prefer FES over AFO.
Exclusions:
•	 Individuals with acute poststroke hemiplegia, as 

QOL measures are not recommended in the acute 
phase.

•	 The recommendations may not apply to individu-
als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity [Modified Ash-
worth Scale (MAS) ≥ 3].

Quality Improvement:
•	 Patient-centered care and satisfaction may improve 

in clinical practice.
Implementation and Audit:
•	 QOL and patient preference should be measured 

and considered in decision-making when choosing 
FES or an AFO.

•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with AFOs and FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.
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Supporting Evidence and Clinical  
Interpretation

Supporting Evidence: The different effects (immediate, 
therapeutic, training, and combined orthotic) of AFOs and 
FES cannot be determined separately based on the nature 
of QOL measurement. Thus, the benefits are discussed as a 
whole (Appendix Table 4).

Acute Stroke AFOs and FES: Evidence is limited to 1 level 
II RCT in which Salisbury et al144 (n = 16) found no changes 
within groups in Stroke Impact Scale (SIS) scores for the 
14 participants randomized to using FES or a prefabricated 
AFO after 12 weeks. One potential reason for lack of change 
was the use of the SIS in more acute stroke, which is not rec-
ommended if the stroke occurred less than 2 months prior.166 
Due to this issue, acute stroke was not included in the recom-
mendation for QOL.

Chronic Stroke AFOs and FES: One level I SR, 4 level 
I RCTs, and 1 level II/III, 1 level III, and 1 level IV stud-
ies examined the effects of AFOs and/or FES on QOL with 
mixed results. The level I SR by Dunning et al8 included 3 
RCTs that examined QOL after the use of various FES and 
AFO types, concluding that QOL was improved with AFOs 
or FES. Two of their included RCTs (Kluding et al76 and Be-
thoux et al85) also met criteria for this CPG.

Studies comparing FES to AFOs or no device included 4 
level I RCTs, 276,85 of which were in the SR by Dunning et al.8 
In Kottink et al,118 29 outdoor ambulators were randomized 
to an FES (n = 14) or usual care group using a plastic AFO, 
orthopedic shoes, or no device (n = 15). After training, par-
ticipants used the device at home as desired for 26 weeks. 
After 26 weeks, participants using FES (n = 13) had sig-
nificant increases in scores for the Short Form-36 (SF-36) 
(physical function, general health, and physical component 
summary domains) and Disability Impact Profile (DIP) 
(mobility, self-care, and psychological domains) compared 
to the usual care group (n = 12). Two level I RCTs also re-
ported changes in QOL within both FES and AFO groups. 
Sheffler et al148 found increases in Stroke-Specific Quality 
of Life (SSQOL) scores for 96 of the 110 participants who 
completed the study who used FES (n = 46) or a custom-
molded articulating AFO with a plantarflexion (PF) block 
(n = 50). Participants received training for 1 hour 10 times 
over 5 weeks and then 1 hour 3 more times over 7 weeks and 
used the devices at home up to 8 hours per day. After the 
12 weeks, SSQOL scores improved and were maintained 3 
(n = 93) and 6 months (n = 84) later despite not using the 
devices. In a larger study (n = 197), Kluding et al76 evalu-
ated changes in QOL using the SIS for participants using 
FES (n = 99) or a molded AFO (n = 98) specific to each 
participant’s needs. Participants received 8 training sessions 
over 6 weeks followed by 24 weeks of home use, and signifi-
cant gains were seen in the SIS for both groups after the 30 
weeks. In contrast to these studies that found within group 
changes, another large level I study (n = 495) by Bethoux 
et al85 reported no changes within groups for SIS or SSQOL 
scores for participants using FES (n = 187) or a custom-
molded AFO (n = 212) over a 6-month intervention. While 

495 participants were randomized, 55 in the FES group and 
41 in the AFO group did not complete the study. It is not 
clear why the results differed from the studies by Sheffler 
et al148 or Kluding et al,76 as study designs were similar. In 
addition to the level I studies, there was a level II study by 
Schiemanck et al146 (n = 10) that reported no changes in SIS 
scores for the 8 participants with an FES system who also 
had an AFO to use as desired for up to 26 weeks. In a level 
IV qualitative study by Wilkie et al,159 FES users reported 
that FES impacted important areas of life, with 4 themes 
reported that included improved walking, better control in 
life, improved sense of well-being, and FES being imperfect 
but of value.

Comparison of AFOs and FES: For acute stroke, 1 level II 
RCT by Salisbury et al144 found no difference in SIS scores 
between AFO and FES users after 12 weeks. However, as 
the SIS is not advised to be used in acute stroke, this result 
is questionable. For chronic stroke, there is level I evidence 
based on 1 level I SR8 and 3 level I RCTs76,85,148 that found 
no differences between AFOs and FES in SSQOL85,148 or SIS 
scores.8,76,85 However, Kluding et al76 reported that FES us-
ers reported higher scores on a user satisfaction survey com-
pared to AFO users.

Clinical Interpretation: QOL may improve with FES and 
AFO use. One challenge with the included studies is vari-
ability of FES and AFO types, the length of time for device 
use, and the outcome measures chosen. The SIS, SSQOL, 
SF-36, and Euro-QOL are the most commonly recom-
mended measures.166 All except 1 study examined chronic 
as opposed to acute stroke. QOL is challenging to use as 
an outcome measure in acute stroke, as individuals have not 
experienced many of the tested activities at this early phase 
poststroke. Importantly, participants in 2 studies reported 
preferring FES over an AFO, and FES users feel that FES 
has a positive impact on their lives.8,76 When comparing the 
effects of AFOs compared to FES for QOL, no differences 
were found in any measures of QOL; however, 1 study found 
that user satisfaction was higher in FES users compared to 
AFO users (Appendix Table 4).

Research Recommendations: More research is needed on 
the effects of AFOs and FES on QOL using measures with 
the best psychometric properties for stroke to obtain mean-
ingful assessment. Further research is needed to determine 
what aspects of QOL improve with AFOs and FES to de-
velop measures with improved responsiveness.

Activity Outcomes
The following section includes measures that can be catego-
rized under the activity domain of the ICF. Many outcome 
measures capture more than 1 construct. Outcome measures 
were grouped within each action statement by the construct 
it primarily defined (Appendix Table 1).

Action Statement 2: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE GAIT SPEED. Clinicians should 
provide an AFO or FES for individuals with decreased lower 
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extremity motor control due to acute or chronic poststroke 
hemiplegia who have goals to improve gait speed (evidence 
quality: I; recommendation strength: strong).

•	 Acute AFO: evidence quality: I; recommendation 
strength: moderate

•	 Acute FES: evidence quality: II; recommendation 
strength: moderate

•	 Chronic AFO: evidence quality: I; recommendation 
strength: strong

•	 Chronic FES: evidence quality: I; recommendation 
strength: strong

Measures that are included in the gait speed statement 
are those that only measured the construct speed of walking 
over a level surface.

Action Statement Profile
Aggregate Evidence Quality: Level I based on a 
preponderance of level I studies (1 SR, 1 SR/meta-
analysis, and 13 RCTs).
•	 Acute AFO: Level I based on 3 level I, 2 level 

II, 3 level III, and 1 level IV studies (Appendix 
Table 5).92,121,126,129-131,140,144,145

•	 Acute FES: Level II based on 2 level I and 1 level II 
studies (Appendix Table 6).126,144,160

•	 Chronic AFO: Level I based on 1 SR, 1 lev-
el II SR/meta-analysis, 6 level I, 5 level II, 13 
level III, and 11 level IV studies (Appendix 
Table 7).8,13,29,32,34-36,38-40,42,72,76,79,83,85-87,98,101,103,104,106,107, 
116,123,124,133,134,136,138,140,156-158,162,163

•	 Chronic FES: Level I based on 1 level I SR, 7 level 
I, 1 level II SR, 2 level II, 7 level III, and 15 level IV 
studies (Appendix Table 8).8,72,85,86,108

Benefits:
•	 Increases in gait speed may increase overall mobil-

ity, balance confidence, and overall health status167 
at any phase post-stroke.

•	 Provision of an AFO or FES early during acute 
rehabilitation may result in faster increases in gait 
speed, thus potentially impacting length of stay.

•	 Provision of FES as an intervention in the acute 
phase may lead to improved recovery of gait  
speed.

Risk, Harm, Cost:
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intoler-
ance to the sensation of the stimulation, insufficient 
DF achieved, general dissatisfaction, and skin ir-
ritation. With an implanted FES system, FES may 
not be successful due to system failure, infection, 
hematoma, lymphedema, nerve injury, and neuro-
dermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Gait speed is an important outcome for individuals 

with poststroke hemiplegia that may be addressed 
through an AFO or FES.

Intentional Vagueness:
•	 The recommendations purposefully do not address 

the effects of one type of AFO over another, as stud-
ies used a variety of AFO types and rarely differen-
tiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals may prefer FES over AFOs.
Exclusions:
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Early use of an AFO or FES early in the recovery 

phase may allow for faster improvements in gait 
speed, which may allow for decreased length of stay.

•	 Provision of an AFO or FES in the chronic phase 
may improve both gait speed and overall satisfac-
tion with care.

•	 Device type should be driven by individual goals and 
desired effects, as FES use over time may allow in-
creased gait speed with the FES off, while AFO use 
over time may allow increased gait speed with the 
AFO on.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assessment 
of desired outcomes using different AFO and FES 
types and settings before making a final decision.

Implementation and Audit:
•	 AFOs or FES should be considered in inpatient re-

habilitation to increase outcomes and satisfaction.
•	 AFO provision needs to consider individual needs 

for AFO type to increase outcomes and satisfaction.
•	 AFOs or FES should be considered during any 

evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education on 
the effects of AFOs and FES and on clinical decision-
making for monitoring effects, making adjustments 
to AFOs or FES, changing devices as individuals’ 
needs change, and on appropriate outcome measures 
across the ICF to assess the effects of the devices.

•	 Review of medical records can identify outcomes 
seen with AFOs and FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.
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Supporting Evidence and Clinical Interpretation

Supporting Evidence:
Acute Stroke AFO: Most studies that used AFOs for indi-
viduals with acute poststroke hemiplegia report strong evi-
dence for immediate orthotic and combined orthotic effects 
for gait speed (Appendix Table 5).

•	 Immediate Orthotic Effect: One level I and 3 level 
III studies examined the immediate effect. A level 
I RCT by Nikamp et al131 provided a custom AFO 
to 32 participants at week 1 or week 9 of inpatient 
rehabilitation. When gait speed was measured on a 
subset of 20 participants upon AFO provision, there 
was no immediate effect of the AFO.131 In a level III 
study, Lairamore et al121 found similar results using 
a posterior leaf spring (PLS) or a flexible AFO with 
a short footplate with 15 participants. Two addi-
tional level III studies, however, found a significant 
increase in gait speed with a custom solid AFO.92,140 
One of these studies, Carse et al,92 reported that par-
ticipants with a slower gait speed without an AFO 
increased gait speed from 0.22 to 0.36 m/s when 
wearing an AFO, thus exceeding the MCID. The 
faster group also showed significant increases in 
gait speed from 0.4 m/s without an AFO to 0.5 m/s 
with an AFO exceeding the SMC. These findings 
suggest a larger effect on slower ambulators.

•	 Therapeutic Effect: One level II and 1 level IV stud-
ies found therapeutic effects of AFOs when com-
bined with usual care. The RCT by Morone et al126 
reported significant increases of 0.11 m/s (exceed-
ing the SMC) after 10 participants walked with a 
nonspecified AFO for 40 minutes 5 days per week 
for 4 weeks. Sankaranarayan et al145 also found sig-
nificant increases in gait speed when an AFO was 
initiated within 5 days after admission to rehabilita-
tion, but the change of 0.05 m/s did not meet the 
SMC. This study had 26 participants walk with the 
custom solid AFO for a minimum of 14 2-hour ses-
sions during the inpatient rehabilitation admission. 
These results demonstrate that AFOs may promote 
recovery when included as part of gait training in 
the acute phase of stroke.

•	 Training Effect: There is limited evidence available 
for the training effect. A level II RCT study by Ni-
kamp et al130 reported a training effect when partici-
pants in the “early group” were assessed at week 3 
and again at week 9 of the rehabilitation stay. Mean 
gains in gait speed of 0.33 m/s were reported over 
a 6-week period, which exceeds the MCID. Partici-
pants wore the AFO in therapy when on the hospital 
unit or when home on weekends.130

•	 Combined Orthotic Effect: Two level I, 1 level II, 
and 1 level IV studies assessed the effectiveness of 
AFOs combined with usual care. One level I and 
1 level II RCT were conducted with the same par-
ticipants.129,130 In the first study (level II), Nikamp 
et al130 provided a custom AFO to 16 participants in 
the first week of rehabilitation. Following approxi-
mately 6 weeks of inpatient rehabilitation, gait speed 

increased by a median of 0.23 m/s, which exceeded 
the MCID and was significantly greater than the 
control group (n = 17) receiving usual care only. At 
week 9, the AFO plus usual care group continued to 
outperform the control group with increases of 0.56 
m/s compared to the control group (0.36 m/s).130 At 
the 9-week point, the control group then received an 
AFO, and Nikamp et al129 (level I) continued to fol-
low up both the early and late provision groups for 
6 months after admission. No significant differences 
in gait speed were reported between groups after 6 
months.129 This finding suggests that early provision 
of a custom AFO may allow a higher level of partici-
pation in rehabilitation and earlier functional gains, 
but that providing an AFO later in rehabilitation re-
sults in similar longer term outcomes.129,130 Another 
level I RCT by Salisbury et al144 included a prefabri-
cated AFO during gait training for 20 minutes 5 days 
per week for 12 weeks and daily wear if participants 
were independent with AFO use. Gait speed increas-
es exceeded the SMC, improving from 0.2 to 0.3 
m/s. In a level IV study, Sankaranarayan et al145 also 
found a significant combined orthotic effect for gait 
speed when an AFO was used in rehabilitation, with 
the change of 0.11 m/s exceeding the SMC. Their 
study had 26 participants walk with the custom solid 
AFO for a minimum of 14 2-hour sessions within 
5 days of admission to rehabilitation. Overall, these 
findings suggest that adding AFOs to usual care can 
increase gait speed with an AFO on. Earlier provi-
sion can lead to more rapid functional gains, which 
may have implications for length of stay.

Acute Stroke FES: Studies that used FES for individuals 
with acute poststroke hemiplegia report strong evidence 
for therapeutic and combined orthotic effects for gait speed 
(Appendix Table 6).

•	 Immediate Orthotic Effect: No evidence.
•	 Therapeutic Effect: One level I and 1 level II stud-

ies reported therapeutic effects after FES was added 
to usual care. In the level I RCT, Wilkinson et al160 
reported a significant change of 0.17 m/s that ex-
ceeded the MCID for the 10 participants using FES 
as part of usual care for 1 hour 2 days per week for 
6 weeks. However, gait speed did not increase more 
than participants receiving usual care alone (n = 10) 
despite baseline gait speeds being similar between 
groups (0.39-0.42 m/s). In a level II RCT, Morone 
et al126 added FES to usual care for 10 participants 
who participated for 40 minutes 5 days per week for 
about 1 month. They reported a significant increase 
in walking speed compared to baseline (from 0.31 
to 0.50 m/s) that exceeded the MCID. Dosing did 
differ between the studies of Wilkinson et al160 and 
Morone et al.126 Wilkinson et al160 found no change 
after 12 sessions over 6 weeks while Morone et al126 
found gains following an intervention provided 40 
to 60 minutes 5 days per week for 4 to 12 weeks, 
indicating that more intensive intervention may be 
needed to provide a meaningful effect.

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



Johnston et al  JNPT • Volume 45, April 2021

132 © 2021 Academy of Neurologic Physical Therapy, APTA

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: Two level I RCTs re-

ported significant combined orthotic effects that 
exceeded the SMC. Wilkinson et al,160 as described 
previously for therapeutic effect, reported a com-
bined orthotic effect for their 10 participants using 
FES, and Salisbury et al144 for their 9 participants 
using FES in addition to usual care for 12 weeks. 
Participants in Wilkinson et al160 increased their gait 
speed an average of 0.17 m/s (baseline 0.39 m/s) and 
in Salisbury et al144 by 0.07 m/s (baseline 0.2 m/s), 
demonstrating gains at these differing baseline gait 
speeds.

Chronic Stroke AFO: Studies that used AFOs for individu-
als with chronic poststroke hemiplegia report strong evi-
dence for all 4 effects for gait speed (Appendix Table 7).

•	 Immediate Orthotic Effect: Two level I, 5 level II, 
12 level III, and 10 level IV studies report on im-
mediate effects. The level II SR/meta-analysis by 
Tyson et al29 reported the immediate effects of 11 
studies on gait speed. Only 342,101,157,162 of the 11 
studies met inclusion criteria for this CPG. When 
a meta-analysis was completed on the available 
data from the 11 studies, there was a significant 
immediate effect on gait speed that met the SMC. 
The 2 level I RCTs by Everaert et al72 and Kluding 
et al76 reported immediate effects. Everaert et al72 
provided a custom AFO to 69 of the 120 study par-
ticipants. The mean immediate effect of AFOs on 
gait speed exceeded the SMC for the 55 partici-
pants whose data were included in the analysis. All 
groups provided with a custom AFO consistently 
demonstrated increased gait speed that exceeded 
the SMC.72 Kluding et al76 randomized participants 
with an initial gait speed of less than 0.8 m/s into 2 
groups, standard AFOs or FES. Ninety-eight par-
ticipants wearing a custom AFO demonstrated sig-
nificant increases in both comfortable and fast gait 
speed averaging gains of 0.09 m/s, thus exceeding 
the SMC. Many level II to IV studies report similar 
immediate orthotic effects when various AFO types 
are used, including solid, PLS, articulating, prefab-
ricated, carbon composite, dynamic, Chignon, and 
oil damper AFOs, with results exceeding criteria 
for the MCID, the SMC, and/or statistical significan
ce.34-36,38,39,42,79,87,98,101,103,104,106,107,116,124,133,136,138,140,158,162 
Two level IV studies report no changes.13,39 The 
solid AFO was the most consistently included type 
of AFO. Level II and III evidence demonstrated sig-
nificant gains in gait speed, most of which exceeded 
the SMC or the MCID when a solid AFO was com-
pared to no orthosis.42,101,104,124,138,140,168 The use of a 
solid AFO was also found to decrease gait speed 
for participants with DF passive range of motion 
(PROM) to neutral compared to those with a 5- to 
10-PF contracture. There was no effect for the 30 
participants who used an AFO with a DF assist or an 
AFO with free DF with a PF stop.38 A similar result 
was found by Lewallen et al123 with 13 participants 

walking 0.07 m/s slower with a solid AFO, with 
no effect using a PLS or articulating AFO. The 
most clinical meaningful effect, demonstrated by 
a change exceeding the MCID for gait speed, ap-
peared to occur when an AFO was custom designed 
to meet the needs of the participant.87,116,138,168

•	 Therapeutic Effect: A therapeutic effect was exam-
ined by 3 level I and 1 level IV studies. The level I 
SR by Dunning et al8 included 5 studies that exam-
ined a therapeutic effect72,76,90,148,169 of which 2 stud-
ies met the criteria for this CPG.72,76 In both studies, 
participants had significant increases in gait speed 
that exceeded the SMC when the AFO was worn 
for 6, 12, or 30 weeks.72,76 The RCT by Everaert 
et al72 assessed 2 different cohorts after 6 weeks of 
AFO use and 1 cohort after 6 and 12 weeks of AFO 
use. Each group’s gains exceeded the SMC after 6 
weeks. While improvements continued beyond 6 
weeks, the additional gains were not significant or 
clinically meaningful, indicating that benefits can 
be achieved following shorter-term use.72 The RCT 
by Kluding et al76 provided 8 sessions of PT follow-
ing AFO allocation with a focus on education, gait 
training, and provision of an individualized home 
exercise program. The 10mWT was readministered 
at 30 weeks without the AFO, and comfortable gait 
speed increased by a mean of 0.09 m/s, exceeding 
the SMC, and fast gait improved by a mean of 0.05 
m/s. The level IV cohort study found no change 
in gait speed when 8 subjects wore an oil damper 
AFOs for 3 weeks.162

•	 Training Effect: A training effect was evaluated in 
2 level I and 1 level IV studies. The level I SR by 
Dunning et al8 included 1 study76 included in this 
CPG that reported a significant training effect. In 
the level I RCT, Kluding et al76 reported a signifi-
cant increase that exceeded the SMC for comfort-
able walking speed (0.06 m/s) and for fast walking 
speed (0.07 m/s) following 30 weeks of AFO use. 
The AFO type varied depending on the needs of 
the patient and characterized as articulating, non-
articulating, prefabricated, or “other.” In contrast, 
the level I RCT by Beckerman et al83 reported no 
effect when a solid AFO set in 5° of DF was worn 
for 12 weeks and a level IV study162 reported no ef-
fect with an oil damper AFO. This conflict in results 
may further support the need for custom AFOs.

•	 Combined Orthotic Effect: A combined orthotic ef-
fect was found in 6 level I, 1 level II, 2 level III, and 
2 level IV studies. The level I SR by Dunning et al8 
included 3 level I RCTs that reported significant 
changes, all of which exceeded the MCID and met 
the criteria for this CPG.72,76,85 The RCTs by Ever-
aert et al72 and Kluding et al,76 as described earlier 
for therapeutic effect, found statistically significant 
increases in gait speed that also exceeded the MCID 
after 6 and 30 weeks of AFO use, respectively. The 
third RCT by Bethoux et al85 followed up 212 par-
ticipants over 6 months and reported significant im-
provements that exceeded the MCID for gait speed 
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while using an AFO. A fourth RCT by Erel et al32 
enrolled 32 participants but compared 14 partici-
pants using a dynamic AFO with 14 participants 
wearing only athletic shoes following 3 months of 
use. The group using the dynamic AFO demon-
strated significant improvements in gait speed (0.15 
m/s), which exceeded the MCID. The fifth RCT 
by Bethoux et al86 followed up 204 of the original 
study participants from Bethoux et al85 who wore an 
AFO for an additional 6 months. After 12 months 
of use, gait speed improved significantly with AFO 
use by 0.17 m/s, exceeding the MCID. When the 
6-month data from Bethoux et al85 are compared to 
12-month data,86 there was a nonsignificant change 
from 0.68 to 0.66 m/s, suggesting that the effect of 
wearing an AFO for home use may plateau follow-
ing the initial 6 months. One level II, 2 level III, 
and 2 level IV studies34,40,156,162,163 reported signifi-
cant combined effects in gait speed, with 1 level III 
study reporting results that exceeded the MCID34 
and 2 level IV studies exceeding the SMC.40,162 One 
study163 reported exceeding the MCID for 1 AFO 
(oil damper with PF resistance) and the SMC for 
another (PF stop).

Chronic Stroke FES: Studies that used FES for individuals 
with chronic poststroke hemiplegia report strong evidence 
for all 4 effects for gait speed (Appendix Table 8).

•	 Immediate Orthotic Effect: An immediate orthotic 
effect was examined by 4 level I, 13 level II, 4 level 
III, and 10 level IV studies. In a crossover RCT with 
90 subjects using FES or a conventional AFO fol-
lowed by FES, Everaert et al72 found a statistically 
significant increase in gait speed using FES for 
the 69 participants analyzed. The RCT by Kluding 
et al76 randomized 197 subjects to FES or an AFO 
individualized to participants’ needs and found sta-
tistically significant increases in gait speed of 0.07 
m/s that also exceeded criteria for the SMC for the 
99 in the FES group. In a secondary analysis, O’Dell 
et al135 reported no further increase in the immedi-
ate orthotic effect over time, with the greatest effect 
being seen at initial testing. Kottink et al51 random-
ized 29 participants to an FES group or a control 
group who used their own AFO, orthopedic shoes, 
or no device. Participants using FES increased gait 
speed from approximately 0.66 to 0.79 m/s (SMC) 
when walking with FES. The level II SR by Kottink 
et al28 included 8 studies that reported an immedi-
ate effect of FES. Six of the studies were excluded 
from this CPG, as they did not meet the inclusion 
criteria. Of the remaining 2 articles included in the 
following discussion, 1 found no effect90 while the 
other found a significant effect that exceeded the 
SMC for gait speed.105 In a level II RCT, Street 
et al73 reported increased gait speed from 0.50 to 
0.59 m/s in 104 participants of the initially enrolled 
133 participants when using FES while the RCT by 
Burridge et al90 found no effect for 16 of the 32 par-
ticipants. Three50,114,153 of the 4 level III50,114,132,153 and 

745,49,52,82,88,89,127 of the 945,49,52,82,88,89,105,127,141,170 level 
IV studies that examined an immediate orthotic ef-
fect had similar findings to the higher-level studies.

•	 Therapeutic Effect: A therapeutic effect was report-
ed by 6 level I, 2 level II, 4 level III, and 7 level IV 
studies. The level I SR by Dunning et al8 included 6 
studies of which 1 exceeded the MCID, 3 exceeded 
the SMC, and 2 showed no changes, with all but 1 
study showing significant changes. Three of these 
studies72,76,90 are included in this CPG as individual 
RCTs. One study used Botox in combination and 
was therefore not included. In an RCT with 90 par-
ticipants randomized to using FES or a conventional 
AFOs before receiving FES, Everaert et al72 found 
a statistically significant increase in gait speed that 
also exceeded criteria for the SMC after 6 weeks 
of FES use for 69 participants completing data col-
lection. Exact gains differed based on whether par-
ticipants received the AFO or FES first with greater 
gains with FES first. The level I RCT by Kluding 
et al76 randomized 197 subjects to FES or an AFO 
individualized to participants’ needs and found sta-
tistically significant increases of 0.10 m/s in gait 
speed that also exceeded criteria for the SMC after 
30 weeks for the 99 participants using FES. After 
12 more weeks of training for 69 of these 99 par-
ticipants, O’Dell et al135 found gait speed increases 
from 0.42 m/s at baseline to 0.61 m/s, exceeding 
the MCID. Three additional level I studies support 
a therapeutic effect of FES. The RCT by Kottink 
et al51 previously described reported participants 
(n = 14) using FES had no increases in gait speed 
when walking without FES for 26 weeks. In an RCT 
comparing treadmill training (TT) with and without 
FES for 32 participants, Hwang et al108 reported gait 
speed increases from 0.36 to 0.49 m/s that exceeded 
the SMC for the FES group and that were greater 
than the treadmill-only group for 14 of the 16 par-
ticipants who completed training and data collec-
tion. A level II RCT by Street et al73 reported gait 
speed changes that did not meet the SMC but were 
statistically significant in 104 of the 133 partici-
pants who completed 20 weeks of home use of FES. 
The second level II RCT by Burridge et al,90 also 
included in the SR, reported no change in gait speed 
following 12 weeks of FES use combined with 10, 
1-hour PT sessions in the first 4 weeks. In addition, 
355,80,153 of the 450,55,80,153 level III and 418,56,142,170 of the 
718,56,82,105,142,151,170,171 level IV studies that examined 
therapeutic effects of FES had similar findings to 
the higher-level studies.

•	 Training Effect: A training effect was examined by 
2 level I, 1 level II, and 2 level IV studies. The RCT 
by Kluding et al76 randomized 197 subjects to FES 
or an AFO individualized to participants’ needs 
and found statistically significant increases of 0.08 
m/s in gait speed, with FES on that also exceeded 
criteria for the SMC after 30 weeks of FES train-
ing. The RCT by Kottink et al,51 as described ear-
lier for therapeutic effect, reported that gait speed 
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improved from approximately 0.79 to 0.88 m/s, thus 
exceeding the SMC. The level II RCT by Burridge 
et al90 randomized 32 subjects to receive FES or no 
FES during 1-hour PT sessions for 10 sessions over 
4 weeks followed by an additional 8 weeks of FES 
use. The 16 participants who received FES had gait 
speed increase of 0.09 m/s, which exceeds the SMC.

•	 Combined Orthotic Effect: A combined orthotic ef-
fect was reported by 6 level I, 2 level II, 2 level III, 
and 4 level IV studies. The level I SR by Dunning 
et al8 included 6 studies with significant increases 
in gait speed, of which 3 exceeded the MCID and 
3 exceeded the SMC. Four of those studies met cri-
teria for this CPG.72,76,85,90 The RCTs by Everaert 
et al72 and Kluding et al,76 as described earlier for 
therapeutic effect, found statistically significant in-
creases in gait speed of 0.14 m/s that also exceeded 
the MCID after 6 weeks and 30 weeks of FES use, 
respectively. In Everaert et al,72 gait speed changes 
again differed based on whether participants re-
ceived the AFO or FES first, with greater gains 
with FES first. Two other studies, which included 
the same cohort of participants, also reported sta-
tistically significant combined orthotic effects: 
Bethoux et al after 6 months85 and 12 months86 of 
home FES use with gait speed increasing from 0.45 
m/s at baseline to 0.64 and 0.65 m/s after 6 and 12 
months, respectively. The RCT by Kottink et al,51 
as described earlier for therapeutic effect, reported 
that gait speed increased significantly from ap-
proximately 0.66 to 0.88 m/s, exceeding the MCID. 
The RCTs by Bethoux et al85,86 allocated 242 par-
ticipants across 30 sites to the FES group with 187 
completing the 6-month follow-up and 80 complet-
ing the 12-month follow-up. The level II RCT by 
Burridge et al,90 also included in the SR, reported a 
significant gait speed change of 0.13 m/s, exceeding 
the SMC following 12 weeks of use. Another level 
II RCT by Street et al,73 as described earlier under 
immediate orthotic effect, reported a significant 
increase in gait speed from 0.50 to 0.64 m/s that 
exceeded the MCID after 20 weeks of home use. 
In addition, 2 level III studies reported combined 
significant orthotic effects153,156 that exceeded the 
SMC in 1 study.153 Two level IV studies18,88 also re-
ported increases that exceeded the SMC and 1 level 
IV study exceeded the MCID.88

Comparison of AFO and FES: For acute stroke, there is 
level I evidence based on 1 level I144 and 1 level II studies.126 
The RCT by Salisbury et al144 found no difference in a com-
bined orthotic effect between AFOs and FES. However, an 
RCT by Morone et al126 reported that the FES group had a 
significantly greater increase in walking speed of 0.08 m/s 
compared to usual care with AFOs.

For chronic stroke, there is level I evidence based on 4 
level I studies.8,72,76,85 The 3 RCTs were included in the SR by 
Dunning et al,8 who reported that AFOs and FES were equiv-
alent for increasing gait speed based on these 3 studies72,76,85 
for therapeutic and combined orthotic effects. For the level I 

RCTs, no differences were reported between AFOs and FES 
by Kluding et al76 for any of the 4 effects, by Bethoux et al85 
for a combined effect, or by Everaert et al72 for therapeutic 
and combined effects. But Everaert et al72 did report that the 
AFO group had significant immediate orthotic effects on 
gait speed compared to the FES group.

Clinical Interpretation: The introduction of an AFO or FES 
to improve gait speed is a common clinical consideration 
following stroke. A prior CPG concluded that an AFO can 
have a positive effect on gait speed,22 but did not differentiate 
benefits based on effects. The literature to support the clini-
cal decision-making process in the acute phase post-stroke 
is limited (Appendix Tables 5 and 6). When considering an 
AFO in this acute phase, there is some evidence across all 
effects, with most studies reporting immediate or combined 
orthotic effects.73 There is mixed evidence for immediate 
effects with higher-level evidence reporting no effect, but 
level III evidence suggests a larger effect may be seen in 
individuals with a slower initial gait speed. Inclusion of an 
AFO early in recovery may have a positive effect on gait 
speed indicating that it may promote recovery, especially 
when included as part of a more intense dosage of interven-
tion. In addition, early provision during acute rehabilitation, 
especially for those who walk more slowly, may allow faster 
gains in gait speed when wearing the AFOs,129-131 which has 
possible implications for length of stay and costs. Outcomes 
reported were similar with a custom or a prefabricated AFO 
suggesting that a less expensive temporary prefabricated 
AFO may be appropriate for initial use. A potentially less 
restrictive option can then be considered later in the reha-
bilitation process.

The evidence for using FES in the acute phase to en-
hance recovery and participation is stronger than for AFOs 
and suggests that FES may be better than AFOs to promote 
recovery as demonstrated by the reported therapeutic ef-
fects (Appendix Tables 5 and 6). In addition, dosing may be 
important for promoting recovery, as studies with greater 
intervention frequency and duration (5 days/week for 40-60 
minutes for 4-12 weeks)51,72,73,76,90,108,135 led to better therapeu-
tic effects. For combined orthotic effects, gains were seen 
regardless of baseline gait speed, suggesting that FES may 
be a better choice than AFOs for individuals ambulating at a 
faster gait speed.8,32,72,76,85,90

While evidence for AFOs and FES is limited in the acute 
phase, there is a larger body of evidence supporting their 
use to increase gait speed in the chronic phase (Appendix 
Tables 7 and 8). While all 4 effects are reported for AFOs, 
the majority of studies reported an immediate effect when 
compared to no device. Immediate improvements seen in 
gait speed often exceeded the SMC and the MCID using the 
10mWT. The most consistent improvements were seen when 
a custom AFO was used, regardless of AFO type (Appendix 
Table 7). However, no effect was noted when the participant 
had limited PF range of motion38 or if the AFO allowed free 
DF with a PF stop.13,103 Custom AFO use also led to other 
effects that appear to be dependent on the number of weeks 
of use. After 6 to 30 weeks of home use, gains were found 
that exceeded the SMC for a therapeutic effect and often ex-
ceeded the MCID for a combined orthotic effect.72,76,85 One 
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study with only 3 weeks of use showed no effect.162 While 
gait speed appears to improve meaningfully with long-term 
wear, peak improvements occurred after 6 weeks,72 which 
may indicate a critical point for reassessment. The train-
ing effects on gait speed were the least studied and results 
were mixed. The most significant improvements (Appendix 
Table 7) were seen with a custom AFO, while no effect was 
reported with solid AFOs set in 5° of DF, or an oil damper 
AFOs, supporting the need for a custom AFO designed to 
meet the needs of the individual.

For FES, gains are reported across all 4 effects, but un-
like AFOs, the most significant effects reported were thera-
peutic and combined effects (Appendix Table 8). The imme-
diate effects of FES are mixed, with most studies reporting 
gait speed gains that were significant or exceeded the SMC, 
while other studies reported no effect. While the evidence 
is strong for therapeutic and combined effects, studies sug-
gest that individuals considering FES may need practice or 
skilled PT intervention/gait training to see a meaningful im-
provement in gait speed. Studies also indicate that a mini-
mum of 18 treatment sessions151 or use of FES over a period 
of 20 to 42 weeks may be important for these effects.8,51,88,135 
Thus, gait speed can continue to improve with FES use and 
individuals should be encouraged to use FES following dis-
charge and educated on the benefits. The strongest predic-
tors of responders to FES were younger age, faster baseline 
gait speed, faster Timed Up and Go (TUG) scores, and better 
balance. The ability to produce some level of motor activa-
tion of the key muscle group being stimulated appeared to 
distinguish responders from nonresponders,151,172 especially 
in individuals with a slower baseline gait speed.172 Training 
effects are also seen with FES and are studied more than for 
AFOs, with more consistent improvements seen in gait speed 
that were significant and often exceeded the SMC when used 
for 12 to 30 weeks. Effects were demonstrated earlier and 
were more meaningful when combined with skilled PT in-
tervention with 6 to 15 sessions of 30 to 60 minutes over a 
1- to 5-week period.76,90

There is some evidence against the use of FES over 
AFOs to produce an immediate orthotic effect.72 However, it 
was noted by the authors that these results may also be flawed 
due to a significant difference in baseline gait speed between 
groups. In addition, more studies with FES alone show a ther-
apeutic effect on gait speed than do studies with AFOs (Ap-
pendix Tables 5-8). Thus, clinical decision-making regard-
ing potential for recovery versus the need for compensation 
should be considered in choosing AFOs or FES to make the 
best decision for an individual. These devices should also be 
considered at any point following the stroke.

The results of the included studies indicate that AFOs 
and FES improve gait speed in both the acute and chronic 
phases post-stroke. The effects desired, time post-stroke, and 
baseline gait speed may assist clinicians in choosing a de-
vice. Consideration needs to be given to adequate dosing for 
both AFOs and FES and to individual needs when choosing 
an AFO.

Research Recommendations: While there is strong evi-
dence for AFOs and FES for increasing gait speed, further 
research is needed to better guide clinical decision-making. 

There is an imbalance in terms of the effects studied across 
AFOs and FES. Studies on AFOs tend to focus more on 
compensation-based effects, while most studies on FES also 
examine recovery-based (therapeutic) effects. Thus, research 
is needed to identify all effects of each device type to guide 
clinicians in device choice as well as the focus on recovery 
or compensation. Evidence is also limited on the comparison 
of different AFO types, optimal timing post-stroke to intro-
duce FES or AFOs, and dosing needed to obtain optimal ef-
fects. More research with individuals with acute post-stroke 
hemiplegia is also needed with both AFOs and FES.

Action Statement 3: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE OTHER MOBILITY. Clinicians 
should provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve other mobility 
(evidence quality: I; recommendation strength: strong).

•	 Acute AFO: evidence quality: II; recommendation 
strength: moderate

•	 Acute FES: evidence quality: I; recommendation 
strength: strong

•	 Chronic AFO: evidence quality: I; recommendation 
strength: strong

•	 Chronic FES: evidence quality: I; recommendation 
strength: strong

The other mobility statement incorporates multi-item 
outcome measures that assess gait and mobility dysfunction 
through a variety of constructs including timed and untimed 
ambulation on varied surfaces, ambulation with assistance, 
transfers, and stairs.67,85,173-180

Action Statement Profile
Aggregate Evidence Quality: Level I based on 1 level 
I SR, 1 level II SR/meta-analysis, 7 level I RCTs, and 6 
level II, 6 level III, and 3 level IV studies.
•	 Acute AFO: Level II based on 4 level II, 2 level III, 

and 2 level IV studies (Appendix Table 9).46,102,122, 
125,126,129,130,145,154,160

•	 Acute FES: Level I based on 2 level I and 1 level II 
studies (Appendix Table 9).46,102,122,125,126,129,130,145,154,160

•	 Chronic AFO: Level I based on 1 level I SR, 1 level II 
SR/meta-analysis, 4 level I, 2 level II, and 4 level III 
studies (Appendix Table 10).8,29,42,72,79,85,86,106,113,147,148,155

•	 Chronic FES: Level I based on 1 level I SR, 3 level I, 
and 1 level II studies (Appendix Table 11).8,85,86,147,148

Benefits:
•	 Early provision of an AFO or FES may increase mo-

bility and safety with ambulation when introduced 
earlier in the rehabilitation process, allowing more 
independent exercise participation130 and enhanc-
ing recovery and independence for safe discharge 
to home. Early provision of an AFO following acute 
stroke does not appear to interfere with recovery of 
mobility.130

•	 Early provision of an AFO or FES as an interven-
tion in rehabilitation may avoid added costs of mak-
ing a decision about a device too soon.125
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•	 In the chronic phase post-stroke, AFOs and FES 
provide both compensation and recovery-based ef-
fects. Thus, individuals can make gains in mobility 
relative to their needs even years after the stroke, 
which may further increase QOL and participation.

Risk, Harm, Cost:
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intoler-
ance to the sensation of the stimulation, insufficient 
DF achieved, general dissatisfaction, and skin ir-
ritation. With an implanted FES system, FES may 
not be successful due to system failure, infection, 
hematoma, lymphedema, nerve injury, and neuro-
dermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Faster gains in mobility in the acute phase may de-

crease length of stay.
Intentional Vagueness:
•	 The recommendations purposefully do not address 

the effects of one type of AFO over another, as stud-
ies used a variety of AFO types and rarely differen-
tiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals with poststroke hemiplegia may prefer 

walking with an AFO earlier rather than delay-
ing walking to learn a more “normative” gait pat-
tern.125,154

•	 Individuals with poststroke hemiplegia may prefer 
FES to AFOs due to improved movement and safety 
with FES.147

•	 Individuals may prefer FES over AFOs.
Exclusions:
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Early provision of an AFO or FES may improve pa-

tient mobility and safety, allowing improved confi-
dence for the individual and physical therapist.

•	 AFOs do not have a negative effect on recovery of 
mobility, so an AFO is appropriate to use in acute 
rehabilitation based on individual goals and desired 
effects.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assess-
ment of desired outcomes using different AFO 
and FES types and settings before making a final 
decision.

Implementation and Audit:
•	 AFOs or FES should be incorporated early in reha-

bilitation to improve mobility immediately and over 
time to improve rehabilitation potential.

•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with AFOs and FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.

Supporting Evidence and Clinical Interpretation

Acute Stroke AFO: Studies that used AFOs for individu-
als with acute poststroke hemiplegia demonstrate moderate 
evidence for immediate orthotic, therapeutic, and combined 
orthotic effects to improve mobility (Appendix Table 9).

•	 Immediate Orthotic Effect: An immediate effect was 
reported in 1 level II, 1 level III, and 1 level IV stud-
ies. The level II RCT by Tyson and Rogerson154 fitted 
a PLS to 20 nonambulatory participants. Functional 
Ambulation Category (FAC) scores significantly 
improved compared to walking without the PLS. 
The level III and level IV cohort studies found simi-
lar effects using various AFOs.102,122 Dogan et al102 
assessed 51 participants using the Stroke Rehabili-
tation Assessment of Movement (STREAM) with 
and without an articulating AFO with a 90° PF stop. 
Significant improvements were noted in the mobil-
ity subscale of the STREAM score when wearing 
the articulating AFOs compared to no AFO. Lan 
et al122 had similar results in 20 individuals with 
significantly improved FAC scores using a custom 
solid AFO.

•	 Therapeutic Effect: A therapeutic effect was re-
ported in 1 level II126 and 1 level IV studies.145 In 
the RCT by Morone et al,126 20 participants walked 
with an unknown AFO type for 40 minutes 5 days 
per week for 4 weeks. Significant improvements 
were noted in the FAC. Mobility, as measured by the 
Barthel Index (BI) and Rivermead Mobility Index 
(RMI), also improved, exceeding the MDC for both 
and the MCID for the BI. A level IV cohort study 
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reported significant improvements in the Functional 
Independence Measure (FIM) with 26 participants 
using a nonspecified AFO during inpatient rehabili-
tation.145

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: Three studies, includ-

ing 2 level II and 1 level III studies, reported on 
the combined orthotic effect.125,129,130 Two level II 
RCTs, which included the same cohort of study 
participants, by Nikamp et al129,130 compared im-
mediate versus delayed provision of an AFO and 
considered the short- and long-term effects. A total 
of 33 subjects were assigned to receive a prefabri-
cated solid, semisolid, or PLS AFO either early in 
the rehab process (week 1) or delayed (at week 9) 
to compare recovery (delayed group without initial 
AFO provision) to recovery combined with an AFO. 
Data from 26 subjects were analyzed. Both the early 
group with an AFO and the delayed group made 
significant improvements in the first 1 to 3 weeks of 
rehabilitation in FAC, RMI, and BI scores.130 Only 
the early provision group reported improvements 
in BI scores that exceeded the MCID. The delayed 
group was provided an AFO at week 9. Upon dis-
charge at week 11, both groups achieved similar 
levels of functional improvement.130 At the 26-week 
follow-up, there were no significant differences be-
tween groups, with all study participants achieving 
an FAC level greater than 3, indicating ambulation 
without the assist of another person.129 These re-
sults suggest only marginal improvement in mobil-
ity when an AFO is provided early in rehabilitation 
versus later with no differences seen longer term.

A level III retrospective cohort study by Momosaki 
et al125 found that 792 participants who used an AFO 
early in rehabilitation had significantly higher discharge 
FIM scores, FIM score gain, and FIM efficiency com-
pared to participants matched on demographics who did 
not receive an AFO. In addition, discharge FIM scores 
were significantly higher for individuals with lower ad-
mission FIM scores (<63) who were provided an AFO 
early in rehabilitation. This finding suggests that an AFO 
may be most appropriate in individuals who present 
with more impaired mobility following acute stroke.125

Acute Stroke FES: Studies that used FES for individuals 
with acute poststroke hemiplegia demonstrate strong evi-
dence for therapeutic effects to improve mobility (Appendix 
Table 9).

•	 Immediate Orthotic Effect: No evidence.
•	 Therapeutic Effect: Two level I and 1 level II studies 

reported therapeutic effects.46,126,160 In 1 level I RCT, 
FES was delivered in an outpatient setting, while 
the other group was provided FES in an acute re-
habilitation hospital. Both studies used FES during 
walking and to assist with exercise. In the level I 
RCT by MacDonell et al,46 the FES (n = 20) and 
non-FES (n = 18) groups received an equivalent 
dose of PT for 8 weeks, but the FES group used 
FES during exercise and functional training. Both 

groups made significant improvements in FAC and 
BI at 4 and 8 weeks, with improvements that ex-
ceeded the MDC and the MCID for the BI. The FES 
group also had a significantly greater rate of mobil-
ity improvement compared to the non-FES group as 
measured by the FAC.46 In the second level I RCT, 
Wilkinson et al160 provided 20 participants with PT 
for 1 hour 2 days per week for 6 weeks. Ten partici-
pants randomized to a group received FES during 
gait training, along with exercise and daily home 
use. Both groups reported significant improvements 
in RMI scores that exceeded the MDC, with no dif-
ferences seen between groups.160

A level II RCT by Morone et al126 included 20 partici-
pants undergoing conventional rehabilitation with 10 
participants randomized to a group using FES during 
the sessions, while the control group wore an AFO. The 
walking training included 40 minutes 5 days per week 
for 4 weeks. Both groups had improvements in mobil-
ity exceeding the MDC in the BI and RMI.126

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Chronic Stroke AFO: Studies that used AFOs for individu-
als with chronic poststroke hemiplegia demonstrate strong 
evidence for immediate orthotic, therapeutic, and training 
effects to improve mobility. The evidence is stronger for 
therapeutic and training effects compared to immediate or-
thotic effects (Appendix Table 10).

•	 Immediate Orthotic Effect: Seven studies includ-
ing 3 level II and 4 level III studies reported on the 
immediate orthotic effect.29,42,79,106,113,147,155 The level 
II SR/meta-analysis by Tyson and Kent29 reported 
the immediate effects of 3 studies using the FAC. 
Two42,155 of the 3 studies were level III studies that 
included participants with chronic stroke and are in-
cluded in this section of the CPG. In a level II retro-
spective study, Kesikburun et al113 reported signifi-
cant improvements in FAC in 28 participants when a 
custom solid AFO was provided. In Sheffler et al,147 
significant improvements were seen in the ambula-
tion on floor, carpet, and TUG items on the Modi-
fied Emory Functional Ambulation Profile (mE-
FAP) when a custom AFO was worn compared to no 
device.147 Level III evidence by Abe et al79 reported 
improvements in FAC in 16 participants when a PLS 
or hinged AFO was provided. The number of par-
ticipants who were able to achieve an FAC level of 
5 (able to independently ambulate on level surfaces, 
nonlevel surfaces, stairs, and inclines) significantly 
improved from 0% when ambulating barefoot to 
63% when ambulating with an AFO.79

Further level III evidence assessed mobility with the 
use of the participant’s own or custom AFO compared 
to no AFO, and found significantly improved FAC or 
the mEFAP scores when walking with versus without 
AFO. AFO types used included solid, anterior shell 
and articulating.42,106,155 Group differences were primar-
ily in individuals who were independent ambulators, 
thus allowing them the ability to access more complex 
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environments with an AFO.42,106,155 Tyson and Thorn-
ton155 also reported improved FAC scores from 2 to 4 
for participants who required support to walk without 
AFOs (FAC level 2). Thus, the AFOs allowed them to 
become independent ambulators (FAC 4).
•	 Therapeutic Effect: Two level I studies reported ther-

apeutic effects following training.8,148 The level I SR 
by Dunning et al8 reported improved mEFAP scores 
in 1 study by Sheffler et al,148 which is included in 
this CPG. In the RCT by Sheffler et al, 110 partici-
pants received training for 1 hour 2 days per week for 
the first 5 weeks followed by 3 more 1-hour sessions 
over a 7-week period. They were also instructed to 
wear the AFOs for up to 8 hours per day. Significant 
differences were noted in mobility using the mEFAP. 
The MCID was exceeded after the 12-week interven-
tion and gains were maintained 6 months later, de-
spite AFO discontinuation after 12 weeks.148

•	 Training Effect: Four level I studies examining the 
same participants reported a training effect.8,72,85,86 
The level I SR by Dunning et al8 included 1 RCT85 
that is also included in this CPG for a training effect. 
This RCT by Bethoux et al85 included 495 partici-
pants whose walking speed was less than 0.08 m/s. 
Based on individual needs, 253 participants were 
provided with a custom solid or articulating AFO. 
Participants were instructed to wear the orthosis 
on a full-time basis after an initial 2-week progres-
sive wearing schedule. Improvements exceeding the 
MDC on mEFAP were reported at 6 months for the 
212 individuals who completed data collection. Par-
ticipants (n = 204) were able to maintain gains when 
reassessed at 12 months, but no further improvements 
were noted.86 In addition, a multicenter RCT by Ever-
aert et al72 reported improvement in the RMI for 24 
participants who were provided a custom AFO. No 
changes were seen after 6 weeks, but improvements 
in the RMI exceeded the MDC after 12 weeks.72

•	 Combined Orthotic Effect: No evidence.

Chronic Stroke FES: Studies that used FES for individuals 
with chronic poststroke hemiplegia demonstrate strong evi-
dence for immediate orthotic, therapeutic, and training ef-
fects to improve mobility. The evidence is stronger for thera-
peutic and training effects compared to immediate orthotic 
effects (Appendix Table 11).

•	 Immediate Orthotic Effect: One level II RCT by 
Sheffler et al147 compared 5 elements of the mEFAP 
in 14 subjects. Significant improvements were seen 
in the item of ambulation on carpet when wearing 
FES compared to no device.147

•	 Therapeutic Effect: One level I RCT by Sheffler 
et al148 is included in the level I SR by Dunning 
et al.8,59 In the RCT by Sheffler et al,148 110 partici-
pants participated for 1 hour 2 days per week for the 
first 5 weeks followed by 3 more 1-hour sessions 
over a 7-week period and were instructed to use 
FES for up to 8 hours per day. Significant differ-
ences that exceeded the MDC were noted in mobil-
ity using the mEFAP after the 12-week intervention 

that were maintained after 6 months, despite dis-
continuation of FES at 12 weeks.

•	 Training Effect: Three level I studies reported on the 
training effect of AFOs on mobility. The level I SR by 
Dunning et al8 included 1 RCT85 reporting training 
effect that is also included in this CPG. In this RCT, 
Bethoux et al85 included 495 participants of which 
242 were provided FES for home use after 2 weeks 
of programming and training. Of these 242 partici-
pants, 187 completed the 6-month follow-up and 180 
completed the 12-month follow-up. Gait Functional 
Ambulation Profile (FAP), total mEFAP, and mE-
FAP subtasks of floor time and obstacle course time 
improved significantly with use of FES from base-
line to 6 months, with the changes in total mEFAP 
exceeding the MDC. In the absence of intervention 
beyond the initial 2 weeks, the authors theorized that 
the improvements may be due to the mechanism of 
foot drop correction provided by FES with improved 
clearance of obstacles and barriers.85 Continued im-
provements exceeding the MDC were noted for the 
mEFAP total score between 6 and 12 months.86

•	 Combined Orthotic Effect: No evidence.

Comparison of AFO and FES: For acute stroke, there is 
level II evidence based on 2 level II RCTs that show con-
flicting results.126,144 For a combined orthotic effect, a level II 
RCT by Salisbury et al144 found no difference in a combined 
orthotic effect between use of an AFO and FES. However, a 
level II RCT by Morone et al126 reported that the FES group 
had a significantly greater increase in mobility with an in-
crease in FAC from 2 to 4 compared to an increase in FAC 
from 2 to 3 in the AFO group.

For chronic stroke, there is level I evidence based on 3 
level 18,72,85 and 1 level II studies86 that showed no difference 
in effects on mobility between AFOs and FES. A level I SR 
by Dunning et al8 reported a change in mobility using the 
mEFAP and included 1 study also included in this CPG that 
compared effects between AFO and FES groups. This level 
I RCT by Bethoux et al85 reported no difference in training 
effect between AFO and FES groups following 6 months of 
use. A level I RCT by Everaert et al72 reported no difference 
in combined orthotic effect, and Bethoux et al86 reported no 
difference in the training effect between AFOs and FES at 
the 12-month follow-up.

Clinical Interpretation: In the acute phase post-stroke, there 
is more evidence to support AFO use than FES use, with 
varied considerations for each device (Appendix Table 9). 
A combined orthotic effect for mobility was seen when a 
custom AFO was provided both early (at 1 week) and late 
(at 9 weeks).129,130 The type of AFOs used in studies varies 
without a preference for one type over another. The key indi-
cation noted across many studies is just that the AFO meets 
the needs of the individual. Therapeutic effects were reported 
with unspecified types of AFO. The improvements appeared 
to be more meaningful when the device is applied over 20 
PT sessions.126 While the improvement in mobility were mar-
ginal, individuals with a lower admission FIM score (<63) 
may benefit from earlier AFO use to improve mobility.125
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When considering FES, there is only evidence to sup-
port a therapeutic effect when FES is provided during 
rehabilitation process for at least 5 sessions per week over 4 
weeks.126 When considering the available evidence for either 
device, it may be beneficial to include FES as an intervention 
during inpatient rehabilitation to improve mobility and then 
reassess the need for either device based on the individuals.

For individuals with chronic poststroke hemiplegia, the 
evidence is strong for custom AFO use. In many studies, par-
ticipants were already using an AFO, which further supports 
the need for assessment for revisions to meet the changing 
needs of the individual at this phase. Improvements were 
seen ranging from increased levels of independence to the 
ability to access more complex environments regardless of 
baseline mobility. Both therapeutic and training effects were 
noted following 12 weeks of AFO use.72,148 Further therapeu-
tic benefits continued to be made after the AFO was discon-
tinued demonstrating the potential for recovery in the chronic 
phase. Thus, AFO use along with skilled PT may promote 
recovery and not necessarily dependence on the AFO during 
this chronic phase. For FES use in chronic stroke, immedi-
ate and combined effects are limited compared to therapeutic 
and training effects. Strong evidence supports FES use com-
bined with skilled PT intervention and daily wear over 12 
weeks.8,148 These findings are consistent with other outcomes 
where there was a benefit following initial device training 
during PT intervention before significant results were report-
ed. While there is little research on the use of FES to improve 
mobility in individuals with acute poststroke hemiplegia, best 
practice suggests that benefits are possible similar to what 
are seen with individuals with chronic poststroke hemiplegia.

Overall, both AFOs and FES can provide positive mobil-
ity benefits for individuals with acute or chronic poststroke 
hemiplegia. Combining AFO or FES use with other PT in-
terventions may be important to promote mobility gains. 
There is some evidence for FES to have a greater therapeutic 
effect on mobility compared to AFOs in acute stroke.

Research Recommendations: More research is needed for 
the use of AFOs and FES in the acute and chronic popu-
lation across effects to guide clinical decision-making re-
garding optimal timing of device introduction, to further 
understand the best responders, and to differentiate AFO 
types to improve mobility based on examination findings. 
For both AFOs and FES, more research is needed on dosing 
to achieve maximum effect.

Action Statement 4: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE DYNAMIC BALANCE. Clinicians 
should provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve dynamic bal-
ance (evidence quality: I; recommendation strength: strong).

•	 Acute AFO evidence quality II; recommendation 
strength: weak

•	 Acute FES evidence quality: not applicable; recom-
mendation strength: best practice

•	 Chronic AFO evidence quality I; recommendation 
strength: strong

•	 Chronic FES evidence quality I; recommendation 
strength: strong

Measures that are included under dynamic balance pri-
marily assess stability, balance, balance confidence, or fall 
risk.

Action Statement Profile
Aggregate Evidence Quality: Level I based on 1 level 
II meta-analysis, 1 level I SR, 1 level II SR, 9 level I, 3 
level II, 6 level III, 1 level III/IV, and 7 level IV studies.
•	 Acute AFO: Level I based on 1 level I RCT, 1 level 

II RCT, 1 level III study, and 2 level IV studies (Ap-
pendix Table 12).102,122,129,130,137

•	 Acute FES: No evidence.
•	 Chronic AFO: Level I based on 1 level II SR, 1 level 

II meta-analysis, 4 level I RCTs, 2 level II studies, 
4 level III studies, 1 level III/IV study, and 3 level 
IV studies (Appendix Table 13).21,29,32,39,42,72,76,85,91,93, 
101,106,136,138,157,165

•	 Chronic FES: Level I based on 1 level I SR, 7 level 
I RCTs, 2 level III studies, and 2 level IV studies 
(Appendix Table 14).8,49,59,72,76,81,85,95,108,115,141,151

Benefits:
•	 AFOs can decrease the risk for falls and improve 

dynamic ambulation and balance confidence.
•	 FES can increase foot clearance in swing, decrease 

risks for falls, and increase gait symmetry, which 
can improve dynamic balance reactions.

•	 AFOs and FES can increase overall safety in the 
home and community.

Risk, Harm, Cost:
•	 AFOs may limit DF instance, thus limiting the abil-

ity to perform some dynamic balance tasks and re-
actions.

•	 Costs may be high to the individual due to lack of 
sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intoler-
ance to the sensation of the stimulation, insufficient 
DF achieved, general dissatisfaction, and skin ir-
ritation. With an implanted FES system, FES may 
not be successful due to system failure, infection, 
hematoma, lymphedema, nerve injury, and neuro-
dermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Wearing a static AFO can limit ankle DF, which 

may cause compensation at more proximal joints 
and decrease dynamic balance.

Intentional Vagueness:
•	 The recommendations purposefully do not address 

the effects of one type of AFO over another, as 
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studies used a variety of AFO types and rarely dif-
ferentiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preference:
•	 Individuals may find that AFOs provide increased 

balance confidence in daily mobility tasks.
•	 Individuals may prefer FES over an AFO.
Exclusions:
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Earlier AFO provision may allow earlier improve-

ments in dynamic balance, so AFOs should be con-
sidered earlier post-stroke.

•	 AFO or FES provision in the chronic phase may im-
prove dynamic balance and decrease the risk of falls.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assess-
ment of desired outcomes using different AFOs and 
FES types and settings before making a final deci-
sion.

Implementation and Audit:
•	 The Functional Gait Assessment (FGA), and not the 

Berg Balance Scale (BBS), should be used to as-
sess effects of AFOs and FES for individuals with 
dynamic balance deficits.

•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with AFO and FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.

Supporting Evidence and Clinical Interpretation

Supporting Evidence:
Acute Stroke AFO: Studies that used AFOs for individuals 
with acute poststroke hemiplegia demonstrate moderate evi-
dence for immediate orthotic and combined orthotic effects 
to improve dynamic balance (Appendix Table 12).

•	 Immediate Orthotic Effect: Three studies, 1 level 
III and 2 level IV, assessed the immediate ef-
fect of AFOs on dynamic balance with mixed 

results.102,122,137 One level III cohort study by Dogan 
et al102 used an articulating AFO with posterior stop 
and 90° PF stop with 51 participants. They found 
significant improvements that exceeded the MDC 
in TUG scores and significant changes in BBS 
scores. Two level IV studies found no effects on 
BBS scores with use of an AFO. In these studies, 
Park et al137 assessed 17 participants with a PLS 
AFO or anterior AFO, and Lan et al122 assessed 20 
participants with a plastic-molded AFO at 90° of 
DF.

•	 Therapeutic Effect: No evidence.
•	 Training Effect: No evidence
•	 Combined Orthotic Effect: One level II RCT by Ni-

kamp et al129,130 reported a combined orthotic effect 
following AFO use. Thirty-three participants were 
provided a flexible, semirigid, or rigid AFO at week 
1 (early provision) or week 9 (delayed provision) of 
inpatient rehabilitation. Two weeks after receiving 
the AFO, the early provision group showed signifi-
cant improvements that exceeded the MDC in the 
BBS and TUG and significant improvements in the 
Timed Up/Down Stairs (TUDS) compared to the 
group that received usual care without an AFO. The 
delayed provision group was provided with an AFO 
at week 9. After 2 weeks, they demonstrated signifi-
cant improvements in the BBS, significant improve-
ments in the TUG that exceeded the MDC, and no 
changes in the TUDS. Early provision of AFOs re-
sulted in faster improvements in dynamic balance 
outcomes.129,130

Acute Stroke FES: There are no studies that use FES to im-
prove dynamic balance for individuals with acute poststroke 
hemiplegia.

•	 Immediate Orthotic Effect: No evidence.
•	 Therapeutic Effect: No evidence.
•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Chronic Stroke AFO: Studies that used AFOs for individu-
als with chronic poststroke hemiplegia demonstrate strong 
evidence for all 4 effects to improve dynamic balance (Ap-
pendix Table 13).

•	 Immediate Orthotic Effect: Thirteen studies in-
cluding 2 level I, 3 level II, 4 level III and 4 level 
IV, assessed the immediate orthotic effect with 
differing results using different outcome measu-
res.21,29,30,42,72,76,91,93,101,106,136,157,165 In a level I RCT, 
Kluding et al76 enrolled 197 participants of which 
98 received a custom AFO and 8 sessions of educa-
tion and practice prior to baseline assessments. Sig-
nificant improvements were seen with the BBS and 
TUG scores, with the TUG exceeding the MDC. 
There was no effect on Functional Reach Test (FRT) 
scores.76 In a level I RCT, Everaert et al72 found that 
the 93 participants who completed data collection 
were significantly faster during the figure-of-8 test 
when wearing an unspecified AFO.72
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A level II cohort by de Wit et al101 evaluated 20 partici-
pants who had worn a solid plastic AFO with various 
types of posterior steel supports for at least 6 months 
prior to testing. Significant improvements that exceed-
ed the MDC for the TUG as well as significant changes 
in the TUDS were found.101 Chisholm and Perry21 con-
ducted a level II SR that included studies with vari-
ous unspecified AFO types and found overall trends 
in decreased TUG times with an AFO.21 Tyson et al29 
completed a level II meta-analysis that found no pat-
terns in BBS, TUG, and TUDS changes with varying 
types of AFOs.29

Seven out of the 8 level III and level IV studies that 
assessed the immediate orthotic effect also found posi-
tive impact on dynamic balance using the BBS, TUG, 
and/or TUDS.39,42,91,93,106,136,165 The types of AFOs used 
in these studies ranged from solid plastic with vary-
ing types of posterior steel supports, anterior, prefabri-
cated dynamic, custom, articulating, and PLS and they 
were compared to no AFO. One of the level III cohort 
studies, Pardo et al,136 compared custom to prefabri-
cated AFOs in 14 participants and found no difference 
between AFO types. The 1 of the 8 level III and level 
IV studies that found no difference in dynamic balance 
was by Wang et al.157 They evaluated 103 participants 
on the BBS while using a prefabricated AFO.
There were 2 studies that assessed balance confidence 
with use of an AFO. Two level III cohort studies used 
either the Activities-Specific Balance Confidence Scale 
(ABC) or the Falls Efficacy Scale-International (FES-
I). Zissimopoulos et al165 assessed 15 participants with 
the ABC with use of a nonrigid custom AFO, and Hung 
et al106 assessed 52 participants using an anterior plas-
tic AFO with the FES-I. Both studies found significant 
improvements in balance confidence measures.106,165

•	 Therapeutic Effect: Two level I studies reported 
therapeutic effect of AFOs.72,76 In Kluding et al,76 a 
level I RCT, 98 of the 197 participants were pro-
vided with a custom AFO and instructed to wear it 
daily for 30 weeks. Significant improvements were 
found in BBS scores, yet there was no effect with 
the TUG. Everaert et al,72 a level I RCT with 93 par-
ticipants, assessed 3 groups in their study who used 
an unspecified AFO. Group 1 used an AFO for 6 
weeks followed by 6 weeks of FES, group 2 used 
FES for 6 weeks followed by 6 weeks of AFO use, 
and group 3 used an AFO for 12 weeks. Significant 
improvements were found in figure-of-8 gait speed 
with AFOs at either 6 or 12 weeks of use.

•	 Training Effect: Two level I studies evaluated the 
training effect with differing results using different 
outcome measures.76,85 In Kluding et al,76 a level I 
RCT as described earlier, significant improvements 
in BBS scores were found after 30 weeks, yet there 
was no effect on the TUG. A level I RCT by Bethoux 
et al85 reported that 212 of the 253 participants who 
completed 6 months of home use of a custom AFO 
had no changes in TUG or BBS scores.

•	 Combined Orthotic Effect: Five studies, 3 level I, 1 
level II, and 1 level III, reported combined orthotic 

effects.32,39,72,76,138 Across studies, some outcome 
measures included were responsive to the AFO use 
and some were not. Kluding et al,76 a level I RCT 
as described earlier, found significant changes that 
exceeded the MDC for the TUG and significant 
changes on the BBS. Erel et al,32 a level I RCT, had 
14 of their 28 participants use a dynamic AFO daily 
for 3 months. They found significant improvements 
in the Timed Up Stairs (TUS), but no change in the 
Timed Down Stairs (TDS), TUG, or FRT. Partici-
pants had no prior AFO use and had to have a MAS 
score of less than 3. Another level I RCT by Ever-
aert et al72 assessed 93 participants 6 or 12 weeks 
after AFO use and found significant improvements 
in figure-of-8 gait speed.

A level II cohort study by Pavlik138 that used a solid or 
articulating AFO with 4 participants for 6 months of 
daily use found significant changes that exceeded the 
MDC for the TUG. Bouchalova et al,39 a level III co-
hort, used a dynamic Maramed AFO or prefabricated 
AFO in 15 participants for 1 month of daily wear. They 
found changes in the TUG that exceeded the MDC. 
There was no effect using the Four Square Step Test 
(FSST).

Chronic Stroke FES: Studies that used FES for individuals 
with chronic poststroke hemiplegia demonstrate strong 
evidence for all 4 effects to improve dynamic balance 
(Appendix Table 14).

•	 Immediate Orthotic Effect: Four studies, 2 level I, 
1 level III, and 1 level IV, assessed immediate or-
thotic effects with differing results using different 
outcome measures.49,72,76,141 A level I RCT by Klud-
ing et al76 used FES with 99 out of 197 enrolled par-
ticipants and found significant improvements in the 
BBS and TUG, exceeding the MDC for the TUG. 
There was no effect on Functional Reach Test (FRT) 
scores. Everaert et al.72 a level I RCT, assessed 69 
out of 93 enrolled participants using FES and found 
significant improvements in figure-of-8 gait speed. 
A level III cohort by Robertson et al141 assessed 15 
participants and found no effect on the TUG, BBS, 
or ABC. In addition, a level IV cohort study by 
Martin et al49 that included 27 participants with im-
plantable FES found significant improvements that 
exceeded the MDC for the TUG.

•	 Therapeutic Effect: Seven studies, 5 level I, 1 
level III, and 1 level IV, reported a therapeutic ef-
fect.59,72,76,81,108,115,151 A level I RCT by Kluding et al76 
assessed FES use in 99 out of 197 enrolled partici-
pants after 30 weeks of daily use and found changes 
in the BBS and TUG that reached the MDC. The 
FRT showed no significant changes. Another level 
I RCT by Hwang et al108 combined use of FES with 
TT for 30 minutes 7 days per week for 4 weeks 
for 15 out of 30 enrolled participants. The authors 
found significant changes that exceeded the MDC 
in BBS and TUG scores, and the FES group had 
greater changes than the 15 participants in the con-
trol group doing TT only. Lee et al,59 a level I RCT 
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with 30 participants, used FES in combination with 
body-weight support treadmill training (BWSTT) 
for 1 hour 5 days per week for 4 weeks, and demon-
strated significant changes that exceeded the MDC 
in the BBS and TUG. These improvements were 
significantly better than those of the control group, 
who received BWSTT only. In another level I RCT, 
Bae et al81 had participants perform FES with robot-
assisted gait training for 30 minutes 3 days per week 
for 5 weeks plus an additional 30 minutes of un-
specified usual care with 10 out of the 20 enrolled 
participants. The control group performed robot-
assisted gait training without FES. They found 
significant improvements in the BBS and TUG in 
both groups, with the TUG exceeding the MDC; 
however, there were no differences between groups. 
Everaert et al,72 a level I RCT described earlier, 
assessed balance following FES use in 2 groups: 
group 1 received FES for 6 weeks followed by an 
AFO for 6 weeks and group 2 received an AFO for 
6 weeks followed by FES for 6 weeks. They found 
significant increases in figure-of-8 gait speed fol-
lowing 6 weeks of daily FES use.

In a level III retrospective study by Sota et al,151 101 
participants used FES for 26.6 ± 19.6 sessions for a 
total of 19.4 ± 18.2 hours. When analyzed together, 
all participants significantly decreased TUG times and 
met the MDC. For further analysis, participants were 
divided into responders (>0.1 m/s gait speed change, n 
= 58) and nonresponders (<0.1 m/s gait speed change, 
n = 43). The responders had significant decreases in 
TUG times of 3.6 ± 3.9 seconds, and the nonre-
sponders decreased significantly by 1.6 ± 3.9 seconds, 
which was significantly different between groups. 
However, the responders exceeded the MDC while the 
nonresponders did not. In a level IV study with 28 par-
ticipants, Kim et al72 combined FES with treadmill and 
virtual reality (VR) training for 20 minutes 3 days per 
week for 8 weeks. Participants were assigned to 3 TT 
groups, with group 1 receiving FES and VR, group 2 
receiving FES, and group 3 receiving TT only. They 
found significant improvements for the BBS and TUG 
for all groups. The MDC was exceeded for the BBS for 
the 2 groups using FES and for the TUG for the VR 
plus FES group only.
•	 Training Effect: There were 3 level I studies that 

assessed training effect with overall mixed re-
sults.76,85,95 Kluding et al,76 a level I RCT with 197 
participants, found significant changes in BBS and 
TUG scores for the 99 participants using FES after 
30 weeks. There was no effect on FRT scores. Be-
thoux et al,85 a level I RCT with 399 participants 
completing the study, had 187 of the participants 
use FES daily for 6 months and found no effect on 
TUG and BBS scores. Cho et al,95 a level I RCT, 
had 11 of the 34 enrolled participants use FES com-
bined with TT for 30 minutes 5 days per week for 
4 weeks. They found no effect on BBS scores for 

the FES group or the control group receiving TT 
without FES.

•	 Combined Orthotic Effect: There were 2 level I stud-
ies that assessed combined orthotic effects with dif-
fering results using different outcome measures.72,76 
The level I RCT with by Kluding et al76 previously 
described used FES for 30 weeks and found sig-
nificant changes in TUG and BBS scores, with the 
TUG exceeding the MDC. There was no effect on 
FRT scores. Another level I RCT by Everaert et al72 
used FES for 6 weeks in 93 participants and found 
significant increases in figure-of-8 gait speed.

Comparison of AFO and FES: While there is no evidence 
that compares the effects of AFOs and FES on dynamic bal-
ance in the acute phase, there is some level I evidence for 
AFOs to have greater immediate orthotic effects and for 
FES to have greater therapeutic effects on dynamic balance 
in the chronic phase based on 1 level I SR8 and 3 level I 
RCTs.72,76,85 Using the BBS and TUG, the SR by Dunning 
et al8 reported no differences in balance between AFOs and 
FES for therapeutic and training effects. For a combined or-
thotic effect, AFOs were reported to be better than FES us-
ing the BBS but not the TUG, even though no statistical or 
clinical significance was reported. Two of the level I RCTs in 
this CPG were included in the SR by Dunning et al.8 Kluding 
et al76 found no difference between AFOs and FES groups 
in immediate, therapeutic, training, or combined orthotic ef-
fects using the BBS, TUG, and FRT,76 and Bethoux et al85 
found no difference in training effects using the BBS. How-
ever, Everaert et al72 found that the AFO group had a signifi-
cantly larger immediate orthotic effect in dynamic balance 
compared to the FES group when using the figure-of-8 test. 
For the therapeutic effect, the FES group had significantly 
larger improvements in dynamic balance compared to the 
AFO group.

Clinical Interpretation: Dynamic balance can be defined 
as the ability to maintain the center of mass over the base 
of support during motion.6 For individuals with decreased 
lower extremity motor control due to acute poststroke hemi-
plegia, the evidence is varied on the impact of AFOs on dy-
namic balance, and there is currently no evidence on FES 
use. A significant improvement in dynamic balance across 
effects was reported when the AFO was custom-made to 
meet the needs of the individual. In contrast, no effect was 
reported when the same type of AFO was required for all 
participants regardless of the individual needs. When an 
AFO was provided early in rehabilitation, participants dem-
onstrated significantly improved dynamic balance compared 
to those not using an AFO, which may indicate a decreased 
fall risk and improved ability to participate in rehabilitation. 
Long-term outcomes in dynamic balance were similar re-
gardless of the timing of AFO provision, which may indi-
cate the need for individualized assessment of fall risk early 
to determine need. The lack of change in dynamic balance 
after long-term use may be related to the measure included. 
Improvements in the BBS were reported in the initial stages 
of rehabilitation and AFO use, but a ceiling effect may limit 
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the ability of the BBS to capture improvements later in the 
rehabilitation stages.

The literature for AFO use in individuals with chronic 
poststroke hemiplegia is strong for immediate orthotic and 
combined orthotic effects. An immediate effect is reported 
with different AFO types, and improvements may be greater 
when a custom AFO is provided. A variety of outcome mea-
sures were used across studies, with the improvements noted 
more consistently with the TUG than with the BBS and FRT, 
suggesting that outcome measure choice should also be con-
sidered. For combined orthotic effects, a significant and often 
clinically meaningful improvement was seen across studies. 
Stronger results were reported when the participant was able 
to ambulate at a slower baseline speed, and when the AFO was 
worn for greater than 12 weeks.32,76,85 There is a limited evi-
dence supporting therapeutic or training effects of an AFO on 
dynamic balance after 6 weeks to 6 months of use.72,76,85 Lack 
of skilled PT interventions may contribute to limited outcomes.

For FES use for chronic poststroke hemiplegia, strong 
immediate, therapeutic, and combined effects were reported. 
The therapeutic and combined improvements may be more 
clinically meaningful when combined with skilled PT pro-
vided for at least 30 minutes 3 days per week for 4 weeks 
or for at least 18 sessions.59,76,81,108,151 Studies with longer 
duration interventions had stronger results supporting the 
inclusion of skilled PT following FES provision to enhance 
the potential for recovery. The results of studies examining 
training effects were inconclusive as to effects of skilled 
PT. Most studies considering this effect did not include in-
tensive intervention, which may be a limiting factor in the 
results considering the level of improvements in other effects 
when intensive skilled PT was applied. While there is little 
research on the use of FES to improve dynamic balance in 
individuals with acute poststroke hemiplegia, best practice 
suggests that benefits are possible similar to what are seen 
with individuals with chronic poststroke hemiplegia.

An important aspect of the assessment of dynamic bal-
ance is related to the outcome measure chosen. The BBS and 
the TUG were the most commonly used outcome measures 
for dynamic balance across the included studies, yet different 
results were often seen across these measures. While the BBS 
is included in the core set of outcome measures recommend-
ed for individuals with neurologic conditions, adding the 
FGA as recommended as a core measure may be beneficial 
to assess dynamic balance during more challenging tasks, es-
pecially for individuals with less balance difficulties.181

Strong evidence exists for the use of AFOs to increase 
dynamic balance in individuals with decreased lower ex-
tremity motor control due to acute and chronic poststroke 
hemiplegia and for the use of FES in those with chronic 
poststroke hemiplegia. Outcomes may be improved when the 
AFO is designed to meet the needs of the individual. A pe-
riod of skilled intervention upon AFO or FES provision can 
lead to more meaningful outcomes. The BBS and the FGA 
are recommended measures to assess dynamic balance in 
this population. There is also some evidence for greater ther-
apeutic effects with FES compared to AFOs and for greater 
immediate orthotic effects with AFO compared to FES.

Research Recommendations: More research is needed on 
the effects of AFOs and FES on dynamic balance for in-
dividuals with acute poststroke hemiplegia. There is some 
evidence that longer use is needed to show effects, but more 
studies are needed on dosing for those with both acute and 
chronic poststroke hemiplegia. Studies should also examine 
the effects of different AFO types, as the current literature 
is insufficient to recommend specific types of AFO. Other 
outcome measures of dynamic balance that may be more 
responsive to AFOs or FES, such as the FGA, should be in-
cluded as measures in these studies.

Action Statement 5: ANKLE-FOOT ORTHOSIS (AFO) OR 
FUNCTIONAL ELECTRICAL STIMULATION (FES) 
TO IMPROVE WALKING ENDURANCE. Clinicians may 
provide an AFO or FES for individuals with decreased lower 
extremity motor control due to acute poststroke hemiplegia who 
have goals to improve walking endurance (evidence quality: II; 
recommendation strength: moderate). Clinicians should provide 
an AFO or FES for individuals with decreased lower extremity 
motor control due to chronic poststroke hemiplegia who have 
goals to improve walking endurance (evidence quality: I; 
recommendation strength: strong).

•	 Acute AFO: evidence quality: II; recommendation 
strength: moderate

•	 Acute FES: evidence quality: III; recommendation 
strength: weak

•	 Chronic AFO: evidence quality: I; recommendation 
strength: strong

•	 Chronic FES: evidence quality: I; recommendation 
strength: strong

Outcome measures captured under the statement on 
walking endurance include those that primarily consider en-
ergy expenditure and endurance.

Action Statement Profile
Aggregate Evidence Quality: Acute: level II based 
on 2 level I RCTs, 1 level II, and 1 level III studies. 
Despite having 2 level I studies, a moderate to substan-
tial change in endurance was not seen in these studies, 
resulting in an overall level II for evidence. Chronic: 
level I based on 1 level I SR, 6 level I, 1 level II SR, 3 
level II, 6 level III, and 3 level IV studies.
•	 Acute AFO: Level II based on 1 level I, 1 level II, and 

1 level III studies (Appendix Table 15).109,129,130,160

•	 Acute FES: Level II based on 1 level I study (Ap-
pendix Table 15).109,129,130,160

•	 Chronic AFO: Level I based on 1 level I SR, 5 level 
I, 1 level II, and 3 level III studies (Appendix Table 
16).8,32,72,76,85,86,98,99,133

•	 Chronic FES: Level I based on 1 level I SR, 6 level 
I, 1 level II SR, 2 level II, 4 level III, and 3 level IV 
studies (Appendix Table 17).8,28,50,51,55,56,72,76,85,86,89,90, 
95,142,146,151,153

Benefits:
•	 Walking endurance may improve with the use of an 

AFO or FES, potentially increasing the ability to 
participate in the community.
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•	 AFOs may improve walking endurance in a com-
pensatory manner while FES may improve it in a 
recovery-based manner with acute stroke. Thus, 
FES may allow future walking without a device, de-
creasing costs and minimizing equipment needed.

•	 Greater walking endurance with an AFO or FES may 
promote increased steps per session, steps per day, 
cardiovascular health, and community engagement.

Risk, Harm, Costs: 
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intolerance 
to the sensation of the stimulation, insufficient DF 
achieved, general dissatisfaction, and skin irritation. 
With an implanted FES system, FES may not be 
successful due to system failure, infection, hemato-
ma, lymphedema, nerve injury, and neurodermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Walking endurance is important to allow improved 

activity tolerance, a return to life roles, increased 
community engagement, and return to work.

Intentional Vagueness:
•	 The recommendations purposefully do not address 

the effects of one type of AFO over another, as stud-
ies used a variety of AFO types and rarely differen-
tiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals may prefer FES over AFOs.
Exclusions:
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Earlier AFO provision may allow earlier improve-

ments in endurance, so AFOs should be considered 
earlier poststroke.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assess-
ment of desired outcomes using different AFOs and 
FES types and settings before making a final deci-
sion.

Implementation and Audit:
•	 The 6-minute walk test (6MWT) is recommended 

to measure endurance, as it is more readily repli-
cated in the clinic and has strong psychometric 
properties.

•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with AFO and FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.

Supporting Evidence and Clinical Interpretation

Supporting Evidence:
Acute Stroke AFO: Studies that used AFOs for individuals 
with acute poststroke hemiplegia demonstrate moderate evi-
dence for immediate orthotic and combined orthotic effects 
to improve walking endurance. The evidence is strongest for 
a combined orthotic effect (Appendix Table 15).

•	 Immediate Orthotic Effect: One level III cohort 
study by Hyun et al109 evaluated the aerobic capac-
ity of 15 participants with and without solid plastic 
AFOs and found significant improvements in the 
6MWT.109

•	 Therapeutic Effect: No evidence.
•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: In 2 RCTs, 1 level I and 

1 level II, with the same 33 participants, Nikamp 
et al129,130 provided a flexible, semirigid, or rigid 
AFO at week 1 or week 9 of inpatient rehabilita-
tion. Participants were provided with a prefabri-
cated, PLS, or plastic AFO (flexible, semirigid, or 
rigid). AFOs were provided during either week 1 
(early group) or week 9 (delayed group) of inpatient 
rehabilitation. In the level I RCT, there were no dif-
ferences between the early and delayed groups in 
the 6MWT after 26 weeks.129 However, when evalu-
ating patterns of improvement, the early group had 
improvements significantly earlier than the delayed 
group.129 The level II RCT by Nikamp et al130 re-
ported on the same study but with the 12-week re-
sults. The early group had a significantly greater im-
provement in the 6MWT that exceeded the MCID 
in weeks 1 to 3 compared to the delayed group. By 
week 12, the 6MWT results were not significantly 
different between groups.130
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Acute Stroke FES: There is only 1 study that used FES 
for individuals with acute poststroke hemiplegia in which 
a therapeutic response was reported for walking endurance. 
However, the improvement was not greater than PT alone 
(Appendix Table 15).

•	 Immediate Orthotic Effect: No evidence.
•	 Therapeutic Effect: One level I RCT by Wilkinson 

et al160 randomized 20 participants to an FES group 
or a PT only group. The FES group received FES 
for walking and cyclical exercise to the DF. All par-
ticipants received PT focusing on gait specific to 
individual needs for 1 hour for 12 sessions over 6 
weeks, but the FES group had FES for walking and 
cyclical exercise to the DF integrated into sessions 
and available for home use. After 8 weeks, therapy 
was discontinued and follow-up was performed af-
ter 20 weeks. Both groups demonstrated a signifi-
cant improvement that exceeded the MCID in the 
first 8 weeks. No significant differences were seen 
between groups and there were no further improve-
ments at follow-up.160

•	 Training Effect: No evidence.
•	 Combined Orthotic: No evidence.

Chronic Stroke AFO: Studies that used AFOs for individu-
als with chronic poststroke hemiplegia demonstrate strong 
evidence for all 4 effects to improve walking endurance. The 
evidence is strongest for a combined orthotic effect (Appen-
dix Table 16).

•	 Immediate Orthotic Effect: Five studies, 2 level I, 1 
level II, and 2 level III, reported immediate orthotic 
effects.72,76,98,99,133,138 In a level I RCT by Kluding 
et al,76 98 of the 197 participants were randomized 
to the custom AFO group, with a significant im-
provement seen in the 6MWT upon provision. In a 
level I RCT by Everaert et al,72 the Physiologic Cost 
Index (PCI) for 77 of the 93 subjects was assessed, 
with significant effects seen when wearing the AFO. 
In a level II cohort study by Nolan et al,133 18 par-
ticipants walked significantly greater distances dur-
ing the 6MWT with versus without their own AFO. 
When results were separated by walking speed, par-
ticipants who walked slower had a greater response 
to AFO use compared to those who walked faster.

In comparison, 2 level III studies by Danielsson and 
Sunnerhagen98 and Danielsson et al99 found less im-
pact of the AFO on energy cost and endurance mea-
sures. In Danielsson et al,99 20 participants walked on 
a treadmill for 5 minutes with and without an AFO. 
When comparing walking with and without an AFO, 
the PCI did not differ, while the energy cost of walking 
was lower with AFOs. Similar results were found in 
Danielsson and Sunnerhagen98 in which 10 participants 
walked on a treadmill with and without a carbon com-
posite. Energy cost was found to be significantly lower 
with AFOs.
•	 Therapeutic Effect: One level I and 1 level II stud-

ies reported the therapeutic effects of an AFO on 
endurance.8,72,76 The level I SR by Dunning et al8 
included 2 studies that were also included in this 

CPG. In the previously described level I RCT by 
Kluding et al,76 there was a significant effect for 
the 6MWT following 30 weeks of AFO use that in-
cluded 8 sessions of PT and an individualized home 
program. The second level I RCT, also described 
previously, by Everaert et al72 reported a significant 
effect for the PCI with AFOs.

•	 Training Effect: Four level I studies reported on the 
training effects.8,76,85,86 In the previously described 
level I SR by Dunning et al,8 a significant improve-
ment in the 6MWT was found across the included 
studies. Two of the 3 level I studies that reported 
training effects for AFOs were part of the SR by 
Dunning et al.8,76,85 One of these studies85 had an 
additional follow-up report.86 Bethoux et al85 en-
rolled 495 participants of which 253 were assigned 
to the group receiving a custom-articulated or solid 
plastic AFO. After a 2-week period of progressive 
wear, participants were asked to use the device at 
all times. After 6 months, distance walked during 
the 6MWT significantly increased but did not meet 
the MCID.85 At the 12-month follow-up with 212 
participants still wearing AFOs, no difference in the 
6MWT was found compared to baseline.86 In the 
level I RCT by Kluding et al,76 as described ear-
lier, the AFO groups received 8 PT sessions over 6 
weeks with the expectation of using the AFOs for 
mobility for the study duration of 30 weeks. A sig-
nificant change in the 6MWT was reported that did 
not meet the MDC.76

•	 Combined Orthotic Effect: One level I SR and 3 lev-
el I studies reported on the combined orthotic effect 
of AFOs during the chronic phase of stroke.8,32,72,76 
The level I SR by Dunning et al8 included 2 RCTs 
that are also included in this CPG. The first study 
by Kluding et al76 reported a significant change in 
the 6MWT that met the MDC. In the second level 
I RCT by Everaert et al,72 there was a statistically 
significant difference found for the PCI. In another 
level I RCT by Erel et al,32 14 of the 28 received 
a dynamic AFO. A significant improvement in the 
PCI was reported following 12 weeks of wear.32

Chronic Stroke FES: Studies that used FES for individu-
als with chronic poststroke hemiplegia demonstrate strong 
evidence for all 4 effects to improve walking endurance (Ap-
pendix Table 17).

•	 Immediate Effect: 2 level I, 1 level II, 1 level III, 
and 1 level IV studies reported immediate orthot-
ic effects.72,76,89,90,153 In a level I RCT by Kluding 
et al,76 99 of the 197 participants were randomized 
to the FES group, with a significant improvement 
seen in the 6MWT upon provision. In a level I RCT 
by Everaert et al,72 the PCI for 38 of the 93 sub-
jects was assessed, with no significant immediate 
effects seen when wearing FES. In a level II RCT 
by Burridge et al,90 16 of the 32 participants were 
assigned to the FES group. Results at the initial 
assessment showed that the PCI was significantly 
lower with FES compared to without FES. In a 

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



Johnston et al  JNPT • Volume 45, April 2021

146 © 2021 Academy of Neurologic Physical Therapy, APTA

level III retrospective study by Taylor et al,153 111 
participants were assessed with and without the use 
of FES at baseline. The participants demonstrated a 
significant decrease in the PCI when walking with 
FES compared to without FES. These improve-
ments were further supported by a level IV study by 
Burridge and McLellan.89

•	 Therapeutic Effect: 3 level I, 1 level II, 3 level 
III, and 1 level IV cohort studies reported on the 
therapeutic effects.8,50,72,76,89,90,151,153 The level I SR 
by Dunning et al8 included 2 studies that reported 
on the therapeutic effect of FES use on endurance, 
both of which are included in this CPG. The first 
study included is the level I RCT by Kluding et al,76 
which reported significant improvements in endur-
ance measured by the 6MWT after 30 weeks of use 
for 99 participants using FES. The second study is 
a level II RCT by Burridge et al,90 described in the 
previous section, found no significant change in the 
PCI following 60-minute PT sessions provided 10 
times over 4 to 5 weeks combined with daily use. 
The RCT by Everaert et al72 measured endurance 
using the PCI and reported a significant decrease in 
33 participants following 6 weeks of use. A level III 
retrospective study by Taylor et al153 reported results 
in 111 participants, with a significant decrease in 
the PCI following FES use for 4.5 months. In con-
trast, a small level III study by Ernst et al50 with 5 
participants showed no improvements in the 6MWT 
following 6 weeks and 3 months of FES use. In a 
level III retrospective study by Sota et al,151 101 par-
ticipants used FES for 26.6 ± 19.6 sessions for a to-
tal of 19.4 ± 18.2 hours and significantly increased 
6MWT distance, exceeding the MDC but not the 
MCID. For further analysis, participants were di-
vided into responders (>0.1 m/s gait speed change, 
n = 58) and nonresponders (<0.1 m/s gait speed 
change, n = 43). Significant differences were found 
between groups, and the responders exceeded the 
MDC/MCID while the nonresponders did not.151 In 
addition, a level IV study by Burridge and McLel-
lan89 showed a significant decrease in the PCI with 
FES after 3 months of use.

•	 Training Effect: Six studies, 4 level I, 1 level II, and 1 
level III cohort, reported training effects.8,76,85,86,90,153 
In the previously described level I SR by Dunning 
et al,8 a significant improvement in the 6MWT and 
the PCI was found across the included studies. Two 
of the 3 level I studies that reported training effects 
for FES were part of the SR by Dunning et al.8,76,85 
One of these studies85 had an additional follow-up 
report.86 Bethoux et al85 enrolled 495 participants 
of which 242 were assigned to the group receiv-
ing FES. After a 2-week period of progressive 
wear, participants were asked to use the device at 
all times. After 6 months, distance walked during 
the 6MWT significantly increased but did not meet 
the MCID for the 187 participants who completed 
6 months of the study.85 At the 12-month follow-
up with 180 participants still wearing FES, no 

additional gains were made in the 6MWT between 6 
and 12 months.86 The level I study by Kluding et al76 
reported a significant training effect on endurance, 
measured by the 6MWT, in 74 participants who 
completed 30 weeks of FES use. The level III retro-
spective study by Taylor et al153 reported significant 
improvements in the PCI for their 111 participants 
who used FES for 4.5 months.

•	 Combined Orthotic Effect: Fourteen studies, includ-
ing 5 level I, 3 level II, 3 level III, and 3 level IV, 
reported combined orthotic effects.8,28,50,51,55,56,72,76,89, 
90,95,142,146,153 In the previously described level I SR by 
Dunning et al,8 3 studies considered the combined 
effect of FES on endurance and reported significant 
improvements using the 6MWT and the PCI and are 
included in this CPG. The level I RCTs by Klud-
ing et al76 and Everaert et al72 included in the SR 
reported significant improvements in the 6MWT76 
following 30 weeks of use, and the PCI 72 follow-
ing 6 weeks of FES use. A level I RCT by Kottink 
et al51 reported similar outcomes. In their study, 14 
of the 27 participants used an FES system and were 
acclimated to FES over 2 weeks. They were then 
instructed to use the system daily. After 26 weeks, 
13 participants who completed the study reported 
significant improvements in the 6MWT compared 
to the control group.51 A level I RCT by Cho et al95 
studied the effects of TT combined with FES. Thir-
ty-one participants were randomized into 3 groups: 
TT only, TT plus FES to the anterior tibialis, and TT 
plus FES to the anterior tibialis and gluteus medius. 
Each group received training for 30 minutes 5 times 
per week for 4 weeks, but no gains were found when 
FES to the anterior tibialis was added to TT.95

In a level II SR by Kottink et al,28 2 of the 8 studies 
reviewed considered the combined orthotic effect of 
FES on endurance as reported by the PCI and found 
a significant improvement with use of FES.28 One of 
the studies in the SR is included in this CPG.90,182 A 
level II RCT by Burridge et al90 randomized 16 of the 
32 participants to the FES group. All participants re-
ceived 1 hour of PT 10 times during the first month, 
and then continued to use FES at home. After 12 weeks 
of FES use, the PCI was significantly improved.90 In a 
level II RCT by Sabut et al,55 a total of 30 participants 
received a conventional stroke rehabilitation program 
for 60 minutes, 5 days per week, while 16 participants 
received an additional 30 minutes of FES. After 12 
weeks, there were significant improvements in the PCI 
for the FES users compared to the control group.55 Two 
level II studies further supported the earlier findings. 
Ernst et al50 reported improvements in the 6MWT for 
5 participants after 6 weeks of FES use, but no further 
improvement between 6 and 12 weeks. A retrospective 
study by Taylor et al153 reported significant improve-
ments in the PCI for the 111 FES users. In addition, 3 
level IV studies56,89,142 found significant improvements 
in the PCI and 1 study142 reported significant results in 
energy cost.

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



© 2021 Academy of Neurologic Physical Therapy, APTA 147

JNPT • Volume 45, April 2021 A CPG for the Use of AFO and FES Post-Stroke

One additional level III study by Schiemanck et al146 
examined the effects of an implantable FES system 
in 10 participants. Once participants could tolerate at 
least 6 hours of FES use per day, they were instructed 
to use FES or their AFOs as tolerated. Data from 8 par-
ticipants showed that energy expenditure and 6MWT 
distance with FES use did not change after FES use 
when tested after 8 and 26 weeks.146 Daily use of the 
FES system varied between participants from 1 to 7 
days per week.

Comparison of AFO and FES: There is level I evidence 
based on 1 level I SR8 and 4 level I RCTs.72,76,85,86 Using the 
6MWT, Dunning et al8 found no difference for therapeutic, 
training, or combined orthotic effects in an SR. In the 2 RCTs 
in the SR by Dunning et al,8 Bethoux et al85,86 found no differ-
ence for training effects and Kluding et al76 found no differ-
ence between devices for any effect. Using the PCI, Dunning 
et al8 found that FES users had a significant improvement 
compared to AFO users for a therapeutic effect; however, 
Everaert et al,72 1 study in the SR, found no difference for this 
effect. In addition, Everaert et al72 also found no difference 
when examining a combined orthotic effect, but found that 
AFO users had significantly greater improvements compared 
to FES users for an immediate orthotic effect.

Clinical Interpretation: The evidence supports the use of 
AFOs or FES to improve endurance as measured by the 
6MWT and the PCI. The PCI may be inaccurate in indi-
viduals taking cardiac medications that impact heart rate 
response to activity.99 The evidence for the effects of AFOs 
or FES on endurance is stronger for individuals with chronic 
compared to acute poststroke hemiplegia. In the acute phase, 
the inclusion of a custom AFO, regardless of type, provided 
combined orthotic effects when applied in weeks 1 to 3 of 
rehabilitation compared in weeks 9 to 11.130 This earlier abil-
ity to ambulate more efficiently may lead to improved par-
ticipation in rehabilitation at a higher intensity, leading to 
faster progress toward rehabilitation goals. While individu-
als provided with an AFO early may achieve higher levels 
of endurance sooner, the long-term outcomes did not differ 
based on the timing of provision.129

In the chronic phase post-stroke, all 4 effects of AFOs 
are supported in the literature. An immediate effect is more 
likely when using a custom AFO while walking overground 
compared to on a treadmill.76,99 Individuals who walk more 
slowly may have greater gains in endurance when using an 
AFO. Therapeutic and training effects are reported following 
30 weeks of AFO use following 8 PT sessions and a home 
program, and a training effect was seen after 6 months.85 
When reassessed after 12 months, there was no difference 
in endurance as compared to baseline suggesting the need 
for a follow-up assessment or skilled PT 6 months after AFO 
provision to progress the home program or adjust the AFO to 
maximize benefits.86 A combined effect was found following 
12 to 30 weeks of AFO use.32,72,76 Thus, these results across 
outcomes suggest that individuals may need skilled PT, lon-
ger use, and reassessment to maximize benefits.

While there is a lack of evidence for FES to improve en-
durance in the acute phase, there is strong evidence to support 
its use in the chronic phase across all effects. An immediate 
effect was consistently demonstrated through significant im-
provements in the 6MWT and the PCI.76,89,90,153 A therapeutic 
effect was reported following daily use over 3 to 7 months 
when combined with PT intervention. As 1 small study re-
ported no effect after 4 to 5 weeks, longer use may be needed 
to promote recovery.50 A training effect with continued FES 
use was also noted, with longer duration daily use ranging 
from 4.5 to 7 months. The benefits of wear appear to peak at 
6 to 7 months, which may indicate the need for reassessment 
after 6 months to determine the need for further intervention 
or FES adjustments. Finally, combined effects were reported 
with daily use over 5 to 30 weeks.8,51,72,76 As noted in other ef-
fects, improvements in endurance were more clinically mean-
ingful when combined with skilled PT. No effect was report-
ed when FES was combined with BWSTT, but daily wear was 
not combined with the intervention, so the total dose was less 
than other studies that reported an effect.95 While there is little 
research on the use of FES to improve walking endurance 
in individuals with acute poststroke hemiplegia, best practice 
suggests that benefits are possible similar to what are seen 
with individuals with chronic poststroke hemiplegia.

The use of AFOs and FES may improve endurance for 
individuals in the acute or chronic phase post-stroke. Im-
provements may be greater and more meaningful when com-
bined with skilled PT, provided over a longer period, com-
bined with daily use, and reassessed at least every 6 months. 
The 6MWT should be used to assess endurance outcomes. 
There is some evidence for greater therapeutic effects with 
FES compared to AFOs and for greater immediate orthotic 
effects with AFOs compared to FES

Research Recommendations: More research is needed for 
the effects of AFO or FES use on walking endurance for in-
dividuals with acute poststroke hemiplegia, as studies with 
this population are limited. As research is primarily with 
individuals who walk independently or with very little as-
sistance, further studies are needed with individuals at lower 
ambulation levels. Research is also needed on dosing and 
decision-making regarding AFO type.

Body Structure and Function Outcomes
The following section includes key body structure and func-
tion outcomes that were captured in the literature search. 
While these outcomes are currently only supported by lower 
levels of evidence, the topics were identified as important to 
the clinical decision-making process of either AFO or FES se-
lection in the clinician and consumer surveys. Device effects 
on plantarflexor spasticity, muscle activation, and gait kine-
matics are presented. For gait kinematics, the evidence only 
supported developing an action statement for effects at the 
ankle. While evidence exists and is presented at the hip and 
knee in the clinical interpretation section, there was inconclu-
sive evidence for benefits or harms at these joints to support 
the development of an additional action statement.

Action Statement 6: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 

Copyright © 2021 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jnpt by vID
y5Q

C
o/P

X
7G

6j4q/6uB
m

R
hcw

T
Q

8P
bG

w
K

e0/C
JE

S
3w

M
bvR

vbZ
qb

Jg/5zD
ezG

M
Q

U
T

aC
C

3V
N

N
1xB

cscZ
sR

fv0B
X

P
W

1xX
/2P

R
A

pA
3fy+

T
T

oX
fdxzY

X
ebJsR

i5m
E

xaN
U

76f7H
Y

7H
T

a7sLB
T

rT
iE

D
xok8oT

y
fA

Y
B

O
ugW

pD
5ht9cX

gR
o=

 on 06/21/2023



Johnston et al  JNPT • Volume 45, April 2021

148 © 2021 Academy of Neurologic Physical Therapy, APTA

(FES) TO IMPROVE PLANTARFLEXOR SPASTIC-
ITY. Clinicians should not provide an AFO or FES for in-
dividuals with decreased lower extremity motor control due 
to acute or chronic poststroke hemiplegia who have goals 
to improve plantarflexor spasticity (evidence quality: II; rec-
ommendation strength: moderate).

•	 Acute AFO: evidence quality: II; recommendation 
strength: moderate

•	 Acute FES: evidence quality: II; recommendation 
strength: moderate

•	 Chronic AFO: evidence quality: II; recommenda-
tion strength: moderate

•	 Chronic FES: evidence quality: II; recommendation 
strength: moderate

Action Statement Profile
Aggregate Evidence Quality: Level II. Based on 1 
level I, 3 level II, and 2 level IV studies.
•	 Acute AFO: Level II based on 1 level I and 1 level 

II studies (Appendix Table 18).33,126

•	 Acute FES: Level II based on 1 level II study 
(Appendix Table 18).33,126

•	 Chronic AFO: Level II based on 1 level II and 1 
level IV studies (Appendix Table 19).55,56,84,143,145,151

•	 Chronic FES: Level II based on 1 level II, 2  
level III, and 1 level IV studies (Appendix  
Table 19). 55,56,84,143,145,151

Benefits:
•	 By not providing an AFO or FES to decrease spas-

ticity, the harms of an AFO or FES are avoided.
Risk, Harm, Costs:
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling.

•	 FES may occur due to intolerance to the sensation of 
the stimulation, insufficient DF achieved when wear-
ing, increased spasticity and issues using with shoes.

•	 Abandonment of FES may occur due to intolerance 
to the sensation of the stimulation, insufficient DF 
achieved, general dissatisfaction, and skin irritation. 
With an implanted FES system, FES may not be 
successful due to system failure, infection, hemato-
ma, lymphedema, nerve injury, and neurodermatitis.

Benefit-Harm Assessment:
•	 Preponderance of harm due to device cost without 

measurable improvements in PF spasticity.
•	 There is no evidence that the inclusion of an AFO or 

FES will increase PF spasticity.
Value Judgments:
•	 AFOs or FES may be used to address other out-

comes even if PF spasticity improvement is un-
likely.

Intentional Vagueness:
•	 None.

Role of Patient Preferences:
•	 None.
Exclusions:
•	 None.
Quality Improvement:
•	 AFOs or FES should not be used as an intervention 

with the only goal of decreasing PF spasticity.
Implementation and Audit:
•	 Physical therapists require education on the lack of 

effects so that AFOs and FES will not be used to 
decrease PF spasticity.

Supporting Evidence and Clinical Interpretation

Supporting Evidence: The MAS is the main measure to 
evaluate PF spasticity clinically. As PF spasticity is assessed 
without an AFO or FES, all studies regarding the effective-
ness of an AFO or FES on PF spasticity would be demon-
strating therapeutic effects.

Acute AFO: Studies that used AFOs for individuals with 
acute poststroke hemiplegia demonstrate moderate evidence 
for the lack of a therapeutic effect on PF spasticity (Appen-
dix Table 18).

•	 Immediate Orthotic Effect: No evidence.
•	 Therapeutic Effect: Two studies, 1 level I and 1 level 

II, reported on the impact of AFOs on PF spasticity. 
One level I RCT by de Sèze et al33 evaluated the im-
pact of a standard AFO as compared to a Chignon 
AFO in 28 participants to wear as desired. After 30 
and 90 days of use, there was no change in PF spas-
ticity as measured by the MAS between or within 
groups. In a level II RCT, Morone et al126 provided 
walking training using different AFO types with 10 
participants for 40 minutes 5 days per week for 4 
weeks. No significant changes in PF spasticity us-
ing the MAS were found after 1 month.

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Acute FES: Studies that used FES for individuals with acute 
poststroke hemiplegia demonstrate moderate evidence for 
the lack of a therapeutic effect on PF spasticity (Appendix 
Table 18).

•	 Immediate Orthotic Effect: Not applicable.
•	 Therapeutic Effect: One level II study reported on 

the impact of FES on PF spasticity. In a level II 
RCT by Morone et al,126 FES was provided walking 
training with 10 participants for 40 minutes 5 days 
per week for 4 weeks. No significant changes in PF 
MAS were found after 1 month.

•	 Training Effect: Not applicable.
•	 Combined Orthotic Effect: Not applicable.

Chronic AFO: Studies that used AFOs for individuals with 
chronic poststroke hemiplegia demonstrate moderate evi-
dence for the lack of a therapeutic effect on PF spasticity 
(Appendix Table 19).

•	 Immediate Orthotic Effect: Not applicable.
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•	 Therapeutic Effect: Two studies, 1 level II and 1 lev-
el IV, found no changes in PF spasticity after AFO 
use. In a level II RCT, Beckerman et al84 included 
16 participants who used a custom AFO set in 5° of 
DF and 13 participants who used an AFO without 
restrictions on DF and PF. After 6 and 15 weeks of 
daily use, there were no changes in PF spasticity us-
ing the MAS. In a level IV study by Sankaranarayan 
et al,145 there were no changes in PF spasticity us-
ing the MAS for 26 participants who used a custom 
solid AFO combined with therapy for 2 hours per 
day 6 days per week for at least 2 weeks.

•	 Training Effect: Not applicable.
•	 Combined Orthotic Effect: Not applicable.

Chronic FES: Studies that used FES for individuals with 
chronic poststroke hemiplegia demonstrate moderate evi-
dence for the lack of a therapeutic effect on spasticity (Ap-
pendix Table 19).

•	 Immediate Orthotic Effects: Not applicable.
•	 Therapeutic Effect: Two studies, 1 level II and 1 

level IV, showed no effect of FES on PF spastic-
ity, while 2 level III studies demonstrated a signifi-
cant change. In a level II RCT with 30 participants 
by Sabut et al,55 FES was compared to no device. 
All participants received undefined usual care 60 
minutes 5 days per week for 12 weeks. The FES 
group used FES for 15 minutes progressing up to 
45 minutes per day. The FES group demonstrated a 
change in PF spasticity using the MAS of 0.8 over 
the 12 weeks. As a change of 0.8 is less than what 
can be measured using the MAS, this change was 
interpreted as no change. For the upper extremity, 
the MDC for the MAS post-stroke is 1,183 thus sup-
porting this interpretation. In a level IV study with 
20 participants by Sabut et al,56 FES was used for 
15 to 30 minutes per day along with an undefined 
usual care therapy program for 1 hour 5 days per 
week for 12 weeks. They reported changes of 0.5 to 
0.8 in PF spasticity as measured by the MAS. Two 
additional studies did perform statistical analyses 
of MAS changes. In a level III study with 51 par-
ticipants, Sabut et al143 compared FES to no device. 
All participants received usual care consisting of 
60 minutes 5 days per week for 12 weeks. The FES 
group also received 20 to 30 minutes of FES. While 
the authors reported a significant decrease in PF 
spasticity, their statistical analysis was inappropri-
ate, bringing their results into question. In a level III 
retrospective study by Sota et al,151 101 participants 
used FES for 26.6 ± 19.6 sessions for a total of 19.4 
± 18.2 hours. The median change in the MAS for 
the PF was reported as 0 but significant, as the range 
for change was −2 to 0.5.

•	 Training Effect: Not applicable.
•	 Combined Orthotic Effect: Not applicable.

Comparison of AFO and FES: In a level II RCT, Morone 
et al126 found no differences in changes in spasticity when 
FES was compared to usual care that included an AFO.

Clinical Interpretation: The evidence does not support 
the use of an AFO or FES to decrease PF spasticity in the 
acute or chronic phase post-stroke. Therefore, AFOs or FES 
should not be a primary intervention for decreasing PF spas-
ticity. AFO or FES use to mediate the impact of PF spasticity 
on mobility, gait speed, balance, or endurance is beyond the 
scope of this statement. It can be noted that both AFO and 
FES have demonstrated the ability to improve outcomes, as 
stated in prior action statements, despite the lack of impact 
on spasticity. As many studies excluded individuals with 
higher MAS scores, it is not known whether those individu-
als would have similar outcomes for PF spasticity or other 
measures. AFOs and FES are not contraindicated for indi-
viduals with some PF spasticity following a stroke, but there 
is no evidence that they change PF spasticity.

Research Recommendations: Research needs to address 
the poor reliability of measures of spasticity and how PF 
spasticity impacts mobility to better understand the effects 
of an AFO or FES. An accepted operational definition of 
spasticity in relation to functional mobility is also needed. 
Comparison of different types of AFOs or inclusion of 
spasticity measures related to functional mobility outcomes 
in higher-level, large population RCTs would be beneficial.

Action Statement 7: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPACT MUSCLE ACTIVATION. Clinicians 
may provide an AFO with decreased stiffness for individuals 
with decreased lower extremity motor control due to acute 
or chronic poststroke hemiplegia who have goals to allow 
activation of the anterior tibialis and gastrocnemius/soleus 
muscles while walking with the AFO (evidence quality: II; 
recommendation strength: moderate).

•	 Acute AFO: evidence quality: II; recommendation 
strength: moderate

•	 Chronic AFO: evidence quality: III; recommenda-
tion strength: weak

Clinicians should provide FES for individuals with 
decreased lower extremity motor control due chronic 
poststroke hemiplegia who have goals to improve ac-
tivation of the anterior tibialis muscle while walking 
without FES (evidence quality: II; recommendation 
strength: moderate).
•	 Acute FES: no evidence
•	 Chronic FES: evidence quality: II; recommendation 

strength: moderate

Action Statement Profile
Aggregate Evidence Quality: Level III due to lower-
level evidence.
•	 Acute AFO: Level II based on 1 level I, 1 level 

II, 1 level III, and 1 level IV studies (Appendix  
Table 20).121,128,152,184

•	 Acute FES: No evidence.
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•	 Chronic AFO: Level III based on 1 level III and 3 
level IV studies (Appendix Table 21).16,35,36,38

•	 Chronic FES: Level II based on 1 level I, 1 level 
II, 1 level III, and 3 level IV studies (Appendix  
Table 22).55,57,110,119,139,142

Benefits:
•	 Provision of an AFO with decreased stiffness may 

allow individuals to use any volitional activity while 
walking. Less muscle atrophy may then be seen, es-
pecially in the gastrocnemius, which may then al-
low for increased walking speed.185

•	 Provision of a walking intervention using FES may 
increase the ability to activate the muscle while 
walking without FES. This recovery of activation 
may save future costs of devices and avoid the 
harms of an AFO.

Risk, Harm, Cost:
•	 Costs may be high to the individual due to lack of 

sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intolerance 
to the sensation of the stimulation, insufficient DF 
achieved, general dissatisfaction, and skin irritation. 
With an implanted FES system, FES may not be 
successful due to system failure, infection, hemato-
ma, lymphedema, nerve injury, and neurodermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit.
Value Judgments:
•	 Increases in muscle activation may or may not lead 

to increases in other measures such as gait speed, 
balance, and mobility.

Intentional Vagueness:
•	 The recommendations also do not address the se-

verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals may prefer FES over an AFO.
Exclusions:
•	 There is a lack of evidence with acute stroke with 

FES.
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Individuals with poststroke hemiplegia may in-

crease their muscle activation by walking with an 
AFO that has decreased stiffness or by using FES 
as a therapeutic intervention once in the chronic 

phase. These may increase satisfaction with the de-
vice and overall care.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assess-
ment of desired outcomes using different AFOs 
and FES types and settings before making a final 
decision.

Implementation and Audit:
•	 Physical therapists need more education on choos-

ing a design with decreased stiffness that allows 
muscle activation if present and also adequately ad-
dresses the activity-based goals of the individual.

•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with an AFO or FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.

Supporting Evidence and Clinical Interpretation

Supporting Evidence:
Acute AFO: Studies that used AFOs for individuals with acute 
poststroke hemiplegia demonstrate moderate evidence for im-
mediate orthotic and therapeutic effects for increased muscle 
activation with an AFO with decreased stiffness as compared 
to an AFO with greater stiffness (Appendix Table 20).

•	 Immediate Orthotic Effect: One level I, 1 level III, 
and 1 level IV studies reported an immediate or-
thotic effect. The level I RCT by Nikamp et al128 
found that anterior tibialis activity in swing did 
not decrease with a PLS, semisolid or solid AFO 
compared to walking without an AFO either upon 
provision of the AFO at week 1 or week 26 for 26 
participants. As muscle activation was not com-
pared across devices, it is unknown whether results 
differed based on device stiffness. The authors con-
cluded that swing-phase anterior tibialis activation 
was not hindered by the AFO. In a level III study 
by Lairamore et al,121 15 participants walked bare-
foot and while wearing a PLS and a dynamic AFO. 
Anterior tibialis activity was greatest in the bare-
foot condition and significantly reduced only when 
wearing the dynamic AFO. The authors hypoth-
esized that muscle activity would be greater with 
the dynamic AFO, but felt that the sagittal plane 
stability it provided may have had the opposite 
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effect. In a level IV study, Tang et al152 compared a 
more rigid versus a more flexible short elastic AFO 
(Ober AFO), finding that the more flexible AFO led 
to increased activation of the anterior tibialis and 
the gastrocnemius for 20 participants.

•	 Therapeutic Effect: Only 1 level II study reported 
a therapeutic effect. In this study by Kim et al,184 
25 participants who required an assistive device 
(AD) walked on a treadmill wearing a nonspecified 
solid AFO (n = 12) or with kinesiotape (n = 13) 
to the anterior tibialis, gastrocnemius, and ankle 
joint using the figure-of-8 for 30 minutes 3 times 
per week for 4 weeks. Following training, only 
the kinesiotape group had an increase in anterior 
tibialis and gastrocnemius activation. Both groups 
showed increased activity in the gluteus maximus, 
rectus femoris, and biceps femoris when walking 
without a device, but only rectus femoris activation 
was greater for the kinesiotape group than for the 
AFO group. The authors theorized that the more re-
strictive design of the AFO likely led to decreased 
muscle activation around the ankle.

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Acute FES: There is no evidence for the use of FES to in-
crease muscle activation for individuals with decreased lower 
extremity motor control due to acute poststroke hemiplegia.

•	 Immediate Orthotic Effect: Not relevant since voli-
tional and electrical stimulated contractions cannot 
be separated.

•	 Therapeutic Effect: No evidence.
•	 Training Effect: Not relevant since volitional and 

electrical stimulated contractions cannot be sepa-
rated.

•	 Combined Orthotic Effect: Not relevant since voli-
tional and electrical stimulated contractions cannot 
be separated.

Chronic AFO: Studies that used AFOs for individuals with 
chronic poststroke hemiplegia demonstrate weak evidence 
for an immediate orthotic effect for increased muscle activa-
tion with an AFO with decreased stiffness as compared to an 
AFO with greater stiffness (Appendix Table 21).

•	 Immediate Orthotic Effect: One level III and 3 lev-
el IV studies reported immediate orthotic effects. 
In the level III study, Mulroy et al38 compared an 
AFO with a 0° PF stop with free DF, an AFO with 
a DF assist with DF stop at 5°, a solid AFO and 
shoes only in 30 participants. In comparing the 2 
articulating AFOs, they found that anterior tibialis 
activity was decreased with the AFO with a PF stop 
with free DF but that soleus activity was increased. 
The 3 level IV studies also showed some effects. 
Boudarham et al36 studied the effects of an elastic 
Liberté AFO set to position the ankle in neutral DF 
and found increased anterior tibialis and gastroc-
nemius activation but no change in soleus activa-
tion compared to barefoot in 12 participants. Hesse 
et al16 reported that an AFO with DF assist that only 

allowed range of motion between neutral and 10° of 
PF decreased anterior tibialis and increased quadri-
ceps activity in 21 participants. Finally, Ohata et al35 
compared the effects on an oil damper AFO that 
changed PF resistance to an AFO with a PF stop. 
The added resistance provided by the oil damper de-
creased gastrocnemius activity in loading response, 
allowing improved heel rocker function.

•	 Therapeutic Effect: No evidence.
•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Chronic FES: One level 1, 1 level II, 1 level III, and 3 level 
IV studies reported therapeutic effects of increasing muscle 
activation. The other effects are not relevant since volitional 
and electrical stimulated contractions cannot be separated 
(Appendix Table 22).

•	 Immediate Orthotic Effect: Not relevant since voli-
tional and electrical stimulated contractions cannot 
be separated.

•	 Therapeutic Effect: All 6 studies (levels I-IV) reported 
increased activation of the anterior tibialis muscle af-
ter 4 to 24 weeks of training. The only level I RCT 
by Kottink et al119 found that 6 months of home use 
of FES in 14 of the 15 participants completing train-
ing led to increased anterior tibialis activation during 
swing and increased gastrocnemius activation. A level 
II RCT by Sabut et al55 reported that the 16 partici-
pants using FES had improved anterior tibialis muscle 
activation after 12 weeks of FES delivered as part of 
PT. In a similar level III study with 17 participants, 
Shendkar et al57 reported the same outcome in the 14 
participants who completed training. Three level IV 
studies also reported increased activation of the ante-
rior tibialis following 4 to 12 weeks of surface stimu-
lation. Sabut et al142 and Pilkar et al139 found increased 
activation compared to a control group in 15 and 4 
subjects, respectively. Jung et al110 found that the use 
of electromyography (EMG)-driven FES led to im-
proved outcomes over FES alone (n = 5 per group).

•	 Training Effect: Not relevant since volitional and 
electrical stimulated contractions cannot be sepa-
rated.

•	 Combined Orthotic Effect: Not relevant since voli-
tional and electrical stimulated contractions cannot 
be separated.

Comparison of AFO and FES: No included studies com-
pared AFOs and FES use for muscle activation.

Clinical Interpretation: The choice of AFO type can im-
pact the ability to increase muscle activity with the AFO 
on, which may be important for individuals post-stroke who 
have some ability to volitionally activate their muscles. An 
AFO with decreased stiffness may encourage muscle acti-
vation while wearing the AFO. However, clinicians need to 
weigh the balance between stance-phase stability of a more 
restrictive AFO and allowing motion within the AFO. FES 
may lead to a therapeutic effect, improving individuals’ 
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ability to activate their own muscles without a device, thus 
promoting recovery. Therefore, clinical decision-making and 
individual goals are important in device choice.

Research Recommendations: As the evidence for AFO is 
weaker, resulting in an overall weak recommendation, fur-
ther study is needed on the effects of different AFO types 
on muscle activation. While the evidence for FES is mod-
erate, stronger studies are needed to better understand how 
factors such as stimulation parameters and intervention pro-
tocols (frequency, duration) impact outcomes for therapeutic 
effects. Research is needed for therapeutic effects for FES 
with acute stroke.

Action Statement 8: ANKLE-FOOT ORTHOSIS (AFO) 
OR FUNCTIONAL ELECTRICAL STIMULATION 
(FES) TO IMPROVE GAIT KINEMATICS. Clinicians 
may provide an AFO or FES for individuals with decreased 
lower extremity motor control due to acute or chronic post-
stroke hemiplegia who have goals to improve ankle dorsiflex-
ion at initial contact and during loading response and swing 
(evidence quality: III; recommendation strength: weak).

•	 Acute AFO: evidence quality: III; recommendation 
strength: weak

•	 Acute FES: evidence quality: not applicable; rec-
ommendation strength: best practice

•	 Chronic AFO: evidence quality: III; recommenda-
tion strength: weak

•	 Chronic FES: evidence quality: III; recommenda-
tion strength: weak

Action Statement Profile
Aggregate Evidence Quality: Level III due to 3 level 
I, 2 level II, 15 level III, and 14 level IV studies with 
mixed outcomes.
•	 Acute AFO: Level III based on 2 level II, 1 lev-

el II SR, and 1 level IV study (Appendix Table 
23).20,41,131,137

•	 Acute FES: No evidence.
•	 Chronic AFO: Level III based on 1 level I, 1 level 

II SR, 1 level II, 7 level III, and 10 level IV studies 
(Appendix Table 24).13,20,33–38,87,94,97,103,113,117,150,161-164

•	 Chronic FES: Level III based on 2 level I, 1 level 
II, 6 level III, and 3 level IV studies (Appendix 
Table 25).45,48,50,58,81,96,100,111,112,120,149,150

Benefits:
•	 Improved ankle DF at initial contact and during 

swing can decrease falls by increasing ground 
clearance and better positioning the foot to accept 
weight.

Risk, Harm, Cost:
•	 While ankle DF at initial contact and during swing 

will likely improve with AFOs, effects at the knee 
may be problematic for individuals without suffi-
cient quadriceps strength to overcome possible in-
creased knee flexion at initial contact and into load-
ing response. The inability to control the knee may 
lead to increased falls.

•	 FES may decrease swing-phase knee flexion lead-
ing to compensatory patterns to achieve clearance. 

These patterns may decrease safety and walking 
endurance.

•	 Costs may be high to the individual due to lack of 
sufficient insurance coverage or financial resources 
for AFOs or FES.

•	 Falls may increase with AFOs and FES by increas-
ing mobility.

•	 Abandonment of AFOs may occur due to discom-
fort, difficulty donning/doffing, cosmesis, increased 
sweating, skin irritation, an uncomfortable stretch-
ing feeling when wearing, increased spasticity, and 
issues using with shoes.

•	 Abandonment of FES may occur due to intoler-
ance to the sensation of the stimulation, insufficient 
DF achieved, general dissatisfaction, and skin ir-
ritation. With an implanted FES system, FES may 
not be successful due to system failure, infection, 
hematoma, lymphedema, nerve injury, and neuro-
dermatitis.

Benefit-Harm Assessment:
•	 Preponderance of benefit, but clinicians need to 

consider quadriceps strength for AFOs and swing-
phase knee flexion when choosing a specific device.

Value Judgments:
•	 Kinematics are an important part of the effects of 

an AFO or FES, as positioning the foot in more DF 
may impact other outcomes.

Intentional Vagueness:
•	 There is limited evidence for effects other than im-

mediate orthotic effects.
•	 The recommendations purposefully do not address 

the effects of one type of AFO over another, as stud-
ies used a variety of AFO types and rarely differen-
tiated effects.

•	 The recommendations also do not address the se-
verity of hemiparesis, as most studies included par-
ticipants with the ability to ambulate independently 
or with minimal assistance often for at least 10 m.

Role of Patient Preferences:
•	 Individuals may prefer FES over an AFO.
Exclusions:
•	 The recommendations may not apply to individu-

als with severe cognitive or communication deficits 
or neglect, history of multiple strokes, pacemakers, 
skin conditions, or severe spasticity (MAS ≥3).

Quality Improvement:
•	 Evaluation for a device based on kinematic effects 

should include an assessment of gait with different 
AFO types and settings and with FES to determine 
the effects at the ankle and knee before making a 
final decision.

•	 PT intervention and sufficient practice must be per-
formed when an AFO or FES is provided to achieve 
optimal effects.

•	 Evaluation for a device should include an assessment 
of desired outcomes using different AFO and FES 
types and settings before making a final decision.

Implementation and Audit:
•	 Both desired and unwanted effects should be con-

sidered when choosing FES or an AFO.
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•	 AFOs or FES should be considered during any 
evaluation to improve outcomes and satisfaction in 
individuals in the acute or chronic phases of stroke.

•	 Physical therapists would benefit from education 
on the effects of AFOs and FES and on clinical 
decision-making for monitoring effects, making 
adjustments to AFOs or FES, changing devices as 
individuals’ needs change, and on appropriate out-
come measures across the ICF to assess the effects 
of the devices.

•	 Review of medical records can identify outcomes 
seen with an AFO or FES use across a larger group 
of individuals.

•	 Potential barriers to implementation of the recom-
mendation include lack of education about appro-
priate devices, access to devices, or lack of funding.

Supporting Evidence and Clinical Interpretation

Supporting Evidence:
Acute AFO: Studies that used AFOs for individuals with 
acute poststroke hemiplegia demonstrate weak evidence for 
an immediate orthotic effect to improve gait kinematics for 
ankle DF, and no therapeutic effect (Appendix Table 23).

•	 Immediate Orthotic Effect: Two level II and 1 level 
IV studies report on the immediate effects of AFOs 
on kinematics. A level II SR by Daryabor et al20 re-
ported immediate effects of AFOs with significant 
positive effects seen on ankle kinematics in loading 
response and during swing, but not on knee kine-
matics. Three of the 27 studies included in their SR 
assessed participants with acute poststroke hemi-
plegia. A positive effect was reported when statisti-
cal rather than clinical significance was obtained in 
each study. In reviewing those 3 studies included 
in Daryabor et al20 for this CPG, 1 did not provide 
kinematic data to evaluate,121 1 was rated as level 
IV,137 and 1 was excluded due to a mixed popula-
tion.186 Thus, the results of Daryabor et al20 are less 
applicable despite good SR methodology. Two stud-
ies included in this CPG (levels II and IV)131,137 
reported immediate orthotic effects for ankle DF, 
and 1 of these studies (level II)131 reported this ef-
fect for knee flexion (Appendix Table 26).20,131,137 In 
the level II study, Nikamp et al (n = 20) reported 
significantly increased ankle DF at initial contact, 
toe-off, and swing that exceeded the MDC using an 
AFO specific to participants’ needs (PLS; polyeth-
ylene or polypropylene flexible, semirigid, or rigid). 
At the knee, they found significantly increased hip 
and knee flexion at initial contact, which could be 
problematic for stability for individuals with weak 
quadriceps muscles. In the level IV study that was 
included in the SR by Daryabor et al,20 Park et al137 
(n = 17) reported significantly increased ankle DF 
in swing that exceeded the MDC when using a PLS 
AFO compared to no AFO, but not when using an 
anterior leaf AFO compared to no AFO. No signifi-
cant difference was seen in swing-phase DF when 

comparing the 2 AFOs. There was no immediate 
orthotic effect at the knee.

•	 Therapeutic Effect: One level II study41 reported no 
therapeutic effect on ankle DF during gait for 46 
of the 51 participants completing a 6-week inter-
vention using a SWIFT cast as part of usual care. 
Usual care (n = 54) that included a nonspecified 
AFO for 35% of the participants also resulted in no 
therapeutic effect.

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: No evidence.

Acute FES: There is no evidence for FES to improve ankle, 
knee, or hip gait kinematics.

Chronic AFO: Studies that used AFOs for individuals with 
chronic poststroke hemiplegia demonstrate weak evidence 
for immediate orthotic, therapeutic, and combined orthotic 
effects to improve gait kinematics at the ankle, knee, and/
or hip. Most studies report immediate orthotic effects 
(Appendix Table 24).

•	 Immediate Orthotic Effect: One level I, 1 level 
II, 7 level III, and 10 level IV studies evalu-
ated immediate orthotic effects at the an-
kle13,20,33–38,87,94,97,103,113,117,150,161,164,187 and/or the knee 
or hip.10,13,37,38,53,87,104,164 A level II SR by Daryabor 
et al20 reported immediate effects of AFOs with sig-
nificant positive effects seen for ankle DF in load-
ing response and during swing, but not on knee 
kinematics. Twenty-four of the 27 studies included 
in their SR included participants with chronic post-
stroke hemiplegia. A positive effect was noted by 
Daryabor et al20 when statistical, but not clinical 
significance was obtained in each study. Of these 24 
studies from Daryabor et al,20 16 are also included 
in this CPG (1 level I, 6 level III, and 9 level IV 
studies), with the remaining 8 being excluded due 
to low quality, mixed populations, or lack of nu-
merical kinematic data. In this CPG and the SR, the 
only level I study by de Sèze et al33 reported signifi-
cantly improved correction of foot drop during gait 
that exceeded the MDC when wearing the Chignon 
AFO (n = 13) versus a prefabricated polypropylene 
AFO (n = 15). While de Sèze et al33 reported bet-
ter correction with the Chignon AFO, the specific 
phases of gait impacted were not described and no 
rationale was provided to explain the difference be-
tween the 2 AFO types. The 7 level III studies in-
cluded in this CPG (6 studies from the SR by Dary-
abor et al20) reported changes based on phases of 
gait. Four of these studies each compared at least 2 
types of AFOs or AFO settings. Cruz and Dhaher97 
(n = 9) reported significantly increased DF during 
toe-off and swing that exceeded the MDC for both 
a solid and articulating AFO. Kobayashi et al117 
compared 4 different fixed settings for DF at 0°, 2°, 
4°, and 6°, finding significant differences in DF at 
initial contact between settings. But this difference 
did not exceed the MDC. Mulroy et al38 (n = 30) re-
ported that 3 different AFO types (solid, DF assist/
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DF-stop, and PF stop/free DF) led to significantly 
increased DF at initial contact and during swing that 
exceeded the MDC. The 2 AFOs that restricted PF 
led to decreased PF during stance. Ohata et al35 (n 
= 11) compared an oil damper AFO that provided 
resistance to PF to an AFO with a posterior stop, 
finding that both AFOs significantly increased DF 
at initial contact that exceeded the MDC, but that 
the effect with the oil damper AFO was better. Shef-
fler et al150 showed increased DF that exceeded the 
MDC at initial contact but not during swing for 12 
participants using a custom-molded AFO. While 
overall DF at initial contact was increased, partic-
ipants with active DF exceeded the MDC for DF 
at initial contact with the AFO, while those with-
out active DF did not. The final level III study34 
found significantly increased DF at initial contact, 
preswing, and swing using an oil damper AFO, with 
the increase exceeding the MDC. The level IV stud-
ies13,36,37,87,94,113,161,162,164 support the findings of the 
level III studies, with improved DF seen at initial 
contact, during swing, and/or at toe-off with various 
AFO types.

At the knee (Appendix Table 27),13,20,34,37,38,53,87,104,117,150,162-164  
4 level III studies showed significant immediate orthot-
ic effects without meeting the MDC, while 1 level III 
and 4 level IV studies showed no effect. Gatti et al104 (n 
= 10) found significant increases in swing-phase knee 
flexion with the use of a custom polypropylene AFO set 
in neutral alignment. Mulroy et al38 (n = 30) compared 
3 different AFO types (solid, DF-assist/DF-stop, and PF 
stop/free DF) and found that all 3 AFOs led to increased 
knee flexion at initial contact and loading response. The 
PF stop/free DF and the solid AFO provided increased 
knee flexion in loading response compared to the DF-
assist/DF-stop AFO. Finally, Kobayashi et al117 found 
significantly decreased peak knee extension, as the DF 
angle increased from 0° to 6° in 2° increments. One 
level III150 and 4 level IV studies13,37,87,164 reported no 
effect at the knee across a variety of AFO designs. At 
the hip, a level III study53 (n = 15) reported a signifi-
cant increase in hip external rotation with a solid AFO 
compared to a solid AFO with a heel cutout, and a level 
III study150 showed no effect at the hip using a custom-
molded articulated AFO.
•	 Therapeutic Effect: One level I study33 reported no 

therapeutic effect and 1 level IV study162 reported an 
effect. The RCT by de Sèze et al33 reported no thera-
peutic effect after wearing a Chignon AFO (n = 13) 
or a standard AFO (n = 13 of 15 completing train-
ing) for 30 days. Yamamoto et al162 (n = 8) found in-
creased DF at initial contact that exceeded the MDC 
after wearing an oil damper AFO for 3 weeks. But 
they found no effect for knee kinematics.

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: One level II,163 1 level 

III,34 and 1 level IV studies,162 all by the same au-
thors reported combined orthotic effects. In the 
level II study,163 there was a significant change in 
DF at initial contact that did not meet the MDC, and 

there was no effect during swing for 40 of the 42 
participants who completed the study. In this study, 
participants were randomized to a metal upright 
AFO with a PF stop or to an oil damper AFO with 
PF resistance, with no differences found between 
AFO types. At the knee, both AFOs significantly in-
creased knee flexion in swing but did not exceed the 
MDC. While there was no effect at the hip, they did 
report that the trunk was significantly more upright 
when wearing the oil damper AFO compared to the 
AFO with the PF stop. In the level III34 and IV162 
studies by the same author, there was an increase 
in DF that exceeded the MDC at initial contact and 
during swing for 8 participants in each study. The 
2011 study34 also reported effects that exceeded the 
MDC in preswing and neither study34,162 found ef-
fects for knee kinematics.

Chronic FES: Studies that used FES for individuals with 
chronic poststroke hemiplegia demonstrate weak evidence 
for immediate orthotic, therapeutic, and combined orthotic 
effects to improve gait kinematics at the ankle, knee, and/
or hip. Most studies report immediate orthotic effects (Ap-
pendix Table 25).

•	 Immediate Orthotic Effect: Four level III and 3 level 
IV studies reported significantly increased DF at 
initial contact, toe-off, and/or during swing with 
FES. These increases exceeded the MDC in all ex-
cept 1 study.150 For the level III studies, Ernst et al50 
reported increased DF at initial contact and during 
swing that exceeded the MDC when 5 participants 
used FES. Lee et al58 reported the same results for 
14 participants using FES. Sheffler et al150 reported 
fewer improvements finding significantly increased 
DF that did not meet the MDC at initial contact but 
no increases during swing in 12 participants. The 
last level III study by Kesar et al112 compared dif-
ferent stimulation frequency patterns for 13 par-
ticipants and reported that DF at initial contact and 
during swing were significantly greater when a vari-
able frequency was used rather than the typical con-
stant frequency. This difference exceeded the MDC. 
The 3 level IV studies45,100,111 support the findings of 
the level III studies. One of these studies111 reported 
that stimulating the ankle DF had a significant nega-
tive effect of decreasing PF at toe-off in their 12 
participants.

At the knee (Appendix Table 28),45,81,96,111,112,120,150 2 
level III and 1 level IV studies reported significant 
changes in knee flexion in various phases of gait. An 
additional level IV study reported no effect. Shef-
fler et al150 reported no change in knee flexion during 
swing. Kesar et al111 reported that stimulating the ankle 
DF had a significant negative effect of decreasing knee 
flexion during swing in their 12 participants. In a later 
study, Kesar et al112 reported that while swing-phase 
knee flexion was reduced with FES in the 12 partici-
pants, it was less reduced when variable frequency was 
used rather than the typical constant frequency.
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•	 Therapeutic Effect: One level I, 1 level II, and 2 
level III studies examined therapeutic effects at the 
ankle and/or knee. Only 1 of these studies81 showed 
an effect. In a level II RCT, Bae et al81 randomized 
20 participants (10 per group) to robotic-assisted 
gait training plus FES or to robotic-assisted gait 
training alone. After 15 training sessions over 5 
weeks, participants using FES had increased DF 
that exceeded the MDC but was not statistically sig-
nificant. Phases of gait impacted were not reported. 
Significant improvements were also seen for maxi-
mal knee flexion and extension. No changes were 
seen around the hip. However, participants using the 
robotic-assisted gait training alone had similar gains 
except for DF and the only significant difference be-
tween groups was in maximal knee flexion. Sheffler 
et al149 (level I, n = 12), Cozean et al96 (level III, 
n = 18, with 16 completing training), and Prado-
Medeiros et al48 (level III, n = 12) reported no effect 
at the ankle following 12, 6, and 6 weeks of training, 
respectively. Cozean et al96 (level III) also reported 
no change in knee flexion after 6 weeks.

•	 Training Effect: No evidence.
•	 Combined Orthotic Effect: Only 1 level I RCT by 

Kottink et al120 examined this effect and found no 
effect at the ankle for the 9 participants randomized 
to the FES group after 26 weeks.

Comparison of AFO and FES: There is no evidence to 
compare the effects of AFOs and FES on gait kinematics in 
acute stroke. For chronic stroke, there is level III evidence 
indicating a lack of difference between AFOs and FES for 
an immediate effect based on 2 level III studies.146,150 Shef-
fler et al150 compared ankle, knee, and hip kinematics and 

found no differences between walking with AFOs compared 
to FES. Schiemanck et al146 found significantly less ankle PF 
in late stance with an AFO compared to FES, but the differ-
ence did not exceed the MDC.

Clinical Interpretation: Both AFOs and FES provide immedi-
ate orthotic effects at the ankle that position the foot and ankle 
in a better position at initial contact and during swing. Thus, 
these devices should be considered for individuals with foot 
drop due to poststroke hemiplegia. A prior CPG concluded that 
an AFO can positively impact the alignment of the foot and 
ankle in both swing and stance,22 but did not differentiate the 
benefits based on effect. Overall, there is minimal evidence for 
effects other than an immediate orthotic effect for both AFOs 
and FES for kinematic variables. Gait patterns with AFOs and 
FES need to be assessed prior to final device provision to en-
sure the device provides the effect but also does not negatively 
influence stance-phase stability or swing-phase knee flexion. 
Decreased quadriceps strength may lead to decreased stance-
phase stability when using an AFO set in DF that also limits or 
prevents PF. FES may decrease knee flexion during swing,111,112 
resulting in unwanted compensations such as hip hiking. Sig-
nificant ankle medial/lateral instability may lead to decreased 
effectiveness of FES during the stance phase.24 Thus, careful 
evaluation is needed for clinical decision-making.

Research Recommendations: As studies that examine the 
effects of AFOs and FES are of lower-quality evidence, 
stronger study designs are needed. Most studies examined 
immediate orthotic effects, with few studies examining other 
effects. Thus, studies of longer-term effects with and without 
an AFO or FES are needed. More research is needed on AFO 
types and settings in relation to body structures and function 
measures to guide decision-making.
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The recommendations made in this CPG are based on overall 
strong evidence for benefits of AFOs and FES on important 
outcomes for individuals with decreased lower extremity 
motor control due to acute or chronic poststroke hemiplegia 
(refer to Table 3 for a summary of the overall evidence based 
on chronicity and device). The amount of evidence is stron-
ger for those with chronic versus acute poststroke hemiple-
gia. The chronic phase of stroke is typically considered to be 
a static phase with limited potential for spontaneous or natu-
ral recovery. At this point, many individuals who continue to 
use an AFO use the AFO provided to them in the acute phase 
of recovery, often without reassessment of its continued ap-
propriateness. While improvements in mobility and function 
may slow in the chronic phase of stroke, reconsideration of 
needs for an AFO or FES remains important to allow for 
continued improvements or even a higher level of mobility 
and function. The evidence presented in this CPG supports 
that AFOs and FES can both lead to many improvements 
for those with chronic poststroke hemiplegia. For individuals 
with acute poststroke hemiplegia, evidence is more limited 
for using AFOs and FES to improve ambulation and over-
all mobility. In addition, the evidence for those with chronic 
poststroke hemiplegia can be used to guide decision-making 
with the acute population. Thus, consideration of AFOs and 
FES should be incorporated into more acute settings and 
along the continuum of care throughout the individual’s life-
time. Due to the changes possible at any phase post-stroke, 
decisions about device choice may be made too soon in the 
process and individuals would benefit from rehabilitation 
before decision-making. However, as safety is often a con-
cern, delaying a decision may not be possible. Thus, physi-
cal therapists should advocate for reimbursement sources to 
consider payment for a different device later if the individu-
al’s needs change.

Both AFOs and FES provide immediate orthotic effects 
at the ankle that position the foot and ankle in a better po-
sition at initial contact and during swing and increase gait 
speed, dynamic balance, mobility, and walking endurance. 
The other effects of AFOs and FES are seen after a period 
of practice and suggest that AFOs may lead to more com-
pensatory effects while FES may lead to more therapeutic 
effects. Thus, this finding has different implications for re-
covery versus compensation. It should be noted that study 
design likely has some impact on these findings, as more 
studies examine the therapeutic effects of FES than they do 
for AFOs, yet some studies with AFOs do show a therapeutic 
effect. As FES activates the individual’s muscles during gait, 
motor learning and muscle strengthening may occur leading 

to some recovery. Not all AFO designs block all motion and 
thus can allow for muscle activity as seen in the section on 
muscle activation in this CPG. While weak, the evidence does 
suggest that an AFO with decreased stiffness leads to greater 
activation of muscles within the AFO. Different settings for 
PF stops and for DF assists can also impact muscle activity. 
Thus, recovery-based approaches may be incorporated into 
AFO use and AFO design should incorporate motion if the 
individual has muscle activity and does not require extensive 
stability within the AFO. A more compensation-based ap-
proach may be needed for individuals with poor stability and 
absent volitional activation once recovery-based approaches 
have been exhausted. There is consistent and strong evidence 
to support the need for an AFO designed to meet the needs of 
the individual; therefore, an orthotist should be consulted as 
part of the health care team and the clinical decision-making 
process.22 A certified and/or licensed orthotist can advise on 
the various material and design considerations when manu-
facturing an AFO to meet the needs of the individual. As 
neurologic rehabilitation focuses on recovery, FES and AFO 
designs with decreased stiffness should be considered first 
prior to making a long-term decision about an AFO that sig-
nificantly blocks motion and alters gait kinematics.

There is some evidence that an AFO provides more or-
thotic effects while FES provides more therapeutic effects. 
Thus, clinical decision-making is important based on the 
PT evaluation, desired effects, potential outcomes, and in-
dividual goals. The evidence also indicates that outcomes 
are best when skilled PT intervention and long-term prac-
tice are included as part of AFO or FES provision. Provid-
ing a device without intervention or practice may thus limit 
the ability to fully achieve potential gains, showing the im-
portance of the physical therapist’s role. A CPG by Bowers 
and Ross22 made the same recommendation. Evidence also 
suggests that custom AFOs may have greater benefits than 
prefabricated AFOs.22 As reimbursement can be a barrier to 
implementation, physical therapists should advocate for re-
imbursement for treatment sessions to maximize outcomes 
and provide appropriate devices. Physical therapists should 
also use outcome measures that are most responsive to the 
benefits of AFO or FES use for appropriate assessment of 
baseline mobility and of long-term outcomes. Periodic re-
assessments are important, as needs may change over time 
and the initial device provided may not best meet the indi-
vidual’s needs in the future. A barrier to implementation may 
be decreased knowledge of appropriate outcome measures 
and device choices. This barrier can be addressed through 
advanced education and knowledge translation.

OVERALL CPG CLINICAL RECOMMENDATIONS
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There are several areas needed for research to provide clini-
cians with increased evidence about the application of AFOs 
and FES across the outcomes included in this CPG. Thus, 
the following recommendations are made that apply to all 
outcomes.

Research Recommendation 1: Researchers should examine 
intervention duration and delivery. More evidence is needed 
regarding the duration of intervention and the type of inter-
ventions paired with AFOs or FES that are best to achieve 
outcomes. While the evidence indicates a longer period of 
intervention and practice is needed to achieve favorable out-
comes, more research is needed to identify dosing criteria for 
the various devices based on the presentation of the individ-
ual. Research should also consider the intervention delivery, 
such as overground or TT or home-based training.

Research Recommendation 2: Researchers should perform 
studies on the effects of the timing of introduction of AFOs 
or FES. While there are a small number of studies with in-
dividuals with acute poststroke hemiplegia, these studies 
show benefits. In addition, individuals with foot drop due 
to chronic poststroke hemiplegia can improve in many out-
comes years after the stroke. Thus, research needs to focus 
on appropriate timing for introduction and reassessment of 
AFOs or FES at all points in time post-stroke.

Research Recommendation 3: Researchers should examine 
the effects of different AFO types and FES parameters. As the 
evidence is insufficient to allow effects of specific AFO types 
to be differentiated, more research is needed on AFO types 
and stiffness, their specific benefits, potential harms, and how 
they impact outcomes using objective measures. To increase 
the ability to examine these aspects, all future research stud-
ies that include AFOs should report a detailed description of 
the AFO type used, including the following attributes: pre-
fabricated or custom; solid, semisolid, or flexible; articulated 
or nonarticulated; ankle and shank angles; AFO trim lines 
including footplate length; and material type and stiffness. 
Stronger studies are also needed to better understand how fac-
tors such as electrical stimulation parameters and the strength 
of the muscle contraction impact outcomes for FES use.

Research Recommendations 4: Researchers should examine 
the ability to differentiate responders from nonresponders 
to various types of AFOs and FES. The current evidence is 
insufficient to understand the potential relationship between 

key impairments in body structure and function and their 
potential impact on activity levels to best inform the clini-
cal decision-making when determining the most effective 
device choice.

Research Recommendation 5: Research is needed to better 
assess the risk of device abandonment. The ability to better 
understand why individuals stop using devices may better 
guide clinical device development and technical design.

Research Recommendation 6: Researchers should study all 
4 effects with both AFOs and FES. Studies with AFOs tend 
to focus more on compensation-based effects, while most 
studies on FES also examine recovery-based therapeutic ef-
fects. Thus, research is needed to identify all effects of each 
device type to guide clinicians in device choice and potential 
use for recovery or compensation.

Research Recommendation 7: Researchers need to include 
individuals who have greater limitations in body structure/
function and activity levels of the ICF in their research 
studies. Few studies include these individuals that physical 
therapists routinely treat. While the recommendations and 
principles from this CPG can be applied to this population, 
the evidence is lacking as to whether the effects would be 
the same or different from the population with fewer deficits.

Research Recommendation 8: Researchers should conduct 
longitudinal studies to identify the changes that occur over 
time and identify reassessment needs for long-term AFO or 
FES users. This research is important to allow individuals 
the opportunity to try new devices that may further increase 
functional mobility and QOL.

Research Recommendation 9: Researchers need to include a 
core set of outcome measures that have strong psychometric 
properties and are responsive to the use of AFOs and FES 
across the ICF. Further research is needed to determine what 
aspects of QOL improve with AFOs and FES to develop 
measures with improved responsiveness.

Research Recommendation 10: Researchers need to exam-
ine how findings from the patient evaluation can guide clini-
cal decision-making for AFOs and FES. Research is needed 
on how to best use these findings in choosing an AFO or 
FES and for choosing specific types of each that may lead to 
optimal outcomes.

SUMMARY OF RESEARCH RECOMMENDATIONS
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LIMITATIONS

There are several limitations of this CPG. There is a consid-
erable difference in the quantity and quality of the literature 
that includes individuals in the acute poststroke phase com-
pared to the chronic poststroke phase. Often, the initial de-
termination for the need for a device and the type of device 
is made in the acute phase. Thus, there needs to be stronger 
and more consistent research performed with individuals in 
this phase of recovery. Another limitation in the acute phase 
is the inability to differentiate the effects of rehabilitation 
or natural recovery from the device for studies that did not 
compare devices or have a control group. In addition, it was 
not always possible to determine the specific health care set-
ting in each study beyond the acute phase. This GDG also 
chose to consider the impact of an AFO or FES by the out-
come that it may be impacting. A consistent weakness in the 
literature is the lack of documentation of standardized out-
come measure training and implementation methods used 
by researchers. This potential inconsistency in measuring 
and reporting outcomes may have an impact on the valid-
ity of the outcome results reported. For each action state-

ment, outcome measures used across studies vary in their 
psychometric properties. In some instances, outcomes are 
included that only partially measure the specific construct 
that the researchers were attempting to capture. This could 
limit the responsiveness of the outcome to the intervention 
and limits comparisons across the literature. Another limita-
tion is the inability of this CPG to provide evidence-based 
recommendations for device type or device design features, 
including stiffness, to address specific activity limitations or 
impairments of body structure and function, except for AFO 
for muscle activation. Few studies addressed the impact of 
AFO design on stance-phase stability, which is an impor-
tant consideration when choosing an AFO. The limitations in 
the literature thus limit the ability to provide evidence-based 
recommendations specific to AFO design or based on im-
pairments. Finally, there are promising studies that add FES 
for PF, hip abduction, and a combination of joint motions 
that also show benefits, but these were beyond the scope of 
the CPG. It may be appropriate to consider use of FES be-
yond the single muscle activation included in this CPG. As 
the majority of the literature focused on DF only, this CPG 
was limited to those studies.
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The ANPT has formed a Knowledge Translation (KT) task 
force for the explicit purpose of promoting effective multi-
faceted implementation strategies targeting both individuals 
and health care systems to disseminate the recommendations 
of this CPG. The Orthotics and Neuroprosthetics KT task 
force members were selected to represent a broad range of 
stakeholders with experience in the field of orthotics and 
neuroprosthetics and an expertise in knowledge translation.

The following strategies may be useful when implementing 
the action statements in this CPG. More details and resources 
will be provided by the KT team assembled by the ANPT.188

•	 Educational training:
{{ Develop educational tools such as quick reference 

guides and clinical decision-making tools to pro-
mote the importance and relevance of the CPG to 
clinicians and consumers.

{{ Develop a standardized screening tool or assess-
ment form to support the application of the action 
statements in the clinical decision-making process.

{{ Develop a standard set of outcomes to perform 
both with and without various devices to more 
effectively and reliably determine which AFO or 
FES will best address the goals of each individual.

{{ Provide training sessions including all team mem-
bers to maximize the understanding of the variety 
of AFOs or FES options that are available.

{{ Develop case-based application modules that 
can be offered in various platforms to a diverse 
audience.

{{ Identify any additional barriers to implementation 
of the CPG recommendations.

•	 Clinician CPG user supports:
{{ Place a copy of the CPG and any resources pro-

vided by the KT team in an easily accessible loca-
tion in the clinic.

{{ Build relationships with several local vendors to 
diversify device options, obtain equipment for 
demonstration.

{{ Develop relationships with several local certified 
and/or licensed orthotists to build a multidisci-
plinary team for the purpose of orthoses AFO and 
FES evaluation and development.

{{ Obtain a variety of device options to include as 
training tools during interventions or as a tempo-
rary trial device to evaluate with individuals post-
stroke.

{{ Build relationships with referral sources to ensure 
continuity and consistent follow-up care.

{{ Incorporate reminder and clinical decision-making 
algorithms into electronic medical records or sup-
port systems.

Update and Revision of Guidelines
This guideline will be updated and revised within 5 years 
of its publication, as new evidence becomes available. The 
procedures for updating the guideline will be similar to 
those used here, using procedures based on recommended 
standards, and sponsored by the APTA/ANPT.

GUIDELINE IMPLEMENTATION RECOMMENDATIONS
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APPENDIX: TABLES

Appendix Table 1. Outcome Measuresa

FUNCTIONAL 
AREA OR 
IMPAIRMENT

PRIMARY OUTCOME 
MEASURES MCID/MDC

SECONDARY OUTCOME  
MEASURES MCID/MDC

Quality of life Stroke Impact Scale 
(SIS)60

MCID: strength 9.2, ADL/
IADL: 5.9, mobility 4.5, 
MDC: strength 24, ADL/
IADL 17.3, mobility 15.1

Short Form-36 (SF-36)

Stroke-Specific Quality 
of Life (SSQOL)61

Mobility subscale:
MCID: 1.5-2.4 points
MDC: 5.9 points

European Quality of Life 
(Euro-QOL)

Sickness Impact Profile 
(SIP)

Disability Impact Profile (DIP)

Gait speed 10-m walk test 
(10mWT)62

MCID: ≥ 0.14 m/s
SMC: ≥ 0.06 m/s

20-m walk test (20mWT)
11-m walk test (11mWT)
5-m walk test (5mWT)
6-m walk test (6mWT)
6-m walk test (6MWT)
25-ft walk test
“Gait speed”

Other mobility Functional Ambulation 
Category (FAC)63

Functional Independence Mea-
sure (FIM)64

MCID: 22 points

Modified Emory 
Functional Ambulation 
Profile (mEFAP)65

MDC: 8.81 points Barthel Index (BI)66 MCID: 1.85 points 
MDC: 4.02 points 

Stroke Rehabilitation Assess-
ment of Movement (STREAM) 
mobility subscale67,68

MCID: mobility 
subscale 4.8 points
MDC: 4.2 points 

Dynamic 
balance

Berg Balance Scale 
(BBS)69

MDC: 6.9 points Figure-of-8 test

Timed Up and Go 
(TUG)70

MDC: 2.9 s

Timed Up and Down 
Stairs (TUDS)

Activities Balance Confidence 
Scale (ABC)
Functional Reach Test (FRT)
Falls Efficacy Scale- 
International (FES-I)

Endurance 6-min walk test 
(6MWT)62,70

MCID: 50 m
MDC: 36.6 m

Physiologic Cost Index 
(PCI)

Spasticity Modified Ashworth Scale 
(MAS)

Muscle 
activation

Electromyography 
(EMG)

Gait 
kinematics

Kinematics71 Ankle DF: 4.9°
Knee flexion: 5.7°

Abbreviations: ADL, activities of daily living; DF, dorsiflexors/dorsiflexion; IADL, instrumental activities of daily living; MCID, minimal clinically important 
difference; MDC, minimal detectable change; SMC, small meaningful change.
aMeasures in italics are recommended as part of the core set of outcome measures for adults with neurologic conditions.181
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Appendix Table 4. Quality-of-Life Acute and Chronic Ankle-Foot Orthoses and Functional Electrical Stimulation

AUTHOR YEAR
LEVEL OF 
EVIDENCE DEVICE

MEASUREa

SIS SSQOL SF-36 OTHER

Acute

 Salisbury et al144 2013 II Odstock, 
prefabricated AFO

0 for AFO and FES

Chronic

 Dunning et al8 2015 I (SR) Various ++/+/* for AFO & 
FES across studies, 0 
between AFO & FES

0 ↑ satisfaction 
with FES

 Bethoux et al85 2014 I WalkAide, custom 
solid or articulating 
AFO

0 between or within 0 between 
or within

 Kluding et al76 2013 I Bioness, custom 
AFO

*within groups, 
0 between

↑ satisfaction 
with FES

 Kottink et al118 2010 I STIMuSTEP 
implanted

* FES DIP/Euro-
QOL: * FES

 Sheffler et al148 2013 I Odstock, custom 
articulating AFO 
with PF stop

* both 
groups, 0 
between

 Schiemanck et al146 2015 II/III ActiGait implanted, 
hinged custom-
molded AFO

0 ↑ satisfaction

 Wilkie et al159 2012 IV Odstock ↑ via qualita-
tive interviews

Abbreviations: AFO, ankle-foot orthosis; DIP, Disability Impact Profile; FES, functional electrical stimulation; SF-36, Short From 36; SIS, Stroke Impact Scale; SR, 
systematic review; SSQOL, Stroke-Specific Quality of Life.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 5. Gait Speed Acute Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

NiKamp et al129 2017 I PLS, semi-
solid, solid

++/0 between 
early and 
delayed groups

Nikamp et al131 2017 I PLS, semi-
solid, solid

0

Salisbury et al144 2013 I Prefabricated +

Morone et al126 2012 II Unspecified +/*

NiKamp et al130 2017 II PLS, semi-
solid, solid

++ ++/*

Carse et al92 2015 III Custom solid ++/*

Rao et al140 2008 III Custom 
molded

+/*

Lairamore et al121 2011 III PLS, dynamic 0

Sankaranarayan et al145 2016 IV Custom solid 0/* +/*

Abbreviations: AFO, ankle-foot orthosis; PLS, posterior leaf spring.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = SMC/MDC (small meaningful change/minimal detectable 
change), 0 = no change.

Appendix Table 6. Gait Speed Acute Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Salisbury et al144 2013 I Odstock +

Wilkinson et al160 2014 I Odstock ++/* +/*

Morone et al126 2012 II WalkAide +/*

Abbreviation: FES, Functional Electrical Stimulation.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = SMC/MDC (small meaningful change/minimal detectable 
change).
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Appendix Table 7. Gait Speed Chronic Ankle-Foot Orthosesa

AUTHOR & YEAR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Various ++/+/0/* 
across studies

+/0/* 
across stud-
ies

++/* 
across stud-
ies

Beckerman et al83 1996 I Solid w/ 5° DF vs 
articulating

0

Bethoux et al85 2014 I Custom solid or 
articulating

++/*

Bethoux et al86 2015 I Custom solid or 
articulating

++/*

Erel et al32 2011 I Dynamic ++/*

Everaert et al72 2013 I Custom +/* +/* ++/*

Kluding et al76 2013 I Custom +/* +/* +/* ++/*

Tyson and Kent29 2013 II (SR/MA) Solid/articulating +/* across 
studies

Abe et al79 2009 II PLS, articulating +/*

de Wit et al101 2004 II Solid 0/*

Mulroy et al38 2010 II Solid, PF stop with 
free DF, DF assist 
with DF stop

0, except + for 
decline with 
solid for those 
with greater 
DF PROM

Nolan et al133 2009 II Dynamic, solid, 
articulating

+/*

Yamamoto et al163 2018 II Metal upright with 
oil damper or PF 
stop

++/* oil 
damper, 
+/*PF stop

Pavlik138 2008 III Custom solid, 
articulating

++/*

Simons et al42 2009 III 3 types of solid, 
DMU

+/*

Lewallen et al123 2010 III Solid, articulating, 
PLS

0 PLS/ar-
ticulating, * 
decline with 
solid

Gatti et al104 2012 III Custom solid set 
to neutral

++/*

Danielsson and 
Sunnerhagen98

2004 III Carbon composite +/*

Mojica et al124 1988 III Solid plastic ++/*

Yamamoto et al34 2011 III Oil damper 0/* ++/*

Nolan and 
Yarossi134

2011 III Custom rigid 
plastic

+/*

Hwang et al107 2012 III Articulating 0/*

(continues)
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Appendix Table 7. Gait Speed Chronic Ankle-Foot Orthosesa (Continued)

AUTHOR & YEAR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Rao et al140 2008 III Custom molded +/*

Pardo et al136 2015 III Custom, prefabri-
cated articulating

+/* (both)

van Swigchem 
et al156

2010 III Plastic 0/*

Wang et al158 2007 III PLS +/*

Hung et al106 2011 IV Anterior 0/*

Fatone et al13 2009 IV 3 conditions: (1) 
PF stop at 0°, full 
footplate; (2) PF 
stop at 5°-7° PF, 
full footplate; (3) 
PF stop at 0°, ¾ 
footplate

0

Fatone and 
Hansen103

2007 IV 90° PF stop with 
free DF and full 
footplate

+

Bouchalova et al39 2016 IV Prefabricated 
plastic, 
individualized 
Y-tech, shoes

0 prefabricat-
ed, 0/* Y-tech 
for those who 
walked without 
AD only

Ohata et al35 2010 IV Oil damper, 
conventional with 
PF stop

++/*

Iwata et al40 2003 IV Solid plastic with 
inhibitor bar

+/*

Bleyenheuft et al87 2008 IV Chignon, PLS ++/* Chi-
gnon, + PLS

Kobayashi et al116 2012 IV Custom plastic 
articulated or 
nonarticulated

++/*

Boudarham et al36 2014 IV Liberté elastic 
dynamic

++/*

Wang et al157 2005 IV Prefabricated solid +/*

Yamamoto et al162 2015 IV Oil damper 0/* 0 +/*

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; M, meta-analysis; PF, plantarflexors/plantarflexion; PLS, posterior leaf spring; PROM, passive 
range of motion; SR, systematic review.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = SMC/MDC (small meaningful change/minimal detectable 
change), 0 = no change.
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Appendix Table 8. Gait Speed Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Surface: vari-
ous types

++/+/0/* 
across studies

++/+/* 
across studies

Bethoux et al85 2014 I WalkAide ++/*

Bethoux et al86 2015 I WalkAide ++/*

Everaert et al72 2013 I WalkAide 0/* +/* ++/*

Hwang et al108 2015 I WalkAide +/*

Kluding et al76 2013 I Bioness +/* +/* +/* ++/*

Kottink et al51 2007 I STIMuSTEP 
Implanted

+ 0 + ++/*

O’Dell et al135 2014 I Bioness 0 ++/*

Kottink et al28 2004 II (SR) Various surface 
and implanted

0/+/* across 
studies

Burridge et al90 1997 II Odstock 0 0 + +/*

Street et al73 2017 II Odstock +/* 0/* ++/*

Alon and Ring80 2003 III Bioness ++
Ernst et al50 2013 III ActiGait 

implanted
++/* 0

Kim et al114 2012 III CyberMedic 
EMS

*

Nolan et al132 2015 III WalkAide 0

Sabut et al55 2010 III CyberMedic 
EMS

+

Taylor et al153 1999 III Odstock +/* +/* +/*

van Swigchem et al156 2010 III Bioness *

Barrett and Taylor82 2010 IV Odstock + 0 0 +
Burridge and McLellan89 2000 IV Odstock + ++/*

Burridge et al 88 2007 IV Odstock + +

Granat et al105 1996 IV Single channel 0

Martin et al49 2016 IV ActiGait 
implanted

++

Mun et al127 2014 IV CyberMedic 
EMS

+

Robertson et al141 2010 IV WalkAide 0 0

Sabut et al142 2010 IV CyberMedic 
EMS

++

Sabut et al56 2011 IV CyberMedic 
EMS

+

Shimada et al52 2006 IV Biotech 
implanted

+

Sota et al151 2018 IV WalkAide +/*

Taylor et al18 2013 IV Odstock +
Voigt and Sinkjaer45 2000 IV KDC 2000A +
Abbreviation: FES, functional electrical stimulation; SR, systematic review.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = SMC/MDC (small meaningful change/minimal detectable change), 
0 = no change.
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Appendix Table 9. Other Mobility Acute Ankle-Foot Orthoses and Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE DEVICE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

FES

 MacDonell et al46 1994 I Respond II * FAC and 
BI,+/++ BI

 Wilkinson et al160 2014 I Odstock */+ RMI, 0 
compared to 
usual care

 Morone et al126 2012 II WalkAide */+ RMI and 
BI,++ BI

AFO

 NiKamp et al130 2017 II PLS, semisolid, 
solid

* BI, RMI, 
and FAC; 
++ BI

 NiKamp et al129 2017 II PLS, semisolid, 
solid

* FAC

 Morone et al126 2012 II Unspecified */+ RMI and 
BI,++ BI

 Tyson and Rogerson154 2009 II Prefabricated * FAC

 Dogan et al102 2011 III Articulating 
with 90° PF 
stop

* STREAM 
(mobility 
subscale)

 Momosaki et al125 2015 III Unspecified */++ FIM

 Lan et al122 2013 IV Custom with 
neutral DF

* FAC

 Sankaranarayan et al145 2016 IV Custom sold * FIM

Abbreviations: AFO, ankle-foot orthosis; BI, Barthel Index; DF, dorsiflexors/dorsiflexion; FAC, Functional Ambulation Category; FES, functional electrical 
stimulation; FIM, Functional Independence Measure; PF, plantarflexors/plantarflexion; PLS, posterior leaf spring; RMI, Rivermead Mobility Index; STREAM, Stroke 
Rehabilitation Assessment of Movement.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 10. Other Mobility Chronic Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Various AFO * mEFAP 
across studies

*/+ mEFAP 
across studies

Bethoux et al85 2014 I Custom solid or 
articulating

*/+ mEFAP

Bethoux et al86 2015 I Custom solid or 
articulating

0 mEFAP

Everaert et al72 2013 I Custom */+ RMI

Sheffler et al148 2013 I Custom ar-
ticulating AFO 
with PF stop

* mEFAP

Tyson and Kent29 2013 II (SR/MA) PLS, solid, 
DMU, articulat-
ing

* FAC across 
studies

Kesikburun et al113 2017 II Custom solid * FAC

Sheffler et al147 2006 II Custom * FAC

Abe et al79 2009 III PLS, 
articulating

* FAC

Hung et al106 2011 III Anterior * FAC

Simons et al42 2009 III 3 types of solid, 
DMU

* FAC

Tyson and 
Thornton155

2001 III Articulating * FAC

Abbreviations: AFO, ankle-foot orthosis; DMU, double metal upright; FAC, Functional Ambulation Category; MA, meta-analysis; mEFAP, Modified Emory 
Functional Ambulation Profile; PF, plantarflexors/plantarflexion; PLS, posterior leaf spring; RMI, Rivermead Mobility Index; SR, systematic review.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 11. Other Mobility Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Various */+ mEFAP 
across studies

*/+ mEFAP 
across studies

Bethoux et al85 2014 I WalkAide */+ mEFAP

Bethoux et al86 2015 I WalkAide + mEFAP

Sheffler et al148 2013 I Odstock */+ mEFAP

Sheffler et al147 2006 II Odstock * mEFAP

Abbreviations: FES, functional electrical stimulation; mEFAP, Modified Emory Functional Ambulation Profile; SR, systematic review.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.

Appendix Table 12. Dynamic Balance Acute Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Nikamp et al129 2017 I PLS, semisolid, 
solid

Nikamp et al130 2017 II PLS, semisolid, 
solid

+/* TUG, 
* TUDS, 
+/* BBS

Dogan et al102 2011 III Articulating 
with 90° PF stop

++/* TUG,
0/* BBS

Lan et al122 2013 IV Custom with 
neutral DF

0/0 BBS

Park et al137 2009 IV Anterior, 
posterior

0/0 BBS

Abbreviations: AFO, ankle-foot orthosis; BBS, Berg Balance Scale; DF, dorsiflexors/dorsiflexion; PF, plantarflexors/plantarflexion; PLS, posterior leaf spring; TUDS, 
Timed Up and Down Stairs; TUG, Timed Up and Go.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = MDC (minimal detectable change), 0 =  no change.
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Appendix Table 13. Dynamic Balance Chronic Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Tyson and 
Kent29

2013 II (MA) Various 0 BBS, 0 
TUG, 0 
TUDS across 
studies

Chisholm and 
Perry21

2012 II (SR) Various Decreased 
TUG score 
with AFO 
across studies

Bethoux 
et al85

2014 I Custom solid 
or articulating

0/0 TUG,  
0/0 BBS

Erel et al32 2011 I Dynamic 0/0 TUG,  
0 TDS,  
* TUS, 0 FR

Everaert 
et al72

2013 I Custom * Figure-of-8 
test

* Figure-of-8 
test

* Figure-of-8 
test

Kluding 
et al76

2013 I Custom ++/* TUG, 
0/* BBS,  
0 FR

0/0 TUG, 0/* 
BBS, 0 FR

0/0 TUG, 0/* 
BBS, 0 FR

++/* TUG, 
0/* BBS,  
0 FR

de Wit et al101 2004 II Solid ++/* TUG, 
0/* TUDS

Pavlik138 2008 II Custom solid, 
articulating

++/* TUG

Bouchalova 
et al39

2016 III Individual-
ized Y-tech vs 
prefabricated

++/0 TUG,
0 FSST

Chen et al93 2014 III Anterior ++/* TUG

Pardo et al136 2015 III Custom, 
prefabricated 
articulating

++/* TUG

Simons et al42 2009 III 3 types of 
solid, DMU

++/* TUG, 
0/* BBS

Wang et al157 2005 III Prefabricated 0/0 BBS

Cakar et al91 2010 IV PLS 0/* BBS,  
* FR

Chen et al93 2014 IV Anterior * TUDS

Hung et al106 2011 IV Anterior * FES-I

Zissimopou-
los et al165

2014 IV Nonrigid 
(various)

* ABC

Abbreviations: ABC, Activities-Specific Balance Confidence Scale; AFO, ankle-foot orthosis; BBS, Berg Balance Scale; DMU, double metal upright; FES-I, Falls 
Efficacy Scale-International; FR, Functional Reach; FSST, Four Square Step Test; MA, meta-analysis; PLS, posterior leaf spring; SR, systematic review; TUDS, Timed 
Up/Down Stairs; TUG, Timed Up and Go; TUS, Timed Up Stairs.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), 0 = no change.
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Appendix Table 14. Dynamic Balance Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Various * TUG,  
* BBS across 
studies

Bae et al81 2014 I WalkAide 
with robotic 
gait training

++/* TUG, 0/* 
BBS

Bethoux et al85 2014 I WalkAide 0/0 TUG, 0/0 
BBS

Cho et al95 2015 I CyberMedic 
EMS with 
BWSTT

0/0 BBS

Everaert et al72 2013 I WalkAide * Figure-of-8 
test

* Figure-of-8 
test

* Figure-of-8 
test

Hwang et al108 2015 I WalkAide ++/* TUG, 
++/* BBS

Kluding et al76 2013 I Bioness ++/* TUG,  
0/* BBS,  
0 FR

0/* TUG,  
0/* BBS,  
0 FR

0/* TUG, 0/* 
BBS, 0 FR

++/* TUG, 
0/* BBS,  
0 FR

Lee et al59 2013 I Power-assist 
with BWSTT

++/* TUG,  
++/* BBS

Robertson et al141 2010 III WalkAide 0/0 TUG,  
0/0 BBS

Sota et al151 2018 III WalkAide +/* TUG

Kim and Lee115 2012 IV CyberMedic 
EMS with VR

++/* TUG,  
++/0 BBS

Martin et al49 2016 IV ActiGait 
implanted

++/* TUG

Abbreviations: FES, functional electrical stimulation; BBS, Berg Balance Scale; BWSTT, body-weight support treadmill training; FR, Functional Reach; SR, 
systematic review; TUG, Timed Up and Go; VR, virtual reality.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 15.  Walking Endurance Acute Ankle-Foot Orthoses and Functional Electrical Stimulationa

AUTHOR/ YEAR
LEVEL OF 
EVIDENCE DEVICE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

AFO

 Nikamp 
et al129

2017 I PLS, semi-
rigid, or solid

* 6MWT

 Nikamp 
et al130

2017 II PLS, semi-
rigid, or solid

++/* 6MWT

 Hyun 
et al109

2015 III PLS * 6MWT

FES

 Wilkinson 
et al160

2014 I Odstock ++/* 6MWT

Abbreviations: AFO, ankle-foot orthosis; FES, functional electrical stimulation; PLS, posterior leaf spring; 6MWT, 6-minute walk test.
aSymbols: * = statistically significant, ++ = MCID (minimal clinically important difference), 0 = no change.

Appendix Table 16. Walking Endurance Chronic Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Variable * 6MWT, *PCI 
across studies

* 6MWT 
across studies

*/+ 6MWT 
across studies

Bethoux et al85 2014 I Custom solid 
or articulating

* 6MWT

Bethoux et al86 2015 I Custom solid 
or articulating

0 6MWT

Erel et al32 2011 I Dynamic * PCI

Everaert et al72 2013 I Custom * PCI *PCI * PCI

Kluding et al76 2013 I Custom * 6MWT * 6MWT * 6MWT */+ 6MWT

Nolan et al133 2009 II Dynamic, 
solid, 
articulating

* 6MWT

Danielsson and 
Sunnerhagen98

2004 III Carbon com-
posite

* Energy cost

Danielsson et al99 2007 III Various 0 PCI; * V̇ o
2

Abbreviations: AFO, ankle-foot orthosis; PCI, Physiologic Cost Index; PLS, posterior leaf spring; 6MWT, 6-minute walk; SR, systematic review.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change. 
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Appendix Table 17. Walking Endurance Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Dunning et al8 2015 I (SR) Variable * 6MWT; *PCI 
across studies

*6MWT 
across studies

*/+ 6MWT; 
*PCI across 
studies

Bethoux et al85 2014 I WalkAide * 6MWT

Bethoux et al86 2015 I WalkAide * 6MWT

Cho et al95 2015 I CyberMedic 
EMS with 
BWSTT

0 6MWT

Everaert et al72 2013 I WalkAide 0 PCI * PCI * PCI

Kluding et al76 2013 I Bioness * 6MWT * 6MWT * 6MWT */+ 6MWT

Kottink et al51 2007 I STIMuSTEP 
implanted

* 6MWT

Kottink et al28 2004 II Variable *PCI

Burridge et al90 1997 II Odstock * PCI *PCI 0 PCI * PCI

Sabut et al55 2010 II CyberMedic 
EMS

*PCI

Ernst et al50 2013 III ActiGait 
implanted

0 6MWT */+ 6MWT  
(6 wk); 0  
(12 wk)

Schiemanck et al146 2015 III ActiGait 
implanted

0 6MWT

Sota et al151 2018 III WalkAide +/* 6MWT

Taylor et al153 1999 III Odstock * PCI * PCI * PCI * PCI

Burridge and 
McLellan89

2000 IV Odstock * PCI * PCI * PCI

Sabut et al142 2010 IV CyberMedic 
EMS

* PCI, * EC

Sabut et al56 2011 IV CyberMedic 
EMS

* PCI

Abbreviations: BWSTT, body-weight support treadmill training; EC, energy cost; FES, functional electrical stimulation; PCI, Physiologic Cost Index; 6MWT, 
6-minute walk test; SR, systematic review.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 18. Spasticity Acute Ankle-Foot Orthoses and Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE DEVICE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

AFO

 de Sèze et al33 2011 I Prefabricated vs 
Chignon (articu-
lated, double stop 
AFO, DF assist)

0 MAS—
Chignon and 
AFO; 0 MAS 
between

 Morone et al126 2012 II Unspecified 0 MAS

FES 

 Morone et al126 2012 II WalkAide 0 MAS

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; FES, functional electrical stimulation; MAS, Modified Ashworth Scale.
aSymbol: 0 = no change.

Appendix Table 19. Spasticity Chronic Ankle-Foot Orthoses and Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

AFO

 Beckerman et al84 1996 II Custom in 5° DF 0 MAS

 Sankaranarayan  
  et al145

2016 IV Custom solid 0 MAS

FES 

 Sabut et al55 2010 II CyberMedic 
EMS

0 MAS

 Sabut et al143 2011 III CyberMedic 
EMS

* MAS

 Sota et al151 2018 III WalkAide * MAS

 Sabut et al56 ” 2011 IV CyberMedic 
EMS

0 MAS

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; MAS, Modified Ashworth Scale.
aSymbols: * = statistically significant, 0 = no change.
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Appendix Table 20. Muscle Activation Acute Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Nikamp et al128 2019 I PLS, 
semisolid, 
solid

0

Kim et al184 2016 II Solid vs 
kinesiotape

* ↑ GA, GM, 
RF, more ↑ with 
taping

Lairamore et al121 2011 III PLS vs 
dynamic

*↓ TA with 
dynamic vs PLS 
or no AFO

Tang et al152 2016 IV Flexible vs 
rigid wrap

*↑ TA and GA 
with flexible, 0 for 
RF and BF

Abbreviations: AFO, ankle-foot orthosis; BF, barefoot; GA, gastrocnemius; GM, gluteus medius; PLS, posterior leaf spring; RF, rectus femoris; TA, tibialis anterior.
aSymbols: * = statistically significant, 0 = no change.

Appendix Table 21. Muscle Activation Chronic Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Mulroy et al38 2010 III Solid, PF stop with 
free DF, DF assist 
with DF stop

* ↑ SOL with 
PF stop over DF 
assist; most TA 
with shoes only

Boudarham 
et al36

2014 IV Liberté dynamic 
elastic

* ↑ TA and GA 
with AFO, 0 for 
SOL

Hesse et al16 1999 IV −10° to 0° DF 
stops and DF assist

* ↓ TA, ↑ quads 
over no AFO

Ohata et al35 2011 IV Oil damper, 
conventional with 
PF stop

* ↓ GA in LR  
w/oil damper  
(↑ heel rocker)

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexor/dorsiflexion; GA, gastrocnemius; LR, loading response; PF, plantarflexors/plantarflexion; PL, peroneus 
longus; SOL, soleus; TA, tibialis anterior.
aSymbols: * = statistically significant, 0 = no change, − = negative effect.
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Appendix Table 22. Muscle Activation Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Kottink et al119 2008 I STIMuSTEP 
implanted 

* ↑ TA and GA, 0 PL 
and SOL after 24 wk

Sabut et al55 2010 II CyberMedic 
EMS

* ↑ TA conduction 
velocity after 12 wk

Shendkar et al57 2015 III CEFAR Step 
II

* ↑ TA amp and con-
duction velocity after 
12 wk

Jung et al110 2013 IV CyberMedic 
EMS

* ↑ TA with EMG-
triggered FES vs non-
triggered after 4 wk

Pilkar et al139 2014 IV WalkAide * ↑ TA post 4 wk

Sabut et al142 2010 IV CyberMedic 
EMS

* ↑ TA post 12 wk

Abbreviations: EMG, electromyography; FES, functional electrical stimulation; GA, gastrocnemius; PL, peroneus longus; SOL, soleus; TA, tibialis anterior.
aSymbols: * = statistically significant, 0 = no change.

Appendix Table 23. Ankle Kinematics Acute Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Daryabor et al20 2018 II (SR) Various + ↑ DF at LR and 
SW

Nikamp et al131 2017 II PLS, semi-
solid, solid

+/* ↑ DF at IC, TO, 
SW (all AFO)

Pomeroy et al41 2016 II SWIFT cast, 
standard care

0

Park et al137 2009 IV Anterior, 
posterior

+/* ↑ DF with PLS 
vs none,
0 anterior vs none, 
0 between anterior 
and PLS

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; IC, initial contact; LR, loading response; PLS, posterior leaf spring; SR, systematic review; 
SW, swing; TO, toe-off.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 24. Ankle Kinematics Chronic Ankle-Foot Orthosesa

AUTHOR  YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

de Sèze et al33
2011 I Chignon, standard +/* ↑ DF Chignon > 

Standard
0

Daryabor et al20
2018 II (SR) Various + ↑ DF at LR and SW

Yamamoto 
et al163

2018 II Metal upright with 
oil damper or poste-
rior stop

0/* ↑ DF 
IC, 0 DF 
swing

Cruz and 
Dhaher97

2009 III Solid, articulating +/* ↑ DF peak SW, 
TO with AFO

Kobayashi 
et al117

2019 III Articulating set at 
0°, 2°, 4°, and 6° DF

* DF at IC between 
settings

Mulroy et al38
2010 III Solid, PF stop with 

free DF, DF assist 
with DF stop

+/*↑ DF IC, SW all 
AFO,  
AFO with PF stops led to 
↓ PF in stance

Ohata et al35
2011 III Oil damper, conven-

tional with PF stop
*↑ DF at IC with 
posterior stop, better 
timing w/oil damper

Sheffler et al150
2013 III Custom-molded 

hinged
+ DF at IC, 0 SW

Yamamoto 
et al34

2011 III Oil damper +/* ↑ DF at IC, pre-
SW, SW

+/* ↑ DF 
at IC, pre-
SW, SW

Bleyenheuft 
et al87

2008 IV Chignon, PLS +/* DF HS & SW 
Chignon vs none. No 
difference with PLS

Boudarham 
et al36

2014 IV Liberté dynamic 
elastic

+/* HS, SW, TO with 
Liberté

Chen et al94
2010 IV Posterior, anterior * DF at IC with 

posterior compared to 
anterior and none

Do et al37
2014 IV Plastic (0 PF stop, 

free DF); hybrid 
(same but some 
fabric)

+/* DF IC and SW 
with plastic and hybrid 
vs none

Fatone et al13
2009 IV 3 settings *all AFOs increased 

DF at IC and SW

Fatone and 
Hansen103

2007 IV 90° PF stop with free 
DF and full footplate

+/* DF at IC and SW

Kesikburun 
et al113

2017 IV Custom solid +/* DF at IC and SW

Yamamoto 
et al161

2013 IV Oil damper at 3 
settings

+/* DF at IC and SW 
all oil damper settings 
vs none

Yamamoto 
et al162

2015 IV Oil damper + DF at IC +/* DF at 
IC and SW

Zissimopoulos 
et al164

2015 IV Nonrigid (various) * DF SW

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; HS, heel strike; IC, initial contact; PF, plantarflexors/plantarflexion; PLS, posterior leaf spring; 
SR, systematic review; SW, swing; TO, toe-off.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.
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Appendix Table 25. Ankle Kinematics Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Kottink et al120 2012 I STIMuSTEP 
implanted 

0

Sheffler et al149 2015 I Odstock 0

Bae et al81 2014 II WalkAide 
with robotic 
gait training

+

Cozean et al96 1988 III Respond-II 0 

Ernst et al50 2013 III ActiGait 
implanted

+/* ↑ DF IC, SW

Kesar et al112 2010 III Custom 
system

+/* ↑ DF during 
SW with VFTs

Lee et al58 2014 III Novastim 
CU-FS1

+/* ↑ DF SW, IC

Prado-Medeiros 
et al48

2011 III Dorsiflex 0

Sheffler et al150 2013 III Odstock +↑ DF at IC, 
0 SW

Daniilidis et al100 2017 IV ActiGait 
implanted

+/* DF in SW 
and at IC

Kesar et al111 2009 IV Custom 
system

+/* DF during  
SW with doublets
*PF at PO

Voigt and 
Sinkjaer45

2000 IV KDC 2000A +/* DF at TO and 
SW

Abbreviations: FES, functional electrical stimulation; DF, dorsiflexors/dorsiflexion; IC, initial contact; PF, plantarflexors/plantarflexion; PO, push-off; SW, swing; 
TO, toe-off; VFT, variable frequency train.
aSymbols: * = statistically significant, + = MDC (minimal detectable change), 0 = no change.

Appendix Table 26. Hip and Knee Kinematics Acute Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Daryabor et al20 2018 II (SR) Various 0

Nikamp et al131 2017 II PLS, 
semisolid, 
solid

*↑ Knee flexion, hip 
flexion at IC

Park et al137 2009 IV Anterior, 
posterior

Knee flex: no differ-
ence between AFOs 
or none

Abbreviations: AFO, ankle-foot orthosis; IC, initial contact; PLS, posterior leaf spring; SR, systematic review.
aSymbols: * = statistically significant, 0 = no change.
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Appendix Table 27. Hip and Knee Kinematics Chronic Ankle-Foot Orthosesa

AUTHOR YEAR
LEVEL OF 
EVIDENCE AFO TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Daryabor et al20 2018 II (SR) Various 0

Yamamoto et al163 2018 II Metal upright 
with oil 
damper or 
posterior stop

0/* ↑ Knee 
flexion 
swing, 0 hip

Gatti et al104 2012 III Custom solid 
set at neutral

*↑ Knee flexion 
in SW

Kim et al53 2013 III Heel cutout, 
solid

* Solid ↑ hip/foot 
ER >heel cutout

Kobayashi et al117 2019 III Articulating 
set at 0°, 2°, 
4°, and 6° DF

* Peak knee 
extension between 
settings

Mulroy et al38 2010 III Solid, PF stop 
with free DF, 
DF assist with 
DF stop

*↑ Knee flexion at 
IC, LR all AFO

Sheffler et al150 2013 III Custom-
molded 
hinged

0 Peak hip or knee 
flexion SW, 0 knee 
extension in stance

Yamamoto et al34 2011 III Oil damper 0 0

Bleyenheuft et al87 2008 IV Chignon, PLS 0

Do et al37 2014 IV Plastic with 0 
PF stop, free 
DF: hybrid 
(same but 
some fabric)

0

Fatone et al13 2009 IV 3 settings 0

Yamamoto et al162 2015 IV Oil damper 0 0

Zissimopoulos 
et al164

2015 IV Nonrigid 
(various)

0

Abbreviations: AFO, ankle-foot orthosis; DF, dorsiflexors/dorsiflexion; ER, external rotation; IC, initial contact; LR, loading response; PF, plantarflexors/
plantarflexion; PLS, posterior leaf spring; SR, systematic review; SW, swing.
aSymbols: * = statistically significant, 0 = no change.
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Appendix Table 28. Hip and Knee Kinematics Chronic Functional Electrical Stimulationa

AUTHOR YEAR
LEVEL OF 
EVIDENCE FES TYPE

IMMEDIATE 
ORTHOTIC 
EFFECT

THERAPEUTIC 
EFFECT

TRAINING 
EFFECT

COMBINED 
ORTHOTIC 
EFFECT

Kottink et al120 2012 I STIMuSTEP 
implanted 

0 Knee 
flexion 

Bae et al81 2014 II WalkAide 
with robotic 
gait training

*↑ Knee flex-
ion, 0 hip

Cozean et al96 1988 III Respond-II 0 Change knee 
flexion 

Kesar et al112 2010 III Custom 
system

*↑ SW knee flex-
ion with VFTs

Sheffler et al150 2013 III Odstock 0 Knee flexion 
SW

Kesar et al111 2009 IV Custom 
system

*/− Peak SW 
knee flexion 

Voigt and Sinkjaer45 2000 IV KDC 2000A 0

Abbreviations: FES, functional electrical stimulation; SW, swing; VFT, variable frequency train.
aSymbols: * = statistically significant, 0 = no change, − = negative effect.
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