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Mobility After Stroke: Relearning
to Walk

Klaus Martin Stephan and Dominic Pérennou

1 Introduction

Stroke is one of the leading causes for disability in adults. Approximately two-thirds
of stroke patients suffer initially from disturbed mobility (Jorgensen et al. 1995).
The scope for functional recovery is greatest during the first few months (Kwakkel
et al. 2006). Therefore, early and effective rehabilitation training is an important
denominator for the final functional outcome of the patients and subsequently for
their quality of life.

In the last years, more and more evidence has been accumulated for well-defined
rehabilitative interventions including good-quality multicenter studies (e.g., Duncan
etal. 2011) and Cochrane reviews (e.g., Saunders et al. 2009). In the German guide-
line about rehabilitation of mobility after stroke (ReMoS), this evidence has been
structured according to clinical meaningful outcome variables separately for the
acute/subacute and the chronic phase after stroke (ReMoS Working Group 2015). A
similar approach has been chosen by most of the other guidelines the present results
were compared with.

Practical therapy recommendations were given for restoration or improvement of
gait separately in patients who are initially not able to walk without help and for
those who are able to walk, for the improvement of gait velocity, of walking dis-
tance and of balance (Flowchart 1).

Unfortunately, there are hardly any high-quality studies of walking as part of
everyday activities: e.g., getting up from a low, unstable chair, maneuvering a
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patients, who are not able to walk

acute/subacute stage chronic stage

main aim: to (re-)gain the ability to walk

patients, who are able to walk (with some help)

acute/subacute stage chronic stage

A 4

main aims: improvement of

walking speed walking distance balance

Flowchart 1 Practical therapy recommendations according to clinical status and recovery phase
after stroke

slippery surface, and carrying fragile dishes or hot meals from the kitchen to the
living room.

As it is very difficult to establish a meaningful, reliable, and standardized test for
these basic activities, it might be more promising to search for the underlying ele-
mentary requirements for such movements. One of the most important requirements
is the ability to balance oneself in many different positions and situations. These
requirements and strategies to cope with these challenges have been studied in detail
by Pérennou and coworkers in the last decades.

2 Best Evidence for Rehabilitations of Gait: Methodology

A German guideline about rehabilitation of gait after stroke (ReMoS Working
Group 2015, Dohle et al. 2016) forms the basis for this chapter. As part of their
systematic  guideline development program, the German Society for
Neurorehabilitation (DGNR) joined forces with “Physio Deutschland,” the German
Society for Physiotherapy (Deutscher Verband fiir Physiotherapie), to develop a
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guideline for rehabilitation of gait after stroke (ReMoS). As an S2e-guideline, a
systematic review of the literature has been performed using Medline (PubMed),
Pedro und the Cochrane Library (2012), and performing additional hand search (in
2012, 2014, and again in 2015). Eleven systematic reviews and 188 RCTs were
identified. Forty-one different principles of interventions have been identified.

Many RCTs present the effect of an intervention for several of the outcome
parameters: restoration or improvement of gait, improvement of gait velocity and
walking distance, and improvement of balance. Functional Ambulation Categories
(FAC) were the predominant assessment for the ability to walk, and the 10-m walk-
ing test and 6-min walking test were most commonly used to measure the walking
speed and walking distance/walking capacity and the Berg Balance Scale and the
Timed Up and Go (TUG) test are most often used to assess functional aspects of
balance. In addition, we distinguished whether the intervention took place within
the first 6 months in the acute or subacute phase after stroke, or after 6 months in the
chronic phase after stroke.

For each intervention, a coherent evaluation was performed, separately for each
outcome criteria and clinical phase. The evaluation was based on the evidence of all
the available literature and performed according to the principles of the GRADE
scheme. The resulting quality of evidence category (high, medium, low, or very low)
served as a basis for our recommendations taking into account possible side effects:
(A—*ought to,” B—"should,” 0—*"“can,” “therapeutic option”). The recommenda-
tions given in this chapter follow the same rules as outlined in chapter “Clinical
Pathways in Stroke Rehabilitation: Background, Scope, and Methods” (see Chap. 2).

The specific ReMoS guideline methodology has been described in detail in German
(ReMoS Working Group). The present version has been updated to include recent
literature and developments. The German version of the guideline can be obtained in
print by the Hippocampus Verlag, Bad Honnef, Germany (www.hippocampus.de) or
downloaded from the website of the German Society for Neurorehabilitation (https://
www.dgnr.de/images/pdf/leitlinien/S2e_Leitlinie_Rehabilitation_der_Mobilitaet_
nach_Schlaganfall.pdf). Tables 1, 2, 3, 4 and 5 of the present publication are modified
translations from the original German version of the ReMoS guideline.

The original evidence and the resulting recommendations were compared with
the evidence and the resulting recommendations presented in four other interna-
tional guidelines, which also studied sensorimotor interventions after stroke
in detail:

* Practice Guideline for Physical Therapy in patients with stroke (Royal Dutch
Society for Physical Therapy 2014); (KNGF guideline).

e Guideline for adult stroke rehabilitation and recovery (American Heart
Association/American Stroke Association 2016) (AHA/ASA guideline).

e Canadian Stroke Best Practice Recommendations, Canadian Heart and Stroke
Foundation, 6th Edition, 2019 (Canadian guideline)

e Clinical Practice Guideline to improve locomotor function following chronic
stroke, incomplete spinal cord injury, and brain injury; American Physical
Therapy Association, 2020. (APTA guideline).


https://doi.org/10.1007/978-3-030-58505-1_2
http://www.hippocampus.de
https://www.dgnr.de/images/pdf/leitlinien/S2e_Leitlinie_Rehabilitation_der_Mobilitaet_nach_Schlaganfall.pdf
https://www.dgnr.de/images/pdf/leitlinien/S2e_Leitlinie_Rehabilitation_der_Mobilitaet_nach_Schlaganfall.pdf
https://www.dgnr.de/images/pdf/leitlinien/S2e_Leitlinie_Rehabilitation_der_Mobilitaet_nach_Schlaganfall.pdf

126 K. M. Stephan and D. Pérennou

Similarities and differences between the main recommendations of the different
guidelines are discussed. The structure of the ReMoS guideline was used as the
structural basis for the comparison. An additional paragraph has been added about
early intensive training in the acute phase after stroke (paragraph 3).

3 Early Intensive Training in the Acute Phase (24 H)
After Stroke

Early intensive training in the acute phase directly after stroke may be counterpro-
ductive: a steady, but less intensive training scheme leads to a less positive effect
directly after the training session, but a more positive outcome 3 months later (e.g.,
Avert Trial Collaboration Group 2015). This result is in line with results in some
animal studies, which show that early intensive training leads to additional damage
of tissue at risk close to the lesion site (e.g., Humm et al. 1998). Marzolini et al.
(2019) have studied this question in more detail and argue that initial therapy ses-
sions should be brief, and cerebral hypotension should be avoided. Furthermore, as
stroke can also affect the function of the heart, possible cardiac manifestations
should be kept in mind (Marzolini et al. 2019).

Thus, during the first 24 h, mobilization should be performed cautiously even in
seemingly fit patients and exercise intensity should be light in the first days, slowly
increasing to moderate. Specific clinical guidelines based on recovery stages from
neurological and cardiovascular perspectives are provided by Marzolini et al. (2019).

4 Restoration of Gait in Severely Affected Patients Who
cannot Walk Without Help

In patients who cannot walk without help, rehabilitation training with a high num-
ber of walking cycles early after stroke improves the chances of patients to walk
independently at 6 months considerably (Pohl et al. 2007). The present literature
suggests that several hundred walking cycles should be achieved in each training
session during the first weeks after stroke (e.g., Pohl et al. 2007). This aim can be
achieved by the dedicated personal effort of two or more therapists who help the
patient to keep in an upright position and continue to move the feet of the patients
continuously early after stroke (Peurala et al. 2009). This approach is dependent on
a considerable physical effort by the therapists. Machine supported training regimes
have also been used for the neurologically severely affected patients based on either
exoskeletons or end-effector devices (e.g., Mehrholz and Pohl 2012). A recent
Cochrane analysis showed comparable evidence for both technical approaches:
Patients who received physiotherapy in combination with electromechanical-
assisted gait training after stroke were more likely to achieve independent walking
than people who receive gait training without these devices (Mehrholz et al. 2017).
This justifies now an equal recommendation for both end-effector devices and exo-
skeletons, (B—recommendation; different to the original ReMoS recommendation
(2015)).
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Table 1 Restoration of gait in patients who cannot walk without help (modified from the original
German version of the ReMoS guideline)

Chronic
phase after
Subacute phase after stroke stroke
A (ought to)
B (should) |+ Intensive, progressive gait training, combining conventional
physiotherapy and gait training with—If available and
appropriate—End-effector or exoskeleton—based training
0 (can) * Intensive gait training with motor imagery as one component

* Intensive gait training, also using a treadmill if available and
appropriate

¢ Cyclic multichannel stimulation to generate movements
similar to a walking pattern

» For patients with neglect: Specific neglect training

An improvement of gait categories from non-ambulatory (FAC 0-1) to indepen-
dent ambulatory (FAC 4 + 5) was only seen in patients in their acute or early sub-
acute phases. It was not achieved, when intensive training of gait was commenced
in non-ambulatory patients in their late subacute or chronic phases after stroke.

In the subacute stage after stroke, intensive gait training should be per-
formed, in order to reestablish the ability to walk (low-to-moderate level of
evidence). If available and appropriate, intensive physiotherapy should be
combined with the use of an end-effector—based device or an exoskeleton
(high quality of evidence; B—recommendation, see also Table 1).

For patients, who are still bedridden, there is low quality of evidence that cyclic
multichannel stimulation to generate movements similar to a walking pattern can
facilitate the ability to walk later on (Yan et al. 2005); 0—recommendation, Table 1).
Interestingly, an adjoining neglect training also facilitates the ability to learn to walk
again (Paolucci et al. 1996); (low quality of evidence; 0—recommendation, Table 1).
The same is true for motor imagery as a component of gait training (low quality of
evidence, 0—recommendation, Table 1).

4.1 Discussion: Restoration of Gait
in Non-Ambulatory Patients

“Intensive, repetitive mobility-task training” is recommended by the AHA/ASA
guideline for all individuals with gait limitations after stroke (2016) based on a high
quality of evidence. Intensive training of mobility is also advocated by the Dutch
and Canadian guidelines with similarly high evidence levels. Even though there is
only limited direct evidence for intensive conventional gait training in non-
ambulatory patients (FAC 1-2; see for example, Peurala et al. 2009), there is strong
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evidence for the benefit of higher number of steps during training sessions using
mechanical devices in this patient group (Table 1, see discussion above).

Similar to the present recommendations for the use of an end-effector—based
device or an exoskeleton in combination with conventional physiotherapy and gait
training (Table 1, see above), the Dutch KNGF guideline (2014) stated that “it has
been demonstrated that robot-assisted gait training for stroke patients who are unable
to walk independently improves their ... walking ability and performance of basic
activities of daily living, compared to conventional therapy (including overground
walking).” The two North American guidelines (AHA/ASA Guideline 2016;
Canadian Guideline 2019) base their recommendations on basically the same evi-
dence as the two European guidelines of 2014 and 2015 and especially on the
Cochrane reviews by Mehrholz et al. (2013, 2017). However, their recommendations
are more cautious: “mechanically assisted walking may be considered in patients
who are non-ambulatory or have low ambulatory ability early after stroke” (AHA/
ASA Guideline 2016); “Electromechanical (robotic) assisted gait training devices
could be considered for patients who would not otherwise practice walking. They
should not be used in place of conventional gait therapy.” (Canadian Guideline 2019).

Three of the guidelines (ReMoS; KNGF; and AHA/ASA) advocate to consider the
use of these mechanical devices mainly in the early subacute phase (up to 3 months)
after stroke. The guideline of the American physiotherapists (APTA Guideline 2020)
does not address the ability to walk directly. However, with regard to walking speed
und duration it states explicitly that “clinicians should not perform walking interven-
tions with exoskeletal robotics on a treadmill or elliptical devices to improve walking
speed and distance in individuals greater than 6 months following acute-onset CNS
injury as compared with alternative interventions (APTA Guideline 2020).”

4.2 Summary

For non-ambulatory patients after stroke, all the guidelines advocate intensive, pro-
gressive, and task-related mobility training, with direct and indirect evidence for
intensive gait training especially during the (early) subacute phase after stroke. A
Cochrane review (Mehrholz et al. 2017) showed that patients who received physio-
therapy in combination with electromechanical-assisted gait training after stroke
were more likely to achieve independent walking than people who receive gait train-
ing without these devices. However, the strength of recommendations for the use of
these devices in the first months after stroke varies between guidelines.

5 Improvement of Gait in Patients Who Walk
Independently or With Little Help

The high number of steps is again the key to improvement in this patient group.
However, support by devices such as an exoskeleton or an end-effector device does
not improve patient’s performance further (Dias et al. 2007). In rehabilitative
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Table 2 Restoration of gait in patients who can walk independently with or without an aid or with
little help (modified from the original German version of the ReMoS guideline)

Subacute phase after stroke Chronic phase after stroke
A (ought to)
B (should) |+ Intensive and progressive gait » For patients with spastic Equinovarus-
training: Conventional or using deformity: Injections of Botulinum
a treadmill toxin to reduce the need of supportive
devices
0 (can) e Task-specific training combined | Intensive and progressive task-specific
with motor imagery training
* Functional electrical stimulation | Intensive and progressive training in the
* Additional electroacupuncture chronic phase after stroke combined
e Usage of walking devices (e.g., with VR

crane, stick)

practice, intensive training of walking on the ground and/or walking on treadmills
are often used (e.g., Duncan et al. 2011). Regardless of the exact mode of training
(with or without a treadmill), intensity of therapy should be progressive, e.g., with
an increase of speed, difficulties or complexity over time (Pohl et al. 2002). Such
training can also be performed as “circuit training.”

Progressive high-intensity training is especially effective in the subacute phase
after stroke (B—recommendations, Table 2). In chronic stroke, it also led to an
improvement of gait in these patients, although with a lower quality of evidence for
this patient group (0—recommendation, Table 2).

The effect of botulinum toxin injections was evaluated in chronic patients with a
spastic equinovarus deformity. A reduction of the use of supportive devices was
achieved. There was however no improvement of the abovementioned clinical out-
come parameters (Pittock et al. 2003) (B—recommendation for chronic patients
with spastic equinovarus deformity).

In patients who can walk independently with or without an aid or
with little help an intensive and progressive gait training should be per-
formed in the subacute stage after stroke (moderate quality of evidence;
B-recommendation, see also Table 2) and can be performed (intermit-
tently) in the chronic phase after stroke (low quality of evidence,
0-recommendation).

Task-specific training combined with motor imagery, usage of walking devices
(e.g., crane, stick), the use of functional electrical stimulation, and additional elec-
troacupuncture all had lower levels of evidence and may be used during training
(O—recommendations for the subacute phase, Table 2). The same was true for
intensive and progressive training in the chronic phase after stroke (0—recommen-
dation for the chronic phase, Table 2).
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5.1 Discussion: Improving Walking Ability in Ambulatory
and Nearly Ambulatory Patients

The AHA/ASA guidelines (2016) recommend an intensive, repetitive, and task-
related training also for this group of patients—similar to the recommendation
above. The KGNF and the Canadian guidelines support this recommendation: e.g.,
“task and goal-oriented training that is repetitive and progressively adapted should
be used to improve performance of selected lower-extremity tasks such as sit to
stand, walking distance and walking speed” (Canadian Guideline 2019). There are
however open questions: Where should such training be performed: on the ground
or on a treadmill? What is the advantage of circle training, which is advocated by
several of the guidelines? And do the level of evidence and the class of recommen-
dation differ between the guidelines, especially for some of “our” low-level
recommendations?

Training on the ground is the most natural place and does not need any additional
technical equipment. And at least for chronic stroke patients, it has been demon-
strated that “overground gait training by stroke patients who are able to walk with-
out physical support is more effective in increasing walking distance and reducing
anxiety than walking on a treadmill” (KGNF Guideline 2014).

“Group therapy with circuit training is a reasonable approach to improve walk-
ing.” (AHA/ASA guideline) “It has been demonstrated that circuit class training
(CCT) for walking and other mobility-related functions and activities improves
walking distance/speed, sitting and standing balance and walking ability, and
reduces inactivity in patients with a stroke” (KNGF Guideline 2014; evidence for
patients in the subacute and chronic phases after stroke). Circuit class training
allows therapists to combine advantages of group and individual treatments: if a
reasonable ratio between patients and therapists is guaranteed (e.g., 2:1), therapists
can use the positive aspects of group dynamics and also concentrate during indi-
vidual time slots on those aspects of gait, which are especially important for indi-
vidual patients. Thus, circle training tries to combine the advantages of the traditional
one therapist-one patient relationship with the economically more effective
therapist-patient ratio in group settings.

Overground walking exercises can be combined with treadmill training with or
without body support to improve walking ability (AHA/ASA guideline). Treadmill-
based training “should be used ... as an adjunct to over-ground training or when
over-ground training is not available or appropriate” (Canadian guideline, evidence
for subacute and chronic stroke patients). Treadmill training can be especially use-
ful for patients, which are more severely affected and may profit from body weight
support to train more effectively. It has even been demonstrated “that overground
gait training for patients with a stroke who are unable to walk independently at the
start of therapy has an adverse effect on their aerobic endurance compared to body-
weight supported walking exercises” (KNGF Guideline 2014).

Treadmill-based gait training (with or without body weight support) can also
been used to enhance specific aspects of gait: walking speed and distance walked
(see paragraphs 7 and 8). Thus, treadmill-based training can be used twofold: either
for specifically defined patient groups (e.g., with body weight support) or for the
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training and optimization of specific tasks (e.g., maximal speed training (see 7) or
training of endurance (see 8)). And sometimes it will just provide an alternative to a
training session within a cold and rainy or snowy environment outside the building!

When we prepared the ReMoS guideline, we saw cognitive training (e.g., motor
imagery in the subacute phase), external stimulation instead of usage of walking
aids (e.g., FES in the subacute phase after stroke), and virtual reality in the chronic
phase after stroke as treatment options, which might rapidly develop and become
standard treatment methods (see Table 2).

According to the Canadian guidelines (2019), “mental practice should be consid-
ered as an adjunct to lower extremity motor retraining.” The role of cognitive train-
ing in daily routine seems to increase slowly over time. Mental imagery, movement
observation, and dual-task paradigms become more and more popular (see also
Table 4, paragraph 7). Cognitive training allows patients to concentrate on specific
details of the tasks (motor imagery, motor observation) during a learning phase
before trying to automatize the task, e.g., with the help of dual-task paradigms. It is
important that the learning phase does always include not only imagined or observed
but also “real practice.” Physiologically this may correspond to changing functional
connections between different sensorimotor areas (e.g., Stephan et al. 1995;
Hardwick et al. 2018). Only then will cognitive training develop its full potential
during the learning process.

In patients with remedial foot paresis (foot drop) ankle foot orthoses (AFO)
remain the standard (e.g. AHA/ASA Guideline 2016). Similarly, the Canadian
Guidelines (2019) advise that “ankle-foot orthoses should be used on selected
patients with foot drop following proper assessment and with follow-up to verify its
effectiveness” (evidence for the subacute and chronic stages after stroke).
Neuromuscular electrical stimulation remains a valid alternative to an AFO (AHA/
ASA Guideline 2016).

Functional electrical stimulation (FES) is often used to improve strength and
function (gait). According to the Canadian guideline, “FES should be used in
selected patients, but the effects may not be sustained” (Canadian Guideline 2019,
evidence for subacute and chronic stages after stroke). There was no substantial
change of the quality of evidence in the last years.

Finally, VR combined with progressive training may be used in the chronic phase
after stroke (Table 2). The Dutch guideline (2014) is uncertain about the advantages
of VR in combination with conventional therapy. The North American guidelines
consider VR as possibly beneficial (AHA/ASA Guideline 2016) or as a possible
adjunct (Canadian Guideline 2019). The APTA Guideline (2020) is the only guide-
line which gives a strong recommendation for the use of VR in conjunction with gait
training in chronic patients.

These diverging classes of recommendations even in the two guidelines which
were published within the last 2 months (Canadian Guideline Dec. 2019 and APTA
Guideline Jan. 2020) indicate that for the lower extremities there is still uncertainty
about the exact role of VR in routine clinical therapy. Thus, a strong recommenda-
tion cannot (yet) be given.
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5.2 Summary

In ambulatory patients and patients who need a little help to walk after stroke all
guidelines advocate intensive, progressive, and task-related gait training in order to
further improve walking ability. Recommendations are given for overground walk-
ing and additional treadmill-based therapy. Treadmill-based therapies have differ-
ent advantages: a) they may be especially useful for more severely affected patients
and b) they support the training of specific aspects of walking, walking speed, and
distance walked (paragraphs 7 and 8).

Cognitive training, external stimulation, and virtual reality are specific methods
of training, which have become more popular over the last years. However, until
now, the quality of evidence is not yet very high and therefore recommendations for
their therapeutic use are not yet very strong.

6 Improvement of Balance, Reduction of Falls

Isolated balance training does not lead to an improvement of balance during walk-
ing or to a reduction of falls in stroke patients. An integration of balance training
into the context of standing and walking seems to be the key aspect for clinical
meaningful improvements. (Duncan et al. 2003). It is therefore not surprising that a
“motor relearning program” with a focus on activities of daily living shows a clear
improvement of functionally relevant balance parameters (Chan et al. 2006). This
evidence exists mainly for the subacute phase (moderate quality of evidence, B—
recommendations for the subacute phase, Table 3) and with a lower quality of evi-
dence also for the chronic phase (0—recommendation). Such an integration of
balance exercises into gait-related training may also lead to a reduction of the num-
ber of falls (Duncan 2011).

In order to improve balance in the subacute stage after stroke and
reduce the number of falls in patients who can walk independently with
or without an aid or with little help dynamic balance training should be
performed as an integral part of an intensive gait training (moderate
quality of evidence, B—recommendation, see also Table 3). An intensive
supervised home training program with progression and a motor relearn-
ing program have the same quality of evidence for the subacute stage
after stroke (moderate quality of evidence, B—recommendations).

There is low quality of evidence that an increase in gait speed without accompa-
nying balance training may lead to a higher number of falls (Duncan et al. 2011).
Therefore, context dependent balance training should be part of any mobility train-
ing after stroke.

Conventional gait training combined with training using mechanical devices
(treadmill, end-effector device, or exoskeleton), and strength and endurance
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Table 3 Improvement of balance (static, dynamic, reduction of falls) (modified from the original
German version of the ReMoS guideline)

Subacute phase after stroke

Chronic phase after stroke

A (ought to)

B (should)

Intensive gait training including balance
training without treadmill or

Intensive gait training including balance
training with the use of a treadmill or
Intensive supervised home training program
(strength, endurance and balance training)
with progression

Motor relearning program

0 (can)

Conventional gait training including balance
training combined with training using an
exoskeleton (e.g., Lokomat) or an end-
effector-based device

Strength—endurance training

Training to stand on an unstable support
base

Acoustic feedback during walking
Orthopedic shoe when indicated

Conventional gait training
including balance training
combined with training of a
treadmill or other
mechanical training devices
Exercises on an unstable
support base

Exercises on a
progressively smaller

support base

* Progressive increase of
perturbations of the support
base

* Additional VR-based
training

training may also improve balance, especially in the subacute and chronic stages
after stroke (low quality of evidence, 0—recommendation, Table 3). If balance
training is performed as a specific training session, training with an unstable support
base (Saeys et al. 2012) or with a systematic reduction of the size of the support base
(McClellan and Ada 2004) is recommended. Ai Chi (Tai Chi in the water) seems
also be beneficial (Noh et al. 2008) (low quality of evidence and 0—recommenda-
tions for those interventions in the subacute and/or chronic phases after stroke; see
Table 3).

6.1 Discussion: Improvement of Balance, Reduction of Falls
Balance training programs are encouraged for those stroke patients who fall or who
have fear of falling (e.g., AHA/ASA Guidelines 2016). The Dutch KNGF Guideline
(2014) and the ReMoS guideline also encourage the use of such programs (see
Table 3).

At first sight, however, the other recommendations of the different guidelines
vary widely regarding the best therapies to improve balance: e.g., training on a force
platform is advocated (Canadian guideline and to a lesser extent KNGF guideline)
or dismissed (ReMoS Guideline, APTA guideline); similarly treadmill training may
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lead to an improvement of balance (Canadian guideline) or may increase the num-
ber of falls (Duncan 2011; ReMoS Guideline, paragraph 7).

A second look however reveals that the goals of the different recommendations
differ; taking these different goals into account, the full picture becomes more uni-
fied again.

(A) Exercising postural control with visual feedback while standing on a force plat-
form improves the postural sway in stance (KNGF Guideline 2014), such exer-
cises are also advocated by the Canadian guidelines (2019) to train standing.
These exercises do, however, not improve dynamic balance e.g., while walking
(ReMoS guideline) and are therefore discouraged, if patients want to improve
their balance during walking (see also (APTA guideline for the chronic
phase, 2020)).

(B) Balance training on an unstable support base and balance boards (ReMoS
guideline, subacute, and chronic phase (Table 3); Canadian Guideline 2019,
chronic phase), and balance training with virtual reality while standing in the
chronic phase (ReMoS guideline (Table 3) and Canadian Guideline 2019), but
not in the subacute phase after stroke (Canadian Guideline 2019) may improve
dynamic balance and especially balance while walking.

(C) Treadmill training with partial body weight support in the subacute phase
(Canadian Guideline 2019) and training with other mechanical devices (see
Table 3, especially in severely affected patients) may improve dynamic bal-
ance. However, intensive gait training on a treadmill to improve gait speed may
also lead to a higher number of falls compared to intensive home-based train-
ing (Duncan 2011; for discussion see also Nave et al. 2019). Duncan et al.
(2011) argue that presumably the intensity of balance training was too low
compared to the intensity of gait speed training on the treadmill. Thus, it may
depend on the context whether treadmill training is facilitating or inhibiting the
rehabilitation of dynamic balance during walking.

(D) Exercising balance may not only improve walking abilities. It has also been
demonstrated that exercising balance during various activities results in
improved performance of basic activities of daily living in the subacute and
chronic phases after stroke (KNGF guideline).

(E) Balance may also be stabilized using assistive devices or an orthosis if appro-
priate (AHA/ASA Guideline 2016;).

Thus, balance training while performing functional relevant tasks will lead to an
improvement of balance within the context of these tasks. As far as we know, there
is not much carryover of “balance abilities” from one functional task to another. In
clinical practice, patients may show different degrees of balance control between
slow and fast walking, between walking in an open space, and while navigating
obstacles between walking with and without carrying objects in their hands. It is
important to identify those differences and address them during the rehabilitative
process if necessary.
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6.2 Summary

In stroke patients, environmentally adapted balance training improves those aspects
of balance which are specifically trained: (a) exercising postural control on a force
platform improves postural sway in stance, (b) training of walking abilities by over-
ground gait training, circle training, or with the help of walking devices (e.g., tread-
mill, end-effector devices, exoskeletons) improves standing balance, walking ability,
and walking distance and speed, and (c) exercising balance during various basic
activities results in improved performance of those basic activities in daily living.
According to the clinical data, there seems to be very limited carryover between
different aspects of balance control. Therefore, balance should be trained within the
context of walking, and while performing, ADL tasks in order to reduce the risk of
falls and resulting injuries.

7 Improvement of Walking Speed

Once walking ability including basic balance control has been achieved, other out-
come variables become important such as walking speed or walking distance. To
improve walking speed, a progressive increase of training requirements is the domi-
nant therapeutic principle. Progressive circuit training (Outermans et al. 2010) and
progressive treadmill training (Pohl et al. 2002; Eich et al. 2004) have the highest
quality of evidence (A—recommendations for the subacute phase, Table 4).
Treadmill training without monitoring of heart frequency or perceived exertion or
an intensive home exercise programs also have a positive effect (Duncan et al.
2011), but at a lower quality of evidence (B—recommendations for the subacute
phase, Table 4). Progressive anaerobic training without direct functional relevance,
however, does not lead to a further improvement of maximal gait speed, even when
compared to “relaxation” (Nave et al. 2019). In this study (PHY S-stroke), both sub-
acute patient groups showed a comparable increase in gait speed when the interven-
tions were added to a standard rehabilitation program. This result demonstrates the
importance of task- and goal-directed training, when patients, who have already
learned the basic walking skills, try to achieve maximal walking speed.

An increase of walking velocity can also be achieved by intensive training in the
chronic phase after stroke (see, for example, (Duncan et al. 2011)), however, the
overall quality of evidence is lower than for patients in the subacute phase (0O—rec-
ommendation, Table 4).

Stimulation of flexor-reflex afferents synchronous to the steps (Spaich et al.
2014) leads to an increase of velocity in the subacute phase (moderate quality of
evidence, B—recommendation). In patients with a leg paresis, gait training with an
orthosis (Thijssen et al. 2007; Erel et al. 2011) may also increase gait velocity (mod-
erate quality of evidence, B—recommendation for the chronic phase, Table 4). Until
today, there is however no evidence for a differential effectiveness of static or
dynamic devices (de Seze et al. 2011).
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Table4 Improvement of walking speed in patients who can walk independently, with supervision
or with a little help (modified from the original German version of the ReMoS guideline)

B (should)

0 (can)

Subacute phase after stroke
A (ought to)| *

Intensive task-specific progressive
gait training (using a treadmill or
performing a task specific circuit
training)

Intensive gait training without
treadmill or

Intensive gait training with the use
of a treadmill or

Intensive supervised home training
program (strength, endurance, and
balance training) with progression
Gait training with stimulation of
flexor-reflex afferences
Task-specific strength—endurance
training

Gait training with acoustic
rhythmic stimulation
Task-specific training using
additional cognitive elements e.g.,
motor imagery

Acoustic (e.g., musical) feedback,
knowledge of results

Chronic phase after stroke

Orthosis with or without electrical
stimulation (indirect effect)

Intensive, task-specific gait training
Task-specific endurance training
(e.g., aerobic treadmill training
combined with gait training on the
floor)

Task-specific strength training
Task-specific cognitive training,
e.g., motor observation, dual-task
paradigms

Functional electrical stimulation

In order to increase walking velocity in patients who can walk inde-
pendently with or without an aid or with little help, goal-directed pro-
gressive training of gait velocity ought to be performed (high quality of
evidence, A—recommendation for the subacute phase after stroke, see
also Table 4).

If this is not possible, an intensive gait training with or without a use of
a treadmill, an intensive supervised home training program or training
with stimulation of flexor-reflex afferents should be performed in the
subacute stage (moderate quality of evidence, B—recommendation).
In the chronic stage, an orthosis with or without electrical stimulation
should be applied in appropriate patients if available (moderate qual-
ity of evidence, B—recommendation).

Intensive task specific gait, strength, endurance, and cognitive training
can also be performed in the chronic stage ()—recommendation).

The effectiveness of the different intervention may be further improved by the
combination of gait training with other techniques in the subacute and chronic
stages. There are encouraging results for the combination of gait training with cog-
nitive training (e.g., movement observation, movement imagery (Verma et al. 2011),
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training under dual-task conditions), with additional stimulations and/or feedback
(electrical stimulation, acupuncture, rhythmic acoustic stimulation (Thaut et al.
1997), and acoustic feedback (Schauer and Mauritz 2003)) as well as with addi-
tional strength and endurance training (low quality of evidence and O—recommen-
dations for all interventions; for some interventions only for the subacute or for the
chronic phase, see also Table 4). An isolated use of these techniques out of a func-
tional context does, however, not lead to the desired improvements.

7.1 Discussion: Improvement of Walking Speed

Again repetitive, progressive, and task-related training forms, the basis for any
training-related improvement of gait speed in the subacute phase (Table 4; AHA/
ASA Guideline 2016; Canadian Guideline 2019).

Training on the ground, possibly also in the form of circuit training and treadmill
training are the two main modes of training which are often combined. Treadmill
training with or without body weight support should (Canadian guideline) or could
(Dutch guideline) be used to improve walking speed after stroke. Especially with
regard to maximum walking speed, it has been demonstrated that treadmill training
without body weight support is more effective than conventional gait training
(Dutch guideline). Mehrholz et al. (2017) have shown that the quality of evidence
for the use of treadmills is highest for ambulatory patients in the first 3 months.
However, although the improvement of maximum walking speed was statistically
significant at the end of treatment, even these patients had no persisting beneficial
effects.

Thus, whenever possible, the achieved improvements in walking speed should be
transferred into meaningful and relevant tasks of daily routine (see Table 4).

Strength and endurance training and balance training are further components of
such an intensive training program. Strength and aerobic endurance training are
advocated by all guidelines in this context (e.g., Canadian guideline (2019) and
Dutch Guideline 2014). The role of aerobic endurance training in stroke rehabilita-
tion will be discussed in more detail in the next paragraph chapter (paragraph 8).
The importance of balance training was already shown in the previous paragraph
(paragraph 6).

Rhythmic acoustic stimulation (RAS) is a further technique to facilitate the
speed of repetitive movements and furthermore to influence the gait dynamics.
While the Dutch (2014), the ReMoS and the AHA/ASA guideline (2016) identi-
fied a low quality of evidence and gave weak recommendations (e.g., Table 4),
the Canadian guideline (2019) advised that “rhythmic auditory stimulation
should be considered for improving gait parameters in stroke patients, including
gait velocity ....” Evidence for RAS in stroke is building up, although there is
still a need for long-term evaluations and for a deeper understanding of its
(patho-)physiology in healthy subjects (Stephan et al. 2002) and patients. As a
reduced effect over time is known, it might be advisable to try to preserve the
gain in walking speed by including such tasks in daily routine similar to the
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strategy after treadmill training (see above). As RAS is much easier to adminis-
ter than treadmill training, shorter RAS sessions can easily be included in daily
or weekly routines.

7.2 Summary

Task- and goal-oriented training that is repetitive and progressively adapted should
be used to improve walking speed. Overground training and treadmill training are
the most common forms of training.

In order to improve comfortable walking speed, strength and aerobic endurance
training, balance training, rhythmic acoustic stimulation and mental observation,
and motor imagery help to train further aspects of mobility. In order to improve
specifically maximal walking speed, structured treadmill training may be most
promising as it allows the patients to concentrate on this specific aspect of mobility.
Thus, similar to training in sports, basic skills are the basis for advanced training
with specific goals.

Unfortunately, the training at the rehabilitation center does not lead to a perma-
nent improvement of function on a stable level. Therefore, whenever possible, the
achieved improvements in walking speed should be transferred into meaningful and
relevant tasks of daily routine.

8 Improvement of Walking Distance

Walking longer distances (e.g., for 6 min as in the 6-min walking test) does not only
require a sufficient quality of gait parameters but also cardiovascular fitness. The
American Heart Association (AHA) has developed criteria for effective endurance
training such as a minimal training duration, optimal heart frequency, and perceived
levels of exertion (Gordon et al. 2004). In order to improve walking distance, the
cardiovascular fitness training has to be embedded into a specific functional context,
e.g., treadmill training (16) or task-specific circuit training (Outermans et al. 2010)
(high quality of evidence and A—recommendations for the subacute phase; moder-
ate quality of evidence and B—recommendation for the chronic phase, Table 5).
Isolated aerobic endurance training on a cycling ergometer does not improve walk-
ing distance (Katz-Leurer et al. 2003). This result stresses the importance of task-
and goal-directed training also for the improvement of walking distance.

Other progressive forms of training without monitoring of heart frequency or
perceived exertion such as supervised home training (Duncan et al. 2011) or pro-
gressive treadmill training (Pohl et al. 2002) have a lower quality of evidence (mod-
erate quality of evidence and B—recommendations for the subacute phase; low
quality of evidence and 0—recommendations for the chronic phase, Table 5).

Improvement can be achieved both in the subacute and in the chronic phases
after stroke, once basic walking ability has been achieved (e.g., (Duncan et al.
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Table5 Improvement of walking distance in patients who can walk with supervision or little help
(modified from the original German version of the ReMoS guideline)

Subacute phase after stroke Chronic phase after stroke
A (ought to)| » Task- and goal-specific endurance
training
B (should) |+ Intensive supervised home training * Task-specific endurance
program (strength, endurance, and training, e.g., progressive
balance training) with progression aerobic treadmill training
* Intensive gait training with the use of a | ¢ Orthosis with electrical
treadmill, especially progressive peroneal stimulation (indirect
aerobic treadmill training effect)
0 (can) e Strength and endurance with or without |« Intensive progressive training
feedback * Treadmill training and variable
» Cognitive training (motor imagery) training on the floor

* Functional electrical stimulation during |+ Feedback, motor observation
gait training

2011)). However, the overall quality of evidence is higher for patients in the sub-
acute phase than for patients in the chronic phase leading to different levels of rec-
ommendation (see above).

In chronic stroke, patients with paresis may benefit from the use of assistive
devices such as an orthosis. Continuous use of an orthosis with electrical stimula-
tion also leads to an improvement of walking distance (Kottink et al. 2007) (moder-
ate quality of evidence, B—recommendation).

 In the chronic stage, task-specific endurance training, e.g., progressive
aerobic treadmill training should be performed or an orthosis with
electrical peroneal stimulation should be applied if indicated and
available (moderate quality of evidence, B—recommendation).

e In order to increase walking distance in patients who can walk inde-
pendently with or without an aid or with little help task- and goal-
specific endurance training ought to be performed, especially in the
subacute phase after stroke (high quality of evidence, A—recommen-
dation, see also Table 5).

 If this is not possible, an intensive gait training with or without a use
of a treadmill, an intensive supervised home training program should
be performed in the subacute stage (moderate quality of evidence,
B—recommendation).

Elements of cognitive training (motor imagery, motor observation), additional
stimulation techniques (peroneal stimulation, functional electrical stimulation), and
especially task-specific endurance and strength training with or without feedback
can also enhance walking distance (low quality of evidence and O—recommenda-
tions for all interventions in the subacute and/or chronic phases after stroke, Table 5).
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8.1 Discussion: Increasing Walking Distance

Strength and aerobic endurance training within a task- and goal-related training
program is the key to build up walking capacity after stroke. Strength and endur-
ance training should be repetitive and progressively adapted (e.g., Canadian
Guideline 2019).

Again, a combination of overground training with treadmill training seems to be
most useful to combine the strength of both training forms (see the Dutch Guideline
2014, for the advantages of overground training, the Canadian Guideline 2019 for
the advantages of treadmill training).

Such a setting also allows to include strength training in a functional context. It
has been shown to be less effective: for persons with mild-to-moderate impairment
in lower extremity function when performed on its own (Canadian Guideline 2019).
The Canadian Guideline (2019) suggests that “individually-tailored aerobic training
involving large muscle groups should be incorporated into a comprehensive stroke
rehabilitation program to enhance cardiovascular endurance and cognitive func-
tion.” Such training can be easily performed as part of a comprehensive training
regime to further walking capacity.

The Canadian Guideline (2019) gives recommendations, which investigations
should be performed and which precautions should be taken to avoid harm to the
patients. They further recommend “patients should participate in aerobic exercise at
least 3 times weekly for a minimum of 8 weeks, progressing as tolerated to 20 min-
utes or more per session, exclusive of warm-up and cooldown” and “‘heart rate and
blood pressure should be monitored during training to ensure safety and attainment
of target exercise intensity.” More detailed recommendations for patient safety are
given by Marzolini et al. (2019).

Training walking distance provides implicitly some feedback about the dis-
tance walked to every patient. Different forms of structured feedback have been
used to provide the patients with information about their progress and details of
their performance: verbal feedback (Dutch Guideline 2014), biofeedback, in the
form of visual and/or auditory signals to indicate unequal weight bearing and tim-
ing (Canadian Guideline 2019), and EMG feedback (AHA/ASA Guideline 2016;
Dutch Guideline 2014). However, none of the technical feedback signals have led
to a substantial enhancement of functional recovery and were strongly recom-
mended in the guidelines. Verbal feedback seems to be the most promising form
of feedback, possibly associated with a caring and supportive attitude of the
therapist.

Continuous training after discharge is a problem for most patients after stroke.
For aerobic exercise, the Canadian Guideline (2019) suggest: “to ensure long-
term maintenance of health benefits, a planned transition from structured aerobic
exercise to more self-directed physical activity at home or in the community
should be implemented.” Furthermore, strategies to address specific barriers to
physical activity related to patients, healthcare providers, family, and/or the
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environment should be employed. These recommendations are important for the
transition of most learned skills on discharge from the rehabilitation hospital
or center.

8.2 Summary

Task- and goal-specific strength and aerobic endurance training should be the focus
of training to enhance walking distance after stroke. It should incorporate both
overground training and treadmill training, if available. Pre-participation screen-
ing and monitoring during aerobic training should be performed to ensure
patient safety.

Treadmill training has the advantage that it allows easy monitoring during train-
ing and attainment of target exercise intensity. However, it is difficult to maintain
such a structure outside a rehabilitative setting. Therefore, a planned transition
Jfrom a structured therapy setting to more self-directed physical activity at home or
in the community should be implemented.

9 General Discussion and Conclusions

Five different guidelines with recommendations for rehabilitative therapies were
compared. All of them were published by scientific societies. Their description of
the timeline of rehabilitation was similar: the acute stage or phase lasted for about
a week after stroke, the subacute stage until the end of the sixth month with a
subdivision between an early subacute phase (up to 3 months) and a late subacute
phase (after 3 months up to 6 months). Thereafter began the chronic phase
after stroke.

Most of the evidence for specific interventions and the recommendations based
on the evidence were similar between the guidelines. This is not surprising, as more
or less the same literature formed the basis for the guideline, and the process of writ-
ing a guideline is now standardized internationally.

Nevertheless, the classification of the literature and the critical appraisal
process also led to some different recommendations in different regions of
the world.

First, the critical appraisal of a study may lead to different results regarding the
level and/or quality of evidence. Second, synthesis of the evidence of individual
studies may lead to different categories of quality of evidence for specific interven-
tions. Furthermore, the quality of evidence for a specific intervention may change
over time: there are up to 5 years difference between the years of publication of the
different guidelines. And during this time, further studies have been published,
which may change the overall quality of evidence or the estimate of therapeutic
effect itself.
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More often, however, the writers of the guideline will disagree about the level of
recommendation. The GRADE system does explicitly require the guideline writers
to include not only the quality of evidence but also relevant context factors and the
degree of certainty of the recommendation. Therefore, it is not surprising when two
or more writers disagree about the class of recommendation, especially when they
have a different methodological, cultural, economic, and/or geographic background.
From this perspective, the more or less unified view on the process of rehabilitation
of walking after stroke is more surprising than the discrepancies between the
guidelines.

The evidence underlying the recommendations suggests elementary rules for
recovery and rehabilitation of gait according to the different stages of recovery
after stroke. These elementary rules are valid for patients regardless of the coun-
try or region they live in and form a basis to shape local and regional clinical
pathways.

e In the acute phase, directly after stroke (first 24 h), very intensive training may
impair the degree of recovery 3 months later.

e In patients who cannot walk, intensive task-specific training (e.g., a high num-
ber of repetitions of the full gait cycle) supports recovery of basic walking abili-
ties in patients who cannot walk in the subacute stage after stroke. There is no
evidence that such an intensive training is still effective to regain basic walking
abilities in the chronic stage after stroke in this patient group. Thus, the training
of compensatory modes of mobility (e.g., wheelchair handling) may be a major
therapeutic aim in these patients (see Flowchart 2).

e In patients who can walk independently or with some help, intensive task-
specific training supports improvement or even restoration of gait. Often bal-
ance, walking speed, and walking distance are the main therapeutic goals in

patients, who are not able to walk

acute/subacute stage chronic stage

A 4

intensive and repetitive task- and goal-related mobility training

especially gait training compensatory training (?)

Flowchart 2 Main therapeutic goals and interventions in the different phases of recovery in
patients who are not able to walk
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patients, who are able to walk (with some help)

chronic stage
acute/subacute stage

: : . moderate to intensive
intensive training
training

main aim: improvement of gait and mobility

task- and goal specific training

walking speed

natural surrounding
and mechanical
devices if available

integration into a

specific functional

context

walking distance

natural surrounding
and mechanical
devices if avaiiable

integration into a
specific functional
context

re-integration into participatory domains

balance

walking/mobility
and dynamic
balance training

integration into a
specific functional
context

e.g. self-care, living with the family, return to work

- training, preparation for and practical support -

Flowchart3 Main therapeutic goals and therapeutic principles depending on different rehabilita-
tive priorities in patients who are able to walk (with some help)

these patients (see Flowchart 3). There is higher quality of evidence for such
training in the subacute than in the chronic stage after stroke.

* Clinically meaningful improvements of balance are best achieved when dynamic
balance training is performed as an integral part of stance and gait training and/
or during relevant ADL sessions. Such training may also lead to a reduction of
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the number of falls after stroke. Again, there is higher quality of evidence for
training in the subacute than in the chronic stage after stroke.

e While basic walking abilities and balance seem to be basic elements of mobility
which have to be relearned early after stroke, walking speed and walking dis-
tance can be improved both during the subacute and chronic phases after stroke.
Their training is most effective if the demands are increased progressively. It is
not yet known, whether walking speed in the chronic stage is influenced by train-
ing schedules in the early phase after stroke.

e In addition to the main interventions, a great number of possible interventions
are available, which have also been shown to be effective. These may be chosen
according to the specificity of the clinical deficits and the individual preferences
of the patients.

e In contrast to other tasks and activities after stroke (e.g., hand motor control,
speech), gait and balance training seems to be more effective when the relevant
functions are trained task and goal-specific with regard to the relevant activity.
There is not much carryover from one task to another. This is even true for the
training of strength and endurance.

e In the same line, additional stimulation techniques in order to further plasticity
(e.g., central and peripheral stimulation) seem to be only effective when per-
formed in combination with functionally relevant aspects of gait training.

In the last years, goal setting during neurological rehabilitation concentrated
more and more on activities, which are often more meaningful to patients than basic
functions, which were mainly trained earlier in the twentieth century. Not surpris-
ingly, the main outcome parameters of scientific studies are today mostly activities
and participation including quality of life—but not functions any longer. Therefore,
we learned a lot about how to help patients to regain predefined activities and
skills—but less on how to change basic networks in the brain and train basic senso-
rimotor abilities outside the labs.

The aim of our work was not only to evaluate the different forms of rehabilita-
tive interventions but also to distill the principles of effective treatment for the
different aspects of mobility. This is especially important as worldwide most
strokes happen in low- and middle-income countries (Norrving and Kissela
2013) and thus not in Western Europe, North America, or Australia, where most
of the guideline development takes place. Local and regional culture and tradi-
tions in Africa, the Middle East, or South America may stress the importance of
other aspects of mobility, e.g., “standing and walking without a visible aid” and
of therapeutic settings, e.g., “therapeutic sessions with individual therapists
instead of sessions in a group setting.” Regional and local traditions and the cul-
tural background will influence goal setting and the choice of therapeutic inter-
ventions. Regardless of regional and local traditions, the above described
elementary rules should be part of these clinical pathways to further the recovery
of walking ability after stroke.
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