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Abstract: Lateropulsion is a post-stroke phenomenon marked by an active push of the body across
the midline towards the more affected side and/or a resistance of the weight shift towards the less
affected side. Within the mechanisms of treatment, feedback systems have been shown to be effec-
tive. The aim of the present study was to create a body of knowledge by performing a literature
review on the use of feedback mechanisms in the treatment of lateropulsion and to report two cases
of lateropulsion patients who had undergone feedback-based treatment. Methods: The review was
performed across five different databases (Embase, Medline/PubMed, Scopus, Web of Science, and
PEDro) up to February 2024, and haptic feedback intervention was incorporated into the case series
(with lateropulsion and ambulation capacity as the main variables). Results: In total, 211 records
were identified and 6 studies were included after the review of the literature. The most used feed-
back modality was visual feedback. In the case series, positive results were observed from the inter-
vention, particularly in the recovery of lateropulsion and balance, as well as in the improvement of
gait for one patient. Patients demonstrated good adherence to the intervention protocol without
adverse effects. Conclusions: Visual feedback is the most commonly used feedback modality in
lateropulsion patients but other mechanisms such as haptic feedback also are feasible and should
be taken into account. Larger sample sizes, extended follow-up periods, and the isolation of feed-
back mechanisms must be established to clarify evidence.

Keywords: stroke rehabilitation; postural balance; gait disorders; neurologic; feedback; haptic
technology; lateropulsion; pusher syndrome; contraversive pushing; pusher behavior

1. Introduction

Stroke is the second cause of death worldwide and one of the main causes of disabil-
ity [1]. Because of this, this pathology produces a high socio-sanitary cost, with repercus-
sions on health systems as well as on patients” and families’ lives. In particular, motor
sequelae, specifically hemiparesis, stand out for their prevalence as the main cause of dis-
ability in these patients [1,2]. Within the cases where hemiparesis occurs, patients develop
the so-called pusher syndrome (PS). Among the studies describing the prevalence of this
condition, it has been established that 10% of cases with hemiparesis present it, while this
percentage increases to 65% when the stroke is severe [3,4]. However, recent research
highlights a higher prevalence of this pushing phenomenon regardless of its severity at
greater percentages (55.1%) since it is now predominantly known as lateropulsion (and
includes cases ranging from mild to severe impairment) [5]. The actual definition of this
condition is “the phenomenon of actively pushing the body across the midline toward the
more affected side, and/or actively resisting weight shift toward the less affected side”,
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regardless of underlying mechanisms. This aforementioned factor regarding the terminol-
ogy of this entity must be considered because of the absence of a consensus in the litera-
ture [6]. Previously, terms such as “pusher behavior”, “pusher syndrome”, and “contra-
versive pushing” have been used to define this phenomenon [6,7].

This lack of agreement poses barriers to accurately comparing research findings,
agreeing on measurement tools, establishing a consistent rehabilitation approach, under-
standing the prevalence of the condition, and applying research findings to clinical prac-
tice [7]. Although it might be presumed that the passage of time and the recent increase in
research on this topic [8] may have favored the creation of a clear definition for this phe-
nomenon, this has not been the case. In fact, in 2021, an expert panel based on the Delphi
method began to address various aspects of lateropulsion, including terminological dis-
cussion. As a conclusion of the aforementioned report, it seems that the most appropriate
term currently to refer to this clinical picture is lateropulsion [7]. Nevertheless, it remains
a little-researched phenomenon, with studies with small sample sizes and not very rigor-
ous designs [9]. Last year, Nolan et al. [6] established clinical recommendations for the
management of patients with lateropulsion, as there was no evidence of the existence of
any previous clinical practice guidelines.

Among different interventions for post-stroke patients, feedback-based technology is
an interesting and promising approach. It has been considered effective in fundamental
processes of patient physiotherapeutic interventions such as gait re-education [10]. Feed-
back-based mechanisms provide information about the execution of an activity that the
individual themself cannot consciously perceive [11]. This information is collected using
specific instruments that process it and retransmit it through auditory, tactile, visual, elec-
trical, or vibratory signals, among others [12,13]. In post-stroke patients with lateropul-
sion, visual feedback seems to be the most used type in physiotherapeutic interventions
[14]. Despite this, various other types of feedback, such as auditory feedback, have also
shown promising results in stroke patients [15-17].

Similarly, there is another type of feedback information, called haptic feedback. It is
related to the transmission of information or experience through the sense of touch [18].
It is established as a way of providing sensory information to patients with sensorimotor
disorders, involving neural structures similar to those activated during tasks in physical envi-
ronments and facilitating motor learning through better sensorimotor integration [19-21].
Haptic feedback can be categorized into kinesthetic cues (which give spatial references to
the user) and tactile cues (which include sensations like vibration, pressure, or texture),
both of which can be transmitted through specialized devices [18]. This feedback is imple-
mented in upper-limb recovery [22,23] and virtual reality environments [24]. In addition,
these kinds of cues as feedback information have been previously used in balance training
[25,26], body positioning [27], and gait re-education [18]. One of the ways in which haptic
feedback can be provided to patients is through an electrical sensation on the skin; this
can be categorized as a tactile stimulus, offering kinesthetic information to improve body
control.

In fields where feedback approaches are widely implemented (e.g., gait re-educa-
tion), disorders of body perception or laterality are generally established as exclusion cri-
teria [16,28,29]. Thus, patients with lateropulsion are excluded from most of the relevant
studies on feedback-based therapies. In addition, recent reviews exploring therapeutic ap-
proaches for PS or lateropulsion have not established a specific research strategy incorpo-
rating feedback as a key component [14,30]. Consequently, our aim is to conduct a more
focused examination of the literature and provide updated insights in the field up to the
current year 2024, focusing solely on feedback mechanisms to ensure not to contaminate
information provided. Our review encompasses an exploration of feedback mechanisms
in these patients, supplemented by a case series involving two patients treated with haptic
feedback therapy for lateropulsion. Thus, the primary objective of this study is to contrib-
ute to the existing knowledge base on feedback techniques in the clinical management of
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lateropulsion. Additionally, we highlight the feasibility of haptic feedback as a potential
treatment modality through the presentation of a case series.

2. Materials and Methods
2.1. Research Protocol

A literature review has been performed, searching all articles referring to feedback-
based techniques used in the treatment of pushing or lateropulsion patients. Moreover, a
case series concerning two patients with lateropulsion and a haptic feedback treatment
was performed. The PRISMA 2020 statement was followed in the structure of the review
in [31] and the CARE Checklist was used as a framework for the case series, as well as the
National Institutes of Health (NIH) quality assessment tool for case-series research [32,33].

2.2. Search Strategy, Eligibility Criteria, and Data Extraction

The review was performed by searching for potentially eligible trials up to February
2024. This was conducted by two independent reviewers (M.G.-R. and E.M.) and an extra
reviewer (C.L.-M.) was consulted for consensus as necessary. The search of the studies
was performed in five different databases: Medline/PubMed, Scopus, Web of Science, Em-
base, and PEDro (search strategies available in Table 1). The PICOS criteria [34] included
the following: P (Population): post-stroke patients with lateropulsion, PS, pusher behav-
ior, or contraversive pushing; I (Intervention): feedback; C (Comparator): other techniques
or no comparison; O (Outcome): measured through specific and validated tests or scales
related to the International Classification of Functioning (ICF); S (type of study): clinical
trials (controlled and non-controlled, randomized and non-randomized), pilot studies,
case reports, and case series. The research strategy included all available records in Eng-
lish and Spanish and the results were filtered to these languages. Exclusion criteria in-
cluded interventions where feedback was part of robotic mechanisms, as these could mask
the real impact of the feedback since these mechanisms are typically very powerful inter-
vention methods.

For the selection of articles, we implemented a rigorous three-step procedure. The
first step involved thorough database searches and reviews of titles and abstracts. In the
second step, articles were excluded based on their title or abstract, with further analysis
conducted against predefined inclusion criteria. The third and final step entailed a com-
prehensive examination of the full text of each eligible article.

Table 1. Search strategies for different databases.

Databases Search Strategy
feedback system AND (lateropulsion OR “pusher syndrome” OR
Embase " . " . N
pusher behavior” OR “contraversive pushing”)
Medlme/Pu.bMed feedback AND (lateropulsion OR pusher OR “pusher syndrome” OR
Web of Science Y ., " . .,
pusher behavior” OR “contraversive pushing”)
Scopus
“Pusher behavior”, “pusher syndrome”, “contraversive pushing”,
PEDro and “lateropulsion” combined with “feedback” as keywords (simple

search)

2.3. Case Series
2.3.1. Patients Included and International Classification of Functioning Diagnosis

A series of two cases was carried out in a pre-experimental procedure as a pilot phase
of the research protocol. This study was conducted in accordance with the Declaration of
Helsinki and approved by the Research Ethics Committee (CEI) of the Virgen Macarena
and Virgen del Rocio University Hospitals (code 2022-03; Seville, Spain).
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A 52-year-old man (case 1) and a 69-year-old woman (case 2) were included in our
case study. Both presented lateropulsion after stroke and were admitted to Virgen Mac-
arena’s Hospital in Seville. Baseline characteristics and clinical features of the participants
are showed in Table 2.

Table 2. Baseline characteristics and clinical features of the case study participants.

Case 1 Case 2
Sex Male Female
Age 53 69
Type of stroke Hemorrhagic Ischemic
Hemisphere affected Left Right
Time post stroke (days) 33 6

ICF diagnosis [35] can be used to describe and classify health and health-related con-
ditions and has been highlighted as a necessary tool for providing a holistic and patient-
centered approach [36]. Case 1 exhibited marked muscular weakness in the trunk
(b7305.2), as well as hemiparesis on the right side of the body. In the right upper limb,
there was complete muscular and sensory impairment (b299.4, b7301.4), while in the right
lower limb, there was some activity in the hip flexor muscles (b299.4, b7301.3). Lateropul-
sion was significantly pronounced (b799.3), and there was a lack of coordination in com-
plex voluntary movements (b7602.4). He was unable to perform transfers from a supine
state to a sitting state or from sitting to standing (d410.4), although he was able to maintain
a sitting posture, at least for short periods of time (d4153.2). He could not maintain stand-
ing balance (d4154.4) or walk (d4509.4). There was no pain (b280.0). In terms of functional
independence, he was only independent in eating (d550.0), while for other activities
(washing, dressing, toileting), he required assistance. He had fecal and urinary continence
(b5253.0, b6202.0). There was family support (e310+4).

Case 2 presented significant muscular weakness in the trunk (b7305.3), and hemi-
paresis on the left side of the body. Complete muscular and sensory impairments were
observed in the left upper limb (b299.4, b7301.4), and partial impairments in the lower
limb of the same side, showing muscle activity in the hip extensors (b299.4, b7301.3).
Lateropulsion was very pronounced (b799.4), and there was a lack of coordination in com-
plex voluntary movements (b7602.4). She also was unable to perform transfers from a su-
pine state to a sitting state or from sitting to standing (d410.4), although she could main-
tain a sitting posture, at least for short periods of time (d4153.2). She could not maintain
standing balance (d4154.4) or walk (d4509.4). She experienced pain (b280.3). In terms of
functional independence, she was only independent in eating (d550.0), while for other
activities (washing, dressing, toileting), she required assistance. She had fecal and urinary
continence (b5253.0, b6202.0). Finally, she had family support (e310+4) but faced housing
space limitations (e1551.4).

2.3.2. Treatment Approach

In the physiotherapeutic approaches to these patients, the Walking Aid ReMoD V5.0
Type 1 (ReMoD UG, Berlin, Germany) was used (Figure 1). This aid comprises motion
sensors, signal transmitters, and a control unit integrated into a vest tailored to the pa-
tient’s body. The system delivers haptic electrical stimuli when the trunk bends beyond
pre-established degrees, providing real-time feedback to the patient. The electrical stimu-
lus is delivered via two electrodes placed at the infraclavicular and supraclavicular points
on both shoulders of the patient.

The intervention included six physiotherapy sessions within two weeks and extra
time to use the vest autonomously (almost three hours a day). The sessions took place
between the hospital and the patients’ residences upon discharge. The physiotherapeutic
intervention consisted of mobility, postural, and motor control exercises. Exercises to
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improve balance, transfers, and lower-limb strength and gait training were also per-
formed. An approach based on the performance of cognitive tasks in some exercises was
used to improve the acquisition of motor patterns. Both patients performed the exercise
protocol with the ReMoD device so that they received feedback about their trunk tilt dur-
ing the session. This allowed better control of the trunk and continuous provision of in-
formation about verticality.

Figure 1. (A) Walking Aid ReMoD V5.0 Type 1 (vest and device). 1: Connection cables that transmit
the signals, and where the electrodes are plugged in (the electrodes are then placed on the patient’s
skin to provide stimulation). 2: Sensors integrated in the vest. 3: ReMoD V5.0 Type 1 control unit
device, which provides the electrical stimulus (it features multiple buttons for setting and control-
ling the signal intensity). 4: Pouch for storing the device while it is in use. (B) Case 1 standing au-
tonomously with the ReMoD vest in a session.

2.3.3. Outcome Variables and Evaluation

In this study, lateropulsion and ambulation capacity have been established as the
main outcome variable. On the other hand, the rest of the dependent outcome variables
have been considered secondary. The scales and tools used to measure lateropulsion were
the Scale of Contraversive Pushing (SCP) and the Burke Lateropulsion Scale (BLS). The
SCP has 3 components: 1, symmetry of spontaneous body posture; 2, use of limbs (legs
and arms); and 3, resistance to passive correction of tilted posture. The total SCP score
ranges from 0 to 6, with a higher score indicating a more severe presentation of PS [37].
Originally, patients who met at least one point in each component of the SCP were classi-
fied as pushers, but other authors have recently sought to broaden these scoring criteria
to include patients with milder lateropulsion (with a total SCP score > 0.5 and at least one
of the three components of the SCP with a score < 1) [38]. On the other hand, the BLS has
five items of pushing behavior that are assessed in different positions (supine, sitting,
standing, walking, and during transfers). It achieves a higher score as the resistance in-
creases across the various items (total score from 0 to 17) and the diagnosis of pushing
behavior is considered when two or more points are obtained [39]. Both scales have been
studied and exhibit good inter- and intra-observer reliability [37,39].

For the measurement of balance, the following scales were used: Firstly, the Postural
Assessment Scale for Stroke (PASS) assessed postural control [40]. This scale consists of 12
items that score according to lower or higher levels of functionality, with a total score of
36 points [41]. The Trunk Impairment Scale (TIS) was also used to assess balance and co-
ordination, where the maximum score achievable is 23 (with higher scores indicating
greater trunk mobility) [42,43]. Finally, the Performed Oriented Movement Assessment
(POMA) assessed stability tasks related to daily activities and gait performance. This has
a maximum score of 28 points and determines a person’s fall risk (18 points or lower) [44].

To assess pain, the short form of the McGill Pain Questionnaire (SF-MPQ) was used.
In this questionnaire, pain descriptors are categorized into three dimensions (sensory,
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affective, and evaluative) and the overall score is the result of counting the words selected
by the patient and their severity [45]. The total score is 45 points, awarded when severe
pain is presented in all descriptors [46]. Related to walking capacity, walking 50 m was
measured [47,48] (with or without assistance). The Functional Ambulation Category
(FAC) was also used to quantify each patient’s ambulation capacity within a 5-point scale
(0 ="absolute inability to walk” and 5 = “walking normally for unlimited distances”) [43].

On one hand, the Modified Rankin Scale (MRS) was used to measure the degree of
functional independence [49,50]. It has 7 scores (0 corresponds to no deficit and 6 corre-
sponds to death) [50]. The Barthel Index also measured independence: this index consists
of 10 items exploring activities of daily living, with a maximum score of 100 meaning
maximum independence [51]. On the other hand, the Quality of Life Scale for Stroke
(Spanish scale ECVI-38) and the Hospital Anxiety and Depression Scale (HADS) were
used in the quality of life and depression assessments. ECVI-38 measures quality of life.
This scale comprises 38 items grouped into 8 domains, with a 5-point scale employed for
each item (5 points as an extreme condition). The total score is calculated based on the
average of the domains, with a maximum of 100% [52]. The HADS assesses depression
and anxiety within 14 items. Possible scores for each item range from 0 to 3, and greater
symptom severity is evidenced when items exhibit higher values [53].

A total of three assessments were performed on the two participants: a baseline as-
sessment before the start of the intervention (pre-test assessment), a final assessment after
the intervention ended (post-test assessment), and a follow-up assessment one month af-
ter the intervention.

3. Results
3.1. Selection of Studies for the Review

Of a total of 211 articles identified after the screening procedures, only 6 met the in-
clusion criteria. In Figure 2, the process flow diagram is shown. In Table 3, a summary of
the main characteristics of the studies included and their interventions is presented.

Identification of studies via datab and registers

Records identified (n=211): Racords remaved bafors
5 Embase (n= 16) SCIESI. o record g
g Pubmed (n=10) (nLi% ;a records remove
Scopus (n=74) » » .
B| | WeborScrco oeton Ricort nerkad s belgtie
2 o (n=2) Records removed for ather
reasons (n=0)
Records screened . Records excluded
(n=148) (n=136)
Reports sought for retrieval »| Reports not retrieved
£ | =12) (n=0)
:
5 |
Reports assessed for eligibility .
(n=12) "| Reports excluded (n=6):
No feedback intervention (n=3)
No lateropulsion (n=3)

A\

Studies included in review
(n=6)

Included

Figure 2. PRISMA 2020 flow diagram for new systematic reviews, which included searches of data-
bases and registers only [31].
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Table 3. Summary of the main characteristics of the studies included.

Outcome

Authors (Year) Study Type (n) Age (Years)/TPS Intervention Dose Results
Measurements
SRR
.VF B: Exercisfs focused fn - mCTSIB (force  SARA and BBS improvement occurred mainly after phase A.
Nakamura et CR 67/ (loac:ls 'dose d eyes, etc.) and bal- 9 sessions (1 h)/12 days. platform), H-re- Generally better performance of mCTSIB after phase B and FU.
al. (2023) [54] 1 48 days ! . Y o Total of 9 sessions flex from soleus, VST excitability did not change on the affected side. SVV did
ance and gait training. FU: bal- s o
. . VST excitability, not change significantly throughout the study.
ance and gait training without VF
SVv
or SI
Lee et al. cs 61.67/ Routine PT, 'SPV VF+, and SPY 3 sessions (1 h)/week. SCP, PASS, B Relative to baseline, all .interventions showed impr(?v'ement. BI,
VF-. Alternating treatments with . SCP, and PASS scores improved after SPV VF- training com-
(2017) [55] 3 2.3 months avg. . . Total of 18 sessions SCP-b=5 L. . .
multiple baseline measures pared to after SPV VF+ training in a longer intervention stage.
RCT Computer-generated VF (via Nin- 3 sessions (20 min VF +20 SCP, BBS, FMA, B(,)th 1nter§/ent10ns were associated V\flth, c.iecreas'e d lateropul-
Yang et al. 60+15.1/5.9 + .. . ) sion and improvement of balance (significant difference be-
(2015) [56] 12 (EG=7;CG= 3.65 months tendo Wii balance board) or mir- min PT)/week for 3 weeks. SCP-b =4.65 + fween eroubs in favor of exberimental: » < 0.01 and p < 0.05. re
5) ' ror VF Total of 9 sessions 1.05 group pert e Pt
spectively).
RCT (cross-over) SCP. BLS No statistically significant difference between interventions ac-
Krewer etal. 25 (15 pusher 65.5+9.5/ GVS DGO. and PT-VE 1 single session of each type. scp {) B nc/)t cording to SCP. BLS results showed significant improvement
(2013) [57] and 10 non- 7.7 + 6.9 months ’ ’ Total of 3 sessions found after DGO compared to after PT-VF (p < 0.05). Other compari-
pusher) sons did not show significant difference.
Broetz et al. cs 63 avg./ VF (exploring surrounding verti- 6 sc'ess'lons (30 min)/week SCP, Lateropuls%on 1mproved s.1g'ruﬁcantly after 3 wec?ks'(p < 0.05?.
within 26 days approx. SCP-b=not At day 24, six patients sufficiently recovered, achieving the sit-
(2004) [58] 8 4 days avg. cal features) . . .
Total of 22 sessions approx. found ting position unsupported (p <0.05).
i h PT twi
. Bobath concept, specific pushing 6 sessions (2 tWIC,e 2 SCP, FMA, MA, Immediate effects after feedback but not after somatosensory
Paci et al. CR 71/ . . day from Monday to Friday .
(2004) [59] 1 27 davs activities (somatosensory inputs), and 1 h on Saturdays)/week BI, MAS, approach. No maintenance of these effects to the end of treat-
y and AF and VF (line in mirror) y " SCP-b=4.75 ment. Lateropulsion was reduced only partially.

Total of 27 sessions

Abbreviations: AF: auditory feedback; avg.: average; BBS: Berg Balance Scale; Bl: Barthel Index; BLS: Burke Lateropulsion Scale; CG: control group; CR: case report;
CS: case series; DGO: driven gait orthosis (Lokomat); EG: experimental group; FMA: Fugl-Meyer Assessment Scale; FU: follow-up; GVS: galvanic vestibular stim-
ulation; MA: motor assessment (Lindmark’s); MAS: Modified Ashworth Scale; mCTSIB: Modified Clinical Test of Balance; PASS: Postural Assessment Scale for
Stroke Patients; PT: physiotherapy; RCT: randomized controlled trial; SARA: Scale for the Assessment and Rating of Ataxia; SCP: Scale of Contraversive Pushing;
SCP-b: SCP score at baseline; SI: somatosensory information; SPV: Subjective Postural Vertical; SVV: Subjective Visual Vertical; TPS: time post stroke; VF: visual
feedback; VF+: with visual feedback; VF-: without visual feedback; VST: vestibulospinal tract.
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3.2. Results from the Review
3.2.1. Lateropulsion

The SCP and BLS were included in five studies [55-59] and one study [57], respec-
tively. Improvement in the SCP was either related to feedback conditions [56,58,59], had
no relation to feedback conditions [55], or did not show relevant results compared to other
interventions [57]. In the case of the BLS, one study reported improvement [57]

3.2.2. Balance

Two studies measured this variable with the Berg Balance Scale (BBS) [54,56]. Visual
feedback explained the improvement in BBS scores in one study [54]. In this study, carried
out by Yang et al. (2015) [56], both feedback conditions (computer-generated and mirror
feedback) showed positive results in this scale, but there was significant improvement in
the experimental group. On the other hand, the PASS was also used in one other study to
assess balance [55], reporting an increase in outcome scores after feedback training. Addi-
tionally, the Modified Clinical Test of Balance (mCTSIB) carried out by Nakamura et al.
[54] reported better results after phase B of their intervention design.

3.2.3. Motor Function

Two studies measured this variable [56,59] with the Fugl-Meyer Assessment Scale
(FMA), showing an improvement in both feedback and no-feedback conditions. Paci et al.
[59] also used Lindmark’s assessment to evaluate this outcome and found positive results
after intervention.

3.2.4. Functional Independence

The Barthel Index gave information related to this variable in two articles [55,59].
Both articles showed an improvement in this outcome.

3.2.5. Other Outcomes

The ataxia of one patient was assessed in one study using the Scale for the Assessment
and Rating of Ataxia (SARA) [54], presenting positive results. Other variables, such as the
excitability of the vestibulospinal tract (VST) or the perception of visual vertical and the
imbalance in the vestibular system, were analyzed using GVS and transcutaneous stimu-
lation and the Subjective Visual Vertical (SVV) approach, respectively [54]. Also, the Mod-
ified Ashworth Scale (MAS) was used in one study [59], with no relevant results.

3.3. Results from the Case Series

The results of the pre-test, post-test, and follow-up assessments are shown in Table 4.
During the implementation of the case series, there were no adverse effects in the partici-
pants, and they showed very good adherence to treatment.

In the pre-test evaluation, the patients had similarities in their SCP, BLS, TIS, and
POMA scores. It is notable that the participants differed greatly in the results of the PASS
(where patient 1 had a score of almost twice as much as patient 2’s score). In addition,
neither of them had the capacity to walk 50 m before the intervention and had equal scores
in the FAC. The patients also differed in their SFE-MPQ scores (only participant 2 showed
pain during the pre-test). The MRS and BI results were also similar, but it is important to
note that both patients exhibited differences in their initial scores for the ECVI-38 and
HADS.

After the intervention, improvements were observed in the SCP and BLS scores for
case 1, while case 2 showed only a decrease of one point in her SCP score and did not
exhibit improvement on the BLS. There were enhanced scores on the PASS for both par-
ticipants. Additionally, case 1 demonstrated improvement in his TIS and POMA scores.
The TIS score for case 2 also improved, but on the POMA scale, this patient only scored
one point more. Regarding ambulation ability, case 1 achieved the ability to walk 50 m
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post intervention, whereas case 2 did not. Nevertheless, the results on the FAC scale for
both patients were modest. The SE-MPQ scores for patient 2 showed a reduction of almost
half compared to the pre-test assessment. Neither of the patients showed improvement on
the MRS following the intervention. In contrast, both cases demonstrated an increase in
their BI scores. Finally, while case 1 showed better results on the HADS, case 2 exhibited
an increase in her score, indicating higher levels of anxiety and depression.

In the follow-up assessments, case 1 had fully recovered from his lateropulsion and
case 2 showed an improvement in her SCP score (from 5 points to 2.25). Both patients
showed improvement on the PASS and case 1 also experienced good progress in his TIS
and POMA scores. Other notable findings included complete pain recovery in case 2, as
evidenced by her SE-MPQ scores.

These results are based on the increases shown in the scores of the scales, but it is
important to note that these scores should always be contextualized according to the max-
imum score of each assessment instrument. Also, it will be of great interest to pay attention
to the internal constructs of each tool. In addition, there are not enough data to support
associations in a statistically significant way.

Table 4. Synthesis of results from the case series.

Results Case 1 Case 2
ICF Variable Scale/Test Pre-Test Post-TestFollow-Up Pre-Test Post-Test Follow-Up
Lateropulsion SCP 5.75 1.75 0 5 4 2.25
BLS 11 3 0 10 10 5
PASS 12 20 26 7 12 17
. Balance TIS 2 16 17 2
Body function (b) POMA 0 g » 0 1 1
Gait 50 M No Yes Yes No No No
FAC 0 1 1 0 0 1
Pain SFE-MPQ 0 0 0 14 6
Activity and Participation Functional MRS 5 5 4 5 5 5
(d) independence BI 30 40 50 35 40 35
. Quality of live, ~ECVI-38 74.95 49.30 51.04 57.18 45.94 51.64
Two previous (b, d) and anxiety, and de-
Environmental Factors (e) o HADS 22 11 17 9 15 22
pression

Abbreviations: BI: Barthel Index; BLS: Burke Lateropulsion Scale; ECVI-38: Quality of Life Scale for
Stroke; FAC: Functional Ambulation Category; HADS: Hospital Anxiety and Depression Scale; ICF:
International Classification of Functioning, Disability and Health; MRS: Modified Rankin Scale;
PASS: Postural Assessment Scale for Stroke; POMA: Performed Oriented Movement Assessment;
SCP: Scale of Contraversive Pushing; SF-MPQ: short form of the McGill Pain Questionnaire; TIS:
Trunk Impairment Scale.

4. Discussion
4.1. Discussion Related to the Review

After conducting this specific research in the field of feedback interventions for
lateropulsion patients, visual feedback emerges as the predominant approach. These re-
sults are consistent with previous studies [14], although a more detailed discussion of spe-
cific aspects derived from these results is provided below. While the reviewed studies
support this mechanism as an intervention, some studies did not prioritize it at the center
of their treatment strategy and used visual feedback as a complementary tool. However,
others focused more on it, including the use of computer-generated interactive feedback
[56], the use of the Subjective Postural Vertical (SPV) approach [55], or Broetz et al.’s inter-
vention (in general terms, their approach focuses on sensory reorientation based on ex-
ploring visual surroundings and the correction of postural perception through specific
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exercises aimed at promoting body awareness and improving balance control) [58]. None-
theless, concerns exist regarding the sole reliance on visual feedback due to potential pa-
tient impairments [38,60], and multimodal approaches are recommended to address these
issues [6]. However, the results of these mixed intervention approaches do not provide
clear evidence of the efficacy of the feedback mechanism itself, with the establishment of
methodology being crucial in these cases.

Only one study reported explicitly another type of feedback, the auditory one, em-
ploying vocal feedback from a therapist [59]. Despite this, auditory—vocal feedback is a
practically implicit approach in physiotherapeutic interventions. In contrast, recent ad-
vancements have proposed various auditory feedback mechanisms for post-stroke pa-
tients. These mechanisms are normally based on the provision of auditory information
related to weight transfer, used, for example, in gait retraining [61-65]. Future research
should investigate which auditory mechanisms related to weight transfer could aid in
lateropulsion recovery. Additionally, it will be necessary to increase the utilization of tech-
nology across all interventions with lateropulsion patients, thereby aligning the progress
in this field with current advancements in physiotherapy [66].

The interventions in the reviewed studies included balance and weight-transfer train-
ing [54,56-59], gait training [54,57,59], SPV training [55], the Bobath concept and specific
lateropulsion activities [59], galvanic vestibular stimulation (GVS) [57], and other funda-
mental and specific principles based on the Broetz and Karnath approach [58]. GVS
emerges as a distinctive intervention with differing opinions in the literature [57,67], but
it is not mentioned in current clinical practice evidence [6]. Finally, even though more than
half of articles [54,56,57,59] included gait as a part of their interventions, no results for this
outcome variable were reported as there was no measure established.

Variability was observed in the methodology outcome variables, outcome measures,
and interventions among the selected studies meeting the inclusion criteria of this review.
Nakamura’s study [54] had the highest number of distinct clinical scales, potentially due
to their classification of patients as non-pushers. This diagnostic was based solely on the
results of the BLS (which, as previously mentioned, only focuses on resistance and not on
the other potential characteristics of a patient with lateropulsion). However, they incor-
porated the patient’s syndrome (body lateropulsion) into the lateropulsion category as a
collective entity. The terminological issue has been emphasized several times in this arti-
cle, and this recent study is a great example of the extent to which classification contro-
versy still exists. In fact, some authors distinguish between “lateropulsion” (a tilt) and
“pushing behavior” (active pushing that results in a tilt) [7]. The disagreement concerning
the active versus passive characteristics of this condition likely hinders the act of reaching
a consensus [7]. This study could be a reflection of that.

4.1.1. Lateropulsion

Five studies included the SCP and only one included the BLS [57]. The literature is
scarce regarding values of minimal clinically important difference (MCID) for these scales
[68]. MCID is a threshold value that represents a change perceived and detected by the
patient after an intervention, and it is distinct from statistically significant difference [69].
Itis important to correlate statistically significant results with their clinical impact to avoid
misinterpretations of study findings, which may lead to unnecessary patient therapy ex-
posures [70].

Two out of five studies exploring lateropulsion demonstrated favorable results for
lateropulsion following visual feedback treatment. Yang et al. [56] showed better results
with an interactive visual feedback approach compared with using conventional visual
feedback. Notably, this study was the only randomized clinical trial included in this re-
view that provided pre-/post-training results, with effects being observed after a longer
intervention rather than immediate effects. Consequently, the findings of this study war-
rant high consideration. The enhancement in the experimental group could be attributed
to the engagement with the program and the informative feedback regarding various
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movement planes. Broetz et al. [58] reported modest recovery from lateropulsion, with
patients only achieving autonomous sitting post intervention. This might be attributed to
the short duration of sessions and, in particular, variations in the total intervention dura-
tion among patients. One important difference between these two studies [56,58] is the
time post stroke. One conducted its intervention in a very acute phase (average of 4 days)
[58], while the other worked with patients with subacute and chronic stroke [56]. Thus,
the modest improvement reported by Broetz et al. [58] could be relative to the early phase
that the patients were in at the time of inclusion.

In contrast, Lee et al. [55] generally found better results in lateropulsion after an in-
tervention without visual feedback compared to those after one with visual feedback, po-
tentially due to there being a quieter environment during the visual feedback sessions. It
is important to note that environmental factors like noise and lighting can affect the effec-
tiveness of auditory or visual cues. However, caution is needed in interpreting these re-
sults due to the intervention alternation and potential carry-over effects of the study.
Krewer et al. [57] did not report significant improvements after visual feedback interven-
tion compared to driven gait orthosis. Moreover, this study did not show statistically sig-
nificant differences between these interventions according to the SCP but did according
to the BLS. Thus, the interventions’ effects were mainly reported regarding resistance ra-
ther than encompassing all signs of lateropulsion included in the SCP. Finally, Paci et al.
[59] reported immediate but not lasting improvements in SCP results after visual and au-
ditory feedback therapy. However, due to the lack of separation between different proce-
dures in this intervention, it is challenging to attribute specific results to each one.

4.1.2. Balance

The BBS was used in two studies [54,56]. In both studies, platforms were used: either
as a measurement tool [54] or within the intervention [56] (force platform and Nintendo
Wii balance board, respectively). Also, information about the center of pressure (COP) was
used in both designs. In the study of Yang et al. [56], a statistically significant improvement
in balance for the experimental group was observed. The study by Nakamura et al. [54],
being a case report, did not report statistical information for this result but did report an
improvement. In another recent study [71], the MCID established for the Berg Balance
Scale in subacute stroke for assisted walking patients was of 5 points. This MCID for this
scale was reached in both aforementioned studies. Nakamura et al. [54] also used another
test to assess balance: the mCTSIB, wherein COP positions and velocities were measured.
An increased velocity of COP was reported to be associated with abnormal postural con-
trol, and when given postural inputs, the patient reduced this velocity. The cause of this,
as mentioned by the authors, could be the reduction in voluntary movements. Neverthe-
less, this case report’s design requires caution when interpreting the results. Also, the set-
ting of different treatment phases in this study would have some carry-over limitations,
like in the study reported by Lee et al. [55].

Lee et al. [55] used the PASS to measure balance after intervention (SPV approach).
Their study reported better results after visual feedback training. However, according to
the established MCID scores for this scale (3 points) [72] for stroke patients, only one pa-
tient would have achieved this difference (patient 1), and in both clinical settings (with
and without visual feedback). Although in this study the mean improvement across the
three patients was greater for the intervention without visual feedback, it is important to
consider these clinically significant differences for patient 1. Nonetheless, caution is ad-
vised when interpreting the results of this study due to the aspects of its intervention
methodology exposed before.

After these interpretations, it could be considered that in terms of weight shifting and
awareness of weight information interventions, the results regarding balance are good
when using visual feedback. In contrast, with other approaches, such as the SPV approach,
studies report better results in balance for patients deprived of this information.
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4.1.3. Motor Function

This outcome variable was measured in two studies with the FMA. On one hand,
Yang et al. [56] reported significant improvement for this scale in both groups (experi-
mental and control), but without significant difference between them. This shared im-
provement could be related to their use of weight-shifting training with a balance board.
In upper extremities, the authors did not report good results, as the aforementioned treat-
ment primarily targets posture control, neglecting upper-limb involvement. On the other
hand, Paci et al. [59] showed functional recovery with an improvement in the FMA of 14
points. Latest reviews have established that an improvement of between 4 and 12.4 points
in the FMA would be considered an MCID for stroke patients [73]. In this case, both stud-
ies achieved this threshold. Paci et al. [59] also included a motor assessment according to
Lindmark’s method and achieved an improvement of two points after their intervention.

4.1.4. Functional Independence

Only two articles [55,59] provided information about this variable using the BI. Due
to their methodological designs (case series and case report, respectively), they did not
report their results with a statistical analysis. According to results and the MCID threshold
established for the Bl in stroke patients (from 4 to 5 points) [74], both studies achieved an
MCID. In Lee et al.’s study [55], patients surpassed this MCID after both interventions
(with and without visual feedback), even though higher percentages of improvement
were reported for the training without visual feedback. Furthermore, patient 1 in this
study exhibited the greatest recovery, achieving an average increase of 11 points between
the interventions. Existing research has consistently shown greater recovery rates among
male patients [75], as well as a correlation between functional independence and younger
age [76]. Notably, this patient was the youngest among the three participants enrolled in
the study protocol.

Although both studies showed positive results, there is variance in the improvement
reported in Bl scores between the study by Paci et al. [59] and the study by Lee et al. [55].
The score of the patient from the first study improved more than twice (30 points) as much
as that of the patient in the second study. This might be attributed to differences in the
intervention duration. Specifically, the intervention duration was nearly twice as long in
Paci et al.’s study [59] compared to Lee et al.’s study [55]. Thus, a possible dose-response
effect could be hypothesized, and it might be possible that a minimum number of sessions
could be necessary for improvement in this variable in future studies.

4.1.5. Other Outcomes

The SARA was used in Nakamura’s study [54] due to the patient presenting ataxia,
and after intervention, there was a great improvement for this outcome. Also in this study,
the excitability of the VST was assessed through GVS and transcutaneous stimulation of
the tibial nerve to evoke the ipsilateral soleus H-reflex. Although there was improvement
in postural control, the VST excitability did not change on the affected side. While Krewer
et al. [57] used GVS as a therapy, Nakamura et al. [54] used it to study the underlying
cause of body lateropulsion in their study. They also used the SVV test to assess the pa-
tient’s perception of visual vertical and the imbalance in the vestibular system but did not
report results for it. Other outcome measures such as the MAS were used in the study of
Paci et al. [59] in the knees and wrists of the patient. However, although the patient was
assessed, there was no increase in tone observed either before or after the intervention.

4.2. Case Series Discussion

In this case series, we explore an alternative feedback intervention for stroke patients.
Some previous studies have used haptic feedback and vibrotactile cues to enhance balance
and gait recovery in healthy populations and stroke patients [18,27]. However, the pro-
posed mechanism is novel due to the type of stimulus, provided to the patient through
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electric sensations on the skin. Furthermore, its easy adaptation to the patient’s body al-
lows for its appropriate use both in clinical settings and outside of them. Our intervention
also relies on a therapist support strategy. As some previous studies have pointed out, it
is challenging for a therapist to remain alert to all necessary corrections in their approach
to lateropulsion patients in order to properly develop motor patterns [77]. The haptic feed-
back implemented in this case series serves as an aid to complement verbal feedback based
on commands and it assists the therapist in correcting other motor aspects during the in-
tervention. In addition, the implementation of this intervention in the acute stage for both
patients aligns with findings in the existing literature, emphasizing the need for early in-
tervention [78]. Patients with post-stroke lateropulsion typically take approximately 3.6
weeks longer on average to achieve recovery, and even longer to achieve functional inde-
pendence [9]. Therefore, the therapeutic approach developed in this case series and its use
in the early stage addresses this aspect as it can be used in seated positions (in contrast to
other device designs that require patients to stand [15]).

Related to the implementation of specific scales, we have used both the SCP and the
BLS, as having as much information as possible is beneficial for clinical practice. Both pa-
tients showed improvements in lateropulsion throughout the process (with case 1 reach-
ing full recovery). However, further studies on the psychometric properties of these scales
are needed to detect the MCID for them and to interpret this type of results more clearly.
Nevertheless, all data resulting from our intervention should not be generalized due to
the established study design.

The associated disruption in activities of daily living that causes the impairment of
trunk and gait [43,76] made these last two outcome variables the focal points of this case
series. That is why we aimed to approach trunk impairment and balance more compre-
hensively, using scales such as the PASS or TIS, and to assess walking capacity using var-
ious methods. The value assigned as the MCID for the PASS according to recent studies is
3 points [72], and for the TIS in patients with acute stroke it has also been established at 3
points [79]. Based on these data, it can be confirmed that both participants exceeded these
two thresholds after the intervention. In addition, other studies have linked the results of
these two scales (PASS and TIS), highlighting a significant association [43]. This aspect
aligns with the results obtained for case 1, although there are not enough data to statisti-
cally support these associations. It is also important to highlight the relationship that cer-
tain studies have emphasized between the TIS and gait independence, establishing the
former as a predictor of the latter [80]. Also, a connection between age and scores in the
TIS has been established, linked with a better prognosis in gait recovery [80]. It can be
observed that participant 1, with higher scores on the TIS and a lower age, showed a faster
and more functional improvement in gait (he achieved the ability to walk 50 m with an
orthotic assistance). However, it is important to note that these associations have been
made based on studies with stroke patients but without lateropulsion, so they must be
interpreted with caution. Also, it must be considered that the better recovery of participant
1 could be related to the type of stroke. Despite causing more mortality [81], evidence
indicates that hemorrhagic strokes show greater functional improvement in recovery pro-
cesses compared to ischemic ones [82]. Finally, it is crucial to emphasize other positive
aspects of the intervention, like the decrease in pain experienced by participant 2.

Throughout the study, our aim was to adopt a patient-centered approach, consider-
ing both the patient and their biopsychosocial environment, in accordance with the ICF
[35]. The importance of this holistic approach has been emphasized in both the methodol-
ogy and results of the present study. Additionally, within the constructs of participation,
activity, and environment, scales such as the MRS, BI, ECVI-38, or HADS have been used
with this intention. We believe that it is essential that they are considered within the pro-
cess of recovery of the patient. For example, studies have highlighted cumulative inci-
dences reaching up to 52% for post-stroke depression in the first five years following the
event, as well as a pooled prevalence of 29% that persists even after ten years post stroke
[83]. Over the past two decades, there has been a growing focus on holistic healthcare with
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the patient at the center, facilitated by key frameworks such as the ICF and the capability
approach [36]. In the assessments taken one month after our intervention, the scores on
the HADS remained high for both participants. Therefore, this aspect is an important
point to consider, as reducing these scores and working within the aforementioned holis-
tic framework were objectives of our intervention. The age factor, previously identified in
the literature as a handicap in recovery, particularly in the early phases [76], may have
influenced the recovery process for case 2. Additionally, concerning gender, certain stud-
ies have highlighted that women seem to have a lower likelihood of attaining complete
functional independence and are more prone to disability following a stroke compared to
men [75]. The results for the MRS, BI, or HADS in case 2 align with what has been high-
lighted from the literature.

4.3. Limitations of this Review and Case Series Study

The reviewed studies and the presented case series have several limitations. In the
reviewed articles, small sample sizes, a lack of follow-up results (except Nakamura et al.’s
study [54]), multiple intervention approaches [54,55,59], uncontrolled designs ([54,55,57—
59], and different intervention doses are the main limitations. Some of these limitations
are also observed in the case series. The aforementioned mix of different types of ap-
proaches used in some studies should be highlighted: there is a limitation when feedback
is merely a tool within the developed intervention and not the main intervention. This
goes against the comprehension of specific results and their relationship with the feedback
methodology. Specifically, in the present case series, the discharge of the patients from the
hospital was a limitation, as sometimes continuing sessions at home may not be as efficient
as continuing treatment in the hospital due to inadequate resources and infrastructure.
This limitation has also been studied in recent research [84] and was an aspect that greatly
complicated the treatment of participant 2, as she had serious space constraints in her
home (ICF e1551.4). This could have influenced the results we obtained. Another aspect
to consider is the difference in post-stroke time between both patients included in this case
series. However, both were in the early stages of the condition and had very similar base-
line characteristics. The acute phase of both patients may have been a limiting factor due
to the possibility of spontaneous recovery. However, the proposed approach has been
grounded in evidence that highlights the importance of early intervention in these pa-
tients [9,78].

Additionally, there have been some limitations related to the search strategy process.
Firstly, the terms “pusher” and “feedback” can also be related to other fields, such as en-
gineering or computer science. This aspect caused confusion and slowed down the read-
ing and synthesis of results in the conducted search. Secondly, the present review focused
on searching for interventions based on feedback. Some robotic or mechanized proceed-
ings, such as those used in gait recovery, sometimes include this type of feedback intrin-
sically [85]. Nevertheless, as specified in the exclusion criteria, in these cases the true rea-
son for improvement could not be assessed (as robotics could have confounded the true
effect of the feedback, as they are generally very potent intervention mechanisms). In ad-
dition, information may have been lost about studies where visual feedback had been es-
tablished as a control intervention or had been explained without any detail or as an op-
tional strategy.

5. Conclusions

Although it is a little-researched condition, research on lateropulsion has recently ex-
perienced an increase in publications. Visual feedback has been, to date, the most used
feedback mechanism in approaches to this condition. However, new approaches such as
haptic feedback, as presented in this case series, also appear to be interesting and have
yielded positive results. Following our intervention, no patient experienced adverse ef-
fects and good adherence was demonstrated. Additionally, positive results were observed
from the intervention, particularly in the recovery of lateropulsion and balance, as well as
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in the improvement of gait for one patient. Nevertheless, all of these findings need to be
interpreted within the context of the implemented methodological design of a two-patient
case series, and they should be thoroughly investigated in future studies. In general, cur-
rent technology in feedback systems (auditory, haptic, visual, etc.) still needs to advance
in treating this condition. These technologies would not only provide patients with infor-
mation on movement execution or spatial positioning but also would also support physi-
otherapists in better controlling outcomes during treatment sessions. Generally, interven-
tions are focused on balance, weight shifting, gait retraining, and other specific proce-
dures. Research with larger sample sizes and longer follow-up periods, as well as research
that further isolates different feedback approaches for greater clarity in results, is a need
that arises from the discussed limitations. This need can be turned into very interesting
future research improvements.
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