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Abstract

Background/Objectives: The aim of this study was a video-based observational assessment
of movement strategies during supine position transfers in patients with hemiparesis
following a first-ever ischemic stroke. Methods: The study included 51 participants (1 = 51),
covering 20 healthy individuals (n = 20) and 31 patients (n = 31) after their first ischemic
stroke with hemiparesis. All participants underwent observational kinematic analysis of
supine mobility using video recording and time-lapse analysis. The assessment focused on
the time required to complete the task, the number of pelvic movements, the presence of
trunk translation, spinal flexion, and pelvic mobility across three planes. Results: In the
control group, transfers followed a consistent and repetitive sequence in both directions,
typically involving trunk translation, spinal flexion, pelvic elevation, and symmetrical
movement of both upper and lower limbs. In contrast, post-stroke patients demonstrated
altered, asymmetrical, and less efficient movement patterns. These movement strategies
were consistent across the hemiparetic group and characterized typical motor responses
following stroke. The average transfer time in the study group was approximately three
times longer than in the control group. The average number of pelvic movements was
7.2 &+ 2.44 in healthy individuals and 16.71 £ 13.52 in post-stroke patients. Conclusions:
Supine transfers should be routinely assessed in patients after stroke and included as a key
focus in physiotherapy goals. The movement patterns required for such transfers represent
a distinct component of complex motor function. Both qualitative and quantitative aspects
of their execution may have a significant impact on functional independence in individuals
with hemiparesis. Identifying typical transfer patterns in hemiparetic patients may offer
valuable guidance for early post-stroke rehabilitation planning, particularly in preventing
maladaptive compensatory strategies.

Keywords: stroke; supine position; hemiparesis; bed transfer; mobility strategies;
rehabilitation
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1. Introduction

Stroke is one of the leading causes of disability and morbidity worldwide [1]. De-
spite advances in medicine, diagnostics, prevention, and health promotion, increasing life
expectancy has resulted in a growing number of stroke survivors living with long-term
mobility impairments. This presents a significant challenge for healthcare professionals,
who must ensure that individuals with hemiparesis are able to lead active and participatory
lives, with independence being the primary goal of rehabilitation [2]. The severity of neuro-
logical deficits following stroke, along with the patient’s functional prognosis, is commonly
evaluated using the National Institutes of Health Stroke Scale (NIHSS) [3]. Stroke-related
musculoskeletal dysfunctions typically include muscle weakness, increased muscle tone,
and reduced active and passive joint mobility [4]. One of the most persistent consequences
of stroke is upper limb paralysis, affecting up to 80% of patients, particularly hand function,
which is essential for performing activities of daily living [5]. Impairments in the upper
limb significantly reduce patients” quality of life and limit their independence [6]. Similarly,
lower limb dysfunction can compromise proximal stability, leading to postural asymmetry,
difficulties with position changes, impaired upright posture, altered gait patterns, and an
elevated risk of falls [7]. In the acute phase of stroke, patients are often bedridden. The
term bed mobility or bed independence refers to the ability to roll from a supine to a prone
or lateral position and back, sit up on the edge of the bed from a supine position and return,
and reposition oneself while lying supine [8]. Clinical observations of stroke patients
during hospitalization frequently reveal difficulties in achieving a symmetrical supine
position, maintaining a neutral body alignment, repositioning upward, and reaching for
nearby objects, such as those on a bedside cabinet [9]. A review of the literature revealed
no studies specifically focused on motor strategies or transfer mechanisms in the supine
position. This aspect remains undescribed in both healthy individuals and those with
hemiparesis, despite being a fundamental component of human motor function. Therefore,
based on the authors’ original research protocol, the present study aimed to assess mobility
and movement strategies in the supine position among post-stroke patients, while also
exploring the potential development of a novel diagnostic assessment tool.

2. Materials and Methods
2.1. Patient Population

Fifty-one participants (n = 51) took part in the study. The control group consisted
of 20 employees (n = 20) of the Institute of Psychiatry and Neurology in Warsaw who
reported no pain or musculoskeletal restrictions and had not undergone spine, abdominal
or thoracic surgery in the previous 6 months, covering 14 women (n = 14) and 6 men
(n = 6). The study group comprised 31 patients (n = 31), 13 women (n = 13) and 18 men
(n = 18), hospitalized at the 2nd Department of Neurology of the Institute of Psychiatry
and Neurology in Warsaw following their first ischemic stroke. The mean age of the
control group was 59 years (£8.01 years), while that of the study group was approximately
64.7 years (£13.05 years). Additional demographic details of the study participants are
presented in Table 1. Inclusion criteria for the study included the presence of hemiparesis
as assessed by the NIHSS, informed consent to participate, absence of musculoskeletal
pain, ability to understand commands, and absence of neglect syndrome, superficial or
deep sensory deficits, surgical spine stabilization, or abdominal or thoracic surgery in
the previous 6 months. Exclusion criteria were lack of informed consent, a subsequent
stroke, absence of hemiparesis according to the NIHSS, presence of musculoskeletal pain,
inability to understand commands, neglect syndrome, superficial or deep sensory deficits,
surgical spine stabilization, abdominal or thoracic surgery in the previous 6 months, or
contraindications to the supine position. The study was based on the authors” supine
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mobility test protocol. Transfer trials were conducted on a 120 x 200 cm bed and recorded
using a video camera with time-lapse imaging. The study was approved by the Senate
Committee on Research Ethics of the Jézef Pitsudski University of Physical Education
(No. SKE 01-53/2022) on 31 March 2022. All participant data has been anonymised. The
data is stored on a hard drive at the Institute of Psychiatry and Neurology in Warsaw in
accordance with institutional data protection standards for a period of five years.

Table 1. Demographic and clinical characteristics of patients.

Study Group Control Group
(n=31) (n =20)

Mean age [years] 64.71 58.75
Median age [years] 67 59

Standard deviation of age 13.05 8.01
Number of women [n] 13 14
Number of men [#] 18 6
Right hemiplegia [n] 19 /
Left hemiplegia [n] 12 /
Mean NIHSS [0-42] 6.39 /
Median NIHSS [0-42] 5 /
Standard deviation of NIHSS 3.97 /

The authors” methodology is described as follows:

Initial Position: The participant lay supine on the right edge of the bed, with lower
limbs extended, feet together, the non-affected limb alongside the body, and the
scapula and head resting.

Upon the command “START”, participants were permitted to perform any movement
toward the left edge of the bed while maintaining a supine position. During the task,
participants could flex their lower limbs, move their upper limbs, or lift their head.
The task was considered complete when the participant’s body was positioned closest
to and parallel with the left edge of the bed in the initial supine position.
Subsequently, participants repeated the transfer in the opposite direction, starting
from the initial position at the left edge of the bed. The trial was deemed complete
when the initial position was regained at the right edge of the bed.

Each participant performed the test twice.

In the control group, transfers to the right and left sides were evaluated. For the

study group, the sides of the body were defined as “affected” (side with paresis) and “non-
affected” (side without established paresis). The analysis of the results included quantitative
and qualitative parameters of movement patterns in the supine position (Table 2).

Table 2. Quantitative and qualitative parameters assessed during transfers.

Quantitative Parameter

Total transfer time and its components; measured

Time .
in seconds

Number of Pelvic Elevations ~ Total number of pelvic elevations and their components

Qualitative Parameter

Lateral spinal flexion relative to a stabilized pelvis in

Trunk Translation the frontal plane
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Table 2. Cont.

Qualitative Parameter

Lift of the head, thoracic segment, and scapulae from

Spinal Flexion Relative to Pelvis the bed in the sagittal plane

Pelvic activity in the sagittal, frontal, and horizontal

Pelvic Movement .
planes; assessed separately in each plane

2.2. Qualitative Analysis

The camera was mounted on a 2.15 m high tripod, positioned a constant 1 m from
the foot end of the bed, allowing it to capture movements of all body segments of the
participants. The physiotherapist analyzed the motion on a computer monitor in the
standard manner, typical of clinical visual assessment. Basic movements of the lower limbs,
upper limbs, neck, and trunk were taken into account. Neck flexion was identified as the
movement of the head relative to the stationary upper trunk. Trunk flexion in the sagittal
plane was identified as movement of the upper trunk relative to the stationary pelvis.
Lateral trunk flexion was identified as movement of the upper trunk relative to the stable
pelvis or, vice versa, in the frontal plane. The moment the buttocks left the support surface
was clearly visible in the video. Translational movement of the trunk in the frontal plane
was identified in the video image as the movement of the shoulder girdle relative to the
stationary pelvis and was parallel to the tangent line to the iliac crests. The reliability of the
data was assessed using Cohen’s Kappa coefficient and Intraclass Correlation Coefficient
(ICC 3.1). The intra-rater reliability of the study was evaluated through a repeat analysis
of the results conducted after two years, while the inter-rater reliability was determined
based on the assessments of an independent researcher.

2.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 29.0 (IBM Corp., Armonk,
NY, USA) and Microsoft Excel 2010 (Microsoft Corp., Redmond, WA, USA). A significance
level of o« = 0.05 was adopted. No correction for multiple comparisons was applied,
as analyses involved a limited number of predefined movement types within a single
experimental framework, consistent with standard practice in neurophysiological research.

3. Results

Based on observations of supine transfers in the control group, consistent movement
patterns were identified in both directions. The observed actions included lateral spinal
flexion, sagittal spinal flexion, pelvic elevation, and symmetrical limb movements. These
strategies were performed fluidly and in a well-coordinated manner. The listed observable
components served as the evaluation criteria for transfers in both groups. The approach
used by control participants remained consistent across both leftward and rightward di-
rections in terms of qualitative and quantitative parameters. Healthy individuals initiated
the task with simultaneous sagittal spinal flexion and lateral trunk translation toward the
intended direction. Descriptive statistics indicated that 87.5% of participants exhibited the
trunk translation pattern, while 55% displayed spinal flexion. This was followed by a coor-
dinated pelvic elevation, detaching the gluteal region from the bed surface, accompanied by
a lateral pelvic shift aligned with the motion of the entire body. Once the pelvis was aligned
with the head and thorax, the position of the limbs was adjusted accordingly. This sequence
was repeated until the opposite edge of the bed was reached. No use of hand support was
observed during the activity. The movement pattern sequence identified during transfers
is presented in Figure 1. In contrast, patients who had experienced their first ischemic
stroke did not display such consistent movement strategies. A significant difficulty noted
was in the planning and coordination of movement during the task. Some participants
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were unable to complete the transfer. Toward the non-paretic side, the task was unsuccess-
ful in four participants (13%), while toward the paretic side, it failed in five participants
(16%). Analysis of the transfer attempts revealed movement strategies typical of individuals
with hemiparesis. During transfers toward the paretic side, the following compensatory
behaviors were observed: pushing off with the non-paretic upper and lower limbs, rolling
toward the affected side, and sagittal spinal flexion while in the lateral lying position.
Post-stroke patients initiated repositioning by actively pushing off with their non-paretic
limbs. The asymmetrical distribution of muscle strength led to elevation of the pelvis and
scapula on the non-affected side, initiating a roll onto the paretic side. In this position,
a forceful push and extension of the non-paretic lower limb facilitated pelvic movement
toward the target direction, aligning the body parallel to the edge of the bed. This strategy
was repeated until the bed edge was reached. During transfers toward the non-affected
side, the dominant movement component was pulling with the non-paretic upper limb
toward the bed edge. This was accompanied by lateral spinal flexion in the direction of the
transfer, with the paretic side of the body following passively. Subsequently, a rotational
movement of the pelvis occurred on the non-affected side, along with its elevation from
the bed surface. This action enabled patients to realign their body position and initiate
the next phase of the transfer. Basic descriptive statistics of the quantitative parameters,
presented in Table 3, indicated transfer symmetry in both directions among the control
group. The mean time difference between leftward (M = 5.45, SD = 2.31) and rightward
(M =5.30, SD = 1.87) transfers was only 0.15 s. Similarly, the difference in the number
of pelvic elevations was 0.2. Based on the data from healthy controls, such deviations
were considered normative. In contrast, within the study group, notable differences were
observed in both transfer time and the number of pelvic elevations required to complete
the task toward the paretic and non-paretic sides. Transfers toward the affected side re-
quired, on average, 0.19 more pelvic elevations and took 1.71 s longer compared to transfers
toward the non-affected side. Comparison of quantitative parameters (Table 4) revealed
statistically significant differences between the control and study groups across all tested
variables. Participants in both groups demonstrated improved performance during the
second trial, which was subsequently used for qualitative parameter analysis. Descriptive
statistics showed that post-stroke patients required approximately three times more time
(Me = 24.0, IQR = 24.5) to complete the movement task compared to healthy controls
(Me =9.0, IQR = 6.5). The average number of pelvic elevations during transfers in both
directions was—(Me = 6.0, IQR = 3.3) in the control group, whereas patients with hemi-
paresis required (Me = 12.0, IQR = 10.0) elevations to complete the same task. As indicated
in Table 5, a correlation analysis using Spearman’s p revealed no statistically significant
relationship between the severity of neurological deficits, as assessed by the NIHSS, and
the following parameters: total transfer time (p = 0.416), time toward the affected side
(p = 0.183), time toward the non-affected side (p = 0.816), total number of pelvic elevations
(p = 0.463), or the number of elevations toward the affected (p = 0.106) and non-affected
sides (p = 0.934). These findings suggest that the severity of neurological deficits did
not significantly influence the quantitative parameters of transfers in the supine position.
Spearman’s correlation analyses showed weak, non-significant associations between the
severity of neurological deficits (NIHSS) and all movement parameters (p = —0.30 to 0.25,
p = 0.106-0.934). Given the small sample size (1 = 31), the study was adequately powered
only to detect large correlations; the minimum absolute correlation detectable with 80%
power (approximated using Pearson correlation formulas) is r ~ 0.49. Therefore, the ab-
sence of significant correlations should be interpreted cautiously. Based on the correlation
analysis presented in Table 6, only 11 patients (35%) demonstrated trunk translation to-
ward the affected side, while 20 did not perform this movement. Due to unequal group
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sizes, the assumption of equal sample sizes was not met, and thus, the Mann-Whitney
U test was applied. The results were not statistically significant (U = 76.00, p = 0.158,
12 =0.07). The severity of neurological deficits, as measured by the NIHSS, did not af-
fect the likelihood of performing trunk translation toward the affected side. Participants
who did not exhibit trunk translation (M = 7.20, SD = 4.23) did not differ significantly in
their neurological deficit compared to those who did perform this movement (M = 4.91,
SD = 3.11). Similarly, with regard to trunk translation toward the non-affected side, this
movement pattern was observed in only 11 individuals (35%) during transfers in that direc-
tion (Table 7). The analysis showed no statistically significant difference between the groups
(U =69.00, p = 0.088, 12 = 0.10). Participants who performed trunk translation toward the
non-affected side (M = 4.73, SD = 3.04) did not differ significantly in neurological deficit
severity from those who did not employ this strategy (M = 7.30, SD = 4.19). Accordingly,
Tables 8 and 9 present the relationship between the severity of hemiparesis and the pres-
ence of sagittal plane spinal flexion during transfers. An independent samples t-test was
conducted in both cases. For transfers toward the affected side, no statistically significant
differences were found between the groups (t (21.64) = —1.54, p = 0.134, 95% CI [-5.03,
0.71], d = 0.56). The mean NIHSS score did not differ significantly between patients who did
not perform spinal flexion (M = 5.41, SD = 3.30) and those who used this strategy (M =7.57,
S =4.50). In contrast, for transfers toward the non-affected side, the analysis revealed a
statistically significant difference between the groups (t (21.64) = —2.09, p = 0.049, 95% CI
[—5.86, —0.02], d = 0.79). Individuals who performed spinal flexion (M = 8.00, SD = 4.52)
exhibited a more severe degree of hemiparesis compared to those who did not engage in
this movement during the transfer (M = 5.06, SD = 2.98). According to Cohen’s d, this
represents an effect of moderate strength. The severity of hemiparesis, as measured by the
NIHSS, did not influence the occurrence of trunk translation in either direction or sagittal
spinal flexion toward the affected side. However, higher NIHSS scores were associated
with more frequent use of spinal flexion during transfers toward the non-affected side.
Subsequent data analysis demonstrated a high degree of consistency. Inter-rater reliability,
assessed using Cohen’s Kappa coefficients, ranged from 0.668 to 0.743, indicating mod-
erate to substantial agreement between raters. Intra-rater reliability values were higher
(0.801-0.870), corresponding to substantial to almost perfect agreement (Table 10). The
intraclass correlation coefficient (ICC) for the number of pelvic elevations indicated a high
level of agreement (>0.9), reflecting excellent reliability (Table 11).
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Figure 1. Movement patterns during transfer in supine position performed by healthy individuals.
Images in order: initial position, trunk translation, pelvic movement and elevation, spine flexion
relative to pelvis.
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Table 3. Basic descriptive statistics of the studied variables with Shapiro-Wilk test.

Variables M Me SD Sk. Kurt. Min. Max. A4 p
TL 5.45 5.00 2.31 0.33 -1.11 2,00 9.00 0.90 0.041
TP 5.30 5.00 1.87 0.48 —1.31 3.00 8.00 0.85 0.004

PEL 3.70 3.00 1.34 0.32 -1.19 2.00 6.00 0.88 0.020

PER 3.50 3.00 1.28 1.43 217 2.00 7.00 0.82 0.002
TA 18.55 15.00 19.39 2.76 8.38 5.00 93.00 0.67 <0.001
TNA 16.84 12.00 14.18 1.81 2.88 4.00 55.00 0.77 <0.001
PEA 8.45 7.00 7.46 3.78 17.84 3.00 44.00 0.62 <0.001
PENA 8.26 7.00 6.53 241 7.59 3.00 34.00 0.76 <0.001

TL—time in left side, TP—time in right side, PEL—number of pelvis elevations in left side, PER—number of
pelvis elevation in right side, TA—time in affected side, TNA—time in non-affected side, PEA—number of pelvis
elevations in affected side, PENA—mnumber of pelvic elevations in non-affected side.

Table 4. Comparison of quantitative parameters (total transfer time, total number of pelvic elevations)
between the study and control groups. PE—number of pelvic elevations during transfer.

Study Group (n = 31) Control Group (n = 20)

HL

Dependent Mean Median Mean Median 2 . 95% CI  95% CI
Variable Rank Me QR Rank Me IoR z P N M];?flfan Low High
Total time trial I  34.50 28.0 25.5 12.83 9.5 7.0 5.08 <0.001 0.52 17 9 28
Total time trial II 33.77 24.0 24.5 13.95 9.0 6.5 465 <0.001 043 15 8 26
PE trial I 33.77 15.0 13.5 13.95 7.0 3.5 465 <0.001 043 8 4 12
PE trial I 33.32 12.0 10.0 14.65 6.0 3.3 438 <0.001 0.38 6 4 11

Table 5. Correlation of paresis severity, expressed by NIHSS, with total time, total number of pelvic
elevations, time toward the non-affected side, time toward the affected side, number of pelvic
movements toward the non-affected side, and number of pelvic movements toward the affected side

in the study group.
Variable NIHSS
. Spearman’s p 0.15
Total transfer time
significance 0.416
S ’ —0.14
Total number of pelvic elevations pearmanse
significance 0.463
Spearman’s p 0.25
Time in affected side
Significance 0.183
Spearman’s p 0.04
Time in non-affected side
Significance 0.816
Spearman’s —0.30
Number of pelvic elevations in non-affected side P i
Significance 0.106
Spearman’s p 0.02

Number of pelvic elevations in affected side
Significance 0.934
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Table 6. Correlation of paresis severity, expressed by NIHSS with the occurrence of trunk translation
toward the affected side.

Individuals Who Did Not Perform Individuals Who Performed Trunk

Trunk Translation Translation
(n =20) (n=11)
Depe.ndent Mean Rank M Me SD MeanRank M Me SD V4 p n?
Variable
NIHSS 17.70 7.20 6.50 4.23 12.91 491 5.00 3.11 140 0.164 0.07
Table 7. Correlation of paresis severity, expressed by NIHSS with the occurrence of trunk translation
toward the non-affected side.
Individuals Who Did Not Perform  Individuals Who Performed Trunk
Trunk Translation (n = 20) Translation (n = 11)
Depe.ndent Mean Rank M Me SD MeanRank M Me SD V4 p n?
Variable
NIHSS 18.05 7.30 7.00 4.19 12.27 473 5.00 304 -170 0.088 0.10
Table 8. Correlation of paresis severity, expressed by NIHSS with the occurrence of spinal flexion
toward the affected side.
Individuals Who Did Not Perform  Individuals Who Performed Spinal
Spinal Flexion Flexion
(n=17) (n=14)
Dependent \/ nRank M Me SD MeanRank M Me SD Z p  n?
Variable
NIHSS 14.3 541 5.00 3.30 18.0 7.57 55 450 —-1.13 0263 0.043
Table 9. Correlation of paresis severity, expressed by NIHSS with the occurrence of spinal flexion
toward the non-affected side.
Individuals Who Did Not Perform  Individuals Who Performed Spinal
Spinal Flexion Flexion
(n=17) (n=14)
Depe.ndent Mean Rank M Me SD MeanRank M Me SD V4 p n?
Variable
NIHSS 13.6 5.06 5 297 18.9 8.00 6.5 452 —-1.63 0106 0.088
Table 10. Values of Cohen’s Kappa coefficient for inter- and intra-rater reliability in the assessment of
spinal flexion and trunk translation movements.
Movement Type Inter-Rater Intra-Rater
Spinal flexion in affected side 0.743 0.808
Spinal flexion in non-affected side 0.676 0.870
Trunk translation in affected side 0.729 0.801

Trunk translation in non-affected side 0.668 0.859
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Table 11. Inter- and intra-rater reliability assessed using Intraclass Correlation Coefficient (ICC 3.1)
for number of pelvis elevations in affected side (PEA) and number of pelvic elevations in non-affected
side (PENA).

Inter-Rater Intra-Rater
Movement Type F Pval C195% ICC F Pval Cl195%
PEA 6755.4 <0.0001 [1.0,1.0] 0.9884 172.1 <0.0001  [0.98,0.99]
PENA 5397.8 <0.0001 [1.0,1.0] 0.9932 292.7 <0.0001 [0.99, 1.0]

4. Discussion

The presented study addresses the issue of mobility in the supine position within
the bed among individuals with hemiparesis. Due to the lack of detailed descriptions
of movement patterns in healthy individuals, a control group was included. Based on
the observations of transfers, normative ranges were established, and the movement
strategies employed by healthy participants were identified. Individuals without pain or
musculoskeletal limitations demonstrated selectively generated, multiplanar, and coupled
movements. These involved all spinal segments across various planes, as well as coordi-
nated movements of the upper and lower limbs, exhibiting relatively high repeatability.
Selective internal movements of the trunk refer to the coordinated action of trunk mus-
cles to perform specific movements like flexion, extension, rotation, and lateral bending,
which are fundamental for posture and daily activities [10]. These movements rely on the
interplay of various muscles. A healthy motor system relies on the ability to dissociate
or independently control the trunk and pelvis for precise movement, and a breakdown
in this dissociation indicates a loss of selective motor control [11]. Focal brain injury not
only weakens trunk muscles but also impairs the coordinated control required for symmet-
rical movement [12]. The movements we identified in healthy individuals in our study,
while lying on their backs, were asymmetrical and three-dimensional, following repetitive
patterns. Patients with hemiparesis performed these movements in a completely different
way, and their movement patterns were impoverished. The order of muscle activity in
the human trunk depends on mechanisms of the central nervous system that we do not
yet understand. Trunk muscle synergies in healthy individuals appear to be consistent
and comparable across subjects [13]. Trunk movements occur within small ranges due
to anatomical limitations. Each movement is the sum of smaller motions taking place in
individual intervertebral joints. This requires subtle and precise coordination of muscle
contractions on the left and right sides at the same time. Importantly, the contraction of
agonist muscles is accompanied by the contraction of antagonist muscles with varying
amplitudes. This ensures proper coactivation [10]. Therefore, weakness of the muscles on
one side of the trunk results in very poor mobility performance in the horizontal position,
which becomes most apparent during asymmetrical activities. One such activity is moving
while lying on the back. Moreover, it should be noted that every voluntary movement
of the trunk requires stabilization, which, in the case of hemiparesis, is reduced or even
impossible. For example, during lateral translation of the upper trunk, a stable pelvis is
necessary, which is made possible by the muscles surrounding the hip joint.

The analysed quantitative parameters, including the time required and the number
of pelvic elevations during transfers to the left or right, also proved to be reproducible
across trials in our study. Notable and fundamental differences in movement patterns were
observed between healthy individuals and those with hemiparesis. The selective control of
trunk and pelvic motion during transfers, as observed in the control group, was complex
and biomechanically demanding. In patients with hemiparesis, this control was impaired,
necessitating compensatory motor strategies based on the individual’s functional abilities.
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In some cases, completion of the task proved impossible. Observations of post-stroke
patients, evaluated using the authors’ original protocol, revealed movement strategies
employed with varying frequency and scope during supine mobility. These findings were
supported by high inter- and intra-rater reliability values, confirming the consistency and
replicability of the observed movement patterns. Strategies used when transferring toward
the side unaffected by paresis included active pulling with the contralateral upper limb,
lateral spinal flexion toward the target direction, and pelvic rotation in the horizontal plane.
Pelvic elevation and horizontal movement on the non-affected side were significantly more
effective than on the paretic side, likely due to weakness in the hip extensors, abdominal
muscles, and spinal muscles on the affected side. The extent to which these strategies
were employed appeared to depend on the severity of the neurological deficit and the
functionality of the affected limbs. In contrast, transfers toward the paretic side were
characterized by pushing off with the unaffected lower and upper limbs, rolling onto the
affected side, and sagittal spinal flexion while lying laterally.

To objectively assess the severity of hemiparesis among study participants, the
NIHSS was applied. Based on this scale, neurological status is categorized as mild
(1-5 points), mild to moderate (5-14 points), severe (15-24 points), or very severe
(>25 points) [14]. The NIHSS is a validated, reliable, and widely used tool for eval-
uating the severity of neurological deficits [15]. It also serves as a predictor of long-term
functional outcomes and patient independence [12]. In the present study, no significant
relationship was observed between the severity of neurological impairment and the
quantitative or qualitative parameters of supine transfers. However, based on these find-
ings alone, it cannot be concluded that the severity of neurological deficits has no impact
on mobility skills or movement selectivity. Further research involving a larger and more
diverse cohort of individuals with hemiparesis is warranted. Specifically, including
post-stroke patients with a broader range of NIHSS scores may allow for a more accurate
determination of the relationship between neurological impairment and the movement
strategies employed during supine transfers. The ability to perform transfers plays a
crucial role in daily functioning, enabling safe positional changes and facilitating in-
creased activity levels. Effective transfer skills ultimately improve patient independence.
In recent years, an increasing number of studies have focused on transfers in post-stroke
individuals, highlighting their importance in neurological rehabilitation [16-18]. For ex-
ample, Osada et al. analyzed motor task performance during gait initiation immediately
following rising from a seated position (sit-to-walk) [19]. Their findings revealed that
difficulty in initiating smooth gait after standing was strongly correlated with impaired
balance in this population. The authors concluded that successful task execution requires
gait initiation before full trunk extension. Another frequently studied transfer is the
sit-to-stand transition, as examined by Silva et al. [20]. Their results indicated poorer
performance in the post-stroke group compared to healthy individuals. Moreover, kine-
matic changes in trunk movement during this task were linked to decreased efficiency in
generating and transferring torque by the trunk flexor muscles.

Participants in the study group employed multiple compensatory strategies during
this activity, including asymmetrical weight distribution, leaning toward the unaffected
side, and uneven torque distribution across the knee joints. Post-stroke patients required
significantly more time to complete the STS (sit-to-stand) task compared to the control
group, a finding the authors attributed to sensorimotor impairments in this population.
Moreover, prolonged STS completion time was associated with a higher risk of falls. In
a study by Sunnerhagen et al., two functional motor tasks, transitioning from a supine
to a seated position and transferring from a seated position to a chair, were presented
as reliable clinical tests of mobility in patients with hemiparesis [21]. Several studies
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have described transfers from the supine position, particularly rolling from a supine to a
lateral position. In research conducted by Kafri et al., the focus was on the activation and
efficiency of specific trunk muscles during this task in individuals with hemiparesis [22].
Their analysis showed that rolling toward the non-affected side posed greater difficulty for
post-stroke patients than rolling toward the paretic side. Meanwhile, studies by Chiang
et al. explored the correlation between kinematic variables and trunk control quality
during lateral rolling from a supine position [23]. They identified disrupted rolling patterns
compared to healthy individuals, emphasizing the potential of lateral rolling assessments
for evaluating post-stroke patients and guiding physiotherapeutic strategies. A range of
scientific studies has focused on transfers in post-stroke patients. Analysis of gait, clinical
tests, and positional change abilities enables the identification and evaluation of challenges
faced by this population. However, no previous study has described supine-position
transfers in post-stroke patients, nor have normative standards for healthy individuals been
established. A more detailed description and deeper understanding of these mechanisms
could contribute to the development of more effective rehabilitation strategies and enhance
patient mobility in both low and high positions. This research provides new insights into
the functional status of individuals after stroke. Defining and identifying limitations in
mobility and movement strategies in the supine position presents a novel challenge in the
field of physiotherapy. The transfer task may serve as a diagnostic tool, a rehabilitation
goal, or a component of therapy. The impact of supine transfers on other motor activities
restored to pre-disease levels, as well as on the movement selectivity required for mobility
in the supine position and overall functional activity, remains unclear. Mobility in the
supine position among individuals with hemiparesis should be re-educated, encompassing
both the complete task and the targeted activation of the muscle groups involved. Special
attention should be given to the role of proximal axial muscles, including those of the
abdomen, back, neck, and lower limbs, which contribute to the execution of these movement
sequences. At present, it is not possible to definitively identify which muscle groups are
most critical for the task as a whole. It is plausible that in individuals with a “strong trunk”,
transfers toward both the affected and non-affected sides could be more efficient, despite
severe paresis of the upper or lower limbs. This hypothesis, among others, warrants further
investigation in future research.

5. Conclusions

It should be considered to place greater emphasis on the re-education of selective trunk
muscle activity on the paretic side in stroke patients. For individuals with hemiparesis, it is
recommended that supine mobility be re-educated using a dual approach: addressing the
task as a whole and selectively targeting the muscle groups involved.

Author Contributions: Conceptualization, Z.7., MK. and L.AP; Methodology, Z.7.and L.AP;
Formal analysis, 7.7.and M.K,; Investigation, 7.7.; Data curation, Z.Z.; Writing—original draft, M.K,;
Writing—review and editing, M.K. and £.A.P,; Supervision, £.A.P,; Project administration, Z.7., M.K.
and L.A.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Senate Committee on Research Ethics of the J6zef Pitsudski Univer-
sity of Physical Education (protocol code No. SKE 01-53/2022 and date of approval 31 March 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
this study.



J. Clin. Med. 2025, 14, 7949 12 0f 13

Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wesselhoff, S.; Hanke, T.A.; Evans, C.C. Community mobility after stroke: A systematic review. Top. Stroke Rehabil. 2018, 25,
224-238. [CrossRef] [PubMed]

Laurent, K.; De Seze, M.P; Delleci, C.; Koleck, M.; Dehail, P.; Orgogozo, ].M.; Mazaux, ].M. Assessment of quality of life in stroke
patients with hemiplegia. Ann. Phys. Rehabil. Med. 2011, 54, 376-390. [CrossRef]

Kazi, S.A.; Siddiqui, M.; Majid, S. Stroke Outcome Prediction Using Admission Nihss In Anterior and Posterior Circulation
Stroke. J. Ayub Med. Coll. Abbottabad 2021, 33, 274-278.

Chohan, S.A; Venkatesh, PXK.; How, C.H. Long-term complications of stroke and secondary prevention: An overview for primary
care physicians. Singap. Med. ]. 2019, 60, 616-620. [CrossRef]

Dalton, E.J.; Jamwal, R.; Augoustakis, L.; Hill, E.; Johns, H.; Thijs, V.; Hayward, K.S. Prevalence of Arm Weakness, Pre-Stroke
Outcomes and Other Post-Stroke Impairments Using Routinely Collected Clinical Data on an Acute Stroke Unit. Neurorehabilit.
Neural Repair 2024, 38, 148-160. [CrossRef]

Choi, W. The Effect of Task-Oriented Training on Upper-Limb Function, Visual Perception, and Activities of Daily Living in Acute
Stroke Patients: A Pilot Study. Int. ]. Environ. Res. Public Health 2022, 19, 3186. [CrossRef]

Ryan, M.; Rossler, R.; Rommers, N.; Iendra, L.; Peters, E.M.; Kressig, R.W.; Schmidt-Truckséss, A.; Engelter, S.T.; Peters, N.;
Hinrichs, T. Lower extremity physical function and quality of life in patients with stroke: A longitudinal cohort study. Qual. Life
Res. 2024, 33, 2563-2571. [CrossRef]

Alexander, N.B.; Grunawalt, ].C.; Carlos, S.; Augustine, J. Bed mobility task performance in older adults. J. Rehabil. Res. Dev. 2000,
37, 633-638.

Yoshida, Y.; Tobinaga, K.; Kumamoto, S.; Kato, S.; Kisanuki, K.; Kubota, Y. Effective physical therapy activities to improve the
supine-to-seated transfer time in stroke patients: An observational pilot study. J. Phys. Ther. Sci. 2022, 34, 187-192. [CrossRef]
Varrecchia, T.; Conforto, S.; De Nunzio, A.M.; Draicchio, E; Falla, D.; Ranavolo, A. Trunk Muscle Coactivation in People with and
without Low Back Pain during Fatiguing Frequency-Dependent Lifting Activities. Sensors 2022, 22, 1417. [CrossRef] [PubMed]
[PubMed Central]

Hadjiosif, A.M.; Branscheidt, M.; Anaya, M.A.; Runnalls, K.D.; Keller, J.; Bastian, A.].; Celnik, P.A.; Krakauer, ].W. Dissociation
between abnormal motor synergies and impaired reaching dexterity after stroke. J. Neurophysiol. 2022, 127, 856-868. [CrossRef]
[PubMed] [PubMed Central]

Shin, H.; Jeong, T.; Chung, Y. Multidirectional Trunk Movements Reveal Hidden Symmetry Loss in Stroke: An Electromyography-
Based Comparative Study. Medicina 2025, 61, 1603. [CrossRef] [PubMed] [PubMed Central]

Kian-Bostanabad, S.; Azghani, M.; Parnianpour, M. Evaluation of the trunk modules in the symmetrical and three-dimensional
asymmetrical trunk positions. Sci. Rep. 2025, 15, 7718. [CrossRef] [PubMed]

Maas, M.B.; Furie, K.L.; Lev, M.H.; Ay, H.; Singhal, A.B.; Greer, D.M.; Harris, G.J.; Halpern, E.; Koroshetz, W.J.; Smith, W.S.
National Institutes of Health Stroke Scale score is poorly predictive of proximal occlusion in acute cerebral ischemia. Stroke 2009,
40, 2988-2993. [CrossRef]

Hendrix, P.; Melamed, 1.; Collins, M.; Lieberman, N.; Sharma, V.; Goren, O.; Zand, R.; Schirmer, C.M.; Griessenauer, C.J. NIHSS
24 h After Mechanical Thrombectomy Predicts 90-Day Functional Outcome. Clin. Neuroradiol. 2022, 32, 401-406. [CrossRef]
Lecours, ].; Nadeau, S.; Gravel, D.; Teixera-Salmela, L. Interactions between foot placement, trunk frontal position, weight-bearing
and knee moment asymmetry at seat-off during rising from a chair in healthy controls and persons with hemiparesis. J. Rehabil.
Med. 2008, 40, 200-207. [CrossRef]

Moon, Y.; Bae, Y. The effect of backward walking observational training on gait parameters and balance in chronic stroke:
Randomized controlled study. Eur. |. Phys. Rehabil. Med. 2022, 58, 9-15. [CrossRef]

Jung, K; Kim, Y.; Chung, Y.; Hwang, S. Weight-shift training improves trunk control, proprioception, and balance in patients
with chronic hemiparetic stroke. Tohoku J. Exp. Med. 2014, 232, 195-199. [CrossRef]

Osada, Y.; Yamamoto, S.; Fuchi, M.; Ibayashi, S. Sit-to-walk Task in Hemiplegic Stroke Patients: Relationship between Movement
Fluidity and the Motor Strategy in Initial Contact. J. Jpn. Phys. Ther. Assoc. 2015, 18, 7-14. [CrossRef]

Silva, PF,; Quintino, L.E; Franco, J.; Rodrigues-de-Paula, F.; Albuquerque de Aratjo, P; Faria, C.D. Trunk kinematics related to
generation and transfer of the trunk flexor momentum are associated with sit-to-stand performance in chronic stroke survivors.
NeuroRehabilitation 2017, 40, 57-67. [CrossRef]

Sunnerhagen, K.S.; Brown, B.; Kasper, C.E. Sitting up and transferring to a chair: Two functional tests for patients with stroke.
J. Rehabil. Med. 2003, 35, 180-183. [CrossRef]


https://doi.org/10.1080/10749357.2017.1419617
https://www.ncbi.nlm.nih.gov/pubmed/29322861
https://doi.org/10.1016/j.rehab.2011.06.002
https://doi.org/10.11622/smedj.2019158
https://doi.org/10.1177/15459683241229676
https://doi.org/10.3390/ijerph19063186
https://doi.org/10.1007/s11136-024-03713-0
https://doi.org/10.1589/jpts.34.187
https://doi.org/10.3390/s22041417
https://www.ncbi.nlm.nih.gov/pubmed/35214319
https://pmc.ncbi.nlm.nih.gov/articles/PMC8874369
https://doi.org/10.1152/jn.00447.2021
https://www.ncbi.nlm.nih.gov/pubmed/35108107
https://pmc.ncbi.nlm.nih.gov/articles/PMC8957333
https://doi.org/10.3390/medicina61091603
https://www.ncbi.nlm.nih.gov/pubmed/41010994
https://pmc.ncbi.nlm.nih.gov/articles/PMC12472150
https://doi.org/10.1038/s41598-025-87802-1
https://www.ncbi.nlm.nih.gov/pubmed/40044704
https://doi.org/10.1161/STROKEAHA.109.555664
https://doi.org/10.1007/s00062-021-01068-4
https://doi.org/10.2340/16501977-0155
https://doi.org/10.23736/S1973-9087.21.06869-6
https://doi.org/10.1620/tjem.232.195
https://doi.org/10.1298/jjpta.Vol18_002
https://doi.org/10.3233/NRE-161390
https://doi.org/10.1080/16501970306130

J. Clin. Med. 2025, 14, 7949 13 of 13

22. Kafri, M.; Dickstein, R. Activation of selected frontal trunk and extremities muscles during rolling from supine to side lying in
healthy subjects and in post-stroke hemiparetic patients. NeuroRehabilitation 2005, 20, 125-131. [CrossRef]

23. Chiang, S.L,; Lin, C.H,; Lin, C.H,; Lu, L.H.; Chang, S.T.; Sung, W.H.; Wei, S.H. Analysis of Trunk Rolling Performances by Mattress
Mobility Detection System in Poststroke Patients: A Pilot Study. Biomed. Res. Int. 2016, 2016, 8743051. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3233/NRE-2005-20208
https://doi.org/10.1155/2016/8743051

	Introduction 
	Materials and Methods 
	Patient Population 
	Qualitative Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

