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Abstract

Background/Objectives: Fear of falling is highly prevalent after stroke and may interact
with mobility limitations, neurological deficits, and reduced quality of life. However,
few studies have examined these dimensions together during inpatient rehabilitation.
This study aimed to assess fear of falling, balance and gait performance, and HRQoL
in adults undergoing post-stroke inpatient rehabilitation, and to examine the interrela-
tionships among psychological, functional, and clinical measures to support multidimen-
sional assessment strategies. Methods: This cross-sectional study included 39 patients
(51.28% women, 71.79% after ischemic stroke) undergoing post-stroke inpatient rehabili-
tation. The main assessments included the Falls Efficacy Scale-International (FES-I), the
Tinetti Test (TT), and the Short Form-36 (SF-36). Results: High fear of falling was reported
by 61.5% of participants, while a substantial proportion (35.9%) demonstrated moderate-
to-high fall risk on the TT, despite the majority being classified as low risk. SF-36 domain
scores indicated moderate HRQoL with substantial interindividual variability across di-
mensions. Strong correlations were found between SF-36 and FES-I (rs = 0.76, p < 0.001), TT
(rs = −0.78, p < 0.001), Barthel Index (rs = −0.71, p < 0.001), and NIHSS (rs = 0.65, p < 0.001).
Patients with greater neurological impairment and lower independence demonstrated
worse HRQoL and higher fear of falling. Also, a statistically significant (p < 0.001) strong
negative correlation (rs = −0.89) was found between the TT and the FES-I scores, indicating
that higher fear of falling was associated with poorer mobility. Conclusions: Fear of falling,
impaired balance, and reduced HRQoL are highly prevalent and strongly interconnected
among post-stroke inpatients. These findings highlight the need for early multidimen-
sional assessment and integrated interventions targeting both physical performance and
psychological factors. Larger longitudinal studies are required to clarify causal pathways
and optimize rehabilitation strategies.
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1. Introduction
Stroke is one of the leading causes of long-term disability worldwide, frequently re-

sulting in persistent impairments in mobility, balance, and physical confidence [1]. Beyond
the direct motor consequences, many stroke survivors develop fear of falling (FoF)—a
psychological construct characterized by reduced self-confidence in maintaining balance
during daily activities and excessive concern about falling [2,3]. FoF is clinically important
because it is not restricted to individuals who have previously fallen; it may arise early
after stroke and persist even in patients with relatively good motor recovery [4].

Growing evidence indicates that elevated FoF contributes to activity avoidance, re-
duced mobility, functional decline and diminished quality of life, thereby reinforcing a
self-perpetuating “fear-avoidance cycle” [5]. This phenomenon has been observed even in
individuals with relatively mild motor deficits, suggesting that FoF reflects both psycholog-
ical and sensorimotor factors.

Studies show that higher FoF is associated with slower gait speed, impaired dynamic
balance, reduced community ambulation, and decreased participation in daily and social
activities [6,7]. In addition, FoF has been linked to lower levels of physical activity and
weakened postural control, which may further increase fall risk and exacerbate disability
over time [8]. Consequently, elevated FoF has a substantial impact on health-related quality
of life, affecting physical functioning, emotional wellbeing and social participation [9].

Studies in post-stroke populations have reported that higher FoF is associated with
poorer gait performance, impaired balance control, decreased walking speed, and increased
sedentary behavior [10]. However, most of these investigations have been conducted in
Western European or Asian populations, and there remains a notable scarcity of data from
Central and Eastern Europe, including Poland [11].

Moreover, although previous studies have examined selected associations, such as fear
of falling in relation to gait parameters or balance confidence and quality of life [4,12,13],
the majority of existing research has focused on single-domain or paired outcomes rather
than integrating neurological severity, functional mobility, fear of falling, and health-related
quality of life within a single analytical framework. To date, there remains limited evidence
combining standardized measures such as the Falls Efficacy Scale-International, Tinetti
Test, and SF-36 simultaneously, particularly in inpatient post-stroke rehabilitation settings
in Central and Eastern Europe, including Poland.

Given the functional and psychological relevance of FoF after stroke, and the limited
number of multidimensional analyses in this regional context, there is a clear need for
preliminary exploratory studies to investigate its associations with mobility, balance per-
formance and health-related quality of life. Using a cross-sectional design with validated
instruments such as the Falls Efficacy Scale-International (FES-I), the Tinetti Test (TT), and a
generic health-related quality-of-life questionnaire (e.g., SF-36), may provide a comprehen-
sive picture of fear-related functional limitations in post-stroke patients. Understanding
these multidimensional relationships is clinically relevant, as it may guide early identifica-
tion of high-risk patients and inform holistic rehabilitation planning that addresses both
physical function and psychological barriers to recovery.

Therefore, the general aim of this preliminary cross-sectional study was not only to
quantify fear of falling in post-stroke inpatients but also to examine its interrelationships
with balance and gait performance, neurological impairment, functional independence, and
health-related quality of life within a real-world inpatient rehabilitation context. By identi-
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fying how these physical and psychological domains interact early during rehabilitation,
this study seeks to support the clinical need for integrated, multidimensional assessment
and intervention strategies rather than isolated outcome monitoring.

2. Materials and Methods
2.1. Study Design and Settings

This study was designed as a preliminary cross-sectional observational study. The
study was conducted at the Gorzno Rehabilitation Center (Poland), a specialized inpatient
rehabilitation facility providing post-stroke rehabilitation services. Patient recruitment
was carried out consecutively over a defined inclusion period from September 2024 to
March 2025. All eligible patients admitted during this period who met the inclusion criteria
and provided informed consent were considered for participation. All assessments were
performed during the patients’ rehabilitation stay under standardized clinical conditions.
Data collection included functional measures, gait and balance evaluation, fear of falling
assessment, and health-related quality of life profiling. The study adhered to the STROBE
reporting recommendations for observational studies [14].

2.2. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Independent Bioethics Committee of Wroclaw Medical University, Poland (no. KB–
36/2024, date 29 February 2024). All participants provided written informed consent prior
to enrollment and were informed of the study aims, procedures and their right to withdraw
at any time without consequences for the therapeutic process.

2.3. Qualification Criteria

Inclusion criteria were: diagnosis of ischemic or hemorrhagic stroke confirmed by
neuroimaging; age ≥18 years; ability to maintain a sitting position and follow verbal in-
structions; medically stable status allowing safe performance of functional tests; informed
consent to participate. Exclusion criteria comprised: severe cognitive impairment pre-
venting comprehension of test procedures, assessed by the attending neurologist through
routine clinical evaluation supported by standardized cognitive screening (Mini-Mental
State Examination or Montreal Cognitive Assessment, where available), with exclusion
typically applied to patients presenting scores indicating severe impairment; severe apha-
sia preventing task execution, determined by neurological examination and functional
communication assessment; comorbid neurological or orthopedic conditions significantly
impairing gait (e.g., Parkinson’s disease, acute lower-limb injury); and cardiorespiratory
instability or contraindications to mobility testing. Participant inclusion criteria were
defined collaboratively with expert neurologists, neurosurgeons, and rehabilitation physi-
cians, ensuring that the selection process reflected evidence-based practice and the clinical
complexity of post-stroke rehabilitation.

2.4. Study Participants

Participants were adult patients undergoing post-stroke inpatient rehabilitation. Par-
ticipants were recruited across different stages of post-stroke recovery, ranging from the
early sub-acute phase to chronic stages, reflecting the heterogeneous population typically
admitted to inpatient rehabilitation. All were clinically stable and capable of completing
functional assessments with verbal instruction. Demographic and clinical data were col-
lected through structured interviews and medical record review. Stroke subtype (ischemic
or hemorrhagic), time since stroke onset, comorbidities, and initial neurological status
were documented.
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During the study period, 52 consecutive post-stroke inpatients were screened for
eligibility. Thirteen patients were excluded due to severe cognitive impairment (n = 5),
inability to maintain a sitting position or follow verbal instructions (n = 6), or medical
contraindications to functional testing (n = 2). Ultimately, 39 patients met the inclusion
criteria and were enrolled in the study.

2.5. Rehabilitation Program

Patients were admitted to the inpatient rehabilitation program at varying stages follow-
ing stroke, most commonly within the early sub-acute period (approximately 1–3 months
post-event), although individuals in later recovery phases were also included. The reha-
bilitation program at the Gorzno Rehabilitation Center follows a multidisciplinary model
and typically includes daily physiotherapy focused on gait training, balance exercises,
strength and mobility improvement, and task-oriented functional training, complemented
by occupational therapy targeting activities of daily living, and, when indicated, speech and
cognitive therapy. Rehabilitation was delivered by qualified rehabilitation physicians, phys-
iotherapists, and therapists trained in established neurophysiological methods, including
Proprioceptive Neuromuscular Facilitation (PNF) and the Bobath (Neurodevelopmental
Treatment) concept. Therapy sessions were generally conducted five days per week, with
individualized intensity based on patients’ functional status and medical condition.

2.6. Outcome Measures

All assessment instruments (including NIHSS [15] and BI [16]) were applied in their
Polish-language versions that have undergone formal translation, cultural adaptation, and
psychometric validation for use in Polish populations. These versions have demonstrated
good reliability and validity in clinical and research settings in Poland.

2.6.1. Fear of Falling

The Falls Efficacy Scale-International (FES-I) is a widely validated measure assessing
concern about falling during everyday activities in older adults and people with neuro-
logical conditions, including stroke. The questionnaire consists of 16 items, each scored
from 1 (“not at all concerned”) to 4 (“very concerned”), producing a total score from 16 to
64, with higher scores indicating greater fear of falling. The FES-I demonstrates excellent
internal consistency (α > 0.90), strong test–retest reliability, and good construct validity
across different clinical populations. It has been recommended as a standard outcome for
assessing fear of falling due to its sensitivity to functional and psychological changes [17].
The Polish version of the FES-I has been culturally adapted and validated, showing high
internal consistency and reliability in Polish clinical populations [18].

2.6.2. Gait and Balance

The Tinetti Test (TT), also known as the Tinetti Performance-Oriented Mobility As-
sessment, is a comprehensive clinical tool used to assess balance and gait performance in
older adults and individuals with neurological deficits. It consists of two subscales: Balance
(0–16 points) and Gait (0–12 points). The total score ranges from 0 to 28, where lower
scores reflect impaired mobility and a higher risk of falling. The TT is widely used in stroke
rehabilitation due to its strong predictive validity for falls, moderate-to-high interrater
reliability, and ability to detect functional deficits not captured by gait speed alone [19]. The
Tinetti Test is a standard clinical tool for balance and gait assessment in Polish rehabilitation
practice [20–22].
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2.6.3. Health-Related Quality of Life

The Short Form-36 (SF-36) is a widely used standardized questionnaire for assessing
health-related quality of life (HRQoL) in clinical and research settings. It contains 36 items
grouped into eight domains: Physical Functioning, Role Physical, Bodily Pain, General
Health, Vitality, Social Functioning, Role Emotional, and Mental Health. Scores for each
domain range from 0 to 100, with higher values indicating better perceived health. The
SF-36 has been validated in stroke populations and is sensitive to functional, psychological
and social consequences of post-stroke disability [23]. The SF-36 questionnaire was admin-
istered using its validated Polish version, which has undergone cultural adaptation and
demonstrated good psychometric properties in Polish populations [24]. SF-36 outcomes
were analyzed and reported primarily at the level of the eight validated domains. For
descriptive purposes only, an overall SF-36 index was calculated as the arithmetic mean of
the eight domain scores; this value does not represent a validated SF-36 summary measure
and should not be interpreted as a standardized composite score such as the Physical or
Mental Component Summary.

2.7. Sample Size

Given the exploratory and correlational character of this project, no a priori sample
size calculation was performed, and the study was planned as a preliminary cross-sectional
investigation including all consecutive eligible patients. After data collection, a post hoc
power analysis was conducted using G*Power 3.1 (Heinrich Heine University, Düsseldorf,
Germany). For correlational analyses (Spearman’s ρ), assuming a two-tailed α = 0.05,
the obtained sample of n = 39 provided statistical power above 0.80 for medium effect
sizes (ρ ≈ 0.40–0.50) and exceeding 0.95 for large effect sizes (ρ ≥ 0.60). As the primary
associations observed in this study were in the medium-to-large range, the sample size was
sufficient for detecting clinically meaningful relationships. The final sample size reflects
the number of consecutive eligible patients admitted during the inclusion period and
was determined by feasibility within a single-center inpatient rehabilitation setting rather
than by formal a priori power calculation. Importantly, the adequacy of this cohort for
correlational analyses is supported by prior post-stroke rehabilitation studies examining
associations between fear of falling, mobility, functional independence, and quality of
life, which have commonly employed sample sizes ranging from approximately 12 to
77 participants and reported meaningful correlations [12,13,25,26]. Given that the present
study focused on identifying relationship patterns rather than on multivariable prediction
or causal inference, the included sample size was considered appropriate for addressing
the stated aims.

2.8. Statistical Analysis

Statistical analyses were performed using Statistica 14.0 (TIBCO Software Inc., Palo
Alto, CA, USA). Continuous variables were assessed for normality using the Shapiro–Wilk
test and are reported as mean ± standard deviation (SD) or median with interquartile range
(IQR), depending on data distribution. Group comparisons were conducted using the
Mann–Whitney U test for two-group analyses and the Kruskal-Wallis test for comparisons
across three or more groups. When the Kruskal-Wallis test indicated significant differences,
Dunn’s post hoc tests with adjusted p-values were applied to identify between-group
contrasts. Categorical variables were analyzed using the chi-square test or Fisher’s exact
test, as appropriate. To address the study objectives, differences in fear of falling severity
(FES-I scores) across demographic (sex, place of residence) and clinical subgroups (stroke
type, time since stroke) were examined using non-parametric group comparison tests.
Associations between fear of falling (FES-I), balance and gait performance (TT), HRQoL
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(SF-36 domains), and continuous clinical variables, including neurological deficit severity
(NIHSS) and functional independence (Barthel Index), were assessed using Spearman’s
rank correlation coefficients. All statistical tests were two-tailed, and statistical significance
was set at p < 0.05.

3. Results
3.1. Demographic Characteristics

The study included 39 post-stroke adults, with a balanced sex distribution
(51.28% women, 48.72% men). The participants represented primarily older age groups:
38.46% were aged 70–79 years, 35.90% were aged 60–69 years, 17.95% were ≥80 years,
and only 7.69% were under 60 years of age. Most participants were married (56.41%),
followed by widowed individuals (28.21%), whereas only 5.13% were single. Regarding
place of residence, 35.90% lived in towns with fewer than 50,000 inhabitants, 35.90%
in larger cities (>50,000), and 28.21% in rural areas. Educational level was predomi-
nantly secondary education (87.18%), with only 10.26% reporting higher education and
2.56% primary education. These demographic characteristics are specified in Table 1.

Table 1. Demographic characteristics of the study group.

Variable Category N %

Age

50–59 years 3 7.69

60–69 years 14 35.90

70–79 years 15 38.46

≥80 years 7 17.95

Sex
Female 20 51.28

Male 19 48.72

Marital status

Single 2 5.13

Divorced 4 10.26

Widowed 11 28.21

Married 22 56.41

Place of residence

<50,000 inhabitants 14 35.90

>50,000 inhabitants 14 35.90

Rural area 11 28.21

Education level

Primary 1 2.56

Secondary 34 87.18

Higher 4 10.26
Notes: N—number of participants; %—percentage of participants.

3.2. Clinical Characteristics

Among participants, 71.79% had experienced an ischemic stroke, whereas 28.21%
suffered a hemorrhagic stroke. Stroke lateralization was primarily right-sided (66.67%),
while 48.72% reported left-hemisphere involvement (multiple indications allowed for some
patients). The time since the most recent stroke varied: 43.59% were 1–3 months post-stroke,
23.08% were 3–6 months post-stroke, 20.51% exceeded 6 months, and 12.82% were within
the first month after the event. Most patients had experienced one stroke (82.05%), while
15.38% had two strokes, and one patient (2.56%) had three strokes. Neurological deficits
were common: 74.36% reported gait difficulties, 66.67% had balance or coordination impair-
ments, 53.85% had left-sided paresis and 46.15% right-sided paresis, 20.51% experienced
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speech impairments, 12.82% had visual disorders, 7.69% experienced cognitive deficits, and
2.56% experienced auditory disturbances. One patient (2.56%) reported no neurological
deficits. These clinical characteristics are specified in Table 2.

Table 2. Clinical characteristics of the study group.

Variable Category N %

Type of stroke
Hemorrhagic 11 28.21

Ischemic 28 71.79

Stroke
lateralization *

Left hemisphere 19 48.72

Right hemisphere 26 66.67

Time since last
stroke

<1 month 5 12.82

1–3 months 17 43.59

3–6 months 9 23.08

>6 months 8 20.51

Number of strokes

1 32 82.05

2 6 15.38

3 1 2.56

>3 0 0

Neurological
deficits *

Right-sided paresis 18 46.15

Left-sided paresis 21 53.85

Speech disturbance 8 20.51

Visual disturbance 5 12.82

Balance/coordination
problems 26 66.67

Walking difficulties 29 74.36

Cognitive deficits 3 7.69

Hearing
impairment 1 2.56

None 1 2.56
Notes: Multiple responses possible, N—number of participants; %—percentage of participants. * Multiple-
choice question.

3.3. Fear of Falling (FES-I)

Fear of falling was prevalent in the study group. Based on FES-I cut-off scores: 12.82%
reported no or minimal FoF, 25.64% had moderate FoF, and 61.54% reported high fear of
falling. Mean FES-I scores were comparable across sex, stroke type, residence, and stroke
chronicity groups (all p > 0.05). Full distributions are presented in Table 3.

Table 3. Fear of falling levels according to FES-I.

FES-I Category Score Range N %

No or minimal fear 16–19 5 12.82%

Moderate fear 20–27 10 25.64%

High fear 28–64 24 61.54%
Notes: N—number of participants; %—percentage of participants. Abbreviations: FES-I—Falls Efficacy
Scale-International.
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3.4. Gait and Balance Performance (Tinetti Test)

Assessment using the Tinetti Test (TT) revealed that 17.95% of patients were at high
fall risk (0–18 points), 17.95% were at moderate risk (19–23 points), and 64.10% were at
low risk (24–28 points). TT scores did not significantly differ by sex (p = 0.725), stroke type
(p = 0.121), place of residence (p = 0.605), or time since last stroke (p = 0.080). These findings
indicate that functional mobility—which strongly contributes to fall risk—was reduced in a
notable proportion of participants (Table 4).

Table 4. Fall risk according to Tinetti Test.

TT Risk Category Score Range N %

High fall risk 0–18 7 17.95%

Moderate fall risk 19–23 7 17.95%

Low fall risk 24–28 25 64.10%
Notes: N—number of participants; %—percentage of participants. Abbreviations: TT—Tinetti Test.

3.5. Health-Related Quality of Life (SF-36)

The overall SF-36 domain scores indicated a moderate level of HRQoL, with substantial
variability across individual dimensions. The highest mean scores were observed for Social
Functioning (71.8 ± 25.9) and Bodily Pain (68.6 ± 23.9), suggesting relatively preserved
social participation and pain-related functioning. In contrast, lower mean values were
noted for General Health (60.8 ± 22.7) and Vitality (61.3 ± 24.6), reflecting moderate
impairment in perceived overall health status and energy levels. The SF-36 total score,
calculated as the mean of the eight domains, yielded a mean value of 65.4 ± 18.9, with a
median of 66.9 (IQR: 55.4–78.6), confirming marked interindividual heterogeneity in overall
HRQoL (Table 5). Descriptively, the global SF-36 index (mean of eight domains) showed
similar values across sex, place of residence, stroke chronicity, and stroke type; therefore,
HRQoL interpretation was based primarily on the validated domain scores.

Table 5. SF-36 summary scores.

Skala SF-36 Mean ± SD Median (IQR) Min–Max

Physical Functioning (PF) 63.9 ± 36.8 75 (30–100) 0–100

Role Physical (RP) 63.5 ± 41.2 100 (0–100) 0–100

Bodily Pain (BP) 68.6 ± 23.9 70 (60–80) 20–100

General Health (GH) 60.8 ± 22.7 60 (45–75) 25–100

Vitality (VT) 61.3 ± 24.6 60 (40–80) 0–100

Social Functioning (SF) 71.8 ± 25.9 80 (60–100) 0–100

Role Emotional (RE) 68.4 ± 39.5 100 (0–100) 0–100

Mental Health (MH) 65.2 ± 22.1 70 (50–80) 20–100

Total score 65.4 ± 18.9 66.9 (55.4–78.6) 33.4–93.1
Notes: M—mean, SD—standard deviation, Me—median, IQR—interquartile range, Min—minimal, Max—
maximal. Abbreviations: SF-36—36-Item Short Form Health Survey.

3.6. Selected Comparisons

To address one of the main study objectives exploring whether demographic and
clinical factors influence the severity of fear of falling, comparisons of FES-I and Tinetti Test
outcomes were performed across key sociodemographic and clinical subgroups.

Across all sociodemographic and clinical subgroups: women had slightly higher FES-I
scores and lower TT scores, but differences were not significant (Table 6); hemorrhagic

https://doi.org/10.3390/jcm15051749

https://doi.org/10.3390/jcm15051749


J. Clin. Med. 2026, 15, 1749 9 of 18

stroke patients tended to have lower TT scores, though differences were not statistically
significant (Table 7); place of residence did not differentiate levels of FoF or mobility
(Table 8); time since stroke also did not significantly influence outcomes, and although the
<1 month group showed higher FoF and lower TT performance, results were nonsignificant
(Table 9).

Table 6. Comparisons by sex.

Variable Women
M ± SD

Men
M ± SD p-Value

FES-I 36.75 ± 15.96 35.11 ± 13.38 0.673

TT 15.15 ± 11.54 14.32 ± 8.25 0.725
Notes: Mann–Whitney U test. Abbreviations: FES-I—Falls Efficacy Scale-International, TT—Tinetti Test.

Table 7. Comparisons by stroke type.

Variable Hemorrhagic
M ± SD

Ischemic
M ± SD p-Value

FES-I 30.45 ± 13.90 38.11 ± 14.53 0.179

TT 19.09 ± 8.78 13.04 ± 10.01 0.121
Notes: Mann-Whitney U test. Abbreviations: FES-I—Falls Efficacy Scale-International, TT—Tinetti Test.

Table 8. Comparisons by place of residence.

Variable Village
M ± SD

Town <50 k
M ± SD

City >50 k
M ± SD p-Value

FES-I 32.82 ± 13.31 35.93 ± 10.62 38.43 ± 18.94 0.681

TT 16.73 ± 8.36 15.43 ± 8.21 12.50 ± 12.62 0.605
Notes: Kruskal–Wallis + Dunn’s tests. Abbreviations: FES-I—Falls Efficacy Scale-International, TT—Tinetti Test.

Table 9. Comparisons by time since stroke.

Variable <1 Month
M ± SD

1–3
Months
M ± SD

3–6
Months
M ± SD

>6
Months
M ± SD

p-Value Dunn

FES-I 44.40 ±
22.20

32.88 ±
14.47

42.89 ±
12.56

29.38 ±
5.48 0.136 all ns

TT 10.00 ±
12.23

16.82 ±
10.02

9.11 ±
9.44

19.62 ±
5.13 0.080 all ns

Notes: Kruskal-Wallis + Dunn’s tests. Abbreviations: FES-I—Falls Efficacy Scale-International, TT—Tinetti Test,
ns—non-significant.

3.7. Selected Correlations

Strong and statistically significant associations were observed between health-related
quality of life (SF-36) and key clinical measures (Table 10 and Figure 1). Higher SF-36
scores, indicating better perceived health status, were strongly correlated with lower fear
of falling measured by FES-I (rs = 0.76, p < 0.001). Conversely, worse balance and gait
performance on the Tinetti Test were associated with lower quality of life (rs = −0.78,
p < 0.001), confirming that mobility limitations are closely linked to subjective well-being.
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rs = 0.65 rs = −0.71 

rs = 0.76 rs = −0.78 

Figure 1. Correlations between key functional measures.
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Table 10. Correlations between SF-36 and key outcomes.

Variable rs p-Value

NIHSS 0.65 <0.001

BI −0.71 <0.001

FES-I 0.76 <0.001

TT −0.78 <0.001
Notes: rs—Spearman’s correlation coefficient. Abbreviations: SF-36—36-Item Short Form Health Survey,
NIHSS—National Institutes of Health Stroke Scale, BI—Barthel Index, FES-I—Falls Efficacy Scale-International,
TT—Tinetti Test.

Neurological deficit severity also showed a moderately strong positive correlation
with SF-36 (NIHSS: rs = 0.65, p < 0.001), suggesting that patients with more pronounced
deficits reported poorer quality of life. Similarly, functional independence was significantly
related to SF-36 (Barthel Index: rs = −0.71, p < 0.001), indicating that individuals with lower
ADL performance perceived their health status as worse.

Overall, these findings demonstrate a coherent clinical profile, where diminished
mobility, greater fear of falling, lower independence, and higher neurological impairment
all contribute to worse health-related quality of life in post-stroke rehabilitation patients.

In addition, a statistically significant (p < 0.001) strong negative correlation (rs = −0.89)
was found between the Tinetti questionnaire score and the FES-I questionnaire score. It
was observed that the lower the risk of falling, the lower the fear of falling (Figure 2).

 

rs = −0.89 

Figure 2. Correlation between FES-I and Tinetti scores.

4. Discussion
4.1. Summary and Interpretation of Main Findings

This cross-sectional study showed that post-stroke inpatients present a constellation
of problems including high fear of falling, marked balance and gait impairments, and
substantially reduced HRQoL. More than 60% of participants reported a high level of fear
of falling on the FES-I although the majority of participants were classified as low fall risk
according to the TT, a substantial proportion still demonstrated moderate-to-high risk, and
high fear of falling was prevalent across the cohort. Strong correlations were observed
between HRQoL and fear of falling, balance performance, functional independence, and
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neurological deficit, suggesting a tightly interlinked pattern of physical and psychological
vulnerability. Importantly, the strong inverse association between fear of falling and ob-
jective balance and gait performance confirms that higher perceived fall-related concern
is closely linked to reduced mobility, directly supporting the study’s primary objective.
Notably, no significant differences in fear of falling, balance performance, or health-related
quality of life were observed across key subgroups, including sex, stroke type, place of
residence, and time since stroke. The consistently high levels of fear of falling across
these categories suggest that this psychological burden is pervasive among post-stroke
inpatients and not confined to specific demographic or clinical profiles. The rehabilitation-
oriented recommendations proposed in this study are directly informed by the observed
relationships between fear of falling, balance and gait performance, neurological impair-
ment, functional independence, and health-related quality of life, rather than by isolated
outcome measures

These results are consistent with contemporary evidence indicating that fear of falling
is common after stroke and is closely related to both falls and broader health outcomes. A
recent systematic review and meta-analysis by Pin et al. [27] showed a significant, albeit
small, association between fear of falling and actual falls in both acute and chronic stroke
populations, highlighting fear of falling as an independent clinical target rather than merely
a consequence of previous falls. Structural equation modeling by Chen et al. [28] further
demonstrated that in older stroke survivors, maladaptive fear of falling contributes to
increased fall risk through its links with depression, reduced balance ability, fall history,
and low physical activity, reinforcing the multifactorial nature of this problem.

The strong associations observed in our study between fear of falling, balance, and
HRQoL align with cross-sectional and longitudinal data from stroke and broader cere-
brovascular cohorts. Schmid et al. [29] reported that fear of falling is likely to slow overall
recovery trajectories and restrict participation in clients with chronic stroke receiving occu-
pational therapy, while Tahiraj et al. [2], analyzing European longitudinal data, found that
a history of cerebrovascular disease is independently associated with higher fear of falling
among middle-aged and older adults. Together with our findings, these studies underscore
that fear of falling should be viewed as a key component of post-stroke disability rather
than a secondary symptom.

4.2. Prevalence, Risk Profiles and Trajectories of Fear of Falling After Stroke

Our observation that a majority of inpatients experienced at least moderate fear of
falling is in line with the wide prevalence range (32–83%) reported in the systematic review
and meta-analysis by Xie et al. [10] That review identified female sex, impaired balance,
lower mobility, use of walking aids and prior falls as the main correlates of fear of falling
in stroke survivors—factors that are also prominent in our cohort (notably poor balance
and gait).

Case–control data by Goh et al. [30] showed that persons with stroke are significantly
more likely than matched controls to experience recurrent falls and fear of falling, and that
fear of falling is predicted by functional ambulation level rather than by standard impair-
ment measures. Hussain et al. [31] extended this evidence longitudinally, demonstrating
that fear of falling at 6 months after stroke can be predicted already in the acute phase
based on baseline mobility limitations and self-reported walking difficulties. Our findings
of strong associations between FES-I, Tinetti scores, and ADL independence fit well within
this predictive framework, suggesting that early identification of patients with combined
mobility limitation and high fear of falling could enable targeted preventive interventions.

More recently, Yang et al. [32] used latent profile analysis to classify elderly stroke
patients into high-, moderate-, and low-fear-of-falling subgroups and showed that demo-
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graphic, sensory, motor, coping, and social support factors differentiated these profiles.
Tian et al. [33], in a systematic review of contributing factors and interventions, further
confirmed that female sex, assistive device use, balance dysfunction, limb impairment
and limited functional mobility are central determinants of fear of falling, and highlighted
combined cognitive-behavioral and exercise approaches as the most effective intervention
strategies. The profile of our cohort, older adults with marked balance and gait disturbances
and frequent use of assistive devices, corresponds closely to the high-risk groups described
in those studies.

4.3. Relationship Between Fear of Falling, Falls and Quality of Life

Our data add to accumulating evidence that fear of falling and HRQoL are tightly
interconnected after stroke. Chen et al. [28] reported that in older patients with stroke, fear
of falling and falls are reciprocally related and jointly limit rehabilitation exercise, mobility
and independence. Djurovic et al. [34] showed that falls in stroke patients are associated not
only with neurological impairment and cerebrovascular lesion characteristics but also with
mental status changes, behavioral adaptation, and difficulties accepting activity restrictions.
In broader geriatric populations, large-scale analyses have demonstrated that fear of falling
is associated with lower HRQoL, partly mediated by depression and activity restriction,
and that this detrimental pathway is attenuated by higher physical activity levels [35].

These external findings mirror the pattern in our cohort, where higher fear of falling
and lower balance performance correlated strongly with worse SF-36 scores. Our results
thus support the notion that fear of falling is both a consequence and a driver of reduced
activity and quality of life. The strong correlations between SF-36, FES-I and Tinetti scores
are in line with previous studies indicating that balance confidence and fear of falling are
closely linked to gait characteristics, cautious walking strategies and reduced participation
after stroke [4].

An important finding of this study is the divergence between subjective fear of falling
and objective balance and gait performance. While most patients were classified as low
fall risk according to the Tinetti Test, more than 60% reported high fear of falling. This
discrepancy highlights that fear of falling represents a distinct psychological construct
that is not perfectly aligned with objective functional capacity. Similar patterns have been
reported in previous stroke and geriatric populations, where elevated fear of falling persists
despite relatively preserved mobility. This emphasizes that fear-related activity restriction
and reduced confidence may occur independently of measurable balance deficits and
should therefore be addressed as a separate therapeutic target.

4.4. Implications of Emerging Intervention Evidence

Although our study was observational, the pattern of associations aligns closely
with emerging intervention literature. A systematic review and meta-analysis by Chiu
et al. [36] showed that physical exercise programs, especially walking-focused interventions,
significantly reduce fear of falling in individuals with stroke, with larger effects in those
with poorer baseline balance. A more recent systematic review by Tian et al. [33] confirmed
that combining exercise with cognitive–behavioral components yields the most robust
improvements in fear of falling among stroke survivors.

Parallel lines of evidence suggest that balance-specific and technology-enhanced train-
ing (including virtual reality-based exercise) can improve balance, enhance confidence and
lower fear of falling in chronic stroke and older adult populations [37]. These interventions
may be particularly relevant for patients such as those in our cohort, who exhibit combined
balance limitations, high fear of falling and reduced HRQoL. Integrating such approaches
into inpatient and early post-discharge rehabilitation could therefore address not only
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physical performance but also the psychological aspects that undermine participation and
quality of life.

In addition to exercise-based and cognitive-behavioral approaches, growing evidence
highlights the role of environmental and footwear-related modifications as complementary
strategies for improving balance, gait stability, and reducing fear of falling. Recent studies
in stroke survivors and older adult populations have demonstrated that specific footwear
characteristics, including enhanced sole stability, optimized grip, and supportive design,
can positively influence postural control, gait performance, and perceived confidence
during ambulation. For example, footwear interventions have been shown to improve
balance parameters and reduce instability in individuals after stroke and in older adults
at risk of falls, thereby contributing to lower fear of falling and improved functional
mobility [38–40]. Incorporating appropriate footwear recommendations into rehabilitation
and fall-prevention programs may therefore represent a simple yet effective adjunct to
conventional therapeutic interventions.

4.5. Contribution of the Present Study

Within the existing literature, the main contribution of the present study lies in pro-
viding preliminary, real-world data from an inpatient post-stroke rehabilitation setting in
Central and Eastern Europe, simultaneously examining neurological severity, functional in-
dependence, fear of falling, balance and gait performance, and health-related quality of life.
Although limited by its exploratory design and single-center sample, the observed strong
intercorrelations among these domains support the relevance of integrated multidimen-
sional assessment in clinical practice, while underscoring the need for larger, confirmatory
studies to more conclusively establish these relationships [10].

Our findings complement these reviews by demonstrating, in a real-world clinical
setting, that fear of falling, balance impairments and reduced HRQoL are tightly interrelated
and already clearly expressed during inpatient rehabilitation. This supports calls for early
screening and comprehensive, multimodal interventions that simultaneously address
motor performance, confidence, fear of falling and participation, rather than treating these
dimensions separately.

4.6. Potential Study Limitations

Several limitations should be considered when interpreting these findings. First, the
cross-sectional design precludes causal inferences regarding the relationships among fear
of falling, mobility, neurological impairment and HRQoL; longitudinal studies are needed
to track these dynamics over time. Second, the relatively small sample size limits the preci-
sion of correlation estimates and restricts the generalizability of the results. The observed
associations should therefore be interpreted as exploratory and hypothesis-generating,
warranting confirmation in larger, adequately powered multicenter studies. Third, reliance
on self-reported tools such as SF-36 and FES-I introduces the possibility of response bias,
despite their strong validation in stroke populations. Fourth, gait and balance were eval-
uated solely with the Tinetti Test; more advanced or instrumented measures could offer
deeper biomechanical insight. Additionally, the inclusion criteria requiring the ability to
maintain a sitting position and follow verbal instructions likely resulted in the exclusion of
more severely impaired stroke patients. This may have introduced selection bias toward
individuals with relatively better functional status and limits the generalizability of the
findings to patients with profound neurological deficits or severe cognitive impairment.
Detailed characteristics of excluded patients were not systematically collected and could
therefore not be analyzed. Moreover, patients were included across varying time points
following stroke, encompassing both sub-acute and chronic phases of recovery. Differences
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in neurological recovery, rehabilitation exposure, and adaptation processes across these
stages may have influenced functional performance, fear of falling, and HRQoL. Although
no significant subgroup differences were observed based on time since stroke in this ex-
ploratory analysis, future studies with larger samples and longitudinal designs should
further investigate stage-specific recovery patterns. Finally, additional psychosocial and
cognitive factors such as fear-avoidance beliefs, depression or cognitive impairment, were
not assessed, even though they may influence fear of falling and participation after stroke.
Future studies should incorporate these multidimensional contributors to better reflect the
complexity of post-stroke recovery.

4.7. Implications for Clinical Practice

The findings of this study have clear clinical implications. The clinical implications
outlined below are derived from the demonstrated associations among psychological,
functional, and clinical outcomes observed in this cohort, highlighting the relevance of
integrated assessment and intervention during inpatient post-stroke rehabilitation. The
high prevalence of fear of falling and its strong links to mobility and HRQoL highlight the
need for routine screening using tools such as the FES-I. Rehabilitation should integrate
targeted balance training, gait re-education, and strength exercises, complemented by
cognitive-behavioral strategies to address the psychological components of fear of falling.
Identifying high-risk individuals—those with low TT scores, reduced independence, or
elevated FES-I results—can help tailor rehabilitation pathways and fall-prevention efforts.
The observed dissociation between high fear of falling and predominantly low objective
fall risk further underscores the necessity of routinely assessing fear of falling indepen-
dently from physical performance measures and incorporating tailored psychological and
behavioral interventions alongside conventional balance and gait rehabilitation. Overall,
the strong association between mobility, fear of falling, and HRQoL emphasizes the impor-
tance of holistic, interdisciplinary rehabilitation that supports both physical function and
emotional wellbeing.

5. Conclusions
This exploratory study addressed three specific aims related to fear of falling in post-

stroke inpatients undergoing rehabilitation. First, fear of falling was strongly associated
with balance and gait performance, confirming that higher levels of fall-related concern
are closely linked to poorer objective mobility outcomes. Second, fear of falling showed
significant relationships with neurological deficit severity, functional independence, and
health-related quality of life, indicating that fear of falling reflects a clinically meaningful,
functionally driven psychological construct that extends beyond isolated mobility impair-
ments. Third, fear of falling severity was not significantly influenced by demographic
characteristics or stroke-related factors such as sex, stroke type, place of residence, or
time since stroke, suggesting that fear of falling is pervasive across inpatient post-stroke
populations rather than confined to specific subgroups. Specifically, the strong association
between fear of falling and impaired mobility supports the recommendation to combine
balance and gait training with targeted psychological strategies during rehabilitation. Fu-
ture research should incorporate longitudinal designs and multidimensional interventions
to better understand and modify these complex recovery pathways.
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