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g 4 ABSTRACT

10

11

12 5 BACKGROUND: Most falls at home of older adults occur during activities of daily
14 6  living, with fear of falling (FOF) heightening the risk.

17 7 RESEARCH QUESTION: How does the fear of falling influence the kinematics of

19 8 functional tasks in faller and non-faller older people?

22 9 METHODS: A total of 68 participants aged 60 and older were divided into four groups:
o4 10  NF-lowFOF (non-faller with low fear, control group), NF-highFOF (non-faller with high

gg 11 fear), F-lowFOF (faller with low fear), and F-highFOF (faller with high fear), with 17
% 12 individuals in each group. The three-dimensional kinematics data were analyzed using a

29 13 single number gait deviation index, the mean Movement Deviation Profile (MDPmean),
31 14 to identify which task and group had the greatest difference by comparing the Z-scores

33 15  of the MDPmean. Multivariate analysis and Bonferroni post hoc tests (p<0.05) were
gg 16  employed to analyze group interactions.

36

2; 17 RESULTS: Significant differences in kinematics were observed across all functional
28 18  tasks. The largest effect size between the control group and the other groups for each
j; 19  functional task were descending and ascending stairs, sitting to stand, walking turn and

43 20 gait in F-highFOF, and standing to sit in F-lowFOF. The time to perform each task didn’t
45 21 differ between the groups.

48 22 SIGNIFICANCE: FOF (whether high or low) can significantly impact the kinematics of
50 23 functional tasks in both faller and non-faller older adults. Therefore, assessing FOF in this
52 24  population is crucial to prevent falls and promote rehabilitation, especially in non-faller
54 25  older adults with high FOF.

57 26 Keywords: Falls; Functional Performance, Gait-Biomechanics.
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INTRODUCTION

According to the World Health Organization, falls are a public health issue and
the second leading cause of death from accidental injury worldwide, especially among
older adults [1]. About 30% of older adults over 65 experience around one fall annually
(and half may fall again), resulting in $50 billion in annual medical costs in the United
States of America [2].

The fall-related risk factors are multiple: advanced age, muscle weakness, gait and
balance changes, visual deficit, comorbidities [3,4] lower limb instability, restricted range
of motion [5], and fear of falling (FOF) [6,7]. Falls are also caused by environmental
factors such as lack of handrails, poor lighting, slippery or uneven surfaces, footwear, and
walking assist devices [8].

FOF is the lack of self-confidence to perform activities of daily living (ADL) [9] and
predicts and causes falls [6,7]. Its prevalence ranges from 3% to 92% [10] in older adults
with a history of falls (HOF); this prevalence is higher in women [11]. Among older adults
without HOF, the prevalence is 50% [10]. Moreover, FOF and falls are common in the
generic older population [7] FOF increases the risk of falls in non-faller older adults and
doubles this risk in faller older adults [7].

To avoid falls, older adults with FOF decrease participation in ADL, decreasing
exercising, social interaction, mental function, functionality, independence, and quality
of life, and increasing the risk of falls [10,12]. Non-faller older adults with FOF walk
more cautiously than fallers [6,11]. Moreover, HOF combined with FOF generates a
subconscious and cautious gait pattern, increasing the risk of falls rather than preventing
them [6]. Therefore, balancing risks and independently performing ADL is difficult for

older adults [10,12].
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Most falls at home of older adults occur during ADL [13], 70% during gait [14].
Thus, the FOF is related to kinematic changes such as decreased speed and stride length,
increased stride width, and longer double support [11].

Functional tasks such as stair ascent and descent, gait with a change of direction,
stand-to-sit, and sit-to-stand are associated with risk of falls and kinematic changes in
older adults with HOF [15]. However, the influence of FOF on these functional tasks is
unknown. Furthermore, literature on kinematic changes in functional tasks usually
explores linear to angular variables [4,16-18].

The movement deviation profile (MDP) is an alternative method of processing
complex biomechanical data into a single curve showing the deviation from typical
movement patterns [19]. Unlike traditional kinematic measures, which often focus on
isolated angular or linear variables, the MDP combines multiple time series of movement
into a unified profile. In a previous study, the mean MDP over the movement cycle was
able to differentiate fallers from non-fallers across six tasks [15]. Higher MDP scores
indicate greater deviations from normative movement patterns, while lower scores reflect
movements closer to the norm. The MDP's capability to condense complex movement
deviations into a single, interpretable value makes it a valuable clinical tool for analyzing
the subtle effects of FOF on functional tasks. According to a systematic review, the MDP
is a more powerful approach than other statistical methods used in gait analysis indices
[20].

Therefore, this study aimed to verify whether FOF influences the angular
kinematics and timing of functional tasks in faller and non-faller older adults. We
hypothesized that FOF with or without HOF changes the kinematics of functional tasks

and the time to realize them.
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METHODS

This cross-sectional study recruited 68 older adults living in the community from
March 2021 to March 2022. The following older adults were included: > 60 years old,
able to perform tasks independently (i.e., without the help of others or walking aids), and
with preserved cognitive status (mini-mental state examination with a cutoff point > 13
for illiterate, 18 for elementary and middle school, and 26 for high school education) [21].
We excluded the following older adults: with surgery on the lower limbs, hip, or spine;
clinical diagnosis of rheumatoid arthritis, neuromuscular, or neurodegenerative disease;
uncontrolled comorbidities; diabetic polyneuropathy, incapacitating pain preventing to
perform the proposed tasks; or uncorrected visual impairment. The included older adults
who reported at least one fall in the last year were allocated to the fallers group [22]. A
fall was defined as “an unexpected event in which the individual comes to rest on the
ground, floor, or lower level” [22].
Participants were divided into four groups: non-faller with low FOF (NF-lowFOF), non-
faller with high FOF (NF-highFOF), faller with low FOF (F-lowFOF), and faller with
high FOF (F-highFOF). Participants who reported at least one fall in the last year were
considered fallers [22]. To evaluate FOF, we used the Falls Efficacy Scale — International,
validated explicitly for the Brazilian population, which was used to classify fall-related
concerns [23]. This instrument assesses the level of concern about falls in ADL using 16
questions with a score ranging from 1 (not worried) to 4 (very concerned). The total score
can range from 16 to 64. In this study, we adopted this scoring system as established in
previous research, where a score below 27 indicates low concern and a score above 27

indicates high concern [24, 6].

Procedures and tools
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This study was approved by the local research ethics committee (no.
28201819.2.0000.5511) and followed the Declaration of Helsinki, and all older adults or
caregivers signed an informed consent form.

We collected sociodemographic data, quantity of medications in use, physical
activity level (International Physical Activity Level Questionnaire) [25], fall risk (Timed
Up and Go test) [26], quality of life (Medical Outcomes Study 36-Item Short-Form Health
Survey) [27], and frailty phenotype (Fried frailty phenotype) [28]. (Table 1)

Each older adult performed all assessments on a single day. The three-dimensional
kinematics of the following tasks were analyzed: gait, sit-to-stand, stand-to-sit, walking
turn, stair ascent, and stair descent.

Anthropometric measurements (i.e., height, mass, distance between the anterior
superior iliac spines, width of knees and ankles, and length of lower limbs) were
performed to define the biomechanical gait model for each participant. A total of 39
retroreflective markers were fixed on the skin using double-sided tape at specific
anatomical sites of the lower limbs and trunk of each older adult based on the Plug-in gait
model [29]. The Vicon system with eight Bonita 10 cameras (120 Hz) acquired the
kinematic data. Next, older adults received verbal and practical instructions to perform
each task. Data were collected after older adults were familiarized with each task.

Functional tasks

Older adults performed all tasks barefoot at a comfortable and self-selected
speed. Six cycles of movements were collected for each task (see Supplementary data).

Data processing

Markers were reconstructed and labelled, and cycles of movements of each task
were defined after acquiring the kinematic data. Next, a Woltring filter was applied with

two mean square errors (2MSE) to the marker trajectories to reduce the noise due to soft
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tissue artefacts causing marker movement during the cycle. The Plug-in gait model (with
an additional segment for the hindfoot) was applied to calculate and estimate joint centers
and body segment poses using the Vicon Nexus® software (version 2.10), and data were
saved in C3D format.

Movement Deviation Profile (MDP)

The MDP uses a machine learning approach through a self-organizing neural
network called SOM, a self-organizing map that was trained using movement data from
the control group (NF-lowFOF). Next, the data of each participant in the control group
(NF-lowFOF) was used to compare the movement data of NF-highFOF, F-lowFOF and
F-highFOF groups. The SOM is an unsupervised machine learning technique used to
produce a low-dimensional representation of a higher-dimensional data set while
preserving the structure of the data and is used to discriminate data [15]. It calculates the
multidimensional Euclidean distance between each older adult and the reference
emerging from the kinematics of NF-lowFOF, providing a single curve for each person,
reflecting their distance from the reference during the movement. Using the entire NF-
lowFOF group ensures that the reference accurately reflects the range of variability within
this population. This approach minimizes the risk of overfitting, as the SOM does not
classify or predict outcomes but instead identifies deviations from the established norm.

One MDP curve was calculated for each older adult and task and compared with
NF-lowFOF, resulting in a single time series of 51 data points derived from 14 kinematic
curves (in six attempts), according to Barton et al., 2012.[19] The 51 values over a
movement cycle were averaged to give the single-number mean MDP (MDPmean) as a
measure of movement deviation [19]. The 14 curves were: the joint angles for all tasks,
trunk and pelvis segments (frontal, sagittal, and transverse planes) in relation to the

laboratory, thigh in relation to the pelvis, shank in relation to the thigh, foot in relation to
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the shank (sagittal plane), foot in relation to the laboratory (transverse plane), and
hindfoot in relation to the tibia (frontal plane) [15].

Therefore, to assess the MDP, we observed that the greater the distance between
the mean curve of MDP (MDPmean) of the control group (NF-lowFOF) and the other
groups (NF-highFOF, F-lowFOF, and F-highFOF), indicates a more significant
difference.

Variables

Time to complete the task

The speed influences the angular kinematics of all tasks [30]. Thus, the cycle time
of the task was extracted to verify whether the time to complete each task was different

between groups.

Statistical analysis

A power calculation resulted in a sample size of 66 participants, setting a
difference for factorial analysis of variance (ANOVA) with two factors (four levels for
group and six for task), using the distribution of the F-test, 5% type | error, and 80%
statistical power. An effect size of 0.533 was considered for differences in MDP mean
values based on the variance of a pilot study performed with six participants per group
and a n? of 0.221. Two participants were included to equalize group sizes; thus, 68
participants were recruited. The sample size was estimated using the G * Power software
version 3.1.9.2 (Kiel University, Germany), and ANOVA was performed using the JASP
Team software (version 0.14.1).

The Shapiro-Wilk test verified normality, and data were expressed as mean and
95% confidence interval (95% CI). The t-test and Mann-Whitney test compared
parametric and non-parametric data, respectively. The Chi-squared test compared

nominal variables.
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The Z-score of the means of MDP curves (MDPmean) was calculated for angular
kinematic data to compare the standardized results between NF-lowFOF and NF-
highFOF, F-lowFOF, and F-highFOF. Mathematically, the algorithm for Z-score of the
MDPmean of the NF-lowFOF group is described by the equation according to Julio et al.,
2023 [15]. A multivariate analysis (MANOVA) with Bonferroni post hoc tests were used
to identify the interaction between the four groups and the time to complete each task.
The SPSS software (version 20.0) performed all analyses, and statistical significance was

set at p <0.05.

RESULTS

Sample characteristics were similar between groups, except for sex (Table 1). The
Z-score of the MDPmean results presented an interaction between groups (I= 0.30,
F=4.87, p<0.01). The Bonferroni post hoc test showed difference between NF-lowFOF
and NF-highFOF, F-lowFOF, F-highFOF in all tasks with p<0.001 (Table 2 and Figure
1). No differences were found between NF-highFOF, F-lowFOF and F-highFOF in all
tasks. (Table 2 and Figure 1) The Z-score analysis suggested that the biggest effect size
between control and other groups, in each task, was respectively stair descent in F-
highFOF (1.02); stand-to-sit in F-lowFOF (0.78); stair ascent in F-highFOF (0.77); sit-
to-stand in F-highFOF (0.66); gait with a change of direction in F-highFOF (0.67); and
gait in F-highFOF (0.53) (Table 2 and Figure 1). The time to complete each task was

similar between groups (1= 0.66, F = 1.821, p = 0.121) (Table 3).

DISCUSSION

This study aimed to investigate the influence of FOF on the angular kinematics of

functional tasks in older adults, comparing those with and without HOF. The hypothesis
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that FOF, regardless of HOF status, affects the kinematics of functional tasks was
supported. Additionally, both FOF and HOF groups showed significant differences from
the control group in all tasks assessed, including gait, gait with a change of direction, stair
ascent and descent, stand-to-sit, and sit-to-stand movements.

This study is the first to evaluate the three-dimensional kinematics of a set of tasks
related to the risk of falls and to investigate the influence of fear of falling in older adult
fallers and non-fallers using a self-organizing neural network (MDP). The results have
shown that movement changes increase with greater fear of falling in non-fallers, and
even more so in those with a history of falls, except for the movement of sitting down.
The interpretation of MDPmean is explained using Z-Scores, where a higher Z-Score
indicates a greater deviation in movement from the control group.

An important finding of this study is that there is no difference between non-faller
group with high fear and fallers with low and high fear of falling. This raises concerns
about the care and assessment of older adults with no history of falls but a high fear of
falling, as they may not show any difference in the time to perform the task and other fall
risk assessments.

Therefore, this group of people deserves greater attention from clinicians and
researchers to better understand whether they are more likely to suffer a fall in the future.
Previous studies have also highlighted the importance of biomechanical analysis in older
adults with fear of falling. For instance, Bueno et al. 2019 carried out a study using a gait
index to evaluate the analysis of three-dimensional kinematics and only evaluated gait.
Their results showed a greater difference in internal and external rotation of the hip and
plantar flexion and dorsiflexion in individuals with a high fear of falling without a history
of falls [6].

The greatest difference from the control group was in F-highFOF in all tasks,
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excepted in stand-to-sit task. Compared with non-fallers, faller older adults present
kinematic changes in gait, such as lower speed, step length, and time in single support
and longer double support [31]. Non-faller older adults with FOF have shorter stride
lengths and lower speeds than faller older adults with FOF. These strategies aim for a
more cautious gait to avoid falls. However, the association of HOF and FOF enhances
gait with an opposite and unconscious protective effect, hampering balancing risk and
independently performing ADL [6].

We also found that the Z-score in stand-to-sit was higher for F-lowFOF than for
sit-to-stand in all groups. This means that F-lowFOF had more difficulty in lowering
themselves from standing to sitting than in rising from sitting to standing. This is
consistent with previous studies that suggest that faller older adults have worse eccentric
control, which is needed to control the vertical and medium-lateral movement of the
center of mass when standing to sit [5,32]. Moreover, our results showed that the
kinematic changes in the stand-to-sit task were more affected by HOF than FOF. This
needs further attention and investigation for better understanding.

Gait with a change of direction also differed from the control group. Also, the
greatest difference was in F-highFOF and NF-highFOF, suggesting more influence of
FOF than HOF. Kinematic changes of this task were described in healthy older adults.
High FOF was associated with lower velocity through the turn and maximum angular
difference of the head to the trunk and pelvis, indicating increased joint stiffness to reduce
oscillations and to maintain balance during turning [33].

Regarding stair ascent and descent, the greatest difference from the control group
was in F-highFOF. Also, the greatest difference between groups and tasks was F-highFOF
during stair descent. This finding corroborates the higher prevalence of falls during

descent [34], although its kinematic changes in faller older adults are more described
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during ascent [35]. Furthermore, faller older adults present decreased horizontal and
vertical height between the foot and step compared with younger adults and non-faller
older adults. This strategy may reduce time in single support to compensate for aging
factors (e.g., lower muscle strength, lower range of motion of lower limbs, and balance
deficit) [35].

Previous research has demonstrated that individuals with a history of falling take
longer to complete specific tasks [5,18,31]. However, our current study found no such
difference between the groups regarding time. The results were unexpected and suggested
that time was not influenced by either a history of falling or fear of falling. In our study,
we used the Timed Up and Go (TUG) test to assess the sample and found that the groups
did not exhibit any differences in time and did not meet the TUG risk of falls cutoff time
of 12.47 seconds [25]. The time to perform the tasks leads us to conclude that changes in
movement may be better explained through angular kinematics. Although not tested in
our study, possible explanations for these findings, such as the controlled laboratory
setting and lack of recurrent falls in the sample, have been proposed. Further research is
needed to address these hypotheses.

The sample was mostly female, which may be a limitation. Falls and FOF are
more frequent in older women since they express their concerns more than men. This may
explain, in particular, the groups with lower fear of falling [36,37]. Therefore, the
sociodemographic variability, including sex differences, must be taken into account when
interpreting the results of our study. Future research should aim to include a more
balanced sample in terms of sex distribution to further elucidate the potential impact of
these differences on MDP outcomes.

Previous studies demonstrated that behavioral factors might influence movement

changes during ADL in individuals with FOF. Older adults with high FOF adopt
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stiffening strategies to reduce destabilizing postural oscillations in challenging tasks,
explaining the greater difference between groups during stairs descent [38].

Attention allocation may explain the strategies adopted by older adults with FOF
in ADL. They may focus less on threatening stimuli by creating a vigilant response to
environmental factors that threaten balance and which alert behavior increases FOF [38].
Visual alteration caused by anxiety may also explain such strategies since anxious older
adults do not perform visual searches due to poor information retention. Consequently,
movement safety is impaired by insufficient visual-spatial information to perform optimal
planning [38]. Therefore, the findings of this study reinforce the need for biomechanical

analysis in older adults with fear of falling, as well as approaching other tasks.

CONCLUSION

The use of kinematic analysis by MDPmean has been shown to be an effective
method to assess older adults with fear of falling (FOF). However, to better understand
the differences between groups, it is important to investigate the role of joints in
movements and functional tasks, and their contribution to these differences. In summary,
FOF (whether high or low), also history of fall can significantly impact the angular
kinematics of functional tasks in both faller and non-faller older adults. Therefore, it is
crucial to assess FOF in this population to prevent falls and promote rehabilitation,
especially in non-faller older adults with high FOF. Additionally, further research

exploring other variables may be worthwhile.
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Figure 1. Results of interaction between groups using Z-score (mean and 95%
confidence interval) of the MDPmean in all tasks.
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Table 1

Table 1 — Sociodemographic data, level of physical activity, quality of life, frailty, risk of falling
and number of medications for characterization of the sample presented as mean and 95%

confidence interval of groups: non-faller with low fear of falling, non-faller with high fear of

Click here to access/download;Table (Editable version);Table

1_RV1.docx

falling, faller with low fear of falling, faller with high fear of falling.

Group NF-lowFOF NF-highFOF F-lowFOF F-highFOF
(N=17) (N=17) (N=17) (N=17)
FES <27 FES>27 FES<27 FES>27

Age (years) 69.6 (67.1-72.1)  68.6 (65.6-72.4)  71.3(68.8-74.3)  72.7 (69.2-76.6)
Sex (%)

Female 52.9 94.1 70.6 94.1

Male 47.1 5.9 294 5.9
Mass (kg) 70.6 (64.5-77.9) 69.3 (65.5-73.5) 69 (63.3-74.9) 63.9 (58.7-68.8)
Height (m) 1.64 (1.59-1.69)  1.64(1.59-1.69)  1.58 (1.54-1.63)  1.57 (1.54-1.60)
BMI (kg/m?) 262 (24.6-27.8)  28.1(26.9-29.4)  27.6(25.7-29.8)  25.8 (24.3-27.3)
Living (%)

Alone 29.4 235 29.4 29.4

With relatives 70.6 76.5 70.6 70.6
Marital status (%)

Single 17.6 5.9 11.8 5.9

Married 41.2 17.6 41.2 41.2

Divorced 17.6 235 5.9 5.9

Widower 235 52.9 41.2 41.2
Medications (%)

None 235 11.8 5.9 5.9

1t03 35.3 52.9 76.5 64.7

4106 294 235 17.6 294

>6 11.8 11.8 0 0
Level of education (%)

Primary education 294 412 235 47
complete

Primary education 176 5.9 17.7 29.4
incomplete

Secondary education 118 29.4 35.3 0

complete
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Secondary education
incomplete
Third level education
complete
Third level education
complete
lliterate
Tug (s)
Frailty (%)
Robust
Pre-frail
Frail
IPAQ (%)
Very active
Active
Insufficiently active A
Insufficiently active B
FES
SF-36
Physical functioning
Role physical
Pain
General health
Vitality
Social functioning
Role emotional
Mental health

294

11.8

0
9.3 (8.1-10.5)

64.7
353

5.9

765

11.7

5.9

21.3 (19.8-22.8)

82.1 (74.4-89.7)

66.2 (47.1-83.8)
54.9 (45.2-65.8)
67.5 (59.2-75.3)
69.1 (62.1-75.6)
91.2 (84.5-97.1)
78.4 (58.8-96.1)
74.2 (66.6-81.2)

118

59

5.9
10.1 (8.8-11.7)

294
47.1
23.5

0
705
175
11.8
33.2 (31.4-35)

59.4 (49.4-69.4)

43.3 (25-67.2)
443 (34.9-53.2)
70.7 (63.9-77.1)
64.4 (55-74.4)
86.7 (77.2-94.6)
75 (56.2-93.7)
63.7 (54-73.7)

5.9

5.9

11.8
9.9 (9.2-10.8)

41.2
52.9
5.9

0
64.7
235
11.8
22.1 (20.6-23.6)

82.6 (72.6-90.3)

50.6 (27.9-72.1)
49.6 (38.9-60.5)
68.3 (61-76.2)

75 (69.1-80.9)

87.3 (79.8-94.2)
94.1 (82.3-100)
77.2 (71.5-82.1)

118

11.8
10.4 (9.4-11.5)

353
58.8

0
76.5

5.9

17.6

33.8 (31.8-35.9)

61.9 (50.3-73.7)

54.7 (34.4-76.6)
45.3 (36.2-54.6)
65.6 (57.4-72.9)
59.1 (49.7-67.8)
83.7 (70.4-95.5)
62.5 (37.5-87.5)
65 (55.5-74.5)

NF-lowFOF: non-faller with low fear of falling, NF-highFOF: non-faller with high fear of falling, F-lowFOF: faller
with low fear of falling, F-highFOF: faller with high fear of falling,%: percentage, kg: kilogram, m: meter, s: second,
BMI: body mass index, kg/m2: kilogram per square meter, TUG: Timed Up and Go test, IPAQ: The International
Physical Activity Questionnaire (Insufficiently active A represents individuals who are insufficiently active but may
engage in some light physical activity, and Insufficiently active B represents those who are also insufficiently active

but engage in even lower levels of physical activity or sedentary behaviour), SF-36: The 36-Item Short Form Survey,

FES: Falls efficacy scale.
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Table 2. Mean, 95% confidence interval of the MDPmean and z-scores of non-faller with low fear of falling, non-faller with high fear of falling, faller with

low fear of falling, faller with high fear of falling in all tasks.

NF-lowFOF (17)
FES <27

NF-highFOF (17)
FES <27

F-lowFOF (17)
FES <27

F-highFOF (17)
FES <27

Functional Tasks

MDP

Z-Score

MDP

Z-Score

MDP

Z-Score

MDP

Z-Score

Gait *§ oo

Ascending stair

*§ oo

Descending stair

*§foo

Walking turn *§ oo

Sit-stand *§ oo

Stand-sit *§

12,58 (12.15-13.01)
14.82 (14.3-15.34)
13.77 (13.19-14.35)
15.44 (14.94-15.95)
13.77 (13.19-14.35)

14.11 (13.58-14.64)

0.18 (-0.12-0.25)
0.05 (-0.13-0.14)
0.01 (-0.24-0.24)
0.04 (-0.20-0.11)
0.15 (0.07-0.35)

0.12 (-0.13-0.36)

15.5 (15.15-15.86)
19.12 (18.75-19.49)
17.63 (16.85-18.4)
18.87 (18.5-19.25)
18.91 (18.1-19.73)

16.98 (16.29-17.67)

0.34 (0.26-0.49)
0.70 (0.52-0.89)
0.67 (0.43-0.92)
0.63 (0.48-0.79)
0.59 (0.37-0.80)

0.51 (0.38-0.77)

16.03 (15.71-16.35)
19.78 (19.46-20.10)
18.91 (18.10-19.73)
17.56 (17.23-17.88)
17.63 (16.85-18.4)

20.52 (19.32-21.73)

0.36 (0.26-0.52)
0.71 (0.53-0.90)
0.77 (0.53-1.01)
0.48 (0.32-0.64)
0.58 (0.36-0.80)

0.78 (0.53-1.01)

17.18 (16.83-17.54)
20.02 (19.47-20.58)
21.38 (20.78-21.99)
18.8 (18.31-19.29)
20.38 (19.78-20.99)

18.41 (17.76-19.05)

0.53 (0.38-0.69)
0.77 (0.58-0.95)
1.02 (0.78-1.26)
0.67 (0.51-0.82)
0.67 (0.45-0.89)

0.64 (0.38-0.90)

NF-lowFOF: non-faller with low fear of falling, NF-highFOF: non-faller with high fear of falling, F-lowFOF: faller with low fear of falling, F-highFOF: faller with high fear of falling, FES: Falls efficacy scale.
* interaction between groups, p<0.005; § significant difference between; NF-lowFOF and NF-highFOF; 1 significant difference between NF-lowFOF and F-lowFOF; « significant difference between NF-lowFOF

and F-highFOF.
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Table 3. Mean, 95% confidence interval of the mean time to complete each task of non-

faller with low fear of falling, non-faller with high fear of falling, faller with low fear of

falling, faller with high fear of falling in all tasks.

Functional tasks

NF-lowFOF (17)

Time (s)

NF-highFOF (17)

Time (s)

F-lowFOF (17)

Time (s)

F-highFOF (17)
Time (s)

Gait

Ascending stairs

Descending stairs

Walking turn

Sit to stand

Stand to sit

1.10 (1.06-1.14)

1.45 (1.33-1.58)

1.32 (1.2-1.43)

1.38 (1.25-1.5)

1.79 (1.65-1.93)

2.03 (1.86-2.2)

1.12 (1.06-1.18)

1.59 (1.45-1.72)

1.44 (1.24-1.64)

1.31 (1.18-1.44)

1.98 (1.71-2.25)

2.28 (1.99-2.56)

1.08 (1.04-1.12)

1.50 (1.38-1.62)

1.36 (1.22-1.49)

1.29 (1.18-1.4)

1.90 (1.71-2.1)

2.11 (1.86-2.37)

1.14 (1.08-1.2)

1.72 (1.53-1.92)

1.56 (1.39-1.73)

1.35 (1.24-1.46)

2.00 (1.81-2.21)

2.06 (1.85-2.27)

NF-lowFOF: non-faller with low fear of falling, NF-highFOF: non-faller with high fear of falling,

F-lowFOF: faller with low fear of falling, F-highFOF: faller with high fear of falling, FES: Falls

efficacy scale.

*


https://www2.cloud.editorialmanager.com/gaipos/download.aspx?id=355897&guid=dd21348e-fcf0-4fab-8f87-72f1e7477819&scheme=1
https://www2.cloud.editorialmanager.com/gaipos/download.aspx?id=355897&guid=dd21348e-fcf0-4fab-8f87-72f1e7477819&scheme=1

Declaration of Interest Statement

We the undersigned declare that this manuscript is original, has not been
published before and is not currently being considered for publication
elsewhere.

We wish to confirm that there are no known conflicts of interest
associated with this publication and there has been no significant financial
support for this work that could have influenced its outcome.

We confirm that the manuscript has been read and approved by all
named authors and that there are no other persons who satisfied the criteria for
authorship but are not listed. We further confirm that the order of authors listed
in the manuscript has been approved by all of us.

We confirm that we have given due consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with respect to
intellectual property. In so doing we confirm that we have followed the
regulations of our institutions concerning intellectual property.

We further confirm that any aspect of the work covered in this manuscript
that has involved either experimental animals or human patients has been
conducted with the ethical approval of all relevant bodies and that such
approvals are acknowledged within the manuscript.

We understand that the Corresponding Author is the sole contact for the
Editorial process (including Editorial Manager and direct communications with
the office). He is responsible for communicating with the other authors about
progress, submissions of revisions and final approval of proofs. We confirm
that we have provided a current, correct email address which is accessible by
the Corresponding Author and which has been configured to accept email from

the Gait and Posture Journal.

Signed by all authors as follows:
Cintia Elord Julio

Fernanda Colella Antonialli
Adriano Santana Xavier

Jodéo Carlos Ferrari Corréa
Gabor Jozsef Barton

Paulo Roberto Garcia Lucareli



Revised Manuscript with track changes Click here to view linked References %

1 FUNCTIONAL TASK KINEMATICS IN OLDER ADULTS: THE ROLE OF

1

g 2 FEAR OF FALLING AND FALL HISTORY AS MEASURED BY
4

5 3 THEMOVEMENT DEVIATION PROFILE

6

7

g 4 ABSTRACT
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12 5 BACKGROUND: Most falls at home of older adults occur during activities of daily
14 6  living, with fear of falling (FOF) heightening the risk.

17 7 RESEARCH QUESTION: How does the fear of falling influence the kinematics of

19 8 functional tasks in faller and non-faller older people?

22 9 METHODS: A total of 68 participants aged 60 and older were divided into four groups:
24 10  NF-lowFOF (non-faller with low fear, control group), NF-highFOF (non-faller with high

gg 11 fear), F-lowFOF (faller with low fear), and F-highFOF (faller with high fear), with 17
% 12 individuals in each group. The three-dimensional kinematics data were analyzed using a

29 13 single number gait deviation index, the mean Movement Deviation Profile (MDPmean),
31 14 to identify which task and group had the greatest difference by comparing the Z-scores

33 15  of the MDPmean. Multivariate analysis and Bonferroni post hoc tests (p<0.05) were
gg 16  employed to analyze group interactions.

36

2; 17 RESULTS: Significant differences in kinematics were observed across all functional
28 18  tasks. The largest effect size between the control group and the other groups for each
j; 19  functional task were descending and ascending stairs, sitting to stand, walking turn and

43 20  gait in F-highFOF, and standing to sit in F-lowFOF. The time to perform each task didn’t
45 21 differ between the groups.

48 22 SIGNIFICANCE: FOF (whether high or low) can significantly impact the kinematics of
50 23 functional tasks in both faller and non-faller older adults. Therefore, assessing FOF in this
52 24  population is crucial to prevent falls and promote rehabilitation, especially in non-faller
54 25  older adults with high FOF.
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INTRODUCTION

According to the World Health Organization, falls are a public health issue and
the second leading cause of death from accidental injury worldwide, especially among
older adults [1]. About 30% of older adults over 65 experience around one fall annually
(and half may fall again), resulting in $50 billion in annual medical costs in the United
States of America [2].

The fall-related risk factors are multiple: advanced age, muscle weakness, gait and
balance changes, visual deficit, comorbidities [3,4] lower limb instability, restricted range
of motion [5], and fear of falling (FOF) [6,7]. Falls are also caused by environmental
factors such as lack of handrails, poor lighting, slippery or uneven surfaces, footwear, and
walking assist devices [8].

FOF is the lack of self-confidence to perform activities of daily living (ADL) [9] and
predicts and causes falls [6,7]. Its prevalence ranges from 3% to 92% [10] in older adults
with a history of falls (HOF); this prevalence is higher in women [11]. Among older adults
without HOF, the prevalence is 50% [10]. Moreover, FOF and falls are common in the
generic older population [7] FOF increases the risk of falls in non-faller older adults and
doubles this risk in faller older adults [7].

To avoid falls, older adults with FOF decrease participation in ADL, decreasing
exercising, social interaction, mental function, functionality, independence, and quality
of life, and increasing the risk of falls [10,12]. Non-faller older adults with FOF walk
more cautiously than fallers [6,11]. Moreover, HOF combined with FOF generates a
subconscious and cautious gait pattern, increasing the risk of falls rather than preventing
them [6]. Therefore, balancing risks and independently performing ADL is difficult for

older adults [10,12].
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Most falls at home of older adults occur during ADL [13], 70% during gait [14].
Thus, the FOF is related to kinematic changes such as decreased speed and stride length,
increased stride width, and longer double support [11].

Functional tasks such as stair ascent and descent, gait with a change of direction,
stand-to-sit, and sit-to-stand are associated with risk of falls and kinematic changes in
older adults with HOF [15]. However, the influence of FOF on these functional tasks is
unknown. Furthermore, literature on kinematic changes in functional tasks usually
explores linear to angular variables [4,16-18].

The movement deviation profile (MDP) is an alternative method of processing
complex biomechanical data into a single curve showing the deviation from typical
movement patterns [19]. Unlike traditional kinematic measures, which often focus on
isolated angular or linear variables, the MDP combines multiple time series of movement
into a unified profile. In a previous study, the mean MDP over the movement cycle was
able to differentiate fallers from non-fallers across six tasks [15]. Higher MDP scores
indicate greater deviations from normative movement patterns, while lower scores reflect
movements closer to the norm. The MDP's capability to condense complex movement
deviations into a single, interpretable value makes it a valuable clinical tool for analyzing
the subtle effects of FOF on functional tasks. According to a systematic review, the MDP
is a more powerful approach than other statistical methods used in gait analysis indices
[20].

Therefore, this study aimed to verify whether FOF influences the angular
kinematics and timing of functional tasks in faller and non-faller older adults. We
hypothesized that FOF with or without HOF changes the kinematics of functional tasks

and the time to realize them.
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METHODS

This cross-sectional study recruited 68 older adults living in the community from
March 2021 to March 2022. The following older adults were included: > 60 years old,
able to perform tasks independently (i.e., without the help of others or walking aids), and
with preserved cognitive status (mini-mental state examination with a cutoff point > 13
for illiterate, 18 for elementary and middle school, and 26 for high school education) [21].
We excluded the following older adults: with surgery on the lower limbs, hip, or spine;
clinical diagnosis of rheumatoid arthritis, neuromuscular, or neurodegenerative disease;
uncontrolled comorbidities; diabetic polyneuropathy, incapacitating pain preventing to
perform the proposed tasks; or uncorrected visual impairment. The included older adults
who reported at least one fall in the last year were allocated to the fallers group [22]. A
fall was defined as “an unexpected event in which the individual comes to rest on the
ground, floor, or lower level” [22].
Participants were divided into four groups: non-faller with low FOF (NF-lowFOF), non-
faller with high FOF (NF-highFOF), faller with low FOF (F-lowFOF), and faller with
high FOF (F-highFOF). Participants who reported at least one fall in the last year were
considered fallers [22]. To evaluate FOF, we used the Falls Efficacy Scale — International,
validated explicitly for the Brazilian population, which was used to classify fall-related
concerns [23]. This instrument assesses the level of concern about falls in ADL using 16
questions with a score ranging from 1 (not worried) to 4 (very concerned). The total score
can range from 16 to 64. In this study, we adopted this scoring system as established in
previous research, where a score below 27 indicates low concern and a score above 27

indicates high concern [24, 6].

Procedures and tools
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This study was approved by the local research ethics committee (no.
28201819.2.0000.5511) and followed the Declaration of Helsinki, and all older adults or
caregivers signed an informed consent form.

We collected sociodemographic data, quantity of medications in use, physical
activity level (International Physical Activity Level Questionnaire) [25], fall risk (Timed
Up and Go test) [26], quality of life (Medical Outcomes Study 36-Item Short-Form Health
Survey) [27], and frailty phenotype (Fried frailty phenotype) [28]. (Table 1)

Each older adult performed all assessments on a single day. The three-dimensional
kinematics of the following tasks were analyzed: gait, sit-to-stand, stand-to-sit, walking
turn, stair ascent, and stair descent.

Anthropometric measurements (i.e., height, mass, distance between the anterior
superior iliac spines, width of knees and ankles, and length of lower limbs) were
performed to define the biomechanical gait model for each participant. A total of 39
retroreflective markers were fixed on the skin using double-sided tape at specific
anatomical sites of the lower limbs and trunk of each older adult based on the Plug-in gait
model [29]. The Vicon system with eight Bonita 10 cameras (120 Hz) acquired the
kinematic data. Next, older adults received verbal and practical instructions to perform
each task. Data were collected after older adults were familiarized with each task.

Functional tasks

Older adults performed all tasks barefoot at a comfortable and self-selected
speed. Six cycles of movements were collected for each task (see Supplementary data).

Data processing

Markers were reconstructed and labelled, and cycles of movements of each task
were defined after acquiring the kinematic data. Next, a Woltring filter was applied with

two mean square errors (2MSE) to the marker trajectories to reduce the noise due to soft
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tissue artefacts causing marker movement during the cycle. The Plug-in gait model (with
an additional segment for the hindfoot) was applied to calculate and estimate joint centers
and body segment poses using the Vicon Nexus® software (version 2.10), and data were
saved in C3D format.

Movement Deviation Profile (MDP)

The MDP uses a machine learning approach through a self-organizing neural
network called SOM, a self-organizing map that was trained using movement data from
the control group (NF-lowFOF). Next, the data of each participant in the control group
(NF-lowFOF) was used to compare the movement data of NF-highFOF, F-lowFOF and
F-highFOF groups. The SOM is an unsupervised machine learning technique used to
produce a low-dimensional representation of a higher-dimensional data set while
preserving the structure of the data and is used to discriminate data [15]. It calculates the
multidimensional Euclidean distance between each older adult and the reference
emerging from the kinematics of NF-lowFOF, providing a single curve for each person,
reflecting their distance from the reference during the movement. Using the entire NF-
lowFOF group ensures that the reference accurately reflects the range of variability within
this population. This approach minimizes the risk of overfitting, as the SOM does not
classify or predict outcomes but instead identifies deviations from the established norm.

One MDP curve was calculated for each older adult and task and compared with
NF-lowFOF, resulting in a single time series of 51 data points derived from 14 kinematic
curves (in six attempts), according to Barton et al., 2012.[19] The 51 values over a
movement cycle were averaged to give the single-number mean MDP (MDPmean) as a
measure of movement deviation [19]. The 14 curves were: the joint angles for all tasks,
trunk and pelvis segments (frontal, sagittal, and transverse planes) in relation to the

laboratory, thigh in relation to the pelvis, shank in relation to the thigh, foot in relation to
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the shank (sagittal plane), foot in relation to the laboratory (transverse plane), and
hindfoot in relation to the tibia (frontal plane) [15].

Therefore, to assess the MDP, we observed that the greater the distance between
the mean curve of MDP (MDPmean) of the control group (NF-lowFOF) and the other
groups (NF-highFOF, F-lowFOF, and F-highFOF), indicates a more significant
difference.

Variables

Time to complete the task

The speed influences the angular kinematics of all tasks [30]. Thus, the cycle time
of the task was extracted to verify whether the time to complete each task was different

between groups.

Statistical analysis

A power calculation resulted in a sample size of 66 participants, setting a
difference for factorial analysis of variance (ANOVA) with two factors (four levels for
group and six for task), using the distribution of the F-test, 5% type | error, and 80%
statistical power. An effect size of 0.533 was considered for differences in MDP mean
values based on the variance of a pilot study performed with six participants per group
and a n? of 0.221. Two participants were included to equalize group sizes; thus, 68
participants were recruited. The sample size was estimated using the G * Power software
version 3.1.9.2 (Kiel University, Germany), and ANOVA was performed using the JASP
Team software (version 0.14.1).

The Shapiro-Wilk test verified normality, and data were expressed as mean and
95% confidence interval (95% CI). The t-test and Mann-Whitney test compared
parametric and non-parametric data, respectively. The Chi-squared test compared

nominal variables.
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The Z-score of the means of MDP curves (MDPmean) was calculated for angular
kinematic data to compare the standardized results between NF-lowFOF and NF-
highFOF, F-lowFOF, and F-highFOF. Mathematically, the algorithm for Z-score of the
MDPmean of the NF-lowFOF group is described by the equation according to Julio et al.,
2023 [15]. A multivariate analysis (MANOVA) with Bonferroni post hoc tests were used
to identify the interaction between the four groups and the time to complete each task.
The SPSS software (version 20.0) performed all analyses, and statistical significance was

set at p <0.05.

RESULTS

Sample characteristics were similar between groups, except for sex (Table 1). The
Z-score of the MDPmean results presented an interaction between groups (I= 0.30,
F=4.87, p<0.01). The Bonferroni post hoc test showed difference between NF-lowFOF
and NF-highFOF, F-lowFOF, F-highFOF in all tasks with p<0.001 (Table 2 and Figure
1). No differences were found between NF-highFOF, F-lowFOF and F-highFOF in all
tasks. (Table 2 and Figure 1) The Z-score analysis suggested that the biggest effect size
between control and other groups, in each task, was respectively stair descent in F-
highFOF (1.02); stand-to-sit in F-lowFOF (0.78); stair ascent in F-highFOF (0.77); sit-
to-stand in F-highFOF (0.66); gait with a change of direction in F-highFOF (0.67); and
gait in F-highFOF (0.53) (Table 2 and Figure 1). The time to complete each task was

similar between groups (1= 0.66, F = 1.821, p = 0.121) (Table 3).

DISCUSSION

This study aimed to investigate the influence of FOF on the angular kinematics of

functional tasks in older adults, comparing those with and without HOF. The hypothesis
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that FOF, regardless of HOF status, affects the kinematics of functional tasks was
supported. Additionally, both FOF and HOF groups showed significant differences from
the control group in all tasks assessed, including gait, gait with a change of direction, stair
ascent and descent, stand-to-sit, and sit-to-stand movements.

This study is the first to evaluate the three-dimensional kinematics of a set of tasks
related to the risk of falls and to investigate the influence of fear of falling in older adult
fallers and non-fallers using a self-organizing neural network (MDP). The results have
shown that movement changes increase with greater fear of falling in non-fallers, and
even more so in those with a history of falls, except for the movement of sitting down.
The interpretation of MDPmean is explained using Z-Scores, where a higher Z-Score
indicates a greater deviation in movement from the control group.

An important finding of this study is that there is no difference between non-faller
group with high fear and fallers with low and high fear of falling. This raises concerns
about the care and assessment of older adults with no history of falls but a high fear of
falling, as they may not show any difference in the time to perform the task and other fall
risk assessments.

Therefore, this group of people deserves greater attention from clinicians and
researchers to better understand whether they are more likely to suffer a fall in the future.
Previous studies have also highlighted the importance of biomechanical analysis in older
adults with fear of falling. For instance, Bueno et al. 2019 carried out a study using a gait
index to evaluate the analysis of three-dimensional kinematics and only evaluated gait.
Their results showed a greater difference in internal and external rotation of the hip and
plantar flexion and dorsiflexion in individuals with a high fear of falling without a history
of falls [6].

The greatest difference from the control group was in F-highFOF in all tasks,
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excepted in stand-to-sit task. Compared with non-fallers, faller older adults present
kinematic changes in gait, such as lower speed, step length, and time in single support
and longer double support [31]. Non-faller older adults with FOF have shorter stride
lengths and lower speeds than faller older adults with FOF. These strategies aim for a
more cautious gait to avoid falls. However, the association of HOF and FOF enhances
gait with an opposite and unconscious protective effect, hampering balancing risk and
independently performing ADL [6].

We also found that the Z-score in stand-to-sit was higher for F-lowFOF than for
sit-to-stand in all groups. This means that F-lowFOF had more difficulty in lowering
themselves from standing to sitting than in rising from sitting to standing. This is
consistent with previous studies that suggest that faller older adults have worse eccentric
control, which is needed to control the vertical and medium-lateral movement of the
center of mass when standing to sit [5,32]. Moreover, our results showed that the
kinematic changes in the stand-to-sit task were more affected by HOF than FOF. This
needs further attention and investigation for better understanding.

Gait with a change of direction also differed from the control group. Also, the
greatest difference was in F-highFOF and NF-highFOF, suggesting more influence of
FOF than HOF. Kinematic changes of this task were described in healthy older adults.
High FOF was associated with lower velocity through the turn and maximum angular
difference of the head to the trunk and pelvis, indicating increased joint stiffness to reduce
oscillations and to maintain balance during turning [33].

Regarding stair ascent and descent, the greatest difference from the control group
was in F-highFOF. Also, the greatest difference between groups and tasks was F-highFOF
during stair descent. This finding corroborates the higher prevalence of falls during

descent [34], although its kinematic changes in faller older adults are more described
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during ascent [35]. Furthermore, faller older adults present decreased horizontal and
vertical height between the foot and step compared with younger adults and non-faller
older adults. This strategy may reduce time in single support to compensate for aging
factors (e.g., lower muscle strength, lower range of motion of lower limbs, and balance
deficit) [35].

Previous research has demonstrated that individuals with a history of falling take
longer to complete specific tasks [5,18,31]. However, our current study found no such
difference between the groups regarding time. The results were unexpected and suggested
that time was not influenced by either a history of falling or fear of falling. In our study,
we used the Timed Up and Go (TUG) test to assess the sample and found that the groups
did not exhibit any differences in time and did not meet the TUG risk of falls cutoff time
of 12.47 seconds [25]. The time to perform the tasks leads us to conclude that changes in
movement may be better explained through angular kinematics. Although not tested in
our study, possible explanations for these findings, such as the controlled laboratory
setting and lack of recurrent falls in the sample, have been proposed. Further research is
needed to address these hypotheses.

The sample was mostly female, which may be a limitation. Falls and FOF are
more frequent in older women since they express their concerns more than men. This may
explain, in particular, the groups with lower fear of falling [36,37]. Therefore, the
sociodemographic variability, including sex differences, must be taken into account when
interpreting the results of our study. Future research should aim to include a more
balanced sample in terms of sex distribution to further elucidate the potential impact of
these differences on MDP outcomes.

Previous studies demonstrated that behavioral factors might influence movement

changes during ADL in individuals with FOF. Older adults with high FOF adopt
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stiffening strategies to reduce destabilizing postural oscillations in challenging tasks,
explaining the greater difference between groups during stairs descent [38].

Attention allocation may explain the strategies adopted by older adults with FOF
in ADL. They may focus less on threatening stimuli by creating a vigilant response to
environmental factors that threaten balance and which alert behavior increases FOF [38].
Visual alteration caused by anxiety may also explain such strategies since anxious older
adults do not perform visual searches due to poor information retention. Consequently,
movement safety is impaired by insufficient visual-spatial information to perform optimal
planning [38]. Therefore, the findings of this study reinforce the need for biomechanical

analysis in older adults with fear of falling, as well as approaching other tasks.

CONCLUSION

The use of kinematic analysis by MDPmean has been shown to be an effective
method to assess older adults with fear of falling (FOF). However, to better understand
the differences between groups, it is important to investigate the role of joints in
movements and functional tasks, and their contribution to these differences. In summary,
FOF (whether high or low), also history of fall can significantly impact the angular
kinematics of functional tasks in both faller and non-faller older adults. Therefore, it is
crucial to assess FOF in this population to prevent falls and promote rehabilitation,
especially in non-faller older adults with high FOF. Additionally, further research

exploring other variables may be worthwhile.
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