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Abstract

Osteoporosis, one of the leading causes of disability in older adults, significantly reduces the quality
of life and leads to loss of independence. Dynamic development of “smart” solutions based on
artificial intelligence more and more commonly applied in older people’s houses may be an answer
to the above issues.

The aim of this study is to present selected “smart home” solutions for the diagnosis and prevention
of falls in the older population through a literature review. The conducted meta-analysis based on
a review of the scientific literature available in English and Polish in the Medline/PubMed, Embase,
Scopus, and GBL databases was undertaken from 01.01.2015 to 01.10.2020 with the string search
method using key words.

According to the authors of this study, the development of new technology based on artificial intelli-
gence allows older people to live independently, which contributes to a higher level of life satisfac-
tion and quality.

Key words: fall prevention, artificially intelligent home monitoring, innovative assisted living tools,

home hazards.

Introduction

Osteoporosis is a metabolic disease characterized by
a loss of bone density and changes in bone microarchi-
tecture, which leads to significant reduction in the func-
tional capacity and life quality of the older population [1].
This disease afflicts 22.1% of women and 6.1% of men
over 50 years of age in the world. According to the
data of the National Health Fund, the number of peo-
ple suffering from osteoporosis in Poland, in 2018, was
2.1 million, including 1.7 million women [2].

The biomechanical parameters of bone tissue
change with age, reducing its strength and contribut-
ing to fractures and poor global sagittal alignment as
a result [1]. According to a study by Czerwinski et al. [3],
the most common fractures are proximal femur frac-
tures, including femoral neck and pertrochanteric
fractures, distal forearm fractures, proximal humeral
fractures, vertebral compression (mainly thoracic) frac-

tures and lower rib fractures. In 2018, 120 thousand frac-
tures reported in Poland were recognized as the effect
of osteoporosis, including 34.7 thousand fractures of
the proximal femur [2].

However, a growing number of studies focus on
functional impairments such as spinal curvature defor-
mity, poor sagittal balance and decreased trunk mobil-
ity. Postural changes in the spine, especially thoracic
hyperkyphosis, commonly known as dowager's hump
or lumbar kyphosis, lead to an increased deflection of
the body’s centre of gravity which in combination with
a limited visual field caused by poor global sagittal align-
ment additionally contributes to falls [4].

After the outbreak of the SARS-CoV-2 epidemic, with
the introduction of lockdown and the consequent de-
crease in the number of high-energy injuries resulting
from traffic accidents and sports injuries, the problem
of low-energy fractures caused by slips, trips and falls at
home came to the foreground.
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A study by Zhu et al. [5] in China showed that hip
fractures were among the most frequent (58.3% of all
fractures). The dominant mechanism of injury was a fall
from a standing position, representing a proportion of
89.4% (405/453). It has been found that 72.7% of all
fractures occurred in the patient’s home [5].

The study by Lv et al. [6] revealed that he proportion
of osteoporotic fracture — 32.5% — in the epidemic group
was significantly higher than that of the control group
(before the COVID-19 epidemic) — 26.9%. Among oste-
oporotic fractures in the epidemic group, hip fractures
accounted for 68.4% of all fractures, then thoracolum-
bar vertebra fracture (17%), proximal humerus fracture
(9.9%), and distal radius fracture (4.8%). In the control
group, hip fractures accounting for 57.8% of osteoporot-
ic fractures, followed by thoracolumbar vertebra frac-
ture (24.3%), distal radius fracture (11.5%) and proximal
humerus fracture (6.4%) [6].

Statistically, one in three people in the world over
65 years of age falls every year, and half of them fall at
least twice [7]. According to the WHO, determining the
real cause of falls in older people is difficult due to the
coexistence of many potential causes of falls [8].

The analysis of publications among the most im-
portant factors indicates the issues related to posture
and balance control of various aetiologies, sarcopenia,
gait disturbances caused by various conditions and
weakness syndrome [9-11]. It has also been shown that
a positive history of falls in the past and fear of falling
contribute to its occurrence [12, 13]. An increased risk of
falling is caused by visual impairment including visual
field impairment and visual quality [14, 15], dizziness,
changes in orthostatic pressure and arrhythmias [16, 17].
Behavioural factors such as limited physical activity, use

of inappropriate footwear, polypharmacy, and taking cer-
tain medications also increase the risk of falls [11, 18-22].

The study shows that environmental risk factors relat-
ed to the design and arrangement of space are perceived
by older people as direct causes of falls [23]. It has been
proved that slippery floors, the absence of anti-slip mats,
handles and handrails for showers and restrooms, un-
even surfaces, carpets and rugs, inadequate lighting, ca-
bles on the floor, as well as unadjusted height of furniture
and sanitary facilities, contribute to falls [24-27]. There-
fore, in order to meet the real needs of seniors, the ac-
commodation spaces should be designed and adapted in
accordance with the concept of the “smart home”, using
new technology solutions that increase the convenience
and comfort of use, and above all the safety, of seniors.

The aim of the study is to present selected “smart
home” solutions for the diagnosis and prevention of
falls in the older population, particularly with osteoporo-
sis, based on a literature review.

Material and methods

An analysis of the English scientific literature avail-
able in the MEDLINE/PubMed, Embase, and Scopus da-
tabases was undertaken from 2015 to 2020 to identify
relevant articles on smart home technology for acci-
dental falls with the string search method. Additionally,
a manual search (hand searching) of the Polish publica-
tions available in GBL and the Google Scholar search en-
gine was carried out.

The adopted methodology of article selection was
based on the designed scheme of searching for sci-
entific reports using key words as shown in the figure
below (Figure 1). A variety of synonymous terms were
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Fig. 1. Scheme of the selection of analysed articles.
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Table I. Key words and synonyms

Key word Synonyms

Smart Home Assistive technology (MeSH), Self-help devices (MeSH), Artificial intelligence (MeSH) in eldercare
Elderly Aged (MeSH), Aging (MeSH), Older adults

Home Accidents (MeSH) Accidental falls (MeSH), Fall and slip (MeSH)

MeSH — Medical Subject Headings.

combined using Boolean logic, and a collection of three

groups of key words was selected: 1) smart home,

2) elderly, 3) home accidents. To include all relevant

publications, their thesaurus equivalent words and as-

sociated Medical Subject Headings Terms, i.e. assistive
technology, smart home technology, self-help devic-
es, artificial intelligence (Al), elderly, aging, aged, older
adults, home accidents, accidental falls and fall and slip

in older population were also used in the search (Table I).

The article is based on quantitative, qualitative,
mixed method peer-reviewed publications, and pub-
lished conference papers.

Inclusion criteria:

* published between 01.01.2015 and 25.09.2020 in En-
glish or Polish,

* peer-reviewed journal articles and published confer-
ence papers,

« studies focused on novel self-help devices, artificial in-
telligence, and smart technology helping to maintain
independence of older adults,

* publications focus on the prevention of accidental
falls and slips,

« aged 65 and older.

Exclusion criteria:

* published before 01.01.2015 and in languages other
than English and Polish,

« article type: books and documents.

The works obtained included: clinical trial, random-
ized controlled trial, meta-analysis, systematic reviews
case reports, conference papers.

Results

As a result of the algorithm search, a total of
198 works were found. After excluding duplicates and
articles that were not quite thematically relevant for ver-
ification, based on titles and abstracts, 62 results were
obtained. After careful examinations of the content of
62 articles, 23 of them were recognized by the authors
as the most important and innovative information and
those are subsequently discussed in this study.

Based on a full-text analysis of 62 articles, the ob-
tained results have been organized into the following
categories (Table I1).

Table Il. Highlighted categories based on the “Smart
Home” key words with synonyms in the analysed lite-
rature

1. Fall detection system [29-36]

2. Smart home appliances control [37, 38]
3. Assistive devices [39-41]

4. eHealth [42, 43]

5. Design and equipment of accommodation spaces
customised to the needs of older people [25, 27-46]

The first category contains articles on both the de-
tection and prediction of falls based on gait analysis,
real-time monitoring of people, and data analysis from
wearable and environmental sensors. The issues related
to this topic are presented in 34 articles. Another catego-
ry distinguished by the authors encompasses all innova-
tive solutions for controlling home appliances and home
equipment to increase the safety and comfort of use by
older adults. This fact is pointed out by the authors of
5 analysed publications. The issues related to the use of
assistive devices by older people, such as walkers, canes,
crutches, as well as robotic assistants, are discussed in
5 reviewed articles. Remote health monitoring and the
development of telemedicine services are the main top-
ics of 7 articles found.

In this article, due to the existing differences in
searching by key words in English and Polish, it was nec-
essary to refrain from thoroughly discussing the topic of
designing and furnishing accommodation spaces that
meet the needs of the older population. This issue, in
the opinion of the authors with a rich, well-developed
bibliography, exists under the term MeSH: Housing for
the Elderly and is not a subject of this analysis. For this
reason, the authors selected only 11 articles, including
English articles devoted mainly to assistive devices in
the bathroom and restroom that ensure safety during
the transfers.

The collection of articles presented below is sub-
jective; it indicates which innovations — in the authors’
opinion — are effective. According to the authors of this
publication, the discussed issues concerning “smart
home” solutions for the diagnosis and prevention of
falls in the older population provide a new approach to
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the practical methods of using innovations, arising from
the development of artificial intelligence techniques, in
everyday life.

Discussion

Accommodation spaces customized to the needs
of older people using the “smart” concept minimize the
necessity for another person’s interference, supporting
seniors’ sense of independence and self-sufficiency in
their own environment. Adaptation of accommodation
spaces should be compliant with the safety rules, conve-
nient to use and easy to maintain [28].

In the literature examined, attention is drawn to
the wide application of new technology to predict and
identify falls. It shows that machine learning algorithms
and a predictive approach are perfectly suited to the fall
detection systems [29, 30]. The algorithms rely on indi-
vidualized wearable sensors, ambient sensors, e.g. us-
ing a 3D camera system or mixed sensors [31, 32]. Small
sensors, which are usually placed with a strap or glued
to the tested person’s body, can also be correlated with
phones, smart watches or special clothing. After collect-
ing motion readings from the sensors in real time, the
data are transferred to the application via a wireless net-
work to provide a 3D model [33]. The most common sen-
sors include inclinometers, vertical gyroscopes, vertical
reference units, inertial measurement units, position and
course information systems, and INS/GPS based navi-
gation systems [34, 35]. A study by de Miguel et al. [36]
points to the fact that the disadvantage of using fall de-
tectors based on wearable sensors is a high probability
that the older people may forget to put on the sensors.

The development of new technology used in the pre-
diction and detection systems based on machine learn-
ing algorithms and the predictive approach may help to
prevent falls and their consequences; however, further
investigations are needed.

Analysing the literature in the category of smart
home appliance control, it is possible to name: intelli-
gent motion sensor-based lightning, automatic window
blinds, room temperature control, receiving alerts, e.g.
from smoke detectors, power on and off detectors, and
meters transmitting data via radio. Particular attention
should be paid to strong and uniform lighting of floors,
stairs and worktops. Spot lighting for suspended ceilings
and skirting boards with LED lighting are recommended.
Lighting in the room should imitate daylight following
the circadian rhythm, i.e. to maintain consistent light
and colour levels, affecting the endocrine system [37, 38].
Smart control of home appliance and equipment in-
creases seniors’ sense of security and comfort of use.

The innovative assistive devices include assistive
robots and assistive equipment, e.g. a cane or a walker,
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which are additionally equipped with an automatic sys-
tem projecting laser visual guidance 39, 40].

Pfripl et al. [39] conducted a study called the “HOBBIT
Project” on the impact of social robots on seniors‘ self-
reliance and sense of independence. The purpose of the
project was to put inexpensive robots into domestic use
and thereby reduce the risk of falls and assure support
in emergencies. The results confirmed the intuitive oper-
ation of the robot and its functionality corresponding to
the needs of the seniors, while the respondents perceived
the robot more as a toy than a device supporting indepen-
dent living. Moreover, the authors proved that despite the
emergency function of the robot in life-threatening situa-
tions, the sense of safety did not increase [39].

Anotherinnovative assistive tool used by older people
additionally diagnosed with Parkinson’s disease is a sys-
tem designed to detect the so-called freezing of gait
(FOG) and falls, as well as to monitor and improve mobil-
ity with laser visual guidance projected by an automatic
laser system. The tool relies on an automatic, unobtru-
sive and dynamic visual guidance system based on laser
line projection. The RGB-D sensors use Microsoft Kinect
v2 and a laser projection system. A study by Amini et al.
[41] indicates absolute usefulness of the device in terms
of increasing mobility and improving gait. In the study
group, 86.6% of people were satisfied with the system’s
detection of FOG incidents. On the other hand, the au-
thors also draw attention to the existing drawbacks of
the system, such as coverage in rooms and the necessity
to install the system in different areas of the house that
are used most often [41]. The laser projection system
functionality also applies to the assistive equipment —
a walker. The laser projecting a line on the floor is ac-
tivated by pressing an additional button in the walker
handle. The purpose of such a solution is to improve
gait, and promote everyday activity, both inside and out-
side the accommodation space [40].

The application of innovative solutions to assistive
devices, such as a walker, significantly improves the gait
quality. Putting assistive robots into practical use may
face restrictions on the part of the older people, who
may refuse to use them or treat them as toys, prevent-
ing them from fulfilling their intended function.

In the eHealth category, there are various health
monitoring systems based on wearable sensors too and
on the integration of several tools with environmental
sensors, platforms for monitoring the biological sig-
nals of tested subjects as well as a data transmission
system. Health monitoring includes electrocardiogra-
phy, respiratory rate, heart rate, body temperature, and
falls. The system integration enables real-time health
monitoring as well as sending alerts in life-threating
cases. The continuous development of e-Health services
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creates possibilities for older people to maintain maxi-
mum independence, which translates into an increase
in satisfaction and quality of life [42, 43].

Numerous scientific reports indicate that trunk de-
formities also lead to chronic back pain, worsen the
quality of gait and significantly reduce physical activity,
e.g. climbing stairs. Taking into account the above health
restrictions, potential facilities in the accommodation
spaces aim to create safe conditions and enable inde-
pendent lifestyle. Locomotion safety is ensured by an
adequate amount of space for movement, elimination
of obstacles (thresholds, carpet edges, wires and other
items that may cause accidental falls), appropriate an-
ti-slip surface, the possibility of using additional equip-
ment such as handrails and handles, optimal room light-
ing and application of the principle of colour contrast
to the elements of home furnishings [25, 27, 28, 38].
The authors recommend such a layout of the rooms
and arrangement of the property that enables optimal
movement along the communication routes, without
the necessity to cover long distances [38].

According to Wilson et al. [44], everyday applianc-
es and frequently used elements of equipment such
as light switches, handles, electrical sockets, cabinets,
shelves, and drawers should be installed at a height that
does not require bending and within reach of the arms
of a person in a wheelchair. In the literature, special at-
tention is paid to restroom handles for toilet transfers.
The authors agree that with the double vertical handles
the transfers are significantly more effective and best
controlled in senior facilities [45-47]. Through the adap-
tation of the accommodation spaces to the functional
abilities of people living in them, worsening with age,
older people can enjoy self-sufficiency and indepen-
dence for a longer time.

Adapting the rooms to ensure seniors’ safety is also
beneficial from an economic point of view. In 2018, the
value of reimbursement of benefits in Poland due to
osteoporotic fractures amounted to PLN 476 million [2].
From this point of view, the interior design as well as
appropriate finishing and equipment, i.e. adapted ma-
noeuvring zones for a wheelchair, items facilitating the
sense of direction, selection of finishing and furnishing
materials that are easy to clean and maintain, reduction
of objects, and organized storage space, can indirectly
contribute to reduction of the incidence of osteoporotic
fractures [43, 44].

Conclusions

Preventing home hazards that cause low-energy
injuries to the elderly population should become a pri-
ority in comprehensive geriatric care. The development
of new technology based on “smart home” innovative

solutions allows older people to be independent, con-
tributing to a higher level of satisfaction and quality of
life; however, since not all solutions are approved by se-
niors, further investigations are needed.

The authors declare no conflict of interest.
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