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Abstract

In Ireland, osteoporosis is one of the greatest societal and economic health challenges, affecting between 300,000 and 500,000
people [CJ23]. A 2019 European report noted that Ireland has one of the highest rates of fracture in Europe, while the costs
associated with managing fractures was 7.2% of national healthcare [JA21, JA22]. Physical exercises are considered to be a
powerful non-pharmacological strategy for people with osteoporosis and/or those who are at risk of falling [Diol4]. Notwith-
standing the positive impact of physical exercise, the participation in and adherence to an exercise regimen by older adults
is often low due to inconvenience (i.e., lack of time, lack of motivation, accessibility issues), fear (i.e., falling, safety), cost
and/or boredom [OYWALSRDKV8]. Exergames are defined as games requiring the participant to be physically active; they
can be delivered through augmented reality (AR)/virtual reality (VR) [Oh10]. Despite the potential of AR task-oriented physical
therapy training and exergames for people with osteoporosis, there is a notable paucity of research in this area [GNG20].

As part of our research, five physical therapy exercises targeting older adults with osteoporosis have been approved by a
chartered physiotherapist, an occupational therapist and two Rheumatologist consultants at Galway University Hospital. We
are currently in the process of mapping these physical therapy exercises into a set of five AR exergames. The design of these
AR exergames is underpinned by a systematic literature review (in the final stages of publication) and existing guidelines. A
formal investigation of the impact of AR exergames in improving balance and reducing the likelihood of falls for people with
osteoporosis will take place next year, with control and intervention groups.

Our demonstration is a first version of one of these AR exergames which reproduces a squat exercise. During this exergame, the
player wears an AR headset (Microsoft Hololens 2). When they start the exergame, a menu of different levels is displayed. The
player selects the level appropriate to their abilities, after which a series of clouds appear and move toward them. The goal
is for the player to avoid the clouds using a squat movement. As they perform the exercise in a gamified context, the relevant
biomechanical points will be checked to ensure correct alignment and the delivery of appropriate feedback. To check the status
of the biomechanical points, this exergame uses a body tracking camera (Azure Kinect 2) to provide direct and real-time
feedback. Ultimately, this squat exercise AR exergame will be incorporated into a series of exergames, which will adapt to the
capabilities and preferences of the player with osteoporosis.
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1. Floor Plan

Note: The demo is a first version of the squat exergame which will
be available for the Microsoft Hololens 2 by the end of November.

Our AR exergame is part of a set of five exergames which have
been designed to improve balance and reduce the likelihood of
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falls for people with osteoporosis. Exergames are defined as digital
games which require the player to stay physically active in order to
play the game in a task-oriented and gamified context. This demo
requires the player to perform a squat exercise to progress in the
game. The player can select a level from the menu displayed at the
commencement of the game. The levels comprise; demo, level 1,
level 2 and level 3, and are differentiated by the associated settings
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Figure 1: (a) iteratives clouds instantiation; (b) screen displayed; (c) and (d) Unity scene with body skeleton, avatar and game items

(i.e., number of repetitions, set structure, speed of objects etc.). In
the context of this squat exergame, when the player selects a level,
the game starts with the adapted settings and clouds are instanti-
ated. A delay of 6 seconds is given between each cloud instantiation
to give the player time to perform the squat exercise and rest. Feed-
back is displayed after each repetition according to how the player
performs. Feedback is adapted to the player’s posture and move-
ment made in front of the camera. If the movement is not going
deep enough or the back is not sufficiently straight, feedback will
be displayed which will help the player adjust and ameliorate their
position. This squat exergame in addition to the other exergames in
the set, has been approved by social and health professionals.

Regarding specific setting:

Technological: Our game requires an Azure Kinect. A more
developed version using the Microsoft Hololens 2 and including
additional interaction will be ready by end of November.

Additional material: Our game requires one chair, a tripod and
a non-slippery surface.

Space: The player requires sufficient space to allow them to
stand behind the chair while holding on to it, and practice squats.
The Azure Kinect needs to be placed to the side of the player, at a
distance of 2meters and at a height of 80-100cm.

Lighting: While no specific lighting is required, the light needs
to be on, but should not be too bright.

Audio: There is no audio requirement.

Time to set up: 20min.

Number of people required: 1.

References

[CJ23] CAREY JJ E. A.: Prevalence of low bone mass and osteoporosis
in ireland. JBMR-Plus (2023). 1

[Diol4] DIONYSSIOTIS Y. S. G. P. P.. Modern rehabilitation in os-
teoporosis, falls, and fractures. Clinical medicine insights. Arthritis
and musculoskeletal disorder (June 2014). doi:10.4137/CMAMD.
S14077. 1

[GNG20] G.NAMBI W. K. ABDELBASSETS. A.M.H.R.S.T.E.E.,
GEORGE J. S.: Effect of virtual reality training on post-menopausal
osteoporotic wome. Archives of Pharmacy Practice (2020). 1

[JA21] JA K.: Scope 2021: a new scorecard for osteoporosis in europe.
Arch Osteoporos (June 2021). 1

[JA22] JA K.: Osteoporosis in europe: a compendium of country-specific
reports. Arch Osteoporos (June 2022). 1

[Oh10] OH Y. Y. S.: Defining exergames and exergaming. Proceedings
of Meaningful Play, Easi Landsing MI. (2010). 1

[OYWALSRDKV18] OKUBO Y. WOODBURY A. LORD S. R. DEL-
BAERE K. VALENZUELA T.: Adherence to technology-based exercise
programs in older adults: A systematic review. Journal of geriatric phys-
ical therapy (2018). doi1:10.1519/JPT.0000000000000095. 1

© 2023 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.


https://doi.org/10.4137/CMAMD.S14077
https://doi.org/10.4137/CMAMD.S14077
https://doi.org/10.1519/JPT.0000000000000095

