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Abstract

Objective: This research aimed to measure the benefits in older adults’ motor performance and quality of life
during a 12-week-long multidimensional training combining custom-made exergames and traditional exercise
in a complementary manner, compared with traditional training alone.

Materials and Methods: Community-dwelling older adults participated in a randomized controlled trial (N=31)
consisting of two weekly exercise sessions of 60 minutes for 12 weeks. Participants allocated to the exergames
group (n=15) had one individual session of exergames and one traditional exercise group session per week.
Control group participants (n=16) had two weekly traditional exercise group sessions. Outcome measures on
fitness, balance, and health-related quality of life were measured at the start of the intervention, 6th, 12th, and
16th week (1-month follow-up).

Results: The exergames group showed a significant increase in lower-body and upper-body strength from pre-
to postintervention. When compared with control, participants had significantly higher developments of upper-
body strength from pre- to postassessments. There was a significant decrease in shoulder range of motion between
the end of the intervention and follow-up for participants in both conditions. Balance increased significantly
during the intervention but decreased at follow-up in both conditions. The mental component of health-related
quality of life was significantly higher at the end compared with the start of the intervention in the exergames
group, and this difference was significantly higher when compared with control.

Conclusion: Integrating personalized exergames designed for multidimensional fitness training in traditional
settings can be an effective strategy to enhance older adults’ motor performance and mental well-being.
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Introduction

D EVELOPED COUNTRIES ARE UNDERGOING a demographic
shift toward a more aged Population due to low birth

rates and rising life expectancy. In 2018, 28.2% of the Por-

tuguese population was >60 years, and nearly one-third of

Europeans will be >65 years by 2060.> Concurrently, phys-

ical inactivity is an identified health risk. Sedentary behaviors

are the fourth main risk factor in worldwide mortality, asso-
ciated with 6% of deaths.* These behaviors are more preva-
lent in older adults, with 65%-80% of their awake time spent
sitting.

Evidence shows that regular physical activity produces
extensive health benefits, particularly in older adults who
experience more frequently the outcomes related to inac-
tivity.* The American College of Sports and Medicine made
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recommendations and guidelines for physical activity in old
age.® They recommended 150 minutes per week of multi-
dimensional moderate-intensity exercise, targeting aerobic
fitness, musculoskeletal function, flexibility, and balance.

Exergames, videogames that require physical exercise to
be played, offer an affordable option to prevent sedentarism.
Previous studies on the effects of exergames show positive
impact on physical fitness and overall health.”** Exergam-
ing facilitates moderate-intensity physical activity levels’®
and is as effective or sometimes more than conventional
exercise.” Regarding clinical effects, outcomes have shown
to be small but significant,'® with improvements in gait,
balance, and cognitive function.''”'* Exergames have also
been found to reduce depressive symptoms while improvin%
quality of life'" and positively affecting healthy lifestyles.'
Exergames for elderly had positive impacts on f?hzsical
and mental health,'® balance and postural control,'*™'® mo
bility,'*'*"overall fitness,”® and motivation aspects.>' In
addition, players have reported forgetting time, place, and
pain, which can be an added benefit of the immersive nature
of games.?

The most effective serious games are customized to
both the target population and behavior that they want to
change.'” In terms of motivation and preferences, mastery
over the game is an essential factor,”* and a clear preference
for gesture-based controllers was identified in the elderly.*
The match between skill and challenge, fitness and inten-
sity, is a motivating factor.”®*” Other factors that improve
engagement in games are music, lack of consequences for
underperformance, adaptive difficulty,”® and clear goals and
progression levels.” Besides these, exergames should not
be seen as an extraordinary activity but instead offered as an
accessible, complementary, and enjoyable activity akin to
traditional exercise.”

Although there is an extensive body of research in this
field, further efforts need to be made if exergames are to
become a scientifically proven modality for exercise.'* Ac-
cording to a review of 149 publications, 40% of the research
focuses on the 10-20 age gap.? It was observed that almost
three-quarters of the studies were conducted in laboratory
environments, reducing the generalizability of results and
feasibility in field settings. Concerning exergames for older
adults, a review of thirty articles showed that two-thirds
of the studies targeted balance or fall prevention as pri-
mary outcomes,'” lacking studies that cover other motor
performance domains. A review of 60 studies targeting older
adults found that more than two-thirds of them used com-
mercial exergames,” which tend to be designed with other
populations in mind and overlook older adults’ specific
needs. Other reviews into this subject also report that there
is a lack of studies that explore the longitudinal effect of
exergames.”'’

In previous study, we presented four exergames for the
elderly, intended to train several key functional fitness di-
mensions.® The game design was steered by what was
learned from the literature on serious games for health and
made to the target population through a user-centered design
approach.®’ Although we have shown that these games
can achieve the recommended levels of physical activity
in the elderly,”’33 in this article, we want to address some
of the aforementioned limitations and answer the following
question:
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e What are the older adults’ motor performance and quality
of life benefits obtained by complementing custom-made
(multidimensional) exergames with traditional exercise
during longitudinal training compared with traditional
training alone?

Materials and Methods
Experimental design and protocol

We designed a 12-week-long randomized controlled trial,
where participants were randomly allocated to an experimen-
tal or control group. Both groups underwent two sessions per
week consisting of warmup (10 minutes, stretching and mus-
cular preparation), multidimensional physical training (40
minutes, intense exercise), and cooldown (10 minutes, mus-
cle relaxation). Two sports professionals alternately led the
sessions that were designed to be equivalent in Frequency,
Intensity, Time, and Type.>* The training was structured fol-
lowing American College of Sports Medicine recommenda-
tions for multidimensional training for older adults®: 50% of
aerobic training, 30% upper and lower limb strength, and 20%
motor ability training. The difference between the groups lay
in the exercise modality that was practiced at the sessions.

o Exergames group—Combined exergames and conven-
tional training: Engaged once a week in individual
exergames sessions. The other weekly session was
conventional group exercise.

e Control group—Conventional training: Engaged in con-
ventional exercise group sessions two times per week.

Conventional training sessions were based on the exercise
patterns of a local elderly gym, covering marching in place,
step touches, stepping on pads, squats, and others.

Participants were assessed for functional fitness and
health-related quality of life at four different moments: pre-
intervention (Oth week), mid-intervention (6th week), post-
intervention (12th week), and 1-month follow-up (16th week).

Setup

The system consisted of a low-end gaming computer,
a projector that projected the games on the floor, and a
Microsoft Kinect V2 to track the players (Fig. 1). The 2.5 m X
3.0m floor projection acted as a digital playground, large
enough to demand measurable amounts of exertion.*>*

Exergames

Five custom-made exergames were used in the interven-
tion (Fig. 2).>*3! These were developed by a multidisciplin-
ary team in a human-centered desi?,n process based on
playtests with the target population.”’ Each game was de-
signed with a functional fitness area in mind, and four of the
games follow a national tour of Portugal theme, focusing on
traditional regional activities. The games are as follows:

e Grape Stomping: Recreates the traditional method of
grape treading in wine production. Focusses on aerobic
training, elicited through the need to step in place to
stomp the grapes, with a minor component of upper-
body strength and cognitive training.

e Rabelos: Players must navigate a boat downriver, using
arm rotation to row and side-stepping to avoid obsta-
cles. Its focus is upper-body strength training due to
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FIG. 1.
study.

Diagram showing the system setup used in this

both the rowing gesture and the motion needed to pick
cargo from the docks. Minor lower-body strength train-
ing is performed due to the side-steps.

e Exermusic: A large floor projected piano keyboard
where players must step over the correct key at the
right time. Focus is lower-limb strength and flexibil-
ity. There is a minor training component of upper-body
strength due to the need for arm movement to trigger
bonus notes.

e Toboggan Ride: Replicates an old transportation method
used in Madeira, Portugal. The players control a tobog-
gan downhill through trunk flexion-hyperextension
movements and side-stepping, thus training balance,
postural stability, and trunk muscular strength.

e Exerpong: A mix of the classic Pong and Breakout
games adapted to exergaming. The player’s side-step

motion controls a paddle, provides a fast-paced game to
train aerobic endurance, agility, and dynamic balance.

Measurements

To assess fitness, we used six tests of the Senior Fitness
Test battery™:

e 30-s Chair Stand Test—Lower-body strength, number
of complete sit to stand repetitions in 30 seconds.

e 30-s Arm Curl Test—Upper-body strength, number of
bicep curl repetitions with a weight in 30 seconds.

e Chair Sit-&-Reach—Lower-body flexibility, centime-
ters that the fingertips go past the toes when reaching
the toes from a legs extended sitting position.

e Back Scratch Test—Shoulder range of motion, hand
overlap (or distance) in centimeters when meeting them
behind the back.

e 8-Feet Up-&-Go—Agility and dynamic balance, time to
stand, walk 2.4 m, return, and sit. Higher score means
lower performance.

e 6-Minute Walk Test—Aerobic endurance, distance, in
meters, walked in 6 minutes.

To quantify the risk of fall we used the Short Form Full-
erton Advanced Balance Scale (FAB), which consists of four
tasks that test static and dynamic balance.’® Each item is
scored on a 5-point ordinal scale (0—4); the sum of all item
scores is the total FAB, rated 0-16. Finally, the 12-Item
Short-Form Health Survey (SF-12) was used to evaluate the
quality of life outcomes from the participants’ perspective.®’
The score of this test is made of two components, mental and
physical.

Participants

The study took place in a local (Madeira, Portugal) senior
gymnasium where active community-dwelling older adults
were recruited. The inclusion criteria were 50-75 years old,

FIG. 2. The set of Exergames used in the Exergames group. Grape stomping (A) and Exerpong (E) train aerobic fitness.
Rabelos (B) trains upper and lower limb strength, whereas the Exermusic (C) and Toboggan Ride (D) train motor ability.
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able to read and write, members of the gymnasium for 3 or
more months, able to understand the procedure, game rules
and goals, no severe visual impairments, no impediment to
exercise practice, no severe or unstable heart diseases, a FAB
score higher than 9, and no falls for the past 6 months. A total
of 37 volunteers were gathered, two volunteers did not re-
ceive the intervention, and four failed to show at follow-up.
The remaining 31 completed the study (Fig. 3). Sixteen
participants were assigned to the control group (12 females,
age average 69.1, standard deviation [SD] 4.4), and 15 to the
exergames group (10 females, age average 67.6, SD 5).

Data analysis

Nonparametric tests were used due to either non-normal
distributions or the ordinal nature of the data. The normality
of distributions was assessed using the Kolmogorov—
Smirnov test. The Friedman test was used to detect signif-
icant within-group differences over time. The analysis
focused on finding which variables had significantly impro-
ved during the intervention and which decreased from end
to follow-up. For pairwise comparisons, the unidirectional
Wilcoxon test was used to find if the increase from start to
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end (Oth—12th week) and decrease from end to follow-up
(12th—16th week) were significant. Next, a between-groups
analysis was done to understand if the exergames condition
had significantly larger performance gains in each measure-
ment compared with control from start to end and lower
losses from end to follow-up. The difference in differences’®
method was used, first calculating the differences between
the Oth and 12th weeks, and 12th and 16th week, for both
conditions. Then, using the unidirectional Mann—Whitney
test to check for higher exergames gains from the Oth to 12th
week and higher control losses from the 12th to 16th week.
The significance level used was «=0.05 and Bonferroni’s
correction was used to correct for multiple comparisons. All
analysis was done using IBM SPSS Statistics 22 (IBM,
New York).

Ethical Approval

The study was reviewed by the Faculty of Human
Motricity’s ethical council, University of Lisbon (Review
14/2017), who confirmed it complied with the national and
international guidelines for scientific research with humans.
All the participants gave their informed written consent.

Enrollment

.

Assessed for eligibility (n=233)

Excluded (n=196)
» Not meeting inclusion criteria (n=3)

¢ Declined to participate (n=190)
e Other reasons (n=3)

Randomized (n=37)

A 4

Allocation w v

Allocated to Exergames (n=19)

® Received allocated intervention (n=18)

* Did not receive allocated intervention (1 lost
interest) (n=1)

Allocated to Control (n=18)
» Received allocated intervention (n=17)

* Did not receive allocated intervention (1 ill)
(n=1)

: .(

Follow-Up

) !

Lost to follow-up (2 ill; 1 fall) (n=3)
Discontinued intervention (n=0)

Lost to follow-up (1 fall) (n=1)
Discontinued intervention (n=0)

v Analysis v

J

Analyzed (n=15)
e Excluded from analysis (n=0)

Analyzed (n=16)
¢ Excluded from analysis (n=0)

FIG. 3. Participants flow through the phases of the randomized controlled trial.
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Results
Senior fitness test
Differences over time

Exergames. There were significant differences over time,
P<0.05, in lower-body strength, y*(3)=8.127, upper-body
strength, 12(3):11.553, shoulder range of motion, X2(3):
18.103, and agility and dynamic balance, y*(3)=14.534.
Post hoc analysis testing after Bonferroni correction showed
a significant increase, P <0.05/2, of lower-body, T=6, r=
—0.44, and upper-body strength, T=14.5, r=-0.474, from
Oth to 12th week, and a significant decrease of shoulder
range of motion, 7= 14, r=-0.441, from 12th to 16th week
(Fig. 4). The agility and dynamic balance results were sig-
nificant but did not validate our hypothesis due to the di-
rectionality of the differences.

Control. Only the shoulder range of motion, y*(3)=
25.591, and agility and dynamic balance, y*(3)=32.758,
were found to be significantly different over time. Post hoc
analysis showed a significant decrease in shoulder range of
motion between the end of the intervention and follow-up,
T=11, r=-0.508 (Fig. 4).

Difference between conditions. When checking the dif-
ference in differences of the evolution of fitness from Oth to
12th and 12th to 16th between conditions, we found that
upper-body strength and shoulder range of motion had sig-
nificantly higher developments in the exergames group as
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compared with control, U=76, r=—0.315, and U=67.5,
r=-0.373, from Oth to 12th week (Table 1).

Short form Fullerton advanced balance scale
Differences over time

Exergames. As measured by the FAB scale score, balance
and risk of fall were found to have significant differences
over time during the exergames intervention, y*(3) = 14.026.
The post hoc analysis showed that the FAB score increased
significantly during the intervention, 7T=2.5, r=-0.499, but
decreased in the following month, 7=3.5, r=—0.488 (Fig. 5).

Control. The FAB score was significantly different for
control as well, }(2(3): 17.837, revealing the effect of time
in balance. The post hoc analysis showed that the FAB
score increased significantly during the intervention, 7=0,
r=-0.497, and had significantly decreased 1 month after the
intervention, 7=5.5, r=-0.562 (Fig. 5).

Difference between conditions. There were no signifi-
cant differences between conditions in their differences over
time.

12-Item Short-Form Health Survey

Differences over time

Exergames. When considering the health-related quality
of life in the exergames participants, the mental component
measured by the SF-12 questionnaire was found to have been
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FIG. 4. Results of the 6 SFTs over time for both conditions, significant differences highlighted with asterisk. SFT, Senior

Fitness Test.
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TABLE 1. DESCRIPTIVE STATISTICS OF THE DIFFERENCES OVER TIME FROM PRE- TO POSTINTERVENTION
AND POSTINTERVENTION TO FoLLOW-UP OF BOTH CONDITIONS FOR THE SENIOR FITNESS TESTS
AND 12-ITEM SHORT-FORM HEALTH SURVEY RESULTS, AND MANN—WHITNEY SIG.
DIFFERENCES OF DIFFERENCES BETWEEN CONDITIONS

Exergames Control
Evaluation Dif. Dif. interquartile Dif. Dif. interquartile ~ Mann—Whitney
Measurement week median range median range sig. dif. in dif.
30-s Chair Stand (reps) Oth—12th 1 5 1 3 No (P=0.235)
12th—16th -1 5 -1 4 No (P=0.256)
Arm Curl (reps) Oth—12th 3 4 1 5 Yes (P=0.043)
12th—16th -1 4 0 3 No (P=0.357)
Chair Sit-&-Reach (cm) Oth—12th 0.90 7.0 -0.4 8.6 No (P=0.286)
12th—16th 1.35 9.7 2.8 9.2 No (P=0.357)
Back Scratch (cm) Oth—12th 1.00 2.5 -1.3 7.7 Yes (P=0.019)
12th—16th —4.15 8.6 -8.6 10.6 No (P=0.153)
8-Feet Up-&-Go (seconds) Oth—12th 0.73 1.36 0.89 0.56 No (P=0.150)
12th—16th -0.50 0.32 -0.41 0.42 No (P=0.372)
6-Minute Walk (m) Oth—12th 2.5 55 -5 45 No (P=0.097)
12th—16th -2.5 59 -5 60 No (P=0.326)
SF-12 mental Oth—12th 11.91 28.57 2.38 22.63 Yes (P=0.021)
12th—16th 0.00 15.47 -2.38 17.86 No (P=0.157)
SF-12 physical Oth—12th 4.67 41.67 6.66 13.33 No (P=0.327)
12th—16th 0.00 25.33 0.00 14.67 No (P=0.066)
SF-12, 12-Item Short-Form Health Survey.
FAB SF-12 Mental SF-12 Physical
Score [0 16] Score [0 100] Score [0 100]
100 F m—— E xergames
s Control
an -
a0 /i
701 Y
FIG. 5. Results of the FAB and SF-12 60}
evaluations over time for both conditions, o
significant differences highlighted with aster-
isk. FAB, Short Form Fullerton Advanced ggl -
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Health Survey. a
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significantly affected by time, y*(3)=8.366. Post hoc anal-
ysis testing showed a significant increase between the start of
the intervention and the end, 7=10.5, r=-0.515 (Fig. 5). No
effect was detected on the physical component.

Control. Neither the mental nor the physical components
showed an effect during the intervention in the control group.

Difference between conditions. When comparing con-
ditions, only the mental component showed significant dif-
ferences, with the exergames having a significantly higher
improvement (Median 11.91) than control (Median 2.38),
U=68.5, r=—0.367 (Table 1).

Discussion
Benefits on strength

The results obtained from our multidimensional training
program with exergames revealed significant increases over
time in lower-body and upper-body strength. No significant
improvements were detected in the control group. Improve-
ments of specific functional fitness domains such as strength
in the upper and lower limbs can have a significant impact in
elders’ daily life activities,39 as well as an association with
decreased physical impairments and functional limitations.*°
Only the upper body flexibility domain did not reveal sus-
tained effects after follow-up for the exergames condition.
The same was observed in the control condition. The reason
for these results may be that the exergames used in this re-
search involve lower limbs in a more consistent and trans-
versal manner than upper limbs. Thus, more features that
encourage upper-limb movements, and training of other as-
pects besides strength, such as flexibility, should be incor-
porated in the next generation of these exergames. Research
using similar methods with different training program du-
ration and frequency showed analogous results in the overall
strength component.2

Benefits on balance

Both the exergames and control groups showed significant
improvements in balance, revealing the importance of phys-
ical activity in supporting balance skills.® These findings are
essential since improvements in balance can significantly
reduce long-term functional impairments due to falls. Also,
reducing the risk of falls has been associated with decreased
mortality*' and independence to perform daily life activi-
ties.*? However, the positive effects were not maintained
1 month after the intervention. This can be due to the training
program length, which limits a sustained impact.'® These
results support the idea that there is a continuous need for
exercises that target this domain for maintaining a low risk of
falls in older age.

Exergames and conventional versus conventional

Our exergames condition offered a complementary train-
ing of exergames and conventional exercise, in line with
what is recommended,** which was compared with an equiv-
alent training of conventional exercise alone. The combined
approach contrasts with the supplemental, adding extra ex-
ergames’ sessions to conventional training, and the alterna-
tive approach, training with exergames only, predominantly

studied in the literature. The results revealed that upper-body
strength improvements in the exergames condition were
significantly higher than those obtained for the control. This
allows us to extract an important finding of this research:
combining exergames with conventional exercises was more
effective in impacting functional fitness compared with con-
ventional exercises alone. Integrating exergames to the al-
ready existing conventional exercise programs seems to be
a feasible and effective strategy to extend the use of these
technologies beyond research trials, in senior care facilities**
and at home. Besides, one of the strengths of this study is
the carefully selected control condition, which allowed us
to carry out a fair comparison between conditions. Since past
literature reviews of randomized controlled trials including
exergames have pointed out the limitations of using non-
equivalent control conditions, our decision to include conven-
tional multidimensional training with a sports science coach
allowed a more reliable scientific evidence toward deﬁnin%
specific and quantifiable effects of longitudinal exergaming.*

Benefits on health-related quality of life

We observed improvements in perceived quality of life,
particularly in the exergames group who showed a significant
improvement in the quality of life mental component. These
results are aligned with what was reported in exergames
reviews: improvements in balance, cognitive function, qual-
ity of life, and health.! 121946 So far, the relationship be-
tween exergaming training programs and perceived quality
of life in older adults has not been well established, and the
existing literature does not provide conclusive insights.*’
This finding is key for improving our understanding of the
specific domains in which exergaming programs are better
than conventional exercises.*’

Strengths

Our research adds to the body of literature in exergaming
for older adults by (1) showing results of a longitudinal in-
tervention where custom-made Exergames, instead of com-
mercial, are used (2) providing data collected in a real-world
setting through a randomized controlled 3-month longi-
tudinal intervention, (3) using a quantifiable and multi-
dimensional evaluation methodology to validate the use of
exergames in real-life scenarios, using widely validated
and accessible physical fitness tools and questionnaires, and
(4) demonstrating the benefits of using exergames as com-
plement to conventional exercise instead of as a supplement,
as recommended by previous review articles.*’

Limitations

It is impossible to identify the multidimensional fitness
training program-specific benefits’ origin when combining
several exergames with conventional exercise. Some of the
combined training program gains declined 1 month after the
intervention, showing the need for lasting exercise programs
to provide durable benefits in older adults. We adopted a
wide range of ages (50-75 years) in our sample; related lit-
erature typically reports studies with participants >65 years
of age, making it somewhat difficult to compare results. In
addition, our inclusion criteria guaranteed a healthy sample
of participants, not representative of the general older adult
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population. We suggest following up this research with val-
idation on frailer population, usually institutionalized under
senior care, given our positive results. Finally, a technical
limitation is the setup used, making this intervention hard to
adopt in senior care facilities. For this reason, we have de-
veloped ““PEPE: Portable Exergames Platform for the El-
derly”” to deploy our custom-made Exergames.*’

Conclusions

In both conditions, we observed a global and positive im-
pact. From the significant improvements observed in several
of the dimensions measured in the exergames condition
participants, we conclude that the benefits from physical
training in older adults can be enhanced when the train-
ing includes exergames. Integrating carefully designed and
highly personalized exergames in multidimensional fitness
training can be attractive (e.g., more engaging and fun) for
older adults and more effective in eliciting the desired
physical improvements.
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