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ABSTRACT

Background Unintentional falls among older adults
are of primary importance due to their impact on
quality of life. Falling accounts for 95% of hip fractures,
leading to an times increased risk of death within

the first 3months. Furthermore, physical and cognitive
parameters are risk factors for falls. The purpose of this
study is to examine the effect of a 6-month salsa dance
training intervention, compared with regular fitness
circuit training and a control group.

Methods This study will include 180 older adults: 90
healthy patients and 90 patients with osteoporosis.
Participants will be allocated randomly in either of the
groups, stratified according to age. Training groups will
receive 2 weekly 1-hour training sessions, continuously
through 6 months. Participants will be tested at baseline
and 6 and 18 months post baseline. Primary outcome
will be number of falls and secondary outcomes include
bone mineral density, body composition, pain evaluation,
weekly physical activity, single-task and dual-task gait
patterns, balance, Fullerton Functional Fitness Test and
assessment of the mini-BESTest.

Discussion This study will investigate the effects of a
specially designed dance training programme (Dancing
Against falls iN Community-dweElling older adults
(DANCE)) to reduce the risk of falling among older
adults. The study will investigate the effect against an
active and passive comparator, resulting in the possibility
to state, if DANCE training should be an alternative to
traditional training.

Trial registration number NCT03683849.

BACKGROUND

Osteoporosis is common in later life, with an esti-
mated 17.7% of men and 40.8% of women aged 50
or older being osteoporotic.! Unintentional falls are
common among older adults (=65 years), where
approximately 30% experience at least one fall
each year.”™ Falls reduce quality of life,® increase
the risk of institutionalisation,” result in hospital
visits® and in large health expenses.” Approxi-
mately 20% of falls results in serious injuries such
as broken bones, head injuries’ '° or mortality.”
Osteoporosis increases the likelihood of fall-related
hip fractures three times'' compared with those
without osteoporosis. It is well established that
hip fractures are predominantly caused by falls."
Although only approximately 1% of all falls result
in a hip fracture,” more than 95% of the hip frac-
tures are caused by falling. The risk of mortality
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within 3-month post hip fracture is increased, with
a pooled relative HR of 5.75 in women and 7.95 in
men,'* resulting in a 1-year post-fracture mortality
rate of 129%-40% among women." Seen in the
perspective of the incidence rate for osteoporosis in
older adults, and the worldwide increase in popu-
lation of older adults (=65 years) from 8.5% in
2015, to 16.7% in 2050, effective fall prevention
programmes are crucial.

The risk of falling has been associated with
several intrinsic physical risk factors, such as muscle
weakness,'” gait deficit,'® ' balance deficit?®*! and
pain.”* When these intrinsic factors are impaired,
an extrinsic event, such as slipping or tripping,
may result in a fall.* A longitudinal study among
community-dwelling older adults found that unin-
tentional/environmental-related falls, such as slip-
ping, sliding and bumping, accounted for 15.8%
of the registered falls, whereas balance/gait impair-
ments, such as tripping, quick movements and lost
of balance, accounted for 61.9% of the falls.>* The
most frequent activity prior to falling was ambu-
lation, defined as walking, turning and standing,
which was performed 56.5% of the times prior
to the fall. Similar results were found in a video
capture observational study, showing that slipping
and tripping only accounted for 24% of the regis-
tered falls, with the most frequent cause of falling
being incorrect weight shifting (41% of falls), while
walking was an activity performed during 48% of
the falls.”

Beside physical factors, cognitive impairment
has been found to increase the risk of falling.?® %’
Among patients at a community hospital in the UK,
cognitively impaired patients had an OR of >3 for
falls and injurious falls,”” which is similar to results
generated from a meta-analysis* (OR of 2.13). In
an Intelligence quotient-like scale for cognitive
function, based on scores from the Go-No-Go
test, Stroop interference test, reaction time and
hand-eye coordination errors, an increase of 10
points was associated to a 15% reduction in fall
risk.?® A study dividing participants into either
having or not having mild cognitive impairments,
using the Montreal Cognitive Assessment screening
tool found that the participants with an impairment
had a larger risk of falling, deduced from a higher
Physiological Profile Assessment score and greater
postural sway.?® Furthermore, Alzheimer’s disease
has been found to increase the risk of getting a fall-
related hip fracture.”’
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Previously, different fall prevention interventions have been
examined.’*? The most cost-effective approach®® * has been
physical exercise, with the capability of reducing the rate
of falling by 23%.** Physical exercise with a moderate inten-
sity has furthermore been found to reduce hip fracture risk in
patients with osteoporosis by more than 40%.%° *® A prospec-
tive study found that women with osteoporosis increased their
bone mineral density following 12 months of dancing.’” Similar
results on bone mineral density has been found in a randomised
controlled trial (RCT), where the participants performed
resistance training,®® and in a retrospective cohort study with
females performing aerobic dance.>® Even though reduced exec-
utive function among older adults has been associated with an
increased risk of falling,* *° only a few focuses on these cognitive
factors within fall prevention.*' ** A meta-analysis by Hewston
and colleagues® concluded that dance probably only have small
effects on executive function, but is a promising intervention for
improving cognitive health in older adults.

Dancing has previously been shown to improve physical
fall-related risk factors among older adults. An RCT on the
effect of salsa in healthy older adults showed improvements
in gait variables and balance.** Balance was also improved in
an RCT on older adults dancing Turkish folklore dance® and
lower body function was improved in an RCT study in institu-
tionalised older adults.*® Moreover, in an RCT study on older
adults, contemporary dancing has been found superior to Tai
Chi and strength training in improving switching of attention.*’
Similarly, in an RCT study with healthy older adults, the dance
programme Agilando resulted in enhanced cognitive perfor-
mance.*® In contrast to this, Merom and colleagues* did not
find any difference in fall rates between a group performing
social dancing and a control group, explaining this by a lack of
high balance challenging exercises, such as standing unsupported
or on one leg, by including participants with high fall risk at the
baseline, and Sherrington and colleagues®* stated that effects of
programmes primarily consisting of resistance training, dance
or walking on the rate of falls are uncommon. In contrast to
this, Mattle and colleagues®® described in their meta-analysis
that dancing reduced rate of falls by 31% and risk of falling
by 37, although this paper included Tai Chi as a dance-based
intervention. Furthermore, Merom and colleagues® stated that
there should be an aim to get approximately 56 hours of training
in the intervention period, while Granacher et al** stated that
a training period needs to exceed 8 weeks. A review on dance
interventions, comparing these to other training genres, does
state that dancing is more effective in improving health outcome
measures.”’ However, this review is not made within a specific
age group. Furthermore, performing physical activity with
others, physical activity encouragement from peers and having a
physical activity partner are among the motivational factors for
physical exercise in patients with osteoporosis,”* and salsa has
the possibility to provide all of these three factors.

The municipality of Aalborg is providing strength-related
fitness circuit training for older adults within their fall-reduction
training services. Previous studies have found lower adherence
(56%-79%) for strength training®® ** than for dancing (87%-—
9206),** 5% although the 12-month dance intervention study by
Merom and colleagues® did only record $1% adherence to
training. Salsa should be challenging for muscle strength and
dynamic balance, as this dance requires frequently changes in
direction,** and a similar adaptation in lower body strength
between fitness circuit training and dance may occur. The overall
reduction in fall rate, due to exercise, has previously been found
to be 21%-23%,** ** with the one review stating that balance

Randomisation N = 180
. -
N et train _ DANCE group Control group
[ Fitness circuit training group N = 60 } [ P M
6-month follow-up
\\ 18-month follow-up J

Flowchart of the study flow. DANCE, Dancing Against falls
iN Community-dwElling older adults.
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challenging exercise forms have larger effects.*> The effects of
dance training, in comparison to fitness circuit training, has, to
the best of our knowledge, not been examined within healthy
older adults and older adults with osteoporosis.

The purpose of this study is to examine the effect of a 6-month
salsa dance training intervention on the number of falls and fall-
related parameters among participants aged 65 years of age or
older. The stratified, block-RCT study will include healthy older
adults and older adults with osteoporosis, and compare the salsa
training intervention with a passive control group of participants
who continues their life as it is, and a group performing fitness
circuit training, in order to compare the effect of the dance
training to the current training method in the municipality,
which have a lower cognitive complexity, and to a group that is
not receiving either of them.

We hypothesise that dancing is equally as good, or better, than
fitness circuit training at improving the three dominantly fall-
related parameters,’® muscle weakness, gait and balance deficits,
and that both groups improve at these parameters post training,
compared with the control group. Lastly, we hypothesise that the
participants in the two training groups will experience fewer fall
accidents within the intervention period than the control group.

METHODS

Study design

The DANCE study is a stratified, block-randomised, 6-month
controlled trial design, which will be conducted to compare
three groups: salsa dance training, fitness circuit training and a
passive control group (figure 1). Measurements will be taken at
baseline, and after 6 and 18 months (see tables 1 and 2). Aalborg
University, Aalborg University Hospital and the Municipality of
Aalborg will collaborate in this study. Participants will be tested
at the Steno Diabetes Center North Jutland at Aalborg University
Hospital, Denmark. The protocol is approved by the local ethics
committee of Northern Jutland (N-20180065) and registered
at clinicaltrials.gov (NCT03683849). The protocol follows the
Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) guidelines’” and published results will follow the
Consolidated Standards of Reporting Trials (CONSORT) state-
ment.’® The administrative information on the DANCE study is
given in table 3.
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Table 1 List of assessments
Assessments of primary and secondary outcomes
Baseline 6-month 18-month
assessment  assessment assessment
Demographic data
Height, weight and sex X X
Doctor-prescribed medicine X X X
Medical history X X X
DXA scan
Bone mineral density X X
Body composition X X
Everyday life assessments
History of falls X X X
Pain evaluation X X X
Physical Activity Scale for Elderly X X X
Physical and cognitive assessments
Single-task and dual-task gait X X X
patterns
Static balance on force plate X X X
Fullerton Functional Fitness Test X X X
Mini-BESTest X X X

DXA, dual-energy X-ray absorptiometry.

Participants

This study will recruit 180 community-dwelling older adults, 60
for each group. Half of the participants in each group will be
healthy older adults, the other half will be patients diagnosed
with osteoporosis. Participants will be recruited via advertise-
ments posted at Aalborg University Hospital, nursing homes and
activity centres in and around Aalborg, and at Aalborg Senior
Sport training sites. Furthermore, recruitment will take place by
handing out flyers in public places, at doctors and physiothera-
pists in and around Aalborg, through information meetings and
by advertisement in the press, the radio and at social medias. The
wide variety of advertising sites is chosen to target participants
or relatives to possible participants.

Participants shall meet the following inclusion criteria:

All participants must be at least 65 years of age, as this is
the age at which older adults is defined by the Danish Health
Authority®® and it makes data comparable to those from the
Danish Health Authority® and most of the data included in the

Cochrane libraries review of exercise as fall prevention,** where
data from participants 60 years of age or older are included.

Participants will be excluded if they are not capable of
performing the six-times 25-metre walking test unaided. Further
exclusion criteria are drug addictions, as this may result in
varying attendance for training, or uses medical cannabis, as
the Danish Medicines Agency has a limited knowledge of side
effects of the use of medical cannabis, but states that dizziness
is among the known side effects.®’ Further exclusion criteria are
current musculoskeletal injury, current or previous neurologic
or mental illnesses, as well as participation in medical trials or
other training interventional trials throughout the study period.
Lastly, to reduce the risk of fracture-caused dropouts, osteopo-
rosis patients with a T-score lower than —3.5 or patients not
receiving medical treatment are excluded, as the risk of getting a
vertebral or hip fracture approximately doubles, when T-score is
—3.5 compared with —2.5.92 Due to the inclusion and exclusion
criteria, none of the participants characterised as being in high
risk of falling, when assessed by the Morse Fall scale®® or the
Hendrich II Fall Risk Model,** were included in the study. On
completion of the baseline test, the researchers conducting the
test (MSc Sport Science) would assess whether the participant
was suitable for receiving dance training.

Potential participants will receive written information about
the study by email or regular mail. The written information
contained information stating, that there ‘is always a risk of
falling when conducting these exercise’. Prior to the baseline
testing, a member of the research group will provide verbal
information, obtain verbal consent and screen for eligibility.
Informed written consent will be collected prior to the start of
the baseline assessment.

Randomisation

Participants will be allocated to either of the three groups prior
to the baseline assessment, to prevent observer bias. The partic-
ipants will be divided into two groups, healthy older adults and
older adults with osteoporosis. The randomisation within each
group will be stratified according to age, to secure an equal mean
age. Randomisation will be performed in blocks of nine partic-
ipant. The nine participants will be divided into blocks of three
according to age, youngest, middle and oldest. The ID number
of each participant will be placed in a sealed envelope, securing
three similar looking envelopes in each age-divided category

Table 2 Schedule for enrolment, allocation, intervention and assessment

Study period Enrolment Allocation

Pre-intervention

Intervention Post-intervention Follow-up

TIMEPOINT 202
ENROLMENT

Eligibility screen X

Informed consent X

Allocation X
INTERVENTIONS

DANCE

Fitness circuit training

Control
ASSESSMENTS

Demographic data

DXA scan

Everyday life assessments

_t,

Physical and cognitive assessments

t

x X X X

0

t t t

1 2 B

<X X X X

DANCE, Dancing Against falls iN Community-dweElling older adults; DXA, dual-energy X-ray absorptiometry.
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Protocol

Table 3  Administrative information on the DANCE study

Section/item Item No Description
Primary registry and trial identifying number 1 Clinicaltrials.gov identifier: NCT03683849
Date of registration in primary registry 2 25 September 2018
Secondary identifying numbers 3 The North Denmark Region Committee on Health Research Ethics (N-20180065)
Source(s) of monetary or material support 4 This study is externally supported by the Trygfonden Foundation (ID: 124404), the Obel family Foundation (No
grant number) and Augustinus fonden (ID 184708)
Primary sponsor 5 Aalborg University, Denmark
Secondary sponsor(s) 6 Aalborg University Hospital, Denmark
Aalborg Municipality, Denmark
Contact for public queries 7 Mikkel Jacobi Thomsen (MJT), PhD student, Cand.Scient.
Phone:+45 28 12 76 88
Email: mjt@hst.aau.dk
Contact for scientific queries 8 MIJT, PhD student, Cand.Scient.
Phone:+45 28 12 76 88
Email: mjt@hst.aau.dk
Public title Dancing against fall fractures?
Scientific title 10 Dancing Against falls iN Community-dwElling older adults (DANCE): a study protocol of a stratified, block-
randomised trial
Countries of recruitment 1 Denmark
Health condition(s) or problem(s) studied 12 Falls and fall-related injuries in older adults with and without osteoporosis
Intervention(s) 13 Active: 6-month salsa dance training
Comparator 1: 6-month fitness circuit training
Comparator 2: Continuation of regular activity schedule
Key inclusion and exclusion criteria 14 Ages eligible for the study: =65 years
Sexes eligible for the study: Both
Accepts healthy volunteers: Yes
Inclusion criteria: (1) Older adults (=65 years), (2) osteoporosis with T-score between —2.5 and 3.5 OR healthy,
(3) if osteoporosis patient, you must receive medication for osteoporosis
Exclusion criteria: (1) drug addiction, (2) use of medical cannabis, (3) current or previous neurologic,
musculoskeletal or mental illnesses, (4) participation in medical trials or other training interventional trials
throughout the study period, (5) if healthy, use of osteoporosis medication
Study type 15 Interventional
Allocation: Blocked, stratified randomisation
Intervention model: Parallel assignment
Primary purpose: Prevention
Date of first enrolment 16 January 2019
Target sample size 17 180
Recruitment status 18 Recruiting
Primary outcome(s) 19 Outcome: Fall rate
Metric/method of measurements: Questionnaire
Timepoint: 18 months following the baseline assessments
Key secondary outcomes 20 Differences between objective measures and self-reported level of physical activity

(youngest, middle and oldest). Within each category, the enve-
lopes will be shuffled and afterwards drawn one by one. The
participant which ID number is in the first envelope drawn in
each of the age categories will be allocated to the control group,
the second to the strength training group and the last to the
dance training group. The procedure will be performed by a
person within the research group.

Procedure

An overall structure of the study can be found in figure 1. Partic-
ipants will be assessed in regard to inclusion and exclusion
criteria via phone or email. After being allocated in one of the
three groups, participants will undergo baseline testing, where
gender, age, height and weight will be recorded, as well as testing
of several physical parameters. Participants in the two training
groups will be assigned to 1-hour training session twice a week,
for 6 months. Follow-up testing will be performed at 6 months
(on completion of training) and at 18 months. The assessor of
the test will be a person within the research group. This person is

not blinded to the randomisation. Participants will be contacted
by phone or email to arrange tests at 6 and 18 months.

Intervention

Every participant is encouraged to continue their everyday life
and routine, including self-administered physical exercise, and
the training in the two training groups will therefore be seen
as add-on to their normal physical exercise, and not a substi-
tute. Attendance to training will be recorded after each training
by the dance/fitness instructor. All training will be performed in
groups of maximal 20 persons and supervised by an experienced
dance teacher or a person with education within fitness exer-
cise, as a previous study has found, that adherence to training
is larger when class cohesion is high.®® Furthermore, the dance
teacher should have prior experience in training older adults and
have first aid skills. Prior to the start of the training, the dance
instructor will attend meetings with the purpose of providing
the instructor with knowledge regarding risk factors associated
with osteoporosis.
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Fitness circuit training

Training following the NEMEX-TJR protocol® is part of the
health services at Aalborg municipality. A modified version of
this has been used as the fitness circuit training, to mimic the
training performed in the municipality. The exercises in circle
4 of the NEMEX-TJR protocol has been modified, as the chair
stand is changed to body-weighted squats, and the stair climbing
is changed to standing heel raises. The chair stand is a part of
the test protocol, and to ensure that the fitness circuit training
group does not perform weekly training of a test from the test
protocol, this exercise is changed. Stair climbing is changed due
to limitations in equipment.

DANCE training

The aim of developing the DANCE training protocol is to
develop a progressive salsa training intervention, focusing on
the mechanisms responsible for falling, found by Robinovitch
et al.” These are forward, backwards and sideways walking, as
well as shift of bodyweight. Furthermore, the steps should be
training the most common risk factors for falling, such as muscle
strength, gait and balance.’®

In order to develop the DANCE programme, the researchers
(MSc Sport Science) and two skilled salsa dancers divided
different salsa dance steps into the aforementioned categories,
forward, backwards and sideways walking, as well as shift of
bodyweight through twists and turns, and ranked the steps
within each category in regard to complexity, difficulty and their
ability to challenge the postural control by decreasing the base
of support, and therefore move the limit of stability closer to the
centre of mass, in order to secure, that each category is trained
within each training stage. Each stage should also include steps
that mimics walking, as salsa steps with forward walking resem-
bles the initiation and approximately a quarter of the range of
motion of lunges, which may decrease the age-related muscle
weaknesses in the lower extremities.

The salsa training is divided into four progressive stages.
Participants shall master the steps in a stage, before going to the
next stage. Two training groups may therefore not be at the same
stage, after a specific number of training sessions, as the DANCE
training teacher have to evaluate prior to each training, if the
group is ready to continue to the next stage. Stage 2 will serve as
an add-on to stage 1, stage 3 an add-on to stage 1 and 2. Stage
4 is a stage where all the steps in the previous stages are used in
a so-called Rueda de casino. The steps are first trained individu-
ally and afterwards in pairs. Furthermore, each dance session is
started by a warm up, containing known dance steps, without
a partner, in order to accommodate shortcomings in the study
by Merom et al,*’ stating that the balance was not challenged
enough in their study, as the dance did not provide participants
with unsupported standing. As the person who dance the follower
role is provided with larger balance challenges, through more
twists and turns, participants will be instructed into changing
between dancing leader and follower roles, and to switch partner
multiple times during a DANCE training session. On completion
of the training, the instructor would record which of the four
DANCE training stages the training had been carried out at. To
ensure that the training followed the designed programme, at
least one training every month would be supervised by a member
of the research group.

The four stages contain the following salsa steps:

» Stage 1: Basic step, back basic, sidestep, cuban open step.
> Stage 2: Right turn, dile que no, cradle.
» Stage 3: Enchufla, triple turn, sombrero.

» Stage 4: Rueda de casino.

Basic step: Step forward with left foot, back to base, backward
with right foot and return to base. Performed in a straight line.

Back basic: Step backward with left foot, back to base, back-
ward with right foot and return to base. Performed in a straight
line.

Sidestep: Step sideways with left foot, back to base, sideways
with right foot and return to base. Performed in a straight line.

Cuban open style: Step back with left foot while turning
the upper body 90 degrees (right foot stays in place), back to
base, step back with right foot while turning the upper body 90
degrees (left foot stays in place) and return to base.

Right turn: Leader dances basic steps, follower steps forward
on left, turns clockwise and returns to base.

Dile que no: In this step, the leader and the follower will switch
place during the step. The leaders steps divide the turn into two
90 degree turns, while the follower performs a 180 degree turn
in the end.

Cradle: In this step, the leader dances back basic steps. The
follower makes two 180degree turns. The first turn is coun-
terclockwise and turns the follower with the back toward the
leader, before turning clockwise back into the base.

Enchufla: Leader and follower will switch place in this step.
Leader will take a little step sideway, going forward on right
and turn 180 degrees clockwise, before dancing the last part of
a back basic. While the leader performs a clockwise turn, the
follower does a counterclockwise turn.

Triple turn: This step starts with the entire step ‘Right turn’.
Hereafter, the leader makes a turn similar to the one that the
follower just did, followed by a third turn, performed by the
follower.

Sombrero: Here, the leaders perform the footwork of an
entire basic step, while the follower performs a 360 degree
clockwise turn. Hereafter, they will perform a ‘dile que no’.
While performing this step, the arms will be looping across the
partners upper body.

Rueda de casino: Here, the dancers are positioned in a circle,
performing known steps, called out by the instructor. In this
dance, the follower and leaders switches partners frequently.

Participants are taught traditional holds in the dance, but are
advised to deviate from these, if they are feeling uncomfortable
while performing these.

Within each stage, the difficulty can be manipulated, by
changing the music to a song with a higher or lower amount of
beats per minute.

Due to the relatively few different steps in each stage, the
DANCE training programme is a ready-to-start training
protocol, accessible to the municipality of Aalborg and other
interested parties. Sound equipment is the only equipment
needed to start the intervention. It was not possible to test
prior to the intervention, whether the stages were capable of
providing the older adult participants with a sufficient degree
of difficulty.

Harms
The risks of adverse reactions from the dual-energy X-ray absorp-
tiometry (DXA) scanning is minimal due to the low dose of
radiation applied through the test. X-ray dose is <100 microSv
per scan, which by two scans is <200 microSv or <0.2mSv. In
theory, this will increase the lifetime risk of cancer from approx-
imately 25% to less than 25.00002%.

Participants are encouraged to report any adverse effects
occurring during the entire enrolment in the study. Serious
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adverse effects will be reported to the local ethics committee,
and re-evaluation of the protocol will be made.

Data management

All participants will receive an individual ID number. Data
storage will be made using this ID number. All handwritten notes
and assessments, as well as the signed, written consent, will be
stored in a double locked area, in an area of limited access. The
Danish Act on Processing of Personal Data will be complied
with, and the collection and storage of data are approved by the
Danish Data Protection Agency.

Outcomes

All tests will be assessed at Steno Diabetes Center North Jutland,
Aalborg University Hospital. The participants will go through a
3-hour session at the baseline, 6-month and 18-month test. The
DXA scan will not be performed at 6 months, in order to mini-
mise the adverse effects of radiation. During baseline assessment,
height, weight, sex, intake of doctor-prescribed medicine and
medical history will be recorded. Table 1 provides an overview
of all the tests and timepoints for assessment. All DXA scans will
be examined by a Chief Physician from Steno Diabetes Center
North Jutland, Aalborg University Hospital.

Primary outcome measure

Number of falls is the primary outcome. Falls will be assessed at
each of the three tests. A fall is, in Lamb ez al®” (p1619), defined
as ‘an unexpected event in which the participants come to rest
on the ground, floor, or lower level’.

Secondary outcome measures

A wide variety of secondary outcomes will be assessed in the
present study, these being physical and cognitive measurement,
all previously related to the risk of falling. In addition, a DXA
scan will be performed to determine the bone mineral density
and body composition of the participants.

DXA scan: Participants will undergo a bone mineral scan for
lumbar spine (L1-L4), femoral neck and total hip, performed
using a DXA scan. The reported results from the scan are bone
mineral density (g/cm?) and T-score. The DXA scan will further-
more perform a body composition scan, with the fat mass (g),
fat percentage, lean +bone mineral content (g) and lean +bone
mineral content percentage as results for further analysis. A
daily quality control programme was in place and coefficient
of variation (CV) was: lumbar spine: CV%=1.091%; total hip:
CV%=1.15%; femoral neck: CV%=1.77%.®

Pain perception: Participants will be asked to rate the level
of pain they feel during a normal day, using a 100 mm Visual
Analogue Scale, with terminal descriptors being ‘no pain‘ and
‘worst pain possible’. If the rating is >0mm, participants are
asked to draw the pain-affected areas on a body chart, and fill in
the Danish version of the McGill Pain Questionnaire.®’

Physical activity level: The general level of physical activity
will be assessed by filling out the Physical Activity Scale for
Elderly,”® which is a brief and easily scored survey, shown to be a
valid way to measure physical activity in older adults.”*

Gait stability: The gait pattern of the participants will be
assessed using the full-body motion tracking Xsens Awinda
(Awinda, Xsens Technologies B.V., Enschede, The Netherlands)
solution. Participants will be asked to walk in their normal pace
on a 25-metre path six times. Three of the six times will be a
normal-walking single-task test, whereas the remaining three
times will be a dual-task test, including counting backwards in

steps of 7, starting from a random number between 150 and
500, as this dual-task gait test has been found to provide insight
into the mechanism involved in the motor control of locomo-
tion.”> The variables being recorded for further analysis are gait
speed (m/s), length of a gait cycle (m), gait cycle time (ms) and
centre of mass displacement during walking. Furthermore, quan-
tification of the dual-task test will include the total number of
subtractions, total number and percentage of successful subtrac-
tions, in order to access cognition.

Balance stability: Static balance will be assessed using a force
platform. Participants will be asked to stand on a force platform,
as quiet as possible, during twelve 30-second tests. The twelve
tests include three tests at each of four conditions, these being:
(1) eyes open on a firm surface, (2) eyes closed on a firm surface,
(3) eyes open on a soft surface and (4) eyes closed on a soft
surface. The area and velocity of the centre of pressure will be
being used for further analysis.”

Clinical tests: Participants will be assess using two test batteries
capable of being performed in clinical setting, the Fullerton
Functional Fitness test’* and the mini-BESTest,” as the latter
one has been found an accurate tool for identifying older adults
with a history of falling.”® The Functional Fitness test consist of
six tests, testing lower and upper body strength and flexibility,
physical stamina and speed, agility and balance during walking.
Each test gives an individual score, which is not being calculated
to a single score for the entire test. The mini-BESTest consists
of 14 tests, testing anticipatory and reactive postural control,
sensory orientation and dynamic gait. Each of the 14 tests are
rate between 0 and 2, giving a total score between 0 and 28.

Sample size

For our sample size calculations, results from Merom and
colleagues*” were used. Here, when consulting the results from
the online supplemental table S2, we see that ballroom dancers
with high attendance had a fall rate per person-year of 0.66,
whereas the control group had a fall rate of 0.8, resulting in a
reduction in falls per person-years by 17.5%. We will use a more
conservative reduction, 10%, as our intervention has 52 training
sessions, whereas the study by Merom and colleagues had 80. A
total sample size of 120 participants would be enough to iden-
tify at least 10% reduction in falls per person-year (80% power,
alpha of 5%, 20% dropout rate) when comparing two groups.
This study will recruit 120 participants for the two interven-
tion groups, divided into two equally size groups, dance training
and fitness circuit training. Furthermore, 60 participants will be
recruited for a control group.

Statistical analysis

The demographic data (gender, age, height, weight) will be
assessed with independent samples t-test in regard to fall acci-
dents, in order to test if these data influenced the possible
difference between groups. The primary outcome measure,
unintentional falls, will be assessed using intention to treat anal-
ysis and a negative binomial regression model. Furthermore, the
risk ratio and 95% Cls will be calculated. Within the variables
Falls and Osteoporosis, a contingency table with a Pearson’s %>
test will be made.

The secondary outcomes will be tested for normality using a
Shapiro-Wilks test and visually investigated using QQ-plots and
histograms. A Maunchly’s sphericity test will be performed. If
sphericity is not violated, a mixed model analysis of variance
will be administered, with a Bonferroni-corrected post hoc test.
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In case of violation of sphericity, the Greenhouse-Geisser correc-
tions will be made on the df.

DISCUSSION

Falls are common among older adults and have high associated
healthcare costs (more than $50billion in the USA in 2015).}
With an expected doubling in population of older adults (=65
years) worldwide from 2015 to 2050, effective and easy
implementable fall-preventing interventions are of highest
importance. The DANCE intervention is a low-cost alternative
to current fall prevention programmes that combines physical
and cognitive aspects. The authors therefore believe that it may
serve as an effective alternative to traditional training, which
lack of focus on cognition as a risk factor, may be the reason
for suboptimal improvements.** Since the factors ‘social bene-
fits’ and ‘enjoyment’ have both been found to be motivational
factors for physical activity among older adults,”” with music
facilitating increasing exercise participation and adherence,”®
the DANCE intervention further has the ability to serve as an
engaging training tool. As stated in the recommendations for fall
prevention,” ongoing participation in exercise is necessary, and
we believe that the DANCE intervention, due to the aforemen-
tioned motivational factors, can be an ongoing exercise among
the participants on completion of the study.

The objective of this stratified, block-randomised trial is to
evaluate the effect of the DANCE intervention on number of
falls and parameters associated with the risk of falling in adults
65 years of age or older. The study involves both an active and
a passive comparator, with the active comparator being fitness
circuit training comparable to the training provided by the
Municipality in Aalborg. The study therefore has the ability to
access the effect in relation to no additional exercise and in rela-
tion to traditional training.

PUBLIC INVOLVEMENT
Prior to the start of the RCT, three pilot studies were conducted.
In all three, Aalborg SeniorSport, an organisation providing a

Strengths and limitations of this study

» If the DANCE (Dancing Against falls iN Community-dwElling
older adults) training group is lowering their fall rate or risk
of falling, a ready-to-start training protocol is accessible to
the municipality of Aalborg and other interested parties.

» The DANCE training protocol is based on the latest
recommendations for fall prevention.

» The study further examines if the training currently offered in
the municipality has a preventive effect.

» The randomised controlled trial consists of both an active and
a passive comparator, making it possible to conclude on the
effect in relation to normal prescribed training and no extra
exercise.

» The 6-month long training intervention, combined
with voluntary participation, may result in a non-direct
comparative study participants sample, compared with the
population in Denmark, as only relative fit older adults may
sign up.

» Fall data are only collected at testing days. Other, superior,
methods for collecting fall data exist.

» Due to limited resource, a single member of the research
group, who conducted some of the tests, was not blinded to
the randomisation.

broad variety of sports and physical exercise offers for older
adults in Aalborg, were involved in recruiting participants.
Through these pilot studies, both the salsa dancing and the test
methods were tested and evaluated. The dance was quoted to
provide oy through the movements’, and the sporting director
stated that all of the participants wanted to continue dancing’.
Furthermore, the Municipality of Aalborg is involved in the
study by providing training facilities at their activity centres,
securing visibility of the study for the older citizens in Aalborg.

DISSEMINATION

Participants are expected to complete the follow-up at 18 months
by December 2022. Publications on the full results will be ready
for submission in the spring of 2023. A relevant peer-reviewed
scientific journal will be chosen for publication of result from
the present study. Press releases will be provided to local and
national newspapers, radio and television stations in layman’s
term to address the general public. Furthermore, workshops and
seminars for the general public will be held.
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