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A B S T R A C T   

Background: Falls are the leading cause of accidental injury among the elderly. Fall prevention is currently the 
main strategy to minimize fall-related injuries in at-risk older adults. However, the success of fall prevention 
programs in preventing accidental injury in elderly populations is inconsistent. An alternative novel approach to 
directly target fall-related injuries is teaching older adults movement patterns which reduce injury risk. The 
purpose of the current study will be to explore the feasibility and preliminary efficacy of teaching at-risk older 
adults safe-falling strategies to minimize the risk of injury. 
Methods/design: The Falling Safely Training (FAST) study will be a prospective, single-blinded randomized 
controlled trial. A total of 28 participants will be randomly assigned to four weeks of FAST or to an active control 
group with a 1:1 allocation. People aged ≥65 years, at-risk of injurious falls, and with normal hip bone density 
will be eligible. The FAST program will consist of a standardized progressive training of safe-falling movement 
strategies. The control group will consist of evidence-based balance training (modified Otago exercise program). 
Participants will undergo a series of experimentally induced falls in a laboratory setting at baseline, after the 4- 
week intervention, and three months after the intervention. Data on head and hip movement during the falls will 
be collected through motion capture. 
Discussion: The current study will provide data on the feasibility and preliminary efficacy of safe-falling training 
as a strategy to reduce fall impact and head motion, and potentially to reduce hip and head injuries in at-risk 
populations. 
Registration: The FAST study is registered at http://Clinicaltrials.gov (NCT05260034).   

1. Introduction 

Falls are the leading cause of accidental injury and injury-related 
death among older adults [1]. Approximately 28%–35% of 
community-dwelling people aged over 65 years fall at least once a year, 
and around 15% fall at least twice per year [2,3]. Falls are responsible 
for approximately 63% (2.5 million) of non-fatal injuries experienced by 
older adults that require emergency room treatment and hospitalization 
in the United States [4]. In addition, the number of annual fall-related 

injuries in the United States is expected to increase to 5.7 million by 
the year 2030 [5]. Despite the focus of scientific inquiry for decades [6], 
the number of fall-related deaths and injuries in older adults continues 
to increase [7,8]. Fall injury prevention approaches tend to focus on 
factors distal to the injury mechanism. 

Fall-related injuries occur when an individual impacts the ground or 
other surface with sufficient force to cause tissue damage. For instance, 
fall-related traumatic brain injuries result from hitting the head on the 
ground or other surface with sufficient force to cause a disruption of 
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brain function [9]. Public health programs aiming to prevent fall-related 
injuries have consistently employed strategies to reduce falls [10,11] 
and have not directly targeted the fundamental variable for injury pre-
vention, namely, impact force [12]. Particularly, reducing the impact 
forces acting on the hip or head would be beneficial in decreasing the 
risk of severe injuries, such as hip fractures or traumatic brain injury. 
Nevertheless, current strategies to prevent fall-related injuries have 
primarily attempted to reduce impact forces indirectly, by either 
increasing bone strength or by using protective gear (i.e., hip protectors 
or helmets) [13–15] and/or compliant flooring [16,17]. Although these 
approaches have shown some promise, the evidence-base in terms of 
their effectiveness is very limited [18]. Indeed, a recent randomized 
controlled trial involving 5500 older adults at risk of falls found no 
group differences in fall-related injuries over three years after an 
intervention focusing on eight modifiable risk factors for injurious falls, 
compared to a standard of care control group [19]. The null result of this 
trial may be in part explained by the absence of a strategy to directly 
reduce impact forces. 

An alternative approach that targets fall-related injuries by directly 
reducing impact forces is to teach older adults movement patterns that 
reduce fall-related impact forces, that is safe-falling techniques [20]. 
This alternative approach is bolstered by a recent analysis of over 2000 
video recorded real-world falls in 658 long term care residents, which 
revealed that fall-related injuries were reduced when older adults 
rotated their body during descent [21]. A systematic review of 13 studies 
encompassing 219 individuals under 30 years of age identified seven 
safe-landing strategies and provided quantitative evidence indicating 
that these strategies can significantly reduce the risk of fall-related 
injury, as measured by kinetic or kinematic impact severity during a 
fall, in young and healthy individuals [22]. Importantly, previous 
studies, including our own, have shown the feasibility of teaching 
safe-falling strategies to older adults [23,24]. These investigations 
involved individuals over 60 years of age, who were taught movement 
strategies believed to reduce impact forces. Collectively, these studies 
revealed that older adults were able to 1) improve the mastery of such 
movement strategies [24], and 2) reduce the hip impact forces and head 
acceleration during experimentally induced falls [23]. Therefore, 
teaching safe-falling techniques may be an effective strategy to reduce 
fall-related injury in older adults. However, an implicit limitation of the 
existing literature is that, owing to safety reasons, only healthy older 
adults took part in studies involving safe-falling training. Therefore, it 
remains to be seen whether older adults who are at risk of falls may be 
able to safely learn protective movements and eventually apply these 
movements in real fall situations to minimize their risk of fall-related 
injuries. 

The purpose of the current study will be to address this critical 
knowledge gap by exploring the feasibility and preliminary efficacy of a 
safe-falling training program in at-fall risk older adults. We hypothesize 
that, compared to controls undergoing a modified evidence-based fall- 
reduction intervention [25], those undergoing the FAlling Safely 
Training (FAST) intervention will show greater reduction in hip and 
head acceleration during experimentally induced falls (i.e., suggesting 
lower likelihood of injury) immediately post-training and at 3 months 
post-training. In addition, we hypothesize that, compared to controls, 
FAST participants will have minimally greater musculoskeletal 
discomfort, and no difference in training-related adverse events. 

2. Methods 

2.1. Study design 

The study will be a prospective, single-blinded (assessor) random-
ized controlled trial (RCT) with two arms. A total of 28 participants (14 
participants in each arm) will be recruited. Eligible participants will 
complete a baseline assessment (T1), a 4-week intervention, a post- 
training assessment testing motor skill acquisition (T2), and a follow- 

up assessment testing motor skill retention after three months (T3) 
(Fig. 1). Participants will complete experimentally induced falls during 
the baseline, post-training, and follow-up assessment. Each assessment 
session will be conducted by trained research staff blinded to group 
allocation and will take about 1.5 h. 

Participants will be randomly assigned to the intervention group 
(FAST) or to the control group (i.e., based on the principles and practices 
of the Otago Exercise Program - OEP) [25]. The randomization sequence 
will be developed by a statistician and sealed envelopes will be used to 
conceal the randomization, which will take place after participants have 
completed the baseline assessment (T1). Participants in both groups will 
complete a total of eight supervised training sessions over the course of 
four weeks (two sessions per week). The instructor of the intervention 
group will be a trained researcher highly experienced in martial arts 
(Judo) and in conducting research in geriatric and frail populations (TZ). 
The instructor of the control group will be a certified physical therapist. 
Each training session will last 30 min. 

The current study has been prospectively registered in ClinicalTrials. 
gov (Identifier: NCT05260034). The study protocol has received insti-
tutional review board (IRB) approval from the University of Kansas 
Medical Center (STUDY00147362), and therefore conforms to the 
ethical standards for medical research involving human subjects ac-
cording to the 1964 Declaration of Helsinki and its later amendments. 
The IRB-approved informed consent document, summarizing the study 
details, is presented in Supplementary File 1. 

2.2. Screening, eligibility criteria, and recruitment 

Participants will be recruited from the local community and from the 
geriatric clinic at the Landon Center on Aging at the University of Kansas 
Medical Center through IRB-approved flyers. Social media posts will 
also be used to maximize recruitment online. People who are interested 
in the study will contact the research team by phone call, text, or email. 
A research coordinator will conduct a phone screening to preliminarily 
determine whether participants are eligible (Table 1). The phone 
screening was designed to exclude individuals who do not meet the 
study criteria before they are invited to attend an additional onsite 
screening. The onsite screening visit will be conducted at the University 
of Kansas Medical Center, where potential participants will undergo a 
Dual Energy X-ray Absorptiometry (DEXA) assessment (Table 1). In 
addition to the bone density assessment (DEXA), balance and cognition 
eligibility criteria will also be evaluated during this visit. All screening 
procedures will be performed in consultation with an MD geriatrician. 
Participants who meet the eligibility criteria will provide written 
informed consent during the onsite screening visit and will be scheduled 
for the baseline assessment. 

2.3. Sample size 

Sample size calculations were conducted using data obtained from 
our pilot RCT [23] to determine the required group enrollments to 
properly power the study. In the power calculation, power was set at .80 
and the alpha level at 0.05. For acquisition, the effect size for hip impact 
force is a Cohen’s d of 1.67 and for head acceleration d is 1.11. The 
required sample size to detect acquisition (i.e., a significant change) in 
hip impact is 4 and head acceleration is 7, in each group. For retention, 
the effect size Cohen’s d is 1.94 for hip impact force and 1.38 for head 
acceleration. The required sample size to detect retention (i.e., a sig-
nificant change) in hip impact is 4 and head acceleration is 5, in each 
group. Assuming a standard dropout rate of 20%, we propose to initially 
enroll 14 subjects/group (i.e., 28 in total), which should result in the 
required sample size, namely 11 subjects/group (i.e., 22 in total), after 
dropout. 
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2.4. Data collection methods and outcome measures 

Table 2 summarizes the measures collected at different study visits. 
Socio-demographics and clinical characteristics will be collected as part 
of the onsite screening visit (T0). Measures of balance performance and 
confidence, and data pertaining to the execution of the experimentally 
induced falls will be collected through a series of standardized proced-
ures during the assessment visits at baseline (T1), post-training (T2), and 
3-month follow-up (T3). Safety and feasibility outcomes will be 
collected through the whole study. 

During the assessment visits, participants will first complete the 
activity-specific balance confidence (ABC) scale and the Berg balance 
scale (BBS). The ABC is a short questionnaire to evaluate the balance 
confidence of older adults in completing different daily activities [27, 
28]. The score ranges from 0% (no confidence) to 100% (complete 
confidence) for each question (daily indoor or outdoor activity). The 
BBS is a widely utilized assessment to examine the static, dynamic and 
functional balance through 14 items relating to daily living activities 
[29]. Each item is scaled from 0 (failure to perform the task) to 4 (able to 

perform the task safely and independently). Higher scores are indicative 
of better balance. The BBS has established psychometric properties and 
has consistently shown responsiveness to balance training interventions 
[29–31]. 

Following the completion of balance assessments, participants will 
be asked to wear a unisuit before undergoing 10 min of whole-body 
stretching to minimize the risk of injury [23]. Whole body stretching 
will include the dynamic and static stretching of the neck (flexion, 
extension, and right/left lateral flexion), the upper trunk (shoulder rolls, 
arm extensions), and the lower limbs (quadriceps, hamstrings, and 
calves). Lower limb stretching will be performed in the sitting position if 
the participant’s flexibility is limited. After the stretching session, par-
ticipants will be equipped with protective gear including a light-weight 
helmet, hip protectors, and knee protectors to reduce the risk of injury 
during the experimentally induced falls. 

Participants will fall backwards and sideways (both left and right) 
onto a crash pad (Fig. 2). The setup shown in Fig. 2 consists of a body 
weight-supported system, an inextensible tether, a mechanical catch (a 
snap shackle), and a harness. The cushioning system consists of a 20-cm 

Fig. 1. Study design. Legend: FAST: Falling Safely Training.  

Table 1 
Inclusion and exclusion criteria.  

Screening Inclusion criteria Exclusion criteria 

Phone 
screening 

Age ≥65 years. History of tumbling, gymnastics, or martial arts experience. 
At-risk of injurious fall as indicated by: 
1) positive history of fall-related injury in the last year, or 2) experience of more than two falls in 
the last year, or 3) concerns related to changes of balance or walking [19]. 

Currently performing ≥150 min per week of vigorous physical 
activity or physical therapy. 

Independent walking (i.e., no use of walking aids). Unable to walk household distances unassisted. 
Normal or corrected vision and hearing. At-risk of bleeding, or currently taking the anticoagulants (e.g., 

warfarin, apixaban, rivaroxaban, and enoxaparin). 
Able to speak and comprehend written and spoken English. Previous fragility fracture of the hip, spine or wrist.  

Weight >350 lbs. 
Onsite 

screening 
Bone mineral density of the hip ≥ − 2.3 (i.e., t score ≥ − 2.3, assessed via Dual Energy X-ray 
Absorptiometry). 

Cognitive impairment as indicated by Saint Louis University 
Memory Scale (SLUMS) < 25. 

Balance impairment as indicated by performance <10 s on unipedal stance test [26].   
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crash pad (Asana Drag Pad, Asana Climbing & MFG, Boise ID, USA) and 
an 8-cm foam pad, which will minimize the discomfort and risk of injury 
during the experimentally induced falls. 

The falls will be caused by releasing the mechanical catch from the 
setup shown in Fig. 2. Participants will be instructed to lean backwards/ 
sideways to more than 10◦ from the vertical position. It has been re-
ported that sudden losses of balance from a 10◦ leaning angle cannot be 
recovered by taking a single step [32]. The leaning angle will be ach-
ieved by progressively adjusting the hook height of the body 
weight-supported system, until the participants are fully supported by 
the system. Once the participant has reached the required position, the 
mechanical catch will be released without countdown, and in a time 
ranging between 3 and 10 s. Prior to the fall, participants will be 
instructed to cross their arms in front of their chest to standardize the 
initial position, as well as to maximize safety (i.e., to minimize the 
chances that untrained individuals would fall on an outstretched hand) 
[23]. In addition, the following verbal instructions will be given: “land 
on the mat in a way that you feel comfortable with”. A total of six 
experimentally induced falls, including two backward falls, and four 
sideways falls (two left and two right), will be assessed. After each fall, 
participants will be allowed to rest as much as needed and will be asked 
to provide verbal consent before undergoing a new fall. Data collection 
will be stopped if participants indicate they wish to interrupt the 
assessment and/or if a suspected injury occurs. The order of the fall 
directions will be randomized. Each fall will be video recorded. Forward 

falls will not be assessed due to the excessive risk for head impacts and 
concerns for upper limb safety using our protocol (i.e., sudden release 
from an inclined position). 

The occurrence of head impacts will be determined by reviewing the 
video of each fall. Two trained research staff will use the following 
standardized criteria to determine whether a head impact occurs: 1) the 
head makes contact with the mat, 2) the mat deforms as a result of the 
head impact, and 3) the head rebounds on the mat. Disagreements 
regarding the occurrence of a head impact will be resolved through 
group discussion by involving a third researcher [33]. In addition, the 
level of pain/discomfort and adverse events will be recorded following 
each fall. Discomfort will be assessed through an 11-point (0-10) nu-
merical rating scale, which has shown strong validity and reliability in 
adult samples [34]. The locations of bodily discomfort (e.g., hip, 
shoulder, head, etc.) will be recorded on a standardized body chart. 
Adverse events, as defined by the National Institutes of Health (NIH), 
will also be recorded. 

In addition to the video evaluations of falls, the kinematic data of the 
falls will also be collected by means of an eight-camera motion capture 
system (Cortex, MotionAnalysis Corp., Santa Rosa, USA) with a 100Hz 
sampling rate [23]. Five reflective markers will be attached on the 
helmet: one placed on top of the sagittal suture, two placed anteriorly 
over the frontal bone, and two placed posteriorly over the occipital 
bone. Six markers will be attached on the upper body: two placed on the 
spinous processes of the second (C2) and seventh cervical (C7) verte-
brae, one on the chin, one on the jugular notch, and two on the left and 
right acromioclavicular joints. Twenty markers will be bilaterally 
attached on the lower body, including the anterior and posterior iliac 
spines, the greater trochanter, the medial and lateral femoral epi-
condyles, the lateral half shank, the medial and lateral malleolus, the 
head of the first hallux, and the calcaneus. One marker will also be 
attached on the shackle to capture the release of the mechanical catch. 
Supplemental Fig. 1 (Fig. S1) displays the marker set in a study partic-
ipant, at the beginning of a backward fall, shown in sagittal view. The 
post-processing and analysis of kinematic data are further described in 
the section below. 

2.5. Data post-processing and cleaning 

Prior to post-processing, a trained researcher will manually label 
collected marker data in Cortex. To maximize accuracy, the markers 
occluded during falls will also be labeled based on the standardized 
interpolation methods within Cortex. Motion capture data will be con-
verted to CSV format and analyzed via customized MatLab code. The 
impact of the head and hip will be calculated based on the second 
derivation of the marker location data using the formula below: 
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(

d2x
dt2

)2

+

(
d2y
dt2

)2

+

(
d2z
dt2

)2
√

Where x, y, z represent the location of each axis of the markers. The mid- 
point of the six markers on the head will be used to calculate head ac-
celeration and the mid-point of the pelvis markers will be used to 
calculate hip acceleration. The peak value of the square root accelera-

Table 2 
Primary, secondary, and tertiary study outcomes.  

Information collected for all participants T0 T1 In T2 T3 O 

Socio-demographics 
Age, gender, marital status, race, height, 

weight, education, and occupation 
✓     D 

Clinical characteristics 
12-month fall history ✓     D 
Bone mineral density of the hip, t score (Dual 

Energy X-ray Absorptiometry) 
✓     D 

The Saint Louis University Mental Status ✓     D 
Balance performance and confidence 
Berg Balance Scale  ✓  ✓ ✓ T 
The Activity-based Balance Confidence scale  ✓  ✓ ✓ T 
Performance of experimentally induced falls 
Acceleration at hip impact and head impact  ✓  ✓ ✓ P 
Presence of head impacts during the 

experimental falls  
✓  ✓ ✓ S 

Safety and feasibility outcomes 
Discomfort level – 11-point numerical rating 

scale and body chart  
✓ ✓ ✓ ✓ P 

Adverse events – defined by the NIH  ✓ ✓ ✓ ✓ P 
Attrition – defined as the number of patients 

withdrawing from the study  
✓ ✓ ✓ ✓ T 

Attendance to intervention – the proportion of 
the sessions attended  

✓ ✓ ✓ ✓ T 

Subjective feedback  ✓ ✓ ✓ ✓ T 

Notes: ✓ = Examined in that session, T0 = Onsite screening visit, T1 = Baseline 
assessment, In = Intervention sessions, T2 = Acquisition and transfer assess-
ment, T3 = Retention assessment. 
O = Outcome measures, D = Demographics, S = Secondary, P = Primary, T =
Tertiary. 

Fig. 2. Experimentally induced falls (setup).  
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tion data will be determined. In addition, to ensure the motion capture 
yields accurate acceleration data, we will also record head and hip ac-
celeration by means of a body-worn 9◦ of freedom inertial measurement 
unit (IMU) system (APDM. Inc., USA). Specifically, participants will 
wear three IMUs attached on the forehead, sternum, and lumbar area 
during the falls. The sampling rate of the IMUs will be set at 100Hz to 
match the motion capture system and the data will be synced by a trigger 
module to the motion capture system. 

2.6. Interventions 

2.6.1. FAST group 
All training sessions will begin with a 10-min stretching session 

consisting of the following exercises from a sitting position on a chair: 
side rotation of the head, side head tilt, forward and backward head tilt, 
shoulder rolls, chest stretch, and hamstrings stretch. During each exer-
cise, participants will be instructed to perform body movements slowly 
until reaching the desired stretching position and to hold a light stretch 
for a few seconds before returning to the initial position. Participants 
will perform three sets for each exercise. Following this standardized 
stretching protocol, participants will undergo 20 min of FAST training. 
The FAST program is a progressive safe-falling training performed on a 
cushioned mat (width: 3 m, length: 2.4 m, height: 5 cm) and based on 
adaptations of martial-arts tuck and roll strategies [22,23]. This pro-
gram aims to teach how to effectively reduce impact forces during a fall 
by, 1) changing the trunk/knee angles during descent to decrease body 
acceleration, and 2) using a rolling movement to allow for an optimal 
distribution of impact forces applied to any site along the contact path. 
The FAST program consists of practicing self-initiated (i.e., voluntary) 
movements only and does not involve external perturbations and/or 
responding to sudden losses of balance. Participants will perform exer-
cises involving rolling on the back in supine position (week 1), rolling on 
the back from sitting position (week 2), and rolling on the back from the 
kneeling position and/or from the standing position (week 3–4). Par-
ticipants will receive visual demonstration by the trained researcher 
prior to practicing any of the required movements. The progression and 
description of the FAST program are fully detailed in Table 3. During the 
last training session, the trainer will use standardized criteria to evaluate 
to what extent participants have mastered the safe-falling techniques 
practiced during the program (Table 4). We also note that participants 
will progress to the last stage of training (weeks 3–4) only if they 
demonstrate adequate mastery of the intermediate motor skills, namely 
rolling on the back from the supine and sitting positions. An adequate 
level of mastery will be defined as scores ≥1 for the criteria Q5 and Q6 
(Table 4). No pilot data to estimate how many individuals will be able to 
complete all stages of training is currently available. Therefore, we will 
record the proportion of participants who can effectively learn key in-
termediate motor skills for execution of the tuck and roll strategy during 
the FAST program. The potential occurrence of adverse events, as 
defined by the NIH, as well as the level of discomfort measured through 
a numerical rating scale [34] will be recorded during each training 
session. 

2.6.2. Control group (OEP) 
The control group will receive balance exercises adapted from the 

evidenced-based OEP [25]. A modified version of OEP, rather than no 
control intervention, was chosen to increase the level of evidence 
required to demonstrate efficacy, and because, similarly to the FAST 
training, it was designed to be performed individually or in small 
groups. Briefly, all eight OEP sessions will involve 30 min of balance and 
strength exercises using ankle weights. The difficulty of the exercises 
will progressively increase as performance improves by increasing 
resistance and/or the difficulty of the balance exercises (e.g., reducing 
the base of support). Analogously to FAST, the potential occurrence of 
adverse events, as defined by the NIH, as well as the level of discomfort 
measured through a numerical rating scale [34] will be recorded during 

Table 3 
The FAST program.  

Progression Description Exercises Instructions 

Week 1 Exercises in the 
supine position. 

Bring chin to chest. Bend your legs, keep 
your arms out on the 
mat, and slowly bring 
your chin to the chest. 

Slap arms on the 
mat. 

Keep your chin tucked 
and use your arms, 
forearms and hands 
(palms down) to impact 
the mat 10 times. 

Roll on your back. bring your chin close to 
the chest, grab both 
your knees with your 
hands and roll back and 
forth. 

Roll from side to side 
(right and left side). 

Put one hand on your 
abdomen, roll sideways 
and use your arm and 
leg to stop the roll. 
Always keep your chin 
to the chest while you 
do this. 

Week 2 Exercises from a 
sitting position. 

Roll on your back 
from a sitting 
position. 

Bring your chin close to 
the chest, roll on your 
back, and use your 
arms to stop the fall. 

Roll on your side 
from a sitting 
position (right and 
left side). 

Put your left hand on 
your abdomen, bring 
your chin close to the 
chest, roll on the side, 
and use the right arm 
and leg to stop the fall. 

Weeks 3–4 Exercises from a 
kneeling/ 
standing 
position. 

Rolling backwards 
on the back from 
standing position. 

Bring your chin to the 
chest, bend your knees, 
sit back and roll on your 
back. Use both arms to 
arrest the roll and keep 
your head up. 

Rolling sideways on 
the back from 
kneeling position 
(right and left side). 

Bring your chin to the 
chest, sit back and your 
(right or left) side, roll 
on your side and use 
your (right or left) arm 
and leg to arrest the 
roll. 

* Rolling sideways 
on the back from 
standing position 
(right and left side). 

Bring your chin to the 
chest, sit back and your 
(right or left) side, roll 
on your side and use 
your (right or left) arm 
and leg to arrest the 
roll. 

Notes: * Participants will practice rolling sideways from a standing position if 
they have any known knee joint conditions (e.g., osteoarthritis) or if they report 
any knee discomfort in the kneeling position. Two crash pads stacked on top of 
each other will be utilized for all exercises performed from the standing position. 

Table 4 
Criteria for qualitative assessment (mastery) of the safe-falling techniques.  

Criteria Scoring 

0 1 2 

Q1. The body is relaxed during descent.    
Q2. Body twists slightly during descent – participant lands on buttocks 

(for sideways falls only)    
Q3. Squat during descent (knee and hip flexion)    
Q4. Buttock lands softly with smooth rolling motion    
Q5. Back is flexed during descent to maximize impact areas    
Q6. Chin is kept tucked during descent    

Notes: Score = 0: criterion is not performed; Score = 1: criterion is partially 
performed; Score = 2: criterion is excellently performed. 
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each training session. 

2.7. Statistical methods 

To test the hypothesis that the FAST participants will show greater 
reduction in hip impact acceleration and head acceleration than the OEP 
participants immediately following the 4-week training, one-way anal-
ysis of variance (ANOVA) with the group (FAST vs. OEP) as the main 
factor will be used to compare the changes in these fall injury parame-
ters. Changes in hip impact and head acceleration will be calculated as 
the difference from T2 to T1 for each respective measure. Separate an-
alyses will be conducted on hip impact acceleration and head acceler-
ation. To test the hypothesis that FAST participants will show greater 
reduction in hip impact force and head acceleration than OEP partici-
pants at 3 months post training, a similar ANOVA analysis will be con-
ducted. Changes in ABC and BBS scores from T2 to T1, and from T3 to 
T1, will also be calculated and differences between groups will be 
explored through one-way ANOVAs. To test the hypothesis that there 
will be greater musculoskeletal discomfort in the FAST group compared 
to the OEP group, a two-sample independent t-test will be performed to 
compare the discomfort scale score at each assessment and training 
session. Additionally, a cross-tabulation of adverse events as a function 
of the group (FAST vs. OEP) will be analyzed to examine group differ-
ences in the frequency of training-related adverse events. 

2.8. Data and safety monitoring 

The current research project will comply with all NIH requirements 
and guidelines for data and safety monitoring boards (DSMBs). The 
appointed members of the DSMB will receive regular data reports at a 
schedule agreed upon by the members. In addition to reviewing the 
overall study protocol, the DSMB will also review the progress of trial (e. 
g., recruitment by ethnicity and sex, protocol deviations, adverse events, 
data quality, attrition, research outcomes) and make appropriate rec-
ommendations. Members of the study team will attend the DSMB 
meetings, which will take place with a frequency of at least once a year 
for the whole study duration. 

2.9. Confidentiality 

Participants’ confidentiality will be kept by performing informed 
consent, paperwork, and screening within the University of Kansas 
Medical Center. Participants will be assigned a unique study identifi-
cation number, and all study forms will be de-identified. After the 
completion of the study, other researchers will have access to the de- 
identified study data. This will enable others to address additional 
questions and further investigate the results of the interventions. 

2.10. Dissemination plan 

The research team will publish the results of this research project in a 
peer reviewed journal. Researchers who have made intellectual contri-
butions to the publication(s) will be listed in the authorship. The man-
uscripts will be subjected to rigorous review before they are submitted 
for publication. The research findings may also be presented at national 
and international conferences. 

3. Discussion 

Despite evidence that falls can be prevented in older adults, the 
number of fall-related injuries in this segment of the U.S. population 
have been increasing steadily over time [35]. Therefore, there is a 
critical need for innovative approaches that specifically aim to minimize 
fall-related injuries when falls cannot be avoided. Teaching older adults 
how to fall safely is a potentially cost-effective strategy to mitigate se-
vere injuries such as traumatic brain injury and hip fractures. In this 

respect, previous studies have already highlighted the potential benefits 
of teaching older adults how to execute protective movements [23,24]. 
For instance, our pilot study involving healthy individuals aged between 
55 and 75 years showed that participants who were taught a safe-falling 
technique were able to decrease hip acceleration by 33% and head ac-
celeration by 54% after training [23]. However, there is a critical need 
for further research to examine the feasibility and preliminary efficacy 
of safe-falling training in older adults who are at high risk of fall-related 
injury. 

The current project will address this critical knowledge gap and 
inform future, larger RCTs of the importance of safe-falling training as a 
strategy to reduce fall impact and head motion, and potentially to 
reduce hip and head injuries in at-risk populations. Importantly the 
current project will utilize a motor learning approach to evaluate the key 
stages of FAST mastery. In particular, the FAST program was designed 
with a partial backward chaining approach [36], namely a progressive 
step by step practice of protective movements taught backwards (i.e., 
from the final to the initial sequences of the motor task). This strategy 
has been successfully employed to teach older adults how to safely get 
up from the floor [36] and, in the current project, it will provide insights 
as to which aspects of FAST can and/or cannot be learned by at-risk 
older adults. 

Potential problems of the current project will mainly consist of 
participant recruitment issues. Indeed, it is possible that older adults at 
risk of fall-related injury will be unwilling to participate in a safe-fall 
training program. In addition, injury or disinterest may prevent 
continued participation in the study. In this respect, we are going to 
incorporate stringent criteria for participants’ use of safety equipment to 
minimize the risk of injury. Further, should participants experience an 
injury, we will discontinue training, and will account for potential 
attrition through increased recruitment. Some methodological limita-
tions of the proposed project should also be acknowledged. First, while 
we are setting out to investigate the preliminary efficacy of teaching 
safe-falling techniques as a strategy to minimize fall-related injury in 
older adults, all the study procedures will be performed in a controlled 
laboratory setting. Consequently, the study design will not allow us to 
fully understand whether learning to fall in the lab may translate into a 
better ability to fall safely in the real world. Analogously, the trans-
ferability of the learned safe-falling strategies to different falling sce-
narios will not be examined. For instance, due to the identical pre- and 
post-intervention testing paradigms, we will not be able to determine 
whether the FAST techniques can be used during unexpected balance 
perturbations. Second, our inclusion criteria aim to identify individuals 
at-risk of injurious fall, as indicated by: 1) positive history of fall-related 
injury in last year, or 2) experience of more than two falls in the last 
year, or 3) concerns related to changes of balance or walking (Table 1). 
While these inclusion criteria are based on a previous RCT aiming to 
decrease injury risk in older adults at-risk of injurious falls [19], we 
should at least acknowledge the possibility that participants meeting 
criterion 3 only may have a lower risk of falls compared to participants 
meeting criteria 1 and/or 2. Third, this study will predominately focus 
on examining the operational feasibility and safety of the FAST inter-
vention rather than on the economic feasibility of FAST. Therefore, 
further research will be required to evaluate the cost-effectiveness of the 
proposed safe-falling program. In addition, it is possible that the pro-
posed FAST training duration (four weeks, twice a week) may not be 
sufficient to observe an adequate mastery of the safe-falling techniques 
in the study participants. In this respect, the qualitative assessment 
(Table 4) will be critical to better understand whether the proposed 
intervention may benefit from additional training time and/or from 
additional training elements. Lastly, we should acknowledge that the 
sample size will be relatively small for this investigation. Although our 
sample size calculation suggests that the study will be adequately 
powered to detect changes in the main preliminary efficacy measures (i. 
e., hip and head acceleration), the relatively small sample may inflate 
the probability of committing a type two error when comparing 
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differences in adverse events between the two groups. 
Ultimately, the long-term vision of this research project is that the 

FAST program and/or adaptations of this safe-falling training could be 
implemented as part of current community-based fall-risk reduction 
programs, such as balance and resistance training, to not only reduce 
falls, but reduce fall-related injury when the falls cannot be absolutely 
prevented. 
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