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Abstract

Background: Falls among older adults are a significant public health concern associated with
reduced lower extremity muscle strength and balance. Objective: This study aimed to evaluate the
effectiveness of a multifactorial fall prevention intervention with Tai Chi on lower extremity muscle
strength and balance among community-dwelling older adults with a fall history in Bangkok, Thailand.
Methods: A quasi-experimental, two-group pretest—posttest design was employed (n = 60; experi-
mental = 30, comparison = 30). The experimental group received an 8-week program incorporating
fall prevention education and fall risk assessment, Tai Chi training, scenario-based risk management,
home hazard assessment, digital reinforcement via LINE Official Account, and family-engaged home
visits. The comparison group received usual care and a fall prevention manual. Results: Post-inter-
vention, the experimental group demonstrated a statistically significant improvement in lower extrem-
ity muscle strength compared with the comparison group. The mean Five Times Sit-to-Stand Test
(FTSST) completion time decreased from 11.64 + 2.07 seconds to 9.63 + 1.53 seconds in the ex-
perimental group, whereas only a minimal change was observed in the comparison group (15.08 +
3.40 seconds to 15.74 + 3.75 seconds). ANCOVA-adjusted means confirmed a significant between-
group difference in lower extremity function, with the experimental group demonstrating a shorter

FTSST completion time than the comparison group (11.04 vs. 14.20 seconds; F (1,57) = 36.33, p <
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.001, partial T]Z = .389). Dynamic balance also improved significantly in the experimental group
compared with the comparison group. Dynamic balance improved significantly following the interven-
tion. The mean Timed Up and Go (TUG) test time decreased from 10.45 + 1.86 to 8.75 + 1.55
seconds in the experimental group, compared with a marginal reduction from 14.13 + 3.95 to 13.93
+ 4.08 seconds in the comparison group. ANCOVA-adjusted mean TUG times demonstrated a sig-
nificant between-group difference, favoring the experimental group (10.34 vs. 12.34 seconds; F(1,57)
= 17.53, p < .001, partial 1]2 = .235). Static balance also showed significant improvement. Within
the experimental group, Wilcoxon signed-rank test results indicated a significant increase in static
balance performance (pre-intervention: median = 40.00 s, IQR = 7.75; post-intervention: median =
40.00 s, IQR = 0.00; Z = -2.437, p = .015). Furthermore, post-intervention static balance was signif-
icantly better in the experimental group than in the comparison group, as demonstrated by the Mann—
Whitney U test (Z = -2.762, p = .006). Conclusion: This multifactorial program incorporating Tai Chi
significantly improved lower extremity muscle strength and balance, providing a feasible, low-cost

model to improve physical function and reduce fall risk among community-dwelling older adults.
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What Was Known

® Falls among community-dwelling older adults are strongly associated with lower extremity
muscle weakness, impaired balance, and reduced neuromuscular function.

® Tai Chi improves neuromuscular function, proprioception, and postural stability in older adults,
yet evidence on its integration within structured multifactorial programs in urban Asian com-
munity settings remains limited.

® Multifactorial fall prevention interventions that combined exercise with education,
environmental modification, and behavioral support are more effective than single-component
exercise programs, yet the specific contribution of digital adherence monitoring to sustaining

exercise dose remains understudied.

What’s New and Next

® A community-based multifactorial program with Tai Chi as the core exercise component
significantly improved lower extremity muscle strength and balance in urban Thai community-

dwelling older adults with a fall history.
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® Digital follow-up using LINE Official Account for exercise reminders, video guidance, and
direct feedback achieved 96.7% home Tai Chi practice adherence, demonstrating a low-cost,

scalable model for sustaining exercise dose in community settings.

® Future randomized controlled trials with multiple follow-up time points should examine
long-term sustainability of physical function gains and integration of this multifactorial model

into primary care fall prevention programs and national aging policy frameworks.

Introduction

Falls are among the most common and serious adverse events in older adults and are leading
causes of injury, disability, and loss of independence(”. Approximately one-third of adults aged 65
years and older experience at least one fall each year, with a significant proportion encountering
recurrent falls®). These incidents are associated with increased healthcare utilization, restricted
mobility, and lower quality of life®. The physical, psychological, and economic consequences of falls

emphasize the importance of effective prevention strategies for aging populations(z"").

The causes of falls in older adults are multifactorial, encompassing intrinsic factors such as
declines in lower extremity muscle strength, impaired balance, and reduced mobility and extrinsic
factors such as environmental hazards, medication use, and inappropriate footwear®®). All these
factors impair safe performance of transitional movements such as standing, walking, and turning,
directly increase fall risk. Therefore, interventions that improve lower limb strength and balance are

important in fall prevention.

Exercise-based interventions are recommended as effective strategies to enhance physical
function and reduce fall risk in older adults®” Among exercise intervention, Tai Chi has received
particular attention for fall prevention due to its distinctive biomechanical characteristics that
controlled knee flexion, gradual weight transfer, slow posture transitions, and whole-body
coordination which directly target the neuromuscular mechanisms underlying fall risk”®. Tai Chi
improves lower extremity muscle strength, dynamic and static balance, and neuromuscular efficiency
during transitional movements, while its low-impact nature and minimal equipment requirements
make it suitable for community delivery across a range of physical abilities"*'%. However, exercise
alone may not sufficiently address the complex, multifaceted nature of fall risk; multifactorial inter-
ventions integrating Tai Chi with education, home hazard modification, digital follow-up, and family

engagement are increasingly recommended as they can lead to greater improvements in safety and
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functional independence compared with single-component approaches®®'. While ~ community-
based fall prevention programs have demonstrated effectiveness in reducing falls among Thai older
adults"®, evidence on multifactorial approaches specifically tailored to urban community settings
remains limited, as environmental risks and lifestyle factors differ substantially from rural contexts("®.

As of December 2023, the population of people aged 60 years and older in Thailand
accounted for 20.17% of the total population, officially describing Thailand as an aged society!"®.
Falls are the second leading cause of unintentional injury death among Thai older adults, with
approximately one-third of older adults falling at least once per year and 40-60% of them
experiencing recurrent falls within the same year'" ®. In Lat Krabang District, Bangkok, urban older
adults face elevated fall risk compounded by daytime social isolation due to family work

commitments!'”.

Therefore, this study aimed to evaluate the effectiveness of a multifactorial intervention with
Tai Chi as its core exercise component on lower extremity muscle strength and balance among
community-dwelling older adults with a fall history in Bangkok, contributing evidence to support inte-

grated, community-based fall prevention programs tailored to urban settings.

Materials and Methods

Study Design & Study Population

A quasi-experimental, two-group pretest—posttest design was employed to examine the
effects of a multifactorial fall prevention intervention with Tai Chi as the core exercise component on
lower extremity muscle strength and balance among community-dwelling older adults in Lat Krabang
District, Bangkok. Participants were allocated to experimental and comparison groups based on
community subdistricts to minimize contamination. Outcomes were assessed in the baseline and one

week after completing the 8-week intervention.

This manuscript is one of two papers arising from the same investigation (n = 60). The present
paper reports lower extremity muscle strength and balance as primary outcomes, examined through
the physical mechanisms through which Tai Chi involving controlled movements, weight shifting, and
whole-body coordination that strengthens leg muscles and improves balance needed for safe daily
activities. A companion paper examining fear of falling as the primary outcome, framed through
Bandura's Self-Efficacy Theory, has been submitted separately for publication in a peer-reviewed

journal.
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Inclusion Criteria

Participants were eligible if they were community-dwelling adults aged 60-75 years who had
experienced at least one fall in the past year. Additional inclusion criteria were the following:

1. Functional independence was assessed using the Barthel Activities of Daily Living

(ADL) Index. Participants with a Barthel ADL score of =12, indicating moderate to
high functional independence, were eligible for inclusion‘'®).
Normal cognitive function (Mini-Cog score =49
Ability to walk independently without assistive devices

Ability to use the LINE application, either independently or with family support

Effective communication skills in Thai (listening, speaking, reading, and writing)

2 T

Willingness to provide informed consent and commit to participation for the study

duration

Exclusion criteria

Participants were excluded if they had conditions contraindicating exercise participation
including severe cardiopulmonary disease, neurological disorders affecting mobility or balance (e.g.,
stroke, Parkinson's disease), severe osteoarthritis, or any physician-advised restriction against

physical exercise as identified through self-reported medical history at screening.

Sample Size

The sample size was calculated using G*Power version 3.1.9.7, based on an independent
samples t-test with an effect size (Cohen's d) of 0.72, referencing a prior fall prevention study in Thai
older adults®?. A one-tailed test was selected because the study hypothesized a directional effect,
specifically that the intervention group would show significantly greater improvement in physical
function than the comparison group. With Ol = 0.05 and power (1-B) = 0.80, the one-tailed calculation
yielded a required sample size of 25 participants per group. Allowing for an estimated 15% dropout
rate®"), the target participants were increased to 30 per group, resulting in a total sample of 60

participants.

Measures & Procedures
The study included three main components: (1) screening of participants, (2) data collection
using structured instruments and outcome measures, and (3) implementation of the intervention

program. Data were collected at two time points, at baseline (before the intervention) and one week
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after the completion of the 8-week intervention (post-test, week 9). This one-week washout period
was incorporated to reduce the influence of short-term fatigue from the final exercise session on
outcome measurement. All assessments were conducted according to standardized protocols by
trained assessors who supervised participants closely throughout physical performance testing to

ensure safety and prevent falls.

Screening instruments
Two validated instruments were used to assess participant eligibility during the screening

process prior to enroliment.

Functional Status: The Thai version of the Barthel Activities of Daily Living (ADL) Index (score
range: 0—-20) was used to assess functional independence. Participants with a Barthel ADL score of

= 12, indicating moderate to high independence, were eligible“g).

Cognitive Status: The Mini-Cog cognitive screening test (score range: 0-5) was used to
assess cognitive function. A score of 4 or higher was required for study inclusion indicating intact

cognitive function sufficient for safe exercise participation and informed consent'®.

Data collection instruments

A structured interview questionnaire, developed by researchers, was used to gather
information on sociodemographic characteristics, health status, and fall-related history at baseline.
Data collected included age, sex, height, weight, BMI, blood pressure, marital status, education,
monthly income and income source, comorbidities, medication use, exercise habits, and type of
residence. Fall history was also recorded, including the number and timing of falls in the past year

and any medical treatment received for fall-related injuries.

Outcome measures: Physical function were assessed by using three standardized tools.

1. Five Times Sit-to-Stand Test (FTSST) assesses lower extremity muscle strength.
Participants performed five consecutive sit-to-stand cycles from a standard armless chair (43 cm)
with arms crossed. Time to complete was recorded (two trials, one-minute rest and average used for

analysis). Times over 14 seconds indicated increased fall risk®?.

2. Timed Up and Go Test (TUG) assesses dynamic balance and mobility. During this test,
participants stand up from a chair, walk three meters, turn around, return to the chair, and sit down
as quickly and safely as possible. A completion time over 12 seconds indicates a higher risk of

falling®®?.
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3. 4-Stage Balance Test for static balance assesses static balance using four positions of
increasing difficulty (feet together, semi-tandem, full tandem, single-leg stance). Each position was
held for 10 seconds without support. The total time maintained across all four positions (maximum

40 seconds) was recorded®?.

Reliability test
Before starting the main study, the outcome measures were tested for reliability with 30 older

adults in Bueng Kum District, Bangkok. Test—retest reliability was measured over a one-week interval.

Intraclass Correlation Coefficients (ICC) and Cronbach’s alpha were calculated.
® FTSST: A = .96; ICC(single) = .85; ICC(average) = .92
® TUG: O = .98; ICC(single) = .92; ICC(average) = .96
® 4-Stage Balance Test: Ol = .96; ICC(single) = .90; ICC(average) = .95
These results confirmed excellent test—retest reliability for all physical performance measures

used in the study.

Intervention program
The experimental group participated in an 8-week multifactorial fall prevention program with
Tai Chi as the core exercise component, addressing both intrinsic and extrinsic risk factors. An

overview of the program components is presented in Table 1.

The 8-week multifaceted intervention consisted of:

1. Fall prevention education and Fall risk assessment

Participants received structured group education on intrinsic and extrinsic fall risk factors
using a multidimensional fall risk screening tool to identify individual modifiable risks, supplemented

by a fall prevention handbook®.
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Table 1. Overview of the 8-Week Multifactorial Fall Prevention Program

Component Timing Duration Delivery
Fall prevention education and fall risk assessment Week 1 2 hrs/session Group
Eight-form Tai Chi training (supervised) Weeks 1-4 2 hrs/session Group
Scenario-based risk management + first aid Week 3 2 hrs/session Group
Home-based Tai Chi practice Weeks 1-8 35 minx3 times/week Home
Digital follow-up via LINE Official Account Weeks 1-8 3 times/week Individual
Home hazard assessment + family-engaged home visit Week 8 30 min/participant Individual

2. Tai Chi training

Participants participated in structured eight-form Tai Chi training based on a standardized
protocol ) as illustrated in Figure 1. delivered through: (2.1) supervised weekly group sessions
during Weeks 1-4 (2 hours/session) with certified instructor guidance; and (2.2) independent home
practice three times weekly (35 minutes/session) throughout Weeks 1-8, monitored via photographic

submissions through LINE Official Account.

B RABA KA

Opening Form 1. Repulse Monkey 2. Brush Knee and Twist 3. Parting the Wild Horse's

ARA TRR &%

4. Waving Hands Like Clouds 5. Golden Cock Stands on One Leg 6. Kick with Heel

AAAA KA RS

7. Grasp the Peacock's Tail 8. Cross hands Closing Form

Figure 1 Eight-form Tai Chi movements used in the intervention program
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3. Simulation-based risk management and basic first aid training

Participants practiced identifying high-risk situations, applying safe movement strategies, per-
forming basic fall injury assessment, and exhibiting appropriate help-seeking behaviors.

4. Home hazard assessment with environmental modification guidance

Participants used a structured checklist to identify and reduce fall hazards in home areas,
including bathrooms, floor surfaces, lighting, furniture, and stairways.

5. Digital reinforcement via LINE Official Account

Continued support included reminders to complete exercises, instructional videos of Tai Chi,
motivational feedback for exercises, and a direct communication to the research team.

6. Home visit and family engagement

At Week 8, a 30-minute individual home visit reinforced Tai Chi progress, reassessed home
modifications, provided individualized feedback, and involved family members in ongoing fall

prevention planning

Content Validity and Pilot Testing

The intervention content was reviewed by three experts in geriatric medicine, fall-prevention
physiotherapy, and Tai Chi/public health. The Scale-Level Content Validity Index (S-CVI) was 1.00,
indicating excellent content validity. Before implementation, a pilot test with 10 community-dwelling
older adults was conducted to assess the clarity of materials, safety procedures, and session logis-

tics.

Adherence Monitoring and Fidelity

Adherence was monitored through photo or video submissions of home Tai Chi practice via
the LINE application and through participants' self-reported practice logs. The research team
consistently examined these records and delivered reminders, motivation, and feedback via the LINE
application. The Tai Chi sessions were co-facilitated by the primary researcher, a certified community
nurse practitioner, and a Traditional Chinese Medicine specialist from Huachiew Chalermprakiet
University, who is formally qualified to instruct Tai Chi. Before the study implemented, the primary
researcher underwent structured Tai Chi training under the guidance of this specialist to ensure
delivery consistency and competency. To ensure fidelity, all sessions adhered to standardized pro-

tocols and were conducted by the same trained research team.
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Comparison Group
The comparison group received usual care from local health services. Additionally,
the fall prevention manual was distributed to participants in the comparison group by the research

team at the beginning of the study period®.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 30.0. Descriptive statistics
summarized participant characteristics, and baseline comparability was assessed using chi-square,
independent-samples t-tests, or Fisher's exact test as appropriate. Normality was assessed using the
Shapiro-Wilk test; FTSST and TUG were normally distributed, while the 4-Stage Balance Test was
not. Within-group changes were analyzed using paired t-tests or Wilcoxon signed-rank tests, and
between-group comparisons using independent t-tests or Mann-Whitney U tests accordingly. Given
significant baseline differences in FTSST and TUG, ANCOVA with corresponding pre-test scores as
covariates was performed to control for baseline imbalance and provide adjusted between-group

estimates.

Results

Participant Characteristics

Sixty community-dwelling older adults aged 60—75 years were allocated to the experimental
(n = 30) and comparison (n = 30) groups, with 100% retention at study completion. No statistically
significant between-group differences were observed in any baseline sociodemographic, clinical, or
fall-related characteristics (p > .05), confirming group comparability prior to the intervention (Table

2).

Fall History

Fall-related characteristics are presented in Table 3. Most participants reported one fall in the
past year, with approximately one-third experiencing two or more falls. Falls occurred most frequently
in the morning indoors, particularly in the bathroom, with tripping and slipping as the most common
mechanisms and bruising as the most frequent injury outcome. Most participants managed injuries
through self-care at home (e.g., rest, cold compresses, and over-the-counter pain relief). No statisti-

cally significant between-group differences were observed for any fall-related characteristic (p > .05).
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Table 2 Baseline Personal and clinical characteristics of participants by study group (n=60)

Experimental (n=30) Comparison (n=30)
Variable p-value
n % n %

Female 26 86.7 22 73.3 1972
Age (years), meantSD 66.77+3.58 68.77+4.42 .059°
BMI (kg/m?), meantSD 24.06+2.43 25.40+4.34 .146°
Normal BP 23 76.7 23 76.7 1.000°
(90-139/60-89 mmHg
Any chronic disease 17 56.7 18 60.0 .793°
No regular exercise 16 53.3 9 30.0 .067 2
Married 16 53.3 18 60.0 .602°

SD, standard deviation; BMI, body mass index; BP, blood pressure.

3Chi-square, PIndependent t-test, °Fisher’s exact test

Table 3 Fall-related characteristics (previous 12 months)

Experimental (n=30) Comparison (n=30)
Variable p-value
n % n %
Number of falls in past year 1.000?
1 fall 20 66.7 20 66.7
>2 falls 10 33.3 10 33.3
Falls in the morning 21 70.0 18 60.0 .236°
(05:00-11:59)
Self-treatment at home 22 73.3 17 56.7 1762
after injury
Fall location: bathroom 12 40.0 12 40.0
Mechanism: tripping 17 56.7 17 56.7
Mechanism: slipping 17 56.7 18 60.0
Injury: bruising 24 80.0 21 70.0

aChi-square
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Baseline Physical Function
Baseline physical function outcomes are presented in Table 4. The experimental group
demonstrated significantly shorter FTSST and TUG completion times than the comparison group at

baseline (p < .001), indicating better initial lower extremity strength and mobility. No significant

between-group difference was observed for static balance (p = .904). Given these baseline
differences, ANCOVA with baseline scores as covariates was used for FTSST and TUG

comparisons.

Table 4 Baseline physical function outcomes by study group

Outcome Experimental Comparison p-value
FTSST (s), meantSD 11.64+2.07 15.08+3.40 <.001°
TUG (s), mean+SD 10.45+1.86 14.13+3.95 <.001°
4-Stage Balance Test (s), 40.00 (7.75) 40.00 (8.29) .904°
median (IQR)

FTSST, Five Times Sit-to-Stand Test; TUG, Timed Up and Go; IQR, interquartile range; s, seconds.

bIndependent t-test, °Mann—Whitney U test.
Changes in Lower Extremity Muscle Strength and Dynamic Balance

Within-group pre—post changes are presented in Table 5. The experimental group showed
significant improvements in FTSST and TUG (p < .001), while the comparison group showed no

significant TUG improvement (p = .430) and a slight decline in FTSST performance (p = .040).

Table 5 Within-group pre—post changes in FTSST and TUG (paired t-test)

Outcome Group Pre mean £ SD Post mean * SD t p-value
FTSST (s) Experimental 11.64+2.07 9.63+1.53 5.564 <.001
Comparison 15.08+3.40 15.74+3.75 -2.146 .040
TUG (s) Experimental 10.45+1.86 8.75+1.55 5.079 <.001
Comparison 14.13+3.95 13.93+4.08 0.800 430

FTSST, Five Times Sit-to-Stand Test; TUG, Timed Up and Go; SD, standard deviation; s, seconds.
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Adjusted Post-Intervention Comparisons
After adjusting for baseline values, ANCOVA analysis showed that the experimental group
had significantly better outcomes than the comparison group on both the FTSST and TUG tests

(p < .001), as shown in Table 6.

Table 6 ANCOVA comparison of post-intervention outcomes (adjusted for baseline)

Outcome Adjusted post Adjusted post
partial
mean (SE) mean (SE) F (1,57) p-value
2
(Experimental) (Comparison) n
FTSST (s) 11.04 (0.34) 14.20 (0.34) 36.328 <.001 .389
TUG (s) 10.34 (0.32) 12.34 (0.32) 17.528 <.001 235

FTSST, Five Times Sit-to-Stand Test; TUG, Timed Up and Go; s, seconds; SE, standard error; ANCOVA,

analysis of covariance (adjusted for baseline values of the corresponding outcome); F, F statistic; NN? partial

eta squared.

Static Balance Outcomes

Static balance outcomes assessed using the 4-Stage Balance Test are presented in
Table 7. The experimental group demonstrated significant within-group improvement (Z = —2.437,
p = .015), while the comparison group showed no significant change (Z = —1.753, p = .080).
Between-group comparison confirmed significantly greater improvement in the experimental group

(Mann-Whitney Z = —2.762, p = .006).

Intervention implementation and adherence

High adherence to the intervention among participants in the experimental group.
Most participants (93.3%) successfully completed home hazard modifications. Adherence to home-
based Tai Chi practice was also high, with 96.7% regularly submitting photos or videos of their
practice through the LINE Official Account. One participant needed family assistance to submit digital
evidence. Adherence was further verified through follow-up phone calls, home visits, and activity logs

recorded in participants’ progress booklets.
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Table 7 Static Balance Outcomes within and between-group comparisons

Analysis Group Pretest, Posttest, Y4 p-value

median (IQR) median (IQR)

Within-group Experimental 40.00 (7.75) 40.00 (0.00) -2.437 . 015
(Pre-Post) (n=30)
Comparison 40.00 (8.29)  40.00 (8.58) -1.753 .080
(n=30)
Between- Experimental - - -2.762 .006°

group change and Comparison

(Pre—Post)

IQR, interquartile range; s, seconds. Within-group comparisons were analyzed using the Wilcoxon signed-rank test.
Between-group comparisons were analyzed using the Mann-Whitney U test. ®Mean rank: experimental 35.12,

comparison 25.88.

Discussion

This quasi-experimental study evaluated the effectiveness of an 8-week multifactorial fall
prevention program with Tai Chi as the core exercise component on lower extremity muscle strength,
dynamic balance, and static balance among community-dwelling older adults with a fall history. Sig-
nificant improvements in all three outcomes support the value of structured, nurse-facilitated com-
munity programs for older adults at high risk of fall. The discussion includes the neuromuscular
mechanisms underlying these improvements, the supporting role of non-exercise components, study

limitations and strengths, and implications for nursing practice.

Improvement in Lower Extremity Muscle Strength
The experimental group had a significantly lower completion time for the FTSST, indicating
better lower extremity muscle strength. The FTSST involves coordinated activation of quadriceps,
gluteal muscles and trunk stabilizers. Sarcopenia related to aging and decreased neuromuscular
coordination limit the ability to safely perform these movements, thus increasing the risk of falls“?7).
The eight-form sequence of Tai Chi specifically targets these muscle groups by controlled knee
flexion, gradual weight transfer and repeated semi-squat postures, which require sustained activation
6,7,11)

of the lower extremities, contributing to an improved muscular endurance and coordination’ .

Previous studies consistently support the effectiveness of Tai Chi-based programs for the balance
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and functional outcomes in older adults ©?*?®_ In contrast, the comparison group showed a small
decline in FTSST performance consistent with the natural trajectory of age-related muscle decline in

(4.6

the absence of targeted exercise ) and highlighting the value of structured, nurse-facilitated exer-

cise programs for maintaining functional capacity in older adults.

Improvement in Dynamic Balance and Mobility

The Timed Up and Go (TUG) Test was used to measure the dynamic balance and significant
improvement was found in the experimental group. The TUG assesses multiple components of func-
tional mobility including the sit to stand initiation, forward gait, turning and return, which require
integrated neuromuscular coordination across the joint systems of the lower extremity®. Poor per-
formance on the TUG is associated with a higher risk of falling and loss of independence in daily
activities. Tai Chi deals with these components with slow, continuous postural transitions that require
participants to maintain control of their center of mass as they move their weight. This practice
improves proprioceptive feedback, anticipatory postural adjustments, and dynamic gait stabilization
(2930) The 8-week duration and three-times weekly practice schedule used in this study is consistent

with a recent meta-analysis that confirmed 8-16 week Tai Chi interventions have the most consistent

improvements in dynamic balance outcomes among older adults!?.

The small, non-significant decrease in TUG time in the comparison group may be due to
measurement familiarity, practice effects of repeated assessment or small behavioral changes due
to the fall prevention handbook and should be considered when interpreting differences between the
groups. Baseline differences in FTSST and TUG scores were adjusted using ANCOVA adjusting for
baseline scores as covariates. Adjusted analyses showed significantly better outcomes in the exper-

imental group, suggesting the robustness of findings.

Improvement in Static Balance

The experimental group showed a significant improvement in the static balance measured
by 4-Stage Balance Test. Static balance requires the precise integration of vestibular, visual and
somatosensory inputs. These processes tend to deteriorate with age due to a decline in propriocep-

@427) These age-

tion, slower neuromuscular response times, and reduced sensorimotor processing
related changes are relevant to static balance deficits that increase fall risk during activities of daily
living such as standing in confined spaces, reaching overhead and weight-shifting during personal

care tasks®. Tai Chi specifically targets these mechanisms by progressively narrowing the base of
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support, transitioning from feet together to a single-leg stance. This approach trains the proprioceptive
and vestibular systems to integrate sensory input more effectively'>?®). The 4-Stage Balance Test
presents a challenge to participants by progressing from simple standing to a single-leg stance. This
progression is closely similar to the balance practiced during the eight-form Tai Chi sequence, allow-
ing individuals to build confidence in similar real-life balance situations. The improvement in static
balance is still clinically significant, even though it is smaller than the improvement of dynamic bal-
ance. Little improvements in a person's ability to stand stable can reduce fall risk and enhance

independence in daily activities such as bathing, dressing and reaching overhead.

Role of Multifactorial Intervention Structure

The main exercise component was Tai Chi, while other elements contributed to the
enhancement of physical functions through complementary mechanisms. Fall prevention education
and fall risk assessment increased awareness of intrinsic and extrinsic fall risk factors among partic-
ipants, promoting safer movement behaviors in daily activities. Home hazard assessment and envi-
ronmental modification directly reduced extrinsic fall risk by extending the protective effect of physical
training into the home environment where most falls occur. This is particularly relevant in urban
housing contexts where bathroom surfaces, narrow walkways, and stairs present common haz-
ards!"'") Scenario-based risk management training enhanced participants' emergency response
skills, which in turn reduced potential injury from a fall. Home Tai Chi practice was maintained (96.7%
adherence) via digital follow-up (LINE Official Account) with exercise reminders, review of the in-
structional video, and individualized feedback. The week 8 home visit engagement with the family
reinforced safe movement practices within the home environment and established a family support
structure for sustained fall prevention behaviors beyond the program period. These components
combined addressed both physical and environmental determinants of fall risk, thus creating condi-
tions in which improvements in muscle strength and balance resulting from Tai Chi could be effec-

tively translated into fall prevention in the community®'?.

Program Sustainability

The program included several features to support continued fall prevention beyond the
8-week period. Participants received a fall prevention handbook for home safety reference, access
to LINE Official Account for digital reinforcement, and family support established through Week 8
home visit. The eight-form Tai Chi sequence is simple to be practiced independently at home, without

requiring any equipment. The high adherence rates for home Tai Chi practice (96.7%) and home
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hazard modification (93.3%) provide indirect evidence that participants were actively engaged in all
components of the program, although the individual contribution of each component cannot be iso-

lated due to the integrated multifactorial design.

Implications for Practice

These findings have implications for the community nurse practitioner who works in a primary
care setting. This program, implemented in the context of existing community infrastructure,
organized over eight weeks, with minimal equipment, and facilitated by nurses, offers a practical
model for improving physical function and reducing fall risk in older adults at high risk of fall. This
program can be integrated into community nurses’ activities of older adult clubs, geriatric clinics and
community health promotion services without specialist referral. The program aligns with the WHO
Integrated Care for Older People (ICOPE) framework through structured screening for fall risk, indi-
vidualized home modifications, and multicomponent exercise delivery, and supports its im-
plementation as a person-centered primary care intervention consistent with international guideline

recommendations for fall prevention®3".

Study Limitations and Future Research

There are a few limitations to consider. First, the quasi-experimental design may be prone to
selection bias, despite baseline characteristics being similar between groups. Second, the relatively
small sample size limits generalizability to larger populations. Third, the 8-week intervention period
may not capture long-term sustainability of physical function improvements. Fourth, outcomes were
assessed at only two time points, limiting the ability to assess whether improvements were maintained

over time.

Despite these limitations, several strengths should be noted. Validated performance-based
outcome measures were used, with excellent reliability (ICC = 0.85-0.96) and reduced measurement
error. Participant retention was 100% and adherence rates were high, 96.7% for home Tai Chi
practice and 93.3% for home hazard modification, suggesting the feasibility and acceptability of this
program in community settings.

Future research should include randomized controlled trials with larger and more diverse
samples and multiple follow-up evaluations at 1, 3, and 6 months post-intervention, to evaluate the
long-term sustainability of enhancements in physical function and to validate the generalizability of

these initial findings.

|
Thai Journal of Public Health Vol. 56 No. 2 (May-Aug 2026) www.ph.mahidol.ac.th/thjph/



Multifaceted Intervention for Fall Prevention KHRUESANIT ET AL.
.
Conclusion

This study provides preliminary evidence that an 8-week multifactorial fall prevention program
with Tai Chi as the core exercise component was associated with significant improvements in lower
extremity muscle strength, dynamic balance, and static balance among community-dwelling older
adults with a fall history. Community nurse practitioners can deliver this program within existing
primary care infrastructure without specialized equipment, extending nursing care into the home
environment where most falls occur. Embedding this approach into national fall prevention pathways
is consistent with WHO ICOPE recommendations for person-centered primary care. Future random-
ized controlled trials with larger samples and long-term follow-up are needed to confirm these findings

across diverse populations.
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