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Abstract
Background  Approximately one third of community-dwelling older adults fall each year, and older women 
experience roughly twice the rate and number of falls as men. The timed up and go test (TUG) is a widely used 
to assess mobility and fall risk. However, its ability to detect subtle gait impairments may be constrained in high-
functioning older adults.

Objective  This study aimed to evaluate the reliability of gait parameters measured by wearable inertial sensors 
during single-task timed up and go test (ST-TUG) and dual-task timed up and go test (DT-TUG) in community-dwelling 
older women, to assess their usefulness for fall-risk screening.

Methods  Twenty-five cognitively healthy women (mean age 70.09 ± 3.52 years) completed ST-TUG and DT-TUG 
within a two-day interval. Wearable inertial sensors yielded 21 parameters, including completion time, spatiotemporal 
measures, coefficients of variation, and turn-related metrics. Reliability was assessed using intraclass correlation 
coefficients (ICC), the standard error of measurement (SEM and SEM%), and the minimal detectable change at 95% 
confidence (MDC95).

Results  Gait spatiotemporal parameters demonstrated good to excellent test–retest reliability (ICC ≥ 0.75) under 
both ST and DT conditions, whereas gait variability and turn-related measures showed poor reliability (ICC < 0.50). 
Measurement error was slightly higher under dual-task conditions. The DT-TUG appeared more sensitive to gait 
disturbances relevant to fall risk.

Conclusions  Combining wearable sensors with ST-TUG and DT-TUG provides reliable, repeatable measurement 
of core timing/pace metrics in older women. Although variability and turn-related measures exhibit limited short-
interval reliability, DT-TUG may enhance early fall-risk screening when paired with detailed gait analysis.
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Introduction
With global population ageing, falls among older adults 
have become a major public health concern. The World 
Health Organization (WHO) reports that older adults are 
particularly susceptible to serious injury and death due 
to falls, with risk increasing with age and being especially 
high among older women [32]. Timely assessment of fall 
risk is therefore essential for implementing effective pre-
vention strategies.

The timed up and go test (TUG) test is a modification of 
the “get up and go” test in which a participant stands up 
from a chair, walks forward three metres, turns around, 
and walks back to the chair and sits back down [20]. TUG 
test is widely used to evaluate functional mobility and fall 
risk in older adults [34]. Among adults aged ≥ 65 years, 
faster TUG completion time reflects superior functional 
mobility, and a threshold of ≥ 13.5 s has been proposed to 
indicate higher fall risk [21]. However, a review showed 
that the TUG test was not a significant predictor of falls 
[2]. This is consistent with the results of another review, 
which demonstrated that its capacity to predict falls is 
extremely limited in older adults and is not adequate as 
a standalone predictive tool for identifying fall risk [3]. 
Moreover, a ceiling effect has been observed limiting sen-
sitivity to subtle differences in fall risk or early functional 
decline [23]. These limitations underscore the need for 
more specific and sensitive gait parameters to accurately 
characterise walking ability in this population.

Gait parameters have been shown to play a significant 
role in clinical rehabilitation, serving as quantitative data 
for the assessment of mobility function, the diagnosis of 
diseases, and the prediction of fall risk. The advent of 
wearable sensor technology has precipitated a paradigm 
shift in the field, with its application in the evaluation of 
the ambulatory capacity of older individuals becoming 
a salient feature. It is capable of recording a number of 
fundamental walking parameters, in addition to captur-
ing more nuanced details of gait and turning processes, 
which are important in predicting fall risk. Greene et 
al. assessed 349 community-dwelling older adults using 
wearable sensors and demonstrated that the wearable 
sensor TUG test (WTUG) outperformed manual timing 
for discriminating fall risk [8]. Similarly, Choi et al. devel-
oped a wearable sensor–based predictive model to sup-
port clinicians in estimating fall risk in older adults [5].

However, it is inevitable that older adults will encoun-
ter situations in their lives where they perform dual 
tasks, for instance, talking while walking or searching 
for items in their pocket during household activities. 
Even simple walking is accompanied by perceptual and 
cognitive demands imposed by complex environments 
[1]. Performance during dual-tasking is contingent on 
the ability to allocate attentional resources between the 
two tasks when they interfere with each other. Dual-task 

paradigms include a cognitive–motor paradigm (e.g., 
mental arithmetic, reverse sequencing, verbal fluency) 
and a motor–motor paradigm (e.g., performing the test 
while holding a glass of water or carrying an object). 
These paradigms place different demands on the ner-
vous system: cognitive–motor tasks primarily load work-
ing memory, sustained attention, and executive control, 
whereas motor–motor tasks add concurrent motor con-
trol requirements. Siu et al. has noted that flexible alloca-
tion of attention between the two tasks when walking in 
dual-tasking conditions may be a dual-task performance 
[25]. A substantial body of research has showed that 
older adults at higher fall risk exhibit greater gait variabil-
ity under dual-task conditions [15, 19]. This finding sug-
gests that the assessment of dual-tasking gait parameters 
may have significant value in predicting and screening for 
fall risk. A prospective study reported that following 12 
months of observation, DT-TUG more accurately pre-
dicted future falls than the 30-second sit-to-stand test, 
the five-times sit-to-stand test, and ST-TU [29].

To date, there has been a paucity of studies that have 
combined wearable sensors to systematically assess the 
reliability of ST-TUG and DT-TUG. Furthermore, there 
is a lack of multidimensional quantitative metrics to 
evaluate the results of both tests. In the present study, 
we used wearable inertial sensors to conduct ST-TUG 
and DT-TUG separately. Because the magnitude and 
locus of interference are task-dependent, we purpose-
fully adopted a cognitive–motor DT-TUG using serial 
subtraction by 3 s to impose a controlled working-mem-
ory load that is closely linked to executive aspects of gait 
regulation (particularly during turning and step-to-step 
control). Therefore, the reliability profile reported herein 
should be interpreted within this cognitive load context. 
The aim of this study was to determine the reliability of 
specific gait parameters in the ST-TUG and DT-TUG 
using specific inertial-measurement-unit in community-
dwelling older women, quantified by intraclass correla-
tion coefficients (ICC), standard error of measurement 
(SEM and SEM%), and the minimal detectable change at 
95% confidence (MDC95), with a view to assessing their 
potential value for fall-risk screening.

Methods
Study design
In this study, TUG performance was recorded under two 
conditions: ST-TUG and DT-TUG (cognitive-motor). 
An inertial measurement unit (IMU; MPU6050) was 
used to capture motion signals during both tests. Assess-
ments were conducted in a standard home environment. 
Participants completed ST-TUG and DT-TUG on two 
consecutive days, separated by 24–48  h. Test location, 
surroundings, and procedures were kept identical across 
sessions to maximise comparability. From the sensor 
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recordings, 21 gait parameters were retained for reliabil-
ity analysis, covering temporal, spatial, angular-velocity, 
and turn-related domains [26]. After each session, raw 
data were uploaded to the Kinesis QTUG™ system for 
extraction of spatiotemporal metrics and computation of 
fall-risk outputs.

Participants
Twenty-five community-dwelling older women from 
Wuhan, China, were enrolled. Eligibility was deter-
mined via screening before testing. Inclusion criteria 
were: age ≥ 65 years; no significant cognitive impairment 
(Montreal Cognitive Assessment, MoCA ≥ 26); no his-
tory of falls in the preceding 6 months; no severe psychi-
atric or musculoskeletal disorders; and no recent history 
of medical interventions or rehabilitation. All partici-
pants received study information and provided written 
informed consent.

The experiment was conducted in accordance with the 
approval and clearance of the Ethics Committee of Uni-
versiti Putra Malaysia (Proceedings JKEUPM-2023-373). 
Before testing, participants completed the Berg Balance 
Scale (BBS) and Activities-Specific Balance Confidence 
(ABC) Scale. In this study, the Chinese version of the 
Berg Balance Scale, which was designed by Jin Dongmei, 
was utilised as a tool to evaluate balance function in older 
adults, this version of the scale has been demonstrated 
to possess high validity, reliability and sensitivity when 
employed for the purpose of assessing balance function. 
In this study, the Chinese version of the ABC scale, which 
was designed by Qiang Guan, was utilised as a tool to 
evaluate the balance confidence of older adults [10]. This 
scale has been demonstrated to possess excellent reli-
ability and validity, making it a suitable instrument for 
the assessment of balance confidence in older adults in 
mainland China [9]. Mean scores were BBS = 43.78 and 
ABC = 65.26, indicating a moderate fall risk and low bal-
ance confidence in this cohort. Participant characteristics 
are summarised in Table 1.

Procedure
This study utilised a 6-axis IMU comprising a tri-axial 
accelerometer and gyroscope to capture gait signals at a 
sampling frequency of 100 Hz. For each session, a single 
sensor was securely fastened to the anteromedial aspect 
of the shank using an elastic band. Participants were 
asked to refrain from strenuous exercise or therapeutic 
interventions during the study period. A trained surveyor 
assisted the subjects in wearing the sensors and complet-
ing ST-TUG and DT-TUG, maintaining the same order 
for both tests.

Two TUG conditions were recorded:
Single-task timed up and go test (ST-TUG): Partici-

pants wore the sensor, rose from a chair, walked 3 m to 
a marker, turned around it, returned to the chair, and sat 
down.

Dual-task timed up and go test (DT-TUG, cognitive–
motor): While performing the TUG sequence, partici-
pants concurrently answered simple mental-arithmetic 
prompts delivered by the assessor (e.g., serial subtraction 
by 3 from 100) and were instructed to maintain a com-
fortable, steady walking pace.

Each condition was completed twice (test and retest) 
on two consecutive days with a 24–48 h interval. Testing 
location, environmental conditions, and procedures were 
held constant across sessions. After each trial, spatiotem-
poral gait variables were extracted and synchronised to 
the Kinesis QTUG™ system.

Statistical analysis
The present study evaluated the reliability of the mea-
surements according to the established procedure pro-
posed by Weir [30]. The data were analysed using SPSS 
26.0. Data completeness was checked prior to analysis. 
Following the determination that there were no outli-
ers, the subsequent step in the analysis was performed. 
Descriptive statistics summarised participant character-
istics and outcome measures. Distributional assumptions 
were examined using the Shapiro–Wilk test; p ≥ 0.05 was 
interpreted as no significant deviation from normal-
ity [7]. When the normality assumption was not met, 
within-subject test-retest comparisons were performed 
using the paired non-parametric Wilcoxon signed-
rank test. All tests were two-sided with α = 0.05. The 
mean and standard deviation of the results of ST-TUG 
and DT-TUG were calculated (a total of 21 gait param-
eters including time, space, angular velocity and turning 
parameters). Test–retest reliability was quantified using 
intraclass correlation coefficients (ICC) based on a two-
way mixed-effects, absolute-agreement, single-measure 
model with 95% confidence intervals (CI). In the con-
text of reliability assessment, an ICC ≥ 0.90 is indicative 
of very high reliability, 0.75 ≤ ICC < 0.9 indicates good 
reliability, 0.5 ≤ ICC < 0.75 indicates moderate reliability, 

Table 1  Characteristics of subjects (N = 25) mean (Standard 
Deviation)
Characteristics Mean (Standard Deviation)
Age (years) 70.09 (3.52)

Body mass (kg) 66.87 (3.66)

Body height (cm) 156.61 (4.47)

BMI (kg/m2) 27.27 (1.05)

MoCA 26.87 (0.81)

BBS 43.78 (1.44)

ABC Scale 65.26 (2.22)
BMI Body Mass Index, MoCA Montreal Cognitive Assessment, BBS Berg Balance 
Scale, ABC Scale Activities-Specific Balance Confidence Scale
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and ICC < 0.5 indicates poor reliability [14]. In order to 
quantify the random measurement error of each out-
come metric based on the sample standard deviation 
(SD) and the corresponding ICC, the formula was used 
to calculate standard error of measurement (SEM). The 
SEM is the standard deviation of errors of measure-
ment that are associated with test scores from a partic-
ular group of examinees [11]. The SEM was calculated 

as SEM = SD ×
√

1 − ICC [33]. Furthermore, the 
minimum detectable change at 95% confidence level 
(MDC95) is calculated, and the MDC95 value represents 
the amount of change required for a particular measure-
ment metric to exceed the measurement error based on 
a pre-determined confidence threshold [28]. MDC95 was 
calculated as MDC95 = 1.96 ×

√
2 × SEM [27].

Results
Tables  2 and 3 report the ICC2, SEM (%SEM), and 
MDC95 for each gait parameter in ST-TUG and DT-
TUG. In ST-TUG, very high reliability (ICC ≥ 0.90) was 
observed for time to complete the test, walk time, num-
ber of steps, mean stride time, cadence, and mean stride 
velocity. Good reliability (0.75 ≤ ICC < 0.90) was found 
for number of gait cycles, mean stance time, mean step 
time, mean stride length, return from turn time, and 
double support. Number of strides in turn, turn mid-
point time, and turn time showed moderate reliability 
(0.5 ≤ ICC < 0.75). Coefficient of variability (CV) stride 
time, turning magnitude, CV stride velocity, CV stride 
length, CV step time, CV single support showed poor 
reliability (ICC < 0.5).

In DT-TUG, overall good reliability (0.75 ≤ ICC < 0.90) 
was observed for time to complete the test, walk time, 
number of steps, number of gait cycles, mean stride time, 
mean stride velocity, and mean stance time. Cadence, 
return from turn time, mean step time, mean stride time, 
double support, and turn time showed moderate reli-
ability (0.50 ≤ ICC < 0.75). Turn mid-point time, number 
of strides in turn, CV step time, CV stride velocity, CV 
stride time, CV stride length, turning magnitude, and CV 
single support showed poor reliability (ICC < 0.50).

Across both tasks, SEM% for parameters with high and 
moderate confidence is minimal (SEM% < 7%), indicating 
small absolute measurement error, whereas CV-based 
and detailed turning measures had higher SEM%, limit-
ing their usefulness for short-interval change detection. 
For high-reliability measure (complete the test, walk 
time, step time, step frequency, and step speed) were 
all less than 1 in the ST-TUG, and increased in the DT-
TUG, but were mostly less than 1. The MDC95 for the 
coefficient of variability of gait and turning measures 
were higher in both conditions.

In summary, ST-TUG yielded higher ICC and lower 
SEM/MDC95 for most parameters than DT-TUG, reflect-
ing more stable measurement. The DT-TUG exhibited 
moderate reliability on parameters such as time to com-
plete the test, walk time, step stride, step length, and step 
speed, but its variability metrics and the turn metrics, 
exhibited substantial measurement errors and signifi-
cantly diminished reliability. Clinically, timing/pace met-
rics (total/walk time, cadence/velocity, stride/step timing 
and length) emerge as priority candidates for monitoring 

Table 2  Comparison of two measurements of gait parameters 
(N = 25)
Gait Parameters Task 

Type
First 
measurement

Second 
measurement

Time to Complete 
Test (s)

ST 8.69 (0.77) 8.89 (0.97)

DT 11.68 (0.92) 11.70 (0.93)

Walk Time (s) ST 5.31 (0.58) 5.41 (0.62)

DT 7.92 (0.70) 7.93 (0.72)

Mean Stance Time (s) ST 0.64 (0.02) 0.64 (0.03)

DT 0.75 (0.02) 0.75 (0.02)

Mean Step Time (s) ST 0.60 (0.02) 0.61 (0.04)

DT 0.71 (0.04) 0.72 (0.07)

Mean Stride Time (s) ST 1.20 (0.05) 1.20 (0.06)

DT 1.45 (0.08) 1.44 (0.08)

Mean Stride Length 
(cm)

ST 67.49 (1.71) 68.28 (1.46)

DT 73.51 (1.55) 74.11 (1.80)

Mean Stride Velocity 
(cm/s)

ST 56.67 (1.41) 56.53 (1.79)

DT 50.67 (1.09) 50.60 (1.05)

Number of Gait Cycles ST 3.32 (0.48) 3.44 (0.65)

DT 4.52 (0.77) 4.48 (0.51)

Number of Steps ST 10.28 (0.84) 10.32 (0.80)

DT 13.80 (1.08) 13.96 (0.84)

Cadence (steps/min) ST 100.44 (4.10) 99.88 (5.69)

DT 81.88 (2.57) 81.80 (2.43)

Double Support % of 
Gait Cycle (%)

ST 38.43 (1.28) 38.34 (1.45)

DT 44.44 (1.89) 44.01 (2.98)

Coefficient of Variabil-
ity Stride Time (%)

ST 2.87 (0.32) 2.74 (0.33)

DT 4.23 (0.40) 4.34 (0.64)

Coefficient of Variabil-
ity Step Time (%)

ST 3.37 (0.27) 3.17 (0.37)

DT 4.66 (0.45) 4.67 (0.46)

Coefficient of Variabil-
ity Stride Velocity (%)

ST 4.11 (0.57) 3.93 (0.37)

DT 5.25 (0.51) 5.40 (0.45)

Coefficient of Variabil-
ity Stride Length (%)

ST 2.73 (0.21) 2.94 (0.48)

DT 3.79 (0.47) 4.04 (0.55)

Coefficient of Variabil-
ity Single Support (%)

ST 3.37 (0.20) 3.40 (0.48)

DT 4.93 (0.50) 4.86 (0.44)

Turn Mid-Point Time (s) ST 1.94 (0.12) 1.93 (0.14)

DT 2.69 (0.13) 2.69 (0.20)

Turn Time (s) ST 2.13 (0.17) 2.24 (0.23)

DT 2.92 (0.31) 2.87 (0.25)

Return from Turn 
Time (s)

ST 1.76 (0.08) 1.78 (0.11)

DT 2.51 (0.11) 2.52 (0.16)

Turning Magnitude 
(degrees/sec)

ST 96.00 (4.07) 97.48 (6.96)

DT 87.72 (2.82) 87.64 (2.66)

Number Strides in Turn ST 2.16 (0.37) 2.20 (0.41)

DT 3.20 (0.41) 3.12 (0.53)
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and screening, whereas variability and turning measures 
are less suitable for detecting short-interval change.

Discussion
The study evaluated the retest reliability of healthy 
older women in ST-TUG and DT-TUG under wearable 
sensors. The present DT-TUG employed a cognitive–
motor paradigm (serial subtraction by 3 s). Math-based 

cognitive load primarily engages working memory and 
sustained attention, which are executive resources that 
also support gait regulation, especially during turning 
and step-to-step control. Competition for these shared 
resources can create a central bottleneck, expressed as 
dual-task interference in motor and/or cognitive per-
formance relative to single-task conditions. Within 
this framework, the reliability pattern observed here, 

Table 3  Comparison of retest reliability of gait parameters on two occasions
Gait Parameters Task Type ICC (95%CI) SEM (%SEM) MDC95

Time to Complete Test (s) ST 0.938 (0.865–0.972)* 0.22 (2.48) 0.60

DT 0.885 (0.756–0.948) 0.31 (2.68) 0.87

Walk Time (s) ST 0.905 (0.796–0.957)* 0.19 (3.45) 0.51

DT 0.899 (0.785–0.954) 0.23 (2.85) 0.62

Mean Stance Time (s) ST 0.891 (0.769–0.951) 0.01 (1.32) 0.02

DT 0.866 (0.720–0.939) 0.01 (0.98) 0.02

Mean Step Time (s) ST 0.825 (0.643–0.919) 0.01 (2.19) 0.04

DT 0.638 (0.331–0.822) 0.03 (4.80) 0.10

Mean Stride Time (s) ST 0.927 (0.842–0.967)* 0.01 (1.24) 0.04

DT 0.719 (0.458–0.865) 0.04 (2.93) 0.12

Mean Stride Length (cm) ST 0.897 (0.780–0.953) 0.51 (0.75) 1.41

DT 0.756 (0.520–0.884) 0.83 (1.12) 2.30

Mean Stride Velocity (cm/s) ST 0.939 (0.867–0.973)* 0.40 (0.70) 1.10

DT 0.810 (0.616–0.912) 0.47 (0.92) 1.29

Number of Gait Cycles ST 0.831 (0.653–0.922) 0.23 (6.95) 0.65

DT 0.758 (0.524–0.886) 0.32 (7.14) 0.89

Number of Steps ST 0.909 (0.805–0.959)* 0.40 (3.91) 1.12

DT 0.836 (0.663–0.924) 0.39 (2.82) 1.09

Cadence (steps/min) ST 0.922 (0.831–0.965)* 1.39 (1.38) 3.84

DT 0.668 (0.378–0.839) 1.44 (1.76) 3.99

Double Support % of gait cycle (%) ST 0.796 (0.591–0.905) 0.62 (1.61) 1.72

DT 0.675 (0.389–0.843) 1.42 (3.22) 3.94

Coefficient of Variability Stride Time (%) ST 0.448 (0.072–0.712) 0.24 (8.61) 0.67

DT 0.422 (0.040–0.696) 0.41 (9.47) 1.12

Coefficient of Variability Step Time (%) ST 0.449 (0.073–0.713) 0.24 (7.35) 0.67

DT 0.390 (0.002–0.676) 0.36 (7.62) 0.99

Coefficient of Variability Stride Velocity (%) ST 0.436 (0.058–0.705) 0.36 (8.98) 1.00

DT 0.448 (0.072–0.712) 0.36 (6.71) 0.99

Coefficient of Variability Stride Length (%) ST 0.434 (0.056–0.704) 0.28 (9.83) 0.77

DT 0.409 (0.025–0.688) 0.39 (10.05) 1.09

Coefficient of Variability Single Support (%) ST 0.450 (0.075–0.714) 0.27 (8.06) 0.76

DT 0.397 (0.010–0.680) 0.37 (7.47) 1.01

Turn Mid-Point Time (s) ST 0.658 (0.363–0.834) 0.08 (3.94) 0.21

DT 0.418 (0.035–0.694) 0.13 (4.78) 0.36

Turn Time (s) ST 0.730 (0.476–0.871) 0.11 (4.81) 0.29

DT 0.508 (0.149–0.749) 0.20 (6.82) 0.55

Return from Turn Time (s) ST 0.753 (0.515–0.883) 0.05 (2.70) 0.13

DT 0.701 (0.429–0.856) 0.08 (2.99) 0.21

Turning Magnitude (degrees/sec) ST 0.478 (0.110–0.730) 4.12 (4.26) 11.42

DT 0.424 (0.043–0.697) 2.08 (2.37) 5.77

Number Strides in Turn ST 0.598 (0.273–0.800) 0.25 (11.36) 0.69

DT 0.451 (0.076–0.714) 0.35 (11.11) 0.97
ICC Intraclass correlation coefficient, SEM Standard error of measurement, SEM% SEM expressed as a percentage of the mean, MDC95 Minimal detectable change at 
95% confidence; An asterisk (*) indicates very high reliability (ICC ≥ 0.90)
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good-to-excellent reproducibility for core timing/pace 
metrics but lower short-interval reproducibility for vari-
ability and turn-related metric. Because different cogni-
tive tasks emphasize partially distinct components, both 
the magnitude and locus of interference are task-depen-
dent; accordingly, the reliability profile reported here 
should be interpreted in the context of a math-based cog-
nitive load.

In the ST-TUG, the following parameters demon-
strate good to very high test-retest reliability (ICC ≥ 0.75), 
including time to complete the test, walk time, cadence, 
number of steps, mean stride time, mean stride velocity, 
number of gait cycles, mean stance time, mean step time, 
return from turn time, mean stride length, and double 
support. SEM% for these variables was generally < 7%, 
indicating small absolute measurement error. These find-
ings accord with prior work supporting the reliability of 
wearable sensor–based TUG assessments in older adults 
[8]. Wüest et al. examined stroke survivors and non-
disabled older adults using an instrumented TUG and 
reported ICCs spanning poor to excellent (≈ 0.43–0.99), 
indicating heterogeneous reproducibility across met-
rics. Measurement error was small for several variables, 
underscoring the need to interpret reliability by metric 
rather than as a uniform property of the test [31]. Smith 
et al. measured the retest reliability of the ST-TUG and 
DT-TUG on five consecutive days using sensors, and the 
results showed that the return values for time to com-
pletion of the test, time to walk, number of gait cycles, 
number of steps, and turnaround time had moderate 
retest reliability ICC > 0.70 [26]. A meta-analysis further 
indicated that step counts and total time are more accu-
rately quantified when inertial sensors are used alongside 
standardized timed walking tasks [18]. Rose et al. evalu-
ated the reliability of wearable sensors for assessing walk-
ing and chair-standing activities at home in patients with 
knee osteoarthritis, and she found excellent retest reli-
ability for core gait metrics (95% CI: 0.85–0.95) derived 
from wearable sensors [22].

In the DT-TUG, the time to complete the test, walk 
time, mean stance time, mean stride length, and mean 
stride velocity, number of gait cycles, and number of 
steps showed good agreement overall (0.75 ≤ ICC < 0.90), 
with SEM% mostly < 7.2%. Mean values for several tim-
ing/pace measures trended lower (i.e., slower or reduced 
pace) under dual-task load, but reliability remained 
acceptable. These observations are consistent with 
Coulthard et al., who reported good repeatability for 
DT-TUG timing measures using wearable technology 
[6]. Notably, although cognitive load can alter gait, prior 
work suggests that core timing/pace metrics may be rela-
tively preserved, whereas effects on variability are task 
dependent [17].

By contrast, all the variability coefficients and turn-
related parameters (e.g., turn midpoint time, turning 
magnitude) exhibited poor reliability (ICC < 0.50). This 
pattern aligns with Smith et al. in the quantitative TUG 
(QTUG), where gait variability indices and turn-related 
times showed weak retest reliability [26]. Using wearable 
sensors for QTUG, McGrath et al. reported good reli-
ability for 18 variables but poor reliability for turn time 
[16]. Byun et al. used a triaxial accelerometer to assess 
the gait of older adults, thereby revealing an asymmetry 
in gait time variability and gait time. This asymmetry was 
found to have low retest reliability, requiring at least 26 
and 14 steps, respectively, to achieve excellent reliability 
[4]. A review similarly reported poor-to-moderate valid-
ity and reliability for variability and symmetry measures 
[13]. Together with our data, where SEM% generally 
exceeded 6–10% and MDC95 thresholds were large for 
CV and turning metrics, these findings suggest that such 
measures are sensitive to individual variability, task com-
plexity, and sample step counts, and are less suitable for 
detecting short-interval change than core spatiotemporal 
parameters.

Overall, in the presence of a cognitive load, spatio-
temporal gait parameters retained good-to-moderate 
reliability and remained relatively stable, whereas CV 
and turn-related indices showed higher SEM% and 
larger MDC95​, indicating reduced reproducibility. This 
observation is indicative of an inadequate allocation 
of attentional resources, a factor that contributed to 
the instability of the sessions. This finding aligns with 
the “posture-first” strategy employed by older adults, 
which emphasises the maintenance of postural stability 
and fundamental gait patterns during the execution of 
concurrent cognitive and motor tasks [12, 24]. Practi-
cally, these results underscore the importance of select-
ing stable timing/pace metrics as primary endpoints for 
monitoring and screening in community settings using 
wearable technologies, while interpreting variability and 
turning measures with caution for short-interval change 
detection. These findings underscore the importance of 
selecting stable gait parameters when designing fall pre-
vention protocols using wearable technologies in com-
munity settings.

Limitations and future directions
This study has several limitations. First, the sample com-
prised healthy, community-dwelling older women only; 
comparisons with older men and with clinical popula-
tions (e.g., neurological or musculoskeletal conditions) 
were not available, which limits generalisability. Future 
research should broaden the sample to include both sexes 
and diverse cognitive and pathological groups to enhance 
external validity. Second, we assessed short-interval test–
retest reliability only (24–48  h). Multiple assessments 
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over longer intervals are needed to characterise longer-
term reliability and variability of the metrics.

A further limitation is that cognitive-task accuracy dur-
ing DT-TUG was not verified in real time. Although serial 
responses were recorded, correctness was not scored 
during testing; some participants may therefore have pri-
oritised gait and produced incorrect or random answers. 
This could attenuate observable dual-task interference 
and bias reliability estimates, particularly for variability 
and turn-related metrics. Future protocols should imple-
ment real-time accuracy scoring with a priori thresholds 
and re-trial/exclusion rules, and compute both motor 
and cognitive dual-task costs to quantify trade-offs.

Theoretical and practical implications
This study quantified the test–retest reliability of TUG-
derived gait parameters under both single-task and cog-
nitive–motor dual-task conditions in older adults using 
wearable sensors. By extracting a multidimensional set 
of 21 parameters, including timing/pace, spatial, angu-
lar-velocity, and turn-related measures, we provide a 
more comprehensive characterisation of gait than stud-
ies focusing primarily on a small subset of variability or 
turning indices. The side-by-side comparison of ST-TUG 
and DT-TUG clarifies which parameters are stable over 
short intervals and which are more method-sensitive, 
thereby informing outcome selection in future studies 
and clinical monitoring. Although variability and turn-
related measures showed limited short-interval reliabil-
ity, DT-TUG, when combined with rigorous accuracy 
verification and detailed gait analysis, may add sensitiv-
ity for early risk screening relevant to falls and cognitive 
decline. These results provide data to guide metric selec-
tion, study design, and the implementation of sensor-
based assessments in fall-prevention programs.

Conclusion
In community-dwelling older women, wearable-sensor–
derived timed up and go metrics demonstrated high 
short-interval test–retest reliability for core spatiotem-
poral measures during ST-TUG, including total time, 
walking time, cadence, mean stride/step timing, mean 
stride velocity, stride length, number of steps and gait 
cycles, stance time, step time, return-from-turn time, and 
double support. By contrast, gait variability (CV) indi-
ces and turn-related measures (e.g., CV of stride time/
velocity/length, CV of step time/single support, turning 
magnitude) showed poor reliability (ICC < 0.50). Under 
DT-TUG (cognitive–motor), the primary gait spatiotem-
poral parameters (time to complete the test, walk time, 
mean stance time, mean stride length//velocity, number 
of gait cycles/step) demonstrated good reliability overall. 
The gait variability coefficients and turn-related param-
eters (turn mid-point time, turning magnitude, CV stride 

time, CV stride velocity, CV stride length, CV step time, 
CV single support, number of strides in turn) retained 
overall good reliability, whereas variability and turn-
related parameters again showed lower reproducibility.

The findings provide substantial evidence that ST-TUG 
and DT-TUG are reliable tools for assessing fall risk in 
older adults. In this paper, we propose a method for the 
more intuitive assessment and screening of fall risk in 
older adults, utilising quantitative analysis of various gait 
parameter metrics. This approach offers a reliable alter-
native to traditional tools, such as questionnaire-based 
methods, which can be challenging to quantify.

From a practical standpoint, accelerometer-based 
assessment enables scalable, objective capture of gait 
in everyday environments, facilitating longitudinal fol-
low-up and potential early-warning signals relevant to 
fall-risk management across community screening, tele-
medicine, and home-based rehabilitation. Future work 
should validate cognitive-task accuracy during DT-TUG, 
compare multiple dual-task paradigms head-to-head, and 
evaluate longer retest intervals and real-world monitor-
ing protocols to strengthen generalisability and optimise 
metric selection for fall-prevention programs.
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