
6	 European Journal of Physical and Rehabilitation Medicine	F ebruary 2023 

European Journal of Physical and Rehabilitation 
Medicine
February 2023
Vol. 59 - No. 1

O R I G I N A L  A R T I C L E

Sensor based assessment of turning during 
instrumented Timed Up and Go Test for quantifying 

mobility in chronic stroke patients
Stefania SPINA 1, Salvatore FACCIORUSSO 2 *, Milena C. D’ASCANIO 1, 

Giovanni MORONE 3, 4, Alessio BARICICH 5, Pietro FIORE 6, Andrea SANTAMATO 1

1Section of Physical Medicine and Rehabilitation, Spasticity and Movement Disorders “ReSTaRt” Unit, Policlinico Riuniti, University of 
Foggia, Foggia, Italy; 2Villa Beretta Rehabilitation Center, Valduce Hospital, Costa Masnaga, Lecco, Italy; 3Department of Life, Health 
and Environmental Sciences, University of L’Aquila, L’Aquila, Italy; 4San Raffaele Institute of Sulmona, Sulmona, L’Aquila, Italy; 
5Physical Medicine and Rehabilitation Unit, University Hospital “Maggiore della Carità”, Department of Health Sciences, University 
of Eastern Piedmont “A. Avogadro”, Novara, Italy; 6Neurorehabilitation Unit, Istituti Clinici Scientifici Maugeri, IRCCS, Institute of 
Bari, Bari, Italy
*Corresponding author: Salvatore Facciorusso, Villa Beretta Rehabilitation Center, Valduce Hospital, Costa Masnaga, Lecco, Italy. 
E-mail: s.facciorusso89@gmail.com

This is an open access article distributed under the terms of the Creative Commons CC BY-NC-ND license which allows users to copy and 
distribute the manuscript, as long as this is not done for commercial purposes and further does not permit distribution of the manuscript if 
it is changed or edited in any way, and as long as the user gives appropriate credits to the original author(s) and the source (with a link to 
the formal publication through the relevant DOI) and provides a link to the license. Full details on the CC BY-NC-ND 4.0 are available at 
https://creativecommons.org/licenses/by-nc-nd/4.0/.

ABSTRACT      
BACKGROUND: Turning may be particularly challenging for stroke patients leading to decreased mobility and increased functional restriction. 
Timed up and go instrumentation using a simple technology in the clinical context could allow for the collection of both traditional and poten-
tially more discriminatory variables in turning ability.
AIM: Determine whether the speed turning metrics obtained by a single inertial sensor are suitable for differentiating between stroke patients 
with varying levels of mobility and disability.
DESIGN: Cross-sectional study.
SETTING: Outpatients setting.
POPULATION: Chronic stroke patients.
METHODS: A total of 48 chronic stroke patients and 23 healthy controls were included. Stroke patients were divided in two groups based on the 
total iTUG score: an impaired mobility (> 20 seconds) and an available mobility (<20 seconds) group. All subjects performed an instrumented 
Timed Up and Go (iTUG) wearing a single IMU sensor on the lower back. Time of subcomponents of the timed up and go test and kinematic 
parameters of turning were quantified. Other clinical outcomes were: 10 meters walk test, Functional Ambulation Categories Scale (FAC), the 
Rivermead Mobility Index (RMI), Modified Rankin Scale and the Saltin–Grimby Physical Activity Level Scale (SGPALS).
RESULTS: There were significant differences (P<0.01) in iTUG phases and turning speeds among groups. Low to strong significant correlations 
were found between measures derived from the turning speeds and clinical measures. The area under the curve (AUC) of Receiver Operating 
Characteristic (ROC) turning speeds was demonstrated to be able to discriminate (AUC: 0.742-0.912) from available to impaired stroke patients.
CONCLUSIONS: This study provides evidence that turning speeds during timed up and go test are accurate measures of mobility and capable 
of discriminating stroke patients with impaired mobility from those with normal mobility.
CLINICAL REHABILITATION IMPACT: The turning metrics are related to impairment and mobility in chronic stroke patients; hence they 
are important to include during clinical evaluation and may assist in creating a customized strategy, assess potential treatments, and effectively 
organize recovery.
(Cite this article as: Spina S, Facciorusso S, D’Ascanio MC, Morone G, Baricich A, Fiore P, et al. Sensor based assessment of turning during instru-
mented Timed Up and Go Test for quantifying mobility in chronic stroke patients. Eur J Phys Rehabil Med 2023;59:6-13. DOI: 10.23736/S1973-
9087.22.07647-X)
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strated in different populations like community-dwelling 
older adults,6-8 patients with Parkinson’s Disease,9, 10 Mul-
tiple Sclerosis11 or Stroke12, 13 or other neurological condi-
tion,14 obese women15 and children with cerebral palsy.16

Few studies investigated the 180° turning in stroke 
subjects: spatiotemporal and kinematic parameters were 
evaluated by mean of an optoelectronic motion capture 
system, body-fixed inertial sensors or cameras.17-19 Other 
studies investigating whether the iTUG turning parame-
ters are able to discriminate between falls and non-fallers 
founded than iTUG was unable to improve fall risk clas-
sification.7, 20 Finally, recent studies have investigated 360 
° turns with both inertial sensor and force plates, as ev-
eryday activities involve varying degrees of turning, from 
slight to complete turns.21, 22

We recognize the significance of these turning metrics, 
thus we would investigate parameters like average and 
peak angular speed during a 180° turn while performing 
an iTUG test with a single inertial sensor on the lower 
back. We expected that stroke patients would take longer 
to turn and have a slower turn speed than healthy people. 
Furthermore, we wanted to see if these speed metrics can 
distinguish between stroke patients with varying levels of 
mobility and disability, providing clinicians with a bet-
ter understanding of their patients’ ability to turn. Thus, 
the aim of this study was to quantitatively categorize two 
separate mobility groups using cut-off values of speed 
turning in chronic stroke patients. Our hypothesis is that 
turning speed measurements during iTUG with a single 
inertial sensor on the lower back could lead to a viable and 
sensitive screening tool for identifying stroke patients with 
various degrees of mobility impairment.

Materials and methods

Study design and participants

The study was a cross-sectional study following the 
STrengthening The Reporting of OBservational studies in 
Epidemiology (STROBE) guideline23 in the conduct and 
reporting of the study.

We included outpatients admitted to the Department of 
Physical Medicine and Rehabilitation, OORR Foggia, Ita-
ly from January to October 2021. Inclusion criteria were: 
1) age over 18 years; 2) single unilateral stroke with hemi-
paresis at least 6 months prior to enrolment in the study; 3) 
ability to walk 10 meters independently/without assistance 
with the possible use of walking aids or orthoses; 4) non-
use of Botulinum toxin type A for lower limb spasticity <4 
months prior to study entry; 5) ability to provide informed 

Different degrees of turns, starting from a standing pos-
ture or while walking, occur naturally during daily ac-

tivities, and the capacity to turn is crucial to an individual’s 
quality of life. Turning is more complex and demanding 
than linear gait as it requires additional neural resources to 
plan and coordinate postural transitions, coupling between 
the balance and gait control systems, and spatial coordina-
tion between limbs.1 This is especially true for stroke pa-
tients who have significant physical and cognitive impair-
ments that affect their ability to turn safely and can predis-
pose them to an abnormal turning pattern and limitation 
of activities. In fact, turning may be particularly challeng-
ing for stroke patients and it has been demonstrated that 
stroke patients need a greater number of steps and amount 
of time to complete turns.2 Moreover, turning impairment 
is associated with an increased risk of falling and falls are 
eight times more likely to occur while turning than when 
going straight forward.3 As such, turning assessments may 
be more sensitive to evaluating mobility than gait assess-
ments alone.

The Timed-Up-and-Go (TUG) is a simple performance 
test commonly used to assess functional mobility in stroke 
patients and could provide some information about turn-
ing movement. In fact, the patient was asked to stand up 
from a seated position, walk 3 meters, turn around 180°, 
walk back 3 meters, turn around 180° and sit back down 
again. It is a simple test, easy to administer, fast and with 
excellent intra and inter-rater reliability, a good convergent 
validity, and sensitivity to detect small changes, making 
it a valid instrument to monitor stroke patients who can 
walk.4 The score is given by the total time the patient takes 
to complete the task. Indeed, the TUG combines differ-
ent mobility functions and the different subcomponents 
of TUG are complex activities on their own. The use of 
whole time as an outcome metric for the TUG has one dis-
advantage: it combines the trial’s overall performance into 
a single measure, making it harder to distinguish between 
individual components’ performance. In recent decades, 
technological improvements have coincided with the need 
to improve the parameterization of the TUG test, leading 
to the development of an instrumented version of the test 
(iTUG). Timed up and go instrumentation could include 
an accelerometer, gyroscope, optoelectronic system, and 
motion-sensing camera. Due to their small size and weara-
bility, inertial sensors have recently become easier and less 
expensive to use in rehabilitative settings, allowing for re-
liable quantification of iTUG turning subcomponents.5 
The reliability and validity of the iTUG using different 
types of sensors and settings have already been demon-
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ing around the cone and end turning before sitting were 
calculated.

Previous studies reported an overall good-to excellent 
test–retest reliability for most parameters considered in the 
present study.10, 25

Clinical measures

Participant characteristics and the variables of interest 
were assessed at baseline by the same experienced physi-
cians. The following evaluations were performed:

•  10 meters walk test (10mwt): The walking velocity 
(m/s) to walk straight 10 m with 2 m of acceleration and 2 
m of deceleration at their comfortable walking pace with 
the subject’s usual shoes was calculated. Aids were per-
mitted when needed. The mean of three trials was calcu-
lated.26

•  Rivermead Mobility Index (RMI): a unidimensional 
questionnaire that includes 15 items related to bed mobil-
ity, transfers, walking, stairs use, and running. All items 
are rated in a yes/no format with positive responses scor-
ing a 1 for a maximal RMI score of 15.27

•  Modified Rankin Scale (mRS): a single-item disabil-
ity rating scale that measures functional independence in 
daily activities. The scale measures disability using a grad-
ing system that ranges from zero (no disability) to five (se-
vere disability).28

•  Saltin-Grimby Physical Activity Level Scale 
(SGPALS): a self-reported questionnaire with 4 different 
levels of activity from sedentary (level one) to regular vig-
orous physical activities (level four).29

•  Functional Ambulation Categories scale (FAC): a 
6-point (0-5) scale that measures the need for support dur-
ing ambulation from inability (0 points) to independence 
in walking (5 points).30

Statistical analysis

We performed a descriptive statistic to estimate frequency 
of all variables. Quantitative variables were reported as 
mean±standard deviation. Ordinal variables were reported 
with median and range. We performed the Shapiro-Wilk 
test for distribution. Pearson Chi-square test or Fisher 
test were performed for categorical variables and Mann 
u Whitney or Kruskal Wallis for continuous variables to 
compare demographic characteristics and functional out-
comes. Accordingly, we used a non-parametric Kruskal-
Wallis test and a post hoc analysis with Bonferroni correc-
tion to compare mobility available, impaired and healthy 
into each phase of iTUG. Eta square was computed to ana-
lyze the effect size where 0 indicates no relationship and 1 

consent and follow instructions. Participants were exclud-
ed if there was any additional concomitant neurological 
disease such as neurodegenerative disease or dementia or 
musculoskeletal condition that could have influenced per-
formance in the test procedures.

Age-matched healthy subjects were also recruited and 
volunteered as the control group. The selection criteria for 
the controls were ambulatory with no history of musculo-
skeletal or neurological injuries.

The study was approved by the board of local ethics 
committee of University Hospital “Policlinico-Ospedali 
Riuniti”, Foggia, Italy (n136/CE/2021), and all partici-
pants provided written consent to participate. All proce-
dures were carried out according to the latest version of the 
Declaration of Helsinki.

iTUG

The iTUG was performed by the participants in a qui-
et room. Instructions were provided to the patients us-
ing TUG Test: the patient sits in the chair (46 cm high) 
with armrests, walks for 3 meters at a comfortable speed 
along a ribbon placed on the ground, turns around and 
goes back up, walks the path in the opposite direction, 
turns around again and sits down.24 Orthosis and assistive 
device typically used in community by each participant 
were permitted.

No restrictions were given about the turning side and 
participants could turn spontaneously on both sides. Each 
subject completed three trials with a 30 seconds rest period 
between each trial. The best result out of the three was 
considered for the analysis.

The iTUG tests were performed using a wearable iner-
tial sensor (G-Sensor®, BTS Bioengineering S.p.A., Gar-
bagnate Milanese, Milan, Italy) placed to the lower back 
of participants (second lumbar vertebra) with an elastic 
band. The sensor has a weight of 37gr and dimension of 
70x40x18mm and was composed of a triaxial acceler-
ometer 16 bit/axes (sensor range, 2 g), a triaxial magne-
tometer 13 bit (1200 T), and a triaxial gyroscope 16 bit/
axes (sensor range, 2000/s). The signals were sampled at 
a frequency of 100 Hz and transmitted via Bluetooth to 
a laptop computer for acquisition and processing using a 
dedicated software package (BTS®G- Studio, BTS Bioen-
gineering, Italy). The total iTUG time was determined, as 
well as the following subcomponents: sit to stand, forward 
motion, mid turning, return gait, end turning, and stand to 
sit. Duration of test (seconds), duration of the single sub-
components (seconds), the peak angular velocity (PA °/s) 
and the average angular velocity (AA °/s) during mid turn-
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Data availability

The data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

Forty-eight stroke patients were included in this study 
(22 female and 26 male), mean age 60.87±11.46 years. 
Based on total TUG time we divided stroke populations 
into two subgroups: mobility impaired who performed 
>20 seconds and mobility available who completed in ≤20 
seconds. Twenty-three healthy subjects (13 male and 10 
female), aged 60.95±13.10 years, with no history of walk-
ing and/or cognitive impairments, served as controls. All 
demographic characteristics and functional outcomes are 
described in Table I. No differences were found among 
demographic characteristics. Significant differences were 
found between two subgroups of stroke patients in all clin-
ical outcomes (P<0.05).

A Kruskal-Wallis test showed significant differences 
among mobility impaired, mobility available and healthy 
populations. Pairwise comparisons indicated that the 
healthy population performed significantly better than 
mobility impaired and mobility available while mobility 
available performed significantly better than impaired ex-
cept for sit to stand and stand to sit phases where non-
significant differences (low effect size) were found. Table 
II reports mean values of each iTUG phases, significance 
with effect size, mid/end turning speeds and pairwise com-
parisons with Bonferroni corrections.

indicates a perfect relationship. Spearman rho correlation 
test was used to examine the relationship between total 
time of iTUG, average angular (AA) speed, Peak angu-
lar (PA) speed and demographic characteristics and other 
evaluation measures. Correlation was considered excellent 
if >0,70, moderate if between 0,50 and 0,69 and poor if 
correlation coefficients <0.49.31

The cut off values of AA and PA speed during MT and 
ET between the mobility impaired and mobility avail-
able groups were determined by analyzing the receiver 
operating characteristics (ROC). Sensitivity and speci-
ficity with confidence interval (CI 95%) and positive/
negative likelihood ratio (LR +/LR -), were also deter-
mined.

An area under the curve (AUC) value of 0,9 and greater 
indicates high discrimination, 0.7–0.9 indicates moderate 
discrimination, 0.5-0.7 indicates low discrimination, and 
0,5 and less indicates a non-significant discrimination. 
The Youden Index was used to find out the optimal cut 
off. Likelihood ratio was calculated to determine the ac-
curacy i.e. the probability to discriminate mobility groups 
by means of these cut off. The data were analyzed through 
IBM SPSS version 26 (IBM Corp, Armonk, USA) and 
MedCalc version 19 statistical software. The level of sta-
tistical significance was set at P<0.05.

Sample size

We calculated that an adequate sample size for ROC anal-
yses with AUC>0.740 and P<0.5 as a null hypotesis (Type 
I error 0.05 and; type II error of 0.20; ratio negative/posi-
tive of 1.3) was 44.

Table I.—��Subject characteristic and functional outcomes.
Mobility impaired

N.=27
Mobility available

N.=21
Healthy
N.=23 P value

Age (mean±SD) years 61.22±11.82 60.42±11.26 60.5±13.10 0.586
Gender (M/F) 14/13 13/8 12/10 0.448
Height (mean±SD) cm 164.48±7.22 167.14±10.98 165.86±9.2 0.761
Weight (mean±SD) Kg 70.22±12.88 75.47±15.99 73.27±13.70 0.348
BMI (mean±SD) Kg/m2 25.88±3.88 26.99±5.10 26.65±4.67 0.805
Type of stroke (Hemorrhagic/Ischemic) 12/15 9/12 - 0.912
Side (left/right) 15/12 7/14 - 0.125
Time since stroke (mean±SD) years 3.11±4.57 3.04±4.44 - 0.568
10 mwt (mean±SD) m/s 0.45±0.18 0.85±0.25 - 0.001
mRS (median) Min/Max 3 (2/4) 2 (1/4) - 0.001
FAC (median) Min/ Max 3 (3/4) 4 (3/5) - 0.001
SGPALS (median) Min/Max 1 (1/2) 2 (1/3) - 0.001
RMI 7 (5/9) 11 (6/14) - 0.001
Aid-Orthosis (no/yes) 13/14 20/1 - 0.001
SGPALS: Saltin–Grimby Physical Activity Level Scale; FAC: functional ambulation categories; mRS: modified Rankin scale; 10 mwt: 10 meter walk test; RMI: 
Rivermead mobility index; PA: peak angular; AA: average angular.
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Area under the curve (AUC) with the optimal cut-off point 
of the average and peak speed of mid turning and end turn-
ing of iTUG. Each cut-off demonstrated moderate to high 
discriminance (AUC: 0.742-0.912) from available to im-
paired stroke patients. The optimal sensitivity and speci-
ficity, the positive and negative likelihood ratios are also 
reported in Table IV.

Discussion

This study aimed to investigate whether the speed of 
180-degree turning task explored during an instrumented 
TUG test using a single wearable sensor could be used to 
identify stroke patients from healthy controls and to de-
fine two separate mobility groups among stroke patients. 
Overall, our data suggest that information from an inertial 
sensor placed on the lower back can effectively describe 
changes in mobility.

In line with previous findings,17, 19, 32, 33 all iTUG mea-
sures (total duration, subtasks duration, AA and PA speed 
of turning) showed significant differences between healthy 
controls and stroke patients. As expected, stroke patients 
take substantially longer to complete the entire task and 
all the subtasks. Furthermore, at both mid and end turn-

Turning speeds demonstrate low to strong relationships 
with other outcome measures in our stroke population as 
shown in Table III. Conversely, non-significant relation-
ship was found with patients’ demographic characteristics 
(P>0.05).

ROC curves were constructed for turning speed in mid 
turning and end turning (Figure 1). Table IV shows the 

Table II.—��Kruskal-Wallis Test with pairwise comparisons of iTUG parameters between groups with a Bonferroni Correction.

iTUG Mobility available
mean±SD

Mobility impaired
mean±SD

Healthy
mean±SD P value (effect size)

P*  
impaired- 
available

P*  
impaired- 
healthy

P*
available- 
healthy

Duration (s) 15.19±2.87 31.72±10.97 9.13±1.60 <0.001 (0.86) <0.001 <0.001 0.003
Sit to Stand (s) 1.55±0.50 1.95±0.74 1.08±0.26 <0.001 (0.34) 0.377 <0.001 0.004
Forward Gait (s) 2.96±0.92 9.36±4.56 1.83±0.44 <0.001 (0.80) <0.001 <0.001 0.020
Mid Turning (s) 3.60±1.19 5.75±2.34 1.87±0.62 <0.001 (0.69) 0.009 <0.001 0.001
Return Gait (s) 2.67±0.71 8.22±4.81 1.63±0.48 <0.001 (0.75) <0.001 <0.001 0.012
End Turning (s) 2.57±0.68 4.36±1.92 1.39±0.52 <0.001 (0.68) 0.007 <0.001 0.001
Stand to Sit (s) 1.82±0.54 2.08±0.89 1.34±0.31 <0.001 (0.20) 1 <0.001 0.014
Average angular speed (°/s) MT 53.79±17.67 33.11±12.37 89.90±9.49 <0.001 (0.69) 0.007 <0.001 0.001
Peak angular speed MT (°/s) 117.41±37.37 83.05±23.11 168.18±42.00 <0.001 (0.58) 0.014 <0.001 0.004
Average angular speed (°/s) ET 62.37±17.69 34.91±11.69 118.51±35.88 <0.001 (0.76) 0.001 <0.001 0.002
Peak angular speed (°/s) ET 133.55±42.97 85.77±19.73 212.15±46.34 <0.001 (0.68) 0.003 <0.001 0.002
P*: adjusted p-value based on Bonferroni’s correction; significance value: P<0.05.
MT: mid turning; ET: end turning; s: seconds; SD: standard deviation.

Table III.—��Spearman rho correlations between turning speed parameters and functional outcomes.
AA Speed MT PA Speed MT AA Speed ET PA Speed ET

SGPALS 0.416* 0.329* 0.615** 0.600**
FAC 0.503** 0.396* 0.656** 0.650**
mRS -0.527** -0.460** -0.773** -0.594**
10 mwt 0.656** 0.591** 0.625** 0.534**
RMI 0.595** 0.540** 0.769** 0.712**
*significance value P<0.05; **significance value P<0.001.ITUG: instrumented timed up and go; SGPALS: Saltin–Grimby Physical Activity Level Scale; FAC: 
functional ambulation categories; mRS: modified Rankin scale; 10 mwt: 10 meter walk test; RMI: Rivermead mobility index; PA: peak angular; AA: average angular; 
MT: mid turning; ET: end turning.

Figure 1.—Receiving operating characteristics curves (ROC) for turn-
ing speed in mid turning (MT) and end turning (ET).
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physical activity. Inactivity may be a key confounder when 
assessing the level of disability and mobility in chronic 
stroke patients, this component should be considered both 
during the assessment and the rehabilitation process. Fur-
thermore, increasing physical activity and developing stan-
dardized activity targets may be beneficial for rehabilitation 
therapy at all stages of stroke recovery.36, 37 Clearly, the goal 
must be to promote capacity for improvement in actual per-
formance, and in order to effectively plan rehabilitation and 
compare different interventions, a thorough understanding 
of the nature and severity of mobility and turning difficul-
ties among chronic stroke patients is required.

Recently, there is growing interest in the comprehension 
and detailed knowledge of the turning characteristics in 
stroke patients. Abdolli et al.21 found that stroke patients 
were slower and turned 360° with a reduced angular veloc-
ity but a greater range of trunk motions than age-matched 
controls. Chen et al.38 investigated the role of the trunk in 
the 180° rotation, evaluating the activation pattern of the 
extensor and flexor trunk muscles throughout the task and 
discovered that stroke patients had more trunk muscle ac-
tivity and a unique activation pattern than healthy controls. 
The author interpreted this as a means to compensate for 
the inadequate motor control of the lower limb and to pro-
mote stability. Furthermore, Liang et al.39 observed that a 
reduction in trunk flexibility, strength, and motor control 
could affect stroke turning performance, particularly when 
turning toward the paretic side. Exploration of the turning 
characteristics in stroke patients may aid in the develop-
ment of a specialized approach with the objective to assess 
various interventions and organize rehabilitation effective-
ly. Exploring the turning characteristics in stroke patients 
may help design a tailored approach, evaluate various in-
terventions and efficiently organize rehabilitation. For this 
purpose, we offered a simple and quick parameter, such as 
turning speed, available by a single inertial sensor.

Importantly, our study revealed that stroke patients with 
a major mobility impairment turned with a longer dura-
tion and with a less speed than the stroke patients with 
a lower mobility impairment. As in previous studies,24, 40 
stroke patients were divided into two groups according to 

ing, stroke patients have lower average and PA speeds. 
Poor neuromuscular control, gait asymmetry, lower limb 
weakness, poor capacity to manage postural balance, loss 
of coordination, visual impairments, fear of falling, and 
possibly attention deficiencies, all of which are frequent in 
stroke patients, can explain this difference.2

Due to difficulties in performing turns, stroke patients 
may avoid 180-degree turns resulting in decreased mobil-
ity and increased functional restriction. In fact, turning is a 
fundamental component of mobility as it occurs frequently 
during daily tasks and turning assessments may be more 
sensitive to mobility disability than gait assessment alone.

Mobility is a domain of the Activities and Participations 
component of the International Classification of Function-
ing Disability and Health (ICF) framework and because its 
multidimensional characteristic and complex interaction of 
bio-psychosocial variables, choosing a measure of mobil-
ity might be difficult for clinicians. TUG is a widely used 
measure of mobility in older people and neurological popu-
lations, including stroke patients, with excellent intra and 
inter-rater reliability, good convergent validity, and sensi-
tivity to detect small changes, making it a valid instrument 
to monitor stroke patients who can walk.4 When assessing 
mobility, we should consider two constructs: “capacity” as 
the highest level of functioning that a person can reach, typi-
cally evaluated in laboratory or hospital settings; and “per-
formance” as what an individual does in his current envi-
ronment. Both of the two constructs influenced the physical 
activity levels, another crucial aspect in disability manage-
ment and progression. In fact, it should be noted that the lev-
els of physical activity in people with stroke are lower than 
those of controls and do not appear to meet the guidelines.34 
People who have had a stroke spend long periods inactive 
and sedentary throughout all stages following stroke, par-
ticularly during the acute phase. Our data are in line with the 
literature showing a discrepancy between capacity and per-
formance:35 in our sample 76% of participants were limited 
or non-limited community ambulators and only 23% were 
house ambulators; by contrast the majority (60.4% of pa-
tients) were mostly sedentary or inactive; 29.2% performed 
light physical activity and only 10.4% performed regular 

Table IV.—��The AUC. sensitivity. specificity and likelihood ratio for each turning speed parameters to detect the mobility subgroup of 
stroke patients.

AUC cut-off (°/s) Sensitivity % (95% CI) Specificity % (95% CI) +LR -LR
AA Speed MT 0.844 41.9 88.89 (70.8-97.6) 71.43 (43-85.4) 2.67 0.17
PA Speed MT 0.792 101.5 85.19 (66.3-95.8) 66.67 (43-85.4) 2.56 0.22
AA Speed ET 0.912 39.1 77.78 (57.7-91.4) 95.24 (76.2-99.9) 10.11 0.54
PA Speed ET 0.859 102.2 88.89 (70.8-97.6) 76.19 (52.8-91.8) 3.42 0.24
AUC: area under the curve; PA: peak angular; AA: average angular; MT: mid turning; ET: end turning; CI: confidence interval; LR: likelihood ratio.
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inclination during walking and differences in sensor place-
ments. Third, the design of the study did not allow for cor-
relation of these parameters with the presence or absence 
of falls risk and the response to various interventions.

Further research should investigate the potential of the 
iTUG and speed turning parameters to stratify and moni-
tor the stroke patients over time, to assess the response and 
benefits to various therapeutic interventions and to iden-
tify which stroke patients are at risk of falling.

Conclusions

Our findings suggest that placing a sensor on the lower 
back and measuring the average and PA speeds during the 
turning transition can provide information related to dis-
ability and mobility in stroke patients. Evaluation of mo-
bility in people who have had a stroke is crucial in clini-
cal settings for a variety of reasons, including making an 
accurate diagnosis, planning the treatment technique for 
each particular patient, and evaluating the effectiveness of 
rehabilitation. The iTUG turning speed has the potential 
to provide clinically helpful information by objectively 
monitoring a patient’s mobility after a stroke.
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