Table S1. Previous reviews on balance and fall risk assessment through wireless sensors.

Studies
Ref Y j Topi jecti
eference ear Subjects opic Study objectives included
. L. ) Design issues, outcome measures,
Diaz et al. 2020 OA, PD, MS, AD Use of wearable technologlés m walkl.ng, balance biofeedback, measure of validity, machine 56
[1] and range of motion analysis .
learning approaches
Ghislieri et YA, OA, SRC, PD, . . .
Novel posturographic paradigm for the analysis of =~ Sensors types and placement, test protocols,
al. 2019 MS, AS, TBL DM, the human postural sway through inertial sensors balance measures, measure of validit 47
2] CA, ST, and HM p Y & ' Y
Pinho et al. 2019 YA and OA Mobile devices in the assessmer'lt of postural Balance pro.tocols, sensors type and positions, 9
[3] balance of healthy subjects mobile apps, outcome measures
A tof “ falls”, such as slips, trips, .
Pang et al. YA, OA, PD, and ssessmen’ of “heat falfls', such as Stps, TTps Type of falls, sensors placement, algorithms
2019 stumbles, missteps, incorrect weight transfer, or LS 9
[4] ST . . developed, measure of validity
temporary loss of balance, using wearable devices
Moral-
h lications for the bal A li jecti li
Munoz etal. 2018 N/A Smartphone applications for the balance pp quality scores and app subjective quality N/A
5] assessment score
Sun et al. Sensing technologies in the assessment of mobility functional assessment protocols, outcome
2018 MS . . . s 33
[6] and balance impairments measures, measure of validity and reliability
Sun et al. Sensing technology in providing objective fall risk Sensor placement, Test Protocol, outcome
2018 OA . . 22
[7] assessment in older adults measures, measure of validity
Meta-analysis of randomized controlled trials on
Gordt et al. PD, ST, PN, and . Sensors type and placement, type of feedback,
2017 wearable sensors technologies for the assessment . o 8
[8] OA . .. training modalities, outcome measures
of balance and gait training
Roeing et al. . . . .
9] 2017 YA, OA,PD,and  Mobile health apps for testing balance as a fall risk ~ Clinical tests, measure of balance, measure of 13
VD factor validity, measure of reliability
Godinho et Wearable, non-wearable and hybrid devices used =~ Monitoring technologies, measure of validit
al, 2016 PD ’ Y J e ¥ 73

[10]

for the clinical assessment of PD

motor disability




Eff f biof: ith 1
Ma et al. YA, ST, OA, PD, . ec.t © b1o. cedback systems, with wearable Sensors type, sensors location, biofeedback
2016 inertial motion sensors and force sensors, on 17
[11] DM, SP, AM type, outcome measure
balance performance
Hubble et al.
e eta Wearable sensors in the estimation of standing Sensors type, sensors placement, measure of
[12] 2015 PD . ey . . 26
balance and walking stability in PD balance and stability, test modality
Maetzler et Recent innovations in clinical manasement b Sensors placement, motor disability, non-
al. 2013 PD . & y motor disability, measure of balance, devices 32
using wearables
[13] used
Howcroft et Fall risk assessment by usine wearable inertial Sensor placement, derived parameters used to
al. 2013 OA sensor b;}se ds gstems assess fall risk, fall risk classification method, 40
[14] Y and fall risk classification model outcomes

AD: Alzheimer’s Disease; AM: Amputees; AS: Ankle Sprain; CA: Cerebellar Ataxia; DM: Diabetes Mellitus; HM: Haemophilia; MS: Multiple Sclerosis; N/A: Not Applicable; OA: Older Adults; PD:
Parkinson’s Disease; PN: Peripheral Neuropathy; SP: Subjects with Paraplegia; SRC: patients with Sport-Related Concussions; ST: Stroke; TBI: Traumatic Brain Injury; VD: patients with Vestibular

Dysfunction; YA: Young Adults

Table S2. Sensor-based balance evaluation in neurological disorders.

Participants  Type and location Clinical-
P yp Other Experimental Main postural Main .
Author/Year (mean age = of .1 behavioural
measurement setup measures findings .
SD) wearable sensors correlations
Alzheimer’s disease
Larger COM
9 AD non- . & .
. displacement in AD
fallers Pitch and roll angles;
. fallers than HS when
(73.56 £ 9) Romberg test on total and maximal o
Gago et al. 5 IMU on trunk, Not D . eyes closed on flat Not significant
11 AD fallers . flat and inclined COM displacement; . .
(2014) [15] legs and thighs performed . . surface; lower minimal correlations
(77.64 £ 5) surfaces maximal linear .
. roll angle in AD then
16 HS velocity
HS when eyes closed
(72.31+7)
on frontward platform
21 AD 1 inertial sensor . . Greater ML speed in
Side-by-side, . .
Hsu et al. (61.48 £ 5) (accelerometer + Not Sway speed in AP tandem stance with
.. tandem and one- L . Not performed
(2014) [16] 50 HS uniaxial gyroscope performed . and ML directions  eyes closed and in one-
27 leg upright stance,
(59.86 £ 5) + biaxial leg stance




gyroscope) on

with eyes open

waist and eyes closed
Higher range of
Upright stance &he 8 .
9 AD non- . . acceleration on z-axis,
1 IMU on the back with virtual .
fallers (75) ., . COM displacement; mean and RMS
Gago et al. (55% of patient’s Not unpredictable .
11 AD fallers . . sway area and path; acceleration and Not performed
(2016) [17] height above the performed visual . )
(76) round) displacements and RMS acceleration average acceleration
21 HS (71) 8 . magnitude in AD
& fallers than HS
Parkinson’s disease
Linear correlation
APAs duration; peak
11 PD (60.3 + o P between COP and
.. 3 inertial sensors AP and ML . .
Mancini et 0.7) (accelerometer + Force plate acceleration: time-to inertial measures;
al. 12 HS (not (cor Taking two steps ’ smaller peak ML Not performed
. gyroscope) on C7, peak angular :
(2009) [18] specified; . ) measures) ) ) acceleration and
L5 and right thigh velocity; thigh range . .
age-matched) X hypometric APAs in
of motion L
ML direction
Upright stance
. 13 PD . . ‘p & RMS of acceleration;
Mancini et 1 inertial sensor Force plate with eyes open, . Larger RMS, mean C
(60.4 £ 8) mean velocity; F95%; . o Not significant
al. (accelerometer + (cor eyes closed and velocity and jerk in .
(2011) [19] 12 HS roscope) on L5 measures) eyes closed durin frequency eyes open condition correlations
(€02+8)  BYTOSOP yes eone & dispersion; jerk yesop
a cognitive task
Similar sensitivity of
Jerk; Time-domain COP and inertial .
Acceleration
.. (e.g. RMS, mean measures;
Mancini et 17 PD . . . . measures
1 inertial sensor Force plate . velocity, sway area) larger size and .
al. (67.1x7) Upright stance Lo correlated with
(accelerometer) on (cor : and frequency- jerkiness of
(2012) [20] 17 HS with eyes open . . postural
L5 measures) domain (e.g. F95%, accelerations; . .
(67.9 +6) . impairment (e.g.
frequency high test-retest
. ) o . PIGD scores)
dispersion) measures  reliability of jerk and

time-domain measures

Table S2. Sensor-based balance evaluation in neurological disorders.



.. Type and Other . . . Clinical-
Participants . Experimental Main postural Main .
Author/Year location of measureme . g behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Parkinson’s disease
semitiﬁfll:'il‘;tance RMS of AP and
Maetzler et al. 12 PD (61.5£2) 1 inertial sensor Not with eves open and ML acceleration; Comparable values Not performed
(2012) [21] 14 HS (639 + 2) on L3-L4 performed yes op mean velocity; p P
closed, on firm and .
F95%; jerk
foam surfaces
Larger time in in-
Covariance index phase pattern
between the trunk reflecting
2 inertial sensors and shank; predominant
Baston et al. 4PD(62+6) on L5 and right Not SOT strategy index adoption of ankle Not performed
2014) [22 7HS (687 f d
( )[22] (68:+7) shank periotme (hip or ankle strategy; poor
strategy); RMS of  change of postural
AP acceleration strategies; similar
RMS values
RMS of AP and Large-r RMS, m'ean
. velocity, centroidal
ML acceleration, .
. frequency and jerk;
mean velocity, . .
L Instrumented Stand . Dopaminergic
6 inertial sensors and Walk test centroidal theraby increased
Curtze et al. 104 PD (66.5 + 6) on wrists, Not OFF and ON state frequency, RMéZn d mean Not performed
(2016) [23] 64 HS (65.4 £ 6) sternum, L5 and  performed frequency ] . p
of therapy . . velocity especially
ankles dispersion, jerk; . ..
. in dyskinetic PD;
APA duration, .
larger APAs in ON
latency and peak than OFF state of
AP and ML
therapy
F lat
ozg:gpa € Linear correlation
APAs AP L inertial
Mancini et al. 10 PD (67.2 £ 5) 3IMUs on L5 measures); Cait initiation trials seak' :;iM ]é%vgi?dlze?;i Not significant
(2016) [24] 12 HS (68 + 6) and shanks infrared peats : P correlations
optical duration measures; smaller
p APAs measures

system




Strategy index

and RMS values
correlated with
Larger RMS of AP
. motor
Strategy inde acceleration; impairment (e.g
. ) . rategy index impai nt (e.g.
2 inertial sensors Upright stance OFF ) more ankle strate
Baston et al. 70 PD (67 + 6) Lo h Not p § ON oot (hip or ankle PN gfy UPDRS-III and
on L5 and ri an state o and larger o
(2016) [25] 21 HS (67 £ 6) & performed strategy); RMS of & . PIGD scores);
shank therapy . AP acceleration .
AP acceleration . strategy index
during OFF than .
ON state of thera correlated with
by balance
confidence (e.g.
ABC scores)
Table S2. Sensor-based balance evaluation in neurological disorders.
Participants Type and location Other Experimental Main postural Main Chn}cal-
Author/Year of measuremen . . behavioural
(mean age = SD) setup measures findings .
wearable sensors t correlations
Parkinson’s disease
sEMG sensc?rs on . . Initiation of APAs; Similar APAs;. lower
10 lower limb Quiet standing, . amount of variance 4
amount of variance
muscles, lumbar Force plate voluntary sway, fast- 4 muscle modes muscle modes account
Falaki et al. 11 PD (69.4 £6.3) erector spinae, «© CfP sway and load release account for: svner for; lower synergy Not performed
(2016) [26] 11 HS (65.3 £8.1) thoracic erector (self-triggered . N .Y 8y index during steady p
. measures) index; anticipatory
spinae and rectus postural state; reduced
.. . synergy -
abdominis perturbations) . anticipatory synergy
. . adjustments .
(right-sided) adjustments
SsEMG sensors on Force plate Quiet standing; Initiation of APAs;  Similar APAs OFF and
Falaki et al. 10 PD (69.4 + 6.3) 10 lower limb P voluntary sway, load variance in muscle ON state of therapy;
(Cor N - Not performed
(2017) [27] No HS muscles, lumbar measures) release, fast-body activation; synergy larger indices of

erector spinae,

motion (self-triggered

index; anticipatory

synergies (e.g.




thoracic erector postural synergy variance in muscle
spinae and rectus perturbations) OFF adjustments activation) and
abdominis and ON state of anticipatory synergy
(right-sided) therapy adjustments ON than
OFF state of therapy
30 PD(g;lghf;)t FOG RMS of AP and ML
o L Instrumented Stand acceleration; AP Larger RMS of AP
26 PD with FOG 8 inertial sensors . Lo
de Souza Fortaleza (69.2+8) on feet. shanks Not and Walk test and ML jerk; APA acceleration in PD Not performed
et al. (2017) [28] o . ! . performed standard and during duration and AP with FOG than PD P
15 HS (not wrists, chest and L5 .. .
o a cognitive task and ML peak without FOG
specified; amplitude
age-matched) P
Peak-to-peak AP Linear correlation
and ML COM between COP and
1 inertial sensor acceleration; COM measures; larger
. (accelerometer Force plate normalized path peak-to-peak,
t al. 14 PD (63 =
Oélonl%e; [e2 963 14 HIS Egg : S; within a tablet (cor SOT length; RMS of AP normalized path Not performed
- computer — iPad) measures) and ML length, RMS and 95%
on the waist acceleration; Ellipse Area in AP and
95% ellipse area; ML directions during
equilibrium score SOT5 and SOT6
1 inertial sensor Double-leg and Cleveland clinic-
27 PD (62.9 +9) tandem upright Cleveland clinic- postural stability
. (accelerometer + . . Greater peak-to-peak .
Ozinga et al. 27 HS (not s Not stance, with eyes postural stability . index correlated
e gyroscope within a . . measures in all SOT .
(2017) [30] specified; performed open and closed, on index (reflecting . with postural
tablet computer — . conditions . .
age-matched) . . firm and foam peak-to-peak sway) impairment (e.g.
iPad) on waist
surfaces PIGD scores)
33 PD without FOG ML-peak trunk Lower ML-peak in PD ML-peak
(67.5+8) acceleration than HS; Larger RMS acceleration
B(c;r(;cl);a; '[3; SI' 25 PD with FOG 3 H\ggs ZE;;? L> erfNO?rtne d OLS (reflecting APAs); of AP and ML correlated with
(67.0 £ 6) P RMS of AP and ML acceleration (OLS on motor impairment
32 HS (69.4 + 7) acceleration the most affected side) (e.g. UPDRS-III)
Table S2. Sensor-based balance evaluation in neurological disorders.
. . Type and Other . . . Clinical-
Participants yp. Experimental Main postural Main .
Author/Year location of measureme . 1. behavioural
(mean age + SD) setup measures findings .
wearable sensors nt correlations
Parkinson’s disease




COP and COM

. measures
Force plate Amplitude of ML significantl
Bonora et al. 10 PD (67.2 £ 5) 3IMUs on L5 C OpP 3 gait initiation trunk acceleration correfl;ate 4 stller Not performed
(2017) [32] 12 HS (68 + 5) and shins trials (APAs); ML ’ P
measures) ) ML trunk
angular velocity .
acceleration; longer
unloading phase
Spsgihteiagg ;Nl(:: Larger RMS and jerk
Chen et al. 1 inertial sensor yes op y RMS of AP and values with and
23 PD (66.2 = 8) Not closed, as well as . .
(2018) [33] 23 HS (642 + 7) (accelerometer) erformed  eves open and eves ML acceleration; without eyes open Not performed
o on L4-L5 P yes op . y AP and ML jerk during a cognitive
closed during a
. task
cognitive task
Modulation index
(considering
medium- and
loar;gt:zigzy Lower muscle Association of
sEMG sensors on Infrared Multidirectional ostural modulation across PD, PD severity,
Lang et al. 31PD (68+9) 11 lower limb optical support surface 1‘55 onses) erturbation balance ability
(2019) [34] 13 HS (65+9) muscles P translation P . . pe and FAB scores
) system ) reflecting the directions regardless .
(bilaterally) perturbations o with muscle
ability to of PD phenotype .
. modulation
appropriately
inhibit muscles
according to the
balance task
Multiple sclerosis
RMS of AP and I;:Zgljrz‘goaz aCCSIVZraa}fcion
6 inertial sensors Upright stance with ML acceleration; . .
Spain et al (accelerometer + eyes open and eyes mean swa amplitude and amplitude
(5012) [35]‘ 31 M5 (39.8) roscope) on Not Zloseg' timed 2}5, velocity; sw}; lower ML negatively
28 HS (37.4) gyroscope performed ’ , Yi sway normalized jerk in correlated with
shins, wrists, foot walk; timed frequency; sway . .
. upright stance with balance
sternum and L5 up-and-go test jerk; trunk range .
) eyes closed; greater  confidence and
of motion . .
increase of sway perceived




acceleration

walking abilities
amplitude with

(e.g. ABC and
closure of eyes; MSWSI12 scores)
larger angular trunk
range of motion in
roll and yaw axes
during walking
tasks
6 inertial sensors . . Sway acceleration
Upright stance with . Larger sway area,
. (accelerometer + amplitude; sway
Spain et al. 27 MS (41) roscope) on Not eyes open and eyes ork: Sway area: trunk yaw range of Not performed
(2014) [36] 18 HS (34) gyroscope performed closed; timed 25- Jers sway ’ motion; reduced P
shins, wrists, trunk yaw range . .
foot walk . normalized ML jerk
sternum and L5 of motion
Table S2. Sensor-based balance evaluation in neurological disorders.
T d Oth Clinical-
Participants yp? an er Experimental Main postural Main lnfca
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Multiple sclerosis
R £
Larger sway path ange o S_W ay
. . acceleration
6 inertial sensors length and range of .
(accelerometer + 46 measures of sway acceleration amplitude
20 MS (40) Upright stance with . Y . correlated with
gyroscope + velocity, amplitude in ML
Solomon et al. 20 HS (not Not eyes open and eyes C o0 . balance
. magnetometer) acceleration, jerk direction .
(2015) [37] specified; performed closed, on foam . confidence and
on sternum, and spectral (independent .
age-matched) . surface X perceived
lumbar region, power of sway predictors to . e
. ; . walking abilities
wrists and ankles differentiate MS
from HS) (ABC and
MSWS-12 scores)
Copasl  Bususzes (S Ui Sleh e God st e
(2017) [38] 15 HS (47.8 £ 9) performed oo OPeY '

gyroscope +

up-and-go test

test-retest reliability ~ displacement and

velocity, 95% of considered

mean frequency



magnetometer)
on sternum, L5,
wrists and ankles

power frequency,
frequency
dispersion, trunk
range of motion
and velocity

measures (except
frequency
dispersion)

correlated with
disability (e.g.
EDSS scores)

3 inertial sensors

Force plate

Latency of
Postural

Measures by means
of inertial sensors

Time to Reach

(Cor Response; time of correlated with Stability and step
El-Gohary etal. 52 MS (49.5 + 10) (accelerometer + measures); Push and release first heel strike; ~ laboratory reference latency
(2017) [39] 21 HS (49.9 = 12) fg’;‘:::f;g)lgi infrared test time to reach measures; correlated with
and feet optical stability; number longer time and disability (e.g.
system of steps; step more steps to reach EDSS scores)
length stability
Angular velocity
3 inertial sensors features (area Lower thigh pitch
17 MS (53.06 + (accelerometer + Timed-up-and-go  under the curve, angular velocity in
Witchel et al. 11) gyroscope + Not test (sit-to-stand absolute peak and sit-to-stand Not performed
(2018) [40] 23HS (46.13+11)  magnetometer) performed and stand-to-sit absolute mean);  transition; larger roll
on L3 and thighs transitions) normalized mean  peak in stand-to-sit
absolute jerk; transition
speed arc length
Trunk-leg coherence
6 inertial sensors of acceleration
(accelerometer + Force plate Upright stance with Coherence of correlated with COP
Huisinga et al. 36 MS (45.6 +12) gyroscope + (CoP eyes open and eyes acceleration sway area; lower Not performed
(2018) [41] 20 HS (41.8 £11) magnetometer) measures) closed; backward between trunk trunk-leg coherence

on sternum, L5,
wrists and ankles

perturbation

and legs

of acceleration at
lower frequencies in
upright stance




Table S2. Sensor-based balance evaluation in neurological disorders.

.. Type and Other . . . Clinical-
Participants . Experimental Main postural Main .
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Multiple sclerosis
RMS of AP and
ML acceleration; Significant
. . 95% confidence correlation between
2 inertial sensors . . .
(1 reference Force plate Upright stance with  ellipse sway area; measurement
Sun et al. 39 MS (58 +10) accelerometer + 1 e OpP eyes open and eyes  sway path length methods; higher Not performed
(2018) [42] 15 HS (57.9 + 13) . closed, on firm and of acceleration sway area and total p
adhesive sensor measures) .
foam surfaces trajectory; mean power, also
patch) on L5 . .
sway velocity; depending from
total power; sway disease severity
jerk
Maximum-finite- Similar local Change in
6 inertial sensors time Lyapunov dynamic stability =~ dynamic stability
(accelerometer + exponents (local until minute 4 of correlated with
Arpan et al. 25MS (51.1 £ 2) gyroscope) on Not 6-minute walk test dyn.afmc walku'lg; higher .Change in
(2020) [43] 10 HS (47.6 + 3) low back, performed stability); median local distance from
sternum, wrists dynamic stability =~ dynamic instability minute 1 to
and feet index; distance- estimated over time minute 6 of
walked index during the test walking
Cardiac and
Activity Monitor, Biosensor-derived Postural sway
25 MS (46.5+ 7) including an on- Sway distance metrics as .relié}:.)le measures‘
e .. . board IMU, on and displacement  tools for disability correlated with
Chitnis et al. divided in 3 three . Not . . . . -
. multiple body Upright stance in left-right and monitoring in MS MS disability
(2019) [44] severity cohorts . performed . ) .
No HS locations (upper anterior-posterior with respect to (e.g. EDSS and

and lower trunk,
wrists, thighs
and shins)

directions

standard clinical
evaluation

MS functional
composite-4)




14 MS with mild

1 inertial sensor

Higher sway area,

Postural sway

ataxia (15.6+ 11) (accelerometer + Upright stance with jerk, path length and ;:ez:j;eels
Gera et al. 11 MS with Foscope + Not o pesgo e and eves Sway area; jerk; F95% in MS with correfl;ate d V\}I,ith
(2020) [45] moderate ataxia &Y p performed yes op y path length; F95% moderate ataxia .
magnetometer) closed . ) cerebellar white
(44 +£8) on L5 than MS with mild matter tract
13 HS (49 £ 13) ataxia and HS . .
integrity
Huntington's disease
1 inertial
14 HD fnertial sensor Romberg test with
Dalton et al. (accelerometer) Not RMS of AP and )
(2013) [46] (51.83 £ 15) on UpDer erformed feet together and ML acceleration Higher RMS values Not performed
10 HS (56.40 + 11) PP P apart
sternum
2 inertial sensors Peak angular Larger peak. and
(accelerometer + . total excursions;
41 HD L L . excursion; total . .
Kegelmeyer et al. gyroscope within Not Sitting, standing abrupt changes in Not significant
(2017) [47] (5220 £ 11) tablet computers erformed and walkin absolute speed and correlations
36 HS (45.94 + 14) . P p & excursion; mean p )
—iPads) on aneular excursion amplitude of
thorax and L5 & movements
Table S2. Sensor-based balance evaluation in neurological disorders.
T th linical-
Participants yp? and Other Experimental Main postural Main ¢ 1n3ca
Author/Year location of measureme .1 behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Cerebellar ataxia
Peak-to-peak Trunk 1
Upright stance with eaftopea _runkangiar
1 sensor (Sway excursions in Larger trunk displacement and
eyes open and eyes .
Star system _ trunk angular angular velocity
L closed, on firm and ) . .
Van de consisting of 2 displacement displacement and correlated with
11 CA (49.5+9) .. Not foam surfaces; . . )
Warrenburg et al. digital angular- . and velocity, as  velocity (pitch > roll motor
11 HS (48.5 + 8) . performed walking tasks; ) . .
(2005) [48] velocity X well as trunk plane) in stance, impairment (e.g.,
retropulsion task; L .
transducers) on oettip-and-go” sway velocity, in walking and ICARS scores
L2-L3 seup & the roll and pitch  retropulsion tasks and Tinetti’s
task .
planes Mobility Index)




COP and COM

, i measures
Force plate Upright stance with ~ Total sway path significantly
Hejda et al. 10 CA (52.2+12) eyes open and eyes  length (roll, yaw i
(2015) [49] 11 HS (26.0 + 6) 1IMU on L2-L3 (cor closed, on firm and and pitch correlated; larger Not performed
measures) . total sway path
foam surfaces excursions) .
length in all
conditions
o Upright stance with
ke A2 T o e Mo e
(2015) [50] 11 HS (26.0 + 6) 8y P performed  closed, on firm and ) . .. P
L2-L3 and feet trajectories conditions
foam surfaces
COP and COM
1 IMU Force plate Upright stance with Convex simrfia;is;ftsi
Melecky et al. 10 CA (52.2+12)  (accelerometer + P eyes open and eyes ghticantly
(COor . polyhedron correlated; increased ~ Not performed
(2016) [51] 11 HS (26.0 + 6) gyroscope) on closed, on firm and
measures) volume convex polyhedron
L2-L.3 foam surfaces g
volume in all
conditions
Entropy
measures
4 CA RMS of
“ 7364C+ 1) 2 inertial sensors accelersa;on' (especially from
Nguyen et al. ” H S _(not (accelerometer) Not Romberg and trunk a roximate, Greater entropy sternum)
(2018) [52] . onsternum and  performed test PP ’ measures strongly
specified; age- sample and fuzzy .
upper-back correlated with
matched) entropy .
clinical
assessment
COP and COM
. . Average velocity .me.a‘sures
Force plate Upright stance with of the point: total significantly
Adamova et al. 10 CA (52.2 +12) 1 IMU on 12-L3 e gp eyes open and eyes len tlli of tllle N correlated; Not performed
(2018) [53] 11 HS (26.0 £ 6) closed, on firm and _g . higher average P
measures) dimensional .
foam surfaces ) velocity and total
trajectory

length only for tasks
with foam surface




Widener et al.
(2020) [54]

10 CA (47.2 + 6.6)
10 HS (47.8 + 8.8)

6 IMU on lumbar
spine, anterior
sternum, bilateral
ankles and wrists

Not
performed

Modified clinical
test of sensory
interaction on

balance, with and

without weighting

Larger sway area
during no-weight
95% of the ellipse standing tasks;
sway area sway area generally
decreased with torso
weighting in CA

SARA scores
correlated with
standing
stability
measures




Table S2. Sensor-based balance evaluation in neurological disorders.

.. Type and Other . . . Clinical-
Participants . Experimental Main postural Main .
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Stroke
Displacement Parameterization of
Perez-Cruzado et 4ST (767 +3) 2 inertial sensors Not Smgl.e—leg stance and Vel‘0c1ty; smgle—leg te‘s.t in ST;
on L5-51 and T7- test with eyes open rotation; good reliability and ~ Not performed
al. (2014) [55] No HS performed . . 1 . .
T8 and eyes closed flexion/extension  validity of inertial
inclination Sensors
Maximum .
aneular Parameterization of
lumbosagcral Jthora the functional reach
Merchan-Baeza 55T (76.7) 2 inertial sensors Not Functional reach cic displacement: test in ST; excellent Not performed
et al. (2014) [56] No HS onT7 and L5-51  performed test . P ) ’ reliability and P
time, velocity and . L
. validity of inertial
acceleration of
. Sensors
displacement
. Smaller angular
Maximum .
displacement,
angular .
lumbosacral/thora velocity and
Merchan-Baeza 55T (72.33 £ 4) 2 inertial sensors Not Functional reach cic displacement: acceleration; higher Not performed
et al. (2015) [57] 5HS (73.04 £ 4) onT7 and L5-51  performed test . P ) ’ maximum and p
time, velocity and . .
. minimum velocity
acceleration of .
. and acceleration
displacement
values
Tosa et al. 13ST (63.85+10) . nertial sensor Not , RMS of trunk Higher trunk
(2016) [58] 10 HS (6370 + 8) (accelerometer) formed Walking tasks leration accelerations along Not performed
T on L2-1L.3 pertorme acceieratio the LL axis
12 ST with low Greater trunk roll
ankle spasticit Trunk angle, velocity and velocit
Rahimzadeh- P Y Force plate  Upright stance with velocity and Y Y
. . (74.3 £3) 1 IMU on lumbar . frequency
Khiabani et al. L . (COoP eyes open and eyes velocity . Not performed
15 ST with high region amplitude at 3.7 Hz
(2017) [59] . measures) closed frequency
ankle spasticity . . and 4.9 Hz,
amplitude in . .
(61.8£3) especially with eyes




No HS pitch and roll closed, in ST with
directions high ankle spasticity
5 inertial sensors
(accelerometer +
gyroscope) on
R f AP
Belluscio et al. 27 ST (66 + 16) occipital Not Fukuda stepping Ml\IiIicoceleraetlircl)i Not significant Not performed
(2018) [60] 18 HS (57 £ 5) cranium, performed test findings p
sternum, L4-L5
and shins (lateral
malleoli)
High lerati
1 inertial sensor 6 standing tasks \:flue;saccreirrelzgon
(accelerometer + with eyes open and AP and ML durin \ I;tandin )
Hou et al. 10 ST (57.7 +13) roscope within Not eyes closed, as well acceleration tasks xiith visuagl Not performed
(2018) [61] 13HS (45.6 +12) SYTO5OP performed  as with different  change; X, Y and Al p
a smartphone — base of support 7 axis bodv tilt deprivation and
HTC 10) on S2 . PP y narrow base of
amplitudes
support
Table S2. Sensor-based balance evaluation in neurological disorders.
T h linical-
Participants yp? and Other Experimental Main postural Main ¢ lnfca
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Stroke
1 inertial sensor 6 standing tasks AP and ML
. . Gyroscope data
(accelerometer + with eyes open and acceleration X
8 ST (52.3 +10) s Greater gyroscope negatively
Hou et al. gyroscope within Not eyes closed, as well ~ change; X, Y and . .
8 HS (51.5+9) . . ; . values in all correlated with
(2019) [62] a smartphone — performed as with different Z axis body tilt )
. standing tasks Berg balance
ASUS Zenfone 3) base of support (changes in
on S scale scores

amplitudes

angular velocity)

Traumatic brain injury

Furman et al.
(2013) [63]

43 TBI (15« 1)
27 HS (16 + 1)

1 inertial sensor
(accelerometer)
on pelvis

Not
performed

Side-by-side and
tandem upright

stance, with eyes
open and eyes

Normalized path
length of AP
acceleration

Not significant
findings

Not performed




closed, on firm and

foam surfaces

1 inertial sensor

Balance error

Higher RMS of AP
and ML
acceleration;

King et al. 13 TBI (16.3 + 2) (accelerometer) Not scoring system RMS of AP and instrumented scale Not performed
(2014) [64] 13 HS (16.7 £ 2) onl5 performed (standard and ML acceleration more accurate than p
modified version) standard clinical
scale in TBI
identification
Higher RMS, total
132 sway metrics power, mean
1 inertial sensor reflecting postural ~ distance, range of
. (accelerometer + Modified balance sway amPlltude, acceleratlor? and
King et al. 52 TBI (20.36 £ 1) oscope + Not error scorin velocity, path length in ML Not performed
2017) [65] 76 HS (20.64 + 1 BYTOSCOp erformed & variability and direction, ellipse p
magnetometer) p system y P
& on L5 y frequency in AP sway area, total
and ML sway area, 95%
directions circle sway area
(main measures)
Higher sway
1 inertial sensor Bilateral, tandem volume in bilateral
F lat il 1 t i
Doherty et al. 15 TBI (21.83+3)  (accelerometer + oree pate and uni étera 95% ellipsoid stance (in .
(cor stance variants of accordance with Not performed
(2017) [66] 15 HS (22.46 + 4) gyroscope) on volume of sway .
measures) balance error increased sway area

pelvis

scoring system

measured by force
plate)




Table S2. Sensor-based balance evaluation in neurological disorders.

.. Type and Other . . . Clinical-
Participants . Experimental Main postural Main .
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Traumatic brain injury
Slde-by-51de'and Greater normalized Self-reported
tandem upright )
. AP path length with ~ symptoms (e.g.
stance, with eyes o
1 inertial sensor open and eyes Normalized path eyes closed than dizziness,
Alkathiry et al. 56 TBI (15+1) Not p e P eyes open, foam headache)
(accelerometer) closed, on firm and length of AP . )
(2018) [67] No HS performed surface than firm correlated with
on lower back foam surfaces sway )
(“balance surface, tandem normalized path
stance than side-by- length of AP
accelerometer i
. side stance sway
measure
R el e e S sy
Baracks et al. 48 TBI (20.62 + 2) Foscope + Not stance variants of RMS sway; 95% and 95% ellipse Not performed
(2018) [68] 45 HS (20.85+ 1) BYTOSCop performed ellipse sway area  sway area in all p
magnetometer) balance error .
. stance conditions
on [4-L5 scoring system
1 inertial sensor . . Larger total s‘vx.fay Postural sway
Upright stance with area (all conditions
38 TBI (20.6 +1) (accelerometer + . area correlated
Gera et al. Not eyes open and eyes Postural sway except upright )
81 HS (21.0£1) gyroscope + . . with self-
(2018) [69] performed  closed, on firm and area stance with eyes
magnetometer) reported
foam surfaces open on foam .
on L5 dizziness
surface)
Neuropathies
COP and COM
2 inertial sensors Area of COM measures were
(accelerometer + Force plate Rombere test. on sway; ankle and correlated; Larger
Najafi et al. 17 DPN (59.2 £ 8) gyroscope + e (§)P firm ar:gd foa,m hip sway; area of COM sway; Not performed
(2010) [70] 21 HS (24.4 + 2) magnetometer) reciprocal higher ankle and hip p
measures) surfaces .
on lower back compensatory sway with eyes
and shin index closed; higher

reciprocal index




Range of AP and Vibration
L ; f i
2 inertial sensors ML sway; rat? © perception
(accelerometer + body sway in Higher body sway; threshold
Toosizadeh etal. 18 DPN (65 + 8) roscope) on Not Rombere test short time- hi ier localycontr}cl)/l negatively
(2015) [71] 18 HS (69 + 3) BYTOScop performed & intervals (local- & correlated with
lower back and rate of body sway
. control) and long central-control
shin L
time-intervals rate of body
(central control) sway
Higher AP peak
velocity, AP and ML
Upright stance with acceleration range in Range and RMS
eyes open and eyes  Range of AP and tandem stance, as
. . . . of AP
closed, on firm and ML acceleration; well as in upright acceleration
D’Silva et al. 14 DPN (57.4 £ 5) 1 IMU on L3 Not foam surfaces; AP and ML peak stance with eyes correlated with
(2017) [72] 14 HS (58.07 £ 5) performed tandem velocity; RMS of closed on foam Iveated
stance with eyes AP and ML surface; higher ML &Y .
. ) . haemoglobin
open on firm acceleration peak velocity and lovel
surface RMS of AP
acceleration in
tandem stance
Table S2. Sensor-based balance evaluation in neurological disorders.
Participants Typf! and Other Experimental Main postural Main Cllnfcal-
Author/Year location of measureme . 1. behavioural
(mean age = SD) setup measures findings .
wearable sensors nt correlations
Vestibular syndromes
218PPY andem gt with s angur veloc
(58.8 +12) 1TMU on the 08 RMS of e ang Y
Cohen et al. . Not and without eyes . in the roll and yaw
(2012) [73] 18 AN (55.6 £11)  back at the mid- erformed open); shortened acceleration and axes durine tandem Not performed
27 UW (54.9 £ 18) thoracic P pen); angular velocity 5

61 HS (49.6 + 16)

functional
mobility test

walking with eyes
closed in UW




1 inertial sensor

Upright stance

Normalized area;

RMS of AP and
ML sway and

Higher quotient of
Romberg for surface
area, RMS of AP
sway and RMS of
AP and ML velocity;
during far-close-

Kapoula et al. 11 BLVF (52 + 14) (accelerometer) Not during fixation velocity; mean vergence higher Not performed
7+ erforme tasks, eyes open ower frequency; surface area, 0
2013) [74] 16 HS (31.7 + 10 onL5 perf d ks, eyes op P freq y f RMS of P
and eyes closed quotient of ML sway and
Romberg for smaller mean power
measures frequency; during
convergence smaller
surface area for both
subgroups
Greater signal
vector magnitude;
4 inertial sensors d’?flfgger grou.};h
. (accelerometer + Modified Romberg Signal vector HHerence wi
Kim et al. 17VN (456 £ 12) gyroscope) on Not test on foam magnitude; signal vector Not performed
(2013) [75] 18 HS (43.5 + 15) . performed : magnitude than
head, pelvis and surface angular velocity .
loos angular velocity, as
& well as with head
sensor than pelvis
and legs sensors
Higher range of AP-
Upright stance with ML acceleration, Range and RMS
eyes open and eyes  Range of AP and AP-ML peak
13 BPPV . . . of AP
(545 + 6) closed, on firm and ML acceleration;  velocity and RMS of acceleration
D’Silva et al. . Not foam surfaces; AP and ML peak AP acceleration in .
(2017) [72] 11 BPPVDM TIMUonL3 - formed tandem velocity; RMS of ~ BPPVDM than Hg ~ correlated with
(57.6 £ 6) . . glycated
stance with eyes AP and ML (several conditions); .
14 HS (58.07 = 5) 1 on firm leration hicher AP-ML peak haemoglobin
open on fi acceleratio igher peak . lin BPPVDM

surface

velocity in BPPVDM
than BPPV (eyes




closed, foam
surface)

ABC: Activities-Specific Balance Confidence scale; AN: patients with Acoustic Neuroma; AP: Antero-Posterior; APAs: Anticipatory Postural Adjustments; BLVF: patients with Bilateral Loss of Vestibular
Function; BPPV: patients with Benign Paroxysmal Positional Vertigo; BPPVDM: patients with Benign Paroxysmal Positional Vertigo and Diabetes Mellitus; CA: Cerebellar Ataxia; COM: Center Of Mass;
COP: Center Of Pressure; DPN: patients with Diabetic Peripheral Neuropathy; F95%: frequency comprising 95% of the signal; EDSS: Expanded Disability Status Scale; FOG: Freezing of Gait; HD:
Huntington’s Disease; HS: Healthy Subjects; ICARS: International Cooperative Ataxia Rating Scale; IMU: Inertial Measurement Unit; ML: Medio-Lateral; MS: patients with Multiple Sclerosis; MSWS12:
12-Item Multiple Sclerosis Walking Scale; OFF state of therapy: not under dopaminergic therapy; OLS: One-Leg Stance; ON state of therapy: under dopaminergic therapy; PD: patients with Parkinson’s
Disease; PIGD: Postural Instability Gait Difficulty; RMS: Root Mean Square; SARA: Scale for the Assessment and Rating of Ataxia; sSEMG: Surface Electromyography; SOT: Sensory Organization Test;: ST:
patients with a previous Stroke; TBI: patients with Traumatic Brain Injury; UPDRS-III: Unified Parkinson's Disease Rating Scale — part III; UW: patients with unilateral vestibular weakness; VN: patients
with Vestibular Neuritis
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