
Supplementary Materials for

Wearable sensor-based quantitative gait analysis in Parkinson’s disease patients with different motor subtypes

Supplementary Table 1. Discriminative value of gait characteristicsa for early diagnosis in PD subtypes and subtype differentiation.

Supplementary Table 2. Description of the gait features extracted from the TUG test using the wearable sensors.



Supplementary Table 1. Discriminative value of gait characteristicsa for early diagnosis in PD subtypes and subtype differentiation.

Gait parameters HC vs. TD HC vs. PIGD TD vs. PIGD
AUC 95% CI p AUC 95% CI p AUC 95% CI p

Lower body related parameters
MAS Swing (%) 0.713 0.571~0.856 0.005 0.704 0.554~0.855 0.012
MAS Stance (%) 0.713 0.571~0.856 0.005 0.704 0.554~0.855 0.012
MAS Shank Backward Swing Maximum (°) 0.81* 0.698~0.923 <0.001 0.779 0.654~0.903 0.001
LAS Shank Backward Swing Maximum (°) 0.845* 0.747~0.943 <0.001 0.825* 0.714~0.935 <0.001
MAS Peak Shank Angular Velocity (°/s) 0.705 0.576~0.833 0.007
Shank Symbolic Symmetry Index (%) 0.683 0.537~0.83 0.017
Trunk and lumbar related parameters
Trunk Coronal Peak Velocity (°/s) 0.722 0.579~0.865 0.006
Trunk Coronal RoM (°) 0.716 0.581~0.851 0.004 0.864* 0.769~0.96 <0.001
Trunk Sagittal Peak Velocity (°/s) 0.731 0.577~0.886 0.004
Trunk Transverse Peak Velocity (°/s) 0.702 0.546~0.857 0.013
Lumbar Coronal RoM (°) 0.871* 0.785~0.956 <0.001 0.796 0.662~0.93 <0.001
Lumbar Sagittal Peak Velocity (°/s) 0.703 0.558~0.849 0.013
Upper body related parameters
MAS Arm Peak Velocity (°/s) 0.835* 0.717~0.954 <0.001 0.792 0.656~0.927 <0.001
LAS Arm Peak Velocity (°/s) 0.715 0.567~0.863 0.008 0.757 0.599~0.914 0.001
MAS Arm Backward Swing Maximum (°) 0.871* 0.783~0.959 <0.001 0.879* 0.78~0.977 <0.001
LAS Arm Backward Swing Maximum (°) 0.745 0.613~0.877 0.003
Arm Velocity Asymmetry (%) 0.716 0.57~0.862 0.005
Arm Symbolic Symmetry Index (%) 0.868* 0.757~0.979 <0.001 0.762 0.622~0.903 0.001
Postural transitions related parameters
Turning - Average Duration (s) 0.735 0.613~0.857 0.002 0.797 0.673~0.921 <0.001



PD, Parkinson’s disease; AUC, area under the curve; CI, confidence interval; HC, healthy controls; TD, tremor-dominant; PIGD, postural instability and gait disorder; MAS, more affected side;
LAS, less affected side; RoM, range of motion; SiSt, sit to stand; StSi, stand to sit. a: gait variables with significant Kruskal Wallis test and the corresponding pair-wise comparison.*:
discriminative parameters with an AUC >0.8.

Turning - Peak Velocity (°/s) 0.802* 0.673~0.93 <0.001
Turning - Average Angular Velocity (°/s) 0.74 0.619~0.862 0.002 0.799 0.676~0.922 <0.001
Turning - Average Steps 0.749 0.622~0.877 0.001
Turning - Average Step Duration (s) 0.736 0.587~0.886 0.002
SiSt - Trunk Sagittal Peak Velocity (°/s) 0.816* 0.712~0.92 <0.001 0.794 0.661~0.926 <0.001
SiSt - Trunk Lean Backward Maximum (°) 0.705 0.569~0.84 0.007
StSi - Duration (s) 0.786 0.667~0.905 <0.001
StSi - Trunk Sagittal Peak Velocity (°/s) 0.709 0.58~0.839 0.006 0.731 0.594~0.867 0.004
StSi- Trunk Lean Backward Maximum (°) 0.789 0.674~0.905 <0.001 0.744 0.61~0.878 0.002



Supplementary Table 2. Description of the gait features extracted from the TUG test using the wearable sensors.

Gait parameters Components M.U. Description

Lower body related parameters

Step Length Gait [cm]

The straight-line distance from the opposite heel to the ipsilateral heel in a Gait Cycle at the time
when the unilateral heel strikes ground.

)len( Bhs_A - hs_steplen = 
steplen : Step Length
len : Indicates finding the length of two positions

Ahs _ : A side heel strike position
Bhs _ : B side heel strike position

Stride Velocity Gait [m/s]

The ratio of Stride Length to its corresponding ipsilateral Gait Cycle Duration.
)(t5 - t1/ stide_len stide_v = 

stide_v : Stride Velocity
stide_len : Stride length
t1 : First ground contact moment in the gait cycle(s)
t2 : Last ground contact moment in the gait cycle(s)

Stride Length Gait [cm]

The straight-line distance between a pair of successive ipsilateral heel-striking events.
 stepR = stepL +stride_len

lenstride _ : Stride Length
stepL : Left step length
stepR : Right step length



Gait Cycle time Gait [s]

The time interval between two successive ipsilateral heel-striking events.
= t5 - t1GaitCycle 

GaitCycle : Gait cycle time
t1 : First ground contact moment in the gait cycle(s)
t5 : Last ground contact moment in the gait cycle(s)

Cadence Gait [step/min]

The number of steps taken in a minute.
)(60 t1 - t2 / Cadence = 

Cadence : Cadence
t1 : A side ground contact moment in the gait cycle(s)
t2 : B side ground contact moment in the gait cycle(s)

Double Support Gait [%]

The ratio of the double support phase duration to its corresponding ipsilateral Gait Cycle Duration.
)()(100 t5 - t1 / t4 - t3t2 - t1 +  *  double_s =

double_s : Double support phase
t1 : A side ground contact moment in the gait cycle(s)
t2 : B side ground lift moment in the gait cycle(s)
t3 : B side ground contact moment in the gait cycle(s)
t4 : A side ground lift moment in the gait cycle(s)
t5 : A side ground contact moment in the gait cycle(s)

Swing Gait [%]

The ratio of the period, during which the unilateral limb is unconnected with the ground, to its
corresponding ipsilateral Gait Cycle.

 - stswing = 1
swing : Swing phase
st : Support phase



Stance Gait [%]

The ratio of the unilateral stance phase duration to its corresponding ipsilateral Gait Cycle Duration.
)()(100 t5 - t1/ t4 - t1 * st = 

st : Support phase
t1 : A side ground contact moment in the gait cycle(s)
t4 : A side ground lift moment in the gait cycle(s)
t5 : A side ground contact moment in the gait cycle(s)

Shank Forward
Swing Maximum Gait [°]

The maximum angle value of the unilateral shank forward swings in a Gait Cycle.
))(max( t1:t5shank_pite_max = shank_angl

max : Find the maximum value
e_maxshank_angl : Shank Forward Swing Maximum

shank_pit : Shank swing angle
t1 : First ground contact moment in the gait cycle(s)
t5 : Last ground contact moment in the gait cycle(s)

Shank Backward
Swing Maximum Gait [°]

The maximum angle value of the unilateral shank backward swings in a Gait Cycle.
))(min( t1:t5shank_pite_min = shank_angl

min : Find the minimum value
e_minshank_angl : Shank Backward Swing Maximum

shank_pit : Shank swing angle
t1 : First ground contact moment in the gait cycle(s)
t5 : Last ground contact moment in the gait cycle(s)



Peak Shank
Angular Velocity Gait [°/s]

The maximum angular velocity value of the unilateral shank swings in a Gait Cycle.
)))((max( t1:t5shank_gyroabs= e_vel_max shank_angl

max : Find the maximum value
e_vel_maxshank_angl : Peak Shank Angular Velocity

shank_gyro : Shank swing angular velocity
t1 : First ground contact moment in the gait cycle(s)
t5 : Last ground contact moment in the gait cycle(s)

Stride Velocity
Asymmetry Gait [%]

Difference in stride velocity between the left and right limb divided by the larger value.
])max([)(100 _R  stride_vstride_v_L / v_R - stride_stride_v_L * abs_asym = stride_vel

abs : Get the absolute value
max : Find the maximum value

_asymstride_vel : Stride Velocity Asymmetry
stride_v_L : Left stride speed
stride_v_R : Right stride speed

Stride Length
Asymmetry Gait [%]

Difference in stride length between the left and right limb divided by the larger value.
])max([)abs(100 lenRL  stride_stride_len / _lenRL - stridestride_len * _asym = stride_len

abs : Get the absolute value
max : Find the maximum value

_asymstride_len : Stride Length Asymmetry
Lstride_len : Left stride length
Rstride_len : Right stride length



Swing Asymmetry Gait [%]

Difference in swing phase between the left and right limb divided by the larger value.
])max([)abs(100 wing_Rswing_L  s / swing_Rswing_L -  * =swing_asym

abs : Get the absolute value
max : Find the maximum value
swing_asym : Swing Asymmetry
swing_L : Left swing phase
swing_R : Right swing phase

Stance
Asymmetry Gait [%]

Difference in stance phase between the left and right limb divided by the larger value.
])max([)abs(100 st_L  st_R / Rst_L - st_ * st_asym=

abs : Get the absolute value
max : Find the maximum value
st_asym : Stance Asymmetry
st_L : Left support phase
st_R : Right support phase

Shank RoM
Asymmetry Gait [%]

Difference in range of motion between the left and right shank divided by the larger value.
])max([)abs(100 cope_Rscope_L  s / scope_Rscope_L -  * sym=ShangkRomA

abs : Get the absolute value
max : Find the maximum value

symShangkRomA : Shank RoM Asymmetry
scope_L : Left shank angle range
scope_R : Right shank angle range



Peak Shank
Angular Velocity
Asymmetry

Gait [%]

Difference in peak angular velocity between the left and right shank divided by the larger value.
])max([ / )abs( * 100= w_L w_Rw_L- w_RngVelAsymPeakshankA

abs : Get the absolute value
max : Find the maximum value

ngVelAsymPeakshankA : Peak Shank Angular Velocity Asymmetry
Lw _ : Peak angular velocity of left shank
Rw _ : Peak angular velocity of right shank

Shank Symbolic
Symmetry Index Gait [%] Shank Symbolic Symmetry Index is applied to describe the symmetry of shank movements. The

smaller index refers to better symmetry.(1)

Mean Phase
Difference Gait [%] Can be applied to describe the coordination of the lower limbs. The lower the value means better

symmetry. (2)

Phase
Coordination
Index

Gait [%] Can be applied to describe the coordination of the lower limbs. The lower the value means better
coordination. (3)

Trunk and lumbar related parameters

Trunk Coronal
Peak Velocity Gait [°/s]

The coronal projection of the trunk maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5xfront_gyr_akVelTrunkCorPe

abs : Get the absolute value
max : Find the maximum value

akVelTrunkCorPe : Trunk Coronal Peak Velocity
xfront_gyr_ : The output of the x-axis of the chest gyroscope(°/s)

t1and t5 are the start and end time of each gait cycle respectively



Trunk Coronal
RoM Gait [°]

The range of motion of the trunk in left-right plane.
unkCorMinorMax - Trm = TrunkCTrunkCorRo

xTrunkCorMa : Maximum value of trunk right tilt angle
nTrunkCorMi : Maximum value of trunk left tilt angle
mTrunkCorRo : Trunk Coronal RoM

Trunk Sagittal
Peak Velocity Gait [°/s]

The sagittal projection of the trunk maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5yfront_gyr_akVelTrunkSagPe

abs : Get the absolute value
max : Find the maximum value

akVelTrunkSagPe : Trunk Sagittal Peak Velocity
yfront_gyr_ : The output of the y-axis of the chest gyroscope

t1and t5 are the start and end time of each gait cycle respectively

Trunk Sagittal
RoM Gait [°]

The range of motion of the trunk in anterior-posterior plane.
unkSagMinagMax - Trm = TrunkSTrunkSagRo

xTrunkSagMa : Maximum trunk backward tilt angle
nTrunkSagMi : Maximum trunk forward tilt angle
mTrunkSagRo : Trunk Sagittal RoM

Trunk Transverse
Peak Velocity Gait [°/s]

The transverse projection of the trunk maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5zfront_gyr_akVel TrunkTraPe

abs : Get the absolute value
max : Find the maximum value

akVelTrunkTraPe : Trunk Transverse Peak Velocity
zfront_gyr_ : The output of the z-axis of the chest gyroscope(°/s)，

t1and t5 are the start and end time of each gait cycle respectively



Trunk Transverse
RoM Gait [°]

The range of motion of the trunk in transverse plane.
unkTraMinraMax - Trm = TrunkTTrunkTraRo

xTrunkTraMa : Maximum angle of trunk right rotation
nTrunkTraMi : Maximum angle of trunk left rotation
mTrunkTraRo : Trunk Transverse RoM

Lumbar Coronal
Peak Velocity Gait [°/s]

The coronal projection of the lumbar maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5xwaist_gry_eakVelLumbarCorP

abs : Get the absolute value
max : Find the maximum value

eakVelLumbarCorP : Lumbar Coronal Peak Velocity
xwaist_gry_ : The output of the x-axis of the lumbar gyroscope(°/s)

t1and t5 are the start and end time of each gait cycle respectively

Lumbar Coronal
RoM Gait [°]

The range of motion of the waist in left-right plane.
inLumbarCorMrCorMax - om = LumbaLumbarCorR

axLumbarCorM : Maximum value of lumbar right tilt angle
inLumbarCorM : Maximum value of lumbar left tilt angle
omLumbarCorR : Lumbar Coronal RoM

Lumbar Sagittal
Peak Velocity Gait [°/s]

The sagittal projection of the lumbar maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5ywaist_gyr_eakVel LumbarSagP

abs : Get the absolute value
max : Find the maximum value

eakVelLumbarSagP : Lumbar Sagittal Peak Velocity
ywaist_gyr_ : The output of the y-axis of the lumbar gyroscope(°/s)

t1and t5 are the start and end time of each gait cycle respectively



Lumbar Sagittal
RoM Gait [°]

The range of motion of the waist in anterior-posterior plane.
inLumbarSagMrSagMax - om = LumbaLumbarSagR

axLumbarSagM : Maximum lumbar backward tilt angle
inLumbarSagM : Maximum lumbar forward tilt angle

omLumbarSagR : Lumbar Sagittal RoM

Lumbar
Transverse Peak
Velocity

Gait [°/s]

The transverse projection of the lumbar maximum angular velocity in a Gait Cycle.
)))(max(abs( = t1:t5zwaist_gyr_eakVel LumbarTraP

abs : Get the absolute value
max : Find the maximum value

eakVelLumbarTraP : Lumbar Transverse Peak Velocity
zwaist_gyr_ : The output of the z-axis of the lumbar gyroscope(°/s)

t1and t5 are the start and end time of each gait cycle respectively

Lumbar
Transverse RoM Gait [°]

The range of motion of the waist in transverse plane.
inLumbarTraMrTraMax - om = LumbaLumbarTraR

axLumbarTraM : Maximum angle of lumbar right rotation
inLumbarTraM : Maximum angle of lumbar left rotation
omLumbarTraR : Lumbar Transverse RoM

Upper body related parameters

Arm Peak
Velocity Gait [°/s]

The sagittal projection of the unilateral-arm maximum angular velocity in each gait cycle.
))(max( = t1:t5rmarm_gyr_no ArmPeakVel

max : Find the maximum value
ArmPeakVel : Arm Peak Velocity

rmarm_gyr_no : arm angular velocity
t1and t5 are the start and end time of each gait cycle respectively



Arm Forward
Swing Maximum Gait [°]

The sagittal projection of the unilateral-arm maximum angle forward in each gait cycle.
))(max( = t1:t5arm_pitArmRomMax

max : Find the maximum value
ArmRomMax : Arm Forward Swing Maximum
arm_pit : Pitch angle of arm(°)，
t1and t5 are the start and end time of each gait cycle respectively

Arm Backward
Swing Maximum Gait [°]

The sagittal projection of the unilateral-arm maximum angle backward in each gait cycle.
))(min( = t1:t5arm_pitArmRomMax

min : Find the minimum value
ArmRomMax : Arm Backward Swing Maximum
arm_pit : Pitch angle of arm(°)
t1and t5 are the start and end time of each gait cycle respectively

Arm Velocity
Asymmetry Gait [%]

Difference in peak arm swing velocity between the left and right arm divided by the larger value.
])max([ / )abs( = ArmPeak_RArmPeak_L R- ArmPeak_ArmPeak_L lAsymArmSwingVe

abs : Get the absolute value
max : Find the maximum value

lAsymArmSwingVe : Arm Velocity Asymmetry
ArmPeak_L : Left arm swing maximum angle
ArmPeak_R : Right arm swing maximum angle

Arm Symbolic
Symmetry Index Gait [%] Arm Symbolic Symmetry Index is applied to describe the symmetry of arm swings. The smaller

index refers to better symmetry. (1)

Postural transitions related parameters



Turning - Average
Duration Turning [s]

The duration of the turning process.
])mean([ = turn_dur2turn_dur1 rAverage_du

mean : Calculate the average
rAverage_du : Turning - Average Duration

turn_dur1 : First turn time
turn_dur2 : Second turn time

Turning - Peak
Velocity Turning [°/s]

The maximum achieved angular velocity of trunk rotation in the transverse plane during 180-degree
turns.

)))(max(abs( = ts:tezfront_gyr_gAngVel PeakTurnin
abs : Get the absolute value
max : Find the maximum value

gAngVelPeakTurnin : Turning - Peak Velocity
zfront_gyr_ : The output of the z-axis of the chest gyroscope(°/s)

ts : Turn start time
te : Turn end time

Turning - Average
Step Duration Turning [s]

Turning Duration divided by Average Steps.
/ steps turn_dur StepTime =

StepTime : Turning - Average Step Duration
turn_dur : Turn duration
steps : The average number of steps in the turning process



Turning - Average
Angular Velocity Turning [°/s]

The angle of turning divided by the time during which the subject can complete the turning.
)(te - tsangle / ty = turn_gAngVelociMeanTurnin

tygAngVelociMeanTurnin : Turning - Average Angular Velocity
turn_angle : The angle of turning
ts : Turn start time
te : Turn end time

Turning - Average
Steps Turning [step]

The count of the steps during turning.
])mean([ = 2 turn_stepturn_step1epsAverage_st

mean : Calculate the average
epsAverage_st : Turning - Average Steps

turn_step1 : First turn step count
turn_step2 : Second turn step count

SiSt - Duration Sit-to-Stand [s]

The duration of the sit-to-stand process.
����_��� = ����_� − ����_�
sist_dur: SiSt - Average Duration
sist_s: Stand up start time
sist_e: Stand up end time

SiSt - Trunk
Sagittal Peak
Velocity

Sit-to-Stand [°/s]

The maximum angular velocity of trunk in anterior-posterior plane during the sit-to-stand process.
)))__(max(abs( = es:sistsistyfront_gyr_akVelTrunkSagPe

abs : Get the absolute value
max : Find the maximum value

akVelTrunkSagPe : SiSt - Trunk Sagittal Peak Velocity
yfront_gyr_ : The output of the y-axis of the chest gyroscope(°/s)

ssist _ : Stand up start time
esist _ : Stand up end time



SiSt - Trunk Lean
Backward
Maximum

Sit-to-Stand [°]

The maximum backward-angle during the sit-to-stand process.
))__(max( = es:sistsistfront_pitxTrunkSagMa

max : Find the maximum value
xTrunkSagMa : SiSt - Trunk Lean Backward Maximum

front_pit : Pitch of chest node(°)
ssist _ : Stand up start time
esist _ : Stand up end time

SiSt - Trunk Lean
Forward
Maximum

Sit-to-Stand [°]

The maximum forward-angle during the sit-to-stand process.
))__(min( = es:sistsistfront_pitxTrunkSagMa

min : Find the minimum value
xTrunkSagMa : SiSt - Trunk Lean Forward Maximum

front_pit : Pitch angle of chest node(°)
ssist _ : Stand up start time
esist _ : Stand up end time

StSi - Duration Stand-to-Sit [s]

The duration of the stand-to-sit process.
����_��� = ����_� − ����_�
stsi_dur: SiSt - Average Duration
stsi_s: Sit down start time
stsi_e: Sit down end time



StSi - Trunk
Sagittal Peak
Velocity

Stand-to-Sit [°/s]

The maximum angular velocity of trunk in anterior-posterior plane during the stand-to-sit process.
)))(max(abs( = i_estsi_s:stsyfront_gyr_eakVelTrunkSagiP

max : Find the maximum value
eakVelTrunkSagiP : StSi - Trunk Sagittal Peak Velocity

yfront_gyr_ : The output of the y-axis of the chest gyroscope(°/s)
sstsi _ : Sit down start time
estsi _ : Sit down end time

StSi - Trunk Lean
Backward
Maximum

Stand-to-Sit [°]

The maximum backward-angle during the stand-to-sit process.
))(max( = i_estsi_s:stsfront_pitmMaxTrunkSagRo

max : Find the maximum value
mMaxTrunkSagRo : StSi - Trunk Lean Backward Maximum

front_pit : Pitch angle of chest node(°)，
sstsi _ : Sit down start time
estsi _ : Sit down end time

StSi - Trunk Lean
Forward
Maximum

Stand-to-Sit [°]

The maximum forward-angle during the stand-to-sit process.
))(min( = i_estsi_s:stsfront_pitmMinTrunkSagRo

min : Find the minimum value
mMinTrunkSagRo : StSi - Trunk Lean Forward Maximum

front_pit : Pitch angle of chest node(°)
sstsi _ : Sit down start time
estsi _ : Sit down end time

cm, centimeter; m, meter; s, second; min, minute; %, percent; °, degree.
RoM, range of motion; SiSt, sit to stand; StSi, stand to sit.
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