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|. OBJECTIVES

1. To know the relevance of normative gait data in clinical
practice

definition and clinical relevance.

3. To know the normative values of the biomechanical assessment of
human gait in healthy people and the influence on the results of age and

{2. To review the main outcomes that characterize human gait, their
{sex.
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Il. Importance of normative
gait data in clinical practice
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. IMPORTANCE OF NORMATIVE GAIT DATA IN CLINICAL PRACTICE

Why we need
to know the
normal gait

pattern?
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. IMPORTANCE OF NORMATIVE GAIT DATA IN CLINICAL PRACTICE

A Sex influence

i

Age influence
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ow does the gait pattern
vary among the healthy
population?
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D.2 How is a normal biomechanical assessment of gait?

Ill. Spatiotemporal
assessment of normal gait
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

- Instrument to measure spatiotemporal parameters

Head

I

Left Shoulder

Right Shoulder
8

Right Upper Arm .

L3 Left Upper Arm

L5

Left Forearm
Right Forearm

Right Hand*

Left Upper Leg

Pelvis

) Left Hand
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Left Lower Leg

Left Foot ——

Left Toe

_——{— Right Foot
=— Right Toe

Figure 1 — Biomechanical tools. Left: instrumented walkway from GAITrite. Middle: 3D
photogrammetry system from Kinescan/IBV. Right: IMU sensors from Xsens.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatiotemporal parameter

« Gait velocity / gait speed (m/s or km/h): distance traveled by a body
In a unit of time.

« Correlated with several health parameters.

« Conditions of measure at preferred, fast and slow gait speed.

Gai Other authors: 1.20 — 1.53 m/s
gait speed [m/s] (Murray 1970, Chao 1983, Kadaba 1990, Perry 1992)

Figure 2 — Gait velocity results from Pietraszewski B. et al. 2012. Participants were young men
with 1795 + 46 mm body height.
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Spatiotemporal parameter
» Significant interaction effect of Age x Sex on gait speed.
i All mean+SD Males mean+SD Females mean +SD
Velocity [m/s]
All N=191 All N=99 All N=92
Young N=31 Young N=36
Middle N=22 Middle N=21
Elderly N=46 Elderly N=35
All 1.35+0.16 1.34+0.18 1.37 +0.14
27.21y.0. Young 1.36 £0.15 1.37£0.17 1.36 £0.13
52.74y.0. Middle 1.41 £0.19 1.41+0.23 1.40+0.14
68.01y.o. Elderly 1.32+0.15 1.29+0.14 1.36 £0.15

Figure 3 — Gait velocity results from Kobayashi Y. et al. 2016. Participants were young (mean
27.21 years-old), middle (mean 52.74 years-old, and elderly (mean 68.01 years-old). Walk was
registered at self-selected speed.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatiotemporal parameter

» Significant effect of Sex on gait speed of healthy people over 70
years-old.

Gait speed (cm/s)'

Men (N=108) Women (N=186)

70-74 75-79 80-84 85+ 70-74 75-79 80-84 85+

N=27 N=30 N=37 N=14 N=33 N=77 N=43 N=33
117 +16 122+15 112+17 101 £22 116£20 11217 10115 98 +£20

Figure 4 — Gait velocity results from Hollaman J. et al. 2011. Walk was registered at self-selected
speed.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatial parameters

* Stride length (m): Risiplergh ~ Lafileplengh

Anterior-posterior a 0

distance between heels ,
of two  consecutive | | e
footprints of the same foot BT R — oD
(left to left, right to right): wammg[ : g .
two steps (e.g., a right i S — e
step followed by a left '
step) comprise one stride

or one gait cycle. 5

Sfride length
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatial parameters

 Step length (m): Anterior- —\
posterior distance from the  tskplergh |, Lefsteplend?
heel of one footprint to the |
heel of the opposite
footprint. Lot ; Lot

« Step width (m): Lateral Walklng[ ; i ,
distance from heel center of £ 2 % _______________ —
one footprint to the line of //\ !
progression formed by two
consecutive footprints of
the opposite foot.

ot length
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatial parameters

Gait speed High Preferred Low
stride length [m] 1.73 £0.19 1.47 +0.13 1.35+0.13
stride width [m] 0.17+£0.01 0.17+0.03 0.16 £0.02
step length L [m] 0.73£0.05 | 0.64=0.04 | 0.60=0.05
step length R [m] 0.69+0.06 | 0.61+0.06 | 0.58+0.07

Figure 5 — Spatial parameters results from Pietraszewski B. et al. 2012. Participants were young
men with 1795 £ 46 mm body height.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatial parameters

« Sex and age
have an effect
on step length
independently.

* On step width,
the interaction
of sex x age
effect IS
significant.

Variables All mean+SD Males mean +SD Females mean +SD
All N=191 All N=99 All N=92
Young N=31 Young N=36
Middle N=22 Middle N=21
Elderly N=46 Elderly N=35
Step length [cm]
All 69.88 +6.90 71.234+7.32 68.42 +6.10
Young 71.82+5.88 73.09+6.15 1.46 M 70.72+£542 1.41 m
Middle 70.46 +8.28 7285+946 1.45 m 67.96+592 1.35 m
Elderly 67.96 £ 6.36 69.20+6.31 1.38 m 66.33+6.07 1.32 m
Step width [cm]
All 9.11+£2.381 9.63 +£2.92 8.54+£2.57
Young 8.58 £2.83 8.81+£3.25 8.38+2.40
Middle 9.32+£2.25 9.73+£241 8.89+1.99
Elderly 9.43+3.00 10.14+£2.79 8.49+3.01

Figure 6 — Spatial parameters results from Kobayashi Y. et al. 2016.
Participants were young (mean 27.21 years-old), middle (mean 52.74 years-old,
and elderly (mean 68.01 years-old). Walk was registered at self-selected speed.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Spatial parameters

» Significant effect of age on step and stride length of healthy people
over 70 years-old. With the length normalized the effect of sex

Parameter Men (N=108) Women (N=186)
70-74 75-79 §50-84 85+ 70-74 75-79 850-84 85+
N=27 N=30 N=37 N=14 N=33 N=77 N=43 N=33
Step length (cm)* 69+8 68 +7 65+8 6149 5947 55 47 5
Stride length (cm)® 139+ 14 137 +£12 131 +17 [123i17 118+ 15 11114 109+18
Step width (cm)™ 97+30 8.9+5.2 11.2+4.0 SRS e 30 70£35 /7.7£40 79+4.1 9: 120
Step width SD (cm) 31+22 29+1.9 33+23 28+12 34+24 32+25 36+3.1 30+1.1

Figure 7 — Spatial parameters results from Hollaman J. et al. 2011. Walk was registered at self-

selected speed.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Temporal parameters

« Cadence (steps/min): Number of steps per minute, sometimes
referred to as step rate.

« Step time (s): Time elapsed from initial contact of one foot to initial
contact of the opposite foot.

« Stride time (s): Time elapsed between the initial contacts of two
consecutive footfalls of the same foot.

« Stance time (s): Time elapsed between the initial contact and the
last contact of a single footfall.

« Swing time (s): Time elapsed between the last contact of the
current footfall to the initial contact of the next footfall of the same
foot.

BY| & @ j I\M%‘E




Development of innovative training solutions in the
field of functional evaluation aimed at updating of
the curricula of health sciences schools

Temporal parameters

m

Rl Erasmus+

lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

SNV

Single support
time (s): Time
elapsed
between the last
contact of the
opposite footfall
to the initial
contact of the
next footfall of
the same foot.

2 b

Right heel Left
initial contact pre-swing

Left heel
initial contact pre-swing

Right

Right heel

Left

initial contact  pre-swing

Right stance phase (60%)

Right swing phase (40%)

40%

85%

Left swing phase (40%)

Left stance phase (60%)

Figure 8. Gait cycle and temporal segmentation (%). Image from

Time, percent of cycle

www.musculoskeletalkey.com
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Double

support  time
(s):  Sum of
the time

elapsed during
two periods of

YORAXSBhAS

Right heel Left
initial contact pre-swing
1 1

Left heel Right
initial contact pre-swing
1 1

Right heel Left
initial contact  pre-swing

I
I
double support S o o oo
- - I
N th e g a|t Right stance phase (60%) Right swing phase (40%) i
T —— 55% 85% 100%
cycle. .
Left swing phase (40%) Left stance phase (60%)
Time, percent of cycle
Figure 8. Gait cycle and temporal segmentation (%). Image from
www.musculoskeletalkey.com
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Temporal parameters

Gait sped Other authors: 102 — 117 steps / min
, (Murray 1970, Chao 1983, Kadaba 1990, Perry 1992)

cadence [steps/min]|

stride time (cycle time) [s] 1.18 + 0.08
stance duration R [s] 0.61 £0.04 | 0.71+0.06 | 0.79+0.07
swing duration R [s] 0.33+0.02 [€0.36+ 0.03) [ 0.39+0.02
double stance duration R [s] 0.14+0.02 | 0.18+0.02 | 0.20+0.03
stance duration L [s] 0.60 £ 0.05 0.72 + 0.06 0.78 = 0.07
swing duration L [s] 034+0.02 |37+ O.OL} 0.39 +£0.02
double stance duration L [s] 0.13+0.02 0.18 £0.03 0.20+0.02

Figure 9— Temporal parameters results from Pietraszewski B. et al. 2012. Participants were young
men with 1795 £ 46 mm body height.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Temporal parameters

Interaction
effect  of
age and
sex on
stance

and swing
duration.

Variables All mean £+ SD Males mean£SD Females mean+SD
All N=191 All N=99 All N=92
Young N=31 Young N=36
Middle N=22 Middle N=21
Elderly N=46 Elderly N =35
Stance time [s]
All 0.59+0.05 0.61+0.05 0.57 +0.05
Young 0.60+0.05 0.61+0.05 1,03 0.59+0.04 1,00
Middle 0.57 £0.05 0.59+0.05 0,99 0.55+0.03 0,94
Elderly 0.58 +0.05 0.61+£0.04 103 0.55+0.04 0,94
Swing time [s]
All 0.41+£0.03 0.42+£0.03 0.40+£0.03
Young 0.42+0.03 0.42+0.03 0.41+0.03
Middle 0.40+£0.04 0.40+£0.05 0.394+£0.02
Elderly 0.41+0.03 0.42+0.03 0.39+0.03

Figure 10 — Spatial parameters results from Kobayashi Y. et al. 2016. Participants
were young (mean 27.21 years-old), middle (mean 52.74 years-old, and elderly

(mean 68.01 years-old). Walk was registered at self-selected speed.
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Temporal parameters

Parameter Men (N=108) Women (N=186)

70-74 75-79 80-84 70-74 75-79 80-84 85+

N=27 N=30 N=37 N=33 N=77 N=43 N=33
Cadence (steps/min)’ 102 +8 106 +10 103+8 113+£20 114+£13 110+ 9 108 £10

(AU 050 NN Oob S 005 050 (04 053 D00 053 008 055 00 Ooh - 00s

Stride time (s)' 1.18 £ 0.08 1.13£0.09 1.16+0.08 1.06£0.13 1.06+0.12 1.10+ 0.09 1.12£0.11

043003 04T 003 UaZT 003 U39 = 000 U385+ 000 U39 : 003 UA0 0.8
Stance time (s)" 0.75 +0.07 0.72 +£0.06 0.74+ 0.06 068+0.10 0.67+0.08 0.71+0.07 0.72 +0.09
Single support time (s)* 0.44 +0.03 0.42 +0.03 042+ 0.04 039+ 0.06 0.38+0.06 039+ 0.04 0.40+0.04

Figure 11 — Spatial parameters results from Hollaman J. et al. 2011. Walk was registered at self-

selected speed.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Temporophasic parameters

e G ERAE B RAS

Right heel Left Left heel Right Right heel Left

n O rm al | Z e d to initial ?ontact pre-s:wing initial contact pre-slwing initial cl:ontact pre-swing
stride time. ‘ ' ' '

« Swing time ; ; | ;
. - 0% V. % 60% 100% !
(%GC): Swing | ;
. Right stance phase (60%) Right swing phase (40%) !
t I m e 551°o o 1 0;)%
n O rm al I Z e d tO Left swing phase (40%) Left stance phase (60%)

stride time.

Time, percent of cycle

Figure 7. Gait cycle and temporal segmentation (%). Image from
www.musculoskeletalkey.com
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Temporophasic parameters

e kb PRAE ARG

Single support
. . ) B.ight heel Leﬂ_ ] .L.eft heel Righ} ) B_ight heel Left_
tl m e n O rm al | Z e d initial ?ontact pre-s;wmg initial ciontact pre-slwmg initial cl:ontact pre-s|wmg

to stride time.

 Double support

time (%GCO).

b | t Right stance phase (60%) Right swing phase (40%)
D O u e S u p p O r 0% 40% 551% 85% 100%
tl m e n O rm al I Z e d Left swing phase (40%) Left stance phase (60%)

to stride time.

Time, percent of cycle

Figure 7. Gait cycle and temporal segmentation (%). Image from
www.musculoskeletalkey.com
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Temporophasic parameters
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« Stance duration decreases and the relative swing duration
Increases as the speed increases.

relative dbl stance durat. R [%]

16414

Gait speed High Preferred Low
relative stance duration R [%0] 64.6+1.3 65.1+3.6 669+ 1.4
relative swing duration R [%] 354+13 333+1.9 33.1+1.4

J6.9 £ 1.7

relative stance duration L [%] 649+09 62.2x14 66.6 + 1.6
relative swing duration L [%0] 36.0+0.9 33814 33.3+1.6
relative dbl stance durat. L [%] 4410 | 16720 |16.6= 1.5

—

Figure 12 — Temporophasic parameters results from Pietraszewski B. et al. 2012. Participants
were young men (mean 22 * 1 years-old) with 1795 + 46 mm body height.
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lll. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

Temporophasic parameters

Variables All mean+£SD Males mean+SD Females mean+SD
All N=191 All N=99 All N=92
Young N=31 Young N=36
Middle N=22 Middle N=21
All 0.59 +£0.05
Young 0.60+0.05 59.22 59
Middle 0.57 £0.05
Elderly 0.58 +0.05 59.59 58.51
Swing time [s] 59.22 58.51
All 0.41 +£0.03
Young 0.42 +0.03
Middle 0.40+0.04
Elderly 0.41 +0.03 40.77 a1
Figure 13 — Temporophasic parameters p 40.40 41.48 et al.
2016. Participants were young (mean 27.21 s-old,
and elderly (mean 68.01 years-old). Walk w 40.77 41.48
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Temporophasic parameters

* In subjects older than 70 years the double support time differed
between genders.

» Also, age affect double support time.

Parameter Men (N=108) Women (N=186)
70-74 75-79 80-84 85+ 70-74 75-79 80-84 85+
N=27 N=30 N=37 N=14 N=33 N=77 N=43 N=33
Swing (%GC) 366+ 15 36.7£1.5 36.6+2.8 35.1+2.69 36.6+2.6 36.1+£3.0 35.5+2.5 35.7+26
Stance (%GC) 632+2.1 64.0+25 63.8+2.7 64.9+2.7 63.3+3.1 639+3.0 64.5+2.6 645+25

Single support (%GC) 37.1+1.8 37.0+1.7 36.5 +2.2 L2 ] 37.0 £3.20 35.8 +4.8 35.6+24 357+2.8
Double support (%GC) 263+3.0 26.5+2.3 27.4+4.7 @ 27.14+4.0 284+6.4 29.0+4.6 287+48 |

Figure 14 — Temporophasic parameters results from Hollaman J. et al. 2011. Walk was registered
at self-selected speed.
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D.2 How is a normal biomechanical assessment of gait?

V. Kinematic assessment of
normal gait
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II. SPATIOTEMPORAL ASSESSMENT OF NORMAL GAIT

* |nstrument to measure kinematics parameters

Figure 1 — Biomechanical tools. Left: 3D photogrammetry system from Kinescan/IBV. Right: IMU
sensors from Xsens (Motion Capture System).
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Planes of movement

Frontal horizontal

Sagittal
plane

axis

Horizontal
plane

Vertical
axis

Frontal
plane

Sagittal horizontal —

axis

Rl Erasmus+

Figure 2 — Planes of movement. Gait kinematics is described in (a) sagittal plane, (b) horizontal o
transversal plane, and (c) frontal plane.
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Curves of movement

FRONTAL SAGITTAL TRANSVERSE

4 ) 4 PI t ﬂ . N\ 4 N\
antar flexion- .
' dorsiflexion Foot rotation
. J . J o J
4 N 4 . 4 N\
) Knee flexion- )
extension
. J o J
- . \ ( . . ( \
Hip abduptlon- Hip flexion- Hip rotation
adduction extension
. J o
4 N\ ( )\
Pelvic obliquity Pelvic tilt Pelvic rotation
- J _ J \\ J
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

QOutcomes from joint movement

position [°] velocity [%/s]
. 20 y
+ Range of motion \ /
10 100
0

e Maximum
flexion/extension

-10

-20

04 0.6 0.8 1
. t[s]
* Angular velocity

3000
« Angular 2000
acceleration 1000

« Jerk 10 L\

Figure 3 — Estimates of angular position, velocity, acceleration and jerk of
the hip from De Groote, F. et al. 2008
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Reminder: Periods and phases of gait cycle

122 )

Double Support |

Single Support

Double Support II

0% to
2%

2% to
12%

12% to
31%

31% to
50%

50% to
62%

Figure 5 — Period and phases
of gait cycle. In each sub-
phase the percentage of gait
in which it takes place is
shown. (Perry J and Burnfield
J. 2010)

‘ Stance I
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(Gait Cycle)

87% to
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75% 87%
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Kinematic of the ankle

« Sagittal plane.

* Initial contact:
neutral position.

 Load response: 1°
plantar-flexion.

« Terminal stance: 1
dorsal-flexion.

* Preswing: 2° plantar-
flexion.

* Mid/termina swing:
2° dorsal-flexion.

ROM: 25°

2- 10°

154 Dorsiflexion M

10 " 2°
2 - A
g 51 T
g 0 jA T T T T T =) T ! y 4
g [0 2 3 40 s |8 70 80 % 10
g 7
;% 104 50 Plantar flexion \

-154 T4

<204 ———

-25

LU

Figure 6 — Ankle movement in sagittal plane through gait cycle.

Image from Richards J. 2015
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V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Kinematic of the foot

« Subtalar, midtarsal, and metatarsal joint have measurables arcs of motion

during walking.

foot

Subtalar rotation
. Subtalar jOint allows i Heel strike TDEE{:H Heel strike
inversion and eversion. ‘I L i
N op--1f-- - F-- A F- P e 4o oo Nomal
* |nitial contact: neutral il : d ;‘—t 0°
position 10 49- 6° i 9OS¢ "0
Mid . . Eversion _E____
l stfance. maximum w0k f__ﬂ,..fL \v,_.q?r Flatfoot
eversion. | :
« Swing phase: neutral % 0 20 30 40 50 60 70 80 90 100
position Percent of walk cycle

Figure 7 — Subtalar movement through gait cycle. Image from
https://musculoskeletalkey.com
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Kinematic of the knee

Sagittal plane: flexion and
extension of the knee.

Initial contact: slight
flexion.

Between loading
response and midstance:
first flexion peak.

Terminal stance: first
extension peak.

Initial swing: second
flexion peak.

Terminal swing: second
extension peak.

Joint angle (degrees)

70.0+

60.0

50.04

40.01

30.01

20.01

10.01

0.0

Rl Erasmus+

60-70°
ROM: 0° to 60°/70°
- 400-450°/s
‘ 5
20° Flexidn i 0
1568 350°/s 0
200%s|  80-100°'s ‘
5 5 5°
10 2 2 49 50 60 0| = 90 1'0
% of gait cycle

NA

Figure 8 — Knee movement on sagittal plane through gait cycle.
Image from Richards J. 2015
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Absolute and relative analysis of the hip and pelvis

I/_\ 10° anterior
pelvictilt ~ » Relative movement

versus absolute
movement.

* Optical kinematic
analysis systems allow

Hip angle to record the absolute
position of the thigh
\\ and pelvis.
/ AN - Systems based on
G| | N electro-goniometers
Extension Flexion measure relative
positions.

Figure 9 — Absolute (left) and relative (right) movement of the

thigh.
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Kinematic of the hip and thigh

» Sagittal plane: flexion-extension.
« Difference values from hip and thing motion.

R O M : 5 Hip flexion-extension
o o
Thigh flexion-extension 40 - 48
40 - 40, . Flexion -
; . .
30 Flexion , " 30 [ *’a.f‘":'f':“ il
3 ‘é :‘3 \:-.\
7 207 1 gﬁ 204 N
o Yo D
2 101 s ®
o 2 o 101
@ 0 T T T T ™ T 2 T T al é N ' '_-,v. 2
_al =10
2 Extension Extension B
-30 - - - r . . T . . . =20 - . . - . - . :
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

% of Gait cycle % of Gait cycle

Figure 10 — Thigh (left) and hip (right) movement on sagittal plane through gait cycle. Image from Richards J. 2015
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Kinematic of the hip and thigh

« Sagittal plane:

flexion-extension. o Thigh flexion-extension
- Difference values 30 ] 20° Flexion 25°
from hip and thing ~ 2. > S
. o
motion. B 200 °/s
| | g \50 °ls f
* Pre-swing: maximum o 0 : : : : ; : ,
. oL L X
extension (10° hip, 2 104
o il
20° thigh). = |
_ _ Extension 20°
« Terminal swing: ~-30 ' ' . ; : ; . ;

0O 10 20 30 40 50 60 70 8 90 100

maximum flexion (30° :
% of Gait cycle

hip, 25° thigh).
Figure 11 — Thigh movement on sagittal plane through gait cycle.
Image from Richards J. 2015
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Kinematic of the hip and thigh

 Frontal plar_1e: adduction Hip abduction and adduction
and abduction. 15
- Adducti :
« Initial contact: neutral s 10° S Neutral in
" mid and
position. - Neutral in terminal
« Loading response: 5 i 1 2 'pre-swing swing
maximum adduction. £ ° . U
. =)
* Pre-swing: neutral =

. Abducti 5°
position. 45 ik

 Initial swing: maximum  _, S | |
abduction. 0 10 20 30 40 50 60 70 80 90 100
% of Gait cycle

* Mid and terminal swing:

- Figure 11 — Hip movement on frontal plane through gait cycle.
neutral position. J P p gh gait cy

Image from Richards J. 2015

1BV gjf@ I\M%‘E




Development of innovative training solutions in the
field of functional evaluation aimed at updating of

the curricula of health sciences schools

Rl Erasmus+

V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Kinematic of the hip and thigh

Transverse plane:
internal and external
rotation.

Loading response:
maximum internal
rotation of the thigh.

Initial swing: maximum
external rotation of the
thigh.

Total ROM of thigh: 8°.

Total ROM with pelvic
motion added: 15°.

Angle (degrees)

Thigh I.R. Hip I.R.

Hip rotagion

Thigh E.R. Hip E.R.

10.0 1

Integnal rotation
5.04

0.0

-5.01

-10.0 1

—-15.0 - Extepnal rotation

-20.0 T T T T T T T T Y 1
000 10 20 30 40 S0 60 70 8 90 100
% of Gait cycle
Figure 12 — Hip movement on transverse plane through gait
cycle. Image from Richards J. 2015
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Kinematic of the pelvis

* The pelvis moves asynchronously in all 3 direction during each stride.

« All the movements are small, representing a continuum of postural change.

A. Sagittal Plane B. Frontal Plane i Frommurrse Plane

™\

Posterior Anterior

=3 \ . } ‘Backward
k tD\”’U-: | 1 Drop ‘\ q;‘@)l Bolood

Figure 13 — Pelvic motion in the three planes of the space. Image from Lewis C. et al. 2017

IBY @ I\M%‘E

N




Development of innovative training solutions in the
field of functional evaluation aimed at updating of

the curricula of health sciences schools

Rl Erasmus+

V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Kinematic of the pelvis

Sagittal plane: anterior
and posterior tilt.

Gait add 4° to the
anatomical tilt of the
pelvis.

Posterior tilt: single limb
support at mid stance
and during initial swing.

Anterior tilt: terminal
stance and terminal
swing.

ROM: 3° to 5°.

- .

o N

Pelvic Tilt

Anterion

0 20 40 60 80 100
Gait Cycle (%)

Figure 14 — Pelvic motion in the sagittal plane during gait
cycle. Black line is referring to female performance and gray
to male. Image from Lewis C. et al. 2017.
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Kinematic of the pelvis

* Frontal plane: drop (down)
and hike (up) of the pelvis.

« Weight acceptance:
ipsilateral pelvis up.

10.0

* Pre-swing: ipsilateral pelvis a0
drops 4°. =

4.0

Up

.
+  ROM: 6° to 10°. g
g1 1w =2 3 4 s |k 0 8% w0 10
€ -2.04
3
4.0
6.0 Down [
-8.0
-10.0- % of gait cycle

Figure 15 — Pelvis movement on frontal plane through gait
cycle. Image from Richards J. 2015
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Kinematic of the pelvis

« Transverse plane:
forward and
backward rotation of
the pelvis.

 Terminal swing +
Initial contact of the
next cycle: maximum
forward rotation.

« Terminal stance:
maximum backward
rotation.

« ROM: 10°.

Joint angle (degrees)

Rotation forwards

o & b b o s o

Rotation backwards % of gait cycle

Figure 16 — Pelvis movement on transverse plane through
gait cycle. Image from Richards J. 2015

IBY

(% AMPE




Development of innovative training solutions in the
field of functional evaluation aimed at updating of
the curricula of health sciences schools

Erasmus+

V. KINEMATIC ASSESSMENT OF NORMAL GAIT

Age and sex differences on gait normal pattern

PLOS ONE

RESEARCH ARTICLE
Whole body kinematic sex differences persist
across non-dimensional gait speeds

Dustin A. Bruening'*, Andrew R. Baird?, Kelsey J. Wi 1, Austin T. R: o'

1 Exercise Sciences Dep £ Young Uni ity, Provo, Utah, United States of America,
2 Mechanical Engineering Department, Brigham Young University, Provo, Utah, United States of America

Where F = the non-
dimensional speed or Froude
speed, v = speed, g = gravity,
and | = leg length.

SE

'@ = Landmark only (4 markers)
O =Tracking only (29 markers) |
(@ =Landmark+Tracking 28 markersy| | |

Figure 17 — Market set from the =
study of Bruening D. et al. 2020 i
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Age and sex differences on gait normal pattern

PLOS ONE
I Other authors: females walk with more knee
Whole body kinematic sex differences persist extension and have greater peak hip
agress nen-dimensional galt:speeds adduction and internal rotation than males.
Dustin A. Bruening'*, Andrew R. Baird?, Kelsey J. Weaver', Austin T. Rasmussen'
1 Exercise Sciences Department, Brigham Young University, Provo, Utah, United States of America,
2 Mechanical Engineering Department, Brigham Young University, Provo, Utah, United States of America

« Sex differences on ankle (plantar- Walk

Froude speed (ND) 0.32 0.48 0.64

Speed (m/s) 1.0+ 0.02 1.5+0.03 1.9+0.04
0.9 +0.02 1.4+0.03 1.8+0.04

21.1+3.6 26.0+3.8 31.0+456

dorsal flexion) and pelvis (rotation
and obliquity) ROM.

Ankle-Sagittal (°)

M
F
M
ANOVA main effects pvalues F25.0+6.4 29.1+4.9 32.8+4.7
PR e Steraction Midtarsal-Sagittal (°) |M|10.9%2.7 |12.9+4.2  |135%3.7
ke D) D) Fl11.8+23 12.3+2.8 14.0 + 4.1
Midtarsal (Sagittal) 0734 0.333 Pelvis-Frontal (°) M|6.0+1.8 7.6+2.3 9.4+25
Pelvis (Frontal) Co00r 000 Flo3+31 12.6+3.4 14.8+3.8
Belvis (Transverse) <0.001* 0.006' Pelvis-Transverse (°) |M|10.0 3.2 11.4+3.5 149+45

Figure 18 — Kinematics results (right) and statistics analysis (left) from comparison female and male
participants and across of three non-dimensional gait velocity. Results from Bruening D. et al. 2020.
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Age and sex differences on gait normal pattern

GAIT PARAMETERS OF HEALTHY, ELDERLY PEOPLE

Robert Paréczai', Zoltan Bejek?, Arpad Illyés?,
Laszlé Kocsis', Rita M. Kiss®

« Elderly present a
reduction of movement at
ankle and knee, but an
Increase of rotation and
obliquity of the pelvis.

Figure 19 — Kinematics performance from
female and male participants at different
ages (elderly and young) during gait cycle.
Results from Pardczai R. et al. 2006.

Erasmus+

i ) . Elderly Young

Paraieter Ut Female Male Female Male

Hip flexion

Range Donunant side degree | 52.34+3.56 | 59.20+£3.5 | 61.64+4.56 | 64.02+£3.56
Nondominant side | degree | 50.12+4.78 | 54.30£3.3 | 59.2+3.45 | 62.76+3.56

Maximum Domunant side degree | 64.23%6.78 | 69.30+£9.1 | 66.76+4.56 | 68.62+5.63
Nondomunant side | degree | 60.12+4.57 | 63.67+8.5 | 64.32+3.12 | 67.54+5.23

Minimum Dominant side degre]e 11.89+£3.78 | 9.91£5.78 | 5.12+1.34 | 4.60£1.44
Nondominant side | degree | 10.00+£5.08 | 9.63+£3.89 5.3242.1 4.79+1.45

Pelvic rotation

Range degree | 8.29+2.96 | 7.42+1.69 | 4.46+2.34 | 6.57+2.01

Maximum degree | 291426 6.37£1.30 | 2124123 | 534+1.34

Minimum degree | -5.38+0.35 | -1.26£1.15 | -2.344]1.23 | -1.23+£2.23

Pelvie obliquity

Range degree | 2.65+0.38 | 3.12+1.87 1.42+0.33 1.75+0.44

Maximum degree | 5.64+1.58 | 3.97+1.55 | 4564234 | 3.12+1.23

Minimum degree | 2.99+1.19 | 0.85+0.85 | 3.14+1.03 1.37+0.76

Knee flexion

Range Domimant side degree | 43.08+2.57 | 41.15£2.9 54.23£3.67 | 56.86+2.89
Nondominant side | degree | 39.671.79 | 40.45+3.1 50.79£2.99 | 52.97+£3.12

First peak Dominant side degree | 16.21+2.4 19.77£2.94 | 21.56£2.67 | 23.34£2.45
Nondominant side | degree | 27.45+£1.08 | 17.83x2.36 | 19.89x1.99 | 22.39+3.47

Second peak  |Dominant side degree | 56.89+0.31 | 50.67£2.58 | 59.99£3.12 | 61.99+3 .44
Nondominant side | degree | 48.5 £0.35 | 49444378 | 56.78+3.21 | 59.34+3.22

Minimum Dominant side degree | 17.22+2.1 10.08+2.08 5.89+£3.12 | 5.13£0.23
Nondominant side | degree | 15.41+2.22 | 9.80+2.88 5.99+£3.33 5.74+£2.12

IBY

) -
@f@é /\Mﬁ}l:




Development of innovative training solutions in the _\’,;’
field of functional evaluation aimed at updating of 4
the curricula of health sciences schools P

D.2 How is a normal biomechanical assessment of gait?
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V. Kinetic assessment of
normal gait
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* Instrument to measure kinetic parameters

Figure 1 — Strain gauge (up) and Figure 2 — Instrumented insole from
piezoelectric sensors (down) force platforms Biofoot/IBV system for plantar pressure
for ground reaction forces measure. measure.
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Ground reaction force

Vertical force component of
the GRF

Vertical

Anterior-posterior
component of the GRF

Medio-lateral component of
the GRF

Centre of pressure during

Figure 3 — Ground reaction force (GRF) produced when EUN
the body hitting the ground during stance phase of
walking cycle.
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Vertical force component of GRF

________________________ Fz 1. Peak force
in maximal
weight
< A acceptance
5 Fz2 Fz 2: Peak
G 500 z 2. Pea
> 100 force in mid
< 200 Fz 1: 1.2 force/bodyweight stance
=
& 200 Fz 2: 0.7 force/bodyweight Fz 3: Peak force
g 100 . in push-off
Fz 3: 1.2 force/bodyweight
0 L
0 25 50 75 100

PERCENTAGE OF STANCE PHASE (%)

Figure 4 —Force in the vertical direction during normal walking and outcomes obtained from force magnitude.
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Vertical force component of GRF

1000 I
> Total contact

: time

)
w
o
o

800
700
600
500
400
300 /
200
100

\ 4

Time to Fz2

\ A

Time to Fz3

VERTICAL VECTOR OF GRF (N

Time to Fz1

0 25 50 75 100
PERCENTAGE OF STANCE PHASE (%)

I
I
I
I
I
I
I
}
I
I
I
I
I
I
I

N(|

i

Figure 5 —Force in the vertical direction during normal walking and outcomes obtained from time.
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Anterior-posterior force component of GRF

150 Fy 1:
________________________________ Maximum

100 posterior
> Claw back force.

Correspond to
the breaking.

ANTERIOR-POSTERIOR VECTOR OF GRF

Fy 2:
-100 -----= Fyl, Fy2 : 0.2 force/bodyweight Maximum
anterior force.
= Correspond to
0 2> 50 75 100 )
PERCENTAGE OF STANCE PHASE (%) the heel-off.

Figure 6 —Force in the anterior-posterior direction during normal walking
and outcomes obtained from force magnitude.
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Anterior-posterior force component of GRF

Cross
over

100 Time to cross over /R
> |
50 .

/Time to F);Z

b
U
o
T
<
N

o

Time to Fyl

ANTERIOR-POSTERIOR VECTOR OF GRF (N)

=0 \» Force = 0, body is directly
-100 over the stance limb.
Fyl
-150
0 25 50 75 100

PERCENTAGE OF STANCE PHASE (%)

Figure 7 —Force in the anterior-posterior direction during normal walking and outcomes
obtained from force time.
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Anterior-posterior force component of GRF

3 Cross
w 150 over Fy2
The impulse of a o
force or just 2 100
impulse (l) is a o '
/ =
vector magnitude ] >0 ﬁnteﬁlor
that relates the = o MPUISE |
force with the S Posterior
time that its B 50 Impulse
action lasts. §
no':-IOD
2 Fyl
E ‘150

PERCENTAGE OF STANCE PHASE (%)

Figure 8 —Force in the anterior-posterior direction during normal walking
and outcomes obtained from curve area.
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Medio-lateral force component of GRF

= 40
e
& Fx 1:
S Maximum
5 " — - lateral force
= Medial
8 10
> Fx 2:
= ¢ Maximum
E -10 Lateral loading medial
é 50 |V Fx1: < Fx medial (0.05 to 0.1 force/bodyweight) force
S Fx1 : _
s 3 Fx2, Fx3: 0.05 to 0.1 force/bodyweight Fx 3:
0 25 50 75 100 Maxm;qm
PERCENTAGE OF STANCE PHASE (%) propuision
medial force

Figure 9 —Force in the medio-lateral direction during normal walking and
outcomes obtained from force magnitude.
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Centre of pressure movement

(a) - Slow‘
30 = Fast -
25} -]
20 |- -
- i
10 -
Figure 11 — Centre of
3 | pressure movement
Figure 10 — Typical ‘ during gait at slow
centre of pressure 0 \ -4 (dashed line) and fast
distribution. From | ! | velocity (solid line).
Buldt A.K. et al. -5 5 From Todd C. Pataky et
2018. X (cm) al. 2014.
SN
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Centre of pressure movement

What outcomes can we analyze of the excursion of the
center of pressure?

~

/ Centre of pressure \ /Velocity of the centre of pressure

excursion index
Resultant displacement of the COP
Excursion of the COP from a divided by the elapsed time between
constructed line connecting the measurements.
first and the last points of the
COP curve measured at the Parts from stance phase
distal third of the foot and Portions of the foot (rear, mid, forefoot)

Qarmalized to foot width. / K In X or Y axis. /
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Centre of pressure movement

Centre of pressure excursion index

Centre of pressure

Center of pressure excursion
Foot Width

CPEIl = x 100 %

Values from 92 healthy subject (aged
18 to 45) with different foot posture
walking at comfortable speed:

CPEIl in normal: 20.4 (6.5)

CPEIl in feet planus: 18.4 (4.5)

CPEl in feet cavus: 20.2 (5.8)

excursion N

Construction line

Rl Erasmus+

30

25

20

- Foot width

_ Centre of pressure
curve

X (cm)

Sy -
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Centre of pressure movement

Centre of pressure velocity

Bo Li et al. AP velocity ML velocity Buldt et al. AP velocity Fuchioka | AP
(m/s) (m/s) (m/s) et al. velocity

" cm/s
Initial 0.426 0.106 Loading 0.405 ( )
forefoot 0.723 0.090 Midstance 0.435 Rear 268:9 + 026
contact (0.405) (0.058) (0.061) foot :
phase (0.087) (0.010) stance (0.069) 33.1
Forefoot 0.277 0.117 Pre-swing 0.453 Forefoot 209+  0.20
push-off (0.050) (0.029) (0.098) 5.3

Figure 12 — Centre of pressure velocity (m/s) mean value (SD) from healthy subjects with normal
foot posture of Bo Li et al. 2020, Buldt et al. 2018, and Fuchioka et al. 2015 studies in the antero-
posterior and medio-lateral axis.
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D.2 How is a normal biomechanical assessment of gait?

VI. Plantar pressure
assessment during normal gait

&
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Plantar pressure

> Unit to inform pressure:
KPa
> 10 kPa = 10 kN/m?

For normal subjects, typical peak
pressure beneath the foot are 80-100
kPa in standing and 200-250 kPa in
walking.

2200
The area around the second and

third metatarsal heads experiences
the highest maximum pressure for
the foot during walking in healthy
adults.

Figure 13 — Colour scale map from a plantar pressure
assessment with Biofoot/IBV equipment.
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Figure 14 — Example of
the analysis by regions of
the foot. (1) the great toe;
(2) the second and third
toes; (3) the fourth and
fifth toes; (4) the medial
forefoot; (5) the central
forefoot; (6) the lateral
forefoot; (7) the midfoot;
and (8) the hindfoot.
Image from Tsujinaka S.
et al. 2019.
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!;llllltlgll

]
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Figure 15 — Example of the analysis by regions of the foot. MC = medial
calcaneus, LC = lateral calcaneus, MA = medial arch, LA = lateral arch,
MT1 = first metatarse, 3 = second and third metatarse, 4 = fourth and fifth
metatarse, H = hallux, and T = toes. Image from Hessert M. et al. 2005.
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Plantar pressure

> Measurement Peak pressure (kPa)

equipment: insoles with
pressure sensors.

> Participants walked a
distance of 4to 5.5 m
during 5 seconds of
recording (50 Hz).

> Normal walking speed.

(n =24. Age mean 52.4 £ 11.8)
1. Great toe 311.7 (236.3)

2. 2° and 3° toes 186.9 (91.0)
3. 4° and 5° toes 141.6 (94.4)
4. Medial forefoot 304.5 (227.0)
5. Central forefoot 590.9 (357.1)
6. Lateral forefoot 215.0 (161.6)

7. Midfoot 128.5 (69.1)

8. Hindfoot 296.1 (155.1)

Figure 16 — Plantar pressure peak from normal walking
subjects of Tsujinaka et al. 2019 study.
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Plantar pressure

» Measurement equipment:
instrumented platform.
> Data were collected barefoot in mid-

gait at self-selected gait speed.

e |

N\

FOREFOOT MIDFOOT HINDFOOT
Gender comparison of pedobarographic data (MaxF, PP, CA) of adolescents according to age.
Age (Year) 11 12 13 11
F(n = 64) M(n=41) F(n=62) M (n = 99) F{n = 25) M (n = 78) F{n =60) M (n = 95)
Mcan + SD Mcan + SD Mcan = 5D Mcan = SD Mcan + SD Mcan + SD Mcan + SD Mcan + SD
Peak Total 316.68 + 94.66" 282.87 +66.36 333.70 £92.05 31151 6796 30580 +56.60 318.1 =722 374.08 + 113.93" 33861 + 85.85
pressure  Hindfoot 262.38 +93.90 241.34 £ 6590 261.77 £91.37 26090 + 68.87 22990 +42.84 26105+ 73.12" 271.71 £61.12 26561 % 76.40
(kral) Midfoot 106.79 + 27.01 100.37 £26.53 100.27 £29.54 103.35 +31.27 106.90 £ 26.73 11384+ 3123 118 3276 108.52 + 26.49
Forcfoot 253.39 + 77.91" 221.52 + 60.53 251.08 + 73.36 244.04 + 6423 246.60 + 55.63 255.12+ 6730 305.66 +82.14 281.35+ 79.59
Tocs 201.05 + 86.77 198.72 £69.96 253.79 + 104.93" 216.00 + 81.12 264.40 + 65.02" 22721+ 834  299.75 + 140.60* 238.75 + 103.32

Figure 17 — Peak plantar pressure (SD) from Demirblken I. et al. 2019.
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VI. PLANTAR PRESSURE DURING NORMAL GAIT

Plantar pressure

>» Measurement equipment: instrumented
platform.

> Plantar pressures were recorded during
barefoot walking at naturally chosen gait speed.

Mean pressure

Toel | Toe2 | Toes 345 MHI MH2 MH3 MH4 MHS5 Midloot Heel
Males 60-69 Mean | 10945 | 62.56 44.70 111.48 14594 | 14221 | 11831 | 9045 49.56 160.06

SD 46.71 23.38 22.81 33.19 28.02 35.13 3132 0 20.99 213.84

Malcs 70-79 Mcan | 68.71 | 39.71 20.74 103.26  133.04  130.65 ‘\?0-39 157.93
SD 2847 | 13.69 15.45 3371 3478 | 1931 | audd 5 13.27 18.49

Females 60 69 Mean | 81.38 | 53.55 4227 101.88  160.71 | 156.10 | 122.08 | 9923 66.03 147.71
SD 23.44 24.66 2075 | 3481  43.88 30.32 34.30 46.74 260.03 22.87

Females 70-79 Mean 71.01 41.39 33.37 ( 125.62 136,96 | 13790 | 106.79 0095 54.03 130.37
SD 36.44 | 19.25 15.40 5052 J "39.22 55.93 28.90 47.09 22.81 17.64

Figure 18 — Mean plantar pressure (SD) from Gimunova M. et al. 2018. n = 61 healthy elderly
(21 men, 40 women).
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VI. PLANTAR PRESSURE DURING NORMAL GAIT

Plantar pressure

> Measurement
equipment:
instrumented
Maximum mean pressure (kPa)
platform. 67.0 992 1021 1056 995 1063  99.1

Aged 3-9 Aged 10-19 Aged 20-59 Aged 60+

Male ['emale Male TI'emale Male TI'emale Male I'emale

: 76.1 (31.0) ‘s
> Walking at g G4z 1O oss @sa @42 eesr 74 G
comfortable speed Midiot g 31020 i mee 7y dser @0 @79
P ' Hleiies 1 gioGoey W7 1479 1817 1803 2074 2015
> Hea|thy groups: © (35.3) . (5L0)  (40.5) (558) (457) (739)  (74.0)
i Wk ool 945 ooilg) 1548 1541 1828 1815 2101 2038
chlldren, (4.9) =W @9e.1)  @381) (552) (447) (73.0) (725)

Midfoot 49.1 (34.0)

Peak pressure (kPa;
adOIESCGm:S, adults T 3654 3410 3750 3457 3567 3199
(129.2)  (92.3)  (122.6) (113.3)% (148.3) (113.7)*
and older adults. 71.3 57.1 80.6 74.4 75.9 84.7

(26.9)
230.0
i 245 v
Torefoot (30.0) 245.1 (87.0)
—— 290.9 - 47583 —736.1 : <17 SoT 3%0.2
Wholefoot 5, gy 31081203)  1630) (1119) (1680) (147.0) (203.5) (186.4)

Figure 19 — Maximum mean pressure and Peak plantar pressure
(SD) from McKay M. et al. 2017. n = 1000 healthy individuals
aged 3-101 years. (21 men, 40 women).

(% AMPE

i




Development of innovative training solutions in the
field of functional evaluation aimed at updating of
the curricula of health sciences schools

Rl Erasmus+

D.2 How is a normal biomechanical assessment of gait?

VII. Electromyographic
assessment of normal gait
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Instrument to measure muscular activity

Figure 1 — Surface electromyography system and instrumentation of the lower limb. To determine
the instrumentation protocol, the SENIAM guide should be used, which standardizes the location
of electrodes in the different body segments. (www.seniam.org).
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic outcomes

AMPLITUDE
= Root mean square
ACTIVATION TIMING
= Rectification

= Envelope
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Amplitude: Root Mean Square (RMS)

1.2 -
O
1) Each data point in the uE;g 04
signal is squared K.
2) The average value over a 2]
specified window length g %
is determined os
e
3) The square root of this e
value is then calculated 91

Figure 2 — a) Raw EMG Signal. b) Root Mean
Square (RMS) Calculated with a Moving
Window of Length of 0.25 ms. Image from
Richars J. 2018.
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Amplitude and Normalization

1.2 1 2)
(O]
IS
gé},
o
-1.2
£ 0.25 4 b)
« Method 1. Maximal voluntary S
contraction. %5
0 -
o g 100% c)
« Method 2: Maximum observed So
EMG signal during the activity. Eo
ZZ o
6 2I5 5IO
Time (s)

Figure 3 — a) Raw EMG Signal. b) Root Mean
Square (RMS) Calculated with a Moving
Window of Length of 0.25 ms. ¢) Normalized
RMS of the EMG Signal. Image from Richars J.
2018.
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

EMG activation timing

0.3 4
The activation timing is performed by
identifying the time instant when the
EMG amplitude increases above (start)
or decreases below (end) a
predetermined baseline level.

RMS EMG (4V)

&
o

0.9

Rectified EMG (pV)

The rectified EMG or RMS EMG are
used for activation timing calculation.

5' 10
Time (s) TItmas

o
~
(=]

o
»

Figure 4 — a), b) Activation timings from
EMG RMS and rectified EMG signal from
the gastrocnemius muscle during walking.
c) EMG RMS and superimposed
regression lines. Image from Richars J.
2018.
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern during gait

Muscle activity in the

Muscles in the stance limb act to support the body (postural

control) and propel it forward (progression) beginning and end of the

swing phase

J“

| lliopsoas
Contralateral & Rectus

Deep plantar- /£ abductors of \

et femoris
flexors, and \ hip L O ‘ ! uadnceps
flexors of toes; /] —— Rectus [ femoris
| femoris ‘ Hamslnngs/

o | ‘I - ,' Tibialis
7 \ | — anterior

Posterior \ { | \

. capsule s

intrinsic foot
(A) Heel stnke (B) Loadlng response (C) Mldstance (D) Termmal stance ('IE) Preswing (F) ImtlaI&Mldswmg (G) Terminal swing

Gluteus¥/

maximus \ \)
V& W
“ 7 /A\|— Tivialis

anterior

Triceps muscles

surae

(initial contact) (foot flat) (heel off) (toe off)
p——— Push Off —
L Stance Phase (60%) Gait Cycle | Swing Phase (40%) |
| Double support | Single support | Double support | Single support
(10%) (40%) (10%) (40%)

Figure 5 — EMG pattern associated with the adult gait cycle. Image from Shumway-Cook A. and
Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern — Stance phase

Eccentric activation
of tibials anterior

Activation of
gluteus maximus

\ |
\,‘ ) \ | LN

—
"

(A) Heel strile (B) Loading Vrﬁes-ponse (C) Mfdstance (D) >‘I':ermina| stance '(E) Preswi'ng

(initial contact) (foot flat) (heel off) (toe off)
p——— Push Off ———
O,
l Stance Phase (60%) Gait Cycle |
| Double support | Single support | Double support |
(10%) (40%) (10%)

Figure 6 — EMG pattern associated with the adult gait cycle in the
stance phase. Image from Shumway-Cook A. and Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern — Stance phase

Activation of Eccentric activation
extensor muscles of quadriceps

\ \ |
\,‘ ) \ | LN

—

(AT Heel strile (B) Loading Vrﬁes-ponse (C) Mfdstance (D) >‘I':ermina| stance '(E) Preswi'ng

(initial contact) (foot flat) (heel off) (toe off)
p——— Push Off ———
O,
l Stance Phase (60%) Gait Cycle |
| Double support | Single support | Double support |
(10%) (40%) (10%)

Figure 6 — EMG pattern associated with the adult gait cycle in the
stance phase. Image from Shumway-Cook A. and Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern — Stance phase

Activation of triceps
surae only

. s \ ""u\

—

(A) Heel strike  (B) Loading response (C) Midstance (D) Terminal stance  (E) Preswing

(initial contact) (foot flat) (heel off) (toe off)
p——— Push Off ———
O,
l Stance Phase (60%) Gait Cycle |
| Double support | Single support | Double support |
(10%) (40%) (10%)

Figure 6 — EMG pattern associated with the adult gait cycle in the
stance phase. Image from Shumway-Cook A. and Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern — Stance phase

1° concentric contraction Assistance of the hip
of the plantar-flexors flexors during pre-swing

\ \ |
\,‘ ) \ | LN

—

(AT Heel strile (B) Loading Vrﬁes-ponse (C) Mfdstance (D) >‘I':ermina| stance '(E) Preswi'ng

(initial contact) (foot flat) (heel off) (toe off)
p——— Push Off ———
O,
l Stance Phase (60%) Gait Cycle |
| Double support | Single support | Double support |
(10%) (40%) (10%)

Figure 6 — EMG pattern associated with the adult gait cycle in the
stance phase. Image from Shumway-Cook A. and Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Electromyographic pattern — Swing phase

-

Hip flexors activity ] [ Hamstring active ]
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s
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L 1wl PR Quadriceps muscles
% ‘ accomplished flexion
/2 hip
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Activation pretibial
muscles for ankle
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Single support N J
(40%)

Figure 7 — EMG pattern associated with the adult gait cycle in the
swing phase. Image from Shumway-Cook A. and Woollacott M. 2017
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VIl. ELECTROMYOGRAPHIC ASSESSMENT OF NORMAL GAIT

Age and sex differences

Authors Age Muscles
differences dlfferences

Bailey C. et EMG cycle-to-cycle variability, rectus femoris,
al. 2019 gastrocnemius lateralis

Bailey C. et yes yes EMG within-cycle coefficient of variation,
al. 2018 rectus femoris, gastrocnemius lateralis
Kwee-Meier yes - Gastrocnemius medialis, m. soleus

S. etal. 2018

Ribeiro N. et yes - Internal oblique, rectus femoris

al. 2016

Di Nardo F. - yes tibialis anterior, gastrocnemius lateralis,
et al. 2015 vastus lateralis

Chung M. et yes yes tibialis anterior, rectus femoris

al. 2010

Figure 8 — Results from several studies on electromyography activity during gait between age and sex groups.
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VIII. Key ideas
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VIll. KEY IDEAS

1. In healthy subjects’ walking, the parameters extracted from the
biomechanical assessment may be influenced by the anthropometric
characteristics of the assessed person. Walking speed and stride length will
be influenced by the size of the subject and the length of the lower limbs.
On ground reaction forces values, the subject's weight will influence the
findings. This is why, is a better option to present the normality values
normalized by the anthropometric characteristic of the subject.

2. Just as the anthropometric data influence the gait results of healthy subjects,
age and gender also influence these outcomes. In summary, gender
differences begin to stand out after adolescence and age causes us to walk
slower, with less lower limb kinematics and exerting greater pressure under
the foot.
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VIll. KEY IDEAS

3. In gait evaluation of healthy subjects with biomechanical instruments, it is
not represented by a single normality value, but by a range of data, where
the performance of the subjects is normal. In any case, the conditions of the
assessment that aims to characterize normal gait pattern can be diverse,
due to we do not always walk in fixed conditions. For this reason, studies on
this matter not only analyze walking at a comfortable speed, but also at slow
and fast speeds.
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