| .. Effect of Ankle-Foot Orthosis Stiffness on Muscle Coordination

R -

—
—0
_ —
e

o=
| ® ° ° ° l.:'y
_ comaron During .Tra n5|ent. Walking in Hea Ilthy Adults o HOPKINS
ENGINEERING Julia C. Costacurta?, Michael C. Rosenberg?, Katherine M. Steele’ UNIVERSITY

1Department of Biomedical Engineering, Johns Hopkins University, Baltimore, MD “Department of Mechanical Engineering, University of Washington, Seattle, WA

Background Results
Cerebral palsy (CP) is a movement disorder caused by injury to the ” | » Effect of AFO Stiffness
motor cortex which can lead to impaired motor control e I 530, Left Gluteus Medius 0. »Right Gluteus Medius Gluteus medius (GMED): some
Ankle-foot orthoses (AFOs) are commonly prescribed to improve the £ . ) KoKy KyoKs | significant differences between k, case
gait mechanics of individuals with CP > 20 | Fl . o, 20 EHF (no spring) and spring stiffness cases
: 34 . i |
Although around 30% of daily motion is transient!?, few studies have é 10! b e F : {' ! 10! : Gastrocnemius medialis (GASM):
considered the effect of AFO stiffness on transient walking o ['1 ; 4 b ! observed differences for left leg
. . . . € ol POEE LU dadn LHDL] ik 111 0 b || s petween k; spring stiffness and other
If.AFO mechanical p.ropertles affec.t s.teady-state and tra.nS|ent walking . LeftGastrocnemius Medialis . Right Gastrocnemius Medialis conditions, but this pattern was not
differently, AFO design and prescription may be further informed by O . .
. . . . £ 50 . «  og| replicated for the right leg
considering their effect on transient motion o : : a _
= 15 ﬁ m | h 157 i i ' In other muscles, observed fewer
Goal: Investigate the effects of bilateral dorsiflexion-resisting AFO stiffness 2100, il = MU 2 Al 10r AR s : : statistically significant differences
. . . . . . S TG B H *1 (8{m <IN [ 1N I I -
onh muscle activation during transient walking in healthy adults o 50 i m W ; 5 | =3 (11| o
& & Y £ Hﬂ B w0 ﬂ \ ) . ﬁﬂ ﬂ . M Ik Sw = Swing phase of gait cycle (GC)
Sw1 St1 Sw2 St2 Sw3 St3 St1 Swi1 St2 Sw2 St3 Swa3 St = Stance (support) phase of GC
Methods Prilot study in healthy adults Step Step
Effect of AFO Torque
P.artlmp.ant: .1 healthy adult Marker trajectories We Were upable.to Identlfy S o Left Gastrocnemius Medialis 501 - Right Gastrochemius Medialis
fitted with bilateral AFOs .' .\ for spatiotemporal linear relationship between R P T —————— Oraimy 008 v = 087 %2 057 mvana0 18
Male, Age: 25 \ outcomes A integrated EMG and impulse Q20 i .|
H: 178 cmn, W: 73 kg Z | (integrated torque) for stance = 1B
% \ | o P S R
Procedure: Data collected ~ Muscle activity steps for each muscle S 10+ %
while participant y from 7 muscles In general, swing steps showed £ | pet T T . . :
accelerated from standing  }------. . ;_,—-__._»——-d in each leg no correlation between 3 4 5 6 7 8 0 1 2 3 4 5
_ : ‘ : - Impulse (N*m*s) | - pata— Fit  Confidence bounds' Impulse (N*m*s)
to steady-state walking . integrated EMG and impulse
Intervention: 4 different - -
. e . AFO Ankle Discussion and Future Work
AFO stiffness conditions Torque from load L
Ko K1 K, Ks ’ rosition . cell force data L . . . . .
- /I Step1 Step2 - - - This pilot study found that ankle-foot orthoses caused changes in muscle activity during transient walking,
~0lb/in  24lbfin  S6lb/in 87 Ibin which may inform AFO desigh and prescription upon further validation
0.6 EMG Actlvity Example . . . . . . .« o . . o . . . . .
Pre-Processing Analysis Comparison 2 Similar study? involving steady-state walking only identified a significant difference in gastrocnemius activity,
 Caliate inteorated g indicating that our observed changes in muscle activity may be unique to transient walking
> —> torque over step and peak Linear regression éo_z . . o . . . . .
e torque over cycle between i_nizgrzizg ; Future work involves collecting data from more participants and investigating different types of models (i.e.
na in I Z
| lter normalize. an e Calculate integrated _l_) torque 0 . | S | feedback control)
Raw Data EMG|—> Flsr;ch(:oniazle e —> f)'veecrr:tgg%%r:%g (EG) gzo Ankle Torque Example
S erade D comparisonbetween 2 ' References Acknowledgments
ouon Lapture stiffness levels P
- | .vf/:iilli:chmaatl'?ds;reeljcqueglgci:;]’ g §-1Z — This research was supported by National
. Calc_ule’ate center of mass » | | | | B% g;f:f?u:f;x 'IS';;I.;;SE:UC;S”;;;OD‘?V’ 2008 {g} E?:;)C;’ ﬁé :’E 2:’ CC;;: giz;?gj; 22001134 Science Foundation Award #1757216 and
velocity and acceleration %.5 1 1.5 2 2.5 [3] GottsI;aI.k, F. e’taI,JAnat, 15389 o | | EEC #1028725.

Time (sec)



