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INTRODUCTION

Overload running injuries of the lower extremityarficularly
the knee, are associated with excessive pronatiomeo foot
resulting in tibial rotation (Nigg et al., 1995).. Mbialis poste-
rior (TP) and M. flexor hallucis longus (FHL) mussl are
shown to have an active influence on pronation taedmedial
longitudinal arch (Gray & Basmajian, 1968; Kaye &hss,
1991). Their functional role during running andeirgction with
footwear is still not clearly understood (Reber &t &993;
O’Connor & Hamill, 2004). Therefore, the purposehié study
is to investigate the influence of different fooawen the mus-
cles’ EMG pattern.

METHODS

11 volunteers (6 for FHL/11 for TP) were tested le/wvalking

(2.6 m/s) and rearfoot running (3.0 m/s) on a tneddvideo

controlled; 250 Hz). Intramuscular EMG of the TRe tFHL

and surface EMG of Mm. peroneus longus, tibialiseaar,

soleus, gastrocnemius medialis was recorded (Narak600

Hz) under five different conditions: barefoot (BARB)inimal

shoe (FREE), conventional running shoe (CS), motamtrol

shoe (MCS) and unstable shoe (MBT). For data anatiisis
EMG-signals were filtered (20Hz high pass), reetfi
smoothed, and amplitude normalized to barefoot mari. To

quantify the myoelectric activity of the muscles tintegral

(IEMG) of the processed signal was calculated fance phase
and a pre-innervation time of 150 ms.

RESULTS

For the first 7 analyzed subjects in all shoe/metonditions
EMG-activity of TP and FHL showed greatest mean l&MG

values between 50-70% (walking) and 35-50% (runnioiy
stance. In the MBT condition the IEMG of TP wasistatally

higher than in the BARE condition. The linear envelaf TP
and FHL EMG-signals over pre-innervation and staplase
are similar to that of the other detected plaritadis.
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Fig. 1: Average (6 subjects; 10 trials) mEMG curves of RHiring
walking running (2) with the events TD, TO and preervation (150
ms) under different conditions.

The maximum of the amplitudes appeared earlienfiming
than in walking while the pre-innervation was higherun-
ning.

DISCUSSION

TP and FHL EMG-activity peaks in the same phaseiohing
where maximum eversion of the rearfoot is repoifdidg,
1986). This confirms the theory that TP and FHLdtdo
counteract the pronation. It seems that the tinshy of
EMG-activity of the FHL is highly dependent on thelocity
of locomotion. The elevated midsole of the unstaiiee
attended with a greater lever arm for the horizofdeces
acting upon the subtalar joint may result in higksternal
ankle moments in the frontal plane. It could bediipsized
that in this unstable situation higher TP EMG-atfiway be
needed to compensate higher ankle moments.

CONCLUSION

This study for the first time showed the EMG-adtivf the

FHL in running. It could also be shown that footweasign
has an influence on TP EMG-activity during treadmiin-

ning. Ongoing analysis of IEMG in different phagéstance
and its relation to foot kinematics in the fronpdéne should
lead to a better understanding of the role of Té RHL and
their interaction with their antagonists in walkiagd running.
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INTRODUCTION
Biomechanical analysis methods play an importang ial
prosthetics and orthotics for:

a) Fundamental research;

b) Individual optimization of a prosthesis or orthosis the
patient;

c) Realization of studies regarding functional testiofy
prosthetic and orthotic components, and

d) New development of prosthetic and orthotic comptsen

The presentation shows how biomechanical measumigitp-

ods can be used to optimize the prosthetic alighrfatapta-
tion of the prosthesis to the locomotor system)bdome-

chanical basis, so that largely physiological stagdand

walking becomes possible for the amputee. The meiko
demonstrated on the basis of prosthetic alignnmesitiictions
for transtibial prostheses.

METHODS

In a first experiment, 17 transtibial amputees wexamined
in order to record long-term adaptations to theasion after
the fitting with a transtibial prosthesis (minim@ne period
after prosthetic fitting: 2 years). The gait wasaieled with an
opto-electronic camera system (Vicon460) coupleth wivo
Kistler force measuring plates, and at the same time sur-
face EMG of the vastus lateralis muscle and bidepsoris

muscle (NORAXON MyoSystem 2000) was registered. The

prosthetic alignment was measured using the LASARS-PO
TURE static measuring device (/1/). In a second exynt, 5
characteristic alignment situations of 8 transtil@enputees

were measured systematically using the same magsuri

methods.

RESULTS

The results of the first part of the experimentwsbd that in
consequence of the long-term use of the prostitiesifollow-
ing biomechanical characteristics can be proven:

1. About 60% of the amputees show physiological knee

flexion on the prosthetic side during the stancasehthe
other amputees have their knee largely extendemhglur
the stance phase.

2. The external joint moments on the knee joint ar@ratr
terized by the fact that the flexion moments, whidr-
mally occur during the first half of the stance gphaare
considerably reduced on the prosthetic side's.joint

3. The EMG measurements show a considerably reduced

muscle activity of the knee extensors on the pmi&th
side in comparison with the contralateral side. T&he
chiocrural muscles, on the other hand, show inedtas
tensity of activity as well as an extended phasactifity
(Fig. 1, /2/).

The experiments on prosthetic alignment variatishewed
high correlations between static and dynamic méaguwal-
ues. There is an optimal alignment situation, fofol biome-
chanical reasons can be given (/3/) and which eamilyebe
found by the prosthetist for each patient usingabreespond-
ing adjustment possibilities of the prosthesisyjuted that the
static measuring device is used. This alignmentasin is

achieved, if the load line in the sagittal planesapproxi-

mately 15 mm ventrally to the compromise rotatiais af the

knee joint (/4/) and in the frontal plane througie tmid-foot

and lateral patella edge, and if the physiologgtahce phase
flexion is used while walking (/3/).
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Fig. 1: Typical stance phase surface EMG of a transtibmputee
(grey: amputated limb, black: non-amputated limb)

DISCUSSION

Using the biomechanically founded alignment sitatithe
transtibial amputee will be enabled to weight theéjoint of
the prosthetic side in approximately physiologicaanner
during standing and walking. The EMG measuremehnésvs
that there is a high correlation between mechapiaeameters
and muscle activity.
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INTRODUCTION

Several studies revealed no systematic changesoahd reac-
tion forces depending on stiffness of midsole [[3/A4 a possible
explanation, footwear dependent muscle activasoronsidered.
This is viewed as an area for future research Isecafithe po-
tential interaction between boundary conditiongunning and
muscular activation [5]. Therefore the purposehig study was
to investigate muscle activity depending on runrsngace con-
dition in order to a) quantify surface related dpes in EMG

signals and b) investigate inter-individual/gendpecific differ-

ences in muscular activation.

METHODS

20 female (265%yrs, 62-6kg, 170-6cm) and 27 male (2&yrs,
7548kg, 180-6cm) subjects participated in the study. Surface
EMG was recorded (Telemyo 2400T Nora%pB000 Hz) from
mm. tibialis anterior, peroneus longus, gastrocusntateralis,
semitendinosus, vastus medialis and tensor fasatae while
running (v=3.756.25 m/s) barefoot on grass, barefoot on tartan
and shod (Straprunner V, Nike) on tartan.

Data were analyzed using wavelet based softwarghvwailows

for simultaneously performing frequency, time amdensity
analyses by transforming the signals into actipigterns (fig.1)
[6]. Activity patterns were computed firstly for@asubject (10
steps per surface condition). After a qualitativalgsis of the
computed activity patterns subjects were organiatddifferent
groups, in which subjects with similar activity fgahs were
collected. Then mean activity patterns were conplite the
different groups.
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Fig. 1: a) Recorded EMG signal of m. tibialis anterior (ostep of
running barefoot on tartan) and b) correspondintiviac pattern. In
activity pattern abscissa represents time, ordingpeesents frequency

and grey scale represents intensity of the recded@ signal.

RESULTS / DISCUSSION

The evaluation of activity patterns of mm. tibiadisterior, sem-
itendinosus and tensor fasciae latae revealedreiffes in mus-
cle activation between the subjects. The electr@ramhic

behaviour of these muscles was used to group thiects into
different groups. There were systematic differenicesactivity

patterns of several muscles between the groupecizdly ac-

tivity patterns of m. tibialis anterior revealednspicuous differ-
ences in muscle activation between the subjectaniple for

grouping in figure 2).

Systematic differences in muscle activation of salvenuscles
between the groups refer to distinct movement biemawwhich

gives reason to further studies with simultaneouse-k
matic/kinetic measurements.

Referring to all of the tested muscles there weiferdinces in
muscle activation between men and women. These lreay
related to differences in body weight, connectigsue, an-
thropometry or dynamic segment alignment and refeyen-
der specific movement behaviour. Gender speciffedinces
in movement are described e.g. by [1]. Ferber [#jsiders
gender specific injuries in connection with gendeecific
running mechanics. It seems to be advisable to exathe
muscular activation in interconnection with kinétinematic
analyses to gather information about gender sgeaifbve-
ment behavior and thereby aroused loadings.
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Fig. 2: Activity pattern of m. tibialis anterior while ramg barefoot
on tartan for different groups: a) group 1 (n =,29)group 2 (n = 18),
c) difference of activity patterns of group 1 andup 2: light zones
represent higher intensity in activity pattern obyp 1, dark zones
represent higher intensity in activity pattern oup 2.

Systematic increase or reduction of muscle actiwatf the
tested muscles depending on running surface coatdba
detected. However, changes in muscle activity withnging
surface could be identified. These changes werkhhiadi-
vidual and muscle specific. In mean, the muscidaponse to
surface changes was gender specific. Gender spewifscu-
lar response to surface changes is to consider regipect to
differences between muscle activation patterns eh rand
women. It may be also related to gender specificrdpancies
in factors like e.g. body weight, connective tissarghropom-
etry or dynamic segment alignment.

CONCLUSION

Muscle activity pattern as well as muscular respdnschang-
ing surfaces showed to be gender specific. Surfataed
changes in muscular activation were muscle spedtiicther
studies may treat a possible interaction betweesclawactiv-
ity and anthropometric/kinematic/kinetic data, whicould
lead to a deeper understanding of gender specificement
and may contribute to new findings concerning foezw
design or injury genesis.
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