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Gait
S1.1:Comparison of early post-operative temperospatial outcome measures between patients
receiving minimally invasive and traditional hip replacement surgery — a prospective blinded
study
D.B. Bennett1, L. Humphreys1,∗ , D. Elliott1, L. Oganda2, D.E. Beverland2
1Gait Analysis Laboratory, Musgrave Park Hospital, Belfast, Northern Ireland; 2Department of Or-
thopaedics, Musgrave Park Hospital, Belfast, Northern Ireland

Summary

Stride analysis was used to detect early post-operative differences in walking ability between patients
who received a hip replacement using the relatively new minimally invasive technique and the tradi-
tional technique.

Conclusions

The minimally invasive group did not display any statistically significant improvement in the gait
parameters under investigation, thereby suggesting no short-term post-operative benefit to walking
ability using this new surgical technique. Further study needs to quantify any specific economic
benefits that this new technique may offer the health service.

Introduction

Minimally invasive hip replacement is a relatively new orthopaedic technique which offers the poten-
tial benefits of reduced soft tissue damage, blood loss and pain. Speedier rehabilitation and reduced
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head inclined upward. Only two children had the shoulders positioned significantly forward.

Conclusions

The investigation of posture in a static situation is only one way to monitor children’s health. An
investigation carried out while performing a function, here during normal walking, is an important
additional test and one which must be used for all small children.

Introduction

Investigations of human posture in static conditions are extremely common. They are carried out by
means of subjective and objective techniques [1]. Other work has dealt with various body positions
in the workplace [2]. During everyday life the most frequent position of the body is that adopted
during walking. As evidenced by the available literature, there has been little work on children’s body
position during walking. The aim of this paper was to investigate the set of the body parts of children
during walking.

Materials and methods

Of the 252 6-year-old children investigated, 33 (19 girls, 14 boys) were selected with normal posture
during standing. For the analysis of children’s body positioning during walking the phase was chosen
during which the child’s centre of gravity was above the rear part of the foot (the heel) (Fig. 1A).
The centre part (centroid) of the body was divided into the pelvis, abdomen, thorax, neck, and head.
The angular position of each of these segments in relation to the neighbouring lower segment was
described in the sagittal plane (Fig. 1B). The centre points of the trunk depth were marked on the
basis of the anthropometric landmarks:tro, om, xi, c, tandV. These points were connected to each
other, thus giving a broken line. The position of the humerus head (caput humeris) in relation to the
trunk depth was presented with the help of an index of the horizontal shoulder settingIhss(Fig. 1C).

0
d

ospital stay post-operatively may also be achieved. Studies to date have been largely descriptive
nd retrospective and authors have noted the lack of objective data to demonstrate the benefit of the
rocedure [1–3]. Prospective studies have analysed relatively late outcomes at 3, 6 and 12 months

4]. Early mobilisation and walking is a good indicator of improved function. This study assesses pa-
ients’ immediate post-operative function using a 10 m walking test and provides the first large-scale
rospective blinded trial involving this new and controversial technique.

atients/materials and methods

convenience cohort of 67 patients was chosen for stride analysis from the main study cohort. The
ain cohort consists of 200 patients who are randomised into two groups of 100 patients (study
ngoing). One group had a custom THR implanted using a small incision (<10 cm) while the second
roup had the same custom THR implanted using the traditional long incision (15–25 cm). All health
rofessionals treating patients (physiotherapists, occupational therapists) were blinded as to the tech-

ique used. An identical protocol was used pre and post-operatively with both groups. Stride analysis
as performed 2 days post-operatively (or the earliest post-operative ambulant day) with patients

equired to walk 10 m. Inked pads were attached to patients footwear and step length, stride length,
adence and velocity were measured. A one-sample Kolmogorov–Smirnov test was used to establish
hat all outcome measures followed a normal distribution. Statistical analysis was carried out using
tudent’st-test with a 5% level of significance being set.

esults

o significant difference between the groups was recorded for the gait parameters summarised in the
able.

Minimally invasive Traditional incision
alking speed (m/s) 0.29 (0.19) 0.30 (0.16)

adence (steps/min) 43.35 (16.73) 47.90 (16.38)

tride length (m) 74.83 (19.66) 72.40 (17.72)

tep length (operated side (OP)) (m) 44.52 (8.13) 43.25 (7.77)

tep length (non-operated side (NP)) (m) 30.15 (14.41) 29.06 (13.54)

atio of step length (OP):step length (NP) 1.63 (1.00) 2.56 (3.84)

iscussion

esults showed no statistical differences between the two surgical approaches however, the minimally
nvasive group showed more equality of step length between the operated and non-operated limbs,
ossibly indicating a more normal gait pattern. Three dimensional gait analysis would be required to
escribe in detail any further differences in gait patterns between the groups.
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1.2:The body position of six-year-old children during walking
. Pretkiewicz-Abacjew, W.S. Erdmann
cademy of Physical Education and Sport, Gdansk, Poland

ummary

he paper is devoted to the position of the body during normal walking of 33 6-year-old girls and
oys. The angular position of consecutive segments of trunk and head were described in the sagittal
lane and also the position of the gleno-humeral joint in relation to the trunk. The children exhibited
forward positioning of the abdomen and frequently a downward inclination of the neck with the
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ig. 1. Method: (A) walking phase investigated; (B) angle investigated of: p—pelvis, a—abd
—thorax, n—neck, h—head, Fp—Frankfort plane; C—position of shoulder (caput humeris, ch)
ccording to the centre (A) of trunk depth atsstlevel. Index of the horizontal shoulder setting: Ihs
/ϕ. A value of 1.0 means D point is at the centre of the trunk depth, i.e. at point A [3,4].

esults

he mean angles of inclination of the centroid segments were as follows (one standard dev
arentheses):α = 14.9◦ (5.2),β = −18.0◦ (6.2),γ = −2.2◦ (3.7), δ = 18.3◦ (9.6), ε = −6.6◦ (7.0).
his meant that the pelvis was inclined forward and the abdomen was inclined backward, t
as inclined forward and head was inclined backward. The mean value of the index of the ho
houlder setting was 0.91 (0.20).

iscussion

he greatest sum for one child of the pelvic and abdominal absolute angles was 54.5◦ (22◦ for the
elvis and−32.5◦ for the abdomen). The highest neck inclination in relation to the position o

horax was 40◦. The value of the mean index of the horizontal shoulder setting shows that th
oint (point D) was positioned slightly forward in relation to the centre point of the trunk A. Only
hildren had their shoulders positioned considerably forward so that the Ihss equalled 0.29 a
espectively.
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S1.3:Kinematic and EMG analysis in patients with osteoarthritis of the hip joint
Á. Illy és1, R.M. Kiss2
1Department of Orthopedics, Semmelweis University, Budapest, Hungary; 2ResearchGroup of Struc-
tures, Hungarian Academy of Sciences, Budapest, Hungary

Summary

Patients with osteoarthritis of the hip joint often adapt an antalgic type of gait as their disease pro-
gresses. It is unknown if gait adaptation is mainly related to the severity of the disease, pain, muscle
weakness, or limitations in a passive range of motion. Protecting the hip may influence the motion of
other joints of the lower extremities. In our presentation we analysed the resulting changes in func-
tional gait patterns in patients with unilateral osteoarthritis of the hip with ultrasound-based motion
analyser and surface EMG.

Conclusions

Asymmetry of the range of hip motion was observed in patients with unilateral osteoarthritis of the hip
joint during walking. The results suggest that compensatory mechanisms greatly involved the other
joint. Major limitations in physical function were detected.

Introduction

Patients with osteoarthritis of the hip joint suffer from pain and functional impairment of the hip
over a long period. Although different functional scores are widely used to assess improvements after
surgery, the patients’ responses are often subjective and disparities between the patients’ and doctors’
evaluations can be significant [1]. Therefore, objective and quantified data from gait analysis could be
useful. Patients may adapt their gait in response to pain, deformity or laxity in the joints of the lower
extremities. The objective is to analyse the resulting changes in functional gait patterns in patients
with unilateral osteoarthritis of the hip.

Patients and methods

The study was performed on 12 male and 9 female patients (61.8± 7.51 years, 72.3± 8.34 kg, 1.68±
0.23 m) with unilateral osteoarthritis of the hip. Gait analysis was performed using a zebris ultrasound
based system with a 19-point biomechanical model [2] and sixteen-channel electromyography. Surface
EMG electrodes were attached to m. vastus medialis and lateralis, m. rectus femoris, m. adductor
longus, m. biceps femoris, m. gluteus medius, m. gastrocnemius medialis and lateralis. From the
spatial coordinates of the investigated antropometrical points the kinematical data (step length, step
width, knee, hip and pelvic angles) were calculated. Muscle-activities are characterized by EMG
envelope-curves in time-function.

Results

The results of the osteoarthritis side were compared with those of the healthy side. The difference
in the step width and the step length between the two sides is not significant. Significant statistical
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Results

Normal graph of sagital plane foot motion to the ground level has been established. This graph
shows a 20◦ foot-ground angle at initial contact. At loading response the foot angle drops to−5◦
(first rocker) which remains almost unchanged, until pre swing phase, where heel starts to rise rapidly
(40% of gait cycle).

At the beginning of swing an angle of−60◦ to −70◦ is reached and then a very rapid decrease
occurs. At 90% of the gait cycle the foot is parallel to the ground and at the end of the swing the foot
has reached a 20◦ angle preparing for the next gait cycle.

Discussion

By defining the normal graph of sagital foot-ground angle, changes of foot angular positions were
documented. Knowing these changes and comparing to various pathologic cases, useful information
were collected. For example foot-ground angle showed clearly the early and late heel rise at stance
phase, true and apparent equines [3], drop foot behavior, etc. This information is missing from Gait
Analysis reports and is considered to add to the foot motion evaluation. It was observed that in cases
with valgus or rocker-bottom foot, the foot-ground axis is being distorted. Careful evaluation of this
angle should be considered in these cases.
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Botulinum Toxine
S1.5:Kinematic and functional assessment of botulinum a toxin injections into the upper limbs
of children with cerebral palsy
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ifferences in joint angles were observed between the non-affected and affected limbs. Th
esults suggest that the muscles biceps femoris, gluteus medius, and gastrocnemius lateral
ecreased activity during both phases of the gait compared to the non-affected side. Six
xhibited an adductor longus avoidance gait pattern, which means that the adductor longus p
MG activity only during the early stance and late swing phases.

iscussion

n this research, spatial gait parameters did not show significant asymmetry, although all pati
nilateral hip diseases. This may occur when the patient walks with short steps or when comp
ovements of other joints are involved. Asymmetry was observed in the range of hip motion
s knee motion. The maximum hip flexion and extension on the affected side were inversely co
ith the maximum hip extension and flexion on the non-affected side. Therefore, it was su

hat the increased motion of the opposite hip was a compensatory function. The study sho
he increased pelvic obliquity directly correlated with the range of hip flexion. When the range
otion is decreased, it might be expected that increased pelvic obliquity would occur as compe
he present study detected an influence of the decreased range of affected hip motion on the i
nee as a decreased range of knee joint motion. Evidence of adductor longus avoidance pat
bserved in 43% of investigated patients. It suggests that the reduced rotation of the pelv
esult in a reduced rise in adductor longus EMG activity during pre-swing. The reduced act

gluteus medius, m. gastrocnemius and m. biceps femoris activity could be verified by the
ange of hip motion, gait speed, and step length.
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1.4:Sagital motion of the foot in relation to the ground based on gait analysis graphs. Shou
oot-ground angle be included in gait analysis reports?
. Darras1,∗ , D. Pasparakis2, M. Tziomaki1, C. Nestoridis1, G. Pistevos2

ELEPAP Gait Lab, Hellenic Society for Disabled People, Athens, Greece; 22nd Orthopaedic De
artment “Aglaia Kyriakou”, Children Hospital, Athens, Greece

ummary

his paper describes the foot-ground angle normal graph of and its use for more accurate ev
f foot motion.

onclusions

he normal foot-ground angle graph was plotted and described. A better understanding of
otion was achieved when beside ankle joint angle, the angle between foot and ground was i
sing both graphs, foot motion is more clearly described, deceptive instances are revealed
quinus, early heel rise, etc.) and a more accurate evaluation of the underlying pathology is a

ntroduction

sually gait analysis reports are measuring foot motion using only ankle joint angle [1,2]. Th
ead to misinterpretations of foot motion relative to the ground. The purpose of the study was
nd evaluate sagital foot motion based on usual gait analysis data and the foot ground-angle

atients/materials and methods

D BIOKIN Motion Analysis System was used to capture a 19 vertexes model, which included
elvis, thigh, shank and foot. None of the above markers was a virtual marker. The foot-groun
as measured by calculating the angle between the heel—third metatarsal axis and the grou
ositive angles indicated toes pointing upwards. Negative angles indicated toes pointing dow
arious cases of different foot behaviors have been identified from our pool of measurement
.C. Robertson1, S.F. Attfield1, J. Nicholson2, A.E. Uutela1, R.E. Morton2

Gait and Movement Laboratory, Derbyshire Royal Infirmary, Derby, UK; 2Ronnie MacKeith Chil
evelopment Centre, Derbyshire Children’s Hospital, Derby, UK

ummary

his study examined the effects of injecting elbow flexors, wrist flexors and pronator muscle
otulinum A Toxin (BTA). A kinematic analysis of a standardized reach was carried out at ba
and 12 weeks post injection. To access changes in daily living a PEDI assessment was use

ession and a carer questionnaire given at the 12 week session. The hypothesis of the stud
here would be an improvement in function after the Botulinum Toxin injections.

onclusions

ariable results were seen indicating that BTA injections to the upper limbs may not always im
ctive function, and can sometimes interfere with joint control resulting in reduced usage. P
hould be carefully selected for this treatment, with specific goals being set and objective asse
fterwards to ensure there is benefit.

ntroduction

he benefits of using Botulinum toxin for treatment of the lower limb muscles of children
erebral Palsy have been widely investigated and demonstrated [1]. More recently the use
as been extended to the upper limbs. Two previous studies have looked at the functional e
TA treatment to the upper limb [2,3]. The first of these indicated that functional and self-he
ould be improved in hemiplegic children [2] and the second suggested that improvements w
n most subjects but in some there was a reduction in function [3]. The conclusion of this secon
as the variability of the outcome when performing upper limb injections.
A 3D movement analysis model of the upper limbs had previously been developed and t

sed in this study [4]. The hypothesis for the study was that the treatment given would improv
imb movements at the elbow and wrist joints assessed by performing kinematic analysis, stan
ssessment of daily living skills and specific goals for each subject.

atients/materials and methods

welve subjects aged 4–18 years (seven male and five female) were selected for treatment to
ine with hemiplegia and three with quadriplegia. The patients were injected with BTA (Dyspo
lbow flexors, wrist flexors and pronators according to need after an initial assessment. The
ttended a baseline assessment and then an assessment at 6 and 12 weeks. Kinematic anal
ix camera Elite (BTS Milan) system was performed at each of these sessions whilst the par
erformed a standard reaching task. A PEDI assessment was also carried out at each sessio
aily living skills at the final session a carer questionnaire was issued.
Maximal joint excursion, range of excursion and root mean square of error (RMSE) were me

nd used to analyse the data.

esults

he results suggest that individuals respond differently to BtA in the upper limb as the mean c
n the treatment group in terms of increased movement were small but the range large thus su
hat BtA can be useful in selected patients. The results of the study were looked at as a serie
tudies to look at individual aims and outcomes.
The carer questionnaires indicated the injections were often perceived to be beneficial and

arents would support further injections. They also indicated that the main benefit was easier d

iscussion

e found that collecting kinematic data for the upper limb was quite difficult due to the vari
ovements possible in the upper limb and problems of markers being obscured. The resu
ovement analyis are variable. Cosmetic benefits were reported by carers as were improve
ovement which made more tasks easier for carers. The results suggest that if people are m

o use the affected limb then greater improvements after treatment may be seen.
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S1.6:Theeffectsof ankle–foot orthoseson thegait of childrenwith cerebral palsyafter treatment
with botulinum toxin a: effects on temporal–spatial parameters and kinematics and kinetics of
the proximal joints
C. Huenaerts1,∗ , K. Desloovere1,2, G. Molenaers1,3 N. Jos1, B. Callewaert1
1Clinical Motion Analysis Laboratory of the University Hospital Pellenberg; 2Department of Reha-
bilitation Sciences, KULeuven; 3Department of Pediatric Orthopedics, Belgium
E-mail address:catherine.huenaerts@uz.kuleuven.ac.be(C. Huenaerts).

Summary

In this retrospective study, we focussed on the effects of ankle–foot orthoses (AFOs) on the proximal
joints after multilevel injections with botulinum toxin A (BTX). Therefore we analysed the gait pattern
of 23 children with Cerebral Palsy (CP). The use of AFOs after BTX results in additional beneficial
effects on temporal–spatial parameters and kinematics and kinetics of the proximal joints, compared
to the effects of AFOs before BTX.

Conclusions

Compared to barefoot walking, the use of AFOs introduced a more economic gait and improved
kinematics of hip and knee and kinetics of hip after BTX, which were not obvious (or less significant)
pre BTX. However, kinetics of the knee with AFOs post BTX showed that the alignment of the ground
reaction force with regards to the knee is not always appropriate. Therefore, retuning of AFOs is of
major importance after BTX.

Introduction

AFOs and injections with BTX are both known as successful treatments for children with CP. The
positive effects of BTX on the gait pattern are well-described [2,5,6]. But it doesn’t always provide
the expected effect. The use of AFOs often results in better temporal–spatial parameters and a better
position of the ankle in the sagittal plane [1,3,4]. However, for the proximal joints, there is less
consistency in the results in literature [1,4]. Therefore, in this study, we mainly focussed on the
effects of AFOs after BTX, compared to the results of AFOs before BTX, more specific for the
proximal joints.

Patients/materials and methods
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consequences resulted. There was a lack of control in identifying axes of rotation at joints of interest.
Body segments were not tracked independently, but rather, markers on one segment were used to define
virtual markers that tracked adjacent segments in a mathematically exact solution. This allowed errors
to cascade from the pelvis, through the thigh, shank, and foot segments. Finally, the foot was modeled
using only two rotational degrees of freedom.

We believe these fundamental limitations cause inaccurate results in coronal and transverse plane
rotations at joints of the lower extremities (classic problem areas for children with cerebral palsy),
yet these limitations are no longer necessary. More eloquent, mathematically optimized solutions
have been used in research settings [9], allowing body segments to move independently in three-
dimensional space by tracking three rotations and three translations (i.e., sliding or gliding motions)
for a total of six degrees of freedom (6DOF). A least squares 6DOF approach (LS-6DOF) offers
additional accuracy by using an over-determined set of physical markers to track individual segments
while accounting for measurement error [10–12]. Least squares kinematics provide more complete
input for induced acceleration analyses [13], and may eliminate the need for computationally more
demanding least squares kinetics in muscle modeling [14,15].

In this presentation, we compare the CGM with two LS-6DOF models: one in which joint centers
and local reference frames are identical to those in the CGM but where LS-6DOF tracking is used, and
the other where the hip and ankle centers change as well. We do this theoretically and experimentally,
through the study of twenty-five normal pediatric subjects for whom identical strides are analyzed
using the various techniques. We interpret statistically significant differences among 20 key gait
analysis variables in light of modeling differences and expected levels of accuracy. We also present
preliminary results for patients with cerebral palsy.
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wenty-three children with predominantly spastic type of CP were selected for this study. All o
ad a 3D gait analysis with and without AFOs (posterior leafsprings) before and 2 months afte
ait analysis and clinical examination was used for fine-tuning the BTX treatment, resultin

ombination of the following muscles: psoas, hip adductors, hamstrings, gastrocnemius and
s part of the integrated approach, all children received physical therapy and serial casting pr

reatment. A 3D gait analysis included video-analysis, kinematics, kinetics and EMG using a
amera VICON data capturing system and three AMTI force plates. Sixty-six parameters, in
emporal–spatial parameters, kinematics and kinetics of pelvis, hip, knee and ankle were sele
nalysed using the following statistical techniques: pairedt-test and the mean and RMSZ values for

he parametric data and Wilcoxon signed rank test for the non-parametric data. A Bonferoni co
as applied per level and per group of parameters resulting in a criticalP-value of 0.005. Raw da
ere compared to the data of 31 healthy children.

esults and discussion

efore BTX, the use of AFOs significantly improved gait velocity (P < 0.0001), due to an increa
n step length (P < 0.0001). After BTX, the same gait velocity was reached with an increase
ength (P < 0.0001) and a decreased cadence (P < 0.0005), resulting in a more economic gait. Th
ere no significant changes in the kinematics of the pelvis. At the hip, AFOs significantly dec

nternal hip rotation at initial contact pre and post BTX and at midstance and terminal stanc
nly post BTX (P < 0.001). In the sagittal plane at TSt, AFOs created a more significant incre
ip extension post BTX (P< 0.0001) compared to pre BTX. This, in combination with the signifi

ncrease in hip flexion at IC (P < 0.0001) pre and post BTX, may explain the previously mentio
ncrease in step length. AFOs combined with multilevel BTX, compared to the AFO gait pre
esulted in an improvement of the maximum knee extension in stance (P < 0.01). Increasing kne
exion velocity in swing was found by applying AFOs, both in pre and post BTX condition. A
ositively influenced the total range of sagittal knee motion, only after BTX (P < 0.005). In pre an
ost BTX condition, the AFOs slightly corrected the prolonged hip extension moment. The ma
nee extension moment increased pre (P < 0.001) and post (P < 0.05) BTX. Although a better kne
xtension with AFOs was found in post BTX situation, the knee extension moment increase
an be explained by an inappropriate alignment of the ground reaction force. This indicate
ood retuning of the AFOs is of major importance after BTX.

eferences

1] Abel, et al. Arch Phys Med Rehab 1998;79:126–33.
2] Boyd, et al. Dev Med Child Neurol 2000;42:32–41.
3] Brunner, et al. J pediatric orthop 1998;18:719–26.
4] Carlson, et al. Am. J Phys Med and Rehab 1997;76(3):219–25.
5] Molenaers, et al. Eur J Neurol 2001;8(Suppl 5):88–97.
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eynote lecture 1: 11:00 to 11:40
ringing mathematically optimized biomechanics to clinical gait analysis
.L. Buczek∗, M.J. Rainbow, K.M. Cooney, M.R. Walker, J.O. Sanders
hriners Hospitals for Children, Erie, PA, USA

eynote summary

he current use of biomechanics to diagnose and treat sequelae of cerebral palsy (i.e., a
mpairments and disabilities) follows a long history of human movement studies. Instrument
nalyses appeared in the scientific literature more than a century ago [1,2]. A benchmar
imensional study in 1950 used inverse dynamics to estimate forces at the joints [3], but calc

or a single stride took nearly a year to complete. The advent of computers greatly reduced th
nd in the early 1980s clinical gait analysis became practically implemented through a biomec
odel that would become known as the Conventional Gait Model, CGM [4–8]. This protocol

he basis for the majority of clinical gait analyses performed today in the United States and
ut it does so without taking advantage of important technological advances. Unfortunately, th
as developed at a time when multiple camera views were hand digitized, limiting the num
otion picture cameras that could be used for data collection. Several undesirable math
ait
2.1:The influence of 3-month body-weight-loss treatment on selected kinematic gait param
ers in obese women
. Plewa1, J. Ciéslinska-Swider1, B. Bacik1, B. Zahorska-Markiewicz2, A. Markiewicz1, J.W.
łaszczyk1

Academy of Physical Education, Katowice, Poland; 2Silesian University School of Medicine, K
owice, Poland

ummary

he effect of the body weight-loss-treatment on gait parameters were analyzed in 25 obese
heir spatial and temporal limb movement parameters were compared before and after the t
nd contrasted then to those parameters recorded in the control group consisting of 20 age-

ean woman. Gait parameters were recorded while walking with a preferred speed on 10 m
rized gait mat. For analysis purpose the obese group was split into groups A and B, with
eduction respectively greater and smaller than 9%. After the treatment gait in subjects from
roup was characterized with a decreased single and double support phases and with a lon
ycle and did not differ significantly from the normal gait profile recorded in the control group.
ositive effects were not observed in the group B.

onclusions

he body weight reduction (of more than 9% of initial body weight) after 3-month treatment re
n the adaptive changes of the gait parameters. After the treatment these parameters approac
f these parameters observed in the control group. The direction of the changes suggests that
ody weight makes the obese women walk differently in order to counteract the altered biomec
onditions.

ntroduction

ow in Europe about 20–30% of adult population is obese. The evidence is overwhelming
ssociation of obesity to a number of medical conditions. These include: insulin resistan
ertension, coronary artery disease, dyslipidemia, certain types of cancer, etc. [1]. Excess
eight and amount of adipose tissue also affects function of locomotor system by limitin

ange of motion and forcing the muscle system to work in altered biomechanical condition
ng various physical activities, including walking [2]. Treatment of obesity includes mainly a
riate diet modifications and increased physical activity. Weight loss of more than 10% of
ody weight within the first 3 months of treatment is considered as a desirable outcome

herapy [1].

atients and methods

xperimental group consisted of 25 obese women divided into group A (weight loss of >
nitial weight): n = 12, age 23–49 (33.7± 7.3 year), BMIbefore: 30.1–42.8 (36.4± 4.5 kg/m2) –
MIafter: 24.3–38.8 (31.3± 4.7 kg/m2) and group B (weight loss of <9% of initial weight):n =
3, age 20–53 (35.2± 11.6 years), BMIbefore: 30.6–45.5 (37.3± 5.1 kg/m2) – BMIafter: 28.3–35.3
35.3 ± 4.7 kg/m2). The control group C consisted of 20 lean women: age 21–52 (37.3± 10
ears), BMI: 18.7–24.5 (21.5± 1.7 kg/m2) The following gait parameters were evaluated o
0 m computerized gait mat: walking velocity—v (m/s); stride length (m); cadence—F (cycles/min)
ait cycle (s) and time duration of: swing, stance and double support (2support) (% of t
ycle).

esults

ean values of the parameters recorded before and after the treatment in group A are pre
able (t-test), none of respective parameters recorded in group B showed any statistical signi

mailto:catherine.huenaerts@uz.kuleuven.ac.be
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V
(m/s)

Stride
(m)

F
(steps/min)

Gait
cycle (s)

Swing
(%)

Stance
(%)

2support
(%)

A before 1.09 1.23 105.7 1.15 34.41 65.41 15.5

A after 1.12 1.25 106.4 1.14 35.4 64.44 14.62

P NS NS NS NS <0.02 <0.04 <0.03

Control 1.03 1.23 99.9 1.21 35.51 64.49 14.49

Discussion

After the weight loss of more than 9% of initial body weight, swing phase of walking becomes longer
and support and double support phases become shorter. These changes reflect decreased mechanical
load in the limbs. The recorded parameters after the treatment in group A are similar to these observed
in control group. Such changes of temporal gait parameters (mainly shortening of support phases)
suggest that after the desirable weight loss treatment women do not have to counteract increased
impact forces during heel strike and do not need to generate increased propulsive forces required for
transferring of their body weight [3].

References

[1] Zahorska-Markiewicz B. Otylosc-poradnik dla lekarzy (Archi-Plus) 2002;8–9:22.
[2] Messier SP, et al. J Appl Biomech 1996;12:161–72.
[3] Hamilton N, Luttgens K. Kinesiology. Scientific basis of human motion. McGraw Hill; 2002. p.

478–9.

S2.2:A prospective study to gait related risk factors for exercise-related lower leg pain
T.M. Willems1, D. De Clercq2, A.G. De Cock2, E.E. Witvrouw1

1Department of Rehabilitation Sciences and Physiotherapy, Ghent University, Ghent, Belgium;
2Department of Movement and Sports Sciences, Ghent University, Ghent, Belgium

Summary

A prospective study was conducted to investigate the relationship between gait biomechanics and
exercise-related lower leg pain.

Conclusions

The findings of this study suggest that altered biomechanics play a role in the genesis of exercise-
related lower leg pain and thus should be considered in prevention and rehabilitation of this pathology.

Introduction

Exercise-related lower leg pain, as stress fractures of the tibia, medial tibial stress syndrome, pe-
riostitis, compartment syndrome, is a common and enigmatic overuse problem in athletes and
military populations [1]. Especially runners, track athletes and athletes participating in jump-
ing sports as basketball, volleyball and dancing are diagnosed with exercise-related lower leg
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S2.3:Movement patterns in frontal plane in Legg–Calv́e–Perthes disease
B. Westhoff, A. Petermann, M. Jäger, R. Krauspe
Department of Orthopedics, Heinrich-Heine-University, Moorenstr. 5, D 40225 Duesseldorf, Ger-
many

Summary

The movement pattern in the frontal plane of 33 patients with Perthes disease was analysed. Two
different types could be identified: one corresponds to the “Trendelenburg” gait without any load
reduction for the affected hip, the other type leads to an unloading of the hip by a shift of the thorax
to the ipsilateral hip while the pelvis is in level or elevated during single stance phase.

Conclusion

There are gait deviations in the frontal plane in patients with Perthes disease. A movement pattern
which reduces the hip load should be trained and may influence the final result.

Introduction

Legg–Calv́e–Perthes disease is a self-limiting, iuvenile osteonecrosis of the femoral head among
children 4–10 years of age. The final outcome is dependant on the deformity of the femoral head
and the congruity of the hip joint. Till now follow-up- and outcome-evaluations are analysing only
subjective results, clinical parameters like range of motion measurements and radiological changes.
There are no studies evaluating the functional impairments during gait.

Materials and methods

Thirty-three children (24 males, 9 females, average age 8.0 years) were included in the study. Inclusion
criteria were: (1) unilateral hip involvement, (2) age≥ 6 years, (3) no previous surgical treatment at
the hips, (4) no other disorder leading to gait deviations. All children were investigated clinically and
radiologically. Three-dimensional gait-analysis was performed with a VICON 512 system. Patients
walked at a self-selected speed—barefoot. Kinematic parameters of the thorax, the pelvis and the
hip and the kinetic parameters of the hip in the frontal plane were evaluated during single stance and
compared to a group of normal children (n= 30, 14 male, 16 female, average age 8.1 years). Therefore
the values of all the data points during single stance were averaged from five trials and these were
included in the final analysis.

Results

Two pathologic movement patterns could be detected compared to the normal group
Type 1 (n = 3):

• thoracic tilt (in relation to pelvis) towards involved side < 2 s during single stance,
• pelvic tilt towards non-involved side during single stance and/or maximum pelvic tilt,
• during stance phase > 2 s,
• hip adduction during single stance and/or maximum hip adduction during stance > 2 s.

Type 2 (n = 12):

• thoracic tilt (in relation to pelvis) and/or thoracic tilt (in relation to the global system),
• during single stance towards involved side <2 s,
• pelvic tilt during single stance and/or maximum pelvic tilt during stance <1 s,
• hip adduction during single stance and/or maximum hip adduction in stance <1 s,
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Retrospective studies have noted excessive dynamic foot pronation in subjects with a hi

xercise-related lower leg pain [2,3]. In addition, static foot posture in subjects with exercise-
ower leg pain also showed pronated foot alignment [4]. However, cross-sectional studies on
linicians to establish relationships. Only longitudinal prospective studies can determine caus
rto, no studies have been undertaken to scientifically determine biomechanical intrinsic risk
f exercise-related lower leg pain on a prospective basis. Therefore, the purpose of the curre
as to prospectively determine risk factors for exercise-related lower leg pain in order to in
nowledge of the aetiology.

atients/materials and methods

ubjects were 400 healthy undergraduate physical education students. Lower leg align
lantar-dorsiflexion range of motion, inversion–eversion range of motion, position of the
eus and flexion–extension range of motion at the first metatarsophalangeal joint, was det
D-gait kinematics combined with plantar pressure profiles were collected during barefo
ing at a speed of 3.33 m/s. The experimental set-up consisted of a 2 m× 0.4 m force platform
et into a 16.5 m indoor running surface. Video data were collected at 240 Hz using se
rared cameras (Proreflex) and Qualisys software. For plantar pressure data a footscan
late (RsScan, 2 m× 0.4 m, 16384 sensors, 480 Hz, dynamic calibration with AMTI), mou
n top of the force platform was used. After the evaluation, all sports injuries were registe

he same sports physician during a certain period. During this period, 46 of the subjects
ped exercise-related lower leg pain, of whom 29 subjects had bilateral complaints. So 75

omatic lower legs, 35 left and 40 right were classified into the exercise-related lower leg pain
s control group, bilateral feet of 167 subjects who had no injuries at the lower extremitie
elected.

esults

ox regression analysis revealed that the gait of subjects who will develop exercise-related lo
ain has typical characteristics of a central heel contact at first foot contact. In addition, at f
at and heel off, these subjects show a foot type, which is more pronated and accompanied w
ressure underneath the medial side of the foot. Resupination is increased and the roll off
appen across the hallux, but more laterally, probably because of the diminished support at
etatarsophalangeal joint.

iscussion

he results of this study affirm an earlier statement that increased pronation is associated
ncreased incidence of exercise-related lower leg pain. When the rearfoot pronates, the foot

mobile adaptor that allows shock attenuation. Because the rearfoot and knee are mec
inked by the tibia and because of the inclined axis of the subtalar joint in the sagittal plane, pr
n the foot normally leads to internal rotation at the knee [5,6]. However, as we see in ou
hat pronation at the rearfoot is increased in our injury group but the internal rotation at th
s not increased, these motions could be absorbed by musculoskeletal structures in the l
tself. This could lead to excessive midtibial torsion stress during the stance phase. On th
and, increased inversion moments may be associated with the excessive pronation as th
usculature attempts to control the motion. This may lead to excessive eccentric traction to th

exor and invertor musculature which has their origin on the medial and posterior region of th
uring running, each foot strikes the ground approximately 600 times per kilometre. When ea
trike then generates a strain on the midtibial musculoskeletal structures, the musculoskeleta
ay become overloaded and overuse injury is likely to occur.

eferences

1] Beck. Sports Med 1998;26:265–79.
2] Messier, Coll. Med Sci Sports Exerc 1988;20:501–5.
3] Viitasalo, Coll. Am J Sports Med 1983;11:125–30.
4] Sommer, Coll. Med Sci Sports Exerc 1995;27:800–4.
5] McClay, Coll. J Appl Biomech 1997;13:109–24.
6] Hamill, Coll. Med Sci Sports Exerc 1992;24:807–13.
• at least two criterions fulfilled.

ourteen patients showed a physiologic movement pattern in the frontal plane. The patter
ther four patients could not be assigned to either of the types. The abductor moment of the
ide during single stance was reduced in type 2 (0.24± 0.09 N m/kg) compared to type 1 (0.43±
.11 N m/kg) and to the normals (0.40± 0.08 N m/kg).

iscussion

he load of the hip joint is mainly depending on the internal abduction moment during single
hase which itself depends on the muscle strength of the abductors. These are commonly
erthes disease. Abductor weakness can be compensated either by a pelvic drop to the

imb in combination with a compensating thoracic tilt to the stance limb (Trendelenburg gait
thoracic tilt to the stance limb with the pelvis stabilised (Duchenne gait).
The type 1 pattern corresponds well to the Trendelenburg pattern and can now be define

itatively: pelvic drop to swinging limb during single stance >4◦ and/or maximum pelvic drop
tance phase >8◦, thoracic tilt in relation to pelvis to stance limb during single stance phase◦,
ip adduction during single stance phase >9◦ and/or maximum hip adduction in stance phase >◦.
he increased adduction of the hip joint and the pelvic drop leads to a reduction of the cove

he femoral head and doesn’t change the load of the hip joint. Therefore this movement pa
nfavourable for the joint and should be treated by physiotherapy.
The characteristic of the type 2 pattern is a thoracic tilt in relation to the global system of◦ to

he stance limb in combination with a pelvis either in level or elevated on the swinging limb sid
psilateral trunk lean decreases the external moment about the hip in single-limb support by de
he external moment arm of the body weight force and consequently leads to a load reductio
oint. So this type of movement pattern should be trained in children with Perthes disease.

eferences

1] Neumann DA. Biomechanical analysis of selected principles of hip joint protection. Ar
Care Res 1989;2:146.

2] Schr̈oter J, et al. The ‘Entlastungsgang’. A hip unloading gait as a new conservative ther
hip pain in the adult. Gait Posture 1999;9:151.

2.4:Are we taller during walking than during standing ?
arlo Frigo, Esteban Pavan
BM Laboratory, Department of Bioengineering, Polytechnic of Milan, Milano, Italy

ummary

reliminary results are presented concerning spine movements during walking. The distance
7 spinal process and Sacrum (overall spine length) has been analysed in relation to ch
yphosis and lordosis in normal subjects (20 teen agers, 14 adults). The mean value com
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walking was approximately 5% higher than in standing for boys in the 10–12 years age range. Girls in
the same age range exhibited relatively smaller percentages of spine length increase (3.6%). Looking
at adult groups a negative correlation with age seems to exist.

Conclusions

The increase of the overall spine length during walking, which is related to a reduction of the phys-
iological spine curves, can in turn be related to the state of muscle contraction required to activate
the locomotory system. The negative correlation with age, if confirmed, could be explained with a
reduced spine mobility. To exploit the potential of these findings in clinical application, these data
need to be validated on a wider population, in order to better understand their implications in terms
of biomechanics and motor control.

Introduction

Most of the gait analysis studies refer to lower limb joints, and little attention is usually deserved to
the trunk. As it is presumable that a reduced spine mobility can affect the gait pattern in a specific
way, we have developed a quite comprehensive protocol oriented to the trunk movement analysis [1].
Retroreflective markers were put on lower limbs, pelvis, shoulders, and on eight spine processes from
C7 to Sacrum. Looking at the distance between C7 and Sacrum we found out that, surprisingly, during
walking this distance was always greater than in standing upright posture. A preliminary investigation
was then carried out to confirm and try to understand this phenomenon.

Patients/materials and methods

Ten male and 10 female subjects, in the age between 10 and 12 years old, were analysed through a
TV-based motion analysis system while walking barefoot at their natural cadence. The protocol of
marker’s positioning was the one mentioned above [1]. Additional data were collected on eight male
students (24–30 years age range), three female students (20–21 years age range), and one elderly
subject (male, 67 years old) with a different, total body protocol, which also included the markers on
C7 and Sacrum [2]. The kyphosis and lordosis angles were defined on the basis of the spine markers
and were analysed in relation to the overall spine length.

Results

The overall spine length, as defined above, was in all subjects higher during walking than during quite
standing. Periodic length changes along the stride, expressed as percent of the standing upright spine
length, were in the range from 0.6% (males in the teen agers group) to 1.3% (males in the university
students group) with maximum occurring within single limb support, and minimum during double
limb support. The average length, computed along the stride cycle as a percentage of the standing
upright length, was 5.1% (2.1 S.D.) in the male teen agers, 3.6% (2.6 S.D.) in the female teen agers,
1.2% (1.4 S.D.) in the male university students, and 1.0% (1.1 S.D.) in the female university students.
In the elderly subject this value was 1.3% (0.8 S.D.).

Discussion

Two findings are worth investigating: (1) the increase of the average spine length during walking, and
(2) the reduction of such an increment with age. First of all the possibility that skin motion artefacts
can affect our spine length measurement should be carefully rejected. Some evidence is in favor of
the reliability of our data. In fact the physiological spine curves are shown to become less pronounced
in correspondence with the increase of spine length. However a special testing protocol is under
definition to validate our results, and a systematic testing of different age populations is on planning.
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Fig. 1. Moment arm of gastrocnemius (medial and lateral heads) at the knee, ankle and subtalar joints.

• A predominance of forefoot loading, which will have an everting effect when the foot is flat,
moving towards inverting as the heel rises.

• Gastrocnemius weakness, either as part of the pathology or as a consequence of treatment.
• Spasticity or weakness of other muscle groups.
• Mal-alignment of the subtalar joint axis or joint disarticulation.

S2.6:Lower limbmuscle activity patterns and contractionmodalities in gait for healthy growing
children and adults
K. Desloovere1,2, G. Molenaers1,3, C. Huenaerts1, B. Callewaert1, P. Van de Walle1, E. Mestdach1,
I. Jonkers4, R. Baker5
1Clinical Motion Analysis Laboratory of the University Hospital Pellenberg; 2Department of Reha-
bilitation Sciences (KU Leuven); 3Department of Pediatric orthopedics; 4Department of Kinesiology
(KU Leuven) Belgium; 5Hugh Williamson Gait Laboratory, Melbourne
E-mail address:kaat.desloovere@uz.kuleuven.ac.be(K. Desloovere).

Summary

Lower limb EMG activity, as well as muscle length patterns were estimated for a large group of
healthy growing children. Variability in EMG phases and contraction modalities were described for
six age groups.

Conclusions

Different types of EMG patterns were observed for different age groups. Except for the quadriceps,
the duration of activity (expressed in percentage of gait cycle) decreased with increasing age. Differ-
ences between age groups were mainly found in stance phase. Except for the triceps, the contraction
modalities (concentric, eccentric, isometric) were mature at 3 years of age.

Introduction

Significant differences in normal activity patterns of major muscle groups during walking have been
described for adults. The main purpose of the study was to quantify muscular activity patterns and
contraction modalities for a group of normal children and adults (N = 78).

Methods

Sixty-five healthy children, divided in five age groups (from 3 to 4 (N= 13), 5 to 6 (N= 10), 7 to 8 (N
= 14), 9 to 11 (N = 14) and 16 to 17 years (N = 14)), as well as 13 adults, underwent a full body 3D
gait analysis. Kinematic and kinetic data were collected using an eight camera VICON system (612)
and three AMTI forceplates. Muscle activity of eight lower extremity muscle groups were obtained
bilaterally, using a surface EMG system (High-pass filter, 20 Hz, 18 dB/oct + low-pass filter). For
each subject, EMG on/offset determination was performed by visual evaluation of the EMG traces
(definition of detectible rise in EMG activity above the steady state with 2 S.D. from the rest phase
signal as a reference for steady state), for six gait trials at self-selected speed. The activity patterns
were averaged per limb. The muscle lengths of Gastrocnemius (GAS), Soleus (SOL), Tibialis anterior
(TA), Rectus Femoris (REF), Vastus Lateralis (VL), Biceps Femoris, Semitendinosis and Gluteus
Medius were estimated using a four segment musculoskeletal model [1] with lower limb segment and
joint kinematics as input for the model. For each age group, frequency of different activity profiles
(timing and duration of on/off phases), as well as contraction modalities (shortening, lengthening or
isometric condition defined from muscle length patterns) were described and compared to normal
a ilcoxon
s
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uscle
2.5:Gastrocnemius: a three joint muscle
tewart Caroline1, Roberts. Andrew1, Jonkers Ilse2

ORLAU, UK; 2KU Leuven, Belgium

ummary

his study uses a musculoskeletal model to analyse the action of the gastrocnemius musc
nee, ankle and subtalar joints. The results assist in understanding both the normal function
ffects of pathology.

onclusions

astrocnemius tends to stabilise the normal subtalar joint, hence tightness alone does not ac
he subtalar mal-alignment often seen in conditions such as cerebral palsy.

ntroduction

astrocnemius is a three joint muscle, crossing the knee, ankle and subtalar joints. As such it
ction is complex, becoming more so in the presence of pathology. Musculoskeletal models a

ools for examining the relationships between cause and effect, particularly when considering
hich cross more than one joint.

aterials and methods

musculoskeletal model was constructed using the SIMM software package. It was scaled to
dult male dimensions and validated against published data. The model included knee, a
ubtalar joints and represented the paths of the two heads of the gastrocnemius muscle sepa
eries of straight-line sections. The moment arm of a muscle gives its leverage about a particu
hose for gastrocnemius were examined at all three joints. A geometrical analysis of the subt
irection was also carried out for different foot postures, by rotating the foot about an axis t

he metatarsal heads.

esults

astrocnemius has its greatest moment arm at the ankle joint. The subtalar moment arm is s
osture dependent. Tension in gastrocnemius will tend to pull the subtalar joint towards an al
f 12◦ of inversion.
The geometric analysis revealed that the projection of the subtalar axis into the transver
oves laterally across the forefoot as the heel rises.

iscussion

astrocnemius provides gentle stabilisation for the subtalar joint, inverting an everted heel a
rating extreme inversion. It is perfectly designed to balance normal loading without locki
ubtalar joint too solidly.
In children with cerebral palsy, gastrocnemius tightness is frequently seen with subtala

lignment. In fact the subtalar posture and subsequent foot deformity are often seen as cons
f muscular tightness. This study shows that the link is indirect, as the normal action of the gas
ius muscle promotes subtalar stability. Other factors must be sought to explain subtalar de

n cerebral palsy. These might include,

dults. Between group differences of activity profiles and duration were compared by the W
igned rank test.

mailto:kaat.desloovere@uz.kuleuven.ac.be
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Results and discussion

GAS and SOL showed similar activity patterns in the different age groups, however with a slightly
increased duration of activity for the youngest children. Triceps activity in terminal swing was fre-
quently observed, especially in the 3–4 years old children. The onset of GAS activity, expressed in
% in the gait cycle, delayed from 20.1% for the 3–4 years old children to 27% for adults. The most
common contraction modality was eccentric contraction of GAS (lengthening) until 46% of the gait
cycle, usually followed by a short period of concentric contraction (shortening of GAS) until 51% of
the gait cycle. However, concentric GAS contraction at terminal stance was not recognized for 37.2%
of the children of the 3–6 years group, 14.3% of the 7–11 years group and 7.8% for 16 years-adults,
which may be related to the electro-mechanical delay. Similar patterns were found for the SOL. Young
children more frequently show prolonged activity of TA in stance (46.5% of the children for 3–6 years
group, 32.1% for 7–11 years group, and 26.9% in the 16 years-adult). TA activity and contraction
modalities in swing were similar for the different age groups, starting with 5% eccentric, followed
by 20% concentric activity, a period of variable muscle length, and finally eccentric activity at the
end of swing. Terminal swing is characterized by cocontraction of TA and GAS. REF was active
from terminal swing until 10–15% of the gait cycle. The EMG amplitude decreased and the duration
of activity increased with increasing age. The main contraction modality for REF is eccentric for
all subjects, starting at the end of swing phase, preceded by a period of concentric activity in mid-
terminal swing. Thirty-three percent of the subjects also showed an eccentric activity for REF around
toe off. Hamstrings (HAM) activity was characterized by increased duration of concentric activity in
stance for the youngest children compared to adults. Terminal swing showed isometric co-contraction
patterns for REF and HAM in all subjects.
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Energy Consumption
S3.1:Objective assessment in cervical dystonia
Lena Zetterberg1, Sten-Magnus Aquilonius1, Birgitta Lindmark1, Erik Lundstr̈om1, Virgil Stokes2,
Catarina F̈arnstrand3, Kjartan Halvorsen4
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Summary

The result of the investigation showed no significant difference between Energy Expenditure Index
(EEI) from test to retest for patients with cervical dystonia (CD) however there was a significant
difference between EEI for the controls. More energy is required for most of the patients with CD to
perform active movements in the neck than for healthy persons in this study.

Conclusions
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Conclusions

A moderate correlation between the walking test and energy efficiency was demonstrated.

Introduction

Walking tests are used frequently in respiratory medicine to quantify exercise tolerance. Simple
measures such as walking speed over short distances have correlated strongly with measures of
function in children with CP [1], however the ability of a ‘fast’ walk test to predict energy efficiency
in the CP population has not yet been assessed.

Patients/materials and methods

Sixty-three children with bilateral CP gave consent to participate in this study. All participants were
able to walk at least 10 steps with or without assistive devices, but the assistance of another person
was not permitted.

The 1 min walk test was carried out on an oval 20 m level track. After resting for 5 min, children
were asked to walk as fast as possible around the track for 1 min. Distance was calculated using
markings on the track. Oxygen consumption was recorded using the Cosmed K4b2 telemetric system.
Children rested for 5 min, then walked around the 20 m track for 5 min at their normal walking speed
and finally rested again for 5 min. Net oxygen cost recorded during the final 2 min of the walk was
used for analysis.

Results

Thirty-seven children (15 female, 22 male; range 4–16 years; mean age 11.79 [±3.24]) were able to
complete both tests. Of the 26 children who did not complete the O2 consumption protocol, 8 refused
to participate, 12 were too physically restricted and 6 and were unable to comply with the procedure
due to learning disability. A quadratic model offered the highest unadjusted correlation coefficient
and demonstrated a moderate correlation (r = 0.736) between the two variables as shown in the figure
below.
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he EEI seems to be a useful measure for detecting and quantifying movement disorder in C
rovides an objective assessment of the movement disorder in CD as supplement to existing
ystems based on clinical judgement. It may enable an objective outcome measure of the re
reatment and in comparing effectiveness of different therapies.

ntroduction

he aim was to characterize and quantify the irregular movements in CD by using an estima
echanical power and work involved in the movements, described through an energy exp

ndex (EEI) and to present EEI as an objective measure for assessment of CD.

atients/materials and methods

ix subjects with CD were compared with six healthy subjects in this pilot-study. A three-dimen
otion capture system (ProReflex camera system) was used. The subjects were seated in

creen with a laser pointer attached to a headband while they performed standardized move
est-retest was performed.

esults

here was no significant difference between EEI from test to retest for the CD patients howev
as a significant difference between EEI from test to retest for the controls. The mean value
as significantly higher for the CD patients than for the controls.

iscussion

t is interesting to note that the result showed no significant difference between EEI from test t
or the CD patients however there was a significant difference between EEI for the contro
ight be due to an effect of learning which the CD patients were unable to obtain. The mo
isorder seemed to dominate over the effect of learning. As a result of treatment patients w
ften find it less demanding to perform active movements compared with before the treatme
se of an energy concept, applied as an EEI in this study, might catch the subjective feelin
asier and smoother way to perform active movements for CD patients after treatment. One li
f the method is the requirement of a sitting position because many patients find that the dev
aximal only in connection with dynamic activity such as walking. The EEI focuses on the ex

eature of CD and so far it is not known if this measure changes that are important for the
hemselves.
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3.2:The one-minute walk test as a predictor of oxygen cost in chilren with cerebral palsy
laire Kerr1, Brona McDowell1, Jackie Parkes2, Aidan Cosgrove1

Musgrave Park Hospital, Belfast, N. Ireland; 2School of Nursing& Midwifery, Queen’s Universit
elfast, N. Ireland

ummary

he ability of a 1 min walk test at a child’s maximum walking speed to predict energy efficiency
ait in children with bilateral cerebral palsy (CP) was assessed. Distance covered during a 1
alk was compared to steady state oxygen consumption during a 5 min walk at self-selected
iscussion

he moderate correlation obtained between distance walked during a 1 min fast walk and
xygen cost of gait suggests that the 1 min walk test may be an adequate predictor of ene
iency in children with bilateral CP in the absence of more sophisticated oxygen consumption
quipment. The reduced compliance with the O2 protocol further suggests that a 1 min fast walk m
e a useful adjunct for testing more disabled children in the clinical environment.
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3.3:The effect of walking speed on net-nondimensional oxygen cost
ichael H. Schwartz1,2, Richard Baker3
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-mail address:schwa021@umn.edu(M.H. Schwartz).

ummary

new normalization scheme was applied to oxygen data acquired from able-bodied voluntee
ng at various speeds.

onclusions

et nondimensional (NN) oxygen cost is markedly different than traditional (mass normalized)
any of the features of theNNcost versus nondimensional speed plot appear consistent with a s
easure of gait efficiency.

ntroduction

ross oxygen utilized per unit distance (O2 cost) is a widely accepted indicator of overall gait e
iency. Because O2 cost varies with the size of the subject, the data is usually divided by subjec
G/m normalization). TheG/m normalization scheme has been shown to be inadequate in s
revious studies [1–3]. The current study examines the speed dependence of a new norm
cheme that is based on the use of net oxygen consumption (Gross–Rest) and the non-dim
ait variables proposed by Hof et al. [3,4].

aterials and methods

xisting data from 194 able-bodied volunteers were analyzed. The test protocol consi
min quiet sitting followed by 6 min of barefoot walking at free, slow, and fast speeds with
etween conditions. Volume flow and oxygen concentration of inspired and expired gase
easured on a breath-by-breath basis. Steady state values for sitting cost, gross walking
alking speed were computed. The O2 costs were computed using the two normalization sche

Table 1).
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Fig. 1. Cost vs. speed. TheNNcurve exhibits a broad minimum about the free (self-selected) walking
speed and a rising trend at higher speeds. In contrast, theG/mcost strongly resembles 1/speed.

Table 1. Cost normalization schemes

G/m NN
Speed v v√

gLleg

Consumption Ȯ
gross
2

Ȯ
gross
2 −Ȯ

rest
2

mg
√
gLleg

Cost Ȯ
gross
2
mv

Ȯ
gross
2 −Ȯ

rest
2

mgv

Results

TheNNandG/mcosts are plotted relative to their corresponding speed variables (Fig. 1).

Discussion

NNoxygen cost exhibits a physically plausible dependence on normalized speed; a broad minimum
centered about the free speed and a concave upward curvature at high speeds. In contrast,G/m cost
clearly exhibits implausible traits; an asymptotically rising cost at decreasing speeds, and constant
(or falling) cost with increasing speeds. WhileNN cost appears to rise at slow speeds, the exact
form of the curve in this region is still uncertain due to the wide variation in the data and possible
underestimation of resting energy. This has significant implications for patient populations (such as
cerebral palsy) where slow walking speeds are the norm.
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S3.4:A study on maturation of oxygen rate and cost during walking and the influence of net
non-dimensional normalization using sitting and standing data
P. Van de Walle1,2, B. Callewaert1, C. Huenaerts1, G. Molenaers1,3, C. Meeusen1, J. Nijs2, B.
Baesens4, K. Desloovere1,5
1Clinical Motion Analysis Laboratory of the University Hospital, KU Leuven, Pellenberg, Bel-
gium; 2Department of Health Sciences, Hogeschool Antwerpen, Belgium; 3Department of Paedi-
atric Orhopaedics, KU Leuven, Belgium; 4School of Management, University of Southampton, UK;
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E-mail address:patriciavandewalle@pandora.be(P. Van de Walle).

Summary

To study maturation of energy expenditure (EE) it is suggested that obtained data should be normalized
for height and body weight. We studied the normalization for mass and leg length using the generally
accepted normalization to body mass and the net non-dimensionally method recently proposed by
Schwarz et al. [2] for a group of children between 3 and 17 years and adults.

Conclusions

EE during walking decreases with increasing age suggesting a mechanical and/or physiological mat-
uration. The tendency seen on mass normalized data does not change after net non-dimensional
normalization. Both sitting and standing data can be used for net non-dimensional normalization of
walking data.

Introduction

Oxygen rate (VO2/kg/min) and cost (VO2/kg/m) are widely accepted criteria to estimate EE during
walking. In order to study maturation normalization to body weight is widely accepted. The purpose of
this study was to evaluate the development of O2-consumption data in growing children and to verify
wetter the differences on mass normalized data remain when parameters are net non-dimensionally
normalized to mass, leg length and time.

Patients/materials and methods

In this study 38 healthy children, divided into three age groups (3–6 years (N = 13), 9–11 years (N
= 13), 16–17 years (N = 12)), and 13 healthy adults received a breath-by-breath O2-consumption
measurement (Cosmed K4b2) using a protocol of 5 min sitting, 3 min standing and 8 min walking on
a figure eight shaped track at a self-selected speed [1]. Average data on O2-rate were calculated for
the last 2 min of sitting, the last minute of standing and a steady state of 3 min in the second half of
walking, as well as velocity and O2-cost. Obtained data for velocity, O2-rate and cost were normalized
twice by the net non-dimensional method using both sitting and standing data to calculate net O2-
consumption [2]. For all age groups mean and S.D. were calculated and visualized in graphs. We used
the Wilcoxon signed rank test as a common heuristic to decide upon the statistical significance of the
observed differences between the groups.

Results and discussion

O2-rate decreased significantly by increasing age (P < 0.02), only the difference between the first
two age groups was not found to be significant.Net normalized ratealso decreased significantly by
increasing age, but the difference between the two youngest and the to eldest age groups was no longer
significant. O2-cost decreased significantly (P < 0.01) through all age groups, but fornet normalized
cost the difference became less significant. These results indicate mechanical and/or physiological
maturation of EE during walking, where gait pattern and/or aerobic capacity become more efficient.
When influence of mass and leg length is corrected by net non-dimensional normalization, difference
between age groups remains but, becomes less significant.

No significant difference was found between net non-dimensional normalization for rate and cost,
using either sitting or standing rate to calculate net O2-consumption. These results are confirming our
findings for mass normalized rate and cost, where we could not find a difference between sitting and
standing data. This implicates that final results would not be influenced by using sitting data for net
normalization in children and adults. If the same could be observed in patient population, disabled
children and adults could benefit from these findings.
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3.5:Age related kinetic changes in normal children from 3 to 16 years of age: energy flow is
earning process
. Desloovere1,2, G. Molenaers1,3, C. Huenaerts1, B. Callewaert1, P. Van de Walle1, I. Franki1, J.
ijs1

Clinical Motion Analysis Laboratory of the University Hospital Pellenberg; 2Department of Reha
ilitation Sciences (KU Leuven); 3Department of Pediatric Orthopaedics, Belgium
-mail address:kaat.desloovere@uz.kuleuven.ac.be(K. Desloovere).

ummary

inetic profiles were described for children from 3 to 17 years of age. Power and moment norm
o body mass in general increased with increasing age and non-dimensional power (norm
ass, length and time) decreased at the ankle and knee and increased at the hip. Young ch

he ankle as the main power generator, whereas adults use both ankle and hip as power gen

onclusions

inematic results of the study indicated that 6 years old children showed maturity for the m
or the gait parameters, while kinetics revealed that fine tuning of the energy profiles still d
ignificantly at a later age. Lack of control of mainly bi-articular muscles results in an imm
ontrol of gravitational forces.

ntroduction

ormal subjects potentially have the muscular capacity to generate the movements by the bes
anagement’ solution that they can adopt. However, what is true in adults is not necessar

hildren. The purpose of the study was to report and delineate significant kinetic differences
ait, observed between age groups in a large pediatric database.

ethods

ixty-five healthy children, ranging in age from 3 to 4 (N = 13), 5 to 6 (N = 10), 7 to 8 (N = 14),
to 11 (N = 14) and 16 to 17 years (N = 14), as well as 13 adults, underwent a full body 3D

nalysis. Kinematic and kinetic data were collected using an eight camera VICON system
nd three AMTI forceplates. Muscle activity of eight lower extremity muscle groups were ob
ilaterally, using a surface EMG system. Three representative trials (at a self-selected spe
elected bilaterally, and averaged. Both joint moments and powers were normalized with re
he subject body mass, and were presented as non-dimensional parameters as described by
nd Posture, 1996: 222–223), to normalize for all body dimensions (mass, length and time
ata and S.D. for 49 gait parameters, as well as averaged joint angles, moments and pow
ere calculated. The Wilcoxon Signed Rank test was used to compare the differences betw
ean data of the different age groups. An analysis of covariance was conducted for a sele

he gait parameters to evaluate the possible influence of gait velocity on the differences betw
roups. Mean power of hip, knee and ankle per age group were integrated over the time, repr

he total work done at each joint.

esults

he present study mainly focused on kinetic data: internal joint moments, power, and total wor
hen normalized to body mass, the hip abduction moment during stance significantly increased
to 16 years (P < 0.0001). Young children showed premature, but significantly reduced hi

nee flexion moment in stance, increased moments in swing and decreased peak planta
oment in terminal stance (P< 0.0001). With increasing age, ankle power absorption and gene

A1, A2) increased, however, the latter parameter was found to be significantly influenced by w
elocity. The H1 hip power generation burst and the K3 knee power absorption burst were sign
ecreased (P< 0.0005) in young children, with a mature pattern established at 9 years of age.
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for hip extension moments,non-dimensional momentswere stable, however, non dimensional ankle
and knee power (A1, K1 and K4) significantly decreased with increasing age (P < 0.0001). Non-
dimensional hip power generation (H1 and H3) significantly increased with increasing age (P <
0.0001).The mean workoutput of the different hip power bursts was found to be 0.33 J/kg in normal
adult walking, with a gradually decrease to−0.03 J/kg in 3–4 years old children.

Discussion

Power and moment normalized to body mass in general increased with increasing age, however,
non-dimensional power bursts decreased at the ankle, knee and increased at the hip. Careful study
of the power graphs and of the total work done during one gait cycle revealed young children fail to
create sufficient positive hip work. Adults use both the hips and the ankle joint as power generators
(respectively 43.7% and 44.6% of the total amount of positive work), while at the knee joint, power
is mainly absorbed. For young children, the ankle joint is the main power generator (56%) and power
is absorbed both at the knee and the hip.

Poster Session 1:15:30 to 16:30
Gait
P1.1:Toe-walking gait patterns
St́ephane Armand1,2, Eric Watelain2, Moı̈se Mercier1,3, François-Xavier Lepoutre2
1Institut-Saint-Pierre, Palavas, France; 2LAMIH, URA CNRS 8530, Universit´e de Valenciennes,
France; 3Neuropediatry CHU Departement, Montpellier, France

Summary

A cluster analysis was applied to the kinematic ankle gait pattern of 27 toe-walking children with
different diseases. Three distinct groups were revealed. Some causes of these different patterns were
identified by a statistical analysis of clinical measurements according to groups.

Conclusions

Gait analysis and cluster analysis highlighted three groups in toe-walkers with clinical characteristics.
Further studies will be required to understand all the causes of different ankle gait pattern in toe-
walking.

Introduction

Toe-walking is associated with several neuromuscular diseases such as cerebral palsy, myopathy,
neuropathy, spinal dysraphism and pervasive development disorders [1] and idiopathic toe-walking
when no cause was known. Studies [2–7] investigated a way of differentiating between diseases
in comparing averages and peaks of kinematic, kinetic, EMG variables during gait or functional
exercises. The ascending hierarchical cluster method was used with success to classify gait patterns
[8]. This study sets out to investigate the pattern of ankle kinematic during the stance phase not to
distinguish between diseases but to understand toe-walking.

Methods
Twenty-seven children (five suffering from muscular dystrophy, three from neuropathy, five from mild
cerebral palsy, five presenting a pyramidal syndrome and nine classified idiopathic toe-walkers) were
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Introduction

Computer-assisted gait and movement analysis technologies have more than 35 years of history as a
research tool, and more than 25 years of increasing use as a decision support tool for pediatric orthope-
dic surgeons. An NIH workshop in 1996 included the recommendation that gait analysis be considered
part of the “standard of care for ambulatory children with cerebral palsy prior to surgery” [1]. In
contrast, GA is seldom used as a decision-support tool by PTs or OTs, even though the improvement
in quality and quantity of information about gait that GA offers relative to visual observation could
significantly improve the development, implementation, evaluation, and modification of interventions.

Patients/materials and methods

Eight pediatric therapists (seven PTs and one OT) participated in this pilot program. The program in-
cluded 12 h of lectures and demonstrations about gait, biomechanics, computer-assisted videography,
force platforms, and surface EMG. Then, each therapist selected a patient from their caseload in need
of a decision regarding the efficacy of a therapeutic intervention relative to gait. The interventions
included a variety of orthotic devices, heel lifts, supportive garments, weighted garments, and walkers.
The potential clinical significance of the analyses were discussed in a classroom setting, related re-
search literature was obtained, and GA was performed, including the collection of three-dimensional
kinematics, surface EMG of selected muscles, and foot-to-floor forces with an integrated hardware
and software system provided by Ariel Dynamics Inc. (San Diego, CA, USA).

Results

Each patient demonstrated clinically significant differences in their gait before and after the inter-
ventions mentioned above. Most interesting to the therapists were previously unnoticed changes in
transverse plane joint kinematics, patterns of muscle activation, and patterns of foot-to-floor forces.
Without exception, each therapist felt that the data gathered in the laboratory enhanced the quality of
their decision making relative to the patient and intervention in question, and expressed disappoint-
ment that access to a GA laboratory was not generally available to pediatric physical and occupational
therapists.

Discussion

The use of gait analysis as a decision-support tool for PTs and OTs does have value, at least in the
judgment of a small group of therapists with specific training and experience. A recent pilot project
directed at orthotists had similar results [2]. It took many years for GA become established as a
decision-support tool relative to pediatric orthopedic surgery, and it is likely that a similar process
will occur relative to physical and occupational therapy. Much more rigorous research will be required
to establish the objective value of GA relative to its contribution to the quality and/or cost-effectiveness
of pediatric physical and occupational therapy interventions.

References

[1] Quatrano LA. Workshop Proceedings on gait analysis in rehabilitation medicine, NIH, Ar-
lington, Virginia, Arlington; 1996 (available athttp://pdb.cc.nih.gov/resources/educa/wsgait/
index.htm).

[2] Stallard J, Woolam PJ. Disabil Rehabil 2003;25(6):254–8.

P1.3:3D gait analysis of transfemoral amputee
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elected for their toe-walking pattern. A 3D optoelectronic system (Vicon 512) was used to
inematic. Each side was studied independently, so 54 ankle patterns were considered. The
hree to six trials per subjects was processed. A physical examination was performed includin
f movement, manual muscular testing and spasticity by the same physical therapist. An as
ierarchical cluster method was used to classify the 54 ankle kinematic patterns during th
hase. Clinical measurements of groups obtained were compared with ANOVA and Tukey p
P < 0.05).

esults

hree groups were revealed by cluster analysis. The first group (G1) had a short dorsiflexion f
y a long plantarflexion. The second group (G2) revealed an “M” aspect of the ankle flexion/ext
he third group (G3) presented a long dorsiflexion with a subsequent short plantarflexion. G1
significant higher passive dorsiflexion knee flexed than G3, and a significant lower planta

han G3 and G2. G3 presented a lower strength in the triceps surae and in the tibialis anterior
nd G2, and a lower spasticity than G2.

iscussion

oe-walkers were classified according to kinematic ankle gait pattern in three groups which
orrespond functional clinical characteristics. Toe-walking causes in group G3 were muscula
esses, maybe the incapacity of tibialis anterior to raise up the foot during the swing phase or c
ation for quadriceps weakness. The difference between group G1 and G2 could be the ability
tored energy in triceps. The group G1 could have more contractures and G2 could have an a
riceps surae contraction as suggested by Tardieu et al. [9]. These findings could be influence
he therapeutic management of toe-walkers.
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1.2:The valueof gait analysis asadecision-support tool for pediatric physical andoccupation
herapists: a pilot study
eonard Elbaum
heKinesiologyLaboratory,Department ofPhysical Therapy,School ofHealth, Florida Interna
niversity, Miami, FL, USA

ummary

ight pediatric physical and occupational therapists (PTs and OTs) without training or experi
ait analysis (GA) participated in a pilot program to assess its value of as a decision-support t
rogram included a training session, the opportunity to participate in GA of a patient imme
efore and after a therapeutic intervention, participation in the processing and presentatio
ata, and discussion of the results with other participants in the program.

onclusions

very therapist felt that the information obtained via GA enhanced the quality of their decision-m
elative to the patient in question, and expressed disappointment that regular access to GA
vailable.
. Goujon , C. Cadilhac, D. Azoulay , C. Cazorla, P. Fod́e , F. Lavaste
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ummary

his paper reports on a study concerning gait analysis of nine transfemoral amputees. Ground
orce evaluation is associated to measure of kinematic data to put in relief general patterns in
ith amputee’s handicap. Individual scheme are also determinate to guide prosthese’s com
hoice and to propose reeducation program.

onclusions

he evaluation of nine trans-femoral patients has been performed with the protocol describe
aper. Measures will be realised on a great number of patients to confirm these preliminary
e will construct a data base which will be very useful to determine the influence of pro

omponents on gait.

ntroduction

ait analysis studies on trans-femoral amputee generally concern motion analysis of joints
ait but are limited to the sagittal plane [1,2]. This paper reports on a protocol developed for s
inematics of prosthetic and sound side joints, pelvis and trunk in three planes. An evaluatio
round reaction force is associated to the kinematic study. Coping mechanism are shown

rans-femoral patients using motion analysis results.

aterials and methods

he kinematics were recorded using a 5 camera Vicon 250 motion analysis system (oxford Metr
ynchronised with the sampling of the kinematic data, three components of ground reaction fo
oment are measured by 2 AMTI force plates. Two video cameras are used to capture mo
ait analysis is non-invasive. The procedure begins with a clinical examination. Secondly

rial is captured to locate anatomical landmarks. Finally, the patient performs 10 trials (45 m
atient). The biomechanical model is composed of six articulated rigid bodies located by 15 re
arkers. Mathematical treatment with the software Matlab produces kinematic and ground

orces curves in three planes. Results are normalized according to the gait cycle and com
otion analysis of a group of 19 asymptomatic subjects.

esults

esults shows common gait defaults for the nine patients tested as for example concerning p
r asymmetry of gait phases. We also can analyse the individual coping mechanism of each p
eading curves of different joints motions at the same time. For example we show a great ant
f the pelvis for one patient which is associated to a significant deficiency of flexion of the pro
nee during swing phase.

iscussion

he choice of prosthetic materials (foot and knee) affects pelvis and hip motions. Gait analysis
elp for this choice. However, an other essential parameter of amputee’s gait quality is reed
eneral and individual results of gait analysis are useful to propose a scheme of reeducation

o the patient and evaluate its efficiency.
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P1.4:Kinetic abnormalities in idiopathic toe-walkers
S.J. Irby1, R.A. Buckingham1, N. Thompson2, T.N. Theologis1,2
1Department of Orthopaedic Surgery, Nuffield Orthopaedic Centre, NHS Trust, Oxford, UK; 2Oxford
Gait Laboratory, Nuffield Orthopaedic Centre, NHS Trust, Oxford, UK

Summary

This study looks at the kinetics, electromyography (EMG), and temporal parameters of idiopathic
toe-walking children (ITW) compared with children who have spastic diplegic cerebral palsy (CP)
and able-bodied children walking on tip-toe (AB).

Conclusion

Many similarities have been demonstrated in the kinetics, EMGs and temporal parameters between
ITW, CP and AB. However, certain subtle differences have been shown which may assist in the
diagnosis and therefore treatment of these patients.

Introduction

Idiopathic toe-walking was first described in 1967 by Hall et al. [2]. It is a condition in which
children persistently toe-walk and develop tightness of the plantarflexors but no distinct neurological
abnormality is detected. As a consequence of toe-walking and plantarflexor tightness, in the older
child, a planovalgus foot deformity may occur. Several previous studies have assessed the kinematic
differences between ITW and AB [1,3]. The kinetics of this latter group have also been compared with
that of children with spastic diplegia [1]. No studies, to our knowledge, have looked at the kinetics
and temporal parameters of ITW. The aim of this study was to identify differences and similarities in
these parameters between the three groups (ITW, AB and CP) to aid differential diagnosis.

Methods and results

Internal moments and powers of 29 ITW have been compared with AB and CP. Expected similarities
between all three groups that were observed included: (1) early increase in plantarflexion moment
at the ankle with a ‘double bump’ pattern; (2) decreased terminal stance plantarflexion moment; (3)
increased peak ankle power absorption at loading response; (4) decreased ankle power generation at
terminal stance; (5) premature gastrocnemius activity. The ITW group were found to resemble more
closely the AB group than children with CP. Decreased hip power in terminal stance is shown in AB
and the majority of ITW but not in CP. As expected, sagittal knee moments in early stance are flexor
in the ITW and AB groups, but extensor in CP.

Unlike the AB group, ITW showed a decreased hip abduction moment in stance and a decreased
knee valgus moment in stance. In the literature, it is suggested that AB children walking on their toes
show co-activation of tibialis anterior and gastrocnemius in stance (1). We have not shown this to
be the case. In the AB group, tibialis anterior did not display the usual second burst of activity. A
variety of patterns were seen in CP patients. In ITW, the second burst was either absent or a period
of continuous activity in swing was observed. Double limb support, as a percentage of the gait cycle,
was found to be increased in the AB group and those with cerebral palsy, but decreased in the ITW.
Velocity tended to be reduced in all three groups.

Discussion

The kinetics, EMGs and temporal parameters of the three groups have been examined in an attempt
to determine which of the gait analysis findings are a result of the biomechanics of toe-walking and
which are due to the underlying abnormality. The extensor knee moment which was observed in the
C groups.
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Table 1. Results Peason’s correlation (r)

Left foot Right foot

Max. eversion-ND r = −0.431 ns r = −0.165 ns

Rearfoot ROM-ND r = 0.435 ns r = −0.324 ns

correlation between the maximum eversion and ND, and the total rearfoot ROM and ND are shown
in Table 1. Level of significance wasP < 0.05.

Discussion

This study indicates a non-significant correlation between rearfoot ROM and ND and maximum
eversion and ND. This does not confirm the findings of McPoil and Cornwall [4] although it is not
clear from their paper if they assessed navicular drop or navicular height. The results of the present
study must be viewed with caution due to the small sample of subjects with a ND < 15 and therefore
further research is required.
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P1.6:Does a change in functional assessment score predict a change in gait?
L.C. Eve, N.R. Fry, M. Gough, A.E. McNee, A.P. Shortland
One Small Step Gait Laboratory, Guy’s Hospital, London, UK

Summary

Repeated scores from the Gillette Functional Assessment Questionnaire (GFAQ) were compared with
changes in walking speed assessed in the gait laboratory, and estimated walking distance (EWD), in 20
subjects with cerebral palsy. A change in the GFAQ correlated well with changes in non-dimensional
walking speed (NDS). However an unchanged score did not appear to indicate unchanged walking
ability and large changes in speed were seen in this group. There was a poor correlation between
EWD and both the GFAQ and NDS.

Conclusions

This study shows a good level of agreement between changes recorded in a repeated GFAQ and
changes in walking speed in the laboratory. However large changes in self selected walking velocity
were seen even when there was no change in the GFAQ, suggesting that an unchanged score may
wrongly imply maintenance of previous levels of walking ability. Estimated walking distance appears
to be a poor indicator of function.

Introduction

The GFAQ is a validated method of assessing walking ability in children with cerebral palsy [1].
Subjects attending our laboratory for gait analysis routinely complete the GFAQ and also estimate
the distance that they are able to walk in the community without a rest. We wondered if changes in
walking function were reflected by changes in the GFAQ score or EWD. Self selected walking speed
is acknowledged to be a consistent and repeatable measure, which is reduced in proportion to the
s
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P group was due to abnormal knee flexion in early stance. This differentiated it from the other
he EMG findings in the ITW group were similar to AB subjects walking on their toes. How
hanges in hip and knee moments in the ITW were a distinguishing feature of this group a
e due in part to planovalgus positioning of the feet. This may be a relative indication for tre
f the tight plantarflexors to avoid possible long-term secondary effects on the more proxima
he increase in double limb support seen in the AB children may be due to their lack of fluen

oe-walking. However, this is the preferred gait for ITW and may account for the reduction in d
imb support.
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1.5:Navicular drop as a predictor of rearfoot motion during gait in healthy adults
. Lohkamp, G. Burrow, T. McCarron, MacLaren William
lasgow Caledonian University, Scotland

ummary

revious research has tried to identify a correlation between static foot measures and dyna
unction with controversial results. Navicular drop and rearfoot motion of 16 healthy subjects w
xcessive pronation were measured and no statistically significant correlations were found.

onclusions

avicular drop appears not to be an appropriate static measurement which correlates with
otion in healthy subjects. Nothing can yet been said about the correlation in subjects with ab
ronation.

ntroduction

o date there is no significant evidence to suggest that static measures will predict dynam
unction. So far, controversial results have been published. The evidence shows that no co
ould be found between (1) footprint analysis and gait [3], (2) medial longitudinal measur
ait [2] and (3) various angles of the lower leg and dynamic function [4]. In running, a corre
etween rearfoot motion and X-ray measurements could be found (Navocenski et al., 1998) an
nd Cornwall [4] reported a correlation between navicular height test and total rearfoot exc
avicular drop (ND) is one static measurement and is thought to measure the amount of p
here ND > 15 mm was seen as abnormal [1].
The aim of this study was to analyse if ND is correlated with maximum eversion and rearfoo

f motion (ROM) during the stance phase of gait.

atients/materials and methods

ealthy subjects without impairment in walking and no excessive pronation (ND < 15 mm)
pated in this study. Ethical approval for the study was granted by Glasgow Caledonian Un
nd verbal consent was given by all subjects. ND was defined by the difference between the

rom the tuberositas naviculare to the supportive surface in subtalar neutral and relaxed s
osition. The mean of three measurements was used for analysis. Gait analysis was carried
even ProReflex cameras and a Kistler force plate with a sample frequency of 100 Hz. Marke
ttached to define the shank and heel segment. Subjects were asked to walk as normal as
orce data were used to identify heel strike and toe off. Rearfoot ROM and maximum rearfo
ion were calculated using Visual 3D Software and correlations were calculated with SPSS
indows.

esults

ixteen subjects with a mean age of 30 years (22–42), mean height of 1.75 m (1.63–1.88
eight of 78.2 kg (59–104) and a mean ND of 10 mm (3–14) participated. The results of Pe
.

everity of the disability [2] and is correlated with many other gait parameters [3].

atients/materials and methods

ata was reviewed from 20 independent ambulators with cerebral palsy who had attended t
atory for repeat gait analysis. The mean interval between analyses was 13.2 months. Ther
ntervention between the two analyses. The subjects or their carers completed the GFAQ a
n estimation of walking distance on both occasions. Spatio-temporal data were collected

ndependent barefoot walking at self selected speed using a motion analysis system (Vico
imensional walking speed was calculated from five trials recorded at each visit [4]. The NDS
nd GFAQ scores from both sessions were compared, and changes recorded.

esults

nalysis of the changes using the Spearman’s rank correlation coefficient showed a signific
elation between the change in GFAQ score and the change in NDS (rs = 0.602,Ps = < 0.01). There
as a poor correlation between the changes in EWD and GFAQ (rs = 0.24,Ps = > 0.05) and betwee
WD and NDS (rs = 0.123,Ps = > 0.05) (Fig. 1). When the changes between the two sessions
xamined further 20% had a decrease in both the GFAQ score and in the NDS. Forty perc
n increase in the GFAQ score and of these, 75% also had an increased NDS. The GFAQ s
nchanged in 40% of subjects and in these subjects with 37.5% had an increased NDS and
ecreased NDS.

iscussion

he results show that a change in the GFAQ score is related to a change in NDS. The re
ess clear in subjects where no change of GFAQ score was recorded between two analyse
arge differences in walking speed were recorded. Unfortunately there are insufficient data
tudy to fully assess the sensitivity and specificity of the score. Estimations of walking d
orrelate poorly with both NDS and GFAQ. It would be informative to re-examine the ch

Fig. 1. Correlation in the change in GFAQ and NDS ranked order.
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in GFAQ scores in relation to a larger number of variables from the gait data, and with a larger
sample.
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P1.7:Gait kinematics and kinetics using biokin motion analysis system
N. Darras1,∗ , D. Pasparakis2, M. Tziomaki1, C. Nestoridis1, G. Pistevos2
1ELEPAP Gait Laboratory, Hellenic Society for Disabled People, Athens, Greece; 22nd Orthopaedic
Department “Aglaia Kyriakou”, Children Hospital, Athens, Greece

Summary

This paper presents the procedures used in ELEPAP Gait Analysis Center, for collecting gait kine-
matics and kinetics, using the BIOKIN motion analysis system.

Conclusions

ELEPAP Gait Analysis Center has already analysed more than 150 patients using BIOKIN motion
analysis system. BIOKIN motion analysis system has been proved a reliable low cost solution for
collecting and analysing gait kinematics and kinetics.

Introduction

As computing power is getting more affordable and flexible to collaborate with various peripherals,
different motion analysis systems are being developed for Gait Analysis. BIOKIN motion analysis
system is a low cost reliable solution, for the analysis of kinematics and kinetics. The system has been
developing since 1992 and is being used for Gait Analysis in ELEPAP Gait Analysis Center since
2001.

Patients/materials and methods

BIOKIN motion analysis system [1,2] is based on the technology of digital video, computer hardware
and software. A calibration frame is used for the Direct Linear Transformation (DLT) [3] of 3D
coordinates. Two AccuGait AMTI force platforms are used for collecting kinetics. BIOKIN software
provides tools to measure the spatial coordinates of vertexes of interest. These vertexes have first to be
defined in the software and declared as the model of the analysis. A 19 vertexes model, which includes:
Trunk, Pelvis, Thigh, Shank and Foot is used for Gait Analysis. The system grabs videos from four
synchronized cameras. The phase of digitisation of vertexes is done by manual and semi-automatic
methods. Various digital filters are available for raw data smoothing. A database system supports
the data storage and retrieval processes. The system automatically calculates trajectories, velocities,
accelerations, segment angles, angles between segments, angular velocities and accelerations etc. A
force visualization module is also available. More than 150 patients have been analysed using BIOKIN
system.
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used with the external electronic start/stop trigger facility (input) on the VICON 612. This enabled the
desktop DynaPort®Minimod stop/start button unit to be used to synchronously start and stop both the
DynaPort®Minimod datalogger (100 samples per second) and the VICON data collection (120 samples
per second). The force plate data and marker trajectories were used to identify gait cycle events using
the VICON software according to standard laboratory practice.

Results

Preliminary results based only on the initial contact show a mean absolute difference between the
DynaPort®Minimod based and conventional 3D/Forceplate System based identification of 0.013 s (S.D.
= 0.012) with a maximum absolute difference of 0.05 s.

Discussion

Typically, the vertical component of force plate data during a single foot strike (the gold standard
reference) together with ankle/foot marker data (secondary/silver timing reference) are used to identify
gait cycle events during a single walk through the 3D calibrated volume of a gait laboratory. This
methodology is supported by automated software routines in the VICON Workstation software and
works very well for many subjects/patients. However in the more severe pathology where short and
variable step lengths are more often observed obtaining a single foot strike on a force plate is more
difficult. Furthermore, the ankle and foot marker trajectories, used to identify non-force plate initial
and final foot contacts using a logical correlation process, become much more varied. Eventually
the correlating relationship between force plate strikes and more variable ankle/foot marker data
becomes inaccurate and finally fails. Frustratingly it is in these more severe patient groups that the
muscle firing patterns and the evolution of kinematics and kinetics is more critical. Furthermore such
patients are least able to perform more walks/trials in order to statistically improve the representative
sample of their gait parameters. Foot switch systems [1] are an ideal solution but the availability of
commercial patient and user friendly systems is very limited. In addition the effort of applying foot
switch systems to the patient is yet another time consuming task which adds to an already labour
intensive gait assessment. This study illustrates the potential cost effectiveness and ease with which
the DynaPort®Minimod system can be integrated with 3D movement analysis tools such as the VICON
system.
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P1.9:Joint siffness and gait pattern of patients with down syndrome
M. Galli1, V. Cimolin1, C. Rigoldi1, G. Albertini2, M. Crivellini1
1Bioengineering Department, Politecnico di Milano, Pizza Leonardo da Vinci 32, 20133 Milano,
Italy; 2San Raffaele-Pisana Hospital, TOSINVEST SANITA’, Via della Pisana 235, Rome, Italy

Summary

In this study a quantitative objective evaluation of the gait pattern of Down’s syndrome (DS) children
is presented. In particular the relationship within ligament laxity, which is a typical aspect related to
DS, flat foot condition and joint stiffness is investigated.
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esults of kinematics and kinetics are represented by various methods which include qu
nd quantitative data. 2D and 3D stick figures together with video images, graphs, normal gra

ables are available to organize and present the data. For direct comparison of movements, th
llows overlapping two or more trials, and includes functions to synchronize movements on a
ertex or a specific time moment. Results are available for export to other applications makin
reation an easy task.

iscussion

s gait analysis is getting more and more accepted as a clinical tool for the managemen
isorders, the need of affordable solutions is raising. ELEPAP Gait Analysis Center has f
eliable and affordable solution, by using the BIOKIN motion analysis system.
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1.8:An assessment of DynaPort®Minimod for identifying gait cycle events during normal and
athological gait
.J. Forward1, F.S. Plasschaert1, S.C. Heikens2, R.C. Van Lummel2,
Ghent Gait& Movement Analysis Laboratory, University Hospital Ghent, Belgium; 2McRoberts BV
he Hague, The Netherlands

ummary

he DynaPort®Minimod system is shown to identify gait cycle events automatically in a range of p
athology in close an agreement with those identified using a conventional 3D/forceplate comb

onclusions

he DynaPort®Minimod system appears to offer a practical alternative to foot switch systems in
ifying gait cycle events which is particularly relevant in cases of severe gait pathology. The
emonstrates a clinically acceptable degree of agreement between the classic 3D and fo
ombination gait analysis system and a DynaPort®Minimod for identifying gait cycle events.

ntroduction

nitial (heel strike in normal gait) and final foot contact (toe off in normal gait) are the absolute c
tones for the analysis of gait as a cyclic activity. However, the identification of initial and fina
ontact with the floor during walking can often prove a difficult, time consuming and unsatisf
art of the processing of 3D/EMG gait analysis studies. The claim that the DynaPort®Minimod system
rovides a means for identifying gait cycle events accurately and automatically is challeng
lind comparative study carried out in a range of patient pathologies and severities.

atients/materials and methods

DynaPort®Minimod system was applied to the sacral area (just between and above the PS
atients’ who attended the Ghent Gait Laboratory for routine clinical gait analysis. A series o
long a 12 m walkway were recorded according to the normal laboratory data collection pr
he laboratory consisted of a full 3D motion analysis system (VICON 612) with two force
Kistler). The electronic outputs of a modified DynaPort®Minimod module remote control unit we
onclusions

his study quantify the great differences of walking pattern of children with DS. An high percen
atient with DS demonstrated flat foot and alteration in ankle and hip joint stiffness. These alte
eems to be related to ligament laxity and hypotonia that occur in these patients. These info
ay be useful in order to better define rehabilitation program of these patients for that some
ot specific treatment is applied. In these last years this problem is more and more important

he life expectation of DS subjects is increasing. The demand to know closely the locomotor pr
nd their importance to increase the quality of life is born from these considerations.

ntroduction

own’s syndrome (DS) is often related to cardiac problems, respiratory insufficiency, menta
ation and orthopedic anomalies of medium or high entity. The pathology presents effects a
otor level: it is possible to notice that people with Down’s syndrome present a general hypoto
ligament relaxation that, together with an insufficient development of cerebellum and the

ral nervous system, concur to retard the learning of the various movements and posture. T
reatments are focused, first of all to solve the great problems that permit to the patients to
fter that orthopaedic intervention are evaluated. The intervention in the sphere of locomotor r
re aimed to the resolutions of orthopedic problems with orthesis as preliminary treatment at
peration in the gravest state. Besides this from the evaluation of clinical literature seems th

sn’t a valid rehabilitation program for all cases: every single child is different from the others
eeds a therapy that faces his specific situation. The aim of this work is defining locomotor p
f Down syndrome, with a particular reference to the ligament laxity, and its possible conseq

n particular flat foot condition and joint stiffness alteration, to identify therapeutical course
mprove the general condition of a patient.

aterials and methods

ine-eight children with DS (mean age 11.7 years, range 6–15 years) and 30 children without
ies (CG) (mean age 11 years, range 5–13 years) participated in this study. All the subje
olunteers and their parents gave their informed consent to participate in the study. All patien
nalyzed with an interdisciplinary clinical functional assessment, RX analysis of the foot,
ecording, Three-Dimensional Gait Analysis and evaluation of plantar pressure distribution
arography). Parameters of particular interest were: Temporal–spatial parameters (Gait spe

ength); kinematic indexes (angles at Initial Contact (IC), maximum flexion angle, minimum fl
ngle, range of motion for each joint in sagittal plane); kinetics indexes based on flexion ex

oint pattern. The evaluation of flat foot condition was done by using the data of electronica
arography. The dynamic hip, knee and ankle (Kh, Kk, Ka) joint stiffness were computed by p

he values of flexion–extension moment versus flexion–extension angle in the second rocker
nd fitting data with a linear regression: the angular coefficient of linear regression correspon

oint stiffness index.

esults/Discussion

ubjects with DS underlined a decrease of gait speed (0.42± 0.08 m/s cm) and of stride length (0.
0.04) versus the values of CG (gait speed 0.85± 0.06 m/s cm; stride length 0.89± 0.09). Hip: in

athological gait the trace of hip flexion–extension has the same shape of control group but it is
n flexion position during all the gait cycle. From initial contact to midstance the moment is
ven if in a progressive decrease after a maximum at 15% of gait cycle. Knee: at IC patho
roup showed an increase of flexion. Also the increase of flexion at midstance confirms the at
ubjects with DS to maintain thigh flexed during stance. Ankle: at IC the ankle of subjects with D
n a plantar-flexion position more accentuated than in CG, that confirms the attitude of patholo
ffect the IC with forefoot rather than heel. The kinetic data revealed the absence of the planta
oment for the DS patients: in this condition the ground reaction was in an anterior position

he ankle and produced an immediate dorsal-flexor moment. Joint stiffness:Ka shows a decrea
or subjects with DS (0.058± 0.05 N m/kg◦) versus CG (0.103± 0.014 N m/kg◦): this decreas
ould be associated to the presence of ligament laxity and hypotonia, that often occurred in
howed a general increase in patients with DS (0.058± 0.025 N m/kg◦) despair the CG (0.028±
.007 N m/kg◦): this increase may be related to a mayor cover by the acetabolum on hip joint (
an limit the natural movement of hip. Flat foot condition was present in the 93% of DS patie
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P1.10:Biomechanical gait analysis of obese children
Zsuzsanna Lelovics1, Veronika Nagy2
1University of Kaposv´ar, Kaposvár, Hungary; 2Department of Polymer Engineering, BUTE
E-mail address:lelovics@yahoo.com(Z. Lelovics)

Conclusions

The degenerative articular deformations, such as problems with the hip and knee joints, at the early
age are significant. In childhood because of obesity the articular surfaces are unilaterally loaded and
the fat accumulates on the thighs resulting in valgus angulation which predestinates the early arthrosis
of those joints.

Introduction

The increasing incidence of childhood obesity raised concern in 1990, when around 18 million children
under the age of five were declared overweight [6]. Unfortunately, their number is still increasing in
spite of the known data.
One UK survey [2] revealed that the ratio of overweight pre-school children rose from 14.7 to 23.6%
and obese children from 5.4 to 9.2% between 1989 and 1998 [4].

Patients and methods

The gait of 10 obese but otherwise healthy children (age: 8.6± 2.6) was recorded by video. During
three-dimensional video analysis and digitization 3D kinematical parameters were assessed on the
basis of which the gait sample could be analyzed.

The recordings were taken with two cameras. The analysis was carried out with the APAS video
image processing and motion analyzer system developed by Ariel Life System Incorporated (San
Diego, California, USA) [1]. Two whole step lengths were examined, the evaluation of which was
carried out with the help of an 18-point body model.

Results

Even in case of the youngest child we experienced deviations compared to the healthy way of motion.
The differences in the kinematical parameters: the step-length decreases significantly (P < 0.05) and
the same statement is true for the whole step cycle. On the other hand, they do not keep up with step
cycle that increases together with the age. The width of step increases significantly (P < 0.05) and it
shows a unidirectional, positive relation with overweight, while with age it does not. The longitudinal
axis of feet, the angle between the feet and the gait direction is connected with the extent of obesity
and is often (80%) accompanied by walking on the inner side of the feet (tilted ankle) [5].

The step length and number of steps per minute did not show any definite result.
Among the elements of harmonic gait, the angle of the pelvis is significantly larger 8± 2◦, while

the lateral movements of the pelvis are greater than the physiological value (60%).

Discussion

The gait sample of heavily overweight children changes due to their body structure and their suppos-
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Table 1. Characteristics of the subjects participating in the present study

Females (30) Males (45)

Age (years) Mass (kg) Height (cm) Age (years) Mass (kg) Height (cm)

Mean± S.D. 56± 12 65.6± 7.4 163± 3.6 59± 8 79.7± 6.9 174.3± 4.1

Range 28÷ 75 51÷ 82 158÷ 172 33÷ 72 59÷ 100 165÷ 186

system (APAS) was used for collecting data. Three types of patients were selected: the “forefoot,”
“flat foot” and “heel” groups.

The differences in the mean values of the disability index (defined as the weighted sum of normalized
scores from the assessments performed) between groups of different initial foot contact patterns were
evaluated using ANOVA for repeated measures. Newman-Keuls’ test was applied to check if the
groups differed from each other and in which one the greatest progress was observed.

Results

The mean values of the disability index in the second measurement amounted to 0.2 in the “forefoot”
group, 2.8 in the “flat foot” group and 4.0 in the “heel” group. The ANOVA test for repeated measures
revealed the presence of significant differences between groups (P < 0.001) as well as a significant
correlation between groups and measurements. The increase in the Scandinavian and Barthel tests
was significantly different in each group (P < 0.05). Progress was observed in each group and the
greatest improvement was noticed in the first group. The increase of this index amounted to 2.9, 2.7
and 1.4, respectively.

Discussion

Quantitive gait analysis can be used to evaluate functional abilities [2]. Gait patterns demonstrate a
close relationship with the neurological deficit and determine the improvement in post stroke patients.
Our findings suggest that a classification based on the groups presented above is useful in predicting
the progress of recovery.
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P1.12:Prognostic functional test inmuscular dystrophy: progressive stenic defect inDMDwalk-
ing
R. Camoriano1, E. Pavan2, C. Frigo2

1Servizio di Fisioterapia, Istituto Giannina Gaslini, Genoa, Italy; 2TBM Laboratory, Department of
Bioengineering, Polytechnic of Milan, Milan, Italy

Summary

Gait features in a Duchenne muscular dystrophy population were analysed in relation to a num-
ber of test parameters and Vignos functional assessment scale. The results showed a good cor-
respondence between the different observations, although the dynamic information obtained from
gait analysis allowed us to identify many different behaviours within the same functional group.
This can help understanding the adopted compensation strategies, and to help preserving their
efficacy.

Conclusions

Degeneration of gait patterns in Duchenne muscular dystrophy is tightly related to the progressive
weakening of muscles and the need for compensation attitudes. A comprehensive analysis of biome-
chanical variables can lead to precise classification and patient monitoring.
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dly lower need for exercises [3]. On the basis of the biomechanical analysis advice can be gi
o the therapeutical team and the parents in order to prevent childhood obesitas and to start
ffective therapy.
Due to the deviations in the motion structure they have to live with articular deformities. A

ecome older the situation usually gets worse as a result of adult obesity, often to an ext
nfluences the quality of life significantly.

On the basis of the experienced biomechanical deviations a possibility to prevent articular p
hat start at the early age is suggested.
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1.11:Predicting the progress of recovery based on gait analysis in post stroke patients
iekarska Katarzyna1, Krawczyk Maciej1,2, Wit Andrzej1, Zaborski Jacek2, Gajewski Jan1

Józef Piłsudski Academy of Physical Education, Warsaw, Poland; 2Institute of Psychiatry and Ne
ology, Warsaw, Poland

ummary

he aim of this paper is to use gait analysis to classify patients who have suffered a stroke
easured kinematic parameters of patients’ gait and neurological deficit scales, we attem
redict the progress of recovery after rehabilitation therapy.

onclusions

1. Post stroke patients can be classified into three groups (forefoot, flat foot, heel) based
initial foot contact with the ground.

2. There is a correlation between these groups and patients’ test scores.
3. The greatest progress of recovery can be expected in the “forefoot” group.

ntroduction

troke is regarded as a leading cause of disability throughout the world [1]. It is very difficult to p
he progress of recovery in patients after stroke. This difficulty is related to variability in the se
f the neuromotor deficit, weakness of muscle function and the presence of concomitant
isorders [2]. It would be useful to be able to predict patients’ improvement in a way that is s
linical, but confirmed by biomechanical instruments which are precise and reliable. The ob
f this study was to examine the relationship between patients’ gait pattern and their disabili
cores and to evaluate which group demonstrated the greatest progress of recovery.

aterials and methods

eventy-five subjects in the early recovery period, up to 6 months after the first incident of
olunteered to participate in the study. Morphological characteristics of the subjects are pres
able 1.
Two types of assessments were performed: (1) a clinical assessment based on the results

rom three neuromotor deficit scales (Rivermead, Barthel, Scandinavian) which were performe
efore and after the rehabilitation therapy, and (2) a walking assessment performed while eac
alked unassisted for 5 m, recorded by two cameras operating at a frequency 60 fr/s. A motion
ntroduction

any different parameters can be used to describe the functional ability of myodystrophic p
ocomotion, however, is a complex task in which not only muscle force, but motor coordina
ell is fundamental for a good performance. This makes the relation between the usual fu
ssessment parameters and walking capability quite complex. The objective of the present s

o find out correlations between several functional assessment approaches and patterns of w
hey can be quantified through gait analysis.

aterials and methods

ur test population was composed by 24 subjects (age range 4–11 years), whose Duchenn
ar dystrophy (DMD patients) was documented by total absence of dystrophine and deletio
nalysis was performed according to Davis protocol [1]. A relevant quantity of kinematic a
etic variables was obtained, although our attention was mainly focussed on few of them
rientation in space, as a mean to reveal dynamic compensation along progression of the
nd flexion–extension angles at hip, knee, ankle joints, as a mean to put in evidence t
ravitary effort in presence of progressive muscle weakness. Muscle force was assessed
ubjective scores in the range 0 (no appreciable force) to 5 (normal force)—our patients
–4 concerning the antigravitary muscles), and presence of joint deformity (few subjects ha
exion contracture and equinus-varus supination of the foot). The following functional test
onsidered: capability of rising from lying on the floor without assistance (time was meas
ossibility of walking fast (or to accelerate to a given extent); capability of climbing and des

ng stairs (at least five steps, 16 cm high), without any external support; capability of stand
rom a progressively lower chair (45, 30, 20, 10 cm of seat high). The locomotory ability w
essed as follows: heel walking possible; heel walking impossible, but plantar foot suppor
ologic; early appearance of dynamic hyper-lordosis; hyper-lordosis accompanied with a
ait (wide trunk oscillations in the coronal plane); terminal walking (hyper-lordosis, anserin
quine foot). The test population was subdivided into five groups according to the Vignos fun
cale [2].

esults

he four patients in the first Vignos group exhibited an almost normal gait pattern, with a en
orizontal rotation of the pelvis, and occasionally forward tilt. In the second Vignos group the a
ion and pelvic obliquity were more evident, in addition to large horizontal rotation, on almost
atients. Patients in the third Vignos group exhibited a further enhanced pelvic obliquity. Thi
ttitude became a constant determinant in the Vignos groups 4 and 5. Concerning the join

ew inconsistent abnormalities appeared in patients in Vignos group 1. As far as the Vigno
orsened, the patients exhibited: (a) a progressive tendency toward a constant hip flexion
ppearance was a reduction of the hip extension at mid stance); (b) a progressive reductio
nee yielding at load acceptance (the knee became completely rigid (extended or partially fl
atients in the Vignos group above 3); (c) the foot progressively assumed the equinus-varus-s
ttitude, still exhibiting a physiologic Initial Contact in Vignos 1, flat foot or digitigrade initial c

act in Vignos 2, pronounced plantarflexion and supination in Vignos 3 (few cases had a str
eformation at one foot), severe foot deformation in Vignos 4 and 5 (15–20◦ of lacking dorsiflexion

n most cases bilaterally) that corresponded to a quite reproducible double bump pattern, wid
otation and obliquity, flexed hip and rigid knee during stance phase, enhanced rising of the kn
uring swing phase.
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Discussion

The severity of walking pattern exhibited by our DMD patients was quite consistent with their func-
tional score. However within the Vignos groups a diversity of motor behaviour was observed, ac-
cording to the different individual conditions. As a consequence it appears that a combination of
different quantitative observation can contribute to better understand the functional limitations and
the compensation strategies.
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P1.13:Repeatability of ground reaction force data during normal gait
N. Aggeloussis, V. Gourgoulis, G. Mavromatis
Department of Physical Education and Sport Science, Democritus University of Thrace, Komotini,
Greece

Summary

The repeatability of the ground reaction force (GRF) data was determined, along with the minimum
number of trials required to achieve a certain level of reliability, during the analysis of normal gait.
A piezoelectric force platform was used to record the GRF data during 15 gait trials. Appropriate
statistical measures were then used to determine the repeatability of the GRF data and the least number
of trials that should be performed during gait analysis.

Conclusions

It was found that the repeatability of all GRF data was very high. Moreover, three trials were enough
to achieve a more than sufficient level of reliability for the GRF data, during the analysis of normal
gait.

Introduction

Gait analysis is widely used for diagnostic and treatment planning purposes, in subjects with several
neuromuscular dysfunctions in the lower limbs. However, the measurement of gait characteristics is
still subjected to various sources of errors, which contribute to the variability of the measured data,
of both normal and pathological gait. Thus, the soundness of the conclusions drawn on gait analysis
depends on the repeatability of the gait data. Repeatability is also closely related with the appropriate
number of trials that must be performed, in order to obtain reliable measures, during gait analysis [2].
The purpose of the current study was the determination of the repeatability of ground reaction force
data during normal gait.

Materials and methods

Twelve subjects with a mean age of 21.2± 1.1 years and no neuromuscular dysfunctions in the lower
limbs, voluntarily participated in the study. The subjects performed 15 gait trials, at a normal speed, on
a walkway 20 m long. The vertical (Fz), horizontal fore-aft (Fy) and medial–lateral (Fx) components
of the GRF were recorded during the right stance phase of the gait cycle, in each trial, by a piezoelectric
f ncy of
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is crucial. These normal range have to be derived from large samples of healthy human population
in order to be representative and this can be accomplished by many independent studies, in several
human samples [1]. The purpose of the current research was to determine the normal range of plantar
pressure distribution asymmetry during gait, in healthy Greek adults.

Materials and methods

Fifty-seven healthy men (age: 24.02± 5.4 years) participated in this study. They walked on a 20 m
long walkway with natural speed. Plantar pressures were recorded at 50 Hz from both feet using two
insoles (Novel GmbH, Munich). Each insole was equipped with 99 capacitive sensors (sensor area
1 cm2). The subjects performed 10 trials and the recordings were made for both feet during one gait
cycle, in the middle of the walkway. During data reduction each footprint was divided into 10 regions
[1]: medial heel (MH), lateral heel (LH), medial midfoot (MM), lateral midfoot (LM), first metatarsal
(1 M), second metatarsal (2M), lateral metatarsals (LMe), hallux (Ha), second toe (2T) and lateral toes
(LT). To determine the asymmetry, between the two feet, in the regional peak and average maximum
pressures, the symmetry index (SI) proposed by Robinson et al. [2] was calculated.

Results

The results showed that large asymmetry existed both in the peak plantar pressure and the maximum
average pressure, between the two feet, in each region. The mean SI for the regional peak plantar
pressure ranged between 14.32% (2M region) and 44.55% (LT region), while that for the maximum
regional average pressure ranged between 13.67% (2M region) and 36.80% (LM region). The limits
of normality were then defined by the 95% confidence intervals for the SI in each region.

Discussion

The large asymmetry in plantar pressure distribution between the two feet, during normal gait, may
be related to the asymmetries that have been found in other gait parameters, in previous studies
[3]. Although the reasons for this natural asymmetry remain unclear, it could be associated with the
different contribution of each lower limb to the propulsion and control of the body during gait [3].
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P1.15:The analysis of the correction of a flat foot in rheumatoid arthritis based on the investi-
gation of the ground reaction forces during walking
K. Dudziński, A. Seyfried,
Academy of Physical Education, Faculty of Rehabilitation, Warsaw, Poland

Summary

The flat foot is a very common deformation in rheumatoid arthritis (ra). The correction by using
of insole (wedge) under the head of the first metatarsal bone was investigated. The function of this
insole was reproducing the active point of the support of the foot in this place. The distribution of the
ground reaction forces (length of the propulsion of the foot) by Computer Dyno Graphy System was
measured.
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orce platform (Kistler) that was located in the middle of the walkway, at a sampling freque
200 Hz. To determine the repeatability of the ground reaction force data, the coefficient of m
orrelation (CMC) [4] and the intra-class correlation coefficient (ICC) [1] were used. Moreov
pearman-Brown prophecy formula [2] was used to calculate the least number of trials req
chieve a 0.95 level of reliability, which is considered particularly high for reliability purposes

esults

he results showed that all coefficients were very high for both Fz and Fy components. More
cally, for Fz the ICC15 value was equal to 0.999 in all subjects, while the mean values of the1
nd the CMC15 were 0.990± 0.003 (range: 0.985–0.995) and 0.994± 0.001 (range: 0.992–0.997
espectively. For Fy, the mean values of the ICC15, the ICC1 and the CMC15 were 0.998± 0.0
range: 0.998–0.999), 0.989± 0.004 (range: 0.982–0.996) and 0.994± 0.002 (range: 0.991–0.998
espectively. Regarding Fx, the mean values of the ICC15 and the CMC15 were 0.994± 0.002 (range
.990–0.997) and 0.961± 0.014 (range: 0.935–0.981), respectively. Moreover, the mean value

CC1 was 0.925± 0.026 (range: 0.876–0.964). The results also showed that for the vertical an
ontal fore-aft GRF a single trial was more than enough to produce reliable data during gait a
owever, up to three trials were required to achieve the 0.95 level of reliability for the hori
edial–lateral GRF data.

iscussion

t was found that the repeatability of the vertical and horizontal fore-aft GRF was greater th
f the medial-lateral GRF. This is in close agreement with the findings of previous studies
owever, since all gait parameters have to be measured together, it was suggested that three
ave at least to be examined, in order to obtain reliable force measurements during gait ana
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1.14:Plantar pressure distribution asymmetry during normal gait in healthy Greek adults
. Mavromatis, N. Aggeloussis, Ch. Christoforidis, V. Gourgoulis
epartment of Physical Education and Sport Science, Democritus University of Thrace, Ko
reece

ummary

he plantar pressure distribution during normal gait was measured, in healthy Greek adults
nsoles equipped with capacitive sensors. Peak plantar pressure and maximum average pre
hen calculated for several anatomical regions of the two feet. The results showed large asy
f both parameters, between the two feet, in all regions.

onclusions

t was found that the limits of normality, regarding plantar pressure distribution asymmetry
ait, are large. Nevertheless, they can be used to relate the results from a given patient, in
upport the diagnosis of foot pathologies.

ntroduction

he asymmetry of a patient’s plantar pressure data between his two feet, in comparison with
ealthy person, is often used to support the diagnosis in various foot pathologies. In these c
stablishment of proper normal reference range for plantar pressure asymmetry during nor
s

onclusions

he investigation has shown, that after using the insole, the length of the propulsion of the foo
he single limb stance increased and became similar with the control group. The insole also c
eformation and relieve the load the painful callosities pleased under the heads of the II, III
etatarsal bone.

ntroduction

he flat foot is a very common deformation in ra. It becomes more and more deformed and
hile the progress of the inflammatory process. It may contribute to the overloading of di
egments of the locomotor’s system particularly the knee joint. From that reason using the
nsoles both relieve the load, correct and may prevent from the overloading of the higher se
he deformation characterises the heel valgus and supination of the forefoot against tarsus. O

hree supports of the foot, the head of the first metatarsal, is elevated and does not play the s
ole. One of the methods correcting the deformation is using the insole (wedge) below the
he first metatarsal.

atients/materials and methods

ifty-six flat feet (rheumatic) of 40 patients (mean age 53 years) were examined. Contro
onsisted of 30 women (mean age25). The locomotion was examined by using the Comput
raphy system, which measured the ground reaction forces on a sole of the foot during w
xamination was performed before and after the foot correction.

esults

he analysis of the ground reaction forces shows that the length of the propulsion in a sing
tance after using the insoles increased significantly (P< 0.001, Wilcoxon,z= 4.05). The mean valu
efore the correction was 7.43 + 2.9, after 8.29 + 2.63 cm.The length of the propulsion in p
ad smaller values both before and after the correction comparing to the control group (mea
1.25). The increase of the length of the propulsion after the correction approximated to the

chieved in the control group. The correction improved as well the foot position and subjective
f the patients.

iscussion

he problem of the rheumatic foot is complex (pain, the restriction of the range movemen
les weakness). These symptoms cause that the insoles in rzs should be selected individu
pecial care. The correction of the tarsus by Thomas heel, if it is possible, does not bring
ected effects very often. It depends on the stage of the foot deformation [3]: if the foot is
ble when it bears body weight, or it is unmovable when it bears body weight, but it is m
elieve the load or it is stiff. For better foot position it is often necessary to use the wed
er the head of the first metatarsal with the additional support (wedge) of the medial arc
inds of the insole relieve the load painful callosities placed very often under the heads o
nd IV metatarsals. The orthopaedic insole is a very important element of the whole pro
hysiotherapy.
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Table 1. Schematic outline of the systematic evaluation of gait parameters. Upper rows: box 1–5 (see text); final rows: example for one item (HA = hamstrings; QF = quadriceps femoris)

P1.16:A systematic interpretation of gait analysis and physical examination parameters in
relation to treatment hypotheses
Caroline A.M. Doorenbosch, Jaap Harlaar, Katinka Folmer
Department of RehabilitationMedicine, VUUniversity Medical Center, Amsterdam, The Netherlands

Summary

A structured system to interpret (kinematic) parameters of gait and physical examination in relation
to treatment hypotheses is introduced, based on the five conditions of walking defined by Gage [1].
Twenty-one kinematic deviations are recognized and related by differential diagnosis to either possible
primary causes or compensations. This finally yields targets for intervention and expected outcomes
that can be evaluated for success of treatment.

Conclusions

The systematic evaluation is a practical way to interpret the outcome of gait analysis and physical
examination in relation to primary pathological causes and compensation strategies to support treat-
ment decisions.

Introduction

To assess the neuro-musculo-skeletal status of a patient with pathological gait, different examinations
are available: first, gait analysis (video recordings, kinematics, kinetics, kinesiological EMG): second,
the standard clinical examination (range of motion; testing muscle strength and control, assessment
of balance, observation of functional tasks, X-rays); third, the examination of range of motion under
general anesthesia. Each of these examinations contributes significant and specific information to
attain final treatment hypotheses. It is quite complicated to combine all types of information; to
distinguish between primary and secondary gait parameters (i.e. cause and compensation); to decide
about a treatment plan; and to predict the expected outcome of each specific intervention on the general
gait pattern. This paper aims at defining a systematic evaluation guided by the five major conditions
for gait [1], i.e. (I) stability in stance; (II) sufficient foot clearance; (III) appropriate foot-positioning
at terminal swing; (IV) adequate step-length; (V) energy conservation.

Methods and results

Table 1 shows the five subsequent steps of the systematic analysis in the upper rows of boxes. Starting-
point for the systematic evaluation is describing the kinematic parameters in gait that are required
to meet each major treatment condition (I–V). This is outlined in a reference table of 21 kinematic
parameters (box 1), related to the movement characteristics of the joint in specific gait phases. This
reference table is used as a checklist during the evaluation of pathological gait, i.e. to describe all
deviations to these 21 kinematic parameters (box 2). To identify possible causes (differential diagnos-
tics) of kinematic deviations, a set of standard tests (mainly based on physical examination and EMG
during gait) is linked to each parameter (box 3). This part of the process is intended to distinguish be-
tween primary causes and compensation. When no primary causes are found for a specific kinematic
deviation, this might be attributed as a compensation. However, this compensation must be in relation
to another observed kinematic deviation for which a primary cause has been established. This results
in definition of all treatment targets (box 4). Finally, an explicit rationale for specific treatment must
be described, which directly defines the kinematic parameters that should be improved in order to
conclude successful treatment after evaluation, i.e. the expected outcome (box 5). The final rows of
Table 1, show an example for only one of the possible 21 kinematic parameters of gait. This example
is drawn from a complete decision scheme on a clinical case of a child with CP that is evaluated pre-
and postoperatively.
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Introduction

Transmalleolar axis (TMA) measurements are frequently used to determine tibial torsion. The TMA
estimates the angle formed between a line intersecting the medial and lateral malleoli and the transverse
axis of the knee.

Method

Twelve normal subjects (three male, nine female, age range 21–61 years, mean age 38) were studied.
The left and right limbs of each subject were measured using each method. The measurements were
repeated for six subjects between 5 and 10 days later. All measurements were undertaken by the same
assessors.

Thepronemethod: With the subject prone and the knee flexed to 90◦, two marks were made on the
sole of the foot vertically above the malleoli, and a line drawn between them. A manual goniometer
was used to measure the angle between this line and the estimated knee axis (assumed to be 90◦ to
the long axis of the thigh).

Thefootprintmethod: With the subject in sitting, the hip in neutral rotation and the tibial tubercle
facing forward, the foot was placed on a piece of lined paper. The paper was lined up with the long
axis of the thigh, so that the lines were parallel with the knee axis. Two marks were made vertically
downwards from the centres of the malleoli using a small set square. A line was drawn between these
two marks and the angle measured between this line and any line on the paper.

The jig method: The lower limb was placed in a tropometer, with the tibial tubercle aligned with
a central marker. A distal frame attachment allowed the location of centres of the malleoli to be
identified, and the angle read off on the attached scale.

Results

The footprint and prone mean values were close to those found previously using similar methods
[2,3]. The jig method produced lower values than those found in a comparable study [4].

The mean TMA values, repeatability [1] of each method and agreement between the measures
was as follows:

Method Mean value
(n = 24)

Coefficient of
repeatability
(n = 12)

Methods Mean
difference

Standard
deviation

Limits of
agreement

Footprint 12.5◦ (S.D. 3.5) 5.36 Footprint
and jig

2.46◦ 3.71 −5.0 to 9.9◦

Jig 10.6◦ (S.D. 4.1) 9.04 Footprint
and prone

−8.28◦ 8.25 −24.8 to 8.2◦

Prone 21.2◦ (S.D. 10.1) 14.67 Jig and prone−10.74◦ 8.90 −28.0 to 7.1◦

Negative is external.

Discussion

The large coefficient of repeatability for the prone method may have been due to variation of foot
position when marking the sole, and lack of control of knee rotation when using this method. A
variation in tropometer design may explain the lower mean values found for the ‘jig’ method in this
s
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iscussion

n general, clinical decision making will benefit from explicit reasoning. The introduced sys
ased on theoretical and common sense considerations about the relation between kinemat
ters and the five conditions of gait [1]. It is aimed to reduce the complexity of clinical de
aking especially in an educational context. For this purpose it appears to be a clear and
ay to interpret and combine all information from gait analysis and physical examination. Ne

s implementation and validation of this systematic evaluation as a basic template in regular
ractice. Also further refinement (e.g. the role of muscle length testing under anesthesia)
ecessary.
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1.17:The footprintmethodof transmalleolar axismeasurement: repeatability and comparison
ith other methods
.T. Johnston1, M.E. Hazlewood2, S.J. Hillman2, M.L. van der Linden2, A.M. Richardson2, J.E.
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University of Edinburgh Medical School, Edinburgh; 2The Anderson Gait Analysis Laborato
dinburgh

ummary

hree clinical methods of measurement of determining the transmalleolar axis (TMA) were i
ated for repeatability and agreement between methods.

onclusions

here was poor agreement between the methods suggesting that they should not be used int
bly. The footprint method proved easy to use and was the most repeatable of the three metho
-

-
.

tudy.
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1.18:A new technique for accuratemeasuring of knee flexion–extension angle using body-fix
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ummary

new method of measuring 2D knee angle using a combination of accelerometers and gyr
s presented. The method proposes a minimal sensor configuration with one sensor module
n each segment. In the proposed technique, the joint angle is found without the need for inte
o absolute angles can be obtained which are free from any source of drift. The model co
natomical aspects and is personalized for each subject prior to each measurement.

onclusions

he proposed method based on body-fixed sensors gave an accurate (<0.70± 2.0◦ error) esti-
ation of absolute knee angle in sagittal plane. The algorithm was able to provide joint

n real-time, and to be used in gait analysis. Technically, the system was portable, easily
ble, and it could be used for long term monitoring without hindrance to natural activities
ethod was found promising, and the next goal is to estimate lower limbs trajectory durin
ctivities.
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Introduction

In the quest for an alternative to optical motion analysis systems which are often used in the study
of human movement, body-fixed sensors have been recently used. Body-fixed miniature sensors
consisting of accelerometers and gyroscopes can be used to obtain joints and segments kinematic
values, allowing to realize low-power, ambulatory recording systems carried by the subject for long-
term measurements. This study presents a new method for real-time and accurate estimation of knee
angle in sagittal plane. It is based on a combination of accelerometers and gyroscopes.

Patients/materials and methods

Two modules of sensors, each containing two accelerometers and one gyroscope, were used. The
sensors were mounted on the left shank and thigh segments using a strap. The model is based on
processing the outputs of a pair of virtual sensors placed at the joint center of rotation on the adjacent
segments. The relationship between a physical accelerometer reading (Si) atPi and its corresponding
virtual accelerometer reading (S′

i) at C (Fig. 1) can be expressed as:

S′
i = R−βi

(
Rαi

[
Sxi

Syi

]
+
[

−riω2
i

riω̇i

])
,

where the indexi gets the values 1 and 2 corresponding to thigh and shank,ω is the gyroscope reading,
Rα andRβ are axis rotation matrices of the physical and virtual sensors to the direction ofr by angles
α andβ, respectively. Since bothS′

1 andS′
2 express the acceleration of the same point C, they

should have the same modulus, while their arguments’ difference yields the knee joint angle (ϕ). The
model was personalized by including anthropometric data and accurate position of sensors obtained
by photography. Ten healthy subjects, aged between 44 and 70 years, participated in this experiment.
The volunteers performed three 30 s flat treadmill walking trials at speeds 2 km/h, 3 km/h and 4 km/h,
as well as a freely arbitrary flexion and extension of knee such as sitting, standing and swinging. For
comparison, a motion measurement system (Zebris, D) was used as the reference system.
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Conclusions

The use of this 4D (i.e. spatial coordinates + time) body scan technique enables a contact free, radia-
tion free, 3D analysis of the back under more functional conditions. The calculation of biomechanical
models for the spine, pelvis and scapula provides clinically relevant information for diagnosis. Espe-
cially in case of scoliotic patients or subjects with deficits in postural control this method is suitable
for longitudinal screenings. Furthermore, the control of rehabilitation treatments in the field of lower
back pain may benefit from this diagnostic tool.

Introduction

In clinical diagnostics the analysis of spine curvatures is particularly relevant, especially in scoliosis
or patients suffering from low back pain. The disadvantage of radiological methods is that potentially
harmful radiation is used, and that – in most cases – images are made under non-functional conditions.
Alternatives are video based systems or ultrasound systems using markers which must be placed on
the skin. These systems can do dynamic analyses but the preparation time is high and the error of
bone to skin movement is still an unsolved problem. With rasterstereography, a method for diagnosis
is available with which an objective and reliable back shape analysis is possible [1,2]. However, up
to now this method has only been applied to static standing. Therefore the goal of this study was
to develop this method toward a contact free measuring tool to analyze anatomical structures of the
trunk during functional behavior.

Methods

The application of this method in humans was tested for a group of young athletes who performed
different movements like stepping, trunk bending or arm elevation for 30 s (Matthias Test) under
different load conditions. The sequences were sampled with a maximum frequency of 15 Hz. After a
3D-reconstruction of the back surface, the vertebra prominens is detected as a significant convex fix
point. In the lower spine the lumbal dimples are detected as concave areas. Knowing these relevant
anatomical fix points, a biomechanical model is computed from which different anatomical parameters
like trunk length, kyphotic and lordotic angle, surface rotation, pelvic tilt and scapula position can be
calculated.

Results

In this presentation only qualitative results are figured. Fig. 1 shows as an example an arm elevation
with 10% BW. From the symmetry line clinically relevant parameters can be calculated.
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esults

he results of all tests were very close to those of the reference system and presented very sm
mean < 0.70◦, standard deviation < 2.0◦) and excellent correlation coefficients (>0.994).

iscussion

xcellent agreement was found between the results of body-fixed sensors and those of the
ystem. The results showed that fusing the information from accelerometers and gyroscopes i
he accuracy of the estimate of knee angle [1,2]. In addition, the model considered more ana
spects and was personalized for each subject prior to each measurement; which lead
ccuracy in the results. The algorithm was capable to provide the absolute knee angle in r

or any type of activity. The angles were found without the need for integration, so the resul
ot distorted by any sources of drift. The body-fixed sensors did not hinder natural movemen
asily mountable, and could be used outside a laboratory environment for long-term mon
nlike electro-goniometers, the proposed system provides also anterior–posterior rotations
nd thigh independently, which can further be used to obtain lower limbs trajectory.
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1.19:Development of a contact free, noninvasive method for spinal analysis under dynam
onditions
. Rapp1, T. Huysmans1, B. Haex1, K. Denis1, T. DeWilde1, C. Forausberger1, J. Vander Sloten1,
. Heitmann2
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ummary

rom surface analyses of the human back, biomechanical models can be calculated for the d
f spine, pelvis and scapula parameters by detecting relevant anatomical landmarks. Up to
ethod of white light stereographic analysis (rasterstereography) can be performed und

onditions. The use of improved camera techniques and the development of new algori
alculate the surface reconstruction improved this method in such a way, that a back surface
an be done under dynamic conditions.
ig. 1. Change of the lordotic angle during arm elevation. The blue dots are the values ca
rom the measurement data. A spline (red line) is fitted through these points in order to estim
ehaviour of the lordotic angle in time. The inlays represent the surface map at the differe
ositions.

iscussion

he system is able to analyze body motion at limited movement speeds. Compared to static m
ents, a continuous recording during a predetermined motion can be done. Especially in subj
eficits in posture control this method may serve as a possible way to get objective values f
pine, pelvis and scapula. The non-invasive implementation of this measurement technique
ines this method for the use in screening investigations and follow-up clinical diagnoses. Part
coliotic subjects may benefit due to the reduced need of radiological checks.
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1.20:Crosstalk and coactivation in bipolar surface EMG data: a new methodology for detec
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niversity, Aachen, Germany
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ummary

n this paper, a new procedure for the detection of crosstalk in conventionally measured bipolar
MG is presented. The methodology especially aims at the reliable discrimination between c
nd coactivation of antagonistic muscles. The procedure is validated by measurements with
uffering from brachial plexus lesion and the resulting coactivation of m. biceps brachii and m.
rachii on the affected side of the body. The results on the affected side were verified by com

hem with measurements on the healthy side.

onclusion

he results show that by utilising the procedure presented together with conventional surfa
romyography, discrimination between crosstalk and coactivation becomes possible. Additio
crosstalk risk factor” (CRF) is introduced, allowing the individual affinity for crosstalk to be q
ified.

ntroduction

rosstalk is a common phenomena and well known problem in the measurement of conv
urface EMG. In the past, different approaches to minimize crosstalk or to completely eli
t were presented, but in most cases these approaches did not lead to satisfying results.
rosstalk becomes a serious problem, if the information about the muscular coordination p
o be used for clinical diagnosis or therapy planning. At the Helmholtz-Institute a methodolo
herefore been developed, which allows the determination of a confidence value for the ass

mailto:meinecke@hia.rwth-aachen.de
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that an EMG signal is not affected by crosstalk but coactivation. The applicability of this technique
has been experimentally validated in several patient measurements.

Patients and methods

In total, 28 children, age range 5–10 years, suffering from a lesion of the plexus brachialis nerve
were analysed. For one of several test movements, e.g. elbow flexion, measurements included the
recording of conventional bipolar surface EMG of m. biceps brachii and m. triceps brachii according
to the SENIAM standard (Fig. 1). In a first step, the EMG phases of muscular activity are determined
by an “on”/“off” phase detector. The threshold is defined mainly on the basis of specially recorded
EMG rest phases, were the patient is asked to completely relax the associated muscles. To quantify the
likelihood of the occurrence of crosstalk for each patient separately, we introduced a “cross talk risk
factor” (CRF). Firstly the CRF is calculated only from the “on” phases of the patient’s healthy side.
It’s based on the energy ratio as well as on the commonly used cross-correlation of the measured EMG
signals between the antagonistic muscles. In a second step, a fuzzy system combines the information
obtained from cross-correlation and CRF of the muscular active phases on the healthy side. The system
then calculates a confidence value for the non-existence of crosstalk in the considered “on” phases
for the contralateral (affected) side.

F

R

P F, the
d es actual
c side the
c

P
i
L
1 d
T a,
W

S

T arthritic
( 2] was
t lassify
t ken to
i

C

I er are
t linical
s

I

A L knee
f system
t clinical
e

P

T nd 20
n ], each
s the set
o eries,
a variable
r variable
m

Table 1. A description of the 10 most important knee function variablesvi

v1 Vertical ground reaction force (GRF) (loading response–mid-stance) N/kg
v2 Cadence (strides per minute) min−1

v3 Anterior–posterior GRF 1 (loading response–mid-stance and terminal
stance–pre-swing)

N/kg

v4 Flexion–extension (58–76% GC) ◦
v5 Internal–external rotation (loading response to mid-swing) ◦
v6 Abd-adduction 1 (stance phase) ◦
v7 Stance phase as a percentage of the GC % GC
v8 Abd-adduction 2 (terminal swing) ◦
v9 Body mass index (BMI) kg/m2
v10 Anterior–posterior GRF 2 (late-pre-swing) N/kg

Results

The 10 most important knee function variables identified by the DS classifier are given in Table 1.

Discussion

In terms of the above variables (v1–v10), a number of clinical observations are discussed. Subjects
with OA knee function frequently walk with an antalgic gait pattern since it is a natural response to
reduce the load (force) through the knee (v1, v3, v10). Reducing the cadence and increasing the %
stance phase (v2, v7) increases the double support phase which is a pain reduction mechanism. Due to
joint deformity and soft tissue contracture, the OA knee rotation becomes restricted (v4, v5, v6, v8).
An increase in BMI (v9) leads to an increase in joint loading, which can result in knee OA. Therefore
it is significant that the variables identified by the DS classifier are those that are anticipated to be
clinically important in distinguishing OA and NL knee function.
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P1.22:The reliability and precision of three methods for measuring tibial torsion
Michael H. Schwartz, Sue Sohrweide
Gillette Children’s Specialty Healthcare, St. Paul, University of Minnesota, Minneapolis, USA
E-mail address:schwa021@umn.edu (M.H. Schwartz)

Summary

Three techniques for estimating tibial torsion were evaluated using a repeated-measures study design.

Conclusions

Reliability, as measured by intraclass correlations (ICC) was moderate-to-good for all methods. Pre-
cision, as measured by inter-rater differences, was poor. Other methods for measuring tibial torsion
should be developed.

Introduction

Tibial torsion anomalies are common in Cerebral Palsy, Myelomeningocele, and other movement
disorders. Pathological tibial torsion is frequently corrected via derotational osteotomy. A reliable
and precise means for measuring tibial torsion is therefore needed to help guide surgical decisions.
Tibial torsion is usually measured using one of three physical exam techniques: Thigh Foot Angle
(TFA), Second Toe Test (STT), or Bi-malleolar Axis Angle (BMA) [Bleck]. The reliability and
precision of these techniques has not been widely studied.

Patients, materials and methods

The study received approval from the Institutional Review Board, and all subjects gave voluntary
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ig. 1. Measurement setup for upper extremity analysis with markers and ECG electrodes.

esults and discussion

reliminary results show that by utilising a fuzzy combination of cross-correlation and the CR
iscrimination between crosstalk and coactivation becomes possible. In several case studi
oactivation on the affected side was detected with high reliability, whereas on the healthy
onfidence value for coactivation was near zero.

1.21:Which parameters are important in identifying osteoarthritic knee function? A compar-
son between an objective analysis and clinical opinion
. Jones1, C.A. Holt1, R. Evans2, S. Roy3

Cardiff School of Engineering, Cardiff University, Cardiff, Wales, UK; 2Section of Orthopaedics an
rauma, University ofWales College of Medicine, Cardiff, Wales, UK; 3Morriston Hospital, Swanse
ales, UK

ummary

he method developed by Holt et al. [1] was used to analyse the knee function of 22 osteo
OA) and 20 normal (NL) subjects during level walking. The Dempster–Shafer (DS) method [
hen applied to the variables collated during this knee function clinical trial to automatically c
he subjects to one of two groups: OA or NL knee function. A ranking of variables was underta
dentify those most influential in the classification process.

onclusions

t is clinically significant that the important variables identified by the automated DS classifi
hose that are often cited as being relevant in distinguishing OA and NL knee function in a c
etting.

ntroduction

highly accurate method has been developed that is able to automatically classify OA and N
unction [2,3]. However, it is important when developing an automated objective classification
o compare the outcome, and the way in which it arrives at it, with independent results and
xpert opinions.

atients/materials and methods

he method of Holt et al. [1] was used to study the knee function of 22 osteoarthritic (OA) a
ormal (NL) subjects during level walking over one gait cycle (GC). Using the DS method [2,3
ubject was automatically classified to one of two groups (OA or NL knee function) based on
f input variables collated during the knee function clinical trial (kinematic and kinetic time s
nthropometric data and temporal gait parameters). As a measure of clinical relevance, the
anking method of Jones et al. [3] was used to investigate the contribution that each input
akes to the overall classification of the subject.
onsent. A convenience sample of 80 subjects was selected from the population being seen
ation of gait disorders at the Gillette Children’s Specialty Healthcare Center for Gait and M
nalysis. Each subject had her/his tibial torsion assessed by two of five different physical thera

he laboratory. Assessment included each of the three measures (TFA, STT, and BMA). The t
airings were randomized to give equal distributions of all possible therapist pairs. The order
urements was not controlled. Reliability of the measures was assessed using Intra-class c
ICC). Precision was assessed by the inter-rater deviation,π = |x1 − x2|, whereπ is the precision an
1, x2 the tibial torsions obtained by therapist 1 and 2. Mean precision and a 90% confidence
5th–95th percentile) were computed.

esults

he reliability and precision of each tibial torsion measurement was computed (Table 1). Th
nter-observer variability is evident in each of the three measurements (Fig. 1).

iscussion

he ICC and mean precision suggest a clear ranking of the methods TFA→ STT→ BMA. The ICC
f the TFA (0.72) implies good reliability, whereas the precision data (30–35◦ range) clearly show

hat none of the physical exam based measures can give accurate guidance to orthopaedis
onsidering derotational osteotomies. These results make clear the need for better means of
ibial torsion. One option is to define a tibial torsion inbiomechanicalterms by measuring the ang
etween functional knee and ankle axes. These can be determined precisely using any n
odern analytical methods [2,3]. This work is currently ongoing.

able 1. Reliability and precision

TFA STT BMA
eliability (ICC) 0.72 0.65 0.59

ean precision (◦) 8.9 9.3 10.2

0% CI (◦) 32 31 35
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Fig. 1. Inter-rater precision. The tibial torsion measurements for the two raters show the measurements’ imprecision. The relatively high ICC values are somewhat misleading due to the wide between-subject
variation. None of the measures exhibits an acceptable precision.
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P1.23:Estimation of the tibio-femoral translation: preliminary results concerning marker
placement
D. Patikas, S. Wolf, C. Hank, H. Schmitt
Department of Orthopaedic Surgery, University of Heidelberg, Germany

Summary

Skin movement artifacts due to changes in joint angles and/or muscle contractions are a common
problem in gait analysis. This study introduces the problematic for defining the anterior–posterior
position of the tibia relative to the femur. Furthermore, a biomechanical model for calculating the
anterior–posterior tibia translation (APT) relative to the femur is introduced. Comparing passive and
active knee flexions–extensions, muscle activation induced a numerical APT of up to 8 mm, if we
assume that in healthy subjects such muscle activation may induce only a minimal tibia translation
compared to the passive movement. The amount of this error depended on the knee angle and the
structure of the knee of each subject (increased variability between subjects).

Conclusions

The definition of the knee axis using one marker on the lateral epicondyle needs to be reconsidered
when accurate measurements are required. The accuracy of the APT measurement may be improved
for specific knee joint angles and knee structures by placing additional markers distally to the femur.

Introduction

The usage of markers applied on the skin to determine the position of bones is often inaccurate, due
to skin motion, especially when the joint angles are varying and/or the muscles contract. Due to this
drawback, biomechanical models have failed to define accurately enough the APT relative to the
femur [1]. The purpose of the study was to measure the anteriorèposterior displacement relative to the
tibia of the marker which is commonly used to gait analysis for the definition of the knee axis [2]. In
this sense, the calculated displacement is a measure of the APT relative to the femur, in combination
with the presence of skin motion artifacts.

Patients/materials and methods

Four healthy volunteers (age: 28.1± 2.0 years, weight: 78.6± 14.7 kg, height: 184± 8.7 cm) with
no lower extremity injury history were measured for both sides. A 9-camera VICON system was used
to capture the trajectories of the markers. The tibia–femoral translation was defined as the vertical
distance between the marker placed on the lateral epicondyle during standing and the plane defined
by the two malleoli and the tuberosity. The knee angle was calculated using the plug-in-gait model.
A series of passive and active knee flexion–extensions were performed unilaterally in sitting position
with the foot hanging freely. Mean values± S.E.M. were calculated for intervals of 20◦ of knee flexion.

Results

As shown in Fig. 1, the calculated APT was differentiated during active knee extension compared to
t from 20
t een
t

F ) Mean
(
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Discussion

The lateral epicondyle while standing is often used as landmark for the definition of the knee axis.
While flexing the knee, the vertical distance between the lateral epicondyle marker and the plane
defined by the tibia markers increased (Fig. 1A). This increase may be attributed partly to the skin
movement and the roll-back movement of the femur. However, changes on the APT due to muscle
activation is more likely to be limited and therefore the differences shown between active and passive
situation could be mainly attributed to skin motion artifacts. It is suggested that the validity for
measuring the APT of the tibia relative to the femur may be increased for specific knee joint angles
applying additional marker(s) distally to the femur (medial and lateral).
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P1.24:New quantitative assessment of the effectiveness of treatment based on gait analysis
M. Coluccini1, E.S. Maini2, C. Fabi1, G. Cioni1,3
1Department of Developmental Neuroscience, Stella Maris Scientific Institute, Pisa, Italy; 2Scuola
Superiore di Studi Universitari e di Perfezionamento Sant’Anna, Pisa, Italy; 3Division of Child Neu-
rology and Psychiatry, University of Pisa, Pisa, Italy

Summary

In this study, we purpose a quantitative index based on kinematic gait analysis in order to evaluate
the positive and negative individual response to a therapeutic intervention.

Conclusions

When the effectiveness of the treatment is estimated in children with cerebral palsy (CP), a certain
variability of the responses can be found. Surely, this reflects the variability and the heterogeneity of
clinical expression of this syndrome. In fact the effects of the treatment are diversified and thanks
to the analysis of a sufficiently large number of elements of the gait cycle it is possible to quantify
objectively how much and in which phases the single patient’s gait is effectively improved.

Introduction

Gait analysis is customary in clinical practice in order to assess the effectiveness of treatments in
children with CP. Nonetheless there is still a generalized demand of methods giving an appropriate
description of joint kinematic and supplying also valid outcome measures for the quantitative assess-
ment of different treatment. Botulinum toxin (BTX/A) is a relatively new treatment modality for the
management of spasticity in chidren with CP that has been extensively researched during the last years
[1]. Nevertheless few studies report individual profiles of efficacy and the risk of excessive correction
induced by the therapy.

Patients/materials and methods

Twenty-one children with CP were subjected to BTX/A inoculation at the gastrocnemius, soleus
and tibialis posterior, isolately or in combined manner. Among them seven had Diplegia, seven had
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he passive. Muscle activation moved the lateral epicondyle marker posterior for knee angles
o 60◦ and anterior when the knee was flexed up to 100◦. These differences were variable betw
he subjects but were not over 8 mm (Fig. 1B).

ig. 1. Results concerning the marker placed on the lateral epicondyle while standing. (A
±S.E.M.) APT for active and passive knee flexions–extensions. (B) Mean (±S.E.M.) difference
etween the active and passive movement APT for different knee joint angles. Filled points re

ndividual subject measurements.
emiplegia and seven had Double-Hemiplegia and all them were treated monolaterally. A
roup of 10 healthy children matched by age was also recruited for comparison purposes. Ki
ata acquisition was carried out, according to Davis’s protocol, in the Clinical Gait Laborat
tella Maris Scientific Institute using an optoelectronic motion analyser (ELITE, BTS Italy) with

nfrared-cameras sampling at 100 Hz. Kinematic data were analysed for both lower limbs (trea
ot treated) on a minimum of five complete step cycles for every subject. The following para
f the gait were estimated on the sagittal plane before treatment and 4 months after: Align

he Ankle and the Knee at the Initial Contact, at 10% of the gait cycle, in Mid-Stance, at
nd in Mid Swing. In order to assess the effectiveness of the treatment we calculated a pe

ndex of gain (IG) that expresses the distance between the condition pre-treatment and post-t
hen referred to the normal condition calculated from the sample of the control group. Accor

G values the results were classified taking in account: No Response, Improvement (light to
orsening (light to severe) or Excessive Correction (light to severe).

esults

n our sample the main advantages of treatment with BTX/A were obtained at the ankle level in
imbs during the phases of Initial Contact and Mid-Stance. Nevertheless some subjects sh
xcessive correction, especially during the phase of Loading Response, relative to increas
orsiflexion. At the knee level IG values are reduced, compared to the results obtained at ank
enefits were obtained also for the untreated limb even if the number of No Response tends to
oth at ankle and knee level. In a limited number of subjects a light to severe Worsening was o
uring specific phases of gait cycle.

iscussion

s well as considering positive benefits and evidence for the effects of treatment it is im
o underline the individual negative results and complications due to the treatment. In thi
e purpose an index (IG) that allows a fine discrimination of advantages and disadvantage

herapeutic intervention in children with CP through the gait analysis.
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P1.25:Experimental noise in helical angle calculated from a marker setup
F. Öhberg, H. Grip
Department of Biomedical Engineering& Informatics, University Hospital, Ume˚a, Sweden

Summary

This study describes how measurement noise in retro-reflective markers affects the calculations of a
helical rotation angle (θ).

Conclusions

The results indicate a pure linear relationship between input and output errors, with a proportional
constant of 1/2 for nonzero rotations. This is due to the algorithm, which gets close to singular for
zero rotations.

Introduction

Whiplash-associated disorders (WAD) are common diagnosis after neck trauma, caused by sudden
acceleration and deceleration forces acting on the head and neck, most typically rear-end or side-
impact car accidents [1]. Woltring et al. [2] introduced the instantaneous helical axis method (IHA)
to describe motion characteristics during slow head movements on a subject suffering from WAD
and a control subject, showing the potential of IHA when constructing neck models. In two previous
studies, we have shown that a resilient backpropagation network is able to classify a subject into a
WAD or control group only using movement patterns as input [3,4]. In these two studies, two clusters
of markers (attached to head and shoulder respectively) were used for calculating the helical angle
between head and shoulders.

The aim was to study how white gaussian noise, added to simulated markers on a rigid body, affects
the calculated helical angle for the marker set used in our previous studies [3,4].

Patients/materials and methods

A commercial available system consisting of four cameras was used for marker measurements. A
reading of the measurement noise was obtained by calculating the Euclidean distance between two
markers, located on the edge of a calibrated wand, in each time frame. The standard deviation;σ; of
the distances calculated was then used as measurement of noise (i.e., precision).

A rigid body defined by three marker positions (collected in our earlier studies [3,4]) was used as
a reference position. The rigid body was then rotated around thez-axis (i.e., planar movement). The
first position was used as reference position while the second was disturbed with colored noise;ε ∈
N (0; σ) in thex-, y- andz-co-ordinate. Thousand disturbed rigid bodies were constructed. Finally,θ
was calculated (using method [5]) for every disturbed rigid body using the same reference position.
This procedure was repeated for different rotations around thez-axis (i.e., within thex–y plane).

Results

The standard deviation of the measurement noise was estimated to 1 mm when using marker data
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pursued. Twenty markers and six anatomical landmark calibrations enabled reconstruction of seg-
ment and joint anatomical frames of pelvis and lower limbs according to ISB standard definitions.
Intra-subject, inter-operator and inter-subject variability was assessed. Encouraging results from the
preliminary application of the protocol are reported.

Conclusions

The new protocol is suitable for gait analysis of children, where data collection must be not troubling
and distressing and measurements must be completely 3D and anatomically-based. The protocol
should facilitate also the community for data communication among different laboratories and even
among motion systems.

Introduction

Human movement analysis still suffers of the weakness of the few currently used protocols for motion
data collection and reduction. Reliable comparisons within and among subjects and precise clinical
functional assessment require anatomical based definitions of the references and therefore careful
identification and tracking of several anatomical landmarks. But when children are analysed, partic-
ularly those suffering of cerebral palsy, the marker-set and other associated measurement procedures
must be minimised to limit duration of subject preparation and of data collection. Traditional gait
analysis protocols are limited either by the reliability and repeatability of the measurements [1] or by
the time consuming experimental procedures [2]. A novel protocol is here proposed for the analysis
of pelvis and lower limb motion obtained as a compromise between these two opposite necessities.

Patients/materials and methods

Gait was assessed using a motion analysis system (Vicon Motion Sistems, eight cameras, Mcam2
1000 Hz) and two force plates (Kistler Instrument AG, Switzerland). One cm diameter passive mark-
ers were stuck in correspondence of the anterior and posterior superior iliac spines, most external
prominence of the greater trochanter, lateral epicondyle, external apex of the head of the fibula,
prominence of the tibial tuberosity, external apex of the lateral malleolus, lower ridge of the calcaneus
posterior surface, dorsal aspect of the first and fifth metatarsal heads. The medial epicondyles the ex-
ternal apex of the medial malleoli and the head of the second metatarsals were calibrated [2]. Hip joint
centre was assumed at a proportional position with respect to the superior iliac spines [3]. Anatomical
frames were defined as in [4]. Ten normal children (aged from 4 to 10 years) were analysed over 10
trials. In one of these, five operators performed the data collection procedure.

Results

The average time for a single analysis was 20 min. Joint rotations and moments for the control
population were found in general agreement with corresponding reports from these authors and from
standard reference literature. The minimum and maximum mean values over the walking cycle of all
angle standard deviations were respectively 1.0 (pelvic tilt) and 4.8 (knee flexion).

Discussion

The design of new gait analysis protocols should be according to the maximum reliability in the
definition of co-cordinate references, for a better physiological and clinical interpretation. On the
other hand, time necessary for patient preparation and data collection together with experimental
apparatus encumbrance are critical issues, particularly for gait analysis in children. The proposed
novel protocol seems to have achieved a good compromise between these two extremes. The number
of markers is only a little larger than tradition protocols, but these are all well traceable also in
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egrees of measurement error and how it affects the error inθ.

Fig. 1. Illustrates how different measurement errors affect the error inθ.

iscussion

n order to get a reliable measurement system it is important to know how measurement erro
he final result. The results indicate a pure linear relationship between input and output error
deviation is shown for a zero rotation (i.e., pure translation). This is due to the algorithm [5],
ets close to singular for zero rotations.
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1.26:A new protocol for gait analysis in children
.G. Benedetti, Z. Sawacha, G. Paolini, S. Giannini, A. Leardini
ovement Analysis Laboratory, Istituti Ortopedici Rizzoli, Bologna, Italy

ummary

novel protocol is proposed for gait analysis, aimed at combining anatomical rigor and s
ty of the experimental and analytical procedures. Anatomical-based definitions, direct skin
lacement, simple algorithms for hip joint centre estimation, and a shorter calibration procedu
ery small children and, in preliminary analyses performed, also in CP children. The loca
hese markers needs only carefulness on bony prominence palpation and identification. This is

implify operator training and to reduce inter-operator variability, as preliminary observed
tudy. The anatomical calibration is limited to only six landmarks, though a much larger numb
e obtained in case of special analyses. Finally, foot to shank motion is fully 3D.

eferences
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1.27:A modular protocol for the analysis of movement in children
. Rabuffetti1, P. Crenna2

Centro di Bioingegneria – FDG, Fondazione Don Carlo Gnocchi IRCCS, Milan, Italy; 2Laboratorio
er l’Analisi del Movimento nel Bambino (L.A.M.B.) Pierfranco& LuisaMariani, Institute of Huma
hysiology I, University of Milan, Italy

ntroduction

he creation of a new Laboratory for the Analysis of Movement in Children (L.A.M.B.) a
nstitute of Human Physiology I, University of Milan, was the opportunity of conceiving a
rotocol for the acquisition of kinematic data, to be specifically applied in the pediatric ag
ain points considered were: (a) inclusion of the advantages of the available anatomical a

1], calibration approach [2] and functional approach [3]; (b) minimization of the operationa
traints possibly related to the anthropometrical dimensions of the young subjects and
uently low experimental compliance thereof; (c) reliable application of second level, path

ological approach to the analysis of movement (e.g. detection of dynamic spasticity) in d
hildren [4].
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Methods and results

The protocol was applied using an optoelectronic system (Smart, E-Motion, Italy) with 6 tv-cameras
arranged as a hexagon. Markers’ setup was adapted to the range of children’s body size by adopting
three progressively more complex double-side configurations (small, medium, large). The configu-
ration “large” is represented in the figurine (each marker shown once). Circles indicate anatomical
markers, squares technical markers and triangles calibrated anatomical landmarks. The anatomical
markers of the HAT are zigomatic process of the temporal bone, C7 and T10 vertebral spinae, scapular
acromion, lateral humeral epicondyle, distal ulnar tuberosity. The anatomical markers of the locomo-
tor system are PSIS midpoint, ASIS, greater trochanter, medial and lateral femoral condyles, fibula
head, medial and lateral malleoli, 1st and 5th metatarsal heads, distal insertion of the Achilles ten-
don, dorsal aspect of the 1st toe. The body is modelized as a complex of 16 segments, 7 of which
belong to the locomotor system (pelvis, thighs, shanks and feet). The latter are identified by at least
three points each (the third point on the thigh is the estimated pelvis-based hip joint centre) allowing
quantification of 6-d of kinematics. Mathematical models independent from the absolute reference
frame enable reconstruction of calibrated points, identification of pelvis frame and estimation of the
hip joint center [1], identification of lower limb frame and joints’ centres [5] computation of joint
angles [6], joint dynamics, muscle geometry, COM kinematics [7] and energetics.

Discussion

The L.A.M.B. protocol, which has been tested by a laboratory activity spanning more than 1 year,
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method Vicon. Kinematics were assessed from 3 trunk segments (‘thorax’, ’low back’ and ‘sacrum’).
For the Amber method 10 different versions of the segment calibration were applied. For the video
based reference system a state of the art bony landmarks calibration method was applied. Nine healthy
subjects (age: 25± 4 years, weight: 80± 4 kg, length: 185± 5 cm) participated in the experiment.
Three tasks were performed and led to separately recordings:

1. Standing motionless in natural upright posture for 5 s. Perform trunk flexion in sagital plane
(aroundx-axis) repeated five times. Then again standing motionless in a natural upright posture
for 5 s. This task was repeated five times.

2. The same with lateroflexion (around axis).
3. The same with twist around the vertical (aroundy-axis).

Fig. 1. Experimental setup. Vicon markers are placed on bony landmarks and additional marker trees
are placed oni the inertial sensor modules.

Set-up:Sensor module angular velocities and accelerations were directly derived from gyroscope and
accelerometer signals. Sensor module 3D orientation was estimated applying a Kalman filter.

Results

The accuracies with which the gravity axes could be determined (<1◦) is higher for the gravity axes
than for the rotation axes (<3◦).

De best repeatability was found with methods 1 and 2; mean of 1.8 (S.D.±1.3) and 0.9◦ (S.D.
±1.1) for the thorax sternum and 2.1◦ (S.D.±1.5) and 1.6◦ (S.D.±1.9) for the thorax back.

For the comparison of the Amber and reference methods, only methods 1 and 2 are taken into
account. The mean values for structural difference over the eight subjects for the different methods
and segments are varying between 10 and 30◦ (Table 1). The maximum standard deviation is 12.5◦.
This difference is around 10◦ smaller for thorax sternum then for the thorax back.

Discussion

Remarkable is the large structural difference between the Amber segment calibration method and the
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evealed good operational feasibility. The marker set-up with no external fixtures (wands,
educes subject encumbrance, while complying with requirements for a full 3D kinematic asse
he consistent set of identifiable bony landmarks limits marker placement and skin motion artif
nd, depending on the configuration, curtails or avoids anthropometric measurements. The an
alibration applied to eight points further shortens the preparation phase. The use of math
odels independent from the absolute reference frame enables analysis of (loco)motor mo
ccurring in any direction, thereby allowing the use of ground-fixed force plates by the most con
rientation. The detailed characterisation of foot–leg segments geometry allows utilization o
ccurate muscle models for computation of distal muscle kinematics. The application of the p

o adult subjects with positive results has confirmed the advantages of the discussed feature
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1.28:Body segment kinematics estimated through inertial sensing
. Baten1, M. Klein Horsman1, W. de Vries1, D. Magermans2, H. Koopman3, F. van der Helm2, P.
eltink3

Roessingh Research and Development, Enschede, The Netherlands; 2University of Delft, Delft, Th
etherlands; 3University of Twente, Enschede, The Netherlands
-mail address:c.baten@rrd.nl (C. Baten)

ummary

method is proposed and validated for estimating accurately 3D body segment kinematics fro
nertial motion sensors.

onclusions

calibration through a few single functional axis rotations delivers an accurate and reliable esti
hich appears also to facilitate a more intuitive interpretation than a bony landmark calibra
ideo based methods.

ntroduction

nertial sensing offers accurate estimation of 3D orientation, velocities and acceleration witho
cial reference. This would allow for more freedom for the patient and clinician in parts of cl
otion analysis. There will be no visibility problems, no limited measurement volumes and no
emands on the examination room. However to be able to use these sensors accurately the
ata of the sensor module has to be translated to the kinematics of the body segment. Be

he nature of the data of inertial sensors for this translation dedicated calibration methods ha
esigned and validated. This paper proposes and validates one such method for the trunk and

ts use for arms and legs.

atients/materials and methods

he calibration is performed based on a few recordings of controlled trunk posture where o
f the body segment is known in the global coordinate frame in which the kinematics of the
odule are expressed and/or controlled rotations around a single body segment axis. Typica
ostures are the ones in which one axis of the body segment coordinate frame is assumed to b

o gravity. Typical suitable motions involve single axis rotation of a body segment around on
egment coordinate frame axes. In validation experiments for nine healthy subjects simu
ecording were performed with the Amber inertial sensing modules and with a video based re
s

l

eference bony land marks method, while both are similarly accurate and reliable. First re
urther tests suggest that similar differences are found when both calibration methods are pe
n Vicon cluster marker data. This implies that the difference is not caused by the use of
ensing but only by the way of calibrating. For Amber only the segment calibration can be
or video based set-ups both can be used and it may be argued that the segment calibratio
lso here would to be preferred, because it results in a body segment axes frame of which
re closer to the axes of functional rotation, which would allow for a more intuitive interpret
specially in clinical assessment.
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4.1:Foot motion of treated congenital talipes Equinovarus—a comparison to the sound side
. Schlaeger, S. Wolf, F. Braatz, L. Doederlein
epartment of Orthopaedic Surgery, University of Heidelberg, Germany

ummary

ine children with unilateral surgically treated clubfoot deformities have been examined usin a
egment foot model. In every patient clinical changes could be identified and quantitatively dete
n sagittal, transverse and frontal plane.

onclusions

unctional assessment is until today based on clinical findings and questionnaires. The deter
f kinematic data of the foot segments within gait allows a more detailed understanding of the

ying biomechanics and is the prerequisite for a better and more specific treatment planning.

ntroduction

he surgical management of congenital club feet remains a challenge for the surgeon. Res
f foot functions can only be derived indirectly based on static measurements. Recommen

or further treatments are based mainly on indirect observation. Recent dynamic investigatio
n indication for restricted function of surgically treated club feet [2]. Nevertheless, a more d
ssessment of foot function seemed nessessary. The aim of this study is to objectively and quan
escribe the gait function of surgically treated CTEV with a multi-segment footmodel in sta
ell as swing phase.

atients/materials and methods

linical and 3D gait analysis data were assessed for nine patients (five females, four males, m
f 10.7 years, range: 3–13 years) with previous surgical treatment in unilateral CTEV. All p
howed noticeable changes in the foot shape. The last surgical treatment had been carried
ean age of 4.5 years (range: 1–13); the follow-up examination was performed 6.2 years after
ix children were treated with a dorsomedial realease and Achilles tendon lengthening, three



ESMAC Abstracts 2004 / Gait and Posture 20S (2004) S61–S112 S79

received a dorsomedial release only. In eight children an additional pantalar release or a repeated
dorsomedial release was nessessary. For the model, a set of 17 markers placed on the skin was used to
monitor foot motion as described in [1]. Data capturing was performed with a 9-camera VICON612
system. Eight strides were captured on a 7 m walkway asking the patient to walk at a self selected speed.
For analysis, the kinematic data of all three planes which describe the typical aspects of pathologic
deformity in CTEVs were analysed and the data of the affected side was compared to the sound side.

Results

In eight out of nine children an increased cavus in the complete gait cycle was found, seen in the data
as a decreased medial arch angle. Furthermore, increased subtalar inversion could be found also in
eight patients throughout the gait cycle with no significant reduction in ROM. Seven patients showed
a reduced maximum dorsiflexion in swing. In six children we found an internally aligned forefoot
relative to the gait direction which is either the result of an internal ankle rotation or a pronounced
forefoot adduction. The other three children showed an increased forefoot abduction which coincided
with an internal foot orientation.

Discussion

We could corroborate the findings of Theologis et al. [2] of decreased ankle dorsiflexion whereas an
increased forefoot adduction could not be found in all cases. In the transverse plane we could get
new insight in the dynamic positioning of the foot segments. The observed intoeing gait which is
reported clinically appears as a common feature also in the motion analysis of the club foot which
can mainly be attributed to the orientation of the forefoot relative to the gait direction. However, there
appears little direct correlation solely to internal ankle rotation or forefoot adduction. It is rather the
combination of both parameters which leads to a resulting internally oriented forefoot.

References

[1] The Heidelberg foot model: the development, description and assessment of a kinematic foot
model for pediatric clinical motion analysis. Gait Posture, submitted for publication.

[2] Theologis TN, et al. J Bone Joint Surg 2003;85-B:572–7.

S4.2:Understanding standing posture using muscle driven forward simulation
Jonkers Ilse1, Stewart Caroline2, A. Spaepen1, Patrick John2
1FLOK/KU Leuven, Leuven; 2Be – ORLAU/RJ& AH Orthopaedic Hospital, Oswestry, UK

Summary

This paper describes the use of muscle driven forward simulation techniques in the study of normal
standing. Crouching down and standing up were also studied and compared with measured data sets
in order to validate the model response.

Conclusions

A musculoskeletal model, with a dynamic foot-floor interface, using muscle driven forward simulation,
can be used to study the control of standing posture. The optimisation algorithms used are able, by
modulating the excitation pattern of the 22 muscles, to stabilise the joints during standing and control
joint movement during crouching down and standing up.
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Fig. 1. Seven DOF model.

S4.3:Multibody gait modeling and simulation with preview objectives
Paul Bourassa1,∗ , Philippe Micheau2
1Research Centre on Aging; 2Faculty of Engineering, University of Sherbrooke, Qu´e., Canada

Summary

Some multibody walking models including legs, tights and upper-body have been developed with
various objectives of preview symmetry at mid-stance position and configuration at the end of the
swing phase. Continuous gait motion simulation and a steady symmetric limit cycle can be achieved
for a large number of steps. Applications addressed to normal gait cases are also foreseen for cases
presenting disabilities.

Conclusion

This method of generating controlled gait motion with preview objectives seems promising. This
approach can be applied to models of great complexity including arms and feet, and can be extended
to three dimensional gait motions needed for many normal and deficient gait simulations. The limit
cycles obtained for some simulated normal and deficient gait cases offer some potential application
in the field of stability and clinical gait analysis

Method

A model of rigid bodies, such as shown on Fig. 1, can be mathematically described by a system of seven
nonlinear second order differential equations. Impulsive external forces and torque as well as gravity
forces are applied to the model, each body having its own mass and inertia. While the nonlinear
equations can be numerically integrated using a controlled Runge-Kutta algorithm, a polynomial
solution for the linearised system in the form ofVi = Ci1 + Ci2t + Ci3t2 + Ci3t3 may also be
developed for each body. These last solutions depend of course on the initial generalized coordinates
and velocities. When objective values, such as conditions for symmetry at mid stance and others at
the end of the swing phase are specified, these polynomials form a set of algebraic equations whose
solution specify the required initial velocities. The integration of the equations of motion over a very
short time interval at toe-off, yields another set of algebraic equations relating these initial velocities
to the impulsive forces and torque needed to achieve this objective.

The specific time for mid-stance to occur, becomes a gait velocity control parameter. A programme
can be developed to provide a step to step simulation and animation.

Results

A continuous gait motion may be obtained and visualised with a dedicated animation program and
the gait quality can be readily observed from such animations. A limit cycle involving primarily the
leg variables is quickly attained after a normally short transient period. The propulsion impulses are
seen to vary somewhat from step to step to account for the variation of step angular velocity needed
at toe-off. The stability of the system can be appreciated from the steadiness the limit cycles when
parameters variations or perturbation impulses, such as tripping impulses for example, are purposely
introduced during the gait cycle. Results are presented in the form of simulations and limit cycles for
a variety of normal model cases. For the purpose of illustrating the capability of this method, some
results are also shown for a few models having geometrical or physical parameters differing from
leg to leg. A time delay may also be introduced and impulsive torque of limited amplitude can be
specified. Thus applications are foreseen for many clinical cases with physical deficiencies.
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ntroduction

sing forward simulation it is possible to study the relationship between muscle excitation,
orce and the resultant movement of the musculoskeletal system. Many studies have analysed
sing different measurement techniques but these techniques do not allow such a causal rel

o be established. Using forward simulation to study standing posture has the potential to incr
nderstanding of the underlying neuro-physiological control system.

atients/materials and methods

seven segment musculoskeletal model was defined using SIMM, including 22 muscle-ten
uators. The foot-floor interface was set up using six spring-damper contact points for ea
orward simulation was performed using Dynamics Pipeline and SDFast, with a standard Hil

o convert the muscle excitation profile into force. Optimisation routines (Optimus, LMS) were u
odulate the muscle excitation profiles in order to produce the target joint trajectories. Optim
as carried out over steps of 0.1 s. To limit the number of variables required for the optimi
ymmetrical activation patterns were assumed. The target trajectories were taken from data
n a control subject performing the prescribed movements.

esults

stable standing posture was achieved with good control at each of the joints (including a 3 DOF
ip joint). Stability was maintained for 3 s (300 simulation steps), showing modulation of the m
xcitation levels and movement in the centre of pressure of the ground reaction force under
ynamic stability was also achieved during crouching down (2.5 s) and standing up (2 s) mano
ig. 1 shows the simulated joint angles (in grey) compared with the target trajectories (in bla

iscussion

he method described here allows the causal relationship between muscle excitation and
ontrol to be explored. The spring-damper interface effectively allows the centre of pressure
n response to changes in segment position and muscle excitation. For the three postures
atisfactory match of the model response to the target trajectories was achieved by modifying
itation patterns of the muscles. The observed discrepancies between the predicted excitation
f the muscles and recorded EMG signals could only be resolved by using additional neuro

ogical control modules. This is a potential future development.
iscussion

good gait is a symmetric gait, as had often been said. For models intended for deficient ca
esearch of gait symmetry, even if not perfectly satisfied, will yield most likely a better gait, b
uestion is opened. The limit cycles and phase diagrams are indicative of the level of stability

n the gait motion, as for example, when a parameter or variable perturbation suddenly occu
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S4.4:Cognitive perturbation makes stance more stable!!
A.V. Nene, J. Buurke, V. Erren-Wolters, L. Schaake
Roessingh Research& Development, Enschede, The Netherlands

Introduction

Regulation of posture involves sensory as well as cognitive processes. Postural sway measurements
during dual task conditions have been used to examine the impact of cognitive task on posture control.
Researchers have evaluated postural sway by using a force platform to measure displacements of the
Centre of Pressure (COP). Attempts to interpret stabilogram, a plot of time varying coordinates of the
COP, from a motor control perspective have not been successful.

Collins and DeLuca [1] introduced a new method for analyzing COP trajectories known as sta-
bilogram diffusion analysis. This analysis generates a function that summarises the mean square
COP displacement as a function of the time interval between COP comparisons (Fig. 1). The anal-
ysis generates three sets of six parameters. The parameters are long and short term diffusion co-
efficients, long and short term scaling exponents and critical point coordinates. Diffusion coef-
ficients are calculated from the slopes of the resultant linear-linear plots, scaling exponents are
calculated from the slopes of the resultant log–log plots, and the critical point coordinates ap-
proximate the transition region that separates the short term and long term regions. The sets are
for medio-lateral, antero-posterior planar displacements. The two parts of the plot suggest two
different control regimes namely, a short term open loop control and a longer term closed loop
control.

Method

Ten able bodied, healthy subjects participated in the study. Their age ranged from 21 to 49 years.
During trials the subjects were asked to stand, barefoot, in an upright position in a standardised
stance, as quiet as possible, on a force platform that measured the time varying displacements of
the COP. Each trial lasted for 30 s. Four different test conditions were randomly tested, namely
eyes open, eyes closed and a cognitive task with eyes open and with eyes closed. The cognitive
task consisted of Paced Auditory Serial Addition Task (PASAT). This task demands a lot of fo-
cused attention. For each condition 2 series of 10 trials were conducted. The data was analysed
according to the method described by Collins & DeLuca. Statistical analysis, ICC calculations
were carried out using SPSS v11.5 to study the reliability of findings obtained for various test
conditions.

Results

ICC for majority of parameters for all test conditions represented fair to excellent reliability. The
parameters for planar displacements were studied in detail for trends. With cognitive perturbation
diffusion coefficients, for short as well as long term, lowered in all subjects with eyes open as well
as eyes closed. There was no discernible difference in short term scaling exponents on cognitive
perturbation but long term scaling exponents were lower in all. The critical point coordinates were
similar for all four test conditions.
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S4.5:Evaluation of standing balance using a body fixed kinematic sensor
V. Deillon1, B. Najafi1, M. Thomi2, C. Piot-Ziegler3, S. Rochat2, C. Bula2, K. Aminian1

1Swiss Federal Institute of Technology-Lausanne (EPFL), STI, LMAM, 1015 Lausanne, Switzerland;
2Service of Geriatric Medicine, CHUV& CUTR Sylvana, 1066 Epalinges, Switzerland; 3Faculty of
Psychology, University of Lausanne, 1015 Lausanne, Switzerland

Summary

A new methodology using 3D accelerometers and 2D gyroscopes was proposed to assess body sway
during standing in elderly people. The system allowed to estimate body sway with eyes open and
closed, and provided objective outcomes related to clinical structured evaluation.

Conclusions

The multi-band frequency decomposition of horizontal acceleration allowed to discriminate balance
control sway components from other movements. The root mean square value of this component
showed significant correlation with a measure of fear of falling (Fall Efficacy Scale, FES). The
system can be used in different environments (home, hospital), and requires a single module attached
on the sacrum.

Introduction

In elderly persons, balance improvement or deterioration can be of interest in the clinical setting.
However, there is a lack of a low cost, reliable and simple ambulatory system usable in different
environments. The aim of this study was to assess balance with a single kinematic sensor module
which can be used easily by a clinician at hospital or office. Objective outcomes related to body sway
during standing were extracted and compared to clinical evaluations.

Patients/materials and methods

Sixteen elderly persons (mean age 79.7 years, range 69–87) were asked to carry a kinematic sensor
composed of a 3D accelerometer and a 2D gyroscope. The kinematic sensor was attached to the lower
back, near the sacral area. Patient’s trunk accelerations in the anterior–posterior (AP) and medio-lateral
(ML) directions were extracted during 30 s in quiet standing under two conditions: eyes opened (EO)
and eyes closed (EC). The absolute trunk angles in AP and ML directions were calculated based on
integration of the gyroscope signals. This allowed to estimate the actual horizontal accelerations and
to remove the gravity component from the raw acceleration data. To evaluate the balance control,
the acceleration signals were decomposed into three frequency bands, using Wavelet Transform:
low frequency band (0–0.21 Hz) representing slow movement of the trunk, medium frequency band
(0.21–1.71 Hz) related to the body sway, and high frequency band including movement artifacts. For
each conditions, the root mean square (RMS), as well as the range of acceleration (ROA) in both AP and
ML directions were estimated. A non-parametric rank-sum test was used to find significant difference
under EO and EC conditions. In addition, Tinetti’s Fall Efficacy Scale (FES) and Performance Oriented
Mobility Assessment (POMA) clinical scores were obtained to assess the fear of falling and fall risk
for each patient.

Results

Multi-band frequency decomposition removed successfully the slow as well as jerky movements
from the acceleration patterns. In addition, both RMS and ROA parameters enabled discriminating
between the balance control under EO and EC conditions (P < 0.001). Interestingly, we observed a
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iscussion

pen loop control mechanisms, when interpreted physiologically, indicate inherent stability
ody and closed loop control mechanisms indicate the efficacy of the feedback mechanisms
orrective actions. Cognitive perturbation requiring high level of attention such as PASAT brin
utomaticity of stance control in to play. Lowering of D and H with cognitive perturbation indi

hat the stance becomes more stable and the closed loop mechanisms work more efficie
ndings are in contrast to a previously reported study [2]. Perhaps in healthy subjects the auto
t sub-cortical level works more efficiently when one is busy with a complex cognitive task.
ndings are in accordance to a previous study reported in the literature about the effect of com
f cognitive task on postural sway [3].

onclusions

ognitive perturbation using a complex task makes stance more stable in healthy adults.

eferences

1] Collins JJ, et al. Exp Brain Res 1993;95:308–18.
2] Pellechia G. Gait Posture 2003;18:29–34.
3] Andersson G, et al. Brain Res Bull 2002;58:135–9.
elatively high negative correlation between each parameters extracted under EC condition in
requency and the FES score (r = −0.5,P < 0.05). This correlation was higher for ML directionr
−0.7,P < 0.005). In contrast, there wasn’t any significant correlation between these para

nd FES under EO condition (r = 0.3,P= 0.3). Finally, no significant correlation was found betw
hese parameters and Tinetti’s POMA score (including gait and balance scores).

iscussion

ur results demonstrate that a single kinematic sensor attached to the sacrum provides va
ation on balance control in elderly people. The differential correlation between the magni
orizontal acceleration and the clinical scores supports the hypothesis that fear of falling and
ight not be related to the same kinematic parameters. In the future, this system might make

o perform bedside evaluation of balance control and of its relationship with fear of falling a
isk in elderly people.

4.6:Emg analysis during elementary arm motions and during pitching
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Summary

In order to clarify if different arm motions and sport activities influence the activity of shoulder mus-
cles, eight shoulder muscles were examined using surface electromyography (EMG) in 25 subjects.
The results obtained from the muscles of upper extremities of throwers were compared with those
of recreational athletes. The better neuromuscular control of throwers caused more profitable muscle
activity during elementary arm motion. Differences during pitching are more significant.

Conclusions

By analyzing EMG curves of all movements we can determine that muscle activity occurred simul-
taneously in muscles producing the movement and in antagonistic muscles stabilizing the joints with
nearly equal amplitude. This indicates that coordination due to muscle contraction plays a significant
role in stabilizing the shoulder joint. In the control group the m. biceps brachii, the m. triceps brachii,
and the m. deltoideus also play an important role, while in javelin throwers the role of the rotator cuff
muscles are more intensive in ensuring proper stability. With this knowledge, rehabilitation programs
tailored to injured throwers’ needs can be developed.

Introduction

Both normal and pathological muscle functions have been examined by electromyography. EMG has
been used to quantify muscle activity patterns during shoulder rehabilitation protocols, sports activity,
all-day work, and overhead sports activities [1,2]. There are no reports on the muscle activity patterns
of the rotator cuff muscles and the shoulder synergist during overhead throw at javelin throwers. The
purposes of this study were to define the sequence of muscular activity patterns in selected shoulder
girdle muscles during elementary motion and during overhead throw and to analyze the learned
characteristics of overhead throw.

Materials and methods

The study was carried out on nine javelin throwers (21.2± 3.1 years, 185.3± 12.1 cm, 79.1±
4.1 kg) and on 16 healthy subjects (22.1± 1.1 years, 182.9± 23.9 cm, 72.1± 3.4 kg). Surface EMG
electrodes were attached to m. pectrolalis maior, m. infraspinatus, m. deltoideus anterior, middle
and posterior parts, m. supraspinatus with m. trapesius, m. biceps brachii, and m. triceps brachii. The
investigated movements included pulling in the saggital plane; pushing in the saggital plane; elevation
in the coronal plane; slow and maximal speed overhead throw. Muscle-activity is characterized by
EMG envelope-curve in time-function. The activity recorded during the investigated movement was
normalized by the maximum voluntary contraction (MVC) achieved during all the five movements
instead of reference voluntary contraction (RVC).

Results

Significant differences can be observed between the two groups in the MVC% of the middle and
posterior deltoid, the m. supraspinatus and m. infraspinatus during pulling, of the posterior deltoid
and m. supraspinatus during pushing, of the posterior head of m. deltoideus during elevation and
during maximum speed overhead thrower. In the control group, a time dislocation (13.12%) can be
observed between the maximum activities of the different muscles in the same phase of movements
compared to the javelin throwers, where the difference is a minimal 10.63% if we consider the total
time of a pitching to be 100%. The difference is not significant.

Discussion
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All these children were independent ambulators and had not undergone surgery prior to, or between,
analyses. The following variables were computed over the single support interval using Event Analyser
(Vaquita, UK): minimum knee flexion; mean ankle extensor moment; mean knee extensor moment
and mean hip extensor moment.

Results

We found significant increases in minimum knee flexion (P< 0.05) and mean knee extensor moments
(P< 0.05) between analyses for those children who presented with greater than 20◦ of knee flexion at
the first analysis (six limbs). The changes in knee flexion and knee extensor moment were highly and
significantly correlated (r2 = 0.7632;P < 0.05). We did not find significant differences in the mean
hip extensor or ankle moments between the two analyses for this group. There were no significant
changes in the group of children who presented at their first analysis with minimum knee flexion of
less than 20◦.

Discussion

Previously, we have found that increasing knee flexion in children with SDCP loads the knee extensors
preferentially [1]. In this small longitudinal study, we have shown that children with increased levels
of knee flexion tend to develop greater levels of crouch and greater knee extensor moments. We
believe that increased levels of knee flexion in children with SDCP cannot be maintained because of
deleterious changes in the quadriceps secondary to the increased loading of these muscles and the
underlying neurological condition of these patients.
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S5.2:The importance of additional strength-training in the post-operative treatment of children
with cerebreal palsy
P. Armbrust, K. Mund, D. Patikas, W. Schuster, S. Wolf, L. Doederlein
Department of Orthopaedic Surgery, University of Heidelberg, Germany

Summary

The rehabilitation period after surgery is important concerning the duration and quality of recovery.
In a randomized, prospective study a group of 40 children with cerebral palsy (CP) was divided in
two groups to determine the effect of strength training 6 and 12 months after the operation. Functional
parameters with Gross Motor Function Measurement (GMFM) as well as kinematic data of 3D gait
analyses were assessed to investigate gait quality improvement.

Conclusions

Functional strength training in addition to regular physiotherapy does not affect spasticity. However, it
is still unclear whether the gained muscle strength, which is diminished by surgery, helps the patients
to improve the functional outcome and shortens the rehabilitation process.

Introduction

T ntly in-
c blished,
w y and
c an addi-
t udy is to
c hysical
t t.

P

F 6 years
h 3D gait
a umption
t flexor
a Group:
S nd their
p dently at
h derwent
c onths
a urements
o d spastic
d

R

G ery was
l ompar-
i ee flexor
m rences
b was sig-
n which
w e tests in
t ost all
o n in the
C

D

T ining in
t attend
t rated,
c igns for
i training
w e strong
a p. This
i strength
t r study.

R

[
[
[
[
[

y analyzing EMG curves of all movements we can determine a difference in ensuring the sta
he shoulder. In javelin throwers the time difference between the activity maximum of the agon
ntagonist muscles is minimal, while in the control subjects the time difference is broader; howe
ifference between the groups is not significant. This can be well observed during maximum
itching. This suggests that the different neuromuscular control and proprioception of the

hrowers caused different muscle coordination during throwing. As a consequence of the re
e may suppose that elementary movements are combined of several motion types; ama
onsiderable rotation to all movements.

eferences
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ession 5 (oral):10:52 to 12:52
erebral Palsy
5.1:Changes in joint kinetics in children with diplegic cerebral palsy
.E. McNee, M. Gough, L.C. Eve, N.F. Fry, A.P. Shortland
ne Small Step Gait Laboratory, Guy’s Hospital, London, UK

ummary

e examined changes in knee, hip and ankle kinetics of patients at two consecutive gait a
hese children had a diagnosis of Spastic Diplegic Cerebral Palsy (SDCP) and were inde
mbulators. They had not had surgical intervention or Botulinum toxin injections before t
nalysis or between analyses. We found that those children presenting with minimum knee fl
ingle support of less than 20◦ at the first analysis remained stable, i.e. their minimum knee flexio
heir mean joint extensor moments during single support did not change significantly. In contr
roup who presented with greater than 20◦ of knee flexion at the first analysis had positive mean k
xtensor moments and developed greater levels of knee flexion and larger knee extensor mo
he second analysis.

onclusion

ur results indicate that the natural history of children with SDCP who present with knee fle
reater than 20◦ is one of increasing knee flexion and exposure of the knee extensors to greate

ntroduction

n cross-sectional studies, increased knee flexion in the stance phase of gait in children wit
as been found to be associated with an increased and prolonged knee extensor moment
exion has also been shown to increase the forces acting through the knee extensors dra
2]. A longitudinal analysis of lower limb joint kinetics in children with SDCP may improve
nderstanding of the development of crouch gait. This study examines the changes in minim
exion and the internal extensor moments of the joints of the lower limb from two consecuti
nalyses in a group of children with SDCP. We hypothesised that children with knee flexion

han 20◦ would fall further into crouch and expose their knee extensor musculature to greater

atients/materials and methods

e reviewed kinematic and kinetic data obtained from two consecutive gait analyses (Vic
ix-camera system, three AMTI force plates) of 17 children (34 limbs) with SDCP, aged 4–1
mean: 8.5 years). The interval between analyses ranged from 7 months to 2 years (mean
he commonly prescribed post-operative physical therapy for children with CP does not curre
lude functional strength conditioning. However, several studies have been formulated and pu
hich examine the effects of short-term strength training on functional ability, walking efficienc
rouch gait in non-operated spastic diplegics [1–3]. The use of functional strength training as
ional post-operative rehabilitation tool has not been investigated so far. The purpose of this st
ompare the effects of functional strength training in addition to conventional post-operative p
herapy and to determine the relationship between strength gain and functional improvemen

atients/materials and methods

orty spastic diplegia patients with CP (assisted or unassisted walkers) in the age of 6–1
ave been examined. Prior to surgery (Pre-Op), the patients underwent clinical examination,
nalysis, Biodex (isometric and isokinetic knee flexors–extensors strength test), oxygen cons

esting and GMFM. Half of the patients (randomized) received functional strength training of the
nd extensor muscles of the lower limb additional to regular physiotherapy (Strength Training
TG), whereas the other half received physiotherapy only (Control Group: CG). The patients a
arents have been instructed during the hospital stay to perform the strength training indepen
ome, at least three to four times a week. Six months after surgery (Post-Op6) the patients un
linical examination and muscle strength test, in addition to digital video recording. Twelve m
fter surgery (Post-Op12) the complete set of examinations was performed again. The meas
f strength and functional outcomes are used to compare the two groups of surgically treate
iplegics.

esults

enerally, the experience was that the rehabilitation phase after soft-tissue and bony surg
onger than originally estimated, especially when looking at the patients’ muscle strength. C
ng the strength tests Pre-Op and Post-Op6, the STG showed a smaller decrease in the kn

oments relative to the CG. However, the strength level Post-Op12 did not show any diffe
etween the groups. Additionally, the strength gain between the Pre-Op and the Post-Op12
ificantly correlated with the training frequency (training units/week). The 3D gait analysis
as performed only at Pre-Op and Post-Op12 showed a significant improvement between th

he majority of the kinematic parameters as well as in the overall normalcy index [4] for alm
f the 40 patients. However, the improvements in the STG were not significantly greater tha
G.

iscussion

he presented study is to our knowledge the first long-term study of the effects of strength tra
he post-surgical rehabilitation process of patients with CP. Despite the motivation problem to
his strength training additionally to the daily activities, the extra strength training was well tole
ontinuously performed for a 9-month period and as other authors [5], we could not find any s
ncreased spasticity due to strength training. Following the concept of the study, the strength
as kept as uniform as possible for all patients to keep the STG homogenous. However, th
nd individual effects of the operation impose large functional differences within each grou

mplies that the differences between the groups can probably only be singled out as an effect of
raining in larger and more homogenous groups, which are difficult to obtain in a single-cente
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S5.3:Stride to stride variability in young adults, children and children with cerebral palsy
E.S. Maini1, M. Coluccini2, G. Cioni2,3
1Scuola Superiore di Studi Universitari e di Perfezionamento Sant’Anna, Pisa, Italy; 2Department of
Developmental Neuroscience, Stella Maris Scientific Institute, Pisa, Italy; 3Division of Child Neurol-
ogy and Psychiatry, University of Pisa, Pisa, Italy

Summary

In this study we purpose the use of a quantitative index for assessing the repeatability of kinematic
variables during gait and we studied the application of the index to developmental and clinical issues.
The index (IP), that is extracted using a data-driven approach, quantifies the deviations from the
dominant pattern of the joint and, physically, it reflects the percentage of the total energy contained
in the dominant singular value.

Conclusions

Adults have stable gait patterns with small amount of energy lost in fluctuations around the dominant
trace. In children the gait is less stabilized especially at ankle level and the reduction is even more
dramatic when considering the affected side of hemiplegic children where a large amount of energy
is lost in corrective movements.

Introduction

A fundamental hallmark of human condition is the ability to perform bipedal walking despite the highly
complex sequence of neural and biomechanical events that have to take place for walking to occur. In
terms of observational characteristics, the gait of healthy adults is characterised by smooth, regular
and repeating movements which occur with consistency, adaptability and spatiotemporal precision.
It is known that, in developmental age, the primary gait variables will change as an effect of both
the maturation of central nervous system and the musculoskeletal growth [1]. Beside spatiotemporal
parameters even kinematic traces undergo to an evolutionary process that progressively leads the joint
kinematics to the stable patterns that are reported for adults. From a dynamic-system perspective it
may be stated that the “system” develops a stable attractor that enables the dominant pattern to emerge
[2]. In this context the investigation of the repeatability of joint kinematic—not in terms of singles
data points but in terms gait-cycle-curves-offers valuable information for both developmental and
clinical issues.

Patients/materials and methods

Five adult subjects (AG) (mean age 21.6± 0.9 years) five children (CG) (6.6± 0.9 years) and an
age-matched group of five hemiplegic children (HG) (6.4± 1.3 years) were recruited for this study
after giving the informed consent. Neither neurological disorders nor orthopaedic impairments were
reported for the AG and CG groups whereas for the HG group the diagnosis of hemiplegia was
supported by neurological examination and neuroimaging. Gait data were acquired using a motion
analysis system (Elite BTS, Milan) equipped with eight infrared camera operating at 100 fps. Ten
complete gait cycles were acquired for each participant and for each leg. Angular displacement
together with angular velocity and acceleration were calculated and time-normalized for ankle and
knee joints. Singular value decomposition pattern analysis was applied to kinematic variables and an
index of repeatability was calculated for accounting the degree of the between-trials variability of the
kinematic traces in each subject.
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and hemiplegic patients on their affected side, resulting in 70 legs for analyses. Gait assessment
consisted of a routine biplanar video recording and simultaneous EMG recording of Tibialis anterior,
Gastrocnemius Medialis, Rectus Femorus, Semitendinosis, and Vastus Lateralis. EMG envelopes were
averaged over at least seven strides. From the video recording the walking pattern was stereotyped
by its posture during midstance, based on knee angle (flexed or hyper extended) and foot position
(foot flat or forefoot contact only), into four groups. Before group averages per muscle were made,
the EMG envelope ensembles were normalized to their mean activity level.

Results

Classifying walking patterns was successful in 64 legs, with at least 12 legs in each of the four groups.
M. Gastrocnemius (see figure) was the only muscle that showed a difference, i.e. increased activity
in midstance for the two walking types that included forefoot walking. In all other muscles the EMG
envelope ensembles were only marginally different, with no statistical differences. In comparison to
normal EMG profiles (gray area in figure) all muscles showed differences.

Discussion

In contrast to what we expected the muscle coordination patterns as measured by EMG were quite
uniform for the walking of our population of CP children, regardless of their walking patterns. The
relatively increased EMG activity in midstance in gastrocnemius for forefoot walkers is coincident
with the greater amount of ankle plantar flexion needed for these walking types. Similar responses in
EMG of the vastus lateralis in knee-flexed walking types could not be observed. However, it must be
stressed that our method uses EMG profiles. Inferring net joint moments from EMG activation, does
not comply with the dependency of this relation on muscle length which is very different for the various
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esults

he AG group showed highly stereotyped kinematic traces both in terms of angular displac
elocity and acceleration with no statistically significant differences (SSD) between the left a
ight leg. The repeatability of kinematic traces in the CG group was considerably lower e
he irrelevance with respect of the limb is preserved. Conversely, SSD (P < 0.01) were evident whe
omparing the impaired and the “unimpaired” limb in the HG group. The repeatability at knee lev
ignificantly higher (P< 0.01) with respect to the ankle joint and this finding holds even in the CG
G groups. Numerical values of the IP were highly consistent in the AG group whereas the va

ncreases when considering the CG and HG groups. When comparing the two groups of chil
ound SSD between the affected side of the HG group and the CG group whereas the unaffec
howed no SSD in the same comparison. Post-hoc analysis (Tukey’s HSDP < 0.01) showed that th
P of the AG group was significantly higher with respect both to the CG and the HG groups.

iscussion

n this study we purpose the study of kinematic traces regarding at them as curves emerg
functional action rather than a collection of independent data-points. The IP showed the a

iscriminate and assess both the subtle differences of pattern stability that is typical of develo
ge and the abrupt changes in gait patterns introduced by the pathologic condition.
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5.4:EMG patterns in various stereotyped walking patterns in cerebral palsy
aap Harlaar, Nely Bouma, Marianne van der Weide, Jules Becher
epartment of rehabilitation Medicine, VU University Medical Center, Amsterdam, The Nethe

ummary

n this retrospective study EMG patterns during gait of five main muscles of 70 legs in 43 p
ith CP were analyzed. Patterns were compared after grouping the deteriorated gait into fo
atterns, based on foot contact and knee angle. Except for the medial gastrocnemicus, no di
etween groups were found.

onclusion

lthough walking disorders in CP show a variety of postural and kinematical patterns, impl
ariety in muscle load, these phenomena show no correlations with a typical muscular coor
attern.

ntroduction

mprovement in gait is a frequent treatment goal in children with CP. Advancements in mov
nalysis methodologies in the last decennia has contributed to the understanding of gait pa
nd is recognized as a valuable tool to assist clinical decision making. Several authors have su
lassification of deviant gait patterns in CP into stereotyped groups. The general denominator
lassification is that they are based on the posture during midstance, which are very differen
echanical point of view. Since the mechanics of the skeleton are counterbalanced by the
hich provide force by contraction, it is likely that deviant walking patterns will be the resul
eviant muscle coordination. The muscle coordination can be, with some restrictions, deriv

he EMG, resulting in EMG patterns during gait [1]. The aim of this study was to investigate w
eviant muscle contraction patterns are strongly coupled to pathological walking types.

atients/materials and methods

orty-three patients with Cerebral Palsy that were measured at the gait lab of our departme
elected. All patients were between 4 and 12 years of age with no history of treatment on m
erformance, and were waking with no walking aids. Diplegic patients were measured on b
alking types. Moreover the method of normalization, though standard in EMG envelope pro
1], will obscure any differences between subjects with regard to their absolute mechanical
erformance. Finally, net joint moments are also taken up by the passive structures of the m
hich are considerable in case of muscle shortening, which is frequently present in this pop
esearch should focus at the relative contribution of passive and active forces from the mu
P gait.
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5.5:Gait classification in hemiplegic cerebral palsy based on EMG
. Stebbins1, M. Harrington2, N. Thompson2, A. Wainwright2, H. Forster2, T. Theologis1,2

University of Oxford, Oxford, UK; 2Oxford Gait Laboratory, Nuffield Orthopaedic Centre, Oxfo
K

ummary

ormal electromyography (EMG) for gait in healthy children was quantified. Visual classificat
aw EMG patterns showed reasonable repeatability between independent assessors. A clas
f EMG activity was proposed for hemiplegia. Abnormal activity was found in the non-hemi s
P, particularly in the gastrocnemius.

onclusions

MG may be used to classify gait patterns, and distinguish normal from abnormal activity. W
ngoing to further improve repeatability in classifying EMG. This system, in combination with
ait data, may provide useful information for classification of hemiplegia in CP.

ntroduction

lassification of gait patterns in cerebral palsy (CP) is a complicated task. The most com
ccepted method currently available is that proposed by Winters et al. [1]. This is useful for clas
hysical manifestations of the syndrome, but gives little information about the underlying path
MG is the best approximation of primary deficits in neurology, since it is the most direct mea

t, and therefore has potential to help guide treatment in CP. However a simple yet objective cri
ssessing EMG is difficult to define. There is ongoing debate about the intra/inter assessor r
f gait data in general. This study aims to assess the repeatability of pattern identification in
nd to develop a classification system for hemiplegic CP based on EMG.

atients/materials and methods

hirty-nine children with hemiplegic cerebral palsy and 15 healthy children had surface EMG
rodes placed on gastrocnemius (G) and tibialis anterior (TA) muscles on both legs. Subjec
sked to walk at a comfortable pace. One representative trial from each subject was selecte

ncluded three gait cycles). All G traces from the healthy children were averaged togethe
ormal “on/off” time interval was established (Fig. 1). This was repeated for the TA muscle
rder of the 54 raw EMG graphs with normal bars was randomised, and then reviewed indepe
y two assessors who had agreed a classification scheme based on pilot work. A third i
ent assessor, less familiar with interpreting EMG data then reviewed the same graphs. Ca

or G included: (1) normal, (2) mildly premature, and (3) premature activity; and for TA: (1)
al timing and biphasic, (2) normal timing but monophasic, (3) reduced second burst, (4)

econd burst, and (5) continuous activity. Any graphs which were classified as “inconsisten
xcluded from the study. Lower body 3D kinematics were also collected (Vicon 612) and the
al plane graphs were independently typed by two assessors according to the Winters clas
ystem [1].
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Fig. 1. Normal timing of gastrocnemius and tibialis anterior (N = 15).

Results

In G analysis, distinction between groups 1 and 2 was less repeatable than other comparisons, similarly
for groups 3 and 4 in TA analysis. Table 1 shows results these categories combined. There was 100%
agreement for healthy subjects between the first two assessors, and 89–95% for CP subjects. This
is reduced when all three assessors are considered together. Interestingly, G was premature in the
non-hemi side of CP patients in 50% of cases while TA only had abnormal activity in 8% of cases.
Two independent assessors agreed on Winters’ classification of patients in 55% of cases.

Table 1. Agreement between three independent assessors for categorising EMG patterns in healthy
and CP subjects (N = 54)

G hemi
side (%)

TA hemi
side (%)

G non-hemi
side (%)

TA non-hemi
side (%)

g healthy
(%)

TA healthy
(%)

First two
assessors

89 95 92 89 100 100

All three
assessors

89 67 78 87 90 100

Discussion

There have been some attempts to define on/off timing of EMG with automated methods. While
this provides objectivity, it has limitations in the presence of signal artifact and maximum signal
intensity. Arguably, visual inspection of raw signal can be more informative, but is also more reliant
on experience, which was corroborated by these results. Based on the results achieved, it is possible to
classify G activity in hemiplegia into two distinct groups, and TA into four groups. Repeatability results
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Static measures Hemiplegic Diplegic Dynamic measures Hemiplegic Diplegic

TA-knee extended P = 0.01∗ P = 0.02∗ Mean hip rotation P = 0.002∗ P < 0.001∗

TA-knee flexed P = 0.02∗ P = 0.13 Mean knee rotation P = 0.51 P = 0.39

Popliteal angle P = 0.26 P = 0.33 Mean ankle rotation P = 0.005∗ P = 0.95

Hip flexion contractureP = 0.40 P = 0.01∗ Mean foot progressionP = 0.80 P = 0.60

Femoral anteversion P = 0.66 P < 0.001∗ Max hip extension P = 0.011∗ P < 0.001∗

Tibial torsion P = 0.98 P = 0.67 Max knee flexion P = 0.18 P = 0.57

External rotation P = 0.47 P = 0.02∗ Max knee extension P = 0.40 P = 0.009∗

Rectus tightness P < 0.001∗ P = 0.46 Max ankle dorsiflexionP = 0.009∗ P = 0.27
∗ P < 0.05

Discussion

Factors contributing to excessive pelvic retraction were examined in children with cerebral palsy.
Causes of such a gait pattern are multifactorial and there are important differences between patients
with diplegia and hemiplegia. Static and dynamic tightness of the gastro-soleus and rectus tightness are
the most significant features in hemiplegics while internal rotation of the hip and hip flexor tightness
were the most significant factors in diplegics with a pelvic retraction gait. Further study is needed to
determine if these factors are causal or compensatory.
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S5.7:The ability of gait analysis to inform treatment decisions in children with spastic diplegia
M. Gough, L.C. Eve, A.E. McNee, A.P. Shortland
One Small Step Gait Laboratory, Guy’s Hospital, London, UK

Summary

Treatment decisions based on three-dimensional gait analysis in a group of 20 children with spastic
diplegic cerebral palsy were assessed by a repeat gait analysis at a mean interval of 14.7 months.
Those children in whom multi-level surgery had been recommended but not yet performed showed
a deterioration in their mobility and in their kinematics, while those children in whom surgical inter-
vention was not initially thought to be indicated remained stable or improved.

Conclusions

Three-dimensional gait analysis can discriminate between children with spastic diplegia who have
a deteriorating mobility and those who are stable, allowing prediction of future mobility and the
formulation of appropriate treatment recommendations.
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re comparable to other aspects of gait data. Further improvement in objectivity and repeata
lassification is expected with the reduced number of categories, and having a reference set o
aw EMG patterns for comparison when classifying graphs. There was no correlation betwe
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5.6:Factors associated with pelvic retraction during gait in cerebral palsy
. O’Sullivan, M. Walsh, A. Jenkinson, T. O’Brien
ait Laboratory, Central Remedial Clinic, Clontarf, Dublin 3, Ireland

ummary and conclusion

tatic and dynamic measures thought to be associated with pelvic retraction were investi
atients with cerebral palsy. Gait laboratory data of 233 patients with cerebral palsy were
etrospectively. Two groups were selected; those who demonstrated pelvic retraction dur
6.85◦ and those with <4.83◦. Of 233 patients, 37.77% showed pelvic retraction of >6.85◦. While
ifferences were seen between hemiplegic and diplegic subjects, static and dynamic tightne
astro-soleus and internal rotation of the lower limb were the most significant features associa
elvic retraction. This study suggests that pelvic retraction is multifactorial in origin and sec

o both static clinical measures as well as dynamic features during gait.

ntroduction

elvic retraction during gait is common in children with cerebral palsy and can lead to cosme
unctional concerns due to an asymmetric gait pattern. Studies have shown that pelvic retra
ssociated with internal rotation [1,2] and it is thought that static or dynamic tightness of the
oleus may contribute to this gait pattern. The purpose of this study was to compare the meas
f both static and dynamic variables in two groups of patients: those with and without excessiv
etraction during gait.

ethodology

xcessive pelvic retraction during gait was defined as >6.85◦ (average value) based on a previ
tudy of normal subjects (mean + 2 S.D.,n = 59, age range 5–32 years). Two hundred thirty-t
atients with cerebral palsy (diplegia: 53.65%, hemiplegia: 46.35%, age range 4–39) with no p
urgical history and who had undergone gait analysis using the CODA mpx30 system from
004 were reviewed. Two distinct groups were selected: those with pelvic retraction of >6.8◦ and

hose with <4.83◦ (mean + 1 S.D. from normal study). Each group was further subdivided into patie
ith hemiplegia or diplegia. Measures of eight clinical variables and eight gait variables tho
ontribute to this gait pattern were compared in the two groups for hemiplegia and diplegia.

esults

f 233 patients, 88(37.77%) patients walked with pelvic retraction >6.85◦. One hundred one (43.35%
atients had pelvic retraction <4.83◦. Using two-tailedt-tests, theP-values for each variable and gro
ere calculated and are shown in the tables below. Significance level was set atP < 0.05.
ntroduction

hree-dimensional gait analysis (3DGA) is used commonly in children with spastic diplegic ce
alsy (CP) to plan appropriate multi-level surgical intervention and to assess the outcome fo
urgery. The ability of gait analysis to discriminate between children with CP with progressive
ity and deteriorating mobility and those who are stable has not previously been assessed.

atients/materials and methods

wo groups of children with CP who were referred to our laboratory for 3DGA were revie
he treatment group consisted of 10 children (mean age 9.9 years) in whom multi-level s

ntervention was recommended but not immediately performed because of family or admini
easons, and who had a repeat gait analysis before surgical intervention at a mean interva
onths from the initial analysis. The control group consisted of 10 children (mean age 8.2

n whom an exercise program was recommended, and who had a repeat gait analysis at a
6.3 months. The gait analyses were performed using the Vicon 370 motion analysis system
ayes marker set, Vicon Clinical manager) and surface electromyography, and all of the tre

ecommendations were made by the same team.

esults

n the second gait analysis the treatment group overall had a reduction in mobility, with a sig
ncrease in minimum hip flexion (P < 0.001) and minimum knee flexion (P < 0.001) in stance. Th
ontrol group overall remained stable, although there was a significant change in their m
nee flexion in stance (P < 0.05), and in their popliteal angles (P < 0.02). One child in the contr
roup had gastrocnemius recessions recommended following her second analysis, but exe
ecommended again in the remainder. Eight of the children in the treatment group have since un
ulti-level surgery.
here was no significant difference between the mean age at the initial analysis or the mean
etween gait analyses in both groups. There was a significant difference in the mean poplite
P< 0.01), minimum hip flexion in stance (P< 0.01), and minimum knee flexion in stance (P< 0.01)
etween both groups on the initial analysis. There was no significant difference between me
assive range or maximum ankle dorsiflexion in stance between both groups at the initial a
nd these parameters did not show any significant changes between analyses in either the
r control group.

iscussion

his study suggests that clinical gait analysis can be used successfully to differentiat
hildren with CP with a deteriorating mobility who would benefit from surgical interven
nd those with a stable pattern of mobility who can be managed nonoperatively. The
hich appear to predict deterioration, namely increased popliteal angle, minimum hip
nd minimum knee flexion in stance, suggest that increasing knee flexion rather than
hould be seen as a cause for concern and a focus for early intervention in children w
he deterioration seen between gait analyses in the treatment group raises concerns a

ongterm outcome following surgical intervention in those children with CP who present w
eteriorating level of mobility. The results also emphasise the importance of defining appr
ontrols if the effect of any operative or nonoperative intervention in children with CP is
ssessed.
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Table 1. Errors in hip joint location (MRI method) in mm associated with each dimension (wherex
is anterior/posterior direction,y the inferior/superior direction andz the medial/lateral direction) and
absolute distance error (�d) for 20 hips expressed as mean with standard deviation in parentheses

�x �y �z �d

US −9.4 (6.8) −2.7 (9.6) 1.4 (6.6) 15.4 (5.7)

Bell −0.5 (10.3) −15.7 (5.4) 3.4 (6.6) 19.9 (5.7)

Davis −6.0 (8.5) 8.9 (5.8) 13.6 (8.7) 20.0 (8.9)

Technology
S5.8:Validation of a 3D ultrasound technique for locating the centre of the hip joint
N.R. Fry1, D. Palmer2, D.C. Barratt2, A.P. Shortland1
1One Small Step Gait Laboratory, Guy’s Hospital, London, UK; 2Imaging Sciences, Guy’s Hospital,
London, UK

Summary

A 3D ultrasound technique was used to estimate the position of the hip joint centre (HJC) in 10 adults.
When positions were compared to measurements made from MRI scans the technique was found to
be more accurate than the regression models commonly used.

Conclusion

3D ultrasound may be considered a feasible method for locating the HJC in adults. In children with
pathology where the prediction of HJC using regression equations is known to produce greater errors,
the ultrasound technique may be used to provide accurate subject specific measurements.

Introduction

Many models of human movement depend on accurate estimation of joint centres and joint axes of
rotation. Methods that have been used to locate the hip joint centre within a pelvic reference frame
include the use of regression equations [1,2], functional methods [3] and more recently optimisation
techniques. Measurements of hip joint location made from magnetic resonance images (MRI) of the
femoral head and pelvic girdle can be considered as the Gold Standard. This paper aims to validate a
3D ultrasound technique against MRI measurements and to compare the accuracy of the ultrasound
technique with outputs from regression equations.

Patients/materials and methods

A 3D ultrasound technique [4] was used to measure the location of the centre of the femoral head
(nominal HJC) in 10 young adults (eight male, mean age: 24 years, range: 20–32 years). These
results were compared to positions obtained from MRI (the Gold Standard) and from two common
anthropometric models (Bell [1] and Davis [2]).
Results

Using the 3D ultrasound technique we were able to predict the position of the hip joint to within
15.4 mm of the true value on average making it more accurate than the regression models (P = 0.02
for Bell,P= 0.11 for Davis) (see Table 1). Iny- andz-directions the ultrasound showed no bias when
compared to the positions measured from MRI. In thex-direction (anterior–posterior) a bias of 10 mm
was found. Ultrasound precision did not differ significantly from that for the regression models.

Discussion

The ultrasound technique showed nearly 5 mm of improvement in the absolute error when compared
to the regression models. However HJC position in thex-direction had significant bias: the hip was
found to be on average 10 mm anterior to the position measured by MRI. We believe that this is due
to the difficulty in estimating by eye the centre of the femoral head from the arc which is visible in
the ultrasound images. This could be improved by fitting a circle to the arc; by making a complete
reconstruction of the local anatomy under ultrasound and estimating the centre of a partial spherical
s ination.
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during tibial advancement and returning it during terminal stance [3]. The aim of this pilot study was
to investigate whether a difference could be seen in gait efficacy between spring orthoses and standard
orthoses.

Patients and methods

Eight children, of which six with lumbo-sacral MMC, one with arthrogryposis and one with an
orthopaedic syndrome (median age 9.0, range 6.2–15.2) years, were included in a gait study. Six
children used ankle–foot–orthoses (AFOs) and two children used knee–foot–ankle orthoses with
unrestricted sagittal knee motion. All children had been prescribed spring orthoses by their clinicians
and had used them routinely for 2–3 weeks before gait evaluation. They were also instructed to use the
former orthoses occasionally. All children underwent 3D gait analysis (Vicon Motion Systems) using
a 6-camera system while wearing both orthosis types. Gait kinematics, kinetics and temporal–spatial
parameters were compared. Results from 23 healthy children (5–14 years) were used for comparison.

Results

Results are shown for one subject, a 15.5-year-old female with MMC and complete plantarflexion
paresis with her AFOs with overlapping foot and shank sections, and her spring ankle–foot–orthoses
(SAFOs). An average of 3 left and 3 right gait cycles was computed in each orthosis and used for
comparison. In this subject, the SAFOs allowed more tibial advancement than the AFOs with nearly-
fixed ankle joints. This resulted in a normal degree of dorsiflexion during mid- to late stance. Peak
plantarflexion moment was similar in magnitude for both orthoses. The SAFOs showed a tendency
for greater ankle power generation in terminal stance. This subject walked 9% more uickly (1.08 m/s
versus 0.99 m/s) and took 9% longer strides (1.22 m versus 1.12 m) in SAFOs while walking at similar
s

urface or by selecting the most suitable image of the femoral head while conducting the exam
The regression models used here are based on data from adults. Jenkins [5] has shown t

ssociated with these models increase in children and increase further in children with cereb
CP). The absolute errors associated with the ultrasound technique are not expected to be an
n these groups. We suggest that using ultrasound to make subject specific measurements m
n improvements in gait analysis data.

eferences

1] Bell AL, et al. Hum Movement Sci 1989;8:3–16.
2] Davis RB, et al. Hum Movement Sci 1991;10:575–87.
3] Cappozzo A. Hum Movement Sci 1984;3:27–54.
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5.9:Gait with a new carbon spring orthosis in children with plantarflexor weakness
˚ sa Bartonek1,3, Elena Gutierrez2,3, Marie Eriksson4

Department ofWoman andChild Health, Karolinska Institute; 2Department of Mechanics, Royal
titute of Technology; 3MotorikLab, Karolinska University Hospital; 4Olmed Ortopediska AB, Stoc
olm, Sweden

ummary

gait analysis study was performed to compare orthoses with a carbon fibre spring to habitua
rthoses in children with plantarflexor weakness. Ankle kinematics and kinetics and temporal
arameters are shown for one subject. Some evidence of improved gait function was determin
bjectively and subjectively.

onclusions

n a presented subject, gait patterns and plantarflexor moment were similar with both orthoses
pring orthoses showed the added benefit of providing increased power generation at the a
mproved temporal–spatial parameters. Most subjects preferred the spring orthoses to their
nes.

ntroduction

he roles of the plantarflexor muscles during gait are to stabilize the ankle and control tib
ancement during stance. The plantarflexors also act during heel rise to reduce vertical centre
xcursions [1]. The plantarflexor muscles are a major source of power generation in termina
nd contribute to forward propulsion [2]. Children with motor disorders such as myelomenin
MMC) and arthrogryposis often lack plantarflexor muscle strength. Orthoses are commonly
ompensate for this weakness. In the past decade a German orthotics company has been d
n orthosis based on design principles from carbon fibre prosthetic feet. The ‘spring orthos
esigned to compensate for plantarflexor weakness and the inability to push-off by storing
r
t

g

elf-chosen cadences (107 steps/min versus 106 steps/min).
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Discussion

The observed gait patterns with the two different orthosis types were overall very similar. The standard
orthoses were designed to provide plantarflexion moment and some power generation from the slightly
flexible thermoplastic soles. The spring orthoses showed no compromised stability but appear to have
the benefit of providing increased power generation at the ankle during terminal stance and improved
temporal–spatial parameters. All subjects reported positive experiences with the spring orthoses and
preferred them over their old orthoses. A study with gait analysis and a subjective questionnaire is
underway.

References
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S5.10:3D motion analysis and synthesis from inertial gyroscopes and image data
E. Casanova1, H. Dejnabadi2, B.M. Jolles3, K. Aminian2, P. Fua1
1Swiss Federal Institute of Technology, EPFL, CVLab, Lausanne, Switzerland; 2Swiss Federal Insti-
tute of Technology, EPFL, STI, LMAM, Lausanne, Switzerland; 3Hôpital Orthopédique de la Suisse
Romande, Lausanne, Switzerland

Summary

A new method using miniature gyroscopes with synchronized video cameras is proposed. Combining
gyroscopic signals in the sagittal plane and 3D information from the cameras lets us recover leg
motion not only in the sagittal plane but also in the frontal one.

Conclusions

We proposed a new approach for 3D tracking applicable in gait analysis. The approach takes advantage
of both markerless stereo imaging and miniature body-mounted sensors. We show that this fusion
significantly improves tracking stability and robustness, over that of either modality alone.

Introduction

Markerless and high-speed tracking of human movements during gait is a very complex task. Current
optical motion analysis systems are very expensive, require wearing reflective markers by the subject,
the measurements are restricted to a laboratory environment, and the markers are easily obscured
from vision. In this study we presented an inexpensive and easy-to-use solution by integrating body-
mounted sensors and vision tracking technologies. Our system is based on combining the output of a
very limited number of inertial gyroscopes with inexpensive and commercially available synchronized
cameras. Our philosophy is to combine the respective strengths of body-mounted sensors [1] and
image-based technologies [2]. The former is robust but impractical to attach enough sensors for
capturing all degrees of freedom of human motion. The latter provides more aspects of motion, yet it
is usually less reliable due to obscuring body segments from vision resulting in incomplete data. Our
ultimate goal is to allow the measurement of changes in the biomechanics of the prosthesis by noting
the effect of these changes on clinical findings and day-living patient activity.
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Prosthetics
S6.1:The effects of shoe’s instep on foot and knee dynamics during walking in patients with a
tibio-talar arthrodesis
C. Beyaert1,2, F. Sirveaux3, J Paysant1, D. Molé3, J.-M. Andŕe1

1Laboratoire d’Analyse de la Posture et du Mouvement, Institut R´egional de R´eadaptation de Nancy,
F-54840 Gondreville, France; 2Laboratoire de Physiologie, Facult´e de Médecine de Nancy, F-54500
Vandoeuvre-l`es-Nancy, France; 3Clinique de Traumatologie et d’Orthop´edie, SINCAL, F-54000
Nancy, France

Summary

In patients to whom a tibio-talar arthrodesis was performed in neutral sagittal position, various shoe’s
instep were tested to approximate the foot and knee sagittal kinematics and kinetics of control subjects
walking with their usual shoes. The optimal shoe configuration in the arthrodesis group was a total
shoe instep of 26 mm including a rocker bar.

Conclusion

Based on these results it may be proposed to the patients to whom a tibio-talar arthrodesis was
performed in neutral sagittal position to choose and test first commercially available shoes with an
instep of about 25 mm including a metatarsal rocker. Further studies are needed to appreciate the
long-term effect of footwear design on the development of foot osteoarthritis.

Introduction

Degenerative osteoarthritis in subtalar and midtarsal joints occurring after tibio-talar arthrodesis are
likely related to biomechanical factors [2]. In normal gait, heel off occurs during the third rocker as
the fulcrum has moved to the metatarsal heads. Thus at heel off, the ground reaction force (GRF)
is located close to the metatarsal heads [4]. When the tibio-talar joint is blocked, walking barefoot
the anterior tilting of the tibia during midstance is enabled by an early heel off. We reported [1] in
patients with an ankle arthrodesis that walking with their usual shoes compared to barefoot delayed
significantly the heel off but at heel off the GRF was still too posterior from the metatarsal heads
compared to control values what exerted abnormal stress on the midfoot. In addition, the maximal
foot/tibia dorsiflexion during stance which was unchanged compared to barefoot condition and very
close to the forced dorsiflexion value, probably generated local stress. The goal of the study was to
improve or correct those anomalies by modifying the shoe design. The instep (anterior slope) of the
shoes was significantly greater in patients (16± 5 mm) than in control subjects (10± 7 mm,P< 0.05).
We hypothesized that increasing more the shoe’s instep would delay the heel off and shift forward the
GRF at heel off closer to normal values. In addition increasing the shoe instep was expected to decrease
the maximal foot/tibia dorsiflexion in order to decrease local stress. On the other hand, walking with
high heeled shoes was reported to alter knee sagittal dynamics [3]. The use of a metatarsal rocker bar
which rocks the foot during stance was also tested.

Materials and methods

In the same series previously reported [1], a three-dimensional gait analysis was performed on nine pa-
tients with ankle arthrodesis fused in the neutral position and on 10 control subjects. Four conditions of
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atients/materials and methods

e tested two patients with posterior-stabilized total knee arthroplasty. The patients performed
ctivities such as walking at different speeds and climbing stairs while five gyroscopes were m
espectively on their shanks, thighs and trunk, and in parallel being filmed by two synchronize
ameras. For a given time step, the system extracts clouds of 3D points from our synchroniz
ideo sequences using a correlation-based approach. The tracking process adjusts the mod
ngles (thigh, shank) by minimizing the objective function with respect to the joint angles r

o that frame in order to superpose the 3D model on the cloud. This modified posture serve
nitialization for the next one. For the legs we update this position with the prediction given
ntegration of the gyroscopes signal.

esults

s shown in the figure, the motion parameters in the sagittal plane is recovered using a few
hose output is refined to include frontal motion by taking into account the 3D information d

rom the video sequences. More specifically, the kinematic data allows robust motion recover
agittal plane, while using imagery allows us to refine the description by incorporating motion
rontal plane, which is just as significant for diagnostic purposes.

iscussion

e have shown that combining gyroscopes with cameras allows us to model patient’s m
ore details than either modality alone. In its final form, the system we are developing will p

ynthetic 3D animations that clearly represent the patient’s condition and help the physician d
nd treat it. We expect this to foster progress because there are currently no truly effective, au
nd easy-to-use tools for functional assessment of patients with locomotion disability and
utcome of orthopedic replacement surgery.

eferences

1] Aminian K, et al. Evaluation of an ambulatory system for gait analysis in hip osteoarthrit
total replaced patients. Gait Posture 2003 [in press].

2] Plänkers R, et al. Articulated soft objects for multi-view shape and motion capture. IEEE
Pattern Anal Mach Intell 2003.

ig. 1. First row: several frames of a walking sequence with the projected 3D model; second r
learly visible in the (a) frames.
ch frame, frontal view of the limbs before (b) and after (a) using the 3D information. Note the frontal mot

alking at self-selected speeds were reported: walking with the usual shoes (S), with the same
nstep of which was increased either by 1 cm (S + 1, S + 1b (including a rocker bar)) or by 2 cm

esults

n the arthrodesis group at similar spatiotemporal parameters, increasing the shoe instep by
ignificantly delayed heel off (66± 7% (mean± S.D.) to 68± 4% of stance phase) compared to th
ondition (55± 8%,P< 0.01) thus at heel off the GRF was significantly closer to the metatarsal
79± 14% to 83± 11% of the ankle-second metatarsal head distance) compared to the S co
67± 11%,P< 0.01) with similar values compared to the control subjects S condition (84± 8%). In
he arthrodesis group, the maximal foot/tibia dorsiflexion was low and did not differ between b
nd S conditions (5± 3◦ versus 5± 3◦, respectively) but decreased significantly although slightl
sing modified shoes (2± 2◦ to 4± 3◦,P< 0.05 compared to S condition). Increasing the shoe in
y 1 cm was more comfortable than by 2 cm because of imbalanced feeling in the latter cond
ddition, the use of a metatarsal rocker bar which accelerated the GRF progression allowe
agittal knee kinetics as in control subjects. However the slight knee kinetics alteration in th
odified shoe conditions in the arthrodesis group had no significant importance.

iscussion

hus the optimal condition of shoe configuration in the arthrodesis group was the S + 1bcondition
ith a total shoe instep of 26 mm including a rocker bar. To benefit the effect of the shoe in

he gait pattern the patient must have a sufficient range of foot plantar flexion to allow the
omfortably flatten on the ground during early stance. Further adaptation of the shoe configu
ndividually find the best comfort of walking must be proposed.

eferences
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Fig. 1A and B.

S6.2:The point of ‘point-loading rockers’ in ankle–foot orthosis footwear combinations used
with children with cerebral palsy, spina bifida and other conditions
E. Owen
Child Development Centre, Bangor, Gwynedd, North Wales LL57 2EE, UK

Summary and conclusion

When tuning an AFO-Footwear Combination (AFOFC) a ‘point-loading rocker’ (PLR) on the
footwear can facilitate the kinematics and kinetics of terminal stance (TST). The position of suc-
cessful PLRs and the accompanying toe spring angles (TSA) of AFOFCs were measured. When
using a PLR a good starting point would be to position it at approximately 78% along the length of
the footwear and move it backwards or forwards as required. A stiff deep sole and heel is required
and one that provides a toe spring angle of 30◦ would also be a good starting point.

Introduction

The footwear that is worn with an AFO is integral in determining the overall biomechanical control
provided so they have been described as an AFO-Footwear Combination. AFOFCs can be used to
manipulate the kinematic and kinetic features of gait. One aspect of sagittal tuning of an AFOFC
is to align the ground reaction force (GRF) for midstance (MST), by setting the Shank Angle to
Floor/Vertical (SAF/V) of the AFOFC [3]. Another is to align the GRF for terminal stance (TST) by
adjusting the design of the footwear. GRF alignment, anterior to the knee and posterior to the hip, in
TST of normal barefoot gait is achieved by combination of maintenance of a relatively fixed ankle
in appropriate dorsiflexion and use of metatarsal phalangeal joint (MTPJ) extension, third rocker, in
order to produce appropriate inclination of the shank relative to the vertical. In some pathological
gaits excessive inclination of the shank in TST prevents this GRF alignment and stability of TST is
lost. An AFO can be designed to correct this. However, inappropriate accompanying footwear can
reduce the chance of success as despite a fixed ankle and MTPJs in the AFO the profile of the sole
of the footwear may allow the shank to incline excessively, with consequent lose of GRF alignment
(Fig. 1A). A stiff sole and a sole profile that will not allow the heel to lift until the point of application
(PoA) of the GRF reaches a PLR together with an appropriate ‘toe spring angle’ (TSA) allows the
footwear to control the shank kinematics in MST and TST. In addition the use of a PLR arrests the
forward movement of the PoA of the GRF, which facilitates alignment of the GRF behind the hip
joint and production hip extension moments in TST [1] (Fig. 1B).

Method

Twelve children who were independently ambulant and who required solid AFOFCs that modified the
kinematics and kinetics of MST and TST had their prescriptions tuned on the ORLAU transportable
Video Vector Generator Gait Laboratory. The angle of the ankle in the AFO, the SAF/V and other
prescription details including the position of the PLR and TSA of the 23 wholly or partially successful
PLRs were recorded

Results

The PLRs were located at a mean of 78% of the length of footwear (S.D. 5.09; range 70–88%). The
mean of the toe spring angles was 33◦ (S.D. 8.11, range 18–50◦).

Discussion

The MTPJs, which provide third rocker in gait, are located at 72% along the length of the foot. In
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of walking speed. The significance of these changes on daily functioning (clinical relevance) and
implications for the wider population however remain unresolved. The aim of this study was to
investigate the clinically relevant effect of an AFO on mobility in chronic stroke patients.

Methods

Twenty chronic stroke-patients, wearing an AFO for at least 6 months, were included. Mobility was
operationalised as comfortable walking speed, scores on the ‘Timed Up & Go’ (TUG) test and stairs
test. Patients were measured with and without their AFO. The sequence of tasks was randomised. Ad-
ditionally, subjective impressions considering self-confidence and difficulty of the tasks were scored.
Clinically relevant differences based on literature were defined for walking speed (0.20 m/s) [2], the
TUG-test (10 s) [3] and the stairs-test (15 s). Gathered data were statistically analysed using a paired
t-test.

Results

The mean difference in favour of the AFO in walking speed was 0.048 m/s (95% CI: 0.0085–0.087), in
the TUG-test 3.56 s (95% CI: 2.38–4.76) and in the stairs-test 8.59 s (95% CI: 3.07–14.12). Sixty-five
percent of the patients experienced less difficulty and 70% of the patients felt more self-confident
while wearing the AFO.

Fig. 1. Typical example: walking speed (m/s), mean difference and 95% CI.

Discussion

Results show that the effect of an AFO on walking ability and subjective impressions are statisti-
cally significant. Compared to the a priori defined values however, these differences are too small
to be considered clinically relevant, which is in agreement with earlier findings of Beckerman et al
[4].

The subjective impressions obtained with the questions about difficulty and self-confidence are
clearly in favour of the AFO and judged as clinically relevant. This is comparable to the findings in
the study of Tyson [5].

Conclusions

T ically
r le in the
m

R

[ ts with

[ troke

[ frail

[ : effi-
ehabil

[ jective

S
M
C

I

T support
a closed.
M ematics
a study, to
t cket: it
i ground
c

e pelvis
g t. This
k subject
rder to accommodate an AFO designed to fix the ankle and MTPJs a larger boot than require
oot alone was needed. The PLRs were located at 70–88% along the length of the footwear,
laced ahead of the MTPJs. Once the MTPJs are fixed in an AFO the PLR simulates third ro
ST the forward positioning of the PLR creates a stable sole profile, which allows control of

inematics for MST tuning. The position of the PLR dictates when the heel can lift. If the P
laced too far back the heel will lift too early with subsequent excessive shank inclination and
ptimum vector alignment. If it is placed too far forward the heel will lift too late and the child
alk on their toes to avoid this. In TST the toe spring angle must be sufficient to prevent the dis
f the sole reaching the ground. This enables the PoA to remain harnessed at the point of th

hroughout TST for facilitation of hip extension moments. Deep heels and soles are required t
ppropriate TSAs and this increases the stiffness of the sole which is helpful. The success
eems to rely on: the selection of an appropriate angle of the ankle in the AFO for gastroc
ptimal design of AFO to resist ankle dorsiflexion and MTPJ extension; selection of optimum
y MST tuning; use of a boot to firmly secure the AFO to the footwear; a stiff non-compressib
aterial; sufficient joint range and muscle length and tone at the hip and knee to allow exten

hese joints at the angular velocity of thigh of the child’s gait; appropriate foot progression a
inetic tuning is necessary to be confident that TST tuning of AFOFCs.has been successful
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6.3:Theeffect of ankle–foot orthosisonwalkingability in chronic strokepatients; a randomised
ontrolled trial
.H. Buurke, D.C.M. de Wit, C.V. Erren-Wolters, A.V. Nene.
oessingh Research& Development, Enschede, The Netherlands

ntroduction

egaining mobility is a major goal during the rehabilitation of stroke patients. To support this p
ften an ankle–foot orthosis (AFO) is prescribed. Although AFOs are thought to have beneficia
n functional walking ability, results reported in literature are scarce and inconsistent. In a sys
eview Leung and Moseley [1] reported a dominance of positive studies suggesting impro
he effect of an AFO on mobility is statistically significant, but differences are too small to be clin
elevant. The effect on self-confidence suggests that other factors might play an important ro
otivation to use an AFO.
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6.4:Effect of the socket ischiatic support on gait patterns of AK amputees
. Rabuffetti, M. Recalcati, M. Ferrarin
entro di Bioingegneria—FDG, Fondazione Don Carlo Gnocchi IRCCS, Milan, Italy

ntroduction

he gait patterns of subject with above-knee amputation and using a prosthesis with ischiatic
ppear to be quite normal and only an expert can visually detect the prosthesis if it is not dis
ost of the studies of the AK amputees’ gait have focused on the prosthetic knee and ankle kin
nd dynamics and on the assessment of asymmetry between lower limbs [1]. No detailed

he authors’ knowledge, exists on the specific role played by the ischiatic support of the so
s generally assumed that the ischiatic support provides load bearing during the prosthesis
ontact phases.
In the present study, the authors investigate the ischiatic support role by focusing on th

eometry and on the kinematic limitation of hip extension caused by the ischiatic suppor
inematic constraint determine a relevant asymmetry of the locomotor system which the
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compensates by modifying the kinematics of other body segments: particularly the pelvis and the
lumbar region of the spine.

Materials and methods

The gait patterns of 12 subjects (11 males and 1 female, mean age 30.5 spanning from 19 to 54 years)
with unilateral transfemoral amputation and using prosthesis with ischiatic support (three subject were
admitted with two prosthesis each) were assessed in the Movement Analysis Lab at the Bioengineering
Centre of the Don Gnocchi Hospital (Milan, Italy). Acquired data have been elaborated [2] and the
differences between prosthetic and sound limb were considered for the following variables: anterior
step length, pelvis tilt and hip extension at controlateral heel strike, hip flexion at ipsilateral heel strike.

Results

The results are plotted reporting the step length difference on theX-axis versus the remaining difference
variables on theY-axis.
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Table 1. Mean values and standard deviations of the pick of hip, knee extension and ankle dorsiflexion
after statistical analysis

N Hip kinematic Knee kinematic Ankle kinematic

Group I 71 41.2± 19.9 (P > 0.05) 37.6± 11.4 (P = 0.0002)∗ 4.2± 7.6 (P < 0.01)∗∗

Group II 57 19± 20.7 (P > 0.05) 15.7± 10.2 (P = 0.0001)∗ 11.5± 9.0 (P < 0.05)∗∗

Group III 14 17.7± 14.8 (P > 0.05) 6.1± 9.4 (P > 0.05) 9.5± 6.5 (P > 0.05)
∗ P≤ 0.0001. ∗∗ P < 0.05.

Results

Statistical analyses (t-test) indicated the parameters pick of knee extension and ankle dorsiflexion
was significant in Groups I and II and not change in Group III. The pick of hip extension was not
significant in all three groups. Total data can be analyzed in Table 1.

Discussion

There are not clinical studies that check the effectiveness of FRAFO in patients with CP. It is possible
that the FRAFO limits the ankle dorsiflexion in the single support and consequently improve the knee
extension. Harrington [1] refers that it increases the knee extension moment in this instant.

Reference

[1] Harrington ED, Lin RS, Gage JR. Orthotics Prosthetics 1984;37(4):34–42.

Poster Session 2:15:30 to 17:00
Cerebral Palsy

P2.1:Validity of a 1-min walk test for children with cerebral palsy (CP)
Brona McDowell1, Claire Kerr1,∗ , Jackie Parkes2, Aidan Cosgrove1
1Musgrave Park Hospital, Belfast, N. Ireland; 2School of Nursing& Midwifery, Queen’s University
Belfast, N. Ireland

Summary

The concurrent validity of a 1-min walk test at a child’s maximum walking speed was assessed in
children with bilateral CP. Distance covered during the walk was compared to gross motor function
as assessed by the GMFM.

Conclusions

A strong correlation between the walking test and gross motor function demonstrated its ability to
predict functional ability in children with CP. Its cost-effectiveness and user friendliness makes it a
potentially useful tool in the clinical setting. Further study needs to address its reliability and ability
to detect change over time.

Introduction

Walking tests have become increasingly popular as an outcome measure for testing patients with a
disability. Walking times vary between 2 and 6 min and are usually carried out at self-selected walking
speeds. While previous studies in children with CP have shown a strong correlation between walking
speed over a limited distance and functional ability [1,2], no studies have assessed the ability of longer
walking distances to predict functional ability in this population.

Patients/materials and methods

T to par-
t 11 years)
w unction
C

iscussion and conclusion

he presented results showed that 11 subjects have a common kinematic pattern: a reduce
tep length of the sound limb determined by reduced prosthetic side hip extension (primarily
he ischiatic constraint) only partially compensated by larger pelvis tilt and sound hip flexio
eneral effect is due to thighs’ inclination, which shows values about zero, confirming that a

nspection cannot detect any asymmetries. The only subject showing longer prosthetic step
o apply the same patterns, but producing an over-compensation thus resulting in longer ste
oreover he is characterised by the largest thigh inclination asymmetry.
In conclusion, the experimental data have shown how the intrinsic constraint due to the i

earing leads the subjects to adopt an asymmetric strategy, particularly involving larger pe
otion. Future analyses must verify if the often reported lumbar pain by amputee subject co
t least partially, attributed to the larger pelvis tilt induced by the ischiatic bearing constraint

his case, this would strongly require for a technological development of the load bearing mec
n AK prostheses: possibly a “smart” ischiatic bearings.
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6.5:Does the floor reaction ankle-foot orthoses improves the hip, knee and ankle kinema
uring the stance phase in the cerebral palsy gait?
.R.G. Lucareli
ACD GAIT Lab, S˜ao Paulo, Brazil

ummary

he efficiencies of the floor reaction ankle-foot orthoses in children with cerebral palsy were ap
sing three-dimensional gait analysis. The efficiency was noticed in the children with moder
xcessive flexion of the knee in the stance phase and it was not observed in limitation less th◦.

onclusion
he FRAFO when indicated to improve the extension of the knees in the support it was effe
akes necessary future studies for best to understand the biomechanics of this type of or

hildren with just limited extension less than 15◦. If it is better to use it or not.

ntroduction

he floor reaction ankle-foot orthoses (FRAFO) is common prescribed in the attempt of dec
nee flexion during the stance phase in the cerebral palsy (CP) gait. There is insufficient info
n this orthoses described in the literature.

urpose

he purpose of this study was to determine the effect clinically prescribed floor reaction ank
rthoses have on kinematic parameter of the hip, knee and ankle in stance phase of the gait
ompared with barefoot walking in children with cerebral palsy.

ethodology

retrospective chart review of data collected between 1996 and 2004 in our motion analysis lab
as performed. A retrospective chart review 2200 patients revealed 71 patients (142 limbs) m
2.2± 3.9 who had diagnosis of diplegia, no contractures in hip and knee flexion. All were w
linically prescribed hinged FRAFO undergoing a three dimensional gait analysis. In line w
tandard clinical practice, data for both conditions (brace and barefoot walking) were collecte
ame day by the same examiner. We divided the patients in three groups: Group I Limited ex
pick of knee extension less than 15◦); Group II moderate limited extension (pick of knee exten
etween 15 and 30◦) and Group III Crouch (pick of knee extension instance more than 30◦).
Were extracted the maximum values of hip and knee extension and ankle dorsiflexion du

tance phase with and without FRAFO for each group.
hirty-eight children with bilateral CP attending a regional orthopaedic service gave consent
icipate in the study. Of these, 34 (10 females, 24 males; age range 4–16 years; mean age
ere able to complete both tests. Three of the children were classified in Gross Motor F
lassification System (GMFCS)3 level I, 17 in level II, 10 in level III and four in level IV.

Figs. 1 and 2.
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The same assessor carried out both tests. The 1-min walk test was carried out on an oval 20 m level
track. Following a 5-min rest children were asked to walk as fast as possible around the track for
1 min. Distance was calculated using markings on the track. The GMFM assessment was then carried
out.

Results

A one-sample Kolmogorov–Smirnov test was used to establish that data followed a normal dis-
tribution. Simple linear regression and Pearson’s correlation coefficient demonstrated a significant
relationship (r = 0.92) between the GMFM-88 score and distance covered during the 1-min walk test
(Fig. 1).

A one-way ANOVA also showed a significant decrease in the distance walked with increasing
GMFCS level (Fig. 2). Post hoc analysis (using the Scheffe test) revealed significant differences
between levels II and III (P = 0.003) and levels III and IV (P = 0.008). There was no significant
difference between levels I and II (P = 0.42).

Discussion

The strong correlation obtained between distance walked during a fast 1-min walk and the GMFM
score suggest that the 1-min walk test may be a good predictor of functional ability in children with
bilateral CP.
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P2.2:Functional electrical stimulation (FES) for children with cerebral palsy
M.L. Van der Linden, M.E. Hazlewood, S.J. Hillman, A.M. Richardson, J.E. Robb
Anderson Gait Analysis Laboratory, Eastern General Hospital, Edinburgh, Scotland, UK

Summary

The present study reports on the orthotic effect of FES to either the dorsiflexors or knee extensors
of 14 children with diplegic and hemiplegic cerebral palsy. Dorsiflexion in swing and the foot floor
contact pattern were significantly improved with FES to the dorsiflexors compared to no FES. Knee
extension improved when FES was applied to the knee extensors but this effect was not significant.

Conclusions

FES to the dorsiflexors has a significant direct ‘orthotic’ effects on gait kinematics. However, it is
important to investigate the long term therapeutic effects and practical issues with regard to FES for
young children.

Introduction

Functional electrical stimulation (FES) has been applied as a treatment option for children with
cerebral palsy since the early 1980s [1]. At present, the most common way of using FES is to
stimulate the ankle dorsiflexors during the swing phase [2]. The aim of this study was to investigate
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P2.3: Intrinsic and extrinsic constraints during reaching and grasping in children with hemi-
plegic cerebral palsy
A. Utley, D.A. Sugden, S. Astill
School of Sport and Exercise Science, University of Leeds, Leeds, UK

Summary

Children with hemiplegic cerebral palsy have a number of problems when reaching and grasping.
Previous studies have used kinematic analysis to examine hand functions in children with hemiplegic
cerebral palsy [1] focusing on descriptions of reaching and grasping movement when the hands move
unimanually and comparing this bimanual movements. Of particular interest was the hands coupling
during the bimanual movement with the hemiplegic side being influenced by the movement of the
less involved limb. This paper examines the influence of extrinsic constraints on intrinsic constraints
during unimanual and bimanual reaching and grasping with the orientation of the table on which the
children are reaching perturbed.

Conclusions

As in previous studies [1] there is evidence of temporal, postural, and spatial coupling. There is strong
evidence of temporal coupling that is generally as a result of both hands adjusting their movement
during the bimanual condition to a common timing. Changes in posture result in a less rigid movement
on the hemiplegic side and less extension and splaying of the digits. Sloping the board towards
the subjects appears to have resulted in similar temporal coupling to sloping the board away but
greater postural coupling. Placing the cube in an elevated position may have afforded subjects more
opportunity to concentrate on posture and grasping the cube, as the cube was more in line with the
trajectory commonly employed on the hemiplegic side. It would appear that sloping the table away
from the subjects (lowering the position of the target object) has afforded subjects using a lower
trajectory.

Introduction

Explanations of motor development have taken a step forward through the application of ideas from
proponents of dynamic systems, here movement involves the final product or whole being the active
cooperation of many parts, and contains multiple subsystems all contributing in a unique manner
[3]. The potential for some of these ideas have been initially explored in the context of reaching and
grasping in children with hemiplegic cerebral palsy [1]. Such children have to overcome intrinsic
constraints where the neural properties directly provide a direct link to the type of movement ob-
served. External constraints such as task demands and contextual influences have only recently been
investigated [2].

Methods

Nine children aged 5–12 participated in the study. The children performed two tasks involving reaching
and grasping a cube unimanually and then bimanually. The cube was placed on a table with the top
sloping 4◦ away from the child in experiment 1, and sloping 4◦ towards the child in experiment 2.
Kinematic (3D) and video data were collected and analysed.

Results

Kinematic data and video data are presented including velocity profiles, inter and intra limb cor-
relations and displacement profiles. Video analysis provided information on, posture of the hand,
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he direct ‘orthotic effect’ and the long-term ‘therapeutic effect’ of FES to either the dorsiflex
nee extensors in children with cerebral palsy. This abstract will focus on the orthotic effects
ait characteristics.

atients/materials and methods

ourteen diplegic (n = 6) and hemiplegic (n = 8) children (mean age 8, range 5–13 years old)
icipated in this study. For 10 children, the target muscle group were the dorsiflexors, for fo
nee extensors. Each child was randomly allocated to either the control group or the expe
roup. The 3D kinematics of all children were recorded during three visits to the gait lab. Afte
rst visit, the children in the experimental group received therapeutic electrical stimulation of g
ncreasing intensity at 30 Hz to the target muscle for 2 weeks to condition the muscle and let t
et used to the sensation of electrical stimulation. During, the second gait analysis, 2 wee

he first, all children in the study received FES to the target muscle group. After the second v
hildren in the experimental group used the stimulator for 8 weeks, after which all children ca
ait analysis the third time and the tests of the second visit were repeated.

esults

he orthotic effects of FES to the dorsiflexors for both the children in the control and experi
roup in the first and second FES session are shown in Table 1.

able 1. Mean (standard deviation) of the gait characteristics (n = 10)

First FES session Second FES session

FES off FES on FES off FES on

oot-floor angle −4.7 (9.4) −1.6 (9.5)∗ −5.7 (10.2) −1.4 (8.9)∗

eak dorsiflexion swing −7.0 (6.5) −5.0 (6.0)# −7.1 (7.7) −3.6 (6.1)∗

nee flexion angle at initial contact 18.3 (7.2) 17.3 (8.0) 19.1 (8.5) 16.3 (8.8)

alking speed (m/s) 1.02 (0.12) 0.95 (0.10)# 1.02 (0.11) 0.98 (0.11)∗

ositive foot-floor angle means heel contact, negative dorsiflexion angle means plantar flexi
# Significant difference between FES off and FES onP < 0.05.∗ Significant difference,P < 0.01.

ES to the knee extensors of four children reduced the average knee peak extension from
6.3◦ of flexion at the first FES session and from 20.1 to 16.6◦ at the second FES session but th

mprovements were not statistically significant.

iscussion

ES to the dorsiflexors in children with cerebral palsy results in a statistically significant imp
oot floor contact pattern without increased knee flexion at initial contact but with a reduc
alking speed. When deciding on the clinical effectiveness of FES, one should also investig

ong-term ‘therapeutic’ effects on gait and passive range of movement and the practical is
sing FES for young children with cerebral palsy comparison between the control and exper
roup will allow us to investigate the therapeutic effects.
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rajectory of the reach and corrections made during the reach. Comparisons are made w
cross subjects with the focus on the movement pattern of the wrists and third digits.

iscussion

he data presented in these experiments support some of the principals of a dynamic systems
o motor control studies. The dynamical approach provides tools to describe and characterise
ovement patterns in context and the transitions and invariance’s among them. Coordination

he consequence of the constantly evolving processes of self-organisation, sometimes tem
ssembled and flexible while at other times more permanent in nature. Recently solving the
f freedom problem in reaching has also been approached from a cost containment approac
ata discussed in these experiments presents evidence that the performer deals with costs in
f contexts, in a variety of ways.
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26.
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2.4:Self-dependent and aided walk of cerebral palsy (CP) children — a case study
. Dziuba1, K. Kobel-Buys2

Institute of Biomechanics, University School of Physical Education, Wroclaw, Po;
Rehabilitation Centre and Neuropsychiatry, Mikoszow, Poland

ummary

alking skills of three CP children are presented in this paper. They represent different a
f walking: child 1/MJ walked independently, 6/SM needed somebody supporting him wit
ands and 13/WP walked using support of an assistive mobility device. It is shown that the kin
arameters do not help to categorize the locomotion of these three different walking abilities. H

he kinematics parameters can help to set the diagnosis and suggest for the physiothera
xercises-program needed.

onclusions

he basic kinematics parameters indicate the individual differences in locomotion of CP ch
owever, they do not distinguish them in terms of self-dependent or aided walks. In suche
sing patterns is irrational to some extend. The deficiency in walking could have a functiona
tructural base. Some of the trials of pathological walking along with the medical check can be

n establishing the physiotherapy program.

ntroduction

erebral Palsy (CP) is a developmental disorder of motor, psycho and emotional function. In
ocomotion the following walks can be distinguished: the self-dependent walk, the walk with h
upport and with an assistive mobility device. The aim of this study was to analyze walking a
f the three children mentioned, with the help of basic kinematic parameters.

atients and method

here were three children with different walking disabilities investigated. Child 1/MJ — 9-ye
irl, with infantile cerebral palsy, spastic diplegia, flexion contracture of the knee joint, irred

oint contracture, left-sided scoliosis, independent paraparetic a gait with flexed of knees a
otation; 6/SM — 9-year-old boy, with infantile cerebral palsy, spastic quadriplegia, diminished
ovability of upper and lower extremities, do not walk independently, walks supported; 13/W
1-year-old boy, with infantile cerebral palsy, spastic diplegia, flexion contracture of the kne

mailto:schwa021@umn.edu
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and talocrural joint, plantar foot flexion (after operation), walking on tiptoes with assistive mobility
devices.

Two video cameras were used to record the left and right side of the body in sagittal plane while
walking along the path. Four to six strides were recorded and analyzed. To calculate the kinematic
parameters the SIMI MOTION was used.

Results

In the study, different walking skills were analysed, described by these parameters: stride velocity,
times of walking-cycle (moving- and supportingphase) and changes in the knee joint angle during
the support phase. Two of the tested children were walking slowly: 0.62 m/s (1/JM) and, 0.65 m/s
(13/WP) and one very slowly 0.23 m/s (6/SM). Stride lengths: 0.68 m (1/JM), 0.51 m (6/SM) and
0.79 m (13/WP) as well as velocities were relatively small, compared to the patterns found in literature
for healthy children [1,2]. The support phase in child 6/SM lasts 84% of the cycle. Child 1/MJ was
showing asymmetry in time of support (68% of right leg to 61% of left leg). The changes in the knee
joint angle during support phase are shown in Fig. 1. Child 1/JM did not bent knee joint of the right
leg in mid support phase. Right and left knee of the child 6/SM were flexed about 50◦ during the
whole support phase. The knee angles of child 13/WP were almost normal during foot strike and mid
support, but the left knee was flexed in toe-off phase.

Fig. 1. Changes in knee joint angle during support phase of the right (r) and left (l) leg.

Discussion

The walking skills of the child 1/MJ can be assesed positively, and better than child 13/WP. The worst
records were achieved in case of child 6/SM. Kinematics parameters are not enough and do not provide
necessary information for assesing CP children’s walking abilities. It is important information, if a
child needs any support when walking. The kinematics parameters provide very accurate information
concerning walk as: low velocity, short stride lenghts. They can be used in knee angles analysis.

Acknowledgement

T ientific
R

R

[ , 10–79

[ Posture

P
J
1 oland
2

S

W ribed
i t for
t ded to
m ealthy
c of this
p

C

O tension
o

of little
c

ometer.
ations

a and less
a lopment
a

I

R blems
r imation
p t useful
i ents are
b alking
t

P

W 1986
( le and
a neeling
f th legs),
w stance
a g points
s ance of
t cription.
W ars. Data
t

Results

The trials included in test let us estimate basic motor skills of examined children such as kneeling,
balance and walking. We defined the level of their motor skills what is base for our next investigations.
However our experience suggests measurement of leg muscles strength too. Examinations of little,
healthy children enable comparison to natural sequences of locomotion development. We found that
healthy 5 years old children can do all the trials and we can estimate their level of motor skills as a
100%. CP children aged 7.5 years with diagnosis of a four limbs paresis had less than 40% of healthy
children motor skills level.

Discussion

There are some tests intended to studies children with Cerebral Palsy. One of them is GMFM or
GMFCS. They are similar to functional walking test, but there are too many trials. The possibilities of
using that tests are rather limited. Besides that tests are commercial. It causes some medical centers
ca not afford to buy them. It seems the test briefly presented in this abstract should be good solution
in examinations children with Cerebral Palsy.
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P2.6: Functional movement possibilities of interceptive actions in children with spastic hemi-
paretic cerebral palsy
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Summary

Children with spastic hemiparetic Cerebral Palsy (CP) perform interceptive actions towards static
targets with adapted movement strategies, especially when using the impaired hand. However, in
tasks where there is motion between the child and the object to be intercepted (intercepting a ball
while walking), a few kinematic variables are the same as the non-impaired hand.

Conclusions

Longer movement times and more trunk involvement seemed common adaptations when children
with spastic hemiparetic CP reached for an object. However, these strategies did not always occur
when the task required different coupling of visual information and movement, like intercepting a
ball while walking, which resulted in equal movement times.
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2.5:The functional walking test for CP chidren
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ummary

e would like to describe our modification of the functional walking test originally desc
n Gait & Postureby Kelly et al. in 1997. It is reckoned as a reliable and accurate tes
esting motor skills of the CP children. Because of lack of standards of trials we deci
odify some trials in our own modification. We used this modification to examine 19 h

hildren aged 1, 3–7 years and 24 CP children*. Data three of them are the material
aper.

onclusions

ur modification of functional walking test seems to be good test for examining CP children. Ex
f points scale gave more possibilities of estimation.
It is based on simple movements like: kneeling, standing, walking which are natural stages

hildren motor development.
We suggest however broaden surveys and measure the strength of leg muscles by dynam
We used this test to estimate the level of motor skills of the children qualified to our examin

nd we observe changes in locomotion in successive studies. Little healthy children aged two
re examined too. We want to establish natural sequences of healthy children locomotion deve
s a background for older children with Cerebral Palsy.

ntroduction

unning investigations of motor functions of the CP children is very difficult because of pro
efers to organization, procedure and applicability. On the other hand it is very important for est
rogress in motor skills during therapy. The laboratory methods uses in examinations are no

n hospitals or physiotherapists activity. So the tests based on simple and elementary movem
etter solution in such circumstances. We would like to present our modification of functional w

est we use in examinations of CP children.

atients/materials and methods

e slightly modified original functional walking test constructed in Central Remedial Clinic in
Jenkinson 1986, behind: [1]). It was verified in 1997 by Kelly and co-workers as a reliab
ccurate for CP children. Our test contains four skills such as: kneeling (some trials of k

rom side to side, back and standing from kneeling), one leg independent standing (one or bo
alking on incline (going up and down, rotating) and stairs walking. Speed of walking on 5 m di
nd endurance (1 min walking) were measured additionally. Our modification relates extendin
cale (originally scale was between 0 and 1 pt., we added 0.5 if child makes trial with assist
herapist). Besides we gave up the trial of walking a beam, because of lack of standard des

e examined nineteen healthy children aged 1.3–7 years and 24 CP children aged 2–9 ye
hree of them (one healthy and two CP children) were the material of this paper.
he coupling of a movement with relevant visual information is necessary for the performa
nterceptive actions and enables us to adapt our response within our own functional moveme
ilities. For example, interceptive actions such as reaching for a moving ball requires the co-ord
f many degrees of freedom (DF) available within the motor apparatus such as the shoulde
rist and trunk, such that they move fluently and efficiently (i.e. sequencing of body segment

icularly at the initial stages of skill acquisition, this can be achieved by free(z)ing the DF in the
o that the motor apparatus are more controllable [1]. Although children with CP show a d
ovement behavior because of their motor impairment, this can be seen as an example of

o their own action capabilities and organizing the DF into a more controllable unit(s) [2,3]
esearch investigated the functional movement possibilities of children with spastic hemipar
hen intercepting objects in different task contexts.

atients/materials and methods

en children (5–11 years) with spastic hemiparetic CP participated in this research. They w
ble to walk without walking aids. Children were required to reach and grasp a stationary obje
tanding (1) and while walking (2), and to reach and grasp an approaching object while stand
3D motion analysis system (CODA) recorded and calculated the kinematics of the hand, a

runk.

esults

reliminary results showed that when the children performed the reaching movements with
aired hand, the movement goal was attained with a decreased involvement of the elbow and

oint and an increased trunk involvement. They also showed an increased variability of hand t
ies. Movement time when reaching with the impaired compared to non-impaired hand was in
n the two standing conditions (1 and 3) but stayed the same in the walking condition (2).

iscussion

he findings may exemplify an adaptive movement strategy. To avoid the increased stretch
hat are characteristic of spasticity, motion of the elbow and shoulder joints was limited, leav
relatively unaffected) trunk to play a major role in successful task completion. The body tries
olutions within its own action capabilities when reaching for objects, indicating that it should be
ized in what context an interception is performed, as this could lead to different movement be
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2.7:The mechanical energy cost of toddler gait
nn Hallemans1,2, Peter Aerts1,2, Dirk De Clercq1,2
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ummary

echanical energy expenditure was investigated in children who are just learning to walk an
ared with adult mechanical energy expenditure during walking. We considered the shape a
itude of the kinetic and potential energy fluctuations of the center of mass (COM) and cal
ecovery values (R) to determine whether toddlers already make use of the energy saving in
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pendulum (IP) mechanism. External, internal and total mechanical work was evaluated over a range
of speeds.

Conclusions

Mass specific work per unit distance is larger in toddlers compared to adults when walking at the
same speed, even if their small size is taken into account. In toddlers, external mechanical work is the
major contributing factor of total mechanical work. Despite the fact that the IP mechanism is observed
to a certain degree, it is not completely mastered yet. Because of their tossing gait and slow walking
speed, energy exchange is imperfect. Consequently, more work has to be performed by the muscles
to lift and accelerate the COM against gravity. Apart from external work performed on the COM,
internal work is performed, primarily to swing each limb forward during walking, which increases
linearly with speed. If their small stature is taken into account, toddlers perform less internal work
compared to adults.

Introduction

During walking metabolic energy is consumed, even if the average walking speed is constant and
there is no net change in height of the body. At each step energy has to be put into the system again,
firstly to lift and accelerate the COM against gravity (external work) and secondly to move the body
segments relative to the COM (internal work). To minimize external mechanical work, adults make
use of an imperfect IP mechanism of energy exchange, allowing recovery of as much as 70% of the
required energy (1). Recently Schepens (2) showed that children aged between 3 and 11 years old, due
to their small stature, consume more energy per unit body mass to walk at a given speed than adults
do. Is this also the case in toddlers who are just learning to walk? They are even smaller and show
markedly different body proportions compared to adults. Balance problems and immature control of
movement are compromising factors that make their gait pattern different from mature walking (3).
Considering the toddler as a mechanical system, the observed kinematic and kinetic differences could
result in different energy and power requirements of the system.

Patients/materials and methods

Nine healthy children aged between 12 and 18 months participated in this study. Their walking
experience ranged from 2 weeks to 6 months. Ground reaction forces and full body kinematics were
recorded. The amount of external and internal work was calculated and evaluated over a range of
speeds. To find out whether toddlers make used of the IP mechanism of energy exchange the time
profiles of kinetic and potential energy were considered and percentages of recovered energy were
calculated.

Results/Discussion

First, we determined whether the IP mechanism of energy exchange was present in toddlers. It seems
new walkers partially make use of this energy saving mechanism, however it is less efficient. The
reduced recovery values (Requals 40% at optimal speeds in toddlers compared to 70% in adults) can
be explained by their low self selected walking speed in combination with their tossing gait (large
vertical oscillations of the body) and by the observation that during as much as 25–50% of the gait
cycle kinetic and potential energy are oscillating in phase.

The second step was to calculate positive external mechanical work. Since the inverted pendulum
mechanism is less efficient in toddlers, more mass-specific positive work has to be performed to lift
and accelerate the COM than when walking at the same speed than adults, even when differences in
body size are taken into account.

The amount of positive internal work necessary to move the body segments relative to the COM
was the third parameter we calculated. In toddlers it is largely determined by the kinetic energy of the
lower limb. Compared to adults, toddlers have to perform less mass-specific work per unit distance
to accelerate the body segments since the upper body is kept relatively stiff during walking and there
is no arm swing.
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P2.8:Measurement reproducibility ofmetabolicwalkingparameters inadultswithapoliomyeli-
tis history
M.-A. Brehm, J. Harlaar, F. Nollet
Department of RehabilitationMedicine, VUUniversity Medical Centre, Amsterdam, The Netherlands

Summary

Measurement reproducibility of metabolic walking parameters was evaluated in both a clinical and a
healthy population using a high-technology gas-analysis system, the VmaxST.

Conclusion

A good reproducibility for all walking parameters was found, with the best results for the healthy
subjects. The parameter ‘energy cost’ and the gross condition contained the least amount of variability.

Introduction

It is generally accepted that energy cost of walking in adults with movement disorders, either related to
musculoskeletal pathology or to neuromuscular pathology, is elevated [1]. Energy cost of walking can
be estimated from high-technology portable gas-analysis systems that measure both oxygen-uptake
and carbon dioxide production. Out of those walking energy can be calculated, thereby taking into
account the relative contributions of carbohydrates and lipids. In order to detect significant changes
in walking energy, it is of paramount importance that the reproducibility of these measurements
is established. To our knowledge, this study is the first to assess measurement reproducibility of
metabolic walking parameters with a high-technology gas-analysis system in a clinical population.

Methods
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ssessment of reproducibility was made in a group of patients with a musculoskeletal pa
i.e. poliomyelitis). Fourteen post-polio adults (age: 36–67, body mass: 53–95 kg) and 14 m
ontrol subjects (age: 31–63, body mass: 53–94 kg) volunteered to participate in the study. T
rotocol consisted of two blocks: 10 min of resting in a comfortable chair followed by 5 m
alking at a self-selected walking pace. For walking, an oval track of 50 m was used and w
peed was measured per round. Gas-exchange was measured using the portable VmaxS
SensorMedics, The Netherlands) for which technical validity was established [2]. Both the r
est and the walking-test were completed four times on four different days, at the same time of
nd under similar conditions. Reproducibility assessment comprised: (1) walking speed, (2) g
et energy consumption, (3) gross and net energy cost. The standard error of measurement
((VARoccasion + VARsubject× occasion)/4), and the smallest detectable change (SDC = 1×
.E.M.× √

2) were used to express measurement reproducibility.

esults

able 1. Reproducibility indexes: S.E.M. and SDC for post-polio patients (P) and controls (
pectively

arameter Gross condition Net condition

S.E.M.
P (%)

S.E.M.
C (%)

SDC P
(%)

SDC C
(%)

S.E.M.
P (%)

S.E.M.
C (%)

SDC P
(%)

SDC C
(%)

peed (m/min) 2.2 0.9 6.1 2.6

cons (J/kg min) 2.7 1.2 7.5 3.2 3.3 1.4 9.1 3.9

cost (J/kg min) 1.7 1.2 4.6 3.3 2.5 1.4 7.0 3.8

cons = energy consumption, Ecost = energy cost.

iscussion

he main result was that reproducibility of all walking parameters, based on our protocol, w
ood in both groups: S.E.M. values were low (≤3.3%) and the smallest detectable changes
ot larger than 9.1%, where changes up to 10% are regarded as clinically insignificant [3] T
esults were found for the healthy subjects. The parameter ‘energy cost’ appears to be less
han ‘energy consumption’. This is in agreement with findings of Plasschaert et al. [4]. Their
howed that oxygen consumption was the least repeatable parameter because it contains mowithin-
ubject variability. This arises from differences in walking speed between days. A compar
onditions showed the gross condition as the more repeatable condition. The increased v
n the net condition is due to differences in resting values between days. In conclusion, a s
etectable change of 4.6% for gross energy cost was found for polio patients, which makes m
ssessment of walking a very sensitive tool to evaluate walking performance in the individual
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2.9:Exercise and glycemic control in type I diabetes adolescent girls
lina Gailiuniene, Sandrija Sideraviciute, Kristina Visagurskiene
ithuanian Academy of Physical Education, Kaunas

ummary

The purpose of this longitudinal study was to investigate the effect of various intensive e
rograms on blood glucose (BG), lactate (La) and glycosylated hemoglobin (HbA1C) levels
diabetes adolescent girls.
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Twenty-seven adolescent girls (age 13–17) with type I diabetes participated in this study. Each
girl did running and walking exercises on two separate occasions: 6 min Cooper test and intermittent
running/walking test. Between the tests, adolescent girls trained according to their routine specific
running and walking programs, which lasted 2 months.

Six minutes Cooper test significantly influenced on adolescent girls with I type of diabetes mellitus
post BG (10.6 mmol/l versus 6.3 mmol/l) and La (6.8 mmol/l versus 5.0 mmol/l) levels while in this
girls post intermittent running/walking test (20 m skittles run for 30 s + walked 15 s). BG (5.9 mmol/l
versus 6.5 mmol/l) and La (5.1 mmol/l versus 6.5 mmol/l) levels differed no significantly in compari-
son with the pretraining values. The positive correlation between post exercise BG and La concentra-
tions were found at all adolescent girls (r = 0.708 and 0.862 post Cooper test and post running/walking
test). This correlation seemed independent of training induced changes in 6 min Cooper test results.

The mechanism, linked post exercises BG, La and HbA1C concentrations after the running/walking
training exercises program, which lasted 2 months, remains obscure.

Conclusions

Our study revealed that running and walking trainings, which lasted 2 months, induced significant
changes in the post 6 min Cooper test BG and La results in comparison with the pretraining values.

Results of intermittent running/walking control test after 2 months training was associated with
reduced post-exercise BG and La concentration.

The results of HbA1C after 2 months exercise training program is efficacious for the adolescent girls
with I type of diabetes mellitus to reduce their HbA1C level and assist with their diabetes management.

Training induced correlation between BG and La is probably due to the influence of training on
hormonal regulation of glucose and lactate production without insulin.

Patients/materials and methods

Twenty-seven adolescent girls (age 13–17) with type I diabetes participated in this study. The mean
duration of diabetes mellitus was 5.1± 2.0 years. The longitudinal exercises program consisted of
running and walking trainings, which lasted 2 months.

Blood glucose (BG) and lactate (La) was measured enzymatically using commercial kits
(Boehringer–Mannheim, Germany). Glycosylated hemoglobin (HbA1C) was determinated using
commercial kits DS1 Glycomat (Wiener and Roberts, 1998). Heart rate was recorded throughout
all the tests using Polar Sport Tester (Finland). BG was assessed prior to the tests, immediately af-
ter each exercise session and after 20 min recovery. HbA1C was determined before the training and
walking trainings started and after all exercise program, id est. after 2 months.

The first session consisted of 6 min Cooper and Ruffie control tests followed by three randomly
assigned testing days. The successive session consisted of intermittent running/walking test.

Results and discussion

The results indicated that 6 min Cooper test produced significantly higher (P< 0.01) BG and La, than
intermittent running/walking test, while BG and La was significantly greater after running than after
walking test. There was a trend at walking exercises moderately reduce BG while intermittent running
exercises moderately increased BG.

The results of HbA1C in type I diabetes adolescent girls before the running and walking program
were higher (8.6± 0.87;n = 27) and lower post 2 months training course (7.7%± 0.88;n = 20).
Therefore, we conclude that our proposal of 2 months exercise training program is efficacious for
the type I diabetes adolescent girls to reduce their hemoglobin level and assist with their diabetes
management.
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3D foot shape. The relation of foot width to ball circumference was about 38% for all foot sizes (not
40% as assumed). Only a maximum of 50% of all feet per shoe size was represented by each single
foot measure.

Discussion

It can be concluded that there must be different specifications (widths) per shoe last to optimize the
fitting for more than 50% of the children, and to take BMI results into account. The minimum demand
per last must be two width specifications for each shoe size, whereas all foot measures have to be
considered (not only ball circumference, as in the past). Gender does not play any role in last creation
in these age groups.
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P2.11:Influence of movement type on plantar pressure distribution patterns
C. Maiwald, S. Grau, C. Späth, I. Krauss, T. Horstmann
Department of SportsMedicine,Medical Clinic andPoliclinic, University Clinics T¨ubingen,Germany

Summary

Leisure runners ran/walked on a treadmill while plantar pressure distribution parameters were as-
sessed. Results suggest that walking – compared to running at the same speed – increases loading in
the rearfoot and toe areas.

Conclusions

Differences in foot strike and knee flexion angles could be responsible for the observed differences
in plantar pressure patterns. Up to now we are still unsure whether the increase in loading should be
seen more as a different kind of input signal into the neuro-muscular system rather than as an increase
in stress for the human body.

Introduction

Commonly, pressure and force measurements are used to quantify dynamic loading of the muscu-
loskeletal system. When comparing different velocities of locomotion (while maintaining the same
type of locomotion, e.g. running), one can observe increasing vertical forces as the velocities increase
[1,3]. It is still unclear whether there is a difference in vertical loading during fast paced walking
compared to running at the same speed. The goal of this study was to investigate the influence of
movement type (e.g. walking versus running) and locomotion velocity on plantar pressure patterns
in order to gain information about basic kinetic characteristics of different types of locomotion. This
could affect construction essentials of specific walking shoes, as well as the importance of performing
proper walking technique in recreational sports.

Patients/materials and methods
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2.10:Influence of age, gender and body-mass-index on 3-day foot shape in children
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ummary

ith a 3D foot scanner in a bipedal upright position, the feet of 1996 children, aged 3–10
easured. Basic foot measures in last development were taken. All foot measures were ana

hoe size in terms of relative frequency (both genders), gender and BMI. BMI influenced a
easures, gender seemed to have no influence at this age. Only a maximum of 50% of all

hoe size was represented by each single foot measure.

onclusion

here must be different specifications (at least two widths) per shoe last to optimize the shoe fi
s many children as possible. All foot measures have to be considered (not only ball circum
s in the past) in the development of well fitting lasts.

ntroduction

xtensive studies on children’s feet in the 1960s (1) led to the formation of guidelines (AK
evelop and produce lasts for children’s shoes, which are still effective today. Measurements

he early 1990s (4) showed an increase in foot sizes per age, whereas basic measures, su
idth as well as the relation of foot width to ball circumference (40%), stayed constant. Defic

n these studies were mainly the non standardized measurements (3D foot measures by h
nsufficient foot measures (2D plantar measures). It is still unclear whether there is an influ
ge, gender, height and weight on the relevant 3D foot measures (foot shape) to develop we

asts for children’s shoes.
The goal of this study was to verify current 3D foot measures in children’s feet with a val

eliable measuring device to find out whether age, gender, height and weight influence these m

atients/materials and methods

he feet of 1996 children, aged 3–10, were measured with a 3D foot scanner (pedus, human s
esolution < 1.5 mm) in a bipedal upright position. Relevant foot measures [2,3] in last develo
uch as foot length (FL), foot width (FW), toe circumference (TC), ball circumference (BC),
ircumference (WC), instep circumference (IC) and heel circumference (HC), were taken as
he children’s age, gender, height and weight. The BMI was chosen to clarify a possible influ
eight and weight on the 3D measures. All foot measures were analyzed per shoe size in
elative frequency (both genders), gender and BMI. Statistics were based on descriptive anal
ross-tables), as well as on Pearson’s correlation coefficient [2].

esults

ost foot measures (FW, TC, BC, WC, IC) showed high correlations (0.8–0.9) to foot length
ength increased consistently (no growth spurt) with age. Furthermore, BMI influenced all foo
ures, e.g. children with a lower BMI (<16 kg/m2) showed smaller values (more narrow feet) for
oot measures than children with a higher BMI (>16 kg/m2). Gender seemed to have no influence
t

.

welve pain free subjects (age: 27± 6.8; weight: 69.3 kg± 11.6; height: 176.7 cm± 9.5) were
ncluded in the study. Measurement conditions were defined as walking and running at d
peeds (walking 5 and 7 km/h, running 7 and 12 km/h) on a treadmill (HP Cosmos). Both w
nd running trials were performed barefoot as well as shod (wearing a neutral running shoe)
ressures were assessed using an in-shoe Novel® Pedar mobile system (50 Hz). Maximum fo
Fmax) as well as maximum pressures (Pmax) were calculated in up to 10 anatomical fo
4SD/PRC masks) using the Novel® Software package.

esults

uring walking (5, 7 km/h) Fmax as well as Pmax were significantly (P< 0.01) increased in heel a
orefoot areas compared to running (7, 12 km/h). This could be observed for both footwear con
barefoot & shod).

iscussion

ncreased plantar pressures during walking could be caused by the different foot strike mo
increased dorsiflection angle of the foot in combination with decreased knee flexion angle, D
000). Additionally, one can assume differences in muscular activity causing the pressure i
ainly during impact phase in the heel area. Kinematic measurement methods, as well as mea
f muscular activity have to be added to clearly identify relationships between the plantar press
nd the subjects’ movement and muscular activity patterns. We assume that the observed

n loading during walking is connected to the fact that walking at higher speeds tends to b
ncreasingly uneconomical [4]. Incorrect walking techniques seem to be able to cause higher lo
pecific foot areas compared to running at the same speed. On the one hand, these results sug
specific look at the design of walking shoes. On the other hand, recent tendencies in biome

esearch suggest looking at forces as input signals into the neuro-muscular system which
s able to adapt to. From this point of view higher loading in fast paced walking is not nece
omething that has to be avoided by all means and could be a constitutional characteristic of
f human locomotion.
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2.12:Longitudinal follow-up of gait patterns by dynamic plantar pressure measurements
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ummary

he objectives of this study were to evaluate how foot pressure distribution and velocity of
hange during growth. Four groups of normal children and adults were compared to look for
hanges in patterns.

onclusions

he foot pressure pattern still develops after the age of 6. We notice some differences in
ressure distribution and velocity of roll-off into adolescence. Total contact time of stance ph
uration of midstance continues to increase into adolescence. On the forefoot we notice a lat

n loading pattern with increasing age.
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Introduction

During growth foot function as well as foot morphology changes, which causes a varation in gait
pattern in normal children compared to normal adults. Dynamic plantar pressure measurements give
us the opportunity to study the changes in pressure distribution and temporal aspects of the foot.
There is still no strict clarity about the maturity of foot pressure pattern. Some authors suggest that
the major structural musculoskeletal changes have been completed by the age of 6, so that the foot
pressure pattern is mature [1]. But others indicate that the development of the gait pattern continues
into adolescence [3].

Patients/materials and methods

Thirty-two healthy subjects of both sexes, aged 3–28 years, were included in this study. They were
divided in four groups: group A (n = 5, mean age 5.2± 2.26 years), group B (n = 9, mean age 9.7
± 2.45 years), group C (n = 9, mean age 16.7± 0.48 years), group D (n = 8, mean age 24.8± 4.93
years). Each subject underwent full gait analysis as well as foot pressure measurements for both feet.
A footscan pressure plate (Rsscan International, 0.5 m× 0.4 m, 4096 sensors (4 cm−2), 350 Hz) was
mounted in the middle of a 10 m long pathway. Three valid left and right trials were collected at self-
selected speed. One well-experienced observer localised eight anatomical regions on the footprints
(medial and lateral hindfoot, metatarsal I–V and hallux). Total contact time of the stance phase was
calculated. Foot roll-off was divided into three phases: loading response, midstance and propulsion.
Temporal data for each anatomical region were calculated for each trial, bilaterally and were averaged
per subject. The 3D kinematic data were registrated using a eight-camera VICON motion system.
The current study mainly focused on ankle and foot kinematics. Differences between all groups were
evaluated by Wilcoxon Signed Rank test.

Results and discussion

We observed changes in velocity of roll-off and plantar pressure characteristics between the different
groups. Total contact time of the stance phase increased with increasing age. Significant increase was
recognized between groups A and C (P = 0.0027), groups B and C (P = 0.0017) and groups B and
D (P = 0.0021). A mild significant evolution between groups A and C (P = 0.05) was found for the
pressure distribution on the hindfoot, indicating an obvious loading on the medial part of the hindfoot
in the youngest group compared to group C, where the loading occurs more laterally. Furthermore,
the results revealed a trend in pressure distribution on the forefoot, the loading was more laterally
with increasing age. In group A the metatarsal heads were almost equally loaded but primarily on the
medial and central side (M1–2–3–4). In the older groups there was a clear peak at M2. This change in
loading pattern is caused by the development of the medial longitudinal arch and the absence of pes
planovalgus after the age of 6. Finally, we noted a trend for increased duration of midstance phase
with age. This parameter was found to be related to the second rocker of the 3D ankle kinematics.
We noticed a relation between the duration of the midstance phase, calculated by the dynamic plantar
pressure system, and the velocity of ankle dorsiflexion during midstance, processed by the 3D motion
analysis system. This kinematic data showed us an increased velocity of ankle dorsiflexion with
increasing age. The results revealed also a longer propulsion phase in the youngest group in relation
to the older groups. We can conclude that the gait pattern is not mature by the age of 6, this was
confirmed by the 3D ankle kinematics.
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Table 1. Model’s coefficients for normal subjects and patients with spina bifida

Joints Coefficients Normal Spina bifida

Hip a1 0.844± 0.132 2.420± 0.553

a2 0.303± 0.070 −1.109± 0.328

a3 −0.169± 0.053 −0.668± 0.238

Knee a1 0.782± 0.102 2.385± 0.251

a2 0.369± 0.054 −1.094± 0.352

a3 −0.146± 0.055 0.677± 0.328

Ankle a1 0.724± 0.113 2.385± 0.553

a2 0.204± 0.0521 −1.166± 0.257

a3 −0.034± 0.004 −0.738± 0.155
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P2.14:Development of a lower extremity model for sport shoe research
K.J. Michel, F.I. Kleindienst, B. Krabbe
Biomechanical Lab, adidas Innovation Team, Adidas-Salomon AG, Scheinfeld, Germany

Summary

The purpose of this study was to develop a lower extremity model capable of providing important
parameters for sport shoe research including conventional foot and ankle angles as well as kinetic data
like knee and ankle joint moments which have become very important with regards to the prevention
of overuse injuries like patellofemoral pain syndome (PFPS) [1].

Conclusions

Different footwear can now be evaluated regarding conventional stability parameters (e.g.�- and
�-angle) as well as knee and ankle joint moments with a single measurement procedure.

Introduction

The use of 3D motion analysis has become more and more important for biomechanical studies in
the sport shoe research area. Nevertheless, models provided by the manufacturers are still mainly
for clinical purposes (e.g. Plug-In Gait, Vicon, Oxford Metrics, Oxford, UK). Especially for the
determination of foot and ankle kinematics in the frontal plane, there is a lack of models which can
reliably detect small differences, as well as incorporate applicable marker placements which do not
interfere with running movements. The knee has been shown to be a common site of injury for runners
with PFPS being the most common of the injuries to this joint. Therefore it is of great interest for sport
shoe research to combine the measurements of knee joint moments which are related to PFPS [1]
with measurements of conventional kinematic data (e.g.�- and�-angles) which are used to describe
stability properties of running shoes.

Materials and methods

The model was programmed in Bodybuilder and can be used with Workstation (Vicon, Oxford Metrics,
Oxford, UK). Reflective markers were placed on the pelvis, upper leg, lower leg, rearfoot and forefoot
(3 per segment). The knee joint center was determined as the middle between the medial and lateral
epicondyles. The medial epicondyle marker was removed for the dynamic trials and the offset from
the lateral epicondyle collected during the static trial was used to recalculate its position. The zero
position of the foot was determined by three markers on the rearfoot setting up a coordinate system
aligned with the floor, so that the�-angle was zero in “neutral-0-position”. Due to the separation of
the foot in two segments, the possibility to describe torsionability around the longitudinal foot axis
and forefoot flexion was obtained.

Kinematic data were collected using a six-camera Vicon System (200 Hz) and a high speed video
system (HCC-1000) from posterior (230 Hz). Kinetic data were collected using a Kistler force plate
(1000Hz). Subjects were four runners (age: 35 years; height: 173 cm; mass: 66 kg) with an average
w g
t gate
r e valid
t pproach
a ined and
a

R

T ws the
e n of the
f versus
V solute
v

D

F D mea-
s ot with
t d in the
l o judge
d

R

[ Z

[
[ itted for
3] Menkveld, et al. J Pediatr Orthop 1988;8(3):263–7.

odelling
2.13:The mathematical modelling of human movement
olanta Pauk

ummary

n experimental approach for identifying subject parameters was developed and tested on
ubjects and subjects with spina bifida. Differences between model’s coefficients in the gro

nvestigated.

onclusions

he method reveals a promising monitoring tool for functional evaluation of gait improvem
ould be used for planning rehabilitation or surgical treatment, in order to improve walking in a
atients.

ntroduction

uman walking is an example of a well-learned fundamental movement pattern that, in norm
tions is performed with a great deal of coefficiency and consistency. In the paper will be pr
new quantitative method to analyse and assessment of human gait. The goals of quantita

sis of human gait in clinical settings vary depending on the limitations and needs of each
ehabilitation of injuries may require limited quanitative analysis and gait training, while s
roblems require extensive quanitative gait analysis, rehab and gait training. Gait quanitative

n physical therapy is essentially to determine the cause of an observed gait abnormality.

atients/materials and methods

he experiment was conducted on 20 normal subjects and 34 patients with spina bifida in
i Bioingegneeria in Milan. Anthropometrical parameters (body weight, body height, thigh,

oot length, pelvis width and height, diameter of the knee and of the ankle) were measured
ubject. Gait movement has been detected using passive markers placed on representative po
ubject. Proposed model describes the dynamical properties human movement. The mode
n analysis of power developed by muscle joints. The method has been used is based on r

unction. Below is presented the method of identificationof human gait model.

ˆ
n = U- n · a-, U- n = [u1u2 · · · uk ], a = [a1a2 · · · ak ], N = 1,2 . . . , N (1)

hereN — sample size,Yn — model’s output,a — unknown parameters of gait,Un — model’s
nput.

esults

ower performances were obtained for patients with spina bifida compared against control s

iscussion

odel’s identification in all joints of lower limbs does not give a lot of information about hu
alking. We only now that parameters for patients with spina bifida are higher than for patien
ormal walking. That’s why identification of human gait model was done for each joint of

imbs in two phases of gait (stance and swing).
e

eekly running distance of 46 km. A standard running shoe (adidas® Unity) was used for the runnin
rials at a velocity of 3.6± 0.2 m s−1. For each subject five valid trials were collected. To investi
eliability all markers were removed and put on again by the same examiner for another fiv
rials. Three-dimensional knee joint moments were calculated using an inverse dynamics a
nd normalized to bodyweight. Selected values of angle and moment curves were determ
veraged for each condition.

esults

he comparison between Vicon data (V1, V2) and high speed video analysis (HCC) sho
xpected results considering the mistakes of the 2D analysis due to abduction or adductio
oot (displacement angle) especially during impact [2]. The two Vicon measurements (V1
2) reveal a strong reliability for angles as well as for moments (Table 1). Moreover, the ab
alues of the knee joint moments are comparable with data in the literature [1], [3].

iscussion

oot eversion described by the new model corresponds very well with expectations from 2
urements considering alignment problems of the longitudinal and transversal axis of the fo
he camera axis [2]. The determined knee joint moments show similar values as describe
iterature in similar studies [1,3]. The reliability of the analysed data meets the requirements t
ifferences in various footwear conditions.
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Table 1. Maximum knee joint moments and rearfoot angles of all subjects, positive: eversion, abduction
resp.; negative: inversion, adduction resp.

Subject 1 Subject 2 Subject 3 Subject 4

V1 V2 HCC V1 V2 HCC V1 V2 HCC V1 V2 HCC

Impact angle
(�-angle) (◦)

−7.2 −6.7 −10.1 −3.1 −3.4 −6.0 −6.4 −7.0 −7.8 −3.3 −2.4 −1.4

Displacement angle
(impact) (◦)

4.7 5.0 6.1 5.8 1.5 2.6 −1.3 −1.6

Maximum eversion
(�-angle) (◦)

3.3 3.4 3.1 1.8 2.2 2.0 −0.2 −1.0 −0.2 1.3 1.3 0.9

Displacement angle
(stance) (◦)

4.2 3.6 2.9 3.2 0.2 0.1 −1.8 −2.1

POM (�-angle) (◦) 10.5 10.1 13.2 4.9 5.0 8.0 6.2 6.0 7.6 4.6 3.7 2.3

Knee ext. moment
(N m kg−1)

2.45 2.40 3.43 3.25 2.48 2.32 2.59 2.39

Knee abd. moment
(N m kg−1)

0.40 0.36 1.15 1.24 1.76 1.76 1.00 0.95

Knee rot. moment
(N m kg−1)

0.11 0.13 0.12 0.11 0.40 0.38 0.26 0.27

Muscles
P2.15:Stabilising and driving function of muscle during exercises with inertial load
A. Mastalerz1, C. Urbanik1, G. Nitecki2
1Academy of Physical Education, Warsaw, Poland; 2Military University of Technology, Warsaw,
Poland

Summary

The aim of the study was to estimate EMG differences for stabilising and driving function of muscles
during motion with inertial type of load. Higher values of loads affected all muscles by increasing
their driving function. Significant change of muscle activation for their function of stabilising was
not identical. Knee joint structure, precisely position of thigh and shinbones, is protected by suitable
muscle activity. Therefore higher values of EMG were recorded for flexor muscle during knee exten-
sion than extensor muscles during knee flexion.

Conclusions

Not ambiguous relation between mechanical and bioelectrical structure of analysed motions was
obtained. Devices with inertial loads allowed competitors to obtain more external power during knee
extension (8%), in relation to other type of loads. This effect existed with relationship to lower muscle
activity during such motion (9%). Inversely trends at knee flexion were established

Introduction

Most of the information presented in literature is related to concentric muscle activity. External loads
are usually controlled by isotonic [4] or isokinetic mechanisms [2]. Therefore the aim of the study was
a comparison of mechanical and bioelectrical factors describing motion of knee joint during exercises
with inertial loads.

Material and methods

Five male (aged — 22.4± 0.3 years; body weight — 74.4± 10 kg; body height — 178.4± 6 cm)
students from the Academy of Physical Education took part in the research. All examined people
were acknowledged with measurement form and agreed to join the research. During the measurement

F e. Statist
S

they sat in a position of 90◦ in hip and knee joints. They had to extend and flexed the knee joint
with a maximal velocity. Three quantities of disc weights as a external torque were used: 30, 50 and
70 N m. Analogue signals of the muscle torque, the angle position in the knee joint and EMG (Bosco
Muscle Lab) were synchronized (Spider–Hettinger Baldwin Messtechnik) with 2400 Hz sampling
rate. EMG as the RAW signals was analogically frequency band-pass filtered in range of 20–500 Hz,
amplified (differential amplifier, CMRR > 130 dB), analogue to digital converted (12 bit) and stored
in PC memory. Ten ms areas for each smooth rectified EMG curve were integrated electronically as a
function of time. Average and maximal values of EMG in time function were calculated. Disposable
Ag/AgCl electrodes (Medicotest, model M-00-S, Olstykke, Denmark) were attached over belly of
rectus femoris (RF), vastus lateralis (VL) and biceps femoris–caput longum (BF). Knee angle of 90◦
was established as a start position for the knee extension, 160◦ of full extension for the knee flexion.
Maximal voluntary contraction (MVC) under static condition (three joint positions) and exercises
with elastic bands were additionally made as reference condition.

Results

Forty Newtonmeter increase of external load leads to increase AEMG of knee extensors muscles
(12%) and no change EMG of knee flexor muscle. If EMG for driving and stabilising function was
related to their activity under condition with elastic bands load we noticed 9% higher EMG of muscles
for knee extension and 10% lower for knee flexion. In additional reference to MVC contraction EMG
of RF was lower for stabilising and higher for driving function (booth 20%), VL was higher (20%)
for both types of function, BF did not change for driving but increased for stabilising function (40%).
Differences of one and two joint muscles function caused describing differences. Similar conclusions
were presented in Alkner et al. (2000) and Mastalerz et al. (2000) papers. Analysis of maximal
EMG value and its time characteristics shows additional differences in stabilising and driving muscle
function in relation to mechanical properties of motion.
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P2.16:EMG-patterns in running of children at different ages change with footwear
V. Metzler, A. Eibl, D. Preukschat, G.-P. Brüggemann
Institut for Biomechanics, German Sport University of Cologne, Germany

Introduction

Although there already exist studies regarding differences in kinematic and kinetic running patterns
of children at various stages of development [1], of children’s kinematic and kinetic walking patterns
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ith and without shoes [2] and of the EMG-activity during the learning process of walking [3],
s still a lack of knowledge on how children of different ages react to different running cond
he aim of this study was to examine the changes in EMG-patterns between running with b
r shod in children of different ages.

ethods

ifty-five children participated in this study. They were divided into four groups according to
ge [age 4–5 years (eight females, sex males); 6–7 years (eight females, six males); 8–9 yea

emale, seven male); 10–11 years (six female, seven male)]. The children ran at two velocit×
eight (m/s), 2.5 m/s) for each condition (barefoot and shod). The barefoot running was done
urface (stiffness 94 kN/m). Five steps per condition and child were analysed. Surface EMG (1
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of three muscles (M. gastrocnemius lateralis = GL, M. soleus = SO, M. tibialis anterior = TA) was
measured. The mean EMG-amplitude during the pre-innervation-phase (75 ms, PP) and during the
contact-phase (CP) were examined. The rectified and smoothed EMG-data were normalised to the
maximum rectified and filtered EMG-data from the first trial running barefoot at velocity 2× height.
The CP was determined from GRF data (1000 Hz, trigger at 10 N).

Results

For all muscles except TA, the influence of shoes was higher during the CP than during the PP. While in
TA the significantly higher activity during the PP in shod running was independent of age, statistically
significant changes between both conditions in SO and GL differ at various stages of development.
Fig. 1 shows that during the CP the EMG-activities in TA and GL were higher for shod running in
the children aged 4–9 years. The activity of SO was only significantly higher for those children aged
4–7 years.

Discussion

The high activity of the TA during shod running was might be caused by a more extreme heelstrike
at touch-down. The mass of the shoe causes also a higher activity in TA to control the plantarflexion
in the late swing phase. The probably bigger lever arm of the reaction force to the joint axis in shod
running leads to a higher activity of the triceps surae during the support phase. The results indicate,
that the influence of shoes on the EMG-patterns of SO, GL and TA of running children is higher on
younger children with age between 4 and 7 years than on older children aged 8–11 years.
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Orthopaedics
P2.17:Gait analysis pre- and post-operatively treated patient on patients with congenital ne-
glected hip luxations
Ismet Gavrankapetanovic, Azijada Sadzak
Clinic for Orthopedic and Traumatology, University Clinical Center Sarajevo, Bolnicka 25,71000
Sarajevo, Bosnia, Herzegovina
E-mail address:ismetcap@ortotrauma.com.ba (I. Gavrankapetanovic).

Introduction

In post war period neglected hip luxations represent big medical and social problem. Operative
treatment and postoperative rehabilitation are connected with different kind of difficulties.

Aim
To present the results of orthopedic and physical treatment children with high neglected congenital
hip luxation.

Patients and methods
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Patients/materials and methods

This study therefore investigated the active flexion–extension excursion of the hip measured using
electro-goniometry (Biometrics Ltd.) during a portfolio of eight functional activities (gait, in and out
of a standard chair, in and out of a low chair, tying shoe laces, up stairs and down stairs) in a cohort
of 50 THA patients with osteoarthritis 2–4 years after surgery and a group of 25 age and gender
matched control subjects. Data was recorded during each functional activity using electrogoniometers
and a lightweight datalogger while the subject performed a curcuit of activities around the local
orthopaedic hospital. Subsequently the data was downloaded and a cycle of each activity analysed
in Excel for Windows to give the maximum, minimum and change in joint angle (excursion) used
by each subject in each activity. The affected hip of the THA patients was compared to the dominant
hip of the normal subjects.

Results

In all eight functional activities the THA patients showed a decreased excursion with an average
decrease in hip excursion of 10.1◦, ranging from 16◦ when sitting down to a low chair to 4◦ during
stair descent. In seven of the eight functional activities the data were normally distributed and hence
significant differences were tested for using an independentt-test (with or without equal variance
assumed). In ascending stairs the data was non-normal and hence a Mann–WhitneyU-test was used.
P-levels for all eight tests were set atP = 0.05. In all eight functional tasks the differences proved
significant and in six of the eight the differences would have proved significant at theP = 0.001
level.

Discussion

From the results it is clear that while THA may successfully remove pain and restores general mobility,
the active excursion of the hip remains limited and abnormal 2–4 years after surgery and leads to a
reduction in functional ability. The consequences of these limitations to the joint itself, the other
lower limb and back joints and to quality of life of the patients are unclear but would appear worthy
of further consideration.
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P2.19:Gait analysis in patients with arthrogryposis multiplex congenita (AMC)
M. Trachsler, C. Seppi, J. Romkes, R. Brunner
Laboratory for Gait Analysis, Children’s University Hospital Basel, Switzerland

Summary

This retrospective study was aimed at identifying common gait deviations in patients with arthrogry-
posis multiplex congenita (AMC) by using instrumented 3D gait analysis.

Conclusions

Compared to healthy gait, all patients walked with an increased pelvic tilt, increased hip flexion, and
a lack of ankle power generation at push-off. Variations in the movement curves were higher at the
knee and ankle level. 3D gait analysis data showed that, despite differences in treatment and surgery
among a small group of AMC patients, similarities in gait deviation were seen.

Introduction

AMC is a symptom complex of congenital joint contractures associated mainly with neurogenic
(>90%) but also myopathic (<10%) disorders [1]. About half of the patients are affected on all four
extremities, 43% only on the lower limbs and 11% only on the upper extremities. The distal joints
are involved more frequently than the proximal ones [2]. The main treatment of patients with AMC
is physiotherapy (PT), splinting, and orthopaedic surgery [3]. This retrospective study was aimed
at identification of common gait deviations in patients with AMC by using instrumented 3D gait
analysis.

Patients/materials and methods

Kinematic and kinetic data of five patients (four males, one female) with AMC (age: 8–21 years)
were taken out of the gait laboratory database. These were all patients with AMC referred to the
gaitlab over the last 4 years. Clinically all patients had multiple surgeries at the lower extremities.
One patient was provided with stiff ankle foot–orthoses and one used orthopaedic shoes. All patients
had two PT sessions per week with the main focus to maintain joint flexibility, muscle strengthening,
and prevent further development of joint contractures. Instrumented 3D gait analysis was performed
with a VICON 370 system with six cameras and two KISTLER force plates. For data collection all
patients walked barefoot and independently at a self-selected speed. The lower body motion was
determined based on the model reported by Kadaba et al. [4] and data were normalised to percentage
of gait cycle. For each patient, data from three trials were averaged and the means and standard
deviations were calculated. The data of the patients were compared to a mean data-set of 20 healthy
adults.

Results

The sagittal plane gait analysis data showed for all five patients increased mean pelvic tilt (AMC: 24.2
± 7.6◦; healthy: 13.1± 6.2◦) and they walked with increased peak hip flexion (AMC: 58.1± 8.4◦;
healthy: 40.6± 4.2◦). No hip extension was reached (AMC: 16.5± 10.8◦; healthy:−4.7± 4.8◦). Hip
range of motion (ROM) tended to be only slightly reduced (41.7± 8.9◦) compared to normal (45.2
± 4.5◦). Knee flexion ROM was decreased in the AMC patients (AMC: 42.3± 18.9◦; healthy: 54.5
± 4.6◦) due to a reduced peak flexion during swing (AMC: 55.2± 15.7◦; healthy: 61.3± 3.8◦) and
increased flexion during midstance (AMC: 12.9± 15.6◦; healthy: 6.8± 5.4◦). The patients showed
reduced dorsiflexion movement during swing phase compared to normal with the feet held in an
equinus position. All five patients demonstrated a lack of power generation during push-off (AMC:
1.0± 0.62 W/kg; healthy: 3.0± 0.8 W/kg).

Discussion

Despite a variety of deformities, joint contractures, and different surgeries among the five AMC
patients, similarities could be observed in the gait analysis data, especially at the pelvis, hip, and
ankle power. Literature shows that knee and ankle are involved most frequently in severe contractures
which could explain the higher variations in the knee and ankle movement curves of this study. The
power data showed that push-off was lacking in all five patients in contrast to healthy gait, where it
is the major promoter of forward progression. Muscle weakness is typical for the disorder but seems
e evaluated 20 patients (18 female and 2 male) age 5–9 years. Follow up period is 2 ye
erformed same operative treatment to all patients and it includes: cruent repossession, os
f proximal femur, osteothomy of pelvis. Same rehabilitation program was conducted to all p
e analyze:

. heteroanamnesis data — level of satisfaction;

. clinical examination — we evaluate muscle trophy, level abduction, addiuction, flexion, exte
inner- and outer rotation, circumduction, Trendeleburg and Duschenn sign;

. X-ray diagnostic analyze: AC index, femoral head position, level of necrosis if exist 2 yea
surgery;

. CT scan analyze of operated hip in three dimensions (2 years after surgery).

core and Hip Score: We use modified Gait score adopted to our possibilities.

esults:
evel of satisfaction:

Completely satisfied (10 points).
Partially satisfied (five points).
Low grade of satisfaction (three points).
Unsatisfied (two points).

bjective results: Based of our modified score (maximum 50 points):

st group: 41–50 points.
nd group: 31–40 points.
rd group: 21–30 points.
th group: 0–20 points.

onclusion

ignificant problems of neglected congenital hip luxation 4 years after war in Bosnia and Herze
ave faced orthopedic and physiatrists institutions with great deal of problems. Level of satis
s well as used score for gait where additional reason to implement Hip screening program in
nd Herzegovina.

2.18:A 2–4-year follow up study of the active, sagittal, hip excursion used during a portfoli
f functional activities by total hip arthroplasty (THA) patients
. Fenwick, P.J. Rowe, I.R. McMillan
chool of Health Sciences, Queen Margaret University College, Edinburgh, Scotland, UK

ummary

cohort study of active, sagittal, hip excursion measured with electrogoniometry during a po
f eight functional activities in 50 osteoarthritic (OA) subjects 2–4 years following THA.

onclusions

A of the hip and subsequent joint arthroplasty leads to significant and continued restriction
ctive, sagittal, range of motion of the hip joint in a selection of functional activities up to 2–4

ollowing surgery.

ntroduction

otal joint replacement is established as a valuable procedure for the management of patie
isabling osteoarthritis [1]. A number of studies of the effects of joint arthroplasty have confirm

he removal of pain leads to improved quality of life and greater general mobility [1,2]. Studies
esearch group have indicated that the range of motion used by subjects following arthropla
emain limited and may be associated with reduced quality of life [3–5]. Few studies have con
he medium term functional outcome in arthroplasty.
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to be most important at the ankle level. Four patients compensated for this lack by generating power
at the hip, one patient compensated at the knee. Optimising gait maintenance of plantarflexor power
and avoidance of impeding contractures seems to be the major goal of treatment and hence regular
physiotherapy is indicated.
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P2.20:Functional analysis of gait after surgical reconstruction due to complex foot traumas
F. Verdini1, M. Riccio2, M. Marcucci1, P.P. Pangrazi2, A. Campodonico2, A. Aquinati2, A. Bertani2,
T. Leo1
1Dipartimento di Ingegneria InformaticaGestionale e dell’Automazione, Universit`a Politecnica delle
Marche, Ancona, Italy; 2Functional Unit of Hand Surgery and Microsurgery-Plastic and Recon.
Surgery Clinic—Az. Osp. Umberto I, Ancona, Italy

Summary

A movement analysis (MA) study of patients submitted to surgical treatment after complex foot
traumas is described in this paper. A 3D bilateral gait analysis is performed. It appears that some
indications for planning rehabilitation treatment and for outcome evaluation can be given.

Conclusions

Some “disability signs”, not all perceivable by clinical examination, characterize gait of subjects with
traumas in different area of the foot (rearfoot, forefoot and dorsum). Results of this study put into
evidence that absence or reduction of proprioceptive control, due to the trauma, produce abnormal
loads on the plantar areas with poor sensibility, asymmetries between limbs and altered angular
kinematics of ankle and knee (affected and unaffected) during gait.

Introduction

Complex traumas of the foot due crash injuries with extensive loss of skin needing for a complete
tissues coverage. The preferred treatment is usually a surgical operation aimed at a morphological
reconstruction and a functional recovery of the injured foot. The reconstructive surgery main objective
is to restore the weight bearing capability, ambulation dynamics and anatomical shape. The age span
of the subjects involved is very broad from childhood up to adult age. They are, in general, active
subjects. Hence they ask for independence, autonomy and a good quality of life. They frequently claim
ambulation reduced functionality, pain and fatigue. In fact substitution of specific skin and muscles
with coverage tissues implies week or missing proprioception. Foot progression from stance to swing
depends on normal ankle and foot joint mobility and on a correct proprioception. The consequences
of reduced somatosensation on regulation of gait and posture have been investigated by inducing
paraesthesia by means of ice immersion [1] or in subjects with diabetic neuropathy [2]. In general
body segment movements and their control mechanism under reduced somato-sensory input are not
completely described. This study is aimed at to characterise the functional ability of the subjects after
reconstructive surgery by means of a 3D bilateral gait analysis. In particular lower limbs kinematics,
p

P

T l area
a months
a support
d inside
f asked to
w ondition
i luating
s m if any:
1 nsfer
f
t Sistem,
B ce and
d

R

A ending
o a, on the
d rearfoot,
r ffected
o , while
f initial
o ot CoP
t while
C iflexion
r

D

A ption of
t y mech-
a gical or
r nt reveals
t ilitation
p

R

[
[
[ 97. p.

P d
m
M
1 ust,
O

S

A nction
a s after
m

Conclusions

This study confirmed the value of multi-level orthopaedic surgery in correcting complex muscu-
loskeletal deformities in children with spastic diplegia. At the same time it quantified the early effect
of surgery on muscle strength and motor function, showing a significant reduction, possibly more
than is currently appreciated.

Introduction

The effects of multi-level orthopaedic surgery on muscle strength in CP remain unclear. It is known that
lengthening a tendon reduces its force-generating capacity [1]. Although muscle-tendon lengthening
has a positive biomechanical effect on joint alignment, the potential negative effect on muscle strength
has not been well established in patients with CP.

Patients/materials and methods

A consecutive sample of 15 ambulant children (mean age 12.5 years, seven females + eight males)
with a confirmed diagnosis of spastic diplegic CP, participated in the study. The local Research Ethics
Committee approved the study and informed consent was obtained from the parent or guardian. All
children had soft-tissue and bony procedures by the same Paediatric Orthopaedic Surgeon as part
of their clinical management and underwent physiotherapy following surgery according to clinical
protocols. All children were assessed pre and 6 months post-surgery. Kinematic data was captured
using a VICON 612 system. A minimum of three gait trials were recorded, processed and averaged for
each child. Motor ability was assessed using the gross motor function measure (GMFM). Maximum
voluntary isometric strength of hip flexors, hip extensors, hip abductors, knee flexors, knee extensors
at 90 and 30◦ was measured bilaterally using a digital dynamometer (MIE Medical Research Ltd.) in
standardised testing positions. This method was found to be reliable in our pilot study of children with
CP [2]. Each child performed three maximum isometric contractions for each muscle group. Strength
measurments were normalised to body weight and the maximum values were used for analysis. Pre
and post-op gait, strength and GMFM measures were compared using paired-samplest-tests (SPSS
11.0 software).

Results

Gait data confirmed improvements in sagittal, coronal and transverse kinematics at 6 months post-op.
However, there was a marked deterioration of muscle strength (P< 0.05) in all muscle groups. Medial
hamstrings and hip flexors showed the greatest decline with an average decrease of 60 and 48%,
respectively. Hip extensors reduced the least by 18%. There was also a 10.6% decrease in the overall
GMFM score, while dimension 5 of the GMFM was decreased the most by 40.8%.

Discussion

Clinical experience has shown that the rehabilitation period after multi-level orthopaedic surgery is
prolonged and complete recovery should not be expected in less than 18 months. On the other hand
the literature suggests that muscle or tendon surgery produces a temporary loss of strength, which is
recovered in 6–12 weeks [3]. Results of this study both support and raise some issues about the role of
multi-level surgery in children with spastic diplegic CP. Multi-level surgery is performed generally to
improve gait in children with spastic diplegia and we confirmed this improvement in gait kinematics.
However, our results quantify the magnitude of strength changes post-operatively and demonstrate
that a significant weakness and loss of motor function exist 6 months after surgery. This may suggest
that more emphasis should be given to muscle strengthening regimes during rehabilitation following
s fect of
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lantar pressure distribution and ground reaction forces (GRF) are recorded and analysed.

atients/materials and methods

wenty subjects (mean age 31.74± 17.15 S.D.) affected by traumas at the dorsum, the calcanea
nd the forefoot have been tested up to now. Four of them are examined for a second time, 6
fter the first gait analysis test. During the second test for two of them, wearing special arch
uring daily activity, two experimental sessions were performed: with and without support

ootwear. Control population is composed by 10 subjects matched for age. Each subject is
alk several times over the walkway wearing his/her shoes at his/her natural cadence. Shod c

s adopted to avoid discomfort. The following variables are recorded or calculated for eva
ubject locomotor behavior and revealing the presence of compensatory/corrective mechanis
-GRF (2 Bertec© force plates,facq = 500 Hz) for evaluating body weight acceptance and its tra

rom one leg to the other; two-pressure distribution (F-Scan System,facq = 150 Hz) for examining
he loads under the foot; three-linear and angular kinematics of ankle, knee and hip (ELITE
|T|S, facq = 100 Hz, CAST protocol [3]); four-spatio/temporal parameters (stride, step, stan
ouble supports durations, speed of progression).

esults

ll the subjects present some deviations from the “normal”; these affect different variables dep
n the damaged foot area. Asymmetries on the load pressure distribution on the plantar are
uration of the stance and double support phase for subjects with traumas at the forefoot and
espectively. The duration of the stance for the unaffected foot is generally longer than for the a
ne. For “forefoot” group the double support phases are longer than for the normal population

or the “rearfoot” group the final double support phase of the affected leg is longer than the
ne. This seems to reveal an uncertainty during the injured foot stance. For the affected fo

rajectory presents evident Medio-Lateral oscillations for the “dorsum” and “forefoot” groups,
oP velocity is higher than the controlateral for forefoot and dorsum groups. Plantar-dors

anges of the ankle are altered.

iscussion

symmetries and high plantar pressure on the foot during gait provide a quantitative descri
he outcome and useful information for preventing ulcers. They correspond to compensator
nism appearing at the ankle kinematics. According to their recognition planning better sur
ehabilitative treatment seems possible. The seriate of some subjects after surgical treatme
hat recovery of the function can be some times and somehow gained, by means of rehab
rograms and special arch support use.
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3] Allard P, et al. Three-dimensional analysis of human locomotion. Wiley and Sons Ltd.; 19
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2.21:Early effects of multi-level orthopaedic surgery on gait kinematics, muscle strength an
otor function in children with cerebral palsy
. Seniorou1, N. Thompson2, M.E. Harrington2, T.N. Theologis1,2

Oxford University, Oxford, UK; 2Oxford Gait Laboratory, Nuffield Orthopaedic Centre NHS Tr
xford, UK

ummary

s part of a larger clinical trial, a study was undertaken to quantify changes in gait, motor fu
nd lower limb muscle strength in children with spastic diplegic cerebral palsy (CP) 6 month
ulti-level orthopaedic surgery.
urgery. This study is part of a randomized controlled trial, which aims to establish the ef
trength training during rehabilitation following multi-level orthopaedic surgery.

eferences
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2.22:Gait analysis before and after Hiroshima operation
. Braatz, S. Wolf, E. Schlaeger, L. Doederlein
epartment of Orthopaedic Surgery, University of Heidelberg, Germany

ummary

ait analysis was performed before and after Hiroshima operation. Increase of dorsiflexion a
ontact was observed.

onclusions

he data suggest that the Hiroshima operation give a functional benefit. The transposition of
oe flexors increases the dorsiflexion at initial contact.

ntroduction

he Hiroshima operation was described the first time in 1980 [1]. Indication is the drop foot in
ases in combination with dynamic pes equinus caused by the weakness of the dorsiflex
ong toe flexors are used for the anterior transfer. The technique was first described for child
erebral palsy. To examine the functional results, gait analysis data were assessed before
peration. No reports about dynamic effects of this procedure were found in the literature.

atients/materials and methods

ix Patients with cerebral palsy, three with a hemiparesis, three with a spastic diplegia (three ma
emale) were examined. All patients underwent a multi-level surgery. The indication for Hiro
peration was the preoperative drop foot. One patient was treated on both sides. Gait ana
erformed before and more than 1 year postoperatively. Temporarily an orthosis was used
urgery.

esults

he gait analysis data show a better foot function after the operation. In the mean, the positio
nkle joint at initial contact was plantarflexed (28.3± 14.3◦). After the operation the position of t
nkle joint was still not in the normal range but well improved to 7.3± 8.8◦ at initial contact.

iscussion

eason for the weakness was a cerebral palsy. For these patients the data suggest, that the
peration is a good soft tissue technique for functional improvement of the drop foot caus
eakness of the dorsiflexors. Using this technique, a postoperative drop foot orthosis is ne
nly temporarily. The effect is not only due to the hiroshima operation but also a result of th

engthening. The kinematic data of the gait analysis after the operation are not in the norm
or the ankle dorsiflexion. Nevertheless, the indication for the hiroshima operation is easier to
ith the quantitative data of a motion analysis.

eference

1] Ono K, Hiroshima K, Tada K, Inoue A. Anterior transfer of the toe flexors for equinov
deformity of the foot. Int Orthop 1980;4(3):225–9.
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P2.23:Gait impairement in patients with knee osteoarthritis
Agu Raudheiding1, Helena Gapeyeva2, Jaan Ereline2, Mati Pääsuke2, Tiit Haviko3, Aleks Lenzner3
1Department of Human Anatomy, University of Tartu, Tartu, Estonia; 2Institute of Exercise Biology
and Physiotherapy, University of Tartu, Tartu, Estonia; 3Clinic of Traumatology and Orthopaedics,
University of Tartu, Tartu, Estonia

Summary

Thirteen patients with knee osteoarthritis participated in the study before osteotomia of tibiae. Lower
extremity functional evaluation during gait was performed using the ELITE motion analyzer (Bio-
engineering Technology and Systems Engineering, Milan, Italy). Patients were tested during “free”
walking along a 6 m walk-way. The temporal parameters (stance, swing, stride and double support
time and cadence) and distance parameters (swing, velocity of each step, stride length, step length
and width) were analyzed.

Conclusions

There was noted a significant lengthening of stance and swing time in patient with knee osteoarthritis
as compared to normal values. Results of our study confirmed data of previous research in which has
been found a gait pattern with tendency to extend the knee throughout the stance phase thus avoiding
the quadriceps demand.

Introduction

The knee is the most commonly affected weight-bearing joint in as many as one-third of people
63–94 years old [1]. Common alterations in gait observed in individuals with knee osteoarthritis (OA)
include knee excursion [2], altered ground reaction force [3] and muscle activity patterns of main
lower extremity muscles [4,5]. Studies investigating the kinetics of gait are conflicting in regard to
duration of stance and swing phases of gait and to ground reaction force changes. The aim of the
present study was to evaluate the features of gait impairment in patients with knee OA.

Patients and methods

Thirteen moderately physically active patients aged 45–63 years (10 women and 3 men with body
mass 75± 4.2 kg (mean± S.E.), height 164.5± 3.6 cm; BMI 27.4± 1.4 kg/m2) with knee OA before
osteotomia of tibiae participated in the study. The mean duration of pain in knee was 19.8± 7 months,
pain intensity ranged from 1 to 6 by VAS. Subjects were previously diagnosed with unilateral knee
OA and they were able to safety walk a distance for testing. Lower extremity functional evaluation
during gait was performed using the ELITE motion analyzer (Bioengineering Technology and Systems
Engineering, Milan, Italy). Patient was tested during “free” walking along a 6-m walk-way in which a
two force plate (Kistler Instruments, Winterthur, Switzerland) were embedded for measuring ground
reaction forces. Six opto-electronic cameras were mounted in the motion analysis laboratory for
motion capture. Twenty passive reflecting markers were attached to the selected points of the trunk
and lower extremities. The temporal parameters (stance, swing, stride and double support time and
cadence) and distance parameters (swing, velocity of each step, stride length, step length and width)
were analyzed. Pelvic obliquity and tilt and range of movements (ROM) in all joints of lower extremity
were recorded.

Results
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Miniature inertial sensor modules were placed on KAFO beams for thigh, shank and foot segments
capable of delivering 3D angular velocity, 3D linear and angular acceleration and 3D global orientation
in an earth reference frame. Each sensor module comprised three accelerometers, three gyroscopes
and three magnetometers. Kalman filtering techniques were used to derive orientation data. Data is
presented from normal subjects wearing an instrumeted UTX orthosis. The subjects performed normal
and slope walking in the lab at two speeds, walking on a carpet and walking outdoors on a non level
asphaltus footpad.

Results

First results indicate that angular velocity and linear and angular acceleration data in the sagittal
plane (one gyroscope and two accelerometer) on the foot segment already gave enough redundant
information to reliably detect initial contact (heelstrike) and toe-up in normal walking, walking on
slopes and on carpets at all speeds. Reliability was enhanced by using the same dat form the shank.
Detecting heel up seems also possible although the reliability of this algorithm was not established
yet. Using this configuration also foot, shank, thigh, knee joint and ankle joint angular velocities
and accelerations are available, supplying, e.g. direct information on the direction of knee and ankle
moments. This is important for a stable control algorithm by ensuring extension assistance only when
initial knee extension by the subject has started. During walking angles in the orthosis knee joint could
be estimated within 3◦ accuracy using only uni-axial inertial sensing using one gyrosope and three
accelerometers per segment. Inertial sensing provides the additional advantage of easy detection of
standing, sitting and inclination of the floor.

Discussion

Results indicate that inertial sensing shows reliable and accurate gait phase detection possibilities,
where foot switches are known to be less reliable and robust especially on non-flat floors. The full
3D orientation estimation was not required for detection nor for kinematics estimation. Theoretically
integration drift can be prevented 100% in walking. Still for this application and this type of walking
this has to be established by evaluating longer recordings under natural gait.
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P2.25:Selective dorsal rhizotomy revisited—a selective approach to cerebral palsy phenotypes
G.F. Cole∗, J.H. Patrick, C. Stewart, A.P. Roberts, S.E. Farmer
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here was noted a significant lengthening of temporal parameters (stance and swing time) i
ith knee OA as compared to normal values. Stance time for involved leg was 711.7± 30.2 ms an

or uninvolved leg 691.7± 30.3 ms (69.2 and 58.2% of stride, respectively,P < 0.001). There wer
oted no significant differences of swing and stride time between involved and uninvolved ext
adence, double support time and distance parameters (anterior step length, velocity, and str
nd step width) did not differ significantly from normal values.

iscussion

esults of our study indicated a significant lengthening of temporal parameters of gait for p
ith knee OA and confirmed data of previous research. Andriacchi [6] found a gait pattern

ended to extend the knee throughout the stance phase thus avoiding the quadriceps demand
quadriceps avoidance gait”).
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2.24:Use of inertial sensing in intelligent orthosis — a feasibility study
. Baten, W. de Vries, J. Moreno, B. Freriks
Roessingh Research and Development, Enschede, Netherlands; 2Instituto de Automatica Industria
adrid, Spain; Info:
-mail address:c.baten@rrd.nl(C. Baten).

ummary

he feasibility of using inertial sensing for supplying accurate and reliable data for controllin
onitoring an intelligent active KAFO orthosis was examined. Required are reliable gait ph

ection and accurate knee and ankle kinematics estimation in walking and basic posture d
ethods were tested against a forceplate and Vicon set-up.

onclusions

nertial sensing seems to offer a robust and accurate means for detecting (gait phase) initia
nd toe-off and estimate knee and ankle angle in KAFO walking also in less favorable floor con

ntroduction

n a collaborative project Gait an intelligent KAFO orthosis is developed. This paper stud
ossibilities of using inertial sensing to provide the required data for gait phase detection, kne
ontrol and guarding safety. Inertial sensors on thigh, shank and foot deliver full 3D global an
rientation, angular velocity and acceleration data. Robustness and accuracy of several s
ensors and analysis algorithms are examined in a trade-off between hard-and eambedded
emands versus reliability and accuracy.

atients/materials and methods

n several sessions on healthy subjects the data collected with inertial sensors was compa
he data gathered from more traditional alternatives like potentiometers and FSR switches
ontact detection. For reference lower body kinematics were assessed with a six-camera Vico
nd ground reaction forces with a force plate. Frontal and sagital split video was added fo
eference.
d
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ummary

DR treatment remains a controversial treatment for some cases of cerebral palsy. We have e
f the operation and believe patient selection is critical. This is dependant on many factors, t

mportant of which is the heterogeneity of the condition. We postulate that some of the poor
f SDR as reported might be caused by inappropriateselectionof cases. Our criteria are describ
nd our methods used.

ntroduction

electivedorsal rhizotomy (SDR) has been performed at our hospital after gait laboratory inv
ions. Several randomised controlled trials [1–3] have failed to agree whether the procedure
ong term functional improvement. We believe disparate results from different centres may be
o lack of standardisation in (a) patientselection(b) intra-operative technique (c) post-operative ph
otherapy regimes (d) outcome measures. Cerebral palsy is a heterogeneous condition and
sed standardised clinical criteria for selecting children who could benefit. Definingselectioncriteria

s likely to grow in importance in all gait laboratory measurement.

atients and methods

e report as follows.
Over the last 5 years 53 children have been referred for consideration of SDR. Each ch

eviewed by a multidisciplinary team including an Orthopaedic Surgeon, Paediatric Neurolog
hysiotherapist. Gait analysis including dynamic EMG and energy cost assessment was pe
here appropriate.
election criteria employed were as follows:

istory Examination Investigation

. Age range 5–10 1. Diagnosis spastic diplegia,
severe hemiplegia or HSP

1. Moderate to low energy
cost (no PCI > 3).

. Absence of chronic
conditions

2. Spasticity moderate to
severe

2. No hip dysplasia

. Cognitive ability — IQ 70
or above

3. Mean lower limb power >3
on MRC scale

3. No basal ganglia change
MRI

. Well motivated,
emotionally robust child

4. Movement control at least
moderate

4. Weight not
disproportionately

. No previous multilevel
surgery

5. Balance — at least
moderately good

. Good family/social support 6. Absence of severe fixed
joint deformity

7. No involuntary movements
or dystonia

esults

ineteen children were chosen for SDR and the reasons will be expanded upon. Thi
hildren were notselected(including 14 considered to have insufficient spasticity). This and
nvestigations commonly carried out during gait assessment of these 34 children will be disc

mailto:schwa021@umn.edu
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Discussion

The importance of patientselectionfor the SDR operation – still a controversial procedure in the
management of cerebral palsy – is obvious. In most of the papers published about SDR, the pa-
tient type is rarely mentioned – for example CP diplegia and hemiplegia and the age of the child
and the use of aids is assumed. Patient function and the depth of the impairment are not mentioned
much. We have attempted to alter this. The measured gait parameters in those having SDR are
considered in the accompanying paper. We believe our encouraging results are related to our strin-
gent selection criteria and that establishing clearly defined, widely accepted criteria will lead to
improved outcomes for SDR. These criteria have a general interest for those managing cerebral palsy
children.
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Physiotherapy
P2.26:Patterns of locomotion in patients with Parkinson’s disease after PNF method of thera-
peutic rehabilitation
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Summary

This paper present results of 3D gait analysis in the Parkinson’s disease (PD).

Conclusion

During therapy, using the PNF method, the spatiotemporal parameters of gait were rallied.

Introduction

The different techniques of walk analysis be practiced [1]. Planning and verification of progress
of efficacious physiotherapeutic effect on Parkinson’s disease (PD) depends notably on the right
identification of areas and scope of dysfunction of motoric systems. Biomechanical evaluation of
motoric organ disability made with using of the three-dimensional motion analysis by “Vicon” system
can make it considerably easier.

Materials and methods

Thirty-one patients (13 women and 23 men) with the average age of 66 and a diagnosis of idiopathic
parkinsonism (PD) and the control group (average 62± 4) have been examined for the purpose of
t

s, dom-
i n with
u r limbs)
w he biome
c ain. All
d

R

T nts [3].
O r limited
s f stance
p elvis (Fig
2

F ter the
t

Fig. 2. Pelvic rotation angles in transverse plane of patients with PD in first examination after the
therapy on the background of control group values.

Also big differences in values of the spatiotemporal parameters (such as walking speed and
frequency, stride length and time of single limb support) between the patients and healthy people were
observed.

Table 1. Value of spatiotemporal parameters of the footstep pattern in first and second researches

Cadence
(steps/min)

Step length
(m)

Single suport
(s)

Walking speed
(m/s)

First examination 102± 16.6 0.55± 0.10 0.41± 0.064 0.93± 0.26

Second examination 107± 14.0 0.59± 0.10 0.39± 0.020 1.09± 0.20

Control group 114± 7.20 0.68± 0.061 0.39± 0.022 1.29± 0.16
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his evaluation.
Based upon results of the three-dimensional motion analysis (Vicon 250) of these patient

nant individual movement disorders were determined and individual therapeutic rehabilitatio
se of the PNF method (special techniques using motor patterns for pelvis,upper and lowe
as planned in order to improve movement through an approach of assessed parameters to t
hanical standard. After 3 weeks of therapy, specific characteristics of gait were examined ag
ata were averaged.

esults and discussion

he motor control of gait in Parkinson disease presented [2], a method of rehabilitation patie
n the basis of research results before therapy, it was found that these patients had none o

cope of plantar flexion of feet, excessive dorsal flexion of feet (Fig. 1), lengthened duration o
hase, considerable excessive external rotation of shanks and excessive anteversion of the p
) during gait cycle.

ig. 1. Ankle dorsi plantar angles in sagittal plane of patients with PD in first examination af
herapy on the background of control group values.
-

.

fter therapy a marked variability in the scope of angular changes to the above-mentioned dys
as not been observed. Only proportions between the duration of stance phase and swing p

mproved noticeably, so that they have directly resulted in better rhythm of gait. They have consi
pproached the standards of frequency and speed (P = 0.05). However, step length and duration
ingle limb support has not changed significantly.
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2.27:Feasibility of using instrumented gait analysis in clinical practice of physiotherapy
.C. Van Lummel1, S.C. Heikens1, B. Kruis2, C. Röst3, P. Schulkes4, H. Klijnsma5
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ummary

new gait analysis method, based on a one-unit accelerometer device fixed to the lower
he patient, is being in a pilot study for testing in physiotherapy practice. A repeated measu
nder different walking conditions is a simple protocol to test the feasibility of such a new d
he DynaPort GaitTest is easy to implement in the daily practice.

onclusions

n easy to use instrumented gait analysis system with automated analysis seems promising fo
ecision making in the physiotherapy practice. The method can be implemented in clinical p
alking parameters in the spatio-temporal domain based on position and displacement are e

nterpretation compared to the acceleration parameters. Further clinical validation studies ha
rganised to explore the transformation of gait parameters into terms of improving or worse
ait.

ntroduction

ore than 20% of the physiotherapy volume in The Netherlands focuses on the improvem
ait. Diagnosis and evaluation of effects of treatment are done with visual inspection, som
upported with systematic observation. In an English study amongst 1826 physiotherapists
eed a new measurement system for gait analysis [1]. Recently, the DynaPort GaitTest b

he DynaPort®Minimod (McRoberts BV, The Netherlands) was developed. This device includes
rthogonal mounted accelerometers. With the unit mounted on the lower back, basic gait par
an be assessed. In Dutch physiotherapy there is growing interest to treat based on evidence
f this pilot study is to find out whether a simple objective gait analysis system would be pr
nd relevant in clinical practice.
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Patients/materials and methods

On the basis of a questionnaire amongst physiotherapist a pilot study has taken place. The pilot
consists of case studies with repeated measurements under different walking conditions. In to-
tal 22 patients were assessed in seven sites, of which three cases are included in this paper; two
patients with leg length discrepancy, and one with pelvic instability. All assessments were done
within the time frame of normal treatment. The patients are instrumented with the DynaPort®Minimod

positioned with a belt or adhesive tape at the lower back (picture). The weight is of the unit is
75 g, sample frequency is 100 Hz, data are stored on an SD Card. A walking trajectory of 10 ms
was walked several times. The acceleration signals were analyzed from start of walking to stand-
still. The GaitTest software is fully automated. The following parameters were calculated: step
parameters (foot strikes, left and right steps [2], step times, step frequency, walking speed, walk-
ing distance [3]), acceleration parameters (mean normalized left and right step patterns and stan-
dard deviation for the three signals, total acceleration per walked meter, kinetic energy), incli-
nation of the pelvis (mean inclination during standing and walking and during walking for left
and right steps), displacement of the COM (vertical and left right displacement of the Mini-
Mod).

Results

The pelvic orientation can be easily assessed in standing and walking. Different walking conditions
(crutches, pelvic band and shoe correction) influence the left right inclination of the pelvis during left
and right steps during walking. The standard deviations of the normalized acceleration signals are
systematically lower during treadmill walking than during over ground walking. The total acceleration
vector per walked trajectory changes with different walking conditions.
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practice, WAD patients report two main areas of complaints: increased muscle tension and pain
during repetitive arm and shoulder movements and increased pain and stiffness during repetitive
neck movements. The clinical examination generally includes palpation of muscles for pain and
visual inspection of range-of-movement in neck and shoulder joints. It is difficult to identify sub-
groups and thus establish a more precise diagnosis, and imaging techniques such as X-ray and
magnetic resonance therapy seldom reveal any pathological changes. An objective decision sup-
port system, based on repeated head rotations, might increase the ability to identify different clinical
subgroups of WAD and thereby enhance the development of more precise diagnostic procedures for
WAD patients.

The aim of this study was to investigate the variability in the head movement pattern for repeated
head rotations within a group of controls and patients suffering from WAD.

Patients/materials and methods

A group of 56 controls and 59 subjects suffering from WAD were selected. All WAD patients had
chronic symptoms lasting longer than 3 months and received their diagnoses by a physician with
daily experience in the diagnosis and management of WAD. The subjects performed 16 rapid head
movements in random order, i.e., flexion–extension and right–left axial rotation. The motion data was
collected by a commercially available motion analysis system and the head rotation angle,Θ, was
calculated [1,2]. Variables describing the variability within repeated head rotations was studied, e.g.
the variance in time (st ) to reach choosen levels ofΘ (10, 20,. . ., 80% ofΘmax). Group differences
were investigated using independent-samplest-test.

Results

The variability was in general higher in the WAD group compared to the control group. Significant
differences inst was found for extension (10–50% ofΘmax) and axial rotation (40–80% ofΘmax).

Discussion

There are indications, that clinical test used in the assessment of patients with neck/shoulder problems
may be unreliable [4]. In this study, movement analysis of simple rapid neck movements was used.
This approach is near the physician’s way of examining patients suffering from WAD, but gives more
detailed information about the effects on the movement pattern from repeated head rotations. In earlier
studies we have shown significant differences in neck movement aspects such as movement range and
rotation angle velocity [1,2]. Here, significant differences in variability in the movement pattern were
found. The method may be generalised into an assessment tool for examination and rehabilitation of
patients with different neck and shoulder problems.
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[1] Öhberg, et al. IEEE Trans Inform Tech Biomed 2003:7;274–83.
[2] Grip H, et al. IEEE Trans Inform Tech Biomed 2003:7;412–9.
[3] Spitzer WO, et al. Spine 1995:20;1–73.
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P2.29:The effect of vision on stance control mechanisms
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iscussion

he ease of assessment of gait and automated analysis and the time involved ma
ynaPort®Minimod and GaitTest very promising for support of clinical decision making. Step

ameters and inclination of the pelvis and the thorax, the measured body segment and disp
f the COM are directly interpretable and therefore almost ready for clinical use. The acce
atterns and the stand deviation need further interpretation. Clinical validation studies are n

urther explore these parameters.
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2.28:Aspects of neck movement patterns in patients with whiplash associated disorders
. Grip, F.Öhberg
epartment of Biomedical Engineering& Informatics, University Hospital, Ume˚a, Sweden

ummary

bjective neck movement analysis can be used as an assessment tool in the examinatio
abilitation of patients suffering from chronic whiplash associated disorders (WAD). In two e
tudies we have shown significant differences in head movement pattern between a group
atients and a control group, e.g. head movement range and rotation angle velocity [1,2]
tudy, the variability of the head movement pattern within repeated head rotations were
ated. Statistically significant differences were found between controls and subjects with
AD.

onclusions

he study indicates that WAD patients tend to have a larger variability in their movement patte
ontrols during repetitive head rotations. Studying variability during repeated head rotation
herefore enhance the clinical examination of WAD patients.

ntroduction

AD are a common diagnosis after neck trauma, caused by sudden acceleration and d
ion forces acting on the head and neck, often related to rear-end car accidents [3]. In
.V. Nene, J. Buurke, V. Erren-Wolters, L. Schaake
oessingh Research& Development, Enschede, Netherlands

ntroduction

he regulation of posture involves several different sensory modalities, namely, visual, ves
nd somato-sensory systems. In the case of visual system the most commonly used test inv
omparison of postural sway with eyes open and eyes closed. Researchers have evaluate
way by using a force platform to measure displacements of the Centre of Pressure (COP). Att
nterpret stabilogram, a plot of time varying coordinates of the COP, from a motor control pers
ave not been successful.
Collins and DeLuca (1993) introduced a new method for analyzing COP trajectories kn

tabilogram diffusion analysis. The displacement analysis of COP trajectories is carried out b
uting the square of the displacements between all pairs of points separated in time by a s

nterval (�t). The square displacements are then averaged over the number of�tmaking up the CO
ime series. This process is repeated for increasing�t. A plot of mean square COP displacement
us�t is known as stabilogram diffusion plot. The analysis generates three sets of six paramet
arameters are long and short term diffusion coefficients (D), long and short term scaling expone
H) and critical point coordinates. Diffusion coefficients are calculated from the slopes of the re
inear–linear plots, scaling exponents are calculated from the slopes of the resultant log–log p
he critical point coordinates approximate the transition region that separates the short term
erm regions. The sets are for medio-lateral, antero-posterior planar displacements. The two
lots suggest two different control regimes namely, a short term open loop control and a long
losed loop control.

ethod
en able bodied, healthy subjects participated in the study. Their age ranged from 21 to 4
uring trials the subjects were asked to stand, barefoot, in an upright position in a stand
tance, as quiet as possible, on a force platform. The platform measured the time varying d
ents of the COP. Each trial lasted for 30 s. Two test conditions were randomly tested,

yes open and eyes closed. For each condition two series of 10 trials were conducted. The
nalysed according to the method described by Collins and DeLuca. Statistical analysis, IC

ations were carried out using SPSS v11.5 to study the reliability of findings obtained for t
onditions.

esults

CC for majority of parameters for both test conditions represented fair to excellent relia
he parameters for planar displacements were studied in detail for trends. Figure shows s

ong termD andH in both conditions. The critical point coordinates were similar for both
onditions.
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Discussion

Open loop control mechanisms, when interpreted physiologically, indicate inherent stability of the
body and closed loop control mechanisms indicate the efficacy of the feedback mechanisms and the
corrective actions. With eyes closed almost all subjects became unstable, as indicated by higherD.
These results are different than what [2] found. On a longer term basis the effect is variable. This
probably is due to different efficiencies of feedback and corrective measures. Short termH indicated
persistent behaviour and similar for both conditions. However, as shown by long termH, even though
being anti-persistent, with eyes open almost all subjects allowed more latitude before taking corrective
measures.

Conclusions

With eyes closed body becomes more unstable. Effect of corrective measures depends on the efficacy
of the feedback systems. With eyes open body allows more latitude before taking corrective actions.
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P2.30:Effects of the complex traumas of the foot on balance
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Summary

A Movement Analysis study of patients submitted to reconstructive surgical treatment after complex
foot traumas is presented. The analysis of GRF and pressure distribution on one foot during shod
upright posture is used to evaluate the disease effects.

Conclusions

Preliminary results allow to quantify the reduction of the ability to balance produced by proprioception
deficit and musculo-tendineous damages; therefore an increase of risk of falling and modifications of
foot function can be recognised.

Introduction

The surgical reconstructive treatment adopted in cases of complex traumas of the foot is usually aimed
to reconstruct morphology and to induce a functional recovery of the injured foot. The foot damages
here considered (usually due to traumatic accident) involve large loss of skin and soft tissues; they quite
often require coverage with free flaps. Substitution of specific skin and muscles with distant donor areas
tissues (tegumental, muscular) cannot restore proprioception. Rather frequently damages of somato-
sensory system hold; consequently ability to maintain a stable upright position can be reduced. In
fact it is well known that vestibular, visual and somatosensory information are utilized to control the
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Results

With respect to the control population patients behavior is different according to the foot area involved
in the traumas. For “rearfoot” and “dorsum” group all the parameters considered are inside the
normal range. For the “forefoot” group the CoPAP, CoPL and CoPVEL ranges are larger than for
the same parameters related to the control population. It is relevant to observe different between
affected and unaffected foot. All the patients groups present asymmetries. CoPAP excursion show
differences between affected and controlateral foot. For the “dorsum” group the CoPAP range is
larger for the affected foot (Fig. 1) while the opposite happens for subjects belonging to “forefoot”
and “rearfoot” groups. For all patients groups, CoPL and CoPVEL are larger for the affected foot than
for the controlateral one.

Fig. 1. CoP normalised trajectories of operated (left) and controlateral (right) foot during the upright
standing (“dorsum” subject).
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osition of the body’s center of gravity over the base of support. Disruption and/or degrada
ne or more of these information channels results in postural deficits. Into the literature the
f the somato-sensory system impairment on the posture maintenance is described for diabe
arkinsonian [2] subjects. The aim of this study is to evaluate the effects on the postural ba

oot traumas involving proprioception deficit and damages to the musculo-tendineous structu

atients/materials and methods

wenty subjects (mean age 31.74±17.15 S.D.) affected by traumas at the dorsum, the calc
rea and the forefoot have been tested up to now. Four of them are examined for a seco
months after the first upright posture test. The inclusion criteria are: (1) no specific fo

nd/or presence of special arch support; (2) no pretraumatic vascular or metabolic patholo
egenerative invalidating pretraumatic pathologies, nor pre and/or post operative trophic ulce
ole or injuries of the main nervous trunks; (3) injuries limited to the tegument or complex t
f the foot. Control population is composed by 16 subjects matched for age and gender w
ample population. Each subject is asked to stay, wearing his/her shoes, in upright posture
ith open eyes, keeping only one foot on the force platform and the other on the walkwa

ndications reported in [4] are followed during the upright posture test. Shod condition is ado
void discomfort. One trial for each leg is performed. GRF (Bertec© platform, facq = 500 Hz) and
ressure distribution (F-Scan System,facq = 150 Hz) are recorded. Raw CoP signal is filtered wi

ourth order, zero-phase shift, Butterworth-type low pass filter (fcut off = 5 Hz) before signal analys
4]. Total excursion of the CoP path over the fixed time period (central 30 s of the 40 s test pe
ecorded. The range of the path of the CoP in the anter-posterior (CoPAP) and medio-lateral (CoPML )
irections, the total length of the CoP path (CoPL ) and the its average velocity (CoPVEL ) and the
lantar pressure distribution are used to appraise the stability of the subjects.
lterations of CoP trajectory during the upright standing confirms some postural stability dis
ue to the proprioception deficit [1]. Asymmetries let think about modification of balance mech
ut it is not yet clear why patients, with poor or in some cases absent plantar sensibility, such
elonging to “forefoot” and “rearfoot” groups, show smaller CoPAP excursions for the affected fo

han for the controlateral one.
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2.31:Influence of backpack load on posture and gait in children
. Romkes, B. Grages, A.K. Hell, R. Brunner
aboratory for Gait Analysis, Children’s University Hospital Basel, Switzerland

ummary and Conclusions

he objective of this study was to evaluate how a loaded backpack in young health
ren influenced gait and posture. A group of children underwent 3D gait analysis inc
MG and recordings of the centre of pressure (COP) during quiet stance with and w
loaded backpack. By carrying a load on the back, children became less stable while

ng still, walked slower in a more leaned forward position, and showed altered muscle a
araspinal muscle activity was decreased due to the increased spinal extension mome
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works against the normal spinal flexion moment in unloaded gait. Reducing the exposure to load
carrying, i.e. heavy school backpacks, at young age might help preventing back pain at adolescent
age.

Introduction

The use of backpacks is common in school age children. Epidemiologic studies have identified that
risk factors associated with back pain in adolescents and daily use of a heavy backpack may be
important. The current recommendations are that a child’s book bag weight be limited to 10% of his
or her body weight. A book bag weighting more than 15–20% of a child’s weight is associated with
back pain [1]. The objective of this study was to evaluate how a loaded backpack in young healthy
children influenced gait and posture.

Patients/materials and methods

3D gait analysis (VICON 460 motion capture system, EMG, COP in quiet stance) was performed
on 12 healthy children (age: 8.4± 0.9 years). For data collection all children walked barefoot at a
self-selected speed in an unloaded condition and with a 4 kg backpack (15.0± 2.7% body weight).
The lower body model reported by Kadaba et al. [2] was used and data were normalised to percentage
of gait cycle (GC). Subsequent markers were placed on shoulders, chest, and head. Surface EMG was
recorded according to the SENIAM guidelines of the m. gastrocnemius medialis (GM), m. tibialis
anterior (TA), m. gluteus medius (GLM), m. semitendinosus (ST), m. rectus femoris (RF) of the
dominant leg preferred in hopping. EMG was also recorded of the ipsi- and contralateral paraspinal
(PARAS) muscles at L2 region. Of each child data of six trials were averaged and pairedt-tests were
used (P < 0.05) for statistics. COP data were collected during quiet stance on a Kistler forceplate.
The children were asked to stand as still as possible looking at a point 3 m away. Four 10 s trials were
recorded.

Results

The temporal-spatial parameters showed that with a 4 kg backpack the children walked slower as
a result of taking smaller steps with unchanged cadence. With the slower walking speed, double
support phase and stance phase increased. The sagittal plane kinematic data showed an increased
mean anterior pelvic position over the whole GC. Hip flexion was also increased over the whole GC
with unchanged range of motion. Movement at the knee joint was unchanged and at the ankle joint
a reduced peak dorsiflexion in stance phase was recorded. Compared to unloaded walking, increased
muscle activity was recorded with a loaded backpack during mid-stance in the GM (10–30% GC)
and ST (20–30% GC). GLM activity was also increased in the second half of terminal-stance phase
(40–50% GC) and the TA activity in pre-swing phase (50–60% GC). The PARAS muscles on the
ipsi- and contralateral sides of the spine were less active at the second half of terminal-stance and
in pre-swing (40–60% GC). No changes in RF activity were recorded. Postural steadiness of stance,
represented by the COP, was decreased in quiet stance in both anterior–posterior and medial–lateral
direction.

Discussion

Decreased walking speed and increased double support time during load carrying can be attributed
to the need for stability [3]. This is supported by the decreased postural steadiness of quiet stance.
Findings regarding decreased lumbar PARAS muscle activity in the loaded condition are in agreement
with the literature [4,5]. This is due to the increased spinal extension moment provided by the external
load which acts in opposition to the normal spinal flexion moment in unloaded gait [5]. Literature
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Fig. 1. Typical example: changes in muscle activation pattern of the stride normalized Smooth Rectified
EMG (SRE) of the erector spinae is presented for the three different walking conditions. ‘A’ presents
the sEMG of the erector spinae when walking without an aid, ‘B’ when walking with a cane and ‘C’
when walking with a quad stick. The dashed vertical line represents toe off.

and irradiation through the body, thereby reinforcing abnormal tone and stereotypical mass patterns
of the affected side.

Conclusions

Results show that, when therapy given to stroke patients aims at normalisation of muscle activation
patterns, the use of a cane should be considered.
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P2.33:Can instrumented gait analysis guide lower limb prosthetic alignment? A clinical study
H. Houdijk1,2, J.M. van Velzen1,2, W.P. Polomski1, C.A.M. van Bennekom1
1Heliomare Rehabilitation Centre, Wijk aan Zee, The Netherlands; 2Institute for Fundamental and
Clinical Human Movement Sciences, Faculty of Human Movement Sciences, Vrije Universiteit, Am-
sterdam, The Netherlands.

Summary

The purpose of this study was to investigate the effects of prosthetic misalignment of transtibial pros-
theses on selected parameters of the gait pattern with instrumented gait analysis in a clinical setting.
To our surprise, relatively few systematic effects were observed in step and stride characteristics,
ground reaction forces and net joint moments in 5 transtibial amputees who walked with systemati-
cally misaligned prostheses.

Conclusions

In the current study the gait analysis method applied and variables selected showed little responsive-
ness to prosthetic misalignment. More research is necessary to investigate the effect of prosthetic
misalignment on gait characteristics and to explore the usability of instrumented gait analysis in the
process of prosthetic alignment.

Introduction

The alignment of lower limb prostheses is expected to be an important determinant for regaining a
satisfying walking function and functionality. The process of prosthetic alignment is, however, still a
very subjective process. With the introduction of gait laboratories in clinical institutions, it is of interest
to see whether instrumented gait analysis can contribute in an objective way to prosthetics alignment
and the optimisation of gait. However, only little is known on how prosthetic alignment affects the
different gait characteristics that can be studied using instrumented gait analysis [1]. Therefore the
purpose of this study was to investigate the effect of systematic prosthetic misalignment on selected
p l setting.
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uggests that adolescents with back pain are at increased risk for experiencing back pain
6]. Reducing the exposure to load carrying, i.e. heavy school backpacks, at young age mi
reventing back pain at adolescent age.
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rosthetics
2.32:Effect of walking aids on muscle activation patterns in stroke patients
.H. Buurke, H.J. Hermens, C.V. Erren-Wolters, A.V. Nene
oessingh Research& Development, Enschede, The Netherlands

ntroduction

egaining the ability to walk is a major goal during the rehabilitation of stroke patients
ors important to reach this goal are early, functional, goal oriented intensive training. In
cal practice direct assistance during exercise is intentionally restricted and strong pers
olvement of the patient is encouraged. Walking aids are often used in order to maintain
nd increase independence during gait training [1]. However, based mainly on theoretical a

ions, different opinions exist among therapists, on the effect of walking aids on the gait pa
troke patients. In the scientific literature [1–3] no clear consensus exists on the effects o

ng aids on symmetry of gait, walking speed and weight bearing. Furthermore, there is
inct paucity of detailed studies on muscle activation patterns. The purpose of this study
nvestigate changes in muscle activation patterns with respect to timing and amplitude t
ur when subjects with stroke walk with and without a walking aid. This knowledge could
herapists in their decision whether or not patients should use a cane or quad stick whil
ng.

atients/materials and methods

hirteen patients suffering from a first unilateral ischemic stroke were included. Surface E
he erector spinae, gluteus maximus, gluteus medius, vastus lateralis, semitendinosus, gastr
nd tibialis anterior of the affected side were measured during three different conditions: (1) W
ithout a walking aid, (2) walking with a cane, (3) walking with a quad stick. Timing and amp
arameters of the activation patterns were quantified, using an objective burst detection algo
nd statistically evaluated.

esults

esults show a statistically significant and clinically relevant decrease in burst duration of both
pinae (P= 0.39) and tibialis anterior (P= 0.16) when walking with a cane. The amplitude of espec
he vastus lateralis (P = 0.003) and tibialis anterior (P = 0.006) drops when walking with a cane a
uad stick, respectively.

iscussion

he decrease in amplitude and burst duration of the erector spinae is likely to be related to the
hat is given by the use of a walking aid. The decrease in timing and amplitude of the tibialis a
ppeared during swing phase and therefore cannot be related to the support given by the wa
irectly. Indirect effects however might give hold to NDT therapists believing that trunk stab
n important prerequisite for normal arm and leg movement. Overexertion will produce an o
s

arameters of the gait pattern that can be observed with instrumented gait analysis in a clinica

atients/materials and methods

ive males with a transtibial amputation participated in this study. Subjects walked at a self-s
peed on a walk-way of 10 m with the prosthetic alignment they currently used, and with the
hetic pylon misaligned under eight discrete conditions: 15◦ into flexion/extension, valgus/varu
xo/endorotation or foot plantar/dorsal flexion. Video recordings were made in the frontal and
lane (25 Hz) and ground reaction forces of the prosthetic step were recorded (100 Hz) u
ybar System (Noldus, The Netherlands) [2]. From these data walking velocity, stride and st
cteristics were derived. In addition, the amplitude and timing of the different peaks in the
eaction force patterns were quantified and the net joint moments in the frontal and sagitt
ere assessed by scoring the magnitude of the lever arm of the ground reaction force on a
cale using the two-dimensional overlay of the ground reaction force vector on the video i
ifferences between conditions were tested for significance using a non-parametric Friedm
α = 0.05).

esults

rosthetic misalignment had no effect on walking velocity or step and stride characteristics.
eaction force patterns in vertical and fore-aft direction were unaffected, but in medio-lateral di
significantly larger medial force was found when the prosthesis was aligned to either exorot

algus compared to endorotation or varus. In conjunction, the lever arm of the ground reactio
ith respect to the ankle in the frontal plane was larger and more to the lateral side of the an
t the end of the step when the prosthesis was misaligned in exorotation compared to end
nd varus.

iscussion

espite the large changes in alignment, relatively few systematic effects were observed in the
arameters. This seemingly low responsiveness of the applied method could be attributed
f resolution of the measurement instruments. On the other hand it can be argued that the
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results can be due to variability in the response of the different subjects and/or to the fact that the well-
trained subjects used in this study possessed well-developed compensation strategies that minimized
the effect. Further studies are currently being performed to explore these issues.
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Technology
P2.34:Using a physical pendulum to test accuracy and precision of the proreflex 500 system
A. Kerr1, B. Durward1, K. Kerr2
1Glasgow Caledonian University; 2University of Nottingham

Summary

A physical pendulum was used to test accuracy and precision of the Proreflex 500 camera system in
timing events during a movement cycle. Despite changes in the pendulum orientation with respect to
the cameras, there would appear to be a high level of accuracy (absolute error, 0.02 s) and precision
0.55%–1.65% coefficient of variation.

Conclusions

The Proreflex 500 is highly accurate and precise in measuring the period of a physical pendulum.

Introduction

Motion data should be interpreted in context of the accuracy and precision of the capture system.
Proreflex 500 (Qualisys) is a commonly used system for movement analysis, however little inde-
pendent accuracy and precision data is available. The system at Glasgow Caledonian University is
currently being used to time events during functional movement. To reflect this type of measurement
it was felt appropriate to test the system in timing moving bodies. Given the predictable nature of a
pendulum swing and its comparability to the motion of body parts during functional activities such
as sit to stand and gait it was felt to be a suitable motion to test the system.

Methods

The cameras were calibrated according to manufacturer’s instructions and the setup remained constant.
A rigid pendulum, length (0.97 m), mass (0.21 kg), was hung from a frame (1.6 m in height). The centre
of mass of the pendulum was located 0.81 m away from the axis. The pendulum was rotated to its
release position 0.76 m above the ground, creating an angle of 30◦ to the vertical. A reflective marker
(0.02 m diameter) was fixed at the end of the pendulum, the pendulum was released and allowed to
oscillate freely. The cameras captured the motion data five frames before release and for 20 s after at
a rate of 60 Hz. This process was repeated five times, then the whole apparatus was rotated first 45◦
clockwise and then 45◦ anti-clockwise with five data captures being taken in each position. The data
were analysed in Qtools (Qualisys), the period of oscillation being the time between successive peaks
in the horizontal displacement of the marker.

This was compared to the predicted period of oscillation (calculated at 1.79 s using the equation
2 d
L ecision.

R

T

Z

4

4

D

T he timing
o approx-
i perties
o appear
a

P
K
1

3

S

B upporting
f system
s

C

B offers
a ptimize
t

I

D lity —
e issible
l uxiliary
w es can
b

P

T patient
t which
m

Fig. 1. The use of the new developed crutch optimizing the situation of putting load on the lower
extremities.

Standphase right without information about the supporting force on the left crutch (left) and opti-
mized situation using the newly developped crutch.

Results

The study describes the use of the crutch and the resulting optimiziation which could be reached in
the situation of load during walking on the one hand. A reduction of the supporting force on the crutch
of 50% was to be observed.

On the other hand asymmetric motion patterns can be reduced or avoided also.

P2.36:Ambulatory gait analysis in parkinson’s disease: application of a novel method based on
kinematics sensors
A. Salarian1, H. Russmann2, F. Vingerhoets2, P.R. Burkhard3, C. Dehollain4, K. Aminian1

1Laboratory of Movement Analysis andMeasurement (LMAM), Swiss Federal Institute of Technology
(EPFL), Lausanne, Switzerland; 2Department of Neurology,CentreHospitalier UniversitaireVaudois
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I/mgL, whereπ = 3.14,m= mass (0.21 kg),I = moment of inertia of pendulum,g= 9.81 m/s an

= length of pendulum) to estimate error. Variation in each position was used to estimate pr

esults

able 1. Mean, error and variation of the pendulum period according to orientation

Mean (s) Absolute
error (s)

Standard
deviation (s)

Coefficient of
variation (%)

ero rotation 1.81 0.02 0.03 1.65

5◦ clockwise 1.81 0.02 0.01 0.72

5◦ anti-clockwise 1.81 0.02 0.01 0.55

iscussion

he Qualisys Proreflex 500 demonstrates excellent accuracy and precision when measuring t
f a moving body under predictable conditions. The absolute error may be explained by the

mations for acceleration due to gravity and Pi as well as error in measuring the physical pro
f the pendulum. This method of testing has not been reported in the literature but would
ppropriate for movement analysis based on timing events of moving bodies.

2.35:Instrumented crutch with an indirect feedback system
obenz Ingo1, Feichtinger Kurt2, Engelke Klaus3

Orthopaedic Hospital Theresienhof, Frohnleiten, Austria; 2Medical University, Graz, Austria;
Orthopaedic Hospital Theresienhof, Frohnleiten, Austria

ummary

y means of a case study we present a newly developped crutch which is able to measure the s
orce on the crutch and passes this information on to the patient by help of an indirect feedback
o that he can reach the optimum concerning the load being put on the lower extremities.

onclusions

y the help of this individual adaptability the newly developped crutch which is now presented
n auxiliary device to the patient which can always be adapted and varied perfectly in order to o

he situation of putting load on the lower extremities.

ntroduction

ifferent types of auxiliary walking devices are used in order to give a patient back his mobi
specially after operations on the lower extremities; firstly to stick to the prescribed limit of perm

oad and secondly to develop a symmetric gait. Not always is the patient able to use these a
alking devices in an optimal way, quite often an unnecessarily strong utilization of the crutch
e observed.

atients/materials and methods

he newly developped supporting crutches being introduced here offer the opportunity to the
o achieve an optimum use of the auxiliary walking device by means of an indirect feed back
easures force that is used to support the patient from the crutch.
CHUV), Lausanne, Switzerland; 3Department of Neurology, Hˆopital Universitaire Genevois (HUG
eneva, Switzerland; 4Institut de Microélectronique et Microsyst`emes (IMM), Swiss Federal Institu
f Technology (EPFL), Lausanne, Switzerland

ummary

sing our ambulatory monitoring system, ASUR, 13 Parkinsonian patients were monitored for
f up to 5 h while they were free to perform activities at will. Every 1 h patients did a UPDR
s the clinical assessment. During the period of the monitoring, subjects had their Stimulat
nd OFF. Analyzing the data, periods of gait have been detected and gait parameters were c
e’ve found significant correlation between the results of this objective method and those

linical score.

onclusions

ith minimal number of sensor sites, we could detect and analyze the gait parameters of PD
s they were performing normal, unrestricted activities; while the results show a correlation to
cores. Using this method an objective evaluation method to assess gait in PD patients for e
eriods of time is possible.

ntroduction

arkinson’s disease (PD) influences gait with aggravation of quantitative parameters like ga
ime (GCT), period of swing (SW), double support (DS), stride length (SL), speed (SP), ra
otation of shank (RS) and peak angular velocity of shank (PV) that have been shown to be im
y bilateral STN [1]. We have designed a new ambulatory system (ASUR) to monitor PD p
hile they are performing they daily activity. We have used our analysis algorithm to quanti
arameters in PD subjects while they were performing normal, unrestricted activities.

atients/materials and methods

hirteen PD patients with the age of 64± 8 participated in this study. Subjects were treated by
halamic Nucleolus Deep Brain Stimulation (STN-DBS). Each measurement took up to 5 h
hich subjects were free to move around in the hospital area. Two observers took note of the s
ctivities using portable computers. To measure gait parameters, ASUR devices, with an in
ni-axial gyroscope in sagittal plane, where attached to each shank of the subjects. Syste
ampling rate of 200 Hz and angular velocities of shanks were recorded in a range of±600◦/s. At the
eginning of the measurement and then after each 1 h, a UPDRS test was performed. Subjec
ith STN ON, subsequently it was turned OFF for 3 h and ON again for the last hour. By ru
ur analysis program after the measurements, gait periods were automatically detected and r
ait parameters for each gait cycle were calculated. To compare to the clinical score, for ea

he average of the values of the gait parameters during that period was calculated. The firs
as used as the baseline and the correlation between changes in UPDRS sub-scores (27; 2
nd changes in gait parameters from the baseline were calculated using Pearson method.

esults

alking periods could be detected with a specificity and sensitivity of more than 97%. Fo
alking trial, gait parameters for each gait cycle were calculated. We could find a significanP <
.0001) correlation between the UPDRS sub-score and RS (r = −0.68), SL (r = −0.68), SP (r =
0.65), PS (r = −0.65), SW (r = −0.65) and DS (r = +0.65). GCT however, had no significa

orrelation to the clinical score.

iscussion

ait in PD has already been assessed in gait labs with standard methods (like using for
r camera). Also in our own previous studies, good correlation between clinical scores a
arameters has been reported but in our knowledge so far there has been no available m
nalyze gait in PD, follow the fluctuations and have a correlation to the clinical scores while s
ere performing activities on will for several hours.
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Botulinum Toxine
P2.37:Botulinum toxinwith andwithout casting in the treatment of equinus in cp: a comparative
study
A. Renders, A.A. van den Hecke, S. Palumbo, Detrembleur
Physical Medicine andRehabilitationDepartment, CliniquesUniversitaires Saint-Luc, Brussels, Bel-
gium

Summary

Although limited data are available on the effect of a combination of botulinum toxin type A (BTX-A)
injections and casting in ambulant children with CP, this combined treatment is often applied in clinical
practice. This present study compares the effect of intramuscular BTX-A on objective gait parameters
in two groups of CP patients with spastic equinus. The first group (12 patients) was treated with BTX-
A alone and the second group (nine patients) received casting for 2 weeks immediately after injection.
We observed that, for both groups, all sagital plane ankle parameters improved significantly 6 weeks
and 3 months after treatment. The group BTX-A and casting demonstrated a more pronounced gain in
dorsiflexion in both mid stance and mid swing. This better result had also a more beneficial effect on
walking mechanics with a reduction of the external work performed to move the body centre of mass.

Conclusions

The present study supports that the combined treatment of BTX-A and casting are more beneficial
than the BTX-A alone in the improvement of the ankle position during the gait cycle and are more
effective on the gait mechanism in CP patients with dynamic foot equinus deformity.

Introduction

The effectiveness of BTX-A in the management of the dynamic spastic equinus in cerebral palsy
has been verified by previous studies. Serial inhibitive casting has a beneficial effect for non surgical
treatment of calf tightness. In many cases of spastic equinus in cerebral palsy, both dynamic muscle
shortening and early contractures contribute to foot deformity, especially when the child is older.
That’s why the combination of BTX-A and serial casting is very often used in clinical practice, but
only a few studies have demonstrated convincingly that this combined treatment is more effective that
the BTX-A alone. The aim of our present study was to compare the clinical and the functional effect
of the treatment with BTX-A with and without casting on objective gait parameters in ambulant CP
with a spastic dynamic equinus.

Patients/materials and methods

Twenty-one patients were recruited for this study. All of them were ambulant children diagnosed
with CP and muscle spasticity associated with dynamic equinus. The patients were divided into two
groups: group 1, 12 patients mean age of 5 years treated with BTX-A only and group 2, 9 patients
mean age of 7 years 2 months treated with BTX-A and casting. The identification of the injected
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Materials and methods

Three CP children (9–16 years old) with spastic diplegia and free from any other treatment during the
last 6 months, were studied. A total dose of 10 U/kg (BOTOX®AllerganTM ) [2] of botulinum toxin
was used for each patient in a multi-site injection on the two muscle, on both sides. Usual treatment
and rehabilitation of the patients were not changed during the study.

Passive range of motion, muscle spasticity (Aschworth modified scale, Duncan-Ely-test), popliteal
angle and functional evaluation were assessed before the toxin injection and 1 month later. Gait
analysis was performed before treatment and 1 month later; five trials were collected on both sides,
and then a mean pattern was computed for each situation.

A biomechanical model previously developed [3], based on the homogeneous matrix concept
developed by Legnani [5], was used. This model calculates the three-dimensional kinematics and
3D net moments of each joint from simultaneous measurements of cutaneous marker displacements
(Motion Analysis system) and external mechanical actions (AMTI force platform). Additional data
as electrical activity of surface muscles collected by an EMG device were recorded on.

Anthropometric parameters are used in Zatsiorsky’s regression equations to define mass and inertial
characteristics of each body segment [4].

Results

After treatment, all patients had a functional improvement during the day life. None passive range of
motion improved except hip extension and popliteal angle from 10◦ to 15◦. Spasticity was improved
in all patients according to 1 or more point in the used scales.

Time-distance parameters, as well as repeatability of the data were improved in all cases after
treatment. Power generation was improved. Ground contact actions go toward normalization in both
anteroposterior and vertical components. Kinematics and kinetics data in sagittal plane showed im-
provement (Fig. 1) in hip extension, hip extension moment, knee extension, absorption moment of
the rectus femoris and knee extension at heel strike. No worsening was noted in hip flexion and knee
flexion.
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uscles was based on objective measurements of the pathological gait and clinical evalua
ose per muscle varied between 2 and 5 U Botox®/kg muscles. Immediately, after injection a c
as applied over a period of 2 weeks for the group 2. A clinical examination and a three-dime
ait analysis were performed before treatment and subsequently 6 weeks and 3 months after
two way repeated measures ANOVA was performed on nominally recorded data to comp

hange across the two groups and the period.

esults

his study focused on the objective gait analysis. For both groups all ankle kinematics par
mproved significantly 6 weeks after injection, the beneficial effect was less pronounced at 3 m
he gain in dorsiflexion was significantly greater in group 2 at mid stance and mid swing. Additi

he reduction of foot equinus improved the walking mechanism with a significant reduction
xternal work. This reduction was greater in the group 2 up to 40% compared to the group 1

iscussion

n many cases of spastic equinus, there is a coexistence of spasticity and muscle stiffness
cts on the dynamic component whereas casting acts mainly on muscle contracture. There
tudies [1,2] which have demonstrated the usefulness of a combined treatment BTX-A and
ur data are comparable to these studies which have confirmed the additional benefits of this c

reatment on the sagital plane ankle kinematics. However, we also found that the more app
engthening of the calf muscle led to a significant reduction of the external work and consecu
reater improvement in the locomotor mechanism.

eferences

1] Boyd RN, et al. Dev Med Child Neurol 2000;42:32–41.
2] Desloover K, et al. Eur J Neurol 2001;8(Suppl 5):75–87.

2.38:The use of botulinum toxin on rectus femoris and semitendinosus in CP child: a prelim
nary report
. Dohin, A. Bonnefoy, L. Ch̀eze, E. Chaleat-Valayer, R. Kohler.

aboratoire de Biom´ecanique et Mod´elisation Humaine, Universit´e Lyon 1, France; Service de
hirurgie pédiatrique Hôpital Herriot, Lyon, France.

ummary

e report the results of using botulinum toxin on agonist and antagonist muscles as rectus fem
emitendinosus. Improvement of both kinematics and kinetics data is better than the only sligh
ning obtained with toxin and previously reported [6]. We report three cases to sustain the su

onclusion
s previously suggested [6,8], we advocate a functional approach of the treatment of spasti

hink that a better outcome will be obtained by a treatment of spasticity simultaneously on ago
ntagonist muscles. In our opinion, both rectus femoris and hamstrings are involved in gait wo

n CP.
Further investigations are needed to support this hypothesis. A study involving a larger pop

s conducted at the present time.

ntroduction

he biarticular muscles of the lower limbs work as activable slings and reduce the overall
onsumption during gait. The co-ordinated linked movement of the rectus femoris and ham
equires a high level of motor control. Filipetti et al. [1] had shown gait improvement after se
artial neurotomy to decrease spasticity of rectus femoris and semitendinosus muscles. The

his study were, (1) to assess the interest of treating spasticity simultaneously on both mus
2) better understanding of the involvement of these two muscles in gait worsening in cerebr
CP).
ig. 1. Kinematics and kinetics in the sagittal plane. (Dashed line: before injection; thick ligh
ine: after injection.)

iscussion

ffectiveness of botulinum toxin in CP children is now well recognized. Its use on rectus fe
nd simultaneously on semitendinosus has not been so far reported. Efficiency of botulinum
ectus femoris and semitendinosus is confirmed by functional improvement. As previously ob
otulinum toxin improves popliteal angle from 10◦ to 15◦ and knee extension without any rehabil

ion [6,7]. Objective improvement on hip and knee function is shown in gait analysis. Pelvic a
ilt increases when pelvis was previously on retroversion. Hip extension during stance phase
ithout decreasing hip flexion during oscillation. Knee extension increases both in stance ph
t heel strike. Kinematics and kinetics data show better improvement in using botulinum to
oth muscles than only hamstrings [6,7].
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2.39:Assessment of outcome of botox® intervention in upper limb neurology: a pilot study of
pper limb EMG and kinematics alongside lower limb analysis
. Plasschaert1, K. Jones2, M. Forward1

Ghent Gait Laboratory, University Hospital, Ghent, Belgium; 2NEWI, University ofWales Associa
ollege, Wrexham, UK

ummary

lassic functional problems of the upper limb in the neurologically impaired patient are well
ented and the effect of upper limb spasticity on the gait pattern has been hypothesised his
y Bobath physiotherapists. However, it is only recently that attempts have been made to f
escribe the 3D behaviour of the upper limb during gait. This paper demonstrates the pote
ovement analysis in assessing the impact of upper limb intervention (Botox®) on the upper limb

inematics, upper limb EMG and in addition on lower limb 3D gait kinematics and kinetics.
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Fig. 1.

Conclusions

Movement analysis can provide quantitative evidence with respect to the upper limb as well as the
lower limb. The successful influence of botulinum toxin intervention on the pathological upper limb
gait pattern has an impact on lower limb gait kinematics. This work demonstrates the potential for the
application of movement analysis techniques to provide whole body quantitative outcome measures
and guidance in the holistic treatment of adult and paediatric (neurology) patients.

Introduction

Botulinum toxin is increasingly used to mediate the effects of spasticity in the treatment of neurological
impairment such as head injury, stroke and cerebral palsy. Precise quantitative evidence of its effects
on an integrated upper and lower limb are sparse and often reported in the form of subjective scales
of measurement and patient perception.

Patients/materials and methods

A 25-year-old female who sustained a head injury at the age of 4 years is used to illustrate the
application of upper and lower limb gait assessment as an outcome measure and the potential link
between upper and lower limb kinematics. The patient walked unaided but had severe right upper limb
spasticity and associated reactions observed during gait and activities of daily living. A lower limb 3D
gait assessment (VICON Plug in Gait Lower Limb Model) together with right upper limb kinematics
[1] and electromyography of seven upper limb muscles bilaterally was performed pre-injection and 6
weeks post targeted injection of Botox®.

Results

Marked changes were seen in elbow flexion and shoulder extension (Fig. 1). Reduced (left) side-
flexion, external rotation of the trunk, abduction, external rotation of the upper arm and reduced
supination of the forearm were also observed. Modified hip and knee flexion in loading and mid stance
were seen on the (upper limb) affected side together with reduced pelvic obliquity and hip abduction.
The slightly increased pelvic rotation was maintained. The activity of (treated side) infraspinatus and
posterior deltoid increased, whilst that of the anterior and middle deltoid decreased. On the unaffected
side, increased activity in anterior deltoid and infraspinatus was observed.

Discussion

Successful intervention in the right upper limb has resulted in changes in upper and lower limb
kinematics and in changes in muscle activity on the contra-lateral arm. These results add support to
the use of movement analysis techniques to assess outcome in both upper and lower limb kinematics
and indicate the potentially complex interaction between upper and lower limb kinematics of gait.
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P2.40:Can BTX-A treatment improve the walking pattern of elder children in CP?
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Franki1, C. Huenaerts1, B. Callewaert1
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results of the elder children were compared with the results of young children, evaluated in a similar
way [2]. To evaluate the influence of previous BTX-A treatments, two matched subgroups of eight
children were selected from the total group. The first group of children received their first BTX-A
treatment after 8 years of age. The second group had a history of previous BTX-A treatments before
age 9.

Results and discussion

Similar as for the young children, most significant changes were seen at the ankle joint, with an
improved ankle position at initial contact, during second rocker and during swing (P < 0.0001), with
a proportional gain ranging from 40% to 53%. Knee flexion at initial contact decreased (P < 0.001),
knee extension in stance increased (P < 0.05, proportional gain of 25%) and knee flexion velocity in
swing increased (P< 0.001), after BTX-A treatment, compared to baseline conditions. Hip extension
at terminal stance increased slightly (NS), and pelvic stability improved, mainly in the sagital plane (P
< 0.05). Furthermore, we found an improved phasic activity for gastrocnemius and tibialis anterior (P
< 0.001). Lateral hamstrings and rectus femoris showed reduced cocontraction patterns post BTX-A,
compared to baseline condition.

Elder children more easily improve knee extension at initial contact, compared to young children.
Similar as four young children, elder children have difficulties to correct for increased pelvic anterior
tilt post BTX-A. Children who received their first BTX-A treatment after age 8 have more difficulties
to correct rotational gait deviations and increased pelvic anterior tilt and instability, after BTX-A,
compared to children who already received one or more BTX-A treatments prior to age 9. These
results may indicate that BTX-A treatment is more effective in elder children with CP, when severe
secondary problems are absent due to previous BTX-A treatments.
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Upper Limb
P2.41:Evaluation of an extramural training device for rehabilitation of the upper extremities
using 3D movement analysis
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Summary

The number of people requiring rehabilitation and postoperative care is increasing. To maintain the
best possible therapy-outcome without extending the demand on physiotherapists and doctors, it is
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ummary

he aim of the present study was to evaluate the effect of a multi-level botulinum toxin A (BT
reatment on objective gait parameters for elder children with CP (9–16 years of age), and to
he impact of previous BTX-A treatments at younger ages.

onclusions

ntegrated multilevel treatment with BTX-A for the elder child with CP results in improved wa
erformance 2 months after treatment. Similar as for younger children, children from 9 to 16 y
ge, improve significantly at the level of the ankle joint. Typically for elder children are signific

mproved knee kinematics and pelvic stability in sagital plane. Previous BTX-A treatments (
ge 9) assure a better outcome of BTX-A treatments at a later age.

ntroduction

TX-A has gained widespread acceptance for the management of some neuropediatric diso
oung children with CP. The effect BTX-A on the gait pattern for elder children with CP is
nknown.

atients/material and methods

hirty three children with cerebral palsy (18 with diplegia, 15 with hemiplegia) were selected
roup of 309 children (who were older than 8 years when they were treated with BTX-A betwee
nd 2003). The inclusion criteria were: (1) ambulant, without walking aids, (2) predominantly s

ype of CP and (3) a full barefoot walking gait analysis before and after BTX-A treatment. The ch
ere studied at baseline and at 2 months after treatment, using objective gait analysis, in
D kinematics and kinetics (6 camera VICON system® and two AMTI force plates), combine
ith bilateral surface EMG of seven lower extremity muscles and an extended standardised
xamination. As part of the integrated approach [3] the treatment was always combined wit

eg casting, appropriate physiotherapy and orthotic management. Data analysis included com
f 88 gait parameters by using a pairedt-test or a wilcoxon signed rank test. The proportional gain
efined as the observed change in outcome divided by the maximum (or targeted) possible c
utcome, was calculated with standardizedz-scores (using mean and S.D. of normal children)
ecessary to let the patients perform extramural rehabilitation exercises at home or in the
nvironment. An assistant feedback system can ensure the accuracy of the movement perfo
an be adapted to the individual needs of the patient to increase the success of therapy. In this
fficiency of the training device was evaluated by comparing the movements of the upper ext
ith and without its guidance.

onclusion

sing 3D movement analysis the training device was evaluated and it could be shown,
eproducibility of the exercises is increased when the extramural rehabilitation is performe
eedback provided by the training device.

ntroduction

fter orthopaedic intervention, rehabilitation and postoperative care improve the chance of the
ontinuing to live independently and quickly returning to work. The performance of the exerc
hysiotherapy is strongly correlated with the recovery process of the patient. Furthermore the
f rehabilitation can be increased by adapting the training to individual deficits or needs. Op
xercises should be done several times a day over a longer period of time. That implies, th
xercises have to be done at home. Extramural training implies fewer ambulant patient cons
nd thus less guidance by physiotherapists. This was the motivation to develop an intellige

ailored training facility for patients in their home and work environment. In this study the fun
f the training facility has been evaluated by 3D upper extremity movement analysis [1,2].

atients and methods

he evaluation procedure is based on video-based 3-dimensional movement analysis of the
remities. Infra-red light reflecting markers are attached directly to the skin on specific body seg
he calculation of joint-angles is based on the rigid body model introduced by Schmidt in 199
odel utilises rigid segments for the head, trunk, upper arm, forearm, and hand connected
all socket joints. From this model, movement in all anatomical joint axes of the upper extre
an be determined. Based on this approach a collective of healthy patients has been investiga
erforming exercises common in upper extremity rehabilitation with and without the training d
he reproducibility of the movement performed with respect to the manner of performance, r
otion, velocity and amount of force has been compared.

esults and discussion

reliminary results show that there is a clear increase in the reproducibility of the moveme
ormed when using the training device. Securing a high degree of reproducibility is an ind
ble prerequisite for implementation of advanced extramural training. Additionally, a more p
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alised training becomes possible when the training device gives the patient detailed guidance or
feedback.
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P2.42:Impaired coupling of the reach and grasp components of a two handed catch in children
with developmental coordination disorder
Sarah Louise Astill, Andrea Utley
School of Sport and Exercise Sciences, University of Leeds, UK

Summary

The transport and grasp phase of a two-handed catch and the coordination of such was examined
in children aged 7–10 years both with and without a Developmental Coordination Disorder (DCD).
Fifteen two-handed catches of a ball released on a pendulum were performed by all participants.
Kinematic analysis was undertaken of various temporal landmarks of the reach and grasp phase of
both hands for the catch and the coupling between the two components investigated.

Conclusions

DCD children show impaired and highly variable coupling of the reaching and grasping components
of a catch, this in turn affect the success in such a motor skill.

Introduction

It has been previously recognised that DCD children exhibit considerable difficulty during isolated
reaching and grasping movements using an interception task [1]. For a successful catch the reaching
and grasping subactions have to be finely integrated into a successful, efficient overall action. The
coupling of the two-subactions has not been investigated before in this group of motor impaired
individuals and it is hoped that an investigation of such could shed light upon some of the difficulties
these children have and what the underlying causes may be.

Patients/materials and methods

The sample consisted of 20 children aged 7–10 years of age (M = 9.23, S.D. = 9.3), 10 whom met the
clinical criteria for DCD taken from the DSM-IV (1994) and 10 who did not (AMC). To confirm group
membership the Movement ABC was used [2]. All participants attempted 15 two-handed catches of a
ball presented to them as a pendulum. A 3D Kinematrix system was used for collection and subsequent
analysis of all kinematic data.

Results

In the DCD children the transport phase of the catch was initiated later (P ≤ 0.00) and the peak
deceleration of such was reached later then the AMCs (P ≤ 0.00). The grasp phase was initiated
earlier (P≤ 0.00) and maximal grasp aperture was larger (P≤ 0.00). The time MGA occurred was
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the sternum (representing the trunk), the clavicle, the acromion (representing the scapula), the upper
arm and the forearm. Sixteen anatomical points were investigated in kinematical analysis. Before
measurement, the position of investigated anatomical points in relation to the fundamental points has
to be given by an ultrasound-based pointer. The position of fundamental points of each segment of the
human body has to be measured during motion by the Zebris ultrasound-based device. A computer code
calculates the position of anatomical points from the above data on-line. From the spatial coordinates
of anatomical points the spatial angle between the different segments and the rotation of the scapula
are calculated. Elementary and complex motions were performed to test the scapular rhythm. The
accuracy of the method was tested by the mapping program of the Zebris system, whereas during
different humerus positions the exact coordinates of bony landmarks were repeatedly defined.

Results

Based on the spatial coordinates of the anatomical points investigated, complete dynamic kinematic
descriptions with anatomical joint angles are estimated. No significant statistical difference was ob-
served between the values presented and those found in literature [1,2]. On the basis of the results we
could support that the elevation proved to be the most reliable movement type to compare scapulo-
thoracal motions to arm movements. The accuracy of the method were found to be in concordance
with the literature.

Discussion

On the basis of the results of both measurements, we can establish that the 2:1 ratio of the arm motion
and the scapulo-thoracal movements can be detected by either methods. The intra and inter observer
studies show a good agreement. The advantages of our method are that the 16-point model is able
to determine the scapula rotation and the spatial angle between the segments and that the movement
analysis can be achieved during several cycles, providing additional information. A limitation of the
method is that the arm elevation may reach only approximately 120◦. Over approximately 120◦ of
elevation or abduction, skin movement displaces the sensor thus the measurement cannot be continued.
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P2.44:The effect of arm swing on spatio-temporal parameters in normal walking
S. Boulos1, E. Carmeli1, O. Inbar2, Z. Yizhar1
1Department of Physical Therapy, Sackler Faculty of Medicine, Tel-Aviv University, Israel;
2Department of Life Sciences, Zinman College, Wingate Institute, Israel

Introduction

Arm swing in human walking is an active natural motion, which involves the entire upper extremities
and the shoulder girdle. Several researches described the inter-relationship between arms and legs
during walking, in terms of kinematics and kinetics; however the effect of arm swing on the dynamic
parameters in normal gait, is unclear.
The objective of this research was to investigate the effect of arm swing on spatio-temporal parameters
in healthy walkers.
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ore variable in children with DCD (P≤ 0.00) and was reached approximately 150ms prior to
eceleration. The AMC’s produced highly invariant MGA relative to peak deceleration and
as reached within 20 ms of peak deceleration.

iscussion

CD children showed abnormalities in reach and grasp movements and in the coupling of th
ub-actions. Indeed the DCD children show impaired and variable timing when the MGA is an
s examined in relation with peak deceleration. The data suggests that the DCD children m
decomposition’ strategy [3] in an attempt to simplify the movement control of the transport and
hases of a catch. In contrast the AMC children show a uniform opening and closing sequenc
ingle peak that is well synchronised with the deceleration in hand transport suggesting a repr
oupled synergy defined by a central coordinative organisation.
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2.43:Three-dimensional dynamic kinematic analysis of the shoulder with ultrasound base
otion analyzer

´ . Illy és, R.M. Kiss
epartment of Orthopaedics, Semmelweis University, Budapest, Hungary; Research Group of Stru
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ummary

any disorders of the shoulder complex are accompanied by changes in the pattern of
ovement, which is difficult to measure radiologically. In order to study the three-dimension

ion of the scapula secondary to arm movements, a measuring method has been developed
ltrasound-based motion analyzer. The accuracy of the method is comparable to that of shoul
ing. Measurements of scapular plane rotations during elevation showed particularly good ag
ith each other and with the data published.

onclusion

he authors have demonstrated a feasible method for the measurement of scapular moveme
s believed to be suitable for use in a clinical setting. Accuracy studies suggest that the m
eliable; comparison of the results of the two methods with each other and with published da
ndicates a good agreement.

ntroduction

houlder disorders change the pattern of scapular motion. Several methods have been d
arlier to study the 3D motion of the scapula secondary to arm movements [1,2]. As different s
isorders may lead to different shoulder rhythm, exact dynamic kinematic analysis could be

ool in the diagnosis of shoulder disorders or in the follow-up of the rehabilitation process. The
ur study was to develop a feasible technique for detecting the scapular motion dynamically
ifferent arm movements.

aterials and methods

rientation and dynamic movements of shoulder bones were determined in 15 healthy subjec
2.12 years, 164.1± 33.3 cm, 61.1± 4.5 kg). Our approach is based on a mechanical axiom, w

tates that the position and orientation of a segment of the human body is determined by
f three points per segment. The triplets, which represent three points of a body segment w
aterials and methods

ifteen healthy male volunteers (age 20–30 years, height 158–192 cm, weight 50–80 kg) wa
0 min on a treadmill at four velocities: customary walking speed (cws = 100%), slow walking
sws = 80% of cws), fast walking speed (fws = 120%) and very fast walking speed (vfws = 1
t each velocity, they walked once with normal arm swing and once with restricted arms. Th
f trials was randomly chosen. Cadence and stride length measurements were taken at the
f each walking mode.

esults

t all four velocities, walking with restricted arms caused a significant reduction in stride lengtpair
-test, P < 0.000–0.003) and an increase of the cadence (P < 0.000–0.002) compared to walking w
he arms swinging. The consistency of the results within subjects and between velocities wa
orrelated (r = 0.759–0.983) and statistically highly significant (P < 0.000). Repeated measureme
evealed significant interaction between arms mode and walking velocity (P < 0.000)

ig. 1. Mean of the differences in step length and cadence between walking with restricted a
rms, at four velocities.
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Discussion

Arm swing in normal walking reduces cadence and increases stride length, hence, contributes to gait
efficiency. The results of this study are extremely relevant to gait efficiency of patients suffering from
upper extremities dysfunction such as hemiplegics, amputees and Parkinson disease.
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P2.45:Upper extremity—optical marker based joint center calculation and elbow flexion angle
determination
O. Rettig, S. Wolf
Department of Orthopedic Surgery, University of Heidelberg, Germany
E-mail address:oliver.rettig@ok.uni-heidelberg.de(O. Rettig).

Summary

Synchronous marker based optical and clinical goniometric measurements on five normal subjects
were performed in a variety of different upper limp postures and movements. Next to joint center
determination of wrist, elbow and shoulder the study focussed on accurate elbow flexion angle deter-
mination near the full extension.

Conclusions

With a new modeling approach a better agreement between marker based optical and clinical gonio-
metric measurements could be obtained. In the problematic region around full elbow extension the
model leads to valid elbow flexion angles and is feasible for clinical application.

Introduction

Several models describing elbow motion based on optical 3D reconstruction of skin mounted markers
have been reported. Typically markers are placed on the olecranon [3,4] and/or the lateral and/or medial
epicondyles of the elbow [1,2,4] with little consideration of the skin movement. However, accurate and
precise determination of the elbow joint center and flexion angles especially at or close to full extension
is still a challenge. Clinically this angular region is important since it appears in daily life movements
as reaching-out for an object. Also in gait the upper extremities are often close to full elbow extension.
Furthermore precise elbow joint center calculation is needed for the calculation of dynamics.

Patients/materials and methods

Synchronous optical and clinical goniometric measurements of static positions at six different elbow
flexion angles within the full ROM of the elbow have been performed. For the optical measurement a 9-
camera-Vicon 612-system was used. Fourteen millimeter diameter marker were applied following [3]
with addition of a twin marker at the olecranon where one marker is located directly at the skin surface
and the other mounted on top by a wand 2.5 cm apart. The wrist joint center and the glenohumeral joint
center were defined as described in [3]. The elbow joint center and axis are defined by the following
steps: (1) skin movement of the olecranon twin marker is compensated by calculating the position of
a tic trial
a t of a
c axis is
d he wrist
j ssessed
f ester
a ts each.

R

T as well
a ture to
p -tester)
a t with a
m

T n

C

O

D

T lose to
f itions of
t e inter-
s cision is
n itions
i tuitive
a ethods
f is still
t

R

[
[
[
[

S
9
H
M
D

C his visit
i nctional
i

894),
a f. After
s ork for
t amic

or static orthopedic deformities were the consequence of prenatal or neonatal brain injury appeared
as a revolution among the older opinions about the primary causes of this “paralytic syndrome”. W.J.
Little thought the pathologic condition was the result of a lack of oxygen during labor because many
of the children were born after premature or complicated deliveries. Thanks to his work for many
years the syndrome was known as a Little, a disease.

In 1897 the psychiatrist Sigmund Freud (1856–1939) established the classification system of cere-
bral palsy and recognized the spastic diplegia and its close association between all types of cerebral
palsy.

The term “Cerebral Palsy” was introduced in 1888 by Sir William Osler and popularized conse-
quently. He divided the etiologies of the disorder on seven categories: congenital syphilis, alcohol-
related, difficult labor, forceps delivery, postnatal head trauma, infant’s infection desease, convulsions
and embolism.

The most important epidemiological trends observations were done by B. Hagberg from Sweden.
His observations were performed over the period of 30 years.

The fundamental basis for the treatment of children with cerebral palsy is the neuro-developmental
approach. The level of child’s function plays the main role in the programming process of the estab-
lishing the optimal rehabilitation — treatment program. The founders of such kind of therapy were:
K.B. Bobath, V. Vojta and Th. Hellbrugge.

The operative approach to muscle dysfunction has been in two large fields: surgery of nervous
system, and surgery of the extremities. To the first one belonged all the techniques witch included the
pharmacological treatment options or neurosurgical treatment. The surgical, orthopaedic treatment on
the non-central nervous system devised to improve the functional status or general comfort of child’s
life. Regarding to Eggers and Evans the development of the surgical procedures may be classified
into four periods: (1) the period of elimination–elimination or alterationof muscle function by means
of neurectomy; (2) the period of alteration–balance the motor function by shifting extensors to flexor
position or vice versa; (3) the period of negation–conversion of two joints muscle to one joint muscle;
and (4) the negative–positive period which combined the orthopedic efforts of all mentioned above
programs.

Currently the treatment philosophy is based on the results of functional evaluation of the child
locomotion. In my opinion it is the fifth functional/biomechanical period of the therapeutic approach.
The elementary rules of this biomechanical treatment philosophy of cerebral palsy child are based on
lever arm deformities caused by powers and movements generated by muscles and joints’ positions.

Session 7 (oral):9:10 to 10:22
Gait
S7.1:Functional status of children after CNS malignant tumors treatment
M. Syczewska1, B. Dembowska-Baginska2, M. Perek-Polnik2, D. Perek2
1Department ofPeadiatricRehabilitation, TheChildren’sMemorialHealth Institute,Warsaw,Poland;
2Department of Oncology, The Children’s Memorial Health Institute, Warsaw, Poland

Summary

Gait and balance study was done in patients after malignant CNS tumors treatment. The functional
deficits exhibit by patients were not dependent on the tumor localization or age of illness onset. The
time between end of the treatment and time of the study was much longer in children with mild or no
functional deficits. Gait deficits were more severe in children with balance problems.
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virtual marker with a fixed distance to the wrist joint center based on the distance of a sta
t 45◦ flexion. (2) The position of the elbow joint center then is optimized with the constrain
onstant distance between elbow and glenohumeral joint center. (3) Finally, the elbow joint
efined as cross product of the two vectors from the corrected olecranon wand marker to t

oint center and to the glenohumeral joint center. Synchronous clinical and optical data were a
or five different subjects (age 27.6± 16.1, three male, two female) by the same tester. Intra-t
nd inter-tester reproducibility of the model was tested by five repeated sets of measuremen

esults

he model data show a good agreement with the clinical goniometric measurements in static
s in dynamic situations. Inter-subject reliability was tested by adjusting the subject’s pos
redefined postures at five different flexion angles as shown in Table 1. Reproducibility (intra
nd objectivity (inter-tester) both show also a good agreement with the clinical measuremen
aximum deviation of 4◦ in the whole ROM relative to the clinical measurement.

able 1. Inter-subject reliability tested for 5 different subjects. Mean and STD values are give

linical 0 30 60 90 120

ptical 0.4± 1.6 32.2± 7.3 57± 3.9 88.4± 4.0 121± 11.2

iscussion

he use of a twin marker at the olecranon allows a robust definition of the elbow flexion axis c
ull extension or even at full extension where solely skin mounted marker sets fail since the pos
he wrist joint center, the glenohumeral joint center and the elbow skin marker are collinear. Th
ubject reliability is reasonable in the ROM which was assessed. However an exceeding pre
oticeable at 0◦ and 90◦. Since there is no particular sensitivity of the model at these angular pos

t leads to the conclusion that rather the clinical goniometric measurement is facilitated at in
ngles such as 0◦ or 90◦. Furthermore it can be argued that the differences between the two m

or angular determination are mainly due to insufficiencies in the clinical determination but it
he most commonly accepted method.
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istory of cerebral palsy
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arolus Linnaeus (1707–1778) first described a cerebral palsy child in a beautiful poem after
n Greenland. It was presented as an unknown disorder of a handicapped boy with a sever fu
mpairment but with normal intelligence.

The first scientific description of cerebral palsy was made by William John Little (1810–1
n English orthopedic surgeon, who suffered on hemiplegic form of spastic paresis himsel
uccessful surgical treatment of his left foot deformity he decided to devoted his professional w
he children with any kind of brain injury associated with difficult birth. His hypothesis that dyn
onclusions

n patients with CNS tumors the functional deficits are similar regardless of the cancer local
he repairing mechanisms could overcome the problems caused by oncology treatment: in

or early rehabilitation.

ntroduction

reatment of central nervous malignant tumors comprises of neurosurgery, chemotherapy
iotherapy. All three procedures could cause the functional impairments of the patients, but
nown about their nature. In one study the balance problems were found in leukemia patie
apid progress in oncology increases the survivor rate, thus the long-term consequences of

ogical treatment becomes more and more important. The aim of the present study was the as
f the gait and balance of children after treatment of central nervous system (CNS) tumors.

atients/materials and methods

n the study participated 41 patients, 17 girls and 24 boys, aged 6–17 years old, treated in De
f Oncology due to CNS neoplasms. There were six subgroups of patients: 18 medullob
atients with tumors of posterior fossa; 9 treated for midline tumors; 6 treated for left and 2 fo
ide brain tumors; 3 patients treated for brain stem tumors and 3 for spinal cord tumors. All c
ompleted their treatment: neurosurgery, chemotherapy and radiotherapy.
Gait analysis was performed using six camera VICON 460 system. Ground reaction forces (

nd EMG (Motion Lab System) were recorded simultaneously. Children walked several times
alkway. Data were processed using Polygon software. The spatio-temporal (speed, cadence
ixteen kinematic parameters [2] were further analysed. For speed, and step length the norm
roposed by Hof [3] was used. Step width was normalized by asis-asis distance.
Balance tests were performed on Kistler force plates. From stabilograms (center of pressur

rajectory) following parameters were calculated (by own Matlab procedure): medio-later
ntero-posterior displacements, mean radius of gyration and total path [4] during 30 s quiet s

n two conditions: eyes open, and eyes-closed.

esults

n 20 patients the results of the balance tests did not differ from the healthy subjects. In 21 other
he results showed balance impairments. In all cases the total path was significantly increase
rom four cases the results from eyes-opened and eyes-closed test were the similar. In one
atient was unable to complete the eyes-closed test. In few cases the increased medio-late
ntero-posterior displacements were found. In three cases the mean radius was also incr
ll subgroups there were patients with good and bad balance test results, approximately
roportions.
The was no difference of the age of illness onset between the groups. The mean time betw

nding of the treatment and the time of the study was 5.8 years in good balance group, and
n bad balance group (P = 0.023).

Patients were divided into two groups: with good balance and with balance deficits. T
arameters were assessed in these two groups. Although no statistical significant differe
onfirmed using statistical test some tendencies could be noticed. Children with poor balance
ith slightly higher speed, due to increased cadence. Their step width was increased, as w
tance phase. They walked with increased external rotation in hip joints and the knee flexion
ontact was slightly increased (here the statistical significance was found:P = 0.043).

iscussion

alance problems were found in half of the evaluated patients’ group. In most patients with b
eficits they were present in both eyes-opened and eyes-closed conditions. Thus the visual
id not in most cases compensate the balance deficits. In three quarters of children with
hildren the only increased parameter was the total sway path, with other parameters within
ange. This finding suggests that the sense of the body orientation and position is intact (the ex
f the COP were normal) but keeping normal range of radius of gyration requires constant cor

rom CNS.

mailto:schwa021@umn.edu
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Patients with balance deficits exhibit also gait pattern changes. The increased external rotation in
the hip joints together with increased step width increases base of support, making dynamic balance
during gait easier. The increased knee flexion at initial contact could help patients with deficits to
maintain balance in case of uneven ground. Balance and gait deficits could be found in patients with
CNS tumors, regardless of their localization.

It is supposed that the younger children are more vulnerable to the cancer treatment, due to treatment
acting on still developing brain. Our results suggest that after finishing the treatment the repairing
mechanisms could overcome the deficits.
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S7.2:Basic gait parameters of healthy and CP children assessed by accelerometry
M. Brandes1, S. Heikens2, W. Zijlstra3, R. van Lummel2, D. Rosenbaum1
1Orthopedic Department, Motion Analysis Laboratory, University Hospital of Muenster, Muenster,
Germany; 2McRoberts B.V., Den Hague, The Netherlands; 3Institute of Human Movement Sciences,
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Summary

Spatio-temporal walking parameters (number of steps, walking distance, displacement of the COM)
were accurately detected by a miniature accelerometry device (DynaPort MiniMod) for healthy and
CP children in non-laboratory settings.

Conclusions

The device allows an exact assessment of basic gait parameters under free living conditions. Further
research will be performed to enhance the outcome of the device. The final goal is to provide a tool
for the assessment of daily activities, which will include gait parameters and the detection of posture.

Introduction

The objective analysis of normal human gait, gait pathologies and their treatment is the focus of interest
of movement scientists and clinicians. With modern technology, it is possible to assess and analyze
human activities precisely in laboratory settings. However, there is an increasing demand to acquire
information about physical activities of subjects under free-living conditions. Spatio-temporal gait
parameters can be assessed based on a three-dimensional accelerometer attached to the lower trunk [1].
Until quite recently the measurement systems that are needed for obtaining these acceleration signals
were rather bulky and heavy. Recently, the DynaPort MiniMod (McRoberts B.V., The Netherlands)
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S7.3:Kinematic analysis of normal and low arched feet in 9–10-year-old children using a 3D
multi-segment model
D. Twomey1, A.S. McIntosh2, J. Simon3, S. Wolf3
1BiomechanicsLaboratory,University ofNewSouthWales,Sydney,Australia; 2IWR, Interdisciplinary
Centre for Scientific Computing, University of Heidelberg, Germany; 3Department of Orthopedic
Surgery, University of Heidelberg, Germany

Summary

Three dimensional foot analysis was undertaken on 30 children; 15 normal arched and 15 with low
arches. Data was normalised to the gait cycle and processed using a seven segment foot model.
Kinematic differences between the two groups were examined throughout the gait cycle.

Conclusions

The intersegmental model facilitated a detailed analysis of the foot throughout the entire gait cycle.
Examining values at initial heel strike and maximums and minimums throughout the gait cycle, this
study found that the low arched group had a lower mean medial arch angle and reduced forefoot
pronation in each case.

Introduction

Standard gait analysis has modeled the foot as a single rigid segment and therefore the dynamic
behaviour of its numerous segments are not considered. In the past decade multi-segment models of
the foot have emerged presenting data on the special properties and function within the foot [1–4].
The aim of this paper is to examine the kinematic differences of normal arched, and low arched feet
of 9- and 10-year-old children using 3D multi-segment motion analysis.

Patients/materials and methods

Thirty subjects were analysed, 15 children with normal arched feet and fifteen with low arches. Data
was collected using a Vicon 370 Motion Analysis System with seven digital cameras capturing video
data at 50 Hz. Seventeen reflective marker of 10 mm diameter were attached to the lower limb as
recommended by [1]. A single static trial was recorded in a normal stance position. Subjects were
asked to walk at a self selected pace along a 5 m track in the centre of the capture area. A seven-segment
mathematical model was used for the output of data [5]. The graphical output for the kinematic data
was averaged over the five trials and normalised to the gait cycle.

Results

Using a repeated measure ANOVA with replication data was analysed for significant differences
between trials and between the two groups. Significant differences between trials were only found in
the lateral arch (P = 0.01) and subtalar rotation (P = 0.006) max values. The table below presents a
summary of the variables that showed significant differences between groups.

Table 1. Summary of significant differences found between low and normal arched feet

Variable name % of gait cycle Normal arch
mean (S.D.)

Low arch
mean (S.D.)
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difference
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as developed. This miniature device includes three orthogonally mounted acceleromete
an be used for monitoring human posture and gait parameters. In order to become a us
or the assessment of daily activities and gait parameters of children, the system ought to b
iscriminate single steps and to determine the walking distance from the acceleration signal

atients/materials and methods

roup 1: Twenty healthy children (aged 3–16 years) walked four times 40 m for the detec
teps in an indoor environment, with no obstacles nearby, at the University Hospital of Muens
dditional distance, blinded for the analyzer of the data, was walked for detection of walking di
Group 2: Twenty CP children (aged 5–17 years) from the out-patient clinic of the Ortho
epartment walked twice a distance of 20 m for the detection of steps on a floor in the h
ike in group 1, an additional distance was walked for detection of walking distance. The de

imitations caused by CP was assessed using a self-made classification scale.
Both groups were videotaped for counting steps and distance. Accelerometer signals of th

ack were measured by the MiniMod, a small and lightweight device (5.6 cm× 6.1 cm× 1.5 cm,
4 g, 100 Hz) and stored on a SD card. The device was firmly fixed to the lower lumbar spin

evel of the second sacral vertebrae with double-sided adhesive tape to avoid movement artifa
ata sets were send to McRoberts for analysis [2] and compared to the results taken from th

esults

roup 1: On average, the healthy children needed 273.7 steps (Min: 207, Max: 377) on th
racks for step detection, as counted from the video. The software detected 273.5 steps on
99.97%, range: 98.5–101.5%) regarding the total number of steps. If each misclassified
ounted as an error, regardless if under- or overestimated, the accuracy is 99.6%. The auto
omputed walking distance revealed 100.6% of the actually walked distance. The correlation
he medio-lateral displacement of the COM and the age of the subjects was significant (r = −0.63,P

0.01).
Group 2: One track of one child had to be excluded because of a handling error. On aver
P children needed 79.8 steps (Min: 57, Max: 126) on the 40 m tracks for step detection, as

rom the video. The software detected 78.9 steps on average (98.9%, range: 94.1–101.8%) r
he total number of steps. If each misclassified step is counted as an error, the accuracy is 98
omputed distance revealed 101% of the actually walked distance. Neither the correlation
he standard deviation of the medio-lateral displacement of the COM (SDCOM) and the ag
P children (r = −0.11, n.s.) nor the correlation between the degree of limitation and the SDCr
−0.32, n.s.) reached significance.

iscussion

he DynaPort MiniMod allows for an accurate assessment of important spatio-temporal w
arameters. Due to its small size and the placement on the back, it does not interfere w
ctivities and it is comfortable to wear. The opportunity to estimate the medio-lateral displace

he COM with the MiniMod offers a new tool to analyze the variation of gait within non-labor
nvironments.
In healthy children, the displacement decreases with age, whereas this trend does not ex

hildren. Provided that our scale truly reflects the degree of CP, there is no association betw
egree of CP and the variation of gait represented by the SDCOM. In both groups, the erro
alculated walking distance was negligible.
Further research will be performed to validate the DynaPort MiniMod for other groups (e.g. c
ith walking impairments, various adult patient populations) and to enhance the outcome of th

n order to monitor daily activities (e.g. the percentage of standing, sitting, walking).
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(P-value)

ed arch angle 0% gait cycle 121.3 (±7.14) 132.3 (±6.9) 0.0001

ed arch max 0–100% 128.9 (±7.6) 139.44 (±7.8) 0.001

ed arch min 0–100% 111.7 (±7.8) 122.9 (±7.3) 0.001

orefoot supination 0% gait cycle −16.4 (±4.0) −7.5 (±5.8) 0.0001

orefoot supination max 0–100% −14.4 (±3.7) −5.97 (±6.1) 0.0002

orefoot supination min 0–100% −20.17 (±4.0) −12.9 (±6.2) 0.001

iscussion

lthough many models are being developed for foot analysis the means of marking and de
he segment fixed anatomical axes have varied between authors so that comparability of th
s still limited. The patterns in many of the variables in this study were similar to those prev
eported but varied in magnitude. A low medial arch angle and decreased forefoot pronat
ound in the low arched group. Increased rearfoot valgus frequently associated with low arc
as not evident in this study.
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7.4:Lateral body sway during walking in young and older human subjects
.B. Birtles1, R.C. Woledge2, D.J. Newham3

Department of Psychology, Visual Development Unit, University College London, London,
BT,UK; 2Institute of HumanPerformance,Royal NationalOrthopaedicHospital, UniversityCo
ondon,BrockleyHill, Stanmore,Middlesex,HA74LP,UK; 3Centre forAppliedBiomedicalResear
chool of Biomedical Sciences, King’s College London, Shepherds House, Guys Campus,
E1 1UL, UK

ummary

ateral sway movements of the thorax during walking were measured in a group of young an
ealthy adults. The older adults had significantly greater average sway than the young ad
ignificantly more variability in lateral sway, step length and step width. Variability in lateral
uring walking appeared to be a more sensitive discriminator of age than lateral sway while s

onclusions

tride to stride variability in lateral sway of the thorax during walking provides good discrimin
etween young and older adults, as does variability in step width.

ntroduction

alking is an inherently unstable activity and many falls by older adults occur during walkin
arge sway movements of the body during standing are well known to be associated with both

2] and falling [1,3] but there have been relatively few studies of body sway during walking in
dults. The purposes of this study was to measure in both young and older adults the avera
ovement (sway) of the thorax during walking and the stride to stride variability in the swa

ompare these with sway during standing.
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Materials and methods

The participants included 17 young subjects (six males, mean age (±S.E.M.) 27.3± 1.5 years) and
21 healthy older subjects (13 male, 72.7± 1.2 years) with no history of recurrent falls or medical
conditions affecting their balance. Movements of the lower limbs and trunk during walking were
recorded using a CODA MPX30 system (Charnwood Dynamics, UK). The path followed by the
thorax in the horizontal plane was compared to the line connecting successive positions of the ankles
during stance. Lateral deviations between these two paths were divided into a regular component
(average of 30 strides) and a variable component (the difference between the deviation during each
stride and the average). Lateral sway was also observed while standing with the eyes open for 1 min.
Statistical analysis was performed using ANOVA (P < 0.05) and the Pearson correlation (r).

Results

The older adults had significantly more lateral movement during walking in both the regular (P< 0.05)
and variable (P < 0.01) components. Eight of the older adults had values for the variable component
that exceeded the 95% confidence limits for the young adults. Only two of the older adults had
standing sway values outside the confidence limits for the young adults. The step lengths, width and
times were similar for the two groups but there was a significant difference in variability of both step
length (P < 0.05) and step width (P < 0.01). The variable component of lateral sway was associated
with variability in step width (r = 0.81,P < 0.01).

Discussion

The results indicate that the age related increase in lateral sway during walking is due to an increase in
both the regular and variable components of sway. However, the variable component is more affected
by age in terms of amplitude and consistency. There was a strong correlation between variable lateral
sway and variability in step width in the older group. Bauby and colleagues [4] demonstrated that
a reduction in visual input had a large impact on variability in step width and suggested that lateral
balance is actively controlled via visual-vestibular feedback and is therefore vulnerable to sensor noise.
Age-related changes in the visual and vestibular systems have been widely reported and may be partly
responsible for the increased variable sway observed in the older adults. In this study measures of
variable sway during walking appeared to be more age sensitive than measures of lateral sway during
standing. It remains to be seen whether differing patterns of lateral sway during walking are observed
in older adults who fall and whether these measures can be used to predict falls.
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S7.5: Quantification of spatio-temporal characteristics of walking trajectories of cerebellar
patients
W. Ilg, H. Golla, P. Thier, M.A. Giese
Laboratory for Action Representation and Learning/Department of Cognitive Neurology, Hertie In-
stitute for Clinical Brain Research, University of T¨ubingen, Germany
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S7.6:Trunk and pelvis coordination and erector spinae activity during gait: effects of low back
pain
C.J.C. Lamoth, A. Daffertshofer, O.G. Meijer, P.J. Beek
Faculty of Human Movement Sciences, Institute for Fundamental and Clinical Human Movement
Sciences, Amsterdam, The Netherlands.

Summary

In normal walking, coordinated patterns of trunk-pelvis rotations and trunk muscle activity are im-
portant for the maintenance of dynamic equilibrium and to effectively deal with perturbations during
locomotion. Compared to healthy controls, patients with low back pain (LBP) had a reduced ability
to adapt trunk and pelvis coordination and erector spinae (ES) muscle activity to changes in walking
velocity, and walked slower.

Conclusions

Detailed study of gait coordination and the variability of coordination patterns may help to elucidate
the ability of patients to adapt to changes in walking velocity and the consequences of pain. Measures
of coordination have a surplus value compared to more conventional measures such as step cycle
parameters and mean amplitudes in that they more readily provide insight into the motor functioning
of individuals with LBP.

Introduction

Under normal circumstances, walking is a highly flexible and adaptive activity that is continuously
altered so as to meet both environmental and internal requirements. In healthy subjects the timing and
coupling between trunk and pelvic rotations, as well as ES activity are adjusted to walking velocity in
order to effectively deal with perturbations and to preserve an efficient and stable gait pattern [1–3]. It
is conceivable that adaptations to LBP affect the coordination between trunk and pelvis and the level
of gait efficiency [4]. The relationship between gait and LBP was examined by focusing on invariant
and variant properties of coordination patterns, in order to better understand the consequences of LBP
for gait and other daily life activities.

Patients/materials and methods

Nineteen patients with non-specific chronic LBP and 14 controls subjects participated. Angular move-
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e present a new computational method for the identification and quantification of kinetic impai
f cerebellar patients. Our method (Hierarchical Spatio-Temporal Morphable Models, HSTM
ased on space-time correspondence, and permits an accurate characterization of spatial an
eformations of movement trajectories in comparison to normal controls.

onclusions

sing HSTMMs we are able to quantify coordination and kinetic deficits in cerebellar atax
ith a significant correlation to the ICARS [1] kinetic subscore. This shows that kinetic impair
an be detected in walking movements and are not only relevant for goal-directed visually
ovements, like tandem gait.

ntroduction

erebellar dysfunctions can cause disturbances of gait by causing disequilibrium, and by
he leg and trunk kinematics and interlimb coordination [2]. Such disturbances are characte
n instable stumbling walking path, increased step width, and a high variability of gait. Quan

he type of impairments based on classical gait features show a significant change only in b
elated parameters like reduced step length, increased step width or reduced peak joint angles
ignificant changes can be found for parameters related to deficits in inter-joint coordination or
dysmetria, hypometria, hypermetria). Based on this result it was suggested that kinetic impa
ight be mostly relevant for visually-guided, goal-oriented movements, but not for walking [4,

how that a accurate quantification of the spatio-temporal characteristics of movement traj
akes it possible to detect correlates of kinetic impairments in walking.

ethods

o model such spatio-temporal characteristics we applied the method of HSTMMs [7,8]. In o
et a more precise description of the spatio-temporal patterns and its variability, a spatio-te
orrespondence between movement trajectories is established. The spatio-temporal corres
s described by vectors of temporal and spatial displacements. By linear combination of thes
nd temporal correspondence fields, new trajectories can be modeled.

esults

e tested 14 patients suffering from a degenerative cerebellar disease analyzing 8–12 gait c
atient. Since we are interested in identify joint coordination impairments, we examine 16 feat
onsisting of different combinations of joint angles of lower limbs. In a first step we analysed th
ubject variability of joint angle coordination using the algorithm of spatio-temporal correspon
he spatio-temporal variability of the inter joint coordination show a significant correlation (S
an rank correlation:rs = 0.75,P < 0.01) with the kinetic subscore of the common clinical at

cale ICARS [1]. This kinetic subscore quantifies impairments like movement decomposition
nd intention tremor. In a second step we want to identify systematic changes in joint coord
atterns by modeling trajectories through linear combination of prototypes. The prototypes
f the trajectories of the other patients, using a Leave-one-out-paradigm. The resulting linear
ere mapped onto a score that describes the degree of cerebellar disease using nonlinear

echniques (Support Vector Regression). These scores were again correlated with the ratin
CARS score and its subscores. The results shows significant correlations for different feature
he posture respectively with the kinetic subscore. Based on these analysis we can identify join
hich describe systematic joint pattern changes correlated with balance respectively kinetic

iscussion

he analysis of temporal shifts seems to be crucial for quantifying coordination deficits. An a
f purely spatial displacements (like proposed in [9]) was not sufficient for the quantification o
eficits. The proposed method can be useful also for quantifying other movement disorders, es
hen timing and coordination plays an important role.
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e

n

ents of thoracic, lumbar and pelvic segments were recorded in the transverse and frontal p
S activity was recorded with surface electrodes during treadmill walking: (i) at a self-selec

ocity; (ii) sequentially increased velocities (1.4 to maximally 7.0 km/h), and (iii) randomly cha
elocities. Range of motion of the trunk and mean ES activity were calculated. The timing b
otations of the trunk and pelvis (relative Fourier phase) and the coupling strength was dete
rincipal component analysis (PCA) was applied in its capacity as a data-driven filter to dete

arities and deviations between LBP and control subjects in trunk coordination and ES EMG
atterns and to examine the relation between LBP and variability [5,6].

esults

he gait of LBP subjects was characterized by more rigid and less variable kinematic coordin
he transverse plane, and a less tightly and more variable coordination in the frontal plane, acco
y poorly coordinated activity of the lumbar ES. Rotational amplitudes were not significantly dif
etween LBP and control subjects, whereas stride length differed only at the lowest and
elocity.

iscussion

he locomotory problems encountered by patients with LBP pain are primarily coordinative in
hanges in coordination and muscular control may reflect an attempt to stabilize the spine and

he occurrence of unexpected perturbations to which the patient cannot adequately respond.
referred walking velocity can be interpreted as a strategy that LBP patients employ to e

he control over their movements during walking, allowing them to deal with internal and ex
erturbations.
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8.1:A simple method to calculate 2D induced accelerations
t L. Hof 1,2, Egbert Otten2

Laboratory of Human Movement Analysis, University Hospital, Groningen; 2Institute of Human
ovement Science, University of Groningen, The Netherlands

ummary

simple algorithm is presented to calculate the induced accelerations of body segments in
alking for the sagittal plane. The method consists of writing the Newton-Euler equations in th
f a 18× 18 (swing) or 20× 20 (stance) matrix and inverting this matrix in order to find indu
ccelerations and ground reaction forces resulting from moments due to muscle action. F

nduced accelerations also the power flowing from a muscle to any segment can be calculate

onclusion

hen a simple 2D model is used, induced accelerations due to muscle moments can be c
ery efficiently.
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Introduction

In a number of recent papers the knowledge of the mechanics of human walking has considerably
been increased [1–4]. These papers are based on complicated three-dimensional forward dynamics
models including many muscles. Some of the methodological innovations are the concept of induced
accelerations, the related power flows [2,5], and the subdivision of the ground reaction force into
contributions of the separate muscles [4]. A problem is that these forward dynamics models are very
complicated and computationally intensive.

Methods

The proposed method is based on a four-segment 2D model of the trunk and one leg of the human
body [6]. The essential point of the proposed method is that the equations of motion are written in
matrix form:

Ax = c (1)

in whichx is a vector of unknowns: intersegmental forces, linear (x- andy-) and angular accelerations
and ground reaction forces, if present. Vectorc is a vector of known quantities, gravity, centripetal
accelerations, and joint moments. This set of equations is solved by inverting matrixA:

x = A−1c (2)

yielding the vector of unknownsx. Matrix A is 20× 20 in stance and 18× 18 in swing, when no
ground reaction forces are involved. It contains segment masses and moments of inertia, which are
constant, plus distances from joints to centres of mass, which vary in the course of movement and
which can be obtained from kinematic measurements (VICON, OPTOTRAK etc.).Power flowing to
a segment can be calculated as

P = (msegmentainduced) · vCoM (3)

Results

As an example induced accelerations and power will be shown for gastrocnemius and soleus in
walking. The results are qualitatively in agreement with [5]. Inversion of 20× 20 matrices turned out
to be performed very fast in standard programmes like MatLab and Excel.

Discussion

Although the proposed method comprises only part of the range of possibilities of a complete forward
dynamics analysis, it can provide several interesting results of practical value at very little computa-
tional cost. An application example is in the interpretation of EMG data: what is the action caused by
the activity of some muscle in a certain phase of the gait cycle?
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Materials and methods

This study used gait data previously acquired on able-bodied volunteers. Each subject (N = 20) was
modeled as a seven segment, three-dimensional linkage system [1]. Each model was configured with
subject-specific anthropometric parameters, and joint angles acquired from gait analysis. Foot-floor
contact was treated as rigid during foot flat and as a point constraint located at the center of pressure
otherwise [2,3]. Muscle architecture followed Delp et al. [4]. Unit muscle forces were applied, one
at a time, at each instant of the gait cycle. The resulting joint, segment, and center of mass (COM)
accelerations were derived using SD/FAST dynamics software (PTC, Needham, MA, USA).

Results

For each muscle, angular and linear accelerations of each body segment and joint were computed.
Initial interest focused on the sagittal plane. Five IA graphs per muscle were produced to summarize
the accelerations: hip, knee, and ankle angular accelerations in the sagittal plane, and COM linear
accelerations in the vertical (support) and anterior/posterior (propulsion) directions. In each graph,
acceleration is plotted versus the percentage of the total gait cycle (Fig. 1). Consistent patterns were
found for many of the major muscles.

Discussion

Establishing a baseline of dynamic muscle function is an important step in advancing the clinical
utility of IAA. Comparing subject IA data in relation to the IA baseline may further the understanding
of pathological gait.
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S8.3:Quantitative computerized tremor analysis with graphic digitizing tablet: method valida-
tion
M. Rudzínska1, W. Chwała3, E. Mirek3, A. Izworski2, T. Lech2, S. Bukowczan1, A. Szczudlik1
1Department of Neurology, Jagiellonian University School of Medicine, Krakow; 2Technical Univer-
sity of Krakow; 3Department of Biomechanics, Laboratory of Biokinetics at Physical Education in
Krakow

Summary

This paper presents results of validation of new method of quantitative tremor analysis.

Conclusion

Quantitative tremor analysis with graphic digitizing tablet is precise and reliable measure of tremor
frequency and intensity, correlating significantly with the results of other, clinical and physiological
and EMG methods of tremor evaluation.
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8.2:Creating a baseline of dynamic muscle function from Induced acceleration analysis
cott A. Kimmel1, Michael H. Schwartz1,2

Gillette Children’s Specialty Healthcare, St. Paul, USA; 2Departments of Orthopaedic Surgery a
iomedical Engineering, University of Minnesota, Minneapolis, USA
-mail address:schwa021@umn.edu(M.H. Schwartz).

ummary

n induced acceleration (IA) model was utilized to establish a baseline of dynamic function
ower extremity muscles during gait.

onclusions

he dynamic function of lower extremity muscles in the gait of able-bodied subjects can be u
eference for investigations into muscle dysfunction in patients with pathological gait. Until n
uch set of baseline data existed, significantly limiting the applicability of IA in clinical setting

ntroduction

he dynamic function of the individual muscles of the lower extremity during gait remains p
nderstood. Historically, the function of these muscles has been implied by their anatomy, by

ntuition, and by anecdotal observations of functional alterations that occur in their absenc
ifficult to ascertain the dynamic function of a muscle due to the anatomical, geometric, and
atical complexity of the musculoskeletal system. In recent years, IA has been used as a too
nderstand this complex problem [1–3]. In this study, IA is used to assess dynamic functio

ower extremity muscles.

ig. 1. Induced accelerations. A typical plot of the results showing the effect of a unit soleus
een in the vertical hatched area. The plots show the middle 50% of results (grey boxes) alo
ical activation times are indicated by the horizontal bar above the abscissa. The range in toe-off can a
e 5th and 95th percentile (vertical “error bars”).

ntroduction

uantitative tremor analysis with graphic digitizing tablet (QTADT) is an easy to perform and
ost method precisely assessing tremor parameters. Up to date, however, only few and inc
alidation studies are published.
Objective of the study was to compare tremor parameters assessed with quantitative comp

remor analysis with graphic digitizing tablet against other tremor quantifying techniques in p
ith extrapiramidal tremor (Parkinson Disease (PD) or Essential Tremor (ET)) and to demo

est-retest method reliability.

aterials and method

ifty patients with extrapiramidal tremor (PD or ET) were included into a study. Upper limbs tre
oth hands was evaluated using spectral analysis of spiral drawing on graphic digitizing table

hree repetitive measurements. Autospectra for displacement, velocity and acceleration in
requency band were calculated and dominant tremor frequency was determined. Tremor
as quantified with max/mean Power Spectral Density ratio. Additionally, visual tremor rat
piral drawing, volumetric method, Nine-Hole Steadiness Test, Groove-Type Steadiness Te
ole pegboard test and EMG tremor recording were performed.

esults

remor intensity assessed with QTADT correlated well with the tremor rating scores of spiral dr
n both dominant and non-dominant hand (Spearman’s correlationR= 0.65,P < 0.05;R= 0.65,P <
.05; respectively), volumetric methods (R= 0.58,P< 0.05;R= 0.57,P< 0.05), Nine–Hole Steadine
est (R = 0.73,P < 0.05;R = 0.73,P < 0.05), Groove-Type Steadiness Test (R = 0.60,P < 0.05;R
0.59,P < 0.05), and Nine-hole pegboard test (R= 0.50,P < 0.05;R= 0.71,P < 0.05). Dominan

remor frequency detected by QTADT technique did not differ significantly from peak EMG t
requency and both methods showed good correlation (R= 0.57,P< 0.05;R= 0.67,P< 0.05) (Fig. 1)
TADT test- retest reliability was significantly high (ANOVA).
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Fig. 1. EMG vs. QTADT tremor frequency.
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stereotyped within individuals. Among all the variables measured, the jumping height (H) is assumed
to be the most valid performance index. Unfortunately, this parameter provides little information
about the genesis of an efficient movement.

Patients/materials and methods

Twelve young sprinters (six males and six females: 16.4± 1.0 y.o., 1.71± 0.06 m, 59.4± 9.2 kg)
of (inter)national class were asked to perform 10 double-legged maximal CMJ, their arms akimbo.
3D coordinates of the 10 retroreflective markers placed on anatomical landmarks of lower limbs
(four-sticks per side modelization) were estimated by an automatic motion analyzer (Elite, BTS
srl, Milan). Simultaneously, ground reaction force (GRF) of one foot was measured by a Kistler
piezoelectric platform (the five GRF data for each side were collected in random order). Kinematic data
were processed to estimate the 3D coordinates of joint centers and joint angles. Kinetic derivatives,
joint moments and powers and selected parameters of each trial and subject were also estimated
(after rejecting anomalous jumps). Basic statistics (means (µ), standard deviations (σ), coefficients
of variation (CV), correlations with jumping height (rH)) were applied for intra and inter individual
analysis.

Results

Typical parameters of VJ (H, duration, peak of vertical GRF,. . .) showed little variability (CV < 10%).
Most of the other parameters extracted (normalized maximum peak of joint moments and powers, time
of occurrence of peaks, intervals between peaks, normalized work, positive–negative work ratio,. . .)
gave evidence of less homogeneity (CV > 10%). Even considering males and females separately, there
was no increase in uniformity within the groups. The intrasubjective variability followed the same
trend, confirming what previously suggested by Rodano and Squadrone [1]. None of the parameters
showed a significantrH common to all the subjects.

Discussion

The little intra and interindividual variance in jumping height, duration of the jump movement or
maximum vertical GRF, does not reflect the huge heterogeneity in the individual motor patterns. Re-
sults suggest a sensitive difference in kinematics and kinetics not only among different homogeneous
subjects, but between different trials of the same subject, too. Thus, the classic approach based on
the analysis of the individual “best jump” of a session, should be avoided; the mean of parameters
taken from different jumps is much more advisable, at least in applications whose objective is the
identification of peculiarities and time evolution. This “inductive” way, which starts from observation
of individuals, has given clues of potentiality in preventing injuries, but it’s a rather heavy task to be
accomplished by a single lab: it needs cooperation and the definition of standards.
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S8.5:Gait analysis: a sound but selective outcome measure for cerebral palsy children having
selective dorsal rhizotomy
J.H. Patrick, A.P. Roberts, C. Stewart, S.E. Farmer, G.F. Cole
ORLAU, Robert Jones& Agnes Hunt Orthopaedic Hospital, Oswestry, Shropshire SY10 7AG, UK
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Fig. 2. Example a patient with ET.

iscussion

he reliable, low-cost and easy to perform method of tremor assessment is needed for many cli
cientific purposes. In this study we found that the parameters of QTADT correlated well with
ften used in clinical practice methods and the tremor frequency and intensity assessed by
ethod could be helpful in differential diagnosis as well as in monitoring disease progression

he assessment of the efficacy of therapy. QTADT validation to accelerometry, the gold stan
remor measurement in pathophysiological studies.

eferences
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2] Elble RJ, Brilliant M, Leffler K, Higgins C. Quantification of essential tremor in writing
drawing. Movement Disorders 1996;11(1):70–8.
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8.4:Biovariability: a key factor for motor evaluation in sport exercises
zio Preatoni1,2, Renato Rodano1,2; Roberto Squadrone2

Dipartimento di Bioingegneria, Politecnico di Milano, Milano, Italy; 2TBM-Lab, Politecnico d
ilano, Milano, Italy

ummary

his work investigates the intra/inter-variability of kinematic and kinetic parameters in vertica
xercises, in order to better understand how to assess experimental protocols, treat data
ret results for motor evaluation in sport applications. Despite the high homogeneity of the a
nalyzed, an appreciable variability resulted, both in inter and intra-subject kinematic and
arameters.

onclusion

imilar performance in competitions and in vertical jump exercises does not result from homo
otor strategies. Each subject seems to exploit different factors, following his own abilitie

ompensating his deficiencies. The potentialities of modern technologies could be fully used to
onditioning and reabilitative programs in sport, only when standardized test protocols, data co
rocedures and methodologies for analysis of results will be defined. This paper tries to cont

his process.

ntroduction

ertical jump (VJ, CMJ) exercises have been widely adopted in sport practice and biomechan
ffective way to predict athletic ability, especially when lower limbs are required to produce exp

orce (e.g. sprint events). Many scientists have focused their attention on VJ tests, discovering
f multijoint coordination and elastic properties of muscular activity. Nevertheless, previuos
se non-homogeneous experimental protocols and hypotheses which are to be verified. V
enerally used to discover common patterns among different people, and it’s often referred a
ummary

fter careful and rigorous patientselection, 19 cerebral palsy patients were submitted to the
peration. All had gait analysis pre operatively, and the results of their function (step leng
alking speed) plus other significant gait parameter measures improved at a follow-up analy
verage of 1.5 years later.

ntroduction

urgical treatment bySelectiveDorsal Rhizotomy (SDR) leads to a reduction in spasticity in cere
alsy. Whether the procedure improves function is an on-going debate and evidence of impro

n post operative gait patterns is not readily available. Outcome measures lack standardisa
cales such as PEDI, Ashworth and GMFM have all been employed to evaluate SDR [1–3]. Th
mphasises the use of measurable gait analysis changes before and after SDR.

atients and methods

e have performed SDR on 19 children (13 boys, 6 girls average age 8.6 years) using careful s
riteria and employing gait analysis as an outcome measure. All children were assessed pre op
nd this included neurological and orthopaedic examination, video filming, 3D gait analys
arker tracking, dynamic EMG of critical muscles and energy cost assessment. Only 13 c

ompleted a full gait analysis, although all were able to comply with some parts of it. Post op
ait analysis was performed in all, on average 1.5 years after surgery. We compared pre
perative data using pairedt-tests where valid, otherwise Wilcoxon signed-rank tests were ap
ll the changes reported below are significant (P < 0.05).

esults

linical improvements were seen in Hip extensor power, hip abduction range (increased b◦),
idden flexion (Thomas) decreased by 8.1◦ and anteversion decreased by 7.7◦. The Knee extenso
ower increased by 0.3 grades. At the ankle dorsiflexion range increased by 8.8◦ with the knee
xtended. The plantarflexion range decreased by 5.5◦ and dorsiflexor power increased by 0.5 gra
The kinematic and kinetic data from gait analysis are entirely consistent with the clinical ch

ound and will be demonstrated graphically and by video. At the knee joint there was a m
ncrease in knee extension. This was observed by an 9.8◦ decrease in knee flexion at initial cont
nd a 12.8◦ increase in the maximum extension angle during stance phase. The transition int
hase became much freer with an increased rate of knee flexion by 83◦/s.
There was also a significant increase in post operative step length (increased by 0.1 m) and

peed (increased by 0.15 m/s) indicating that the gait changes described had a functiona
urely cosmetic impact. Our primary goal was to improve the children’s gait and we feel th
romising results are a reflection of careful patient selection.

iscussion

here are measurable kinematic and kinetic differences in gait analyses performed before a
DR. Spatial and temporal gait parameters also appeared to improve, after due allowance w

o normalise for growth. It is believed that these changes represent an important method of m
he outcome of patients subjected to SDR in the same way as scalar measures such as th
EDI, etc.
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S8.6:Correlation between the normalcy index and the edinburgh gait score in patients with
cerebral palsy
S.J. Hillman1, M.H. Schwartz2, M.E. Hazlewood1, J.E. Robb1
1AndersonGait Analysis Laboratory,Edinburgh,Scotland,UK; 2GilletteChildren’sSpecialtyHealth-
care, University of Minnesota, Minneapolis, USA

Summary

The Edinburgh Gait Score (EGS) and the Normalcy Index (NI) were computed for 106 legs of 53
subjects with cerebral palsy. Correlation coefficients were calculated between the two scores for each
leg, and also for each subject.

Conclusions

All correlation coefficients were found to be strong and highly significant. This supports the claim
that both scores are valid quantitative measures of the quality of gait in patients with cerebral palsy.

Introduction

The Edinburgh Gait Score [1] and the Normalcy Index [2] both seek to quantify the quality of a
subject’s gait with a numerical value. The NI is calculated from a set of uncorrelated variables which
are derived from kinematic data using Principle Component Analysis. In contrast, the Edinburgh Gait
Score was developed as simple gait assessment tool for use with video recordings when sophisticated
computerised gait analysis techniques are not available. The aim of this study was to examine corre-
lation between the Normalcy Index and the Gait Score.

Patients/materials and methods

Gait Scores and Normalcy Index values were obtained for 106 legs of 53 patients with cerebral palsy
who attended the Anderson Gait Laboratory for clinical gait analysis. Ages ranged between 5 and
39 years (mean age 12 years 4 months). Only barefoot data were used and NI was computed as the
average of between three and seven kinematic trials. Pearson’s product moment correlation coefficient
was used to correlate the EGS and NI for each leg, and also for each subject by summing the left and
right leg scores. Similar correlations were also computed between the EGS and the square root of the
NI. Spearman’s rank correlation coefficient was also computed between the EGS and NI for each leg
and for each subject.

Results

The following correlation coefficients were obtained.

Correlation type EGS variable NI variable Correlation
coefficient (r)

Pearson EGS for each leg NI for each leg 0.79

Pearson EGS for each leg Square root of NI for each leg 0.83

Pearson EGS for each subject NI for each subject 0.85

Pearson EGS for each subject Square root of NI for each subject 0.89

Spearman EGS for each leg NI for each leg 0.83
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Table 1. Patient diagnoses and sub-diagnoses
Cerebral palsy 385

Triplegia (10%)

Hemiplegia (14%)

Quadriplegia (18%)

Diplegia (58%)

Myelomeningocele 17

Normal 14

Traumatic/acquired brain deficit 14

Developmental variants 13

Other 80

Total 523

Beginning on 1 January 2002, the Gillette Children’s Specialty Healthcare Center for Gait and Motion
Analysis began using steps 1–4 as part of the standard protocol foreverypatient referred for gait
analysis. During the subsequent 12 months, 523 patients were seen.

Results

The patient population encompassed a broad range of diagnoses (Table 1). Of the 523 patients seen
in the lab, there were only two for which the functional calibration was unsuccessful. The increase
in test time was minimal, so there was no need to decrease the case load. The method performed as
expected based on prior studies with able-bodied volunteers, and has now become a vital part of the
gait analysis and interpretation protocol in the center at which this study was conducted.

Discussion

This study refutes the widely held belief that FMC, while theoretically sound, is not practical for
day-to-day clinical gait analysis. Many options exist for functional model calibration. The method
used in this study is just one member of this ever-expanding family. The authors strongly urge other
centers to implement functional methods as part of their regular protocol!
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S8.8:Procedures for the classification of movement analysis data in early diagnosis of a devel-
oping spasticity in newborns with icp
L. Meinecke1, N. Breitbach-Faller2, C. Bartz2, G. Rau1, C. Disselhorst-Klug1
1Helmholtz-Institute for Biomedical Engineering, Chair for Applied Medical Engineering, Aachen
University; 2Social Pediatric Centre Aachen, Aachen, Germany
E-mail address:meinecke@hia.rwth-aachen.de(L. Meinecke)

Summary

At the Helmholtz-Institute, a methodology has been developed, which allows the three-dimensional
acquisition of unconstrained movement in newborn babies. In this paper, the results of two different
classification approaches are presented. These classification approaches discriminate between healthy
babies and newborns at risk of developing spasticity due to infantile cerebral palsy (ICP), and is
based on parameters extracted from the three-dimensional movement analysis data recorded during
spontaneous motor activity. This procedure permits a forecast of a spasticity developing to be predicted
already at the age of newborn infants.

Conclusion

The classification algorithms presented allow a reliable discrimination between healthy and affected
subjects. Best results are achieved utilising quadratic discriminant analysis with a cost function.
Sensitivity as well as specificity reach detection values of around 75%. These values are expected to
r

pearman EGS for each subject NI for each subject 0.89

iscussion

he strong correlations are in accordance with the hypothesis that both scores provide a qua
ssessment of the quality of gait in patients with cerebral palsy, despite the fundamental diff
etween them. The stronger correlations found when the square root of the NI was used may be

he NI is the square of the Euclidean distance between the subject and the normal referen
ncorrelated coordinate system. The similarity of the rank correlation coefficients values with P
alues computed when the square root of the NI is used suggests that the square-law is pro
est model for the relationship between the two scores. The stronger correlations produc
ombined left and right scores may reflect cancelling of errors in some instances.
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8.7:The practicality of functional model calibration in a clinical setting
dam Rozumalski1, Michael H. Schwartz1,2
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ummary

he functional method for model calibration described by Schwartz and Rozumalski [5] was s
ully implemented as part of the standard testing protocol in a clinical gait laboratory.

onclusions

he use of functional methods is practical in the clinical setting.

ntroduction

unctional model calibration (FMC) is the use of patient motions to estimate joint parameter
ers/axes of rotation). Many FMC methods exist, such as those described by Capozzo [1],
2], Halvorsen [3], O’Brien [4], and Schwartz [5]. These methods have been shown to be re
recise, and accurate. The perception exists, however, that FMC is not practical for every
he concerns commonly voiced include: need for separate marker sets, increased time nec
cquire the needed range of motion (ROM) trials, inability of patients to carry out the ROM
nd difficulty in transitioning from the standard model to a new one. This study provides a q

ive description of one clinical gait laboratory’s experience implementing FMC. This study do
ddress the issues of accuracy and precision since they have been described in the literatur

atients, materials, and methods

n order to implement FMC the following steps were taken:

1. A marker set was developed that allowed simultaneous collection of standard and FM
(Fig. 1).

2. A ROM protocol was developed that took <10 min. Patients could perform the ROM tri
their own, or with the assistance of the gait lab staff.
a. Hip ROM trials: patient performs marching-in-place and lateral stepping. Patients u

to perform these tasks approximate the motions with aid from a physical therapist.
b. Knee ROM trials: patient stands on a slightly elevated platform while a physical the

flexes and extends the patient’s knee.
3. ROM data was processed using the method described by Schwartz and Rozumalski [5
4. FMC and standard gait data were reported together for comparison during the clinical r
ise with increasing patient and norm collective database size.
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Introduction

One year ago, a new procedure for reliably retrieving 3D motion analysis data in newborn babies
was presented at the ESMAC congress [1]. In a further step all parameters of the movement were
identified, that best describe the differences between healthy and affected subjects. By asking experi-
enced physicians in the field of neuropediatrics for their methodology of visual assessment, altogether
125 quantitative parameters could be extracted from the patient’s 3D movement data. These included
parameters regarding movement speed, trajectory smoothness, periodicity, range of motion, accel-
eration and distance between trajectories. Considered individually, each of these parameters does
not permit a conclusive statement to be made as to whether or not the patient is at risk. Therefore
optimized parameter combinations were used and the subjects’ movement was preferably arranged in
homogeneous classes as “healthy” or “at risk”, respectively, by an adequate classification procedure.
Two different ways of classification were tested for their feasibility.

Methods and patients

The first technique (methodology A) tries to discriminate between healthy and affected subjects by
utilising five selected parameters. To find the optimal combination of parameters, cluster analysis based
on Euclidian distances was used. A measurement trial is then used to verify if these five parameters are
within the range of the standard deviation for the norm collective with respect to each of the parameters.
Depending on the number of parameters within or outside the standard deviation, classification is
effected. The second, more complex approach utilises quadratic discriminant analysis with eight
parameters and a cost function (methodology B). Here, the selected parameter values of a measurement
trial are compared with all corresponding parameter sets in a database, for which the classification
of each parameter set – healthy or affected – is already known. The classification for the parameter
set showing the greatest similarity with the measurement trial is then adapted to the measurement
trial itself. The patient collective consisted of 8 preterm newborns with cerebral hemorrhage for the
pathologic group. The norm collective consisted of 16 normal newborns. Measurements were carried
out during the first, the third and the fifth month of life, calculated with respect to the target date of
delivery.

Results and discussion

A comparison of the two classification procedures shows that the quadratic discriminant analysis with
eight parameters and a cost function partly achieves substantially higher sensitivities in relation to
methodology A. On the other hand specificity, which depends upon the variant of the cost function,
is on the same level or only slightly below. Summarizing quadratic discriminant analysis based on
eight parameters proves to be the best classification procedure. Depending upon the selected cost
function, detection rates of 70% for healthy babies (specificity) and of over 80% for affected subjects
(sensitivity) are reached.

Reference

[1] Meinecke L, et al. Movement analysis in early diagnosis of a developing spasticity in newborns
with infantile cerebral palsy. Gait Posture 2003;18(Suppl 2):96–98.

Orthopaedics
S8.9:Long term follow-up of gross motor function after uncemented total hip prosthesis using
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Fig. 1. Marker set suitable for both FMC and the standard gait model.

S8.10:An RCT of functional outcome up to 2 years following total knee arthroplasty with and
without patella resurfacing
C.M. Myles1, P.J. Rowe1, R. Nutton2
1School of Health Sciences, Queen Margaret University College, Edinburgh, Scotland, UK;
2Department of Orthopaedic Surgery, New Royal Infirmary of Edinburgh, Scotland, UK

Summary

This study measured active, sagittal, knee joint motion prior to and up to 2 years following total knee
arthroplasty (TKA) using a system of electrogoniometry. Two randomised group of patients one with
and one without patella resurfacing were compared to a group of normal age matched subjects.

Conclusions

Patella resurfacing did not result in an increase in the functional range of movement after knee
arthroplasty in the subjects studied. While patella resurfacing may be appropriate in some individuals,
it should not be carried out routinely in patients with osteoarthritis of the knee in an attempt to improve
knee function.

Introduction

The need for patella resurfacing remains an area of controversy in total knee replacement surgery
[1,2]. The authors in a previous report of knee arthroplasty subjects [4] indicated that knee motion
is limited following joint arthroplasty across a portfolio of functional activities. However there is no
similar reported evidence on the effect on knee function as measured by functional range of movement
in patients undergoing knee arthroplasty with and without patella resurfacing [3].

Patients/materials and methods

The study design was a blinded, randomised, prospective, controlled trial. The knee joint functional
ranges of movement of a group of patients (n= 50, mean age = 70 years) with knee osteoarthritis were
investigated prior to and following (4 and 18–24 months) total knee arthroplasty along with a group
of normal subjects (n = 20, mean age = 67). Patients were randomly allocated into two groups, those
who received patella resurfacing (n= 25) and those who did not (n= 25). Flexible electrogoniometry
was used to measure the flexion–extension angle of the knees with respect to time in eleven functional
activities (Gait, Ascending a slope, Descending a slope, Ascending stairs, Descending stairs, Sitting
down to a low chair, Standing up from a low chair, Sitting down to a standard chair, Standing up from
a standard chair, Getting into a bath, Getting out of a bath).

Results

For each of the eleven functional activities a single cycle was identified and the minimum, maximum
and change in knee joint angle (excursion) of both knees were calculated. Repeat measures analysis
of variance (ANOVA) was used to test for differences between means. A General Linear Model was
used involving one within subjects factor with three levels (pre-operative, 4 months post-operative
and 18–24 months post-operative) and one between subjects factor (patella resurfaced or patella not
resurfaced). No statistically significant differences (alpha level 0.05) in joint excursion of the affected
knee were found between patients who received patella resurfacing and those who did not. However all
p normal
s

D

T tivities
p ration
t er there
w e patella
r r clinical
i

R

[ ella

[ l knee
–81.

[ us not
56–61.

[ prior
osture
arris hip score (HHS)
. Lenaerts1, B. Rys2, I. Jonkers1, M. Mulier2, A. Spaepen1

FLOK/KULeuven, Leuven, Belgium; 2UZ-Leuven, Orthopaedic Department, Pellenberg, Belgi

ummary

long term follow-up of locomotor performance after total hip joint replacement (THR) is pres
sing the Harris Hip score (HHS) [1]. The interdependence of gross motor function, hip ra
otion (ROM), pain and deformity was analysed over 1 year.

onclusions

ithin the study population, increased HHS is found, documenting improved clinical status.
mprovement is related to reduction of pain. Only thereafter, gross motor function (GMF) imp
nitiating a combined improvement of pain, gross motor function and range of motion.

ntroduction

he long term effect of total hip joint replacement on motor function is scarcely documented. Ho
alidated tools are available to asses clinical outcome after total hip joint replacement [1]. HHS
ross motor function (walking distance, use of walking aid, ability to climb stairs, presence of lim
. .), hip range of motion, pain and deformity (contractures and leg length discrepancy).The
tudy aims to document the temporal interdependency of changes in these subitems in a l
ollow-up (12 months) after uncemented THR.

atients/materials and methods

hirty-eight patients, aged 21–79 (average 48), were examined 1 day before surgery (T1), 6–
T2), 12–14 weeks (T3), up to 1 year after surgery (T4). All patients received a primary, unce
ustom made total hip prosthesis [2]. The HHS was calculated for each time point. The score
n a rating scale with a maximum of 100 points including four topics: pain (max. 44 points),
otor function (max. 47 points), range of motion (max. 5 points) and deformity (max. 4 p
he total HHS and subitems were analyzed using an ANOVA for Repeated Measures (Statist
ucky HSD post hoc test was used to determine the significance if the differences between
oints. Significance level was set toP≤ 0.05.

esult

significant improvement in HHS is found after surgery (47.4–86.0). Although, improvement i
core is prominent during the first 6–8 weeks after surgery (13.9–34.6), a minor decrease i
unction is present (24.8–24.5). Thereafter, a significant increase of GMF is seen until 1 year
24.5–37.2).

Although a positive trend can be observed, the changes in the hip ROM score were not sig
ver time (4.5–4.9).
The deformity score remained constant over time (4.0).

iscussion

ositive outcome after THP is documented, with improvements up to 1 year after surgery. Mon
f the different subitems over time reveals initial pain reduction to be the immediate effec
urgery. Only after 12–14 weeks, an effect on gross motor function and hip ROM was foun
ndings seems to suggest that when monitoring changes in gross motor function after THR
s crucial and only of limited use when applied during the first 6–8 weeks after surgery.
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atient groups showed significant reductions in joint excursion compared to the age matched
ubjects for all eleven functional task recorded (t-test,P < 0.004).

iscussion

he patients showed significant limitation of active knee excursion during all functional ac
rior to surgery and little improvement following surgery in knee motion. Two years after ope

hey used only approximately 75% of the knee angulation seen in normal subjects. Howev
as no evidence to suggest that this situation was made better or worse by the use of routin

eplacement and hence this procedure should be reserved for situations in which there are clea
ndications for replacing the patella surface.
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Table 1. Outcome measures
DFEO with PTA DFEO only PTA only

Pre Post Pre Post Pre Post

KF contracture (◦ ) 18 (9) 1 (4)a 21 (6) 7 (8)a 5 (8) 0 (4)a

KF at initial contact (◦ ) 48 (11) 28 (12)a 48 (19) 37 (14)a 38 (9) 26 (10)a

KF min. in mid stance (◦ ) 42 (13) 10 (12)a 43 (17) 31 (13)a 31 (13) 13 (15)a

KF range of motion (◦ ) 28 (11) 49 (12)a 24 (9) 28 (9) 35 (18) 48 (18)a

Norm speed 0.271 (0.1) 0.237 (.09)a 0.274 (0.11) 0.246 (0.11) 0.265 (.13) 0.268 (.11)

Koshino index deviation 0.135 (0.12)−0.164 (.18)a 0.138 (.23) 0.002 (.19) .007 (.13) −.171 (.10)a

a
Indicates statistical significance of pre-post changes at theP < 0.05 level.

S8.11:Distal femoral extension osteotomy and patellar tendon advancement for treatment of
persistent crouch gait in individuals with cerebral palsy
Jean Stout1, James R. Gage1,2, Tom F. Novacheck1,2, Michael Schwartz1,2
1Gillette Children’s Specialty Healthcare, St. Paul, USA; 2Department of Orthopaedic Surgery, Uni-
versity of Minnesota, Minneapolis, USA

Summary

A retrospective study design was used to evaluate the effectiveness of distal femoral extension os-
teotomy and/or patellar tendon advancement surgery for the treatment of a persistent crouch walking
pattern in individuals with cerebral palsy.

Conclusion

The combination of patellar advancement with distal femoral extension osteotomy is an effective
treatment for persistent crouch gait in individuals with cerebral palsy. A distinction of outcome of
distal femoral extension osteotomy is noted depending on whether or not advancement of the patella
is included in the procedure. The patellar tendon advancement only group exhibits differences from
the other two groups pre-operatively reflecting less severe crouch.

Introduction

Persistent crouch gait is a common problem in adolescents and young adults with cerebral palsy (CP).
Soleus insufficiency from previous interventions, lever arm dysfunction, and/or decrease in the power
to mass ratio during adolescence can all be precipitating factors. Increased patellofemoral pressures
likely contribute to increased pain which often leads to a discontinuance of ambulation. Traditional
treatment typically addresses the muscle tightness component but not the muscle insufficiency. Ef-
fective treatment may need to address both components to reduce pain and maintain ambulation into
adulthood.

Patient/materials and methods

IRB approval was granted for this study. Subjects consisted of 35 adolescents and young adults with a
diagnosis of cerebral palsy (55 knees) who had previously undergone either (i) distal femoral extension
osteotomies with patellar tendon advancement (DFEO + PTA), (ii) distal femoral extension osteotomy
without patellar tendon advancement (DFEO only), or (iii) patellar tendon advancement alone (PTA
only). All had pre- and post-operative 3D gait analysis. Community function was assessed pre-and
post-operatively as well using the Gillette FAQ and the PODCI parent report measures [1,2]. Patellar
position was measured on X-ray using the Koshino Index [3]. All had at least one additional procedure
performed simultaneously. Findings were analyzed using a one-way ANOVA between groups and
pairedt-tests within groups.

Results

The average age of the individuals across all groups was 13.2 (10.0–30.25) years. Average duration
between surgery and post-operative assessment was 1.06 (.58–2.08) years. Fourteen individuals ha
DFEO + PTA (21 knees), 10 had PTA only (18 knees), and 11 had DFEO only (13 knees). The
average time duration between the surgical procedures and the post-operative assessment was 1.0
years. All subjects had at least one additional procedure performed simultaneously (see Table 1).
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S8.12:Effect of selective dorsal rhizotomy on gait in children with CP: the risk of including
soleus and gluteus rootlets in the SDR procedure
G. Molenaers1,2, K. Desloovere2,3, L. De Borre1, P. Pauwels4, J. De Cat4, M. Eyssen5, P. De Cock5,
B. Nuttin6, J. Nijs1,2.
1Department of Paediatric Orthopaedics, Belgium; 2Clinical Motion Analysis Laboratory of the Uni-
versityHospitalPellenberg,Belgium; 3DepartmentofRehabilitationSciences (K.U.Leuven),Belgium;
4Department of Rehabilitation, Belgium; 5Department of Neuro-paediatrics, Belgium; 6Department
of Neuro-surgery, Belgium
E-mail address:kaat.desloovere@uz.kuleuven.ac.be(K. Desloovere).

Summary

Objective gait analysis indicate that carefully selected children with spastic diplegia (N = 18) signif-
icantly improve their kinematic and kinetic profiles 10 months and 2 years post SDR. Children who
received rhizotomy of soleus and gluteus rootlets (N= 6) have a higher risk for pelvic anterior tilt and
for crouch than children who received SDR, preserving the soleus and gluteus rootlets (N = 6).

Conclusions

SDR results in a significantly improved gait 10 months and 2 years post surgery. The results further
suggest that when including the soleus roots by not monitoring the soleus and gluteus-muscles in the
selection procedure of SDR, there is a risk for increased pelvic anterior tilt and for limited knee and
hip extension in stance. By preserving the roots for the soleus and gluteı̈, the children develop more
pelvic and knee control in stance.

Introduction

Only a few previous studies evaluated the effect of SDR on a carefully selected patient group, including
only children with spastic diplegia, and there are no studies reported on the change in kinetics post
SDR. The aim of the study was to evaluate the changes in gait pattern 10 months and 2 years post
SDR and to define the risk for pelvic instability and crouch gait. We hypothesized that SDR would
significantly improve gait, especially when soleus and gluteus rootlets were preserved in the SDR
procedure.

Methods

The group consisted of 18 children with spastic diplegia, (age range 4.8–12.3 years), with periven-
tricular leucomalacia, ambulant, with good strength and selectivity, and without previous orthopaedic
surgery. Sensory rootlets of L1 to S2 were stimulated, and the selection procedure was based on obser-
vation of abnormal EMG and clinical patterns, resulting in an average SDR of 29.9%. Two subgroups
of six children were selected. For the first group, soleus and gluteus medius rootlets were included in
the selection procedure when pathological patterns were observed during the surgical procedure. For
the second group, soleus and gluteus rootlets were preserved in the SDR procedure, to prevent crouch
and pelvic instability. Each child underwent a comprehensive pre-operative evaluation including clin-
ical examination and 3D gait analysis with joint kinematics, kinetics and surface EMG of 8 lower
limb muscles, in the month before SDR, and 10 months and 2 years post-operatively. Ninety gait
parameters were assessed blind by the same kinesiologist at the different evaluation times. Repeated
measures analysis of variance was used to assess the differences over time for continuous data and
the wilcoxon signed rank test was used to compare interval data, with a criticalP-value of 0.005 (with
Bonferroni correction).
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esults

t 10 months and 2 years post SDR, all children significantly improved for ankle kinema
nitial contact, terminal stance and during swing (P < 0.005). Ankle moments and power improv
ignificantly at loading response and terminal stance (P < 0.0001). Knee extension at initial cont
mproved for all children (P < 0.001) at 10 months and 2 years post SDR and knee and hip ext
t terminal stance improved significantly at 10 months post SDR. However, the originally im
nee and hip extension was lost at 2 years post surgery for the children who received SDR wit
ootlets. Children who received SDR without selection of soleus and gluteus roots, preser
mproved extended position in stance until 2 years post SDR. All children gained pelvic stab
he sagital plane (P < 0.001), but improved pelvic anterior tilt and increased ankle power gene
t terminal stance was more frequently observed for the children who received SDR without s
oleus and gluteus roots. Changes in time and distance parameters were similar for all chil
ere mainly seen 2 years post-SDR.

iscussion

he results of our study demonstrate that SDR is successful in improving the walking perfo
n children with spastic diplegia, however, the selection of patients and the fine-tuning of th
rocedure is of primary importance when functional improvement is the goal. Our objective g
ocument that crouch and pelvic instability post SDR can be prevented by preserving sol
luteus rootlets in the SDR procedure.
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