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TheWorld’s
first mobile qut
laboratory

The Gait Léoratory a the Cental Remedial
Clinic is unique within the ish Health Ca
System. Br the pastifieen yeas CRC has
offered this specialised séce ndionally,
providing compehensie assessmerttiagnosis
and mangement solutionsoir children and
adults with valking disaility. The objectie
information provided ty gait anaysis enhles
clinicians to diferentige betveen a omber of
conditionsto male recommendgons or
sumgical, medical and consegtive interwentions
with confdenceto monitor the pgogress of edt
client following intervention and to objectgly
evaluae the diferent tegmentsThe laboratory
and team & recaynised intemdionally as
leades in their feld, resulting in mmeous visits
from @road eah year ly medical teams
wishing to eplicate CRCS sevice in their avn
counties.

Almost 40% of @it laboratory clients ae from
outside Dulin, resulting in &milies often heing
to travel long distances taain the bendfof this
specialised seice. In genenl, a qait assessment
can last aywhere betveen 1.5 and 2.5 haiand
children ae often tied and tight in their msdes
by the time thg begin their anaJsis which can
lead to dificulties with compliance and in
capturing representtive dda. For some &milies
the pocedue can mean aew tiring fourteen
hours ound tip or an &pensve ozemight sta.

Part of the lish govemments Health Setegy is
to ensue thd treament or cag is povided in the
most g@propiate setting and thigdients should
receve a ¢ear benéf from their contact with the
health systemAdditionally the eport “T owards
an Indgoendent Futwe” on piovision for people

with disabilities stdaes amongst the main
recommendaons tha “Regional cild
assessment teams should beldistzed in eah
health boad area”, and sugests tha
“Centralisation may result in ural dients being
unable to avail of sewvices” and pinpoints the
need ér “a co-ordinated sevice...intoducing a
team gproadc to reduce the sense of istiten of
therapists”. Additionally, the Naional
Children’s stetegy recommends thiahildren
with a plysical dishility are entitled to the
sewices thg require to fulfl their potential and
emphasises the need to iloy® the point &
which sevices ae accessedytrhildren and
their families. In ecent yas CRC has
embmaced this camg philosoply by providing
regonal assessment teams &mious pats of the
county and moe recenty in estlishing
pemanent safices inWaterford and in
Limerick. Up to nav it has not been postgito
offer gait analysis as parof theseegonal
sewices.

M obile Gait L aboratory

Gait angysis is a laoratory-based seice
locaed in a pyvose-hilt facility a Dulin.
Until recenty technolagy was not adanced
enough ér sut a sevice to be aything other
than ldoratory-basedHowever, due to ecent
developments in th€odamotioranaysis
system usedt&RC,which is manifactued ty
Chanwood Dynamicsthis situgion has
dramdically changed As a esult of deeloping
a nav systemdr use in the Intedional Space
Staion thiough a contrct with MIT and MSA,
Chanwood Dynamics hae developed a ng
system called CXwhich is \ery small,easiy
transporable and can wrk from a Igtop.

Continued on page 2

Gait

Analysis
goes on
the ioad

Rory O'Sullivan and Mile Walsh.

On route to Limeick is wha is beliered
to be the wrld’s first truly portable gait
anaysis leb. Mike Walsh is the CRC
gait lab manaer (iight).

“Working with Coda hasigen us the
chance to deelop our outead sewices.
For the frst time we can quikly set up
our potable gait lab, we dont need a
dedicded huilding and all our essential
equipment can &wel in an estte
vehide.

This is impotant work as both our non
sumical and sugical stiategies can
male the diference to alsild walking
independenty or being confied to a
wheeldair, with all the implicdions
tha brings thoughout the kild’s life.
Our nav ability to transpot the
technologies tha will deliver real time
anaysis can and will @end the
oppotunities of our vark.”



TheWorld's first mobile @it laboratory - continued from page 1

At the ba@inning of 2004 CRC pehased
three CX1 motion angbess, two AMTI
portable force plaes and a 16f@annel
wireless Noaxon EMG system. Chawood
Dynamics &cilitated the hadware and
software intgyration of these thee systems
effectively providing
a‘“turn key” pakage
for setting up as a
mobile unit. CRC
designed and
commissioned the
building of a fore
glass valkway which
measues 15 mees in
length and 1.5 meds
in width when fuly
assemled, and
which allows the
force pldes to emain
flush with the
walkway. This
walkway has been
developed with ifteen
single and @nspotable pieces wmich dip
firmly together with a special siddéig. A
Panasonic video camemwith Dolly wheels as
well as a VD recoder and LCD monitor
were also puthased to alle quality video
capture of dients walking.

An adlitional pat of the mobile poject was
in the aea of telemediciné&/ideoconérencing
(VC) facilities were installed in the gjt
laboratory with projection to a lage wall-
mounted saen in the Ia. A second mobile
VC unit was puchased to g on the oad with
the mobile l&. While the d&a acquisition
cgpabilities can nav be maed out of the

laboratory, the coe epetise iemains in CRC.

Exploitetion of moden telecommnicaions
facilities allavs for medical ecommendt@ons

Figure 1: Kate Hanlg seen hex with dudith her mother as our irst
client for gait anaysis with the ne& mobile system.

to be made cerdafly by an expett team based
on dda ctured emotey.

A first pilot of the mobile git laboratory was
run in eaty Summer 04 in CRG@’cente in
Limerick. Limerick was dosen because CRC
own a lage huilding in tha city from where
they provide specialised séag and dent

Figure 2: The mobile git anaysis lab “fast and easy to set ugrfreliable real time déa cature”.

technical sevices. Pilot testing @s caried
out on an actual piant (figure 1) and was
very successful with the acquisition of a full
and dean 3-D kinemtc, kinetic and EMG
daa setThe first oficial outread dinic was
conducted adv weeks lger and a lie dinical
reporting session w&s done fom Limelick to
Prof. O'Brien’s dinic in Clontarf Effectively,
three souces of déa were comnunicaed live
over the videocorgrence namey, laptop daa
for the kinem#c, kinetic and EMG ggphs
etc, video daa to allav the team to actuall
see a kient walk, and d&a from a docucamar
which allowed Pof. O'Brien to ead tinical
examindion measues and see doctrreferal
letters, etc This real time eporting session
was also ety successful and Bf. O'Brien
dictated his medical and ggical
recommendions viaVC.

Effectively, these bildren eceved their
specialised assessment with full medical
recommendgons from an &pett team
without having to travel out of the local
regon. The eedbak which has come &m
the paents of thesehildren is werwhelming
and \ety gratifying so far. They are asolutey
delighted with not hang to trawel the long
and cosy distances to Duim for this
assessmenddditionally, local theepists can
attend the eporting sessions and become
more dosely involved with the decision
making pocess in thelents whom the tred.
The outead sewice also povides them with
direct access to a g and specialised
knowledge base Wich the \ery experienced
gait laboratory team possesseEhis will be
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A New Coda
Laboratory in Israel

Uri Givon MD, Medical Director » Motion Analysis
Laboratory and Human Performance Center,
Sheba Medical Center, Tel Hashomer, Israel.

“T he Shba Medical Center is the Igest
medical &cility in the stae of Isael. The
generl and ehabilitation hospitals on
the Shba campus hee moe than 1,000
beds,and povide sevices to all ges and
all pathologic conditions After we have
identified the needdr a moden motion
analysis system in the hospital seach
committee \&s ceated to seath for the
best system\ailable.

The committee as headed ypthe
director of the ehabilitation hospital,
and induded plysicians and thepists
involved in the teament of adults and
children,amputeesparaplegics,
orthopaedic and newotogical conditions.
All of these pofessionals met and deéd
the necessarabilities of the system to be
installed in the hospitalfter reviewing
the needsthe committee decided tha
only an actve maker system isersétile
enough to anser our needsThe net
step in the pocess s to eview the
available systemsand the Coda CX-1
system as doseri.

The Laboratory a the Shea Medical Cent will be feaured
in the next issue of MotiorTimes.

further enhanced with a ses of egular
workshops and edutianal lectues which
will f orm pat of the outeat sewice. One
large and immedig benei to the lish Health
Sewice and local Health Bods is thathe
mobile dinic provides a lav cost solutiondr
providing gait anaysis sevices in local
Health Boad areas. Eale Health Boad,
whilst they might hare a desi to povide
specialised seices localy, would find it
impossilhe to inance and deslop ait
laboratories in eah akea. Lilewise the sie of
the populéon requiiing the sevice locally
would not justifythe investment. By pviding
a mobile ldoratory CRC has déctively
provided a lav cost solution Wwich Health
Boams can congct out(figure 2).

The mobile I& was piloted successfylin
Waterford city in October and thér§t oficial
outread dinic commenced in ebr
November



The impotance of a Clinical GaAnalysis L&

Prof. Timothy M O’Brien, MCh, FRCSI - Born in1951 at Loughrea, County Galway, Ireland. He is married to classmate Dr Mary Jennings who he describes as his lifelong friend, they have three children.
His qualifications are: - Undergraduate training at University College Galway 69-75. MB, BCh, BAO June 75. FRCSI 79. MCh 83. Fellowships in Paediatric Orthopaedics at the Hospital for Sick Children
University of Toronto Canada 83-84 with Prof. Robert B Salter and the Children’s Hospital, Harvard University, Boston 84-85 with Prof. John E Hall. Prof. O’Brian was the Abraham Colles Professor
of Orthopaedic Surgery at the Royal College of Surgeons, this being the first chair of Orthopaedic Surgery in Ireland. Director of Postgraduate Training in Orthopaedics in Ireland 91- 01
and Chief of Department of Orthopaedic Surgery, Mater Misericordiae Hospital from 90 through 94.

In 1990,Prof. O'Brien estalished the finical Gait
Analysis L & the Cental Remedial Clinic
Dublin and hasemained its Dictor since this time

Prof. Tim O’Brien (second fsm right) with be Gallgher Ann
Jenkinson and Mi&Walsh.

“Gait anaysis has come a longaysince |
first met David Mitbelson @er twenty yeas
ago & a conérence | realised thahis
automdic identification by Coda of indidual
marikers was a major aghnce athe time |
had spent mandays in Boston tying to tradk
maikers mamally and the autonti&
identification even of supei€ial makers was a
grea improvement. N/ we have piogressed
to models using Eules’'mahemdics, and the
daa is consistent an@producibe. The
Cental Remedial Clinic has been committed
to a GaitAnalysis Léoratory to provide the
best cae for its pdients br 15 yeas. Duing
this time we have shaed our knavledge and
exchanged ideas with a lge rumber of
intemaional visitoss to the Laoratory and ve
have hosted the Bish Paedidric Orthopaedic
Society and the Bish Ceebral Palsy Society
at our Laboratory as vell as the Swdish
Paedidric Orthopaedic SocietyESMAC was
hosted  the Laoratory in 1996 .We ae still
working with Coda and taking nev ground
with wha | believe is the verld’s first tuly
portable gait anaysis systemWe hope the
the net fifteen yeass will be as fuitful and as
beneicial to our péients as the last”.

Gait angysis is the scieniif method of
recoding and angking aait in nomal and
abnomal conditions. Jst like pdients who
undego tregment to carect bory abnomality
have X-rays talen to deihe the defrmity,
paients with valking @nomalities should
have these mpety deined bebre undegoing
treament. The subjectie visual assessment of
gait and the stic measuement of joint motion
are no longr adequi as indictors of the
success of gament undelken to impove
walking. For example lengthening of the
Achilles tendon mpresult in the loss of an
equirus contactue on stéc clinical

examindion and an ppaent visual
improvement with the gégéent making initial
ground contact with the heel. tever, closer
anaysis often demonsited a disimpovement
in walking after this ppcedue with the
development of a @udc gait and la& of "push
off". As a esult,lengthening of théchilles
tendon,once the most common gjgal
procedue in Othopaedic Swgety is seldom
performed nevadays to imppove gait in
children with Ceebral Palsy

In our leboratory we defne nomal walking as
“walking & a combrtable pace were both
lower limbs ae in contact with thergund
together (douke suppoat) for 20% of the
time”. When people wish to alk & a faster
pace the pérd of doulbe supporis reduced
In contlast,when pdents hae a painful laver
limb the stance time of théower limb tends to
be reduced waile the stance time of the moal
limb is increasedThese subtle diérences
mean thg even thoughnormal cait" is so
standadl, it is easy to@canise a fiend's valk
on heaing them gproad. One canven moe
readily recanise dnomal patems sub as a
dropped bot or an antalg gait.

To undestand &nomal aait it is first
necessarto stugy nomal gait as this povides
the standat reference to vkich the @it of ary
paient is judgd The tem "nomal”, in
reldion to quit anaysis, refers to the aerage
patem of walking in both sges and inluides a
wide range of individuals of \arying age and
body shape While we pioduce mean and
standad deviation déa for the objectie dda
collected in the lboratory, we also ecaynise
that cetain nomal individuals walk with
different "nomal" patems. For example a
rolling patem is common in heéer
individuals while other nomal people walk
with an occasional skipVe ae paticulardy
careful to compag an indvidual pdient's
patem with an ge and veight ielated nomal.
This is especiall important in older ptéents
whete doulte supportends to be mlonged
with increasing ge

It is also impotant to ealise thawhile a
paient’s cait may differ in some \ay from
nomal, this does not necesg#grmean tha
this deviation is undesiebe. Mary gait
abnomalities ae a compens®n for some
problem expetienced ly the paient,and while
they may be considexd dnomal they are
nonetheless usefuloFexample in an
individual paient the &nomal patem of
walking mg indeed be the mostfafient way
of walking for tha paticular peson. In our
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expelience paients with hemiplgic cerbral
palsy who hae a lg length disapany may
initially be helped Y the deelopment of an
equirus contactue which equalises their ¢g
lengths. In other cilumstanceg;ontactues
and the deelopment of defrmities mg lead
to a \ery inefficient patem of walking. For
example a recuvatum debrmity of the knee
sewes no useful ppose

The ole of qait anaysis is to identify
chamcteistic individual patems of walking to
allow diagnoses to be made and domied to
identify ineficient and Anomal patems and
to predict the outcome of sgical or other
interventions designed to impve both the
patem and eficiency of walking.

In the mangement of valking disoders, gait
anaysis has alleed us toeplace empical
tregments sud as elongtion of theTendo
Achilles, with sugical recommendions based
on objecte dda. Gait anafsis is an ample of
how technolagical adrance hase-defned our
scientifc knovledge. Histoiically there hae
been man difficulties in intepreting motion.

Figure3:
Horse-Racing

Theodoe
Geiicault
(1821)
Louvre, Raris.

Artists in the 19th centurdepicted the
galloping hose with its bur hoaes of the
ground and its lgs extended(figure 3). Today
the image of these 'lfying" horses looks &ry
strange indeed bt in the 19th centyrthis was
the accpted deiction of mcing hoses. The
phota@raphic derelopments pioneed ty
Muybridge demonstted tha this was
incorrect and the gloping hose ony left the
ground in the lexed position. Technology can
indeed alter our acpéed concpts and this is
wha gait anaysis has don&Ve use ourlmical
gait anaysis lboratory as a cost-ééctive
monitor of our péents with ceebral palsy and
other neunmuscular and dhopaedic
conditions. In elaion to hav children walk,
gait anaysis has alleved us to identify theote
of the ectus émois in stif knees and the
development of a @ucdh gait due to subacute
or chronic mpture of the kneexdensor
medanism. It is paiculady helpful in
differentiging idiopahic toe valking from
mild diplegia.



Using Coda to assess spinalvament

True skeletal meement athe lov bad is
difficult to measwe non-ivasively as this
regon is entosed in a mobile soft tissue
ernvelope

Mr. John Rice Consultant Gthopaedic
Sugeon,joined our teamdr a peiod of two
yeas to see if an agitetion of motion analsis
could be used to assess spinavemoent. In a
preliminary stud/ we demonstted tha saittal
movement of the lver spine imolves not on}
movement of the lumbaegon kut also
movement of the lver pat of the thoacic
spine (Rice et al. 2002). In thstud/ we
proposed thiethe“functional lonv badk” extends
from the saam to the mid thacic spine and
tha movement of thisegon can beegarded as
the mavement betwen the immobile section of
the thoacic spine and the saepelvis.We then
designed suate mounts thave fitted to the
sacp-pelvis and the pximal thocic spine

These mountstained a constarglgionship to
the unddrying skeleton,unafected ly skin
movementand allaved us to accately
measue marement of the “functional o
bad". Our Coda MPX system then alled us
to isolde and ecod motion of both the lo
badk and the laver limbs joints simltaneous}t
(figure 4). We perbrmed tvo investiggtions
using this set upThe frst one vas to
investigete the toe touuing test and the second
to look a spinal m@ement dung nomal
walking. Ead subject haddur surbice mounts,
eadh of which had thee LED makers, attached
to the bllowing sites:1. the upper thaix

2. the sa@-pelvis

3. the rmur and

4. the lg.

The upper tharcic mount s stuk to the skin
5 - 10 cm inérior to the ertebra plominens &
the base of the nkecWe have peviously
demonstated tha the skin &this site maintains
a constantelaionship with the undéying
skeleton (Rice et aR002). The pelvic constrct
was dtached to the pelvistahe antdor and
posteror iliac spines and theforal mount
was d@tached to an endifing strap tha was
applied betveen the leeral and medial
epicond/les of the distaldéhur. In a similar
fashion the lg mount vas dtached to a sap
encircling the lderal and medial malleoliAll
four mounts wre aligned ettically and paallel

Figure 4: Volunteer with mountsteached perbrming the toe-
touching manoeuw.

to ead other vihen vieved in the antamical
trans\erse plane befre the manoeues vwere
caried out.

A group of eight wluntees were enolled to
perform a seles of toe touling manoeuwes
with the mountstgaded as desitred
Clinicians commonyl use the "toe touning"
manoeuve to assesswwbad function.This
involves asking pi#ents to benddrward and
atempt to touh their toesWe found tha
flexion duiing the toe touting manoeuvs
involves not ont low badk and hip mgement
but also ankle plantateikion and a &rying
degree of knee meement.The lov badk and
ankle m@ements wre highly corelated within
ead subject to anxtent tha sugyests a
functional connection betwen the laver limb
and lav bak movementgfigure5).

The signifcance of our wrk is two-fold.
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Figure5: Dynamic maement athe lav bad, hip, knee and ankle is
represented gphically for a toe toulsing and ecovery to a position
of trunk extension. In this gaph fiexion is represented as an ujpwd
deflection.

Firstly, we emphasise théhe toe touaing test
represents a combined wement of the
bad, the hipsthe knees and the ankles and it is
reasonble to sugest thaabnomalities of these
joints may affect the tinical relevance of the
test as an inditar of ba& movement.

Secondy, we point out thethe guidelines of the
Amelican MedicalAssocidion in using the test
to detemine hip meement ag incorect as thg
do not talk into account the ffct thaknee and
ankle m@ements ma& on the estinten of hip
movement.

In the second irestigetion Mr. Rice used the
same setup to meastthe kinemtics of the
“functional lov badk” during nomal gait. . A
number of wluntees when askd to valk by
the Coda MPX systems in our Gaitil aith the
maikers dtached as in [g. 1. In this stug we
made no tiempt to model the spin&Ve noted
tha movements tthe lav badk were biphasic
The geaest lav badk movements were found
to occur in the ains\erse plane (mean 23
degrees) vhile a mean of 17 dgees of
movement occued in the casnal plane and
only 5 degrees of mgement in the gittal
plane These ihdings confm, while using a
non-invasive tednique tha thee ae signifcant
ranges of meement athe lav bad during
walking. This lends some suppdo the thegr
tha rotaional mosement athe lov badk is a
major component of human locomotion.

In summay we found tha adating the @it
analsis system as \ery useful br

investigating motion of the spin&Ve have since
developed a mar tigid model of the spine and
hope to pulish it in the near futw: Ffteen
children and ten adults ¥ been tested using
this model and some moel reference dea has
been estalished
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