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Therolethat gpind motionplaysduring
ambulationisnot clearly understood. Few
invivo, regiond spina motiondataexistin
theliteraturewithregardtowaking; andmost
gatandyssmoddsdisregard theupper body
altogether, or regard it as a single rigid
structure. This study aimed to increase
understanding of the contribution of spina
moation duringambulaionby improvingthe
way Joind mationismodded and measured.

Themain hypothesswasthat regiond
goind motionissgnificant duringlocomoation,
suggestingthet thespineplaysamoreactive
roleduring gait than previoudy thought. To
test thishypothesis, akinematic modd was
devel oped and validated that enabled three-
dimensiond (3D) head, cervicd, thoracic,
lumbar, and pelvic motion to be collected
amultaneoudy with conventiond lower body
gat parameters. Regiond spind motionsin
able-bodied subjects were collected and
analyzed across arange of self-selected
walking speedsto establish normd petterns
of spinal motion acrossthegait cycle. Comparisonswith
dataavailableintheliteratureindicated that 3D lumbar and
thoracic spinal range of motion from ten able-bodied
subjectsweresimilar tothoseprevioudy reportedinthe
literature.

A second hypothes swasthat restricting spind motion
producesgait compensations. To addressthishypothes's,
datawere collected asable-bodied subjectswa ked with
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Figure 1: An able-bodied sub-
ject wears the fiberglass body
jacketand the markers that were
designed for this project.

and without imposed spinal restriction.
Redrictionwasachievedwithafiberglassbody
jacket (FHgurel), smilartoaThoraco-Lumbo-
Sacrd orthoss. Congtraintson spinal motion
often are present in persons with spine
deformity, especidly after surgical fusonto
correct deformity. To understand theclinica
implicationsof goindl redriction, detafromtwo
persons with spine deformity were also
assessed pre- and post-opertively.

Somelower body compensationswere
presentin able-bodied personswakingwith
spind regtriction, indicating thet resricted goine
motion had a small effect on certain gait
parameters. The invariance of their gait
characteristics under these conditions may
provideevidenceof theable-bodied locomator
system’'sability toadjust and adapt inorder to
compensatefor reductionsingpinad motion and
to maintain balance and achieve stability.
Changeswereevident pos-operatively inthe
two pathologicd subjectsstudied, withtheir
post-operdivedaabang moresmilar tothose
of unrestricted, able-bodied data. Howevey, itisdifficult to
discernwhether thisoutcomeistheresult of compensations
for spind restriction, or representsanimprovement based
onsurgicd correctionof thespinedeformity.

Vertical accelerationswere calculated for the head,
spineregions, and pelvisduring unrestricted and restricted
walking. Pesk vertica acce eration a thehead and cervica

Continued on page 2
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Continued from page 1

ineweredgnificantly larger withgpind regtrictionfor able-
bodied and fused pathologica subjects compared to
unrestricted or pre-operative conditions. These results
provide some evidence for the spine's role in shock
atenugtionduring gait, suggesting that goind restrictionmay
leadto accd erated degeneration a higher levelsandindicate
theneedfor proper clinical monitoring.

Further sub-hypotheses aso were developed and
andyzed. Specificdly, it wasproposad thet thepineserves
to minimizehead motion during unrestricted walking. To
evauatethisiden, verticd and medid-laterd (ML) motions
wereinvestigated at the head, spineregions, and pelvis.
The vertica motion results supported this hypothesis,
indicating that during wakingthemoationinthisdirection
waslargest at the pelvis, was reduced at more superior
regions, andwasamdles a thehead. However, able-bodied
resultsinthe ML direction did not support thehypothes's,
asboth pelvisand lumbar motionswereactudly smdler
then head mation, indicating thet further researchisrequired
toexplorethesefindings.

Asexpected, able-bodied andysesof regiond spind
motionsshowed thet vertical moation of the pelvisdecreasad
with spineredtriction, asdid therestricted spina regions
(thoracicand lumbar) at normd, fast, and very fast walking
speeds. Decreased thoracic axial rotation aso was
observed with spind restrictionin both able-bodied and
pathologica subjects. At levels superior to the spina
restriction, cervicd laterd bending and flexion/extension
increased duringwalkingwithspind restrictionfor theable-
bodied subjects whileresultswereincondusvefor thetwo
pathol ogica subjects. Globa heed mationinthetransverse
and corond planesincreased with spind redtrictionfor the
able-bodied subjectsand oneof the pathol ogica subjects.

Datafromthisresearch provideprdiminary evidence
that the spine hasamore substantia rolein gait than has
been previoudy demondrated. Overd|, asmeasuredinthis
study, post-operativeoutcomeswerepositive. Although no
datasuggested that changesin gait represent asignificant
problemin peoplewith limited spinal motion, long-term
effectsremanundear. If lower limb compensationsarenct
possibleor of asufficient magnitudeto achieve adequate
shock attenuation, impact forces may increase and be
transmitted to the spineand head, potentialy generating
evenlarger accd erationsthanweremeasured inthisstudy.
I ncreased motion and accel erationsat regionssuperior to
the fused levels could potentialy lead to accelerated
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degenerationat theselevels pain, and deviaionsinnormd
gatpaamnees.

Thisresearchincreasesunderstanding of thepotentid
effectsof spina redtriction ongait. Furthermore, it assists
cliniciansin predicting and avoiding thedevel opment of
additiond problemsthat could result fromrestricting spind
motion. Awarenessof theseissueswill endblecliniciansto
monitor patientsfor potentia long-term problemsthat may
result fromwalkingwith restricted spind motion.

Dr. Konz completed her Ph.D. in
biomedical engineering at Northwestern
University in 2007 and currently is
employed as Senior Research Engineer at
Zimmer Spine in Minneapolis, MN.
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Partial foot
amputation
(Figure 1) isa
* relatively
common sequel

N

to advanced
diabetes and
vascular
insufficiency
(Dillon et al.,
2007). Inrecent
yearspartia foot amputationshavebecomeamorevigble
surgica intervention due to improvements in surgical
techniques espedidly revascularization (Owingsand K ozek,
1998). Many different progthetic/orthotic desgnshavebeen
proposad from ampletoefillersand foot orthasesto be ow-
ankledipper socketsand above-ankledamshell prostheses
(Soderberg et al., 2001). However, arecent, systematic
review regarding thebiomechanicsof ambulationafter partid
foot amputation concluded that our understanding of the
biomechanicsof ambulation and theinfluenceof prosthetic
and orthoticinterventionisvery much

F”"Sﬁ

Figure 1: Partial foot (transmetatarsal).

(Figure2). Dillon et
al. (2007) pointed out
that movement
betweentheresidua
limb and shoe or
device (observed
clinicaly asthehedl
dipping out of the |

shoe) complicatesthe

mrm of joint Figure 2: Partial foot with markers attached
moationandshouldbe  for gait analysis.
condderedadongwith

marker placement.

Recent investigationsof partiad foot amputeeshave
reported relatively normal or reduced ankle motion in
barefoot sudies(Boydetal., 1999; Garbaosaet al., 1996;
Tangetal., 2004) butincreesed dorsflexionrangeingtudies
involving footwear and bel ow-ankle prosthetic/orthotic
interventions(Tang et al., 2004; Dillonet al., 2001). We
areexploring theseissuesusingamechanica modd of the
leg, ankle and foot, and are comparing marker-based

measurementstothoseobtained usng

initsinfancy (Dillonetal., 2007).
Hereat NURERC, weareactively
exploringsomeissuesregarding gait of
personswith partia foot amputations.
For example, one of the consistent
methodol ogicd issuesidentifiedinthe
systematic review by Dillon et al.
(2007) pertainsto how anklemotion
is measured. When using marker-
based motion analysis systems, the
placement of markers is important
because it affects the measured
movements. Because most marker-
based modd sweredesigned for able-

apotentiometer mounted within the
mechanica modd (Figure3).

Many different prosthetic/orthotic
designs have been proposed for use
by partid foot amputees, indudingboth
below- and above-ankle devices
(Soderberget al., 2001). Althoughthe
literatureonthebiomechanicsof partid
foot amputation is characterized
srongly by observationd sudies, few
have described the effectson gait of
different  prosthetic/orthotic
interventions(Dillonetal., 2007). Itis
difficult to distinguish between the

bodied personswithnormda anatomica
landmarks itisimportant to document
wheremarkersare placed when shoes
and devicesobscurethoselandmarks
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Figure 3: Schematic of the different partial foot
amputation levels to be tested using a mechanical
model: (a) Lisfranc, (b) transmetatarsal and (c)
meta-tarsalphalangeal.

reativemeritsof differentinterventions
gnceinvedigationsoften comparethe
gait of independent groups with

Continued on page 4
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different devices(Greenand Cary, 1982), makingit difficult
to obsarvesystematicaly any subtleadaptationsspecificto
aparticular device. In order to addressthisissue, weare
collaborating with clinicians at Scheck and Siress
Prosthetics, Orthotics, & Pedorthics, ChicagoIL, to
conduct arepeated measuresobservationa study of the
gait of personswith partid foot amputationsambulaingwith
arangeof different prosthetic/orthotic devices.

A partid foot amputation, intheory, should be better
than a trangtibial or Symes amputation because the
physiologicanklejoint ispreserved. However, studiesof
partid foot amputeegait suggest that partid foot amputees
are unable to generate ankle power and that center of
pressure progression beyondthedistd end of theresduum
during singlelimb stanceisonly restored by devicesthat
extend above the ankle, have astiff enough forefoot to
support body weight, and substantialy reduceor diminate
anklemation(Dillonetal., 2007). Therdationship between
forefoot design, ankle motion and center of pressure
progression hasyet to be explored. Thisissueformsthe
bas sof astudy weare conducting in collaboration with
Michae Dillon, Ph.D., from the Nationa Centre for
Prostheticsand Orthotics, LaTrobeUniversty, Austrdia,
during hissabbaticad withNURERC asaVigting Professor.
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Michael Dillon, Ph.D.,
Spends Sabbatical at NURERC

Michael Dillon,
Ph.D., BPO(Hons), was
in residence as Visiting
Professor at NURERC
during the month of
August. While at
NURERC, Dr. Dillon,
Stefania Fatone,
Ph.D., BPO(Hons), and
Andrew Hansen,
Ph.D., worked together
investigating the gait of
persons with partial foot
amputation.

Dr. Dillon is Senior
Lecturer in the National
Centre for Prosthetics
and Orthotics in the
Division of Allied Health
at La Trobe University,
Melbourne, Australia.
Among his duties, he
instructs students in transfemoral prosthetics and
supervises research students. He serves as Chair of
the Scientific and Education Committee of the
Australian National Member Society of the International
Society for Prosthetics and Orthotics (ISPO). Also,
he has taught prosthetics programs at the Hong Kong
Polytechnic University and more recently at Kobe
College of Medical Welfare in Japan.

Dr. Dillon began his career as a prosthetist working
in both hospital and private settings where he developed
expertise in transfemoral prosthetics. After completing
his Ph.D. at Queensland University of Technology, he
returned to clinical practice and later became an
instructor at La Trobe University.

Dr. Dillon has a broad background in clinical P&O
for both adult and pediatric populations. His research
experience is equally extensive with foci in the
biomechanics of ambulation, gait analysis, and
transfemoral prosthetic suspension and alignment. His
research interests include understanding the influence
of different transfemoral socket designs and alignment
practices on the mechanics of gait. An area of particular
focus is partial foot amputation.

Aside from his work at NURERC, Dr. Dillon enjoyed
attending outdoor jazz concerts, a White Sox baseball
game, riding his bike, and touring Chicago’s
architecture. Also, he hiked a portion of the Ice Age
Trail at Kettle Moraine State Park in southern
Wisconsin.

Michael Dillon, Ph.D., BPO(Hons),
from La Trobe University in Australia,
spent a sabbatical month at
NURERC.
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NEWSFROM THE DEPARTMENT
OFVETERANSAFFAIRS

Preventing Limb Loss Is Key Goal for Seattle VA Group

Mitchell Mirken
VA Research and Development Communications
103 S. Gay St., Rm. 517
Batimore, MD 21202

Innovations in Limb Loss Prevention

Engineers at several VA sites are known for their
expertise in designing and testing high-performance
prosthetics. But equally important is research focused on
the prevention of limb loss, namely in caseswherethelower
extremitiesare at risk dueto diabetes or periphera vascular
disease.

In VA, much of thiswork takes place at the Center of
Excellence for Limb Loss Prevention and Prosthetic
Engineering, based at the VA Puget Sound Healthcare
System. While this center also hosts important research
involving prosthetics engineering and testing, it is perhaps
equally known nowadays for its innovative studies on the
factorsleading to foot ulcers. These open sores, usualy on
the bottom of the foot, often become infected and do not
hea well. They are usudly the first step in a downward
spiral leading to amputation. Thisissueisespecidly critical
for the Veterans Health Administration, as more than a
quarter of VA patients are diabetic. In the U.S. in generd,
some 15 percent of diabetic patientswill devel opfoot ulcers
during their lifetime, and people with diabetes account for
about two-thirdsof al lower-limb amputations.

Under the leadership of Director Bruce Sangeor zan,
M.D., and Associate Director Joseph Czerniecki, M.D.,
investigatorsat thisVA center in Seattle exploreavariety of
approaches to understanding and preventing the ulceration
process. Among thetopicsthey study arefoot anatomy and
biodynamics; footwear and orthotics, and the effects of
diabetes on lower-extremity function and tissue hedth. A
few examples of their recent and ongoing research include
thefollowing areas.

‘Boning Up’ on the Foot

A team at the center analyzed CT scansof 65 feet from
40 research volunteers with different foot types—for
example, high or low arches—to learn how bone position
varies across the types. Thisisimportant in understanding
how risk factorsfor foot problemsmay differ from one patient
to another. Other technologies used at the center to study
foot structure and function include MRI of volunteers’ feet
asthey movethrough arange of motion; and computerized
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moation andysd sinwhich video camerasrecord themovement
of feet marked with specia reflective material.

Deepening Under standing of the Diabetic Foot

Recent studies at the center involving CT scans of the
feet of diabetic patients showed that certain foot types—for
example, high arches—are strongly associated with foot
deformities such as hammer and claw toes, which in turn
are strongly linked to ulceration. Another finding from this
work challenges the common assumption that increased
pressure on the sole of the foot leads to ulcers. The data
show that thisbelief iswell-founded for the ball of thefoot,
but may not be accurate with regard to the heel or toes. The
researchers are now anayzing CT scans of more than 400
diabetic feet to compare foot structure between patients
who devel op ulcers and those who do not.

Along similar lines, investigators at the center have
funding fromthe Nationd Ingtitute of Diabetesand Digegtive
and Kidney Diseasesto conduct lab studies, in conjunction
with the University of Washington, comparing fatty tissue
from beneath thefeet of diabetic subjectswith similar tissue
removed from healthy feet. The researchers are looking
mainly &t tissuemechanicd propertiesand protein expression,
with the goa of identifying potential targets for new drug
therapies.

Improving Orthatics

Orthotic prescriptionsare oftenintended to helprelieve
plantar pressure (pressure on the sole of thefoot). However,
pressure is not typically measured during fabrication.
Researchers at the Seettle center have developed a new
manufacturing processthat providesorthotistiswithred-time
feedback on plantar pressure, so they can gauge the effects
of their modificationsto the devicesthey are crafting.

Building a Better Model

A team at the center is developing a second version of
their Finite Element Foot Modd (Figure 1), which dlowsfor
computer simulation of how the foot moves and reacts to
various stresses. The 3D mode includes dynamic visual
representations of bones, ligaments, cartilage, tendons,

Continued on page 6
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Continued from page 5 and makesan important differencein thework of clinicians
adipose (fat) tissue, muscleand skin. Themoded offersmany  and scientists. Moreover, it helps to improve the lives of
advantagesto researchersand dlinicians. It cansimulatethe  veterans and other Americans at risk for foot problems and
effects of surgery on foot function, aid the development of ~ amputation.

(For more information about the Center of Excellence for Limb Loss
Prevention and Prosthetic Engineering, visit their website at http://
www.va.gov/psor tholimb.)

Capabilities appreciates Robert M. Baum for facilitating
this article. Mr. Baum is Program Manager of Prosthetics
and Clinical Logistics at the VA Central Office (10FP) in
Washington, D. C. 20420. Contact Mr. Baum at the above
address (Telephone: 202-254-0440 or Fax: 202-254-0470)
to ask questions about this article or to suggest articles.

NURERC Featured in O&P Business

The September 2007 issue of OandP Business

Figure 1: Aview of the Finite EIement. Foot Model develqped byresearchefs News featured an article about NURERC's
at VA's Center of Excellence for Limb Loss Prevention and Prosthetic . . ) o

Engineering (VA Puget Sound Healthcare System). State of the Science meeting that identified

important areas of prosthetics/orthotics

foot orthoses, and providedataoninternal stressesandstrains | EE RO el (=R o [oTE BN BRI S 2GR {010 5

of structures within the foot. Also, thismodel can limit the | fer e F=iifgi=r=rale Bl ol ggleni=m=AvATe [l pler =i o= Rsile

S Rode: LYol E CRoiGc G ealle: [\ practice, as well as efficacy and outcomes

difficult, time-intensiveand codtly. research in “Where Science and Art Converge”

Like most scientific research, much of the work that ~ FISZARREIE ISR ENERAV/el [Egg (S ST N El el S ker
goes on at the Seattle center may not seem particularly | eleiE2e)r
exciting or glamorous, and it may not befestured on magazine O&P members may access it online at
covers or the evening news. But, this research contributes  FWATANAe= (6ol albAp (=10 A elo] 11
to the understanding and prevention of the ul ceration process

NSF’s Robert J. Jaeger, Ph.D., Visits NURERC

Robert J. Jaeger, Ph.D. (Director, Researchto  United StatesDepartment =
Aid Persons with Disabilities Program; Chemical, of Education, Washington,
Bioengineering, Environmenta and Transport Systems  D.C.

Division; National ScienceFoundationin
Arlington, VA), visted NURERC on June 12.
From 1997 through 2006, Dr. Jaeger was
. ondeff atthe
| National
Instituteon
Disability
and Reha-

After
reviewingnew
reseerchbeing
conducted at

NURERC, Robert Jaeger (left) shares an
Dr Jaeg er observation with Dudley Childress,

Ph.D., (center) and NURERC
presented a  instrumentMaker, Dilip Thaker (right).

tal k ,

bilitation “Evauating Interventionsto Improve Gaitin
Resear ch During his recent visit to Cerebral Palsy: A Meta-analysis of
(NIDRR), LIRERC, O dacger ('T(flt) Spatiotemporal Measures.” (Dr. Jaeger's
(From efttorigh) Robert Jaeger, PhD.,  (yffice of piomor 0L At S isco-authored with Scott Paul, Karen
Andrew Hansen, Ph.D., and Dudley S. biomechanics V,V'th Andrew papa ! -

Childress, Ph.D., discuss lever S P €cCi al Hansen Ph.D. (right). Siege and JamesMalley and may bereadin
compressionmoldingoftheShape&Roll Education and its entirety in Developmental Medicine & Child

Prosthetic Foot for low income countries. RehabilitativeServices, Neurology 2007, 49:542-549.)
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NURERC NEWS

M eetings

Seven A. Gard, Ph.D., Angdika Zissmopoulos, M.S,
and Ryan Williams, B.S,, attended the Annual Mesting of
RESNA in Phoenix, AZ, on June 16-17, 2007.

SevenA. Gard, Ph.D., wasinvited to speak a the Midwest
Chapter Mesting of the American Academy of Orthotists
and Prosthetists held in Lide, IL, on Friday, June 1, 2007.
Dr. Gard presented an overview of the
research activities conducted at NUPRL and RERP.
Following Dr. Gard's presentation, John Michadl, MEd,
CPO/L, FAAOR, FISPO, presented information about how
prosthetists and orthaotists can contribute to research by
assisting NUPRL and RERP with recruitment of research
subjects.

NURERC faculty and researchers Dudley Childress,
Ph.D., Seven Gard, Ph.D., Edward Grahn, Sefania
Fatone, Ph.D., Andrew Hansen, Ph.D., Craig
Heckathorne, M.S., Kerice Tucker, Sara Koehler,
M.S., and Pinata Sessoms, M.S., attended the 12t World
Congress of the International Society of Prosthetics and
Orthotics (ISPO) from July 29 through August 3 in
Vancouver, Canada.

Awards

Dudley S. Childress, Ph.D., attended theannua conference
of theAmputee Coalition of America(ACA) on June 16-17,
2007 in Atlanta, GA, where he was awarded the 2007
Ernest Burgess Lifetime Achievement Award. While
at the meeting, Dr. Childress presented an original poemin
honor of Ernest Burgess, M.D., Ph.D. The Dawn HasCome,
Dr. Childress original poem, describes Dr. Burgess as a
multi-talented physician: “Wedon't have many Renai ssance
Men anymore.. .but Burgess clearly belonged as surgeon,
scholar, scientist, sculptor, swimmer, poet, politician...and
more.” You may read this poem in its entirety at:
www.rehab.research.va.gov/jour/00/37/6/memor376.htm

Ryan Williams, B.S., won a Student Design Award &t the
RESNA 2007 Annua Conference, heldin Phoenix,AZ, June
15-19, 2007, for his project entitled “ Adaptable Prosthetic
Foot & Ankle Mechanism for Sloped Walking.”

Regina J. Konz, Ph.D., received the Sarah Baskin Award
for Excellencein Research for her paper, “ Devel opment of
aKinematicMode toAssess Spind Motion DuringWalking.”
It can be read in its entirety in Spine, 2006, Volume 31,
Number 24 pp. E898-E906, authored by Konz R., Fatone S,
SineR, GanjuA., Gard S,, and Ondra S.

Northwestern University Prosthetics Research Laboratory and Rehabilitation Engineering Research Program

Visitors

Saeed Zahedi, Ph.D., from CharlesA. Blatchford & Sons,
Ltd, UK, visited NURERC in August to learn more about
the Shape& Roll Prosthetic Foot that was developed in our
lab. Dr. Zahedi specidizesintranstibia foot-ankledignment.

Sophie (Lambla) Dussud, M.S., who worked as a
Research Engineer at NUPRL (1992-1993) on the
Shape& Roll Prosthetic Foot returned from France to
NURERC for avistin August 2007.

New Facesat NURERC

ElizabethKlodd, B.S,,
has joined NURERC as
a graduate student. She
graduated from Syracuse
University (2006) where
she focused on
bioengineering with
an emphasis in
biomechanics. Sheworks
under the supervision of
Andrew Hansen,
Ph.D., investigating the
principles of roll-over
shape and the effects of
the prosthetic foot rocker radiuson gait. Sheisamember of
Northwestern University’s Society of Women Engineers
(SWE).

t i

&

Elizabeth Klodd, B.S., joins NURERC
and NUPRL as a graduate student.

Lisa D’Amico Joins NURERC Staff

We extend a warm greeting to Lisa D’Amico

who joined NURERC's support staff as Financial
Coordinator. Prior to her position at Northwestern
University, Lisa worked at Purdue University and
the University of Chicago. Ms. D’Amico lives in
Indiana where she pampers a venerable Akita dog
named Kato. _
She plansto |
complete her
M.B.A. at
DeVry
University in
February
2008.

Welcome !
to NURERC!

Lisa D’Amico
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Eric Nickd: New Graduate Sudent and CLIMB Participant

Eric Nickel, B.S., joined
NURERC during thesumme.
He is a participant in
Northwestern University’s
Collaborative Learning and
Integrated Mentoring in
the Biosciences (CLIMB)
Program. CLIMB is a
professional development
program that aimsto improve
students' learning experience
and increasetheir successrate
through better mentorship.
Steven A. Gard, Ph.D.
(Director of NURERC), is Eric’s mentor and advisor. Prior
to beginning Northwestern University’s combined M.S./
Ph.D. program in biomedica engineering, Eric graduated
fromthe Milwaukee Schoal of Engineering (MSOE) witha
major in Biomedical Engineering (2004). Also, heservedfor
7yearsintheWisconsnARMY National Guard, includinga
deployment in support of Operation Iragi Freedom with D
Company, 2™ Battalion, 128" Infantry.

Eric'sresearch interest isin human functiona kinematics,
specificaly during intense physical activity such asathletic

Graduate student Eric Nickel,
B.S., has joined NURERC and
NUPRL.

Northwestern University Prosthetics Research Laboratory and Rehabilitation Engineering Research Program

competition and military operations. He planstoinvestigate
methods of ng thefunctional capacity of amputeesto
determine their ability to return to active military service.
Hispersond interestsind udebackpacking, short story writing,
and playing Irish music. He performs vocals and playsthe
bodhran (Irish drum) at local Irish pubs. Also, he plays a
good game of euchre.
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