SECTION I
METHODS

2.  OVERVIEW

The Workshop design consisted of three digtinct phases. The first focused on orienting co-
chairs and participants to the task of developing recommendations. This phase began the
evening prior to participant involvement with an orientation sesson for co-chairs. The god of
this meeting was to introduce co-chairs to the concept of team facilitation and overview detailed
ingtructions pertaining to the recommendation development process. Co-chairs were provided
an opportunity to review guiding philosophies and important definitions, practice warm-up
activities, and discuss outlines describing the preferred recommendation devel opment process.
On thefirst day of the Workshop, participants received background materia and a glimpse of
the future of gait andysis by prominent speskersin the field of gait and human movement
andyss.

The second phase was focused on recommendation development. One and a haf days were
spent in smaler working groups directed to develop recommendations for the future of gait
andyss. Each of the three work groups were facilitated by co-chairs as they worked on one of
the three topic areas. Work groups were subdivided into teams and groups were asked to
develop concise recommendations usng amode recommendation as aguide. On the last day of
the meeting, verba summaries of al of the recommendations were presented to the group at
large.

Findly, after having an opportunity to review and briefly clarify each of the recommendations,
each workshop participant was asked to assgn a priority score to each recommendation (third
phase, priority scoring), including those developed by other work groups. The recommendation
scoring session could best be described as a scripted directed activity during which participants
were instructed to score recommendations sequentidly.

Immediately after scoring the recommendations, a team of Workshop participants entered the
raw scores into a computer generated spreadsheet. While this was occurring, the Workshop

coordinators and co-chairs met in an executive sesson to creste a plan for the development of
this document.

The following sections contain essentid details related to the god's and principa phases of the
Workshop.
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21  Guiding Philosophies

Thefdlowing isalist of guiding philosophies that was used to orient co-chairs during the co-
chair orientation session.

1) We wish to capture al recommendation ideas, however unusud they might seem.

2) Participants, should be encouraged to be bold! There are no bad recommendations.

3) A comprehensive list of recommendations that covers many categoriesis best.

4) A large totd number of recommendations is better than afew.

5) The basic philosophy of recommendation development isto strengthen dl
recommendations.

6) Duplication of effort between work groups is acceptable, encouraged, and an
expected outcome of this meeting.

7) Sole authorship of recommendations is acceptable however discouraged. Co-chairs,
should attempt to maintain ateam format.

8) All participants will judge (be given an opportunity to score) al recommendations.

9) Recommendations will not be prioritized usng coercion or undesired gection from
the pool of recommendations.

10) To score well (receive alow score), a recommendation must be clearly written,
contain a compelling argument, and pertain to an important cross cutting issue.

2.2 Important Definitions and Rules

1) A work group consists of agroup of participants that has been assigned one of the
conference topics.

2) A team isasubset of aworking group and should contain no greater than five
participants.

3) A participant's assigned position is defined by their assigned work group, team, and
seat. Co-chairs may request participants to return to their assigned position at any
time.

4) Participants may not enter the assigned room of other working groups.

5) Subject to co-chair approval, team membership can change as recommendations
develop.

6) Each team member should be prepared to act as a recorder or spokesperson.

7) A team must have a spokesperson at all times.
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2.3  Workshop Agenda

Thursday, September 26th - M orning

7:30-8:30

8:30-8:45

8:45-9:00

9:00-9:15

9:15- 9:45

9:45-10:15

10:15-10:45

10:45-11:00

11:00-11:30

11:30-12:00

12:00-1:30

Milestonesfor thisDay: Provide overview of task and background
information. Formulate teams and strategies for report generation.

Registration
Greetings:  Marcus Fuhrer, Ph.D., Louis A. Quatrano, Ph.D.

Overview of meeting: What the next three days will be like.
Seven J. Sanhope, Ph.D.

Topicl: The use of gait analysisas a patient assessment tool.
Introduction and overview
Chairs: Peter Cavanagh, Ph.D. and Casey Kerrigan, M.D.

Presentation 1:
Melanie Brown, M.D.

Presentation 2;
Kenton Kaufman, Ph.D.

Break

Topicll: The use of gait analysis assessmentsin treatment
planning and/or treatment implementation.

Introduction and overview

Chairs: Jerry Harris, Ph.D. and Alberto Esquenaz, M.D.

Presentation 1:
Sandra Olney, P.T., Ph.D.

Presentation 2:
Felix Zajac, Ph.D.

Lunch
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1:30-1:45

1:45-2:15

2:15-2:45

2:45-3:00

3:00-3:30

3:30-5:30

Topiclll:  Factorswhich prevent the people with locomotion
disabilities from accessing gait analysis.

Introduction and overview

Chairs: Jack Winters, Ph.D. and Freeman Miller, M.D.

Presentation 1:
James R. Gage, M.D.

Presentation 2;
Edmund Y.S. Chao, Ph.D.

Working group assignments and directives. Conference attendees will
be divided into three independent working groups. Each working
group will be asked to formulate recommendations related to one
conference topic.

Seven J. Sanhope, Ph.D.

Break
Breakout:  Conference participants convene in working group

areas. Review strategy for reaching conference goal. Subdivide into
teams and select team leaders.

Friday, September 27th - Morning

8:30

11:30-1:30

5:00-5:30

5:30-7:00

Milestonesfor thisDay: Develop team recommendations.
Formulate working group reports. Distribute draft working group
reports to conference participants.

Reconvene working groups. Develop recommendations.

Buffet lunch

Working group Co-chairs submit draft reports to Conference
Coordinators.

Dinner: Distribute draft reports to all conference participants
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Saturday September 28th, - Morning

8:30-8:45

8:45-9:15

9:15-9:30

9:30-10:00

10:00-10:15

10:15-10:30

10:30-11:00

11:00-12:00

12:00-12:15

12:15-12:30

12:30-1:30

12:30 - 5:00

Milestonesfor thisDay: Present and discussworking group
recommendations. Score all recommendations. Generate final report
development plan. Present report development planto NCMRR
representative.

Greeting:
Rory A. Cooper, Ph.D.

Presentation of Recommendations: Working Group (Topic) |
Co-chairs

Discussion

Presentation of Recommendations: Working Group (Topic) |1
Co-chairs

Discussion
Break

Presentation of Recommendations: Working Group (Topic) I11
Co-chairs

Discussion

Priority voting/scoring: Conference participants score
recommendations
Conference Coordinators

Closing remarks
Marcus Fuhrer, Ph.D., Louis Quatrano, Ph.D.

Lunch

Executive Session:

Co-chairs of the three working groups, and conference coordinators
for the three working groups meet and formulate development plan for
the conference report to be presented to the NCMRR.
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24  Overview of Speaker Abstracts

The following abstracts were provided by speakers in advance of the conference. Each invited
speaker was ingtructed to develop a presentation based on a predetermined topic or theme.
Session co-chairs were invited to provide an overview of the sesson'stopic as an introduction
to main speakers. These presentations and associated materids were designed to Simulate
participant interactions regarding fundamenta issues pertaining to the use of gait anadyssin
Rehabilitation Medicine in the hope that this would facilitate the development of
recommendations. We are grateful to the authors who have summarized their materids and
made them avallable in atimely manner.
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241 TOPICI The use of gait analysis as a patient assessment tool.

Gait Analysisin Rehabilitation
Peter R. Cavanagh, Ph.D.

Thefidd of dinica gait andysis till needs to respond to the chalenges that have been posed by
Brand and his associates (Brand 1992, Brand and Crowninshield 1981). Among the most
important of the severd criteriathat these authors have proposed is the question: “ Does gait
andysis change the course of treatment and the outcome for the patient?’ If this question cannot
be answered affirmatively by carefully controlled, prospective, randomized, clinicd trids, then
the motivation for treating physicians and surgeons to order gait andysswill be sgnificantly
reduced.

Thereis aso aneed to define the scope of gait andysisin rehabilitation somewhat more broadly
than has been done in the past. In addition to the conventiond tools of e ectromyography and
movement andysis, the measurement of such quantities as plantar pressure between the foot and
the shoe, force between awaking aid and the hand, long term measurement of load bearing
during activities of daily living al deserve consderaion as valid components of gait andyssina
rehabilitation setting. While leve graight line walking has been the paradigm of choice in most
previous studies, renewed emphasis on other more demanding tasks of daily life should be given
congderation.

It iscritical that the technology of the information age be gpplied to the interpretation and
management of dlinica gait andyssdata. With gppropriate standardization of methodology,
there should be no need for each laboratory to collect their own normative data. Such
databases should be readily available dectronicaly and the professiona organizations should be
taking aleadership role in the creetion, digtribution, and maintenance of such resources.

Brand, R.A. and Crowninshield, R.D. (1981) Comments on criteriafor patient evauation tools.
Journa of Biomechanics, 114:655.

Brand R.A. (1992) Assessing gait analysisfor clinica decisions. Proceedings of the VII Meeting
of the European Society of Biomechanics, Rome. 256-259.
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A Framework for the Use of Biomechanical Gait and
M ovement Analysisas an Assessment Tooal in
Rehabilitation M edicine

Melanie Brown, M.D.

Thirteen of the twenty-nine research priorities identified in the 1993 “Research Plan for the
Nationa Center for Medica Rehabilitation Research” require or would benefit from the use of
biomechanicd gait and movement analys's as an assessment tool. These research priorities
involve the measurement of pathophysiology, imparment, functiond limitation, disability, and
societd limitation. The Nationd Center for Medical Rehabilitation Research (NCMRR) defines
pathophysiology as the interruption of, or interference with, norma physologicd and
developmenta processes or structures. Impairment isaloss or dbnormdity at the organ or
organ system level of the body. Functiond limitation isthe restriction or lack of ability to
perform an action in the manner or within the range consistent with the purpose of an organ or
organ sysem. Disability isalimitation in performing tasks, activities, and rolesto levels
expected within physical and socid contexts. Lastly, societd limitations are redtrictions
atributable to socid policy or barriers which limit fulfillment of roles or deny accessto services
and opportunities associated with full participation in society. Among the various measurement
tools that are currently used in rehabilitation medicine, biomechanica gait movement andysisis
one of the few assessment toals (if not the only one) that quantifies the functiond limitations
associated with pathophysiologies and impairments of the neuromusculoskeleta system.

Biomechanicd gait and movement andysisis an assessment tool which is used to identify and
measure biomechanical strategies. If the parts of the body are defined as segments (e.g., foot,
shank, thigh, pelvis, trunk, etc.), then a biomechanica drategy isthe series of segment positions
and intersegmental moments (rotationa forces) that is coordinated by the centrd nervous system
in order to dlow individuas to perform functiond tasks. Each biomechanicd strategy hasa
kinematic component (segment positions) and a kinetic component (intersegmenta moments).
Although the kinematic strategy may be readily observable, accurate identification of the kinetic
drategy through visua inspectionisrare. Zgac (1993) has described skeletal muscles asthe
active moment generators within the human body. He has pointed out that because the
segments of the body are linked by joints (e.g., ankle, knee, hip, etc.), each muscle in the body
has the capacity to gpply amoment to any segment of the body; even segments to which the
muscle does not directly attach. Thisimplies that there are numerous kinetic strategies for
executing any given functiond task. There is mounting evidence that this redundancy in the
neuromusculoskeletal system dlows individuals with functiond limitetions to compensate through
the use of adaptive biomechanica drategies (e.g., Segd 1993). Thisisextremey important in
rehabilitation medicine where amgor focus is the prevention of disability and societd limitation
through the use of assdtive devices, exercise and other modalities which

The Future of Gait Andlyss Page 11-8



help patients compensate for functiond limitations associated with neuromusculoskeletdl
abnormdities.

According to data from the 1989 Nationa Hedlth Interview Survey Supplement, there are at
least 7.7 million American Adults (18 years or older) living in the community with disabilities
Within this disabled population it is estimated that 760 thousand individuas have difficulty getting
out of abed or chair, 2.4 million individuas have difficulty waking, and 2.2 million have
difficulty going outside, presumably due to obstacles such as qairs. It isimperdtive that
rehabilitation scientists and hedlth care providers find better and more efficient ways of
compensating for functiond limitations in order to decrease the prevaence of disability and
societd limitation in this populaion. Biomechanicd gait and movement andys's has contributed
to our understanding of functiond limitations and how they relate to pathophysiology,
impairment, disability, and societd limitation. Its continued use as an assessment tool in
rehabilitation medicineis essentid to accomplishing the research priorities outlined by the
NCMRR and to enhancing the qudity of life for people with disabilities.

RECOMMENDATIONS:

1. Perform randomized controlled studies in which atraditiond rehabilitation intervention
program is compared to a program designed using biomechanical movement analyss.

2. Compare rehabilitation outcomes in smilar patient populations with and without the use
of biomechanicd movement andysis (blinded, randomized, controlled trids).

3. Decrease or subsidize the cost of the necessary equipment (force plates, cameras,

computer software, and hardware).

Minimize the timeit takes to collect, reduce, and andyze data.

5. Determine which scaling and statistical methods are most appropriate for reporting
biomechanica movement analyss data.

»

REFERENCES:

1. Nationd Center for Rehabilitation Research, Frieden L: Research plan for the Nationd
Center for Rehabilitation Research. Pages 31-73. NIH Pub. No. 93-3509. Public Hedlth
Service. Washington, US government Printing Office, 1993.

2. Zgac F. Muscle coordination of movement : aperspective. Journa of Biomechanics.
26(S1): 109-124, 1993.

3. Segd KL, Stanhope SJ, Cddwel GE: kinematic and kinetic adaptations in the lower limb
during stance in gait of unilatera femora neuropathy patients. Clinica Biomechanics.
8:147-156, 1993.

4. National Center for Hedth Statidtics, Feller BA: Americans needing home care, United
States. Vita and Hedlth Statistics. Series 10 (153):33-34, 1989.
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Future Directions of Gait Analysis as a Patient
Assessment Tool

Kenton R. Kaufman, Ph.D.

During the past decade hedth care ddivery systems have evolved at a pace that few expected.
The most visble change is the development of managed care ddivery systems. Managed care
makes fixed payments per subscriber for al services, creeting the incentive to attract a higher
number of subscribers but provide the fewest number of services to each subscriber. Gait
laboratories can play akey role in managed care scenarios. Future challenges exist to further
evolve the science of dlinicd gat anayssto make it effective as a patient assessment tool. The
future of gait andysswill depend upon advances made in experimenta, andyticd, and
interpretation techniques for gait Sudies.

Experimental Techniques: Interest in gait andyssis emerging. Despite the growing availability
of technology, gait analysis has not yet become acommon tool for the clinician. The future of
gat andysisliesin the ability to process data quickly and identify the functiona problems of a
patient'sgait. Currently, the manual labor required to sort and identify the trgectories which
describe the patient’s motion for each individud trid istime consuming, driving the cost of the
andysis up and dowing down the turnaround time for clinical decison-making. Future work
needs to be undertaken to develop intdligent tracking systems of multiple markers which will
provide measurements in red time within the congtraints of accuracy, resolution and high scan
rates required for clinica andysis without condricting the aready limited function of aseverdy
disabled child or adult.

The results of the gait sSudy must be presented in aform which is readily comprehensible.
Currently the clinica interpretation of pathologicd gait requires holding in human memory alarge
number of graphs, numbers, and clinical tests from data presented on hardcopy charts,
radiological x-rays, video, and computerized graphs which are compared to data from anormal
population. The referring physician, who is not an expert in gait analyss, is overwhelmed by the
portfolio of measurementsin aclinica report. Recent developments in computer animation
make it possble to goply advanced methods to visuaize human movements a scientific
computing environment is needed which will dlow the rgpid transmission, archivd, retrieva, and
meanipulation of images within asysem which isintuitive to adinician.

Analytical Techniques: During agait study, alarge number of measurements are obtained. The
experimental data are entered into an analytica model to obtain vaues of variables not directly
measurable. The body ismodeled as a system of articulated, rigid links. The joint rotation is
based on the determination of Eulerian angles or the screw displacement axis. Thejoint motion
is combined with the ground reaction force, body segment mass and body segment inertia to
compute the intersegmenta joint kinetics usng Newton's second law. These body segment
estimates are a big source of error in biomechanicd models. Future work should be aimed at
obtaining inexpensive, fast, non-invasive, individudized estimates of the inertid properties of
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body segments. In addition, redistically developed, theoreticd models of the musculoskeletal
system are needed to quantitate biomechanica changes which may occur in patients as a result
of surgery prior to the performance of the surgery. Currently, state of the art mathematica
models of the musculoskeletd system are being developed to predict gait patterns. Future
models should include the 3-D characteristics of the musculoskeletal geometry as well asthe
subj ect- gpecific parameters. The muscul otendinous aspects of the mode need to be scaled to
the individua being sudied. The biomechanica consequences of modifying muscles or bones
needs to be estimated in a computer environment and presented to the clinician to actualy see
the results of the proposed surgicd intervention.

Muscle forces reflect the underlying neurological control processes responsible for observed
movement patterns and play amgjor role in determining stressin bones and joints. Thus, a
knowledge of muscle forcesis fundamenta for improving the diagnosis and trestment of
individudls. Currently, information on muscle function is routindy obtained by acquiring
electromyographic data. However, the integrated € ectromyogram does not account for the
passve dretch of muscle. Further, there isasignificant delay between the maxima eectrica
activity in the muscles and maxima tendon. An attractive dternative for quantification of muscle
function is the measurement of intramuscular pressure which isamechanicd varidble thet is
proportiona to muscle tenson. Further, estimation of muscle force from intramuscular pressure
is not affected by changesin 9gnd due to muscle fatigue. However, currently available
transducers for measurement of intramuscular pressure are too large for clinical applications.
Recent improvements in micro sensor technology will make it possble to develop much smdler,
minimaly invasive devices.

Inter pretation Techniques: Methods are needed to characterize a patient’s gait and direct the
clinician reading the gait sudy to the movement abnormdities. A person’sgait is classfied as
abnorma when the person’s gait parameters deviate excessvely from norma. One of themain
obgtacles to automated gait andydisisthe difficulty of digtinguishing between norma and
abnormd. Robugt analysis of these data require consideration of interactions among alarge
number of highly coupled variables and the time dependence of these variables. Statistical
techniques and artificid intelligence techniques have been utilized for recognizing gait
abnormdities. Each of these methods offers advantages and disadvantages. Additiona
development of these techniquesis needed.

Summary: The ultimate god of dlinica gait andyssisto provide rdigble, objective data upon
which to base clinicd decisons. Red-time measurement technology, biomechanicd modeling,
computer animation, and gait classification techniques are needed to shape our future. It is
increasingly important that we consder the effectiveness of what we do and theroleit playsin
shaping outcome of medica care. The future of gait andysiswill require the ability to identify
the critical tests, obtain and interpret data more quickly, predict the outcome of various clinical
procedures and quantify the outcome. Reformsin hedlth care require that we be able to
manage costs while providing an important diagnostic service.
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242 TOPICII The use of gait analysis assessmentsin treatment planning
and/or treatment implementation.

Summary to Introduction and Overview for “ The Use of Gait
Analysis Assessmentsin Treatment Planning and/or Treatment
| mplementation.”

Jerry Harris, Ph.D.

The purpose of thisintroduction isto provide a brief overview of gait andyss gpplications as
they apply to trestment planning and implementation. Gait andys's has proven ussful for the
study of neuromuscular disorders, the evauation of prosthetic joint replacement, and the study
of athletic injuries, amputee gait, orthotics, and assistive devices. The most prevaent of
goplicationsisin the field of pediatric orthopaedics where gait analysisis used for pre-surgica
planning, post-surgica follow-up, evauation of surgicad and nonsurgica interventions, resdent
training and research.

Thisintroduction will focus on the use of quantitative gait anays's methods for trestment
planning and implementation. The recognized prerequisites of norma gait will be defined and
used to examine the advantages and limitations of current gait analys's methods. Severd clinica
illugtrations that require the identification of multiple bone and soft tissue abnormalities for

proper treetment will be highlighted. Examples of clinical conditions requiring an ability to
examine multi-level, Smultaneous events in three dimensons in order to differentiate between
primary deviations and coping responses will be presented. The use of joint kinetics (moments
and powers) to asss in treetment planning and orthaotic evauation will aso beincluded. Findly,
the importance of acombined dinica gpproach which includes kinematic and kinetic gait
andyss, dynamic eectromyography and dinica examination will be summarized.
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Gait Analysisin Treatment Planning and I mplementation: Good,
Bad and I ndifferent, but Which are Which?

Sandra J. Olney, P.T., Ph.D.

Gait assessment over the past severd decades has contributed greeatly to our knowledge about
walking but a greet ded has been written about its failure to be an essentiad tool in treatment
planning and implementation in rehabilitation. | am not going to complain about high codts of
unreliable equipment, unwilling hedth care providers, the failure of clinicians to understand
biomechanics, and the failure of engineersto ask the right questions. Instead, there are good,
bad, and indifferent gpplications, and | will provide my assessments for discussion.

Of spatial-temporal measures, waking velocity is arguably the sngle most important
outcome measure of walking, and relates Sgnificantly to most functiond measures. It has not
been used directly in treetment planning. Many other measures, such astempord and spatia
symmetry, have been expressed in a number of ways, and some evidence suggests symmetry is
not very important (Griffin et d., 1995). In summary, such measures document the status of a
subject and offer little for treetment planning. The gpplications of spatid-temporal measures
have been of indifferent merit at best.

Treatment planning has frequently focused on obtaining more normd joint kinematics, such as
increesing dorgflexion of the ankle during swing phase or avoiding genu recurvatum. In generd,
if the desrability of specific joint patternsis sdlf-evident, asin preventing tripping, or avoiding
genu recurvatum, kinematic assessment has proved to be very useful both in planning and
evauating trestments. However, dtering the kinematics in the direction of norma without a
specific reason may be deleterious, for example, by preventing a postive adaptation (Winter et
d., 1990). In summary some gpplications of kinematic measures from gait anayss are good,
but many have been of indifferent merit, or even bad.

Theevduation of kinetic information ismog difficult asit is the latest reported, afact that may
be attributable to the sophitication and expense of the analysis sysemsrequired. Overdl,
measures of movements have rarely been used to plan trestment. The muscle powers across
major joints have been reported for afew conditions and some theoreticaly-founded
recommendations for trestment planning have been offered (Olney and Colborne, 1991). The
use of emerging generd principles, such as atempting to augment the power generation of the
ankle plantarflexors at push-off (Mandd et d., 1990) have generdly given positive outcomes,
though the failure to report kinetic details limits the ability to make full use of the dudies. In
summary, generd principles of trestment are being put forward for some pathologies, but much
more work is needed; gpplications of kinetic measures to treatment have generaly been absent ,
though their potential gppears good.

What is needed to make gait analysis useful for treatment planning and
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implementation?

Stop making assumptions about the desirability of normal patterns of any measures.
Offering information that is indifferent or bad is worse than offering no information, and only
damages the credibility of that method.

Use more kinetic analysis. Itislogica to target the source of the problems.
Establish sound biomechanical principles of treatment applying to particular pathologies.

Verify the principles of treatment and determine the extent of their generalizability. Only
the most obvious of principles have been identified and even these have not been thoroughly
Studied.

Relate outcome measures such as gait velocity to specific kinetic changes. Failureto do so
impairs our ability to target soecific kinetic variablesin trestment and to use them to develop
innovetive therapy.

Develop power, work and efficiency measures for use in meaningful ways. Energy isa
paramount concern, and our tools are serioudy deficient.

References
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Using Musculoskeletal M odels, Forward Dynamics, and
Computer Simulationsto Analyze Gait, Interpret Gait Data, and
Plan Treatment

Felix E. Zajac, Ph.D.

Thefollowing iswhét is needed a a basic leve to make gait andlyss a highly productive tool:
-Development of a conceptud basis for how muscles coordinate the body segments
-Development of methods to measure muscle/tendon force or muscletendon motion during gait
-Development of a conceptud framework for sensorimotor control of muscle coordination

Human gait demands that the nervous system (because of itsrole in coordinating muscles) and
the musculoskeletal system (because of itsrolein producing muscle forces, body acceleration,
and movement) interact effectively, not only amongst themsalves, but with the environment.
That is, the nervous system has the role of being the sensorimotor controller, the musculoskeletdl
system the role of trandforming neurd output sgnds from the controller into forces, and the
environment the role of resisting gait propulsion (e.g., wind resistance) or asssting propulsion
(e.g., the ground from which reaction forces propd the body). Pathology in either the neura or
musculoskeleta system can cause gait impairment, which may or may not be a disability.

The primary obstacle to effective utilization of current gait measurements in the diagnosis,
treatment, and assessment of gait disorders (especidly those from neurd pathology) is the
absence of atheoretica foundation from which basic concepts of sensorimator control and
muscle coordination can evolve. Minimdly, the fundamentd unitary eement of these concepts
must be at the muscle level (cf. Joint level). Other obstacles are experimenta in nature; the
inability to record data a the muscle level (e.g., muscle forces, difficulty of recording from
individua muscles with surface eectrodes; technica expertise of usng fine-wire eectrodes) and
to design experiments from which sensorimotor control principles can be ducidated.

The current conceptud framework of muscle coordination in human gait is, in alarge part, not
basad on the integrative action of individua musclesto coordinate individua body segments, but
rather on knowledge of how each musculoskeletd component functions done. For example,
basic concepts of how muscles develop force and interact with loads exist (though they may not
be the loads encountered during locomotion). Concepts of how tendons stretch when loaded
and how the musculotendon path around the joint affects the transmisson of muscle forceinto
joint torque (or moments of muscle force about the joint) also exist. We even know how the
body segments interact in the swing leg and how legs (if considered to act like springs) can
propel animas and can account for the kinetic and potentia energy flow of the whole body. But
we know very little about how the properties of these individua €ements of the musculoskeletal
system coordinate body motion to produce gait. The integrative action of musclesin
coordinating movement of the body segmentsis critica to the understanding of gait Sncea
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muscle can accelerate body segments (or accelerate joints into rotation) far removed from those
to which it attaches (or spans). Furthermore, body inertia acts to filter the internd and externd
forces acting on the body such that the movement of the body segments can be a consequence
long after they occur.

The current conceptua framework of sensorimotor control in human gait is a an even earlier
stage of scientific development. One primary reason is concepts for sensorimotor control of
motor tasks hardly exist in generd, much lessfor human gait specificaly. For example, some
investigators advocate that the nervous system can congtruct internal models of the
musculoskeletd system from which sensorimotor control can emerge; others that the nervous
system acts to excite muscles to establish limb mechanica impedance to ensure limb and body
gability; and others a combination of these two principles. Perhaps the concept most relevant
to human gait, one would think, is pattern-generator neurd circuits (presumably in the spind
cord). Though this concept is under intense development in non-primate vertebrates, its
usefulness to ddineating concepts of sensorimotor control at the muscle level in humans during
gait will remain low probably into the distant future.

Gait measurement techniques now provide volumes of kinematic data (e.g., position of the
segments), kinetic data (e.g., ground reaction forces), and neura output data (e.g., EMGS).
Thisinformation in the hands of experts (e.g., dinicians or engineersin aclinica environment)
can be an ast to diagnosis, treetment, and assessment. However, the effective utilization of
this datais based on hands on experience. The clinician or engineer is, in effect, an “ expert
system” and, as such, the leved of expertiseis significantly influenced by the number of
observations (i.e., the clinica experience).

Current gait analyss techniques have evolved to “massage’ the gait data (e.g., to produce net
joint movement and net joint power); and the technique of “massaging” has indeed progressed
to an advanced state. However, these inverse dynamics methods have severe limitations in their
ability to ducidate muscle coordination concepts because, fundamentaly, they are not muscle
based.

What is needed for basic concepts of muscle coordination to evolve? | submit that a muscle-
based computer model and how the musculoskeletal system interacts with the environment (e.g.,
ground) during gait must become an integrd part of the R&D effort. Computer models are the
cornerstones to the understanding of the control and the dynamics of any large scale system,
such as aircraft control and satellite control system design. The complexity of the computer
mode used to describe the musculoskeletdl system depends, of course, on the specific intent
(clinical objective) of the R&D project and our conceptua understanding of muscle
coordination of gait. What makes amodd critical to the advancement of a scientific disciplineis
that the assumptions an investigator makes must be explicitly defined. Such precise clarification
of the assumptions provides others with the ability to criticize the conceptud framework being
assumed. Computer smulations of gait, the outcome from these forward dynamic models,
provide data to refute or support these criticisms. Thus, systematic scientific progress can be
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made regarding our understanding of muscle coordination of gait.

The generation of computer smulations of gait from musculoskdetd moddsis, however,
chdlenging because determining the excitation pattern of the many musclesinvolved in gait is
non-trivial. Neverthdess, computer dgorithms exist which can find the muscle coordination
pattern most consistent with the kinemetic, kinetic, and EMG measurements, and /or other
assumption. Inthis scenario, we have created an “in vitro tester,” whereby it is concelvable
that smulations could be created for various proposed surgicad and rehabilitation
musculoskeletd interventions, and potentia functiond (gait) outcomes predicted. Futurigticdly,
such atestbed could be created for each patient from a generic model. Thus, the computer
gmulation testbed for gait would serve as atool to design and plan surgical and rehabilitation
drategies for individuas with not only smilar musculoskeleta pathol ogies but unique ones as
wdll.

Of course, in redlity, it is the nervous system with its biologically-based sensorimotor-control
agorithm that dictates the muscle coordination pattern, not the artificia computer agorithm,
regardiess how closaly the smulation data generated from the computer algorithm agrees with
the measurements. Unfortunately, computer models of the sensorimotor control system are
redly in their infancy and highly speculative. It will probably require quite ingenious experiments
on gait or other locomotor tasks to postulate a credible 1st-generation structure for
sensorimotor control. Sensorimotor control datais incredibly sparse. Nevertheless, computer
models of the musculoskeletd system could be combined with models of sensorimotor control
to generate gait smulations. These neuro-musculo- skeleta computer models would then serve
as testbeds for studying gait disturbances whose etiology could be not only musculoskeletd but
neural aswell.
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243 TOPIC I Factor s which prevent the people with locomotion disabilities
from accessing gait analysis.

Gait Analysisin Cerebral Palsy: Why isn’t it Routinely Used?
James R. Gage, M.D.

|. Gat Andyds
A. Whaisit ?
1. Gat andyss could be congdered to be a continuum ranging from smple observation
of gait a one extreme in which no technologica ads are used to the use of complicated
and expensive equipment at the other.
2. Components of atypicd modern system include:
a. Video system
b. motion measurement system
c. dynamic eectromyography
d. one or more force plates

B. How didit begin ?
1. Edward Muybridge
a. could be congdered the father of motion andysis as wdl as the movie industry.
b. over the period of 1872-1888, Muybridge managed to obtain clear, till pictures of
Leland Stanford’ s horse accident trotting. When projected rapidly through a device
known as a zoopraxiscope, an observer would get the impression of seeing the anima
in mation.

II. IsGat Andyss Useful?
A. Some of the questions required to answer this are:
1. Isthere aproblem with traditional methods of treatment ?
2. What does motion analyss offer usthat we don't dready have ?
3. Does gait andyss necessitate alarge, highly trained staff ?
4. Isit cost effective ?

B. Isthere a problem with traditionad methods of trestment ?
1. Without objective andyss of outcome, how canyoutdl ? Itismy persona opinion
that the “ate of the art” in the treatment of cerebra pasy conssts of:
a poor understanding of the pathophysiology of the condition
b. alack of knowledge of the principles of normd gait
c. little or no understanding of pathologica gait
d. "surgery by eye" as opposed to objective measurement parameters
e. atendency to do staged corrections of one muscle group a atime followed by long
periods of immobilization after each intervention
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2. After becoming Director of the C.P. Service at NCH, | turned to gait analysis because
of:

a poor patient outcomes

b. incongstent results of treatment

c. dissatisfaction on the part of parents, therapists, and patients

3. Asareault of this gpproach, the childhood of a patient with cerebral pasy becomesa
series of surgeries and recoveries, and if onelooks at critica parameters of evaluation
such as oxygen consumption, most of these children have not been helped by the
interventions.

C. What does motion andysis offer us that we don't dready have ?
1. Objective assessment and documentation of:
a. pre-operative pathology
b. post-operative outcome

2 Itredly alows practicd gpplication of the scientific method whichis:
a theaccumulation of facts
b. organization of these factsinto principles or laws
. postulation of hypotheses to account for the facts and laws

3. Before we had thistool to assist us with treatment of cerebral palsy, we would Start
with a spadtic child who waked abnormélly and end with a spastic child who walked
differently, but it was difficult to tell exactly what surgery had accomplished.

4. Accurate critique of surgicd outcome prevents the perpetuation of errorsinto the
future.

5. Results of treatment become much more predictable.

D. Doesgait andyss necesstate alarge, highly trained staff?
1. Current commercia systems run on adesktop computer.
2. Commercid software isfriendly; usudly in a“windows’™ or Macintosh formet.
3. A minimum clinica |aboratory staff would probably consst of a computer technician,
physicd therapist, secretary, and a physician who is able to interpret the data.

E. Isit codt effective ?
1. Inour laboraory gat anadyss which includes video, kinematics, kinetics, EMG, and
oxygen consumption and cost runs about $2000.
a. thisisroughly the cost of aCT or MRI scan
b. it enables multiple lower extremity procedures with predictable outcomes
c. what isthe cogt of atreatment error in achild with a60 to 70 yeer life expectancy?
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[l If gait andydsis 0 useful, why isT't it in wide use?
A. Phydcian attitudes
1. Training generdly does not include gait analysis and/or engineering mechanics.
a. absence of engineering in training means fear or reluctance to use enginearing
principlesin practice

2. Orthopaedic resdency isbascaly an apprenticeship and gait is not understood or
taught by the student’ s preceptor.
a earlier generations of orthopaedist’s who worked with polio actudly had a better
understanding of gait than those of the present day
b. the Orthopaedic In-Training Examination generdly includes traditiona questions on
cerebra pasy and few if any questions on cerebrd pasy gait and/or gait andyss

3. The necessity of laying down previous practice and accepting a different way is difficult
snce the implicit implication is that previous practice was incorrect.

4. Thisisatechnology with apricein terms of utilization.
a MRI'sand CT scans are useful without any background knowledge beyond
anatomy
b. agreat ded of time and study is required to master the principles of norma and
pathologica gat and gait anadyss

B. Thelaboratory itsdlf
1. Although the cost of gait andysis has come down, the price of areasonably equipped
modern laboratory is still about $250,000.
2. A gait andysislaboratory requires alot of space.
3. Funding must be found for at least three full-time employees.
4. All of the successful dlinica laboratories of which | am aware have an associated
physician to provide an interpretation of the data.
5. Thereisalack of sandardization among existing laboratories which acts to confuse
physicians and payers.

C. Refusd of third party payers to recognize value and/or assume cost
1. Centers of excellence have difficulty because:
a the surgeon to patient ratio is high and hence surgeons are reluctant to refer away
patients -- even those with conditions they don’t understand
b. managed care programs usudly make it very difficult to access to physicians who
are“out of plan”
C. gatekeepers and capitation both act to ration or restrict treatment

2. Although most managed care systemstak of “quality and cost,” to date the emphasis
has been entirely on the latter.
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3. Aslong asgat andyssis not commonly accepted medica practice, third party payers
will continueto resd it.
a ingenerd, any new or non-traditiona practice of medicineislabeled “experimentad”
and payment is denied.

4. Managed care seeks to minimize costs of expensgve individuas and get them out of
their network as soon as possible. Currently, there is no incentive to optimize the function
of theseindividuas-- in fact the converse is present.

To summarize, in gait andysis we have a technology which can describe, quantify, and €ucidate
the mechaniams by which walking occurs, reved what has happened when walking is disrupted,
and in some cases indicate which treatments are most likely to restore function to an optimad

levd.

The technology has evolved to the point whereit isreliable, easy to use and, compared to

ten years ago, rdatively cheap, and yet physicians, hospitals and payers are dl ressting its use.

V. Remedies
A. If gait andysisisto come into widespread use we need to:

1. Enlarge the scope of gait analysis, particularly into dite performance where it will be
readily embraced by both the athletes and the public.

2. Seethat individuals who treat these patients receive active ingruction in gait and gait
related topics.

3. Demand objective outcome studies in adl papers relating to treatment of these
individuds.

4. Overhaul payment system <0 that there isincentive in producing an optima outcome as
opposed to minimizing trestment.

5. The benefits of gait analyssin the treetment of locomotor disabilities must be proven to
colleagues, patients, and payers.

V. What isthe Status of Gait Analyss Today?

A.

mooOw

Al

Good commercia hardware & software systems are available at about 1/6 the price of
the system built a Newington Children’s Hospitd in 1980.

Outcome studies are beginning to be published.

Acceptance is growing for gait andysisin the trestment of neuromuscular conditions.
A new journd entitled Gait & Posture isnow being published.

Motion andyssis beginning in prosthetics, sport's medicine, and other performance
related activities.

A few find thoughts

1. Asdated earlier, before we had this tool we would start with a spastic child who
walked abnormally and end with a spadtic child who walked differently, but it was difficult
to tell exactly what the surgery had accomplished. Now, however, we have atool by
which we can accurately critique our surgery.

2. Thetechnology of gait andysisis moving rgpidly, but physician atitudes need to
change:
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a Thereisawide spread perception among orthopaedic surgeonsthat clinica
examination and observationd gait andysis are adeguate to determine trestment. |
hope | have succeeded in proving to you that thisis not the case.

3. If we as physicians and therapists wish to treat human gait problems of any type, we
must be:
a willing to commit the time and effort necessary to master the principlesof norma
and pathologicd gait. A. Bruce Gill said it best, “ Study principles not methods; if one
understands the principle he can devise his own methods.”

b. familiar with the technology used to measure gait and the basic principles of
biomechanics.

c. willing to participate as a member of ateam which includes members from other
disciplines such as engineering, kinesiology, and physicd thergpy.

4. Nothing in life can be congstently improved or optimized unlessit can be subjected to
objective andysis and its governing principles and/or mechanisms are well understood ---
Cerebrd Pdsy isno exception!
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Factorswhich prevent the peoplewith locomotor disabilities
from accessing gait analysis

Edmund Y. S. Chao, Ph.D.

Routine access of gait analysis asatool for clinica gpplication has not been extended to
patients without locomotor disabilities. It is, therefore, not surprising to find that such
methodology is grosdy overlooked on its vaue in studying individuds who have different
degrees of locomotor disabilities. To review the factors which prevent patients from accessing
gat andysswill be hdpful to lay the background to discuss Smilar issues concerning people
with locomotor disabilities. Codt, rdliability, accuracy, and clinica relevance have been the four
main factors preventing routine access to gait analyssin patients with locomotor problems.
Additiona research and development must be devoted to thisfield in order to overcome these
barriers. Gait analyssis one of the earliest biomechanica techniques applied to both basic
research and clinica gpplication but many of the past efforts were devoted to measuring
instruments and data capturing methodologies. Data andys's and establishment of ardiable
database on both norma and patients with locomotor abnormalities have not received adequate
atention and emphasisin the past. Thereisdso alack of gppreciation of how complex bipedd
locomotion actualy is and how one may reach inappropriate conclusions based on very limited
data Additiona barriers exist when such technology is being considered for individuas with
locomotor disabilities. Fird, the definition of gait must be redefined by expanding its scope.
Second, the outcome of such andysis should include locomotion efficiency, comfort, exercise
and rehabilitation values, and prevention of secondary injuries. Improvement of assgtive tools
and equipment including locomotor robots must be part of such effort. Third, reliable and
effective indices reflecting an overdl rating of gait (or locomotor) performance must be
developed for easy reporting of analyss results and data documentation. Findly, gait should not
be limited to the functiona contributions of the lower limb aone. The trunk and upper extremity
do play adgnificant role in the efficiency and the compensatory effect of human mohbility. With
acombined effort by the bicengineers, therapist, rehabilitation physcians, gat andysiswill
remain amangay in medicad rehabilitation research and in the management of patients with
locomotor disabilities.
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25  Breakout session: Day 1
251 Goals

The goals of the first breakout session were to develop a comprehensive list of recommendeation
concepts under each category heading and assign recommendation devel opment responsibility
to individuds or teams. Specificdly, participants were asked to first develop a comprehensive
set of recommendation categories. Then potentia recommendation topics (titles or themes)
were generated and placed under appropriate categories. Finally, the sesson ended with teams
selecting recommendation topics on which they will develop recommendations during the
second breakout session.

The focus of each working group related to one of the following questions.
What needs to be done to:
Group 1) improve the use of gait anadys's as a patient assessment tool ?

Group 2) better the trestment planning and/or trestment implementation uses of
gait andyss?

Group 3) increase the accessihility of gait andysis for people with locomotion
dissbilities?

2.5.2 Team decision-making process:

Co-chars were ingructed to implement ateam decision making process. This process began
with adlent individua generation of ideas. Next, participants were asked to present their ideas
without discussion. During this phase, team members were encouraged to listen and take notes.
Once dl participant ideas were presented, an open discussion of individua ideas took place.
Final decisons were then enacted.

253 Team Warm-up: Day 1

Co-chairs were ingtructed on importance of team warm-up activities. These activities were
designed to prepare participants for the rigors of team work. Co-chairs were strongly
encouraged to begin the first breskout sesson with the following warm-up activity:

Warm-up
Day 1

We make the assumption that you come to this meeting bearing alot of didractions. Just asitis
important to stretch muscles prior to exercise, we would like you to stretch your mind each day
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prior to your participation in this group. The following warm-up activity is designed to help you
leave behind concerns and ease into the meeting, to gradudly focus on the task of developing
recommendetions.

We would like you to introduce yoursdf to the other members of your table. Please address
eech of the following questions during your introduction.

1) What is your name?

2) Where do you work?

3) What did you want to be when you were a child?
4) What is your favorite weekend recreation?

254 Team Leader/Spokesperson Selection Process

Workshop coordinators wished to create an aimosphere in which participant ideas were
assumed to have equa weight. To facilitate thisidea, alottery technique was used to sdlect team
spokespersons. These individuas were required to periodically provide ord reports to the
working group regarding the status of recommendation development. The process by which
these individuas were sdected is described in the following five steps.

1) All participants write anumber between 1 and 100 on a piece of paper
2) Pass paper to the person on your right

3) Chairs cdl out one number between 1 and 100

4) Person holding closest number is elected

5) For ties, the process was quickly repested

25.5 Breakout session tasks: Day 1

The primary god of breakout sesson one was to prepare participants for the task of
recommendation development. During this sesson participants were systematicaly lead through
the fallowing list of activities.

1) Review and discuss the sample recommendation.
a) Silent review (5min.)
b) Team discussion
¢) Question and answer period a the working group level

2) Generate aligt of recommendation categories.
a) Within teams, start with slent generation of idess (5-10 minutes)
b) Each team creates a written list of ideas (without discussion)
¢) Within teams, discuss and clarify team list of ideas
d) Team spokesperson reports list to co-chairs
€) Co-chairs develop and post amaster list of recommendation categories.

The Future of Gait Andlyss Page 11-26



Display each category heading at the top of alarge sheet of paper.

3) Generate alist of potentid recommendation titles within each category.
a) Start with slent generation of ideas (5-10 minutes)
b) Each team creates alist of ideas (without discusson)
¢) Within teams, discuss and clarify team list of ideas
€) Team spokesperson reports draft titles to chairs without discussion
f) Chairs write each title and team (table) number under the category heading
g) Working group, discuss like titles and combine when appropriate

4) Assgn individua titles and associated categories to teams.
a) Redidribution of team participation at thistime is acceptable
b) Select new team leaders/spokespersons if necessary

5) Teams create Strategy for developing draft recommendations.
2.6  Breakout session: Day 2

The goa of the second breakout session was to develop a set of completed recommendations.
Participants were given the entire day to accomplish this task. Following a brief warm-up
activity, participants began the arduous task of recommendation development. During this
session, team spokespersons were periodicaly asked to provide verba reports to the working
group. When deemed necessary by participants, adjustments to work assignments were
implemented. While co-chairs circulated amongst working groups, conference coordinators
maintained avigil over the three working groups, periodicaly facilitating the process of
recommendation development.

2.6.1 Warm-up activity Day 2

Warm-up
day 2

Today's warm-up is cdled Superlatives. Take aminute to study the composition of the
group and silently decide on a superlative adjective (youngest, talest, baldest...) that describes
yoursdf in contragt to the other members of group. When everyone has selected their
Superlative go around the table sharing adjectives and testing the accuracy of your perceptions.
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2.7  Recommendation Development M aterials

Workshop participants were provided the following reference materids, including the sample
recommendation, to assist them during the recommendation devel opment process.

Working Group Report Guiddines

The completed conference report will contain recommendations created during the
meseting. Itisanticipated that each of these conference recommendationswill contain eements
of attendees initid pogition statements and new materia introduced during the conference. In
order to facilitate the development of conference recommendations, participants are strongly
encouraged to further research topics and prepare written materias in advance of the
conference using the following format and draft recommendation as guides.

Recommendation Title: (Developed by working group)

Recommendation Code: (Assigned by Co-chairs)

Category: (Assgned by working group)
All recommendations will be categorized according to the generd nature of the specific
actions being recommended. The following list of categories can be used as aguide:
(research, education, training, standardization, policy, technologica development,
other).

Recommendation

Background
This section should contain the background/rationae for the issue/problem/question for
which research, development, or policy/program changes are being recommended.
(Typicdly, thiswill conggt of one or more affirmative satements indicating what has
been achieved and what remains to be achieved in agiven area)

Objectives
List the specific objectives that should be pursued. (These statements should
characterize the desired resolution of the issue/problem/question described in the
background section.)

Recommended Actions
This section should contain the specific recommended action(s) to achieve the
objective(s) specified in the objectives section. (These are the research questions,
developments, or policy/program actions that should be pursued to achieve the
objective(s) specified above.)
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2.7.1 Sample Recommendation

(EXAMPLE RECOMMENDATION)

Recommendation Title: Training Felowships for Physcad Thergpigts
Recommendation Code: Z1
Category: Traning

Recommendation

Background

A mgor barrier to the clinica implementation of gait andyss technologies in rehabilitation
settings, and therefore access to these technologies, is the excessive resources required to
purchase, maintain, and implement amodern motion analyss laboratory. Theinitial cost of
equipment and space dlocation are important contributing factors which require a sgnificant
initiad inditutional commitment. However, theseinitid investments pale in comparison to the
annud sdary and benefit expenditures required to maintain laboratory staff. Higtoricdly, the
operating complexity and immeaturity of gait analys's technologies have demanded gait laboratory
gaffing trends to include a senior technica director (often aPh.D.), technica assstance
(engineering gtaff), and aclinical coordinator who is responsible for patient testing and report
generdtion (typicaly aphysca therapist or kinesiologist). Recent advancementsin motion
andysistechnologies provide aleve of automation and sophistication such that a dinician who
obtains sufficient training and experience with gait analysis technologies is cgpable of
independently executing the wide range of tasks associated with modern gait anadlysis.

Objectives

Decrease the annual cost of supporting aclinical gait analysis laboratory by replacing the present
day multi-taff model with a single gaff modd conssting of a hybrid cross-trained licensed
physical thergpist.

Recommended Actions

Deveop felowship training programs &t centers of excdlence that will provide licensad physical

therapists extengve training and experience in modern gait analysis technologies and the
integration of these technologiesinto the patient care setting.
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2.8  Priority Scoring of Recommendations

The recommendation scoring session was preceded by a recommendation review sesson.
While participants received the recommendations the evening prior to the scoring sesson, it was
fdlt that a group review sesson would improve participant focus. During the review session, co-
chairs summarized the list of recommendations that were generated within their respective
working groups. An attempt was made to minimize discussion that would result in the
development of participant interpretations that extended beyond recommendation text. The
recommendation priority ranking process occurred in a group setting. Participants were
ingructed to use the full range of scores provided by the priority scoring system and were lead
through the scoring process by a workshop coordinator. Participants were provided ample time
to reflect on each recommendation prior to the recording of their score. Score sheets were
collected prior to closing statements from the conference coordinators and participant dismissal.
The following recommendation scoring system was used in conjunction with scoring sheet
depicted in the following section.

100-200 Highest Priority
200-300 Moderate Priority
300-400 Average Priority
400-500 Low Priority
500-600 Lowest Priority
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2.8.1 Sample Scoring Sheet

RECOMMENDATION SCORING SHEET

Circle Your Working Group Number | I "

When instructed to do so, please scor e each of the following recommendations using the NIH scoring
system. All recommendationsmust receive a numerical score.

100-200 Highest Priority
200-300 M oderate Priority
300-400 Average Priority
400-500 L ow Priority
500-600 L owest Priority

# |Code Recommendation Title Score
1 |Al Gait Assessment and Clinical Decision Making
2 |A2 Gait Assessment and Functional Outcomes
3 |A3 Is Gait Analysis Efficaciousin Improving Treatment Outcomes?
4 (A4 Accuracy, Precision and Validity of Movement Analysis Technigues
5 |A5 Evaluation of Clinical Interventions Using Functional Movement Analysisand...
6 |A6 Development of Standards for Management of Clinical Movement Analysis Data
7 |A7 Development of Timely and Obijective Methods of Acquisition, Reduction and...
8 |AS8 Development of a System Network for Sharing Movement Analysis Data Files
9 |AS Education and Training of Personnel Involved in Gait Analysis
10 |A10 Determinants of Gait Related Pathol oay
11 |A11 Development of Models to Study the Relationship Between the Observed...
12 |A12 The Scope of Movement Analysis
13 |B1 Expand the Clinical Application of Gait Analysis
14 |B2 Gait Analysis as a Cost Effective Patient Management Tool
15 |B3 Use of Gait Analysis Technology as Treatment
16 (B4 Clinical Motion Analysis Databank with Patient Profiles
17 |B5 Standards for Reporting the Results of Clinical Gait Analysis
18 [B6 Collaboration via Telecommunications/ Telemedicine
19 |B7 Improved Sensors of Neuromuscul oskeletal Activity in Gait Analysis
20 |B8 Automated Protocol for Determining Joint Centers
21 |BS Identify the Relationship Between Impairments, Functional Gait Limitations, and...
22 |Bi10 Toward Routine Utilization of Gait Analysis
23 |B11 Educate Cliniciansin the use of Gait Analysisin Treatment Planning and...
24 |B12 Effectiveness of Gait Analysis
25 |C1 Advance Research Evidence for the Clinical Utility of Movement Analysis Across...
26 |C2 Scope and Availability of Gait Analysis Facilities
27 |C3 Establish Comprehensive Gait Analysis (GA) as a Standard of Carein...
28 |4 Role of Three-Dimensional Computerized Gait Analysisin Treatment...
29 |C5 Time/Distance Analysis for use in Group/Multicenter Outcome Studies
30 |C6 Define the Components of Gait Analysis
31 |C7 The Development of Interactive Software to Assist Professionalsin the...
32 |C8 Standardization of Gait Analysis
33 |C3 Accreditation of Diagnostic Clinical Gait Laboratories
C10 Medical Education Models for Health Care Professionals
Cl1 Consumer and Patient Education
C12 Universal Accessto Gait Analysis Services
37 |Ci13 The Development of Information Resources Which Will Help New Gait...
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2.9  Workshop Evaluation

This Workshop was an unusud design since the purpose was to develop, over arelaivey short
period of time, an extensive sat of prioritized recommendations for future directionsin gait
andyds Thiswasthe firgt opportunity to implement thisworkshop model. Therefore, ahigh
evauation participation rate was desired. To accomplish this god, workshop evauation forms
were attached as a face sheet to the list of recommendations that was distributed the evening
prior to the recommendation review and priority scoring sessons. On the find morning of the
Workshop, a completed evauation form served as the ticket with which participants could
obtain a recommendation scoring form. Participants, working group chairpersons and
observers were alowed to evaluate the Workshop.

2.9.1 Workshop Evaluation Form
Participant Evaluation for

Gait Analysisin Rehabilitation Medicine
September 26-28, 1996

1 Usefulness of the Meeting (and topics discussed):
____ Extremely useful
___ Very useful
____Somewhat useful
___ Not useful

2. Organization and structure of the Meeting:
___ Excellent
____Good
____Average
____Poor

3. Presentation of materials, (including handouts, slides, etc.):
___ Excellent
____Good
____Average
____Poor

4, What was the best part of the meeting for you?

5. What was the weakest part of the meeting?

6. What i mprovements would you make if any?

7. Do you have any specific preferences for future M eeting topics?

8. Comments:

Pleasefill thisout and return for a scor e sheet in the morning
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