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Low-bandwidth telemedicine for
remote orthotic assessment

E. D. LEMAIRE and Y. JEFFREYS

The Rehabilitation Centre, Onawa, Ontario, Canada

Abstract
A model for performing remote orthotic
assessments using low-bandwidth computer

communication technology (video
conferencing) was developed, tested, and
evaluated.  System  evaluation  involved

comparing a serigs of remote assessments with
on-site assessments. While most on-site and on-
line results were similar, discrepancies which
occurred were attributed to between-clinician
differences. measurement technique differences,
technical and learning obstacles at the start of
the project, and within subject variations during
the day. On-ling assessment cfficiency improved
with cach on-line session and corresponded with
increased confidence in the system, casier
systern use. and better overall satisfaction. An
on-line debriefing session was held with all
project clinicians. These clinicians supported
continued use of the communication system for
rehabilitation  consultation and  educalion.
Clinically. preliminary face-to-face meetings
and a regular practice  schedule  were
recommended. Technically, the system was
considered  good:  however,  suggested
improvements included using a high quality
speaker-phone system, streamlining the video
capture process. and providing more reliable
telecommunicalion connections.

Introduction

The combination of computer technology and
telecommunications is an exciting prospect for
the rehabilitation tield. Recent advancements in
video conferencing systems and Internet access
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provide the infrastructure lor remote assessment
and consultation at a rcasonable cost. By using
computer/telecommunication links to send
sound, data, graphics, and video between two or
more sites, remote areas can access clinical
assessment and tollow-up services without
travelling to a central rehabilitation facility.

Telemedicine, the use of communication
technologies to provide health care services and
education over a distance, has been in existence
since the late 1950s when microwave links were
used for telepsychiatry consultations (Wittson et
al., 1961). Since then many applications have
been initiated in the fields of radiology
(Reponen er af., 1995; von Hanwehr et ¢l., 1995)
dermatology (Perednia and Brown, 1995;
Solomon ef al., 1996), pathology (Ferrer-Roca et
al., 1995: Kayser and Drlicek, 1992), neurology
(Chaves-Carballo, 1992), and other specialties
(Allen and Hayes, 1994; Hubble er «l, 1993,
Jerome, 1993; Rafuse, 1994; Lewis and Boyd
Moir, 1995). In addition, some telemedicine
initiatives have provided remote diagnosis and
consultation tools for general health carc
{Carlson, 1994; Jennetl er al.. 1995 Perednia
and Allen, 1995; Padeken ef @f., 1995 Sunders
and Tedesco, 1993). Unfortunately, most of
these programmes could not be sustained aller
the initial project funding was spent (Perednia
and Allen, 1995).

The technoelogical requirements for performing
a remote medical intervention are directly related
w the clinical applicaton. For radiology and
pathology, static images can be digitized at a
remote site using commercial image processing
hardware and software. A computer modem can
then be used to send the data file to a central
facility for analysis (Reponen et al.. 1995). For
surgical  interventions, virtaal reality or
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were based on running the system through
hospital switch boards. In particular, The
Rehabilitation Centre’s PBX-based telephone
systern created data communication problems
during the initial stages of this project.
Switching to a direct, outside telephone line
solved most of these problems. Hawkesbury had
more reliable data communications than
Arnprior. This could be due to better
telecommunication links between Ottawa and
Hawkesbury or interference from the Arnprior
District and Memorial Hospital switchboard
system (the telephone line was routed through
the main switchboard).

As small communities with infenor
telecommunication links are connected to a
¢linical consultation system. data line failures
can be expected. Generally, this is not a problem
since it is a simple task to reconnect and resume
the assessment. Frequent connection problems,
however, are detrimental to the efficiency of
remote  ¢linical communication and user
confidence. It is recommended that the
telephone system by pre-tested betfore installing
a computer distance communication system to
cnsure a reliable data flow between sites.

Internet connections were casy to initiate and
the connections were rcliable. For site-to-site
communication, the Chalkboard and live-video
functions worked: however, the video frame rate
was slower than with a direct 28.8 Kbps modem
and a longer time lag occurred between the live
action and remote video display. Even with
these limitations, an Internet connection was
considered a viable medium for cost-etfective
site-10-site communication.

Multi-site Internet communications involved
Ottawa, Arnprior, and Hawkesbury
simultaneously sharing the same Chalkboard
and Talk window. This feature perforimed very
well when each location took furns accessing the
shared resources; however, if all sites
continuously used the on-screen pointer function
for more than a few minutes the system would
lock up (i.e., a continuous data stream from all
participants using the Chalkboard). No errors
occurred if the participants interacted with short
to medium bursts of activity. Live-video was not
reliable for multi-site [nternet connections.
Higher bandwidth TCP-IP connections would be
required before live-video could be used
between more than two sites. A recommended
muli-site setup would involve:

* using the Talk window to keep minutes of a
meeting, display/paste text for the group 1o
read, or write words which were difficult o

spell:
¢ using the Chalkboard window to share
captured images, previously prepared

graphics, or as a sketchpad to illustrate an
idea;

+ using the Stills Capture programme to grab
video images and share them with the group
(these images can take between one and two
minutes to be displayed at all sites, depending
on Internet traffic);

* using the File Transfer programme to send
video files, database records, word processed
files. or reports between sites.

Results

Twenty-two subjects were assessed during
four Mobile Clinic visits: 10 assessments in
Armprior and 12 in Hawkesbury. The first
Mobile Clinic vistt was used as a test session and
was not included in the validation results. With
these four subjects removed, data from a total of
18 subjects were used for the evaluation. At the
start of the project, clinicians in Arnprior and
Hawkesbury had minimal, or no, computer
experience and no previous exposure to OS/2.
The combination of clinician training on the
systemn, system trouble shooting. and database
errors made data from the first clinic visit
unreliable. The following sections will describe
the questionnaire and debriefing results.

Assessment questionnaire results

The assessment data sheet was divided into
three areas: client data, physical data. and gait
data,

Client data

The client data section provided information
on the client’s medical status, social factors. and
environmental factors. Orthotic assessment
questionnaires have traditionally provided a
space to write a description based on patient
assessments, discussions, and a medical chart
review. To compare these clinical data, the
information was coded into three groups: same
information (1), same information with some
additional details (2), different information (3).
Since it is expected that different clinicians will
have slight variations in what information they
decide 1s most relevant, group one and group
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two results were acceptable.

For most measures, the remote and on-site
responses were simitar in more than 88 percent
ol the cases. These measures included date of
birth, height, weight. gender, diagnosis, date of
onset, main problem, occupation, activities.
social factors, cognitive status, mobility aids,
walking distance, and footware. Four areas with
unsatisfactory results were prescription (72%).
history (61%), goals {72%) and complications
(39%). It wus rcasonable that differences
occurred with prescription and goals since the
subjects. while being potential candidates for an
AFQ, were not being assessed to receive a
device from an established prescription (i.e.,
they were at the clinic to take part in the pilot
project and not for a specific orthotic problem).
It a written prescription was available for each
subject, the prescription results would have been
much better since the team would have had
specific clinical goals.

Differences in medical history and possible
complications were altributed to differcnces
between orthotic methods and physiotherapy /
occupational therapy methods. The various
fields of rehabilitation have different focusses
when reviewing the medical history and
determining what constitutes a potential
complication. These differences  became
apparent when reviewing the responses from the
on-silc orthotist and the combination of an
orthotist / physiotherapist / occupational
therapist team. Tt is suggested that these areas be
replaced by a predefined list of choices 1o help
focus the assessment on the needs of the
orthotist.

Since the medical history, goals and
complications sections were based on subject
feedback, some differences could have been due
to the subject supplying different information, or
a different focus, during the two assessments.
Problems with the speaker-phone could have
also led to problems of hearing the subject.

Physical data

The physical data section recorded
information on  muscular function. joint
function, vascular problems, and balance. For
the strength measurements, individual variations
were accommodated by grouping the Oxford
Muscle Strength Scale values into three sections:
no functional strength (0.1,2), weak functional
strength (3), acceptable functional strength (4,5).

Range of motion values were grouped into
normal or abnormal sections, These groupings
were required since orthotists typically do not
perform strength and range of motion
assessments  in the same manner as
physiotherapists. This probably occurs because
physiotherapists and occupational therapists are
concerned with the physical improvement of the
patient while an orthotist is concerned with
production of a device based on the patient’s
functional condition. More precise
measurements would be required to show how
the subject is progressing as part of treatment,
Broader scales were considered sufiicient by the
orthotists for this study and were better aligned
with current ¢linical orthotic practices.

The general physical measures were similar in
all cases except spasticity and balance. The
similar measures included sensation, unstable
joints, skin problems, and vascular problems.
Upon reviewing the raw data, the spasticity
values were found 1o differ by only one level
(i.e.. non-mild or mild-moderate). Since the two
assessments could be at different times of the
day, variations in spasticity of up to one level
can be expected. This possibility was supported
upon review of the assessment schedule and the
subject’s medical condition, The difference in
balance assessment cannot be accounted for with
the data from this study, therefore, the
assessmment criteria nmust be modified Lo provide
a better definition of balance.

In terms of range of motion, plantar flexion
and hip extension measurcments showed the
largest between-assessment  differences (70
percent the same). For these cases, the on-site
orthotist indicated no range of motion problem
but the orthotist/therapist team recorded a range
of motion problem. These results could be
attributed to differences in subject’s position
during measurement (i.e., whether the subject
was measured sitting or lying down), confusion
between angular conventions (i.e. is the angle
measurcd clockwise or counter clockwise),
and/or what normal values were used {i.c., what
is functionally normal). The other lower limb
range of motien measures had acceptable
between-group similarity scores {mean = 86.0%,
standard deviation = 7.1).

Strength measures were the most variable
assessment results (mean = 68.8%, standard
deviation = 11.21). Dorsiflexion strength was the
most similar measure while inversion, hip




Trip Measure (min) Mean Std Dev
| Computer time 83.75 38.60
Off-line time 13.75 479
2 Computer time 5333 1538
Off-line time 12.50 274
3 Computer Lime 4333 16.02
Off-hine time 15.00 0.00
4 Computer time 6(.83 14.29
Off-line time 27.50 12,14
All Computer time 38.18 2398
Off-line ime 17.50 8.96




Below

Above

Meusure average Average average Excellent
Ease of use 18.2 45 63.6 13.6
Ability to understand remote person 45 9.1 27.3 59.1
Ease of assessment 13.6 59,1 18.2 9.1
Confidence in assessment results 136 455 18.2 22.7
Overall sausfaction - 13.6 59.1 273
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communication tools. Since the consulting
clinician must rely on the remote clinician as an
extension of his or her hands and clinical eye,
confidence in each others skills is essential to
prolonged suveccess. The project clinicians
suggested that face-to-face meetings/educational
sessions would help maintain a confident
medical distance communication relationship.

Other initiatives that would benefit a distance
communication programme include designation
of on-site technical expertise, scheduling of
regular on-line sessions, and organizing a
network of expertise between centres. While the
consulting site should assume some leadership
regarding the technical aspects of setting up,
using, and maintaining the computerized
communication system, developing on-site
experience with system use and maintenance is
important. The on-site technical person would
help train new people on the system, help
troubleshoot problems, and help integrate the
system into hospital specific networking
initiatives. The technical person would also
support communications between other remote
sites (i.c., communications that do not involve
the central rehabilitation site).

A regular on-line consultation session would
be beneficial from a scheduling and skill
maintenance perspective. 1f regular on-line
rounds or on-linc clinics were scheduled, both
sites could be assured that the appropriate
clinicians are present for consultation. This time
could also be used for educational sessions.
Regular on-line communications would also
ensure that the remote clinicians maintain their
computer system skills. While these interactions
would be beneficial (o the patient and medical
professional, long-term funding and resources
for these on-line clinics and consultations must
be considered.

In addition to consultations with a specialized
rehabilitation centre, the remote hospitals could
connect with each other to share local expertise
or hold meetings. On-line meetings would work
best if limited o two sites with no more than
four pcople around the computer screen.

Conclusion

Based on the test results and the clinician
feedback, computerized distance communication
can be considered an appropriate technology for
consultations in orthotics and many arcas of
physical rehabilitation. The low-cost solution

presented in this report should make remaote
assessment accessible by most clinics in Canada
since existing communication lines can be used,
low-end computers are required, and the system
i1s casy 1o usc. Methods for applying this
lechnology could also be exported internationally
so that developing countries may take advantage
of foreign medical expertise.

While this assessment approach was
considered effective, assessment discrepancies
were found between clinicians. To reduce the
chance of communication error a consistent and
rcliable asscssment protocol  should  be
employed. This protocol would be enhanced by
maintaining a rapport between the remote and
central rehabilitation sites. An evaluation of
assessment/follow-up reliability with a larger
sample size should be performed: however,
many sites must be on-line 1o provide the subject
base to carry out such a project.
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