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Abstract—Our ability to provide in-home rehabilitation is
limited by distance and available personnel. We may be able to
meet some rehabilitation needs with videoconferencing tech-
nology. This article describes the feasibility of teletechnology
for delivering multifactorial, in-home rehabilitation interven-
tions to community-dwelling adults recently prescribed a
mobility aid. We used standard telephone lines to provide two-
way video and audio interaction. The interventions included
prescription of and/or training in functionally based exercises,
home-hazard assessment, assistive technology, environmental
modifications, and adaptive strategies. Patients were evaluated
in three transfer and three mobility tasks, and appropriate treat-
ment was provided over the course of four visits. To date, 13 of
the 14 subjects enrolled in the rehabilitation study have com-
pleted all four visits (56 visits total). Equipment-related prob-
lems were most common early in the study, particularly on the
initial visit to a subject’s house.We identified (mean + standard
deviation [SD]) 13.1 £ 7.9 mobility/self-care problems per sub-
ject and made 12.5 = 8.3 recommendations per subject to
address those problems. At 6-week follow-up, 60.1 percent of
our recommendations had been implemented. The greatest
number of problems was identified for tub transfers (mean £
SD = 3.4 £ 1.4), the greatest number of recommendations was
made for toilet transfers (mean + SD = 3.1 * 3.4), and the most
frequently implemented recommendations were for transition
between locations. Overall, our results show promise that both
the telerehabilitation technology and intervention procedures
are feasible.

Key words: adaptive strategies, assistive technology, home-
hazard assessment, home-health services, home modification,
occupational therapy, physical therapy, telehealth, telerehabili-
tation, videoconferencing.
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INTRODUCTION

Home healthcare has subsumed an increasingly
important role in healthcare over the last 20 years. Short
hospital stays often result in patients being discharged to
their homes before attaining maximal function [1-2]; yet
travel for follow-up outpatient therapy may be too diffi-
cult, too expensive, or not possible [1], particularly for
people with mobility limitations [3]. To compensate, we
use in-home rehabilitation to ensure patients continue to
progress and their skills generalize to the home environ-
ment. However, in-home rehabilitation offers a number
of challenges. First, the therapist providing in-home
rehabilitation is seldom the same therapist or even
employed by the same institution from which the patient
received initial rehabilitation, which undermines the con-
tinuity of care. Second, availability of therapists in home-
care settings may be limited, particularly in rural areas.

Abbreviations: ADL = activities of daily living, AT = assis-
tive technology, FIM = Functional Independence Measure,
ISDN = integrated services digital network, OT = occupational
therapist, POTS = plain old telephone system, PS = private sec-
tor, PT = physical therapist, SD = standard deviation, V = vet-
eran, VA = Department of \eterans Affairs, VAMC = VA
medical center.
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Finally, costs for home healthcare are substantial and
expected to nearly triple by 2014 (http://
www.cms.hhs.gov) [4].

Videoconferencing technology, which permits real-
time two-way video and audio interaction between pro-
vider and patient, is potentially a cost-effective method
for meeting some of the needs for in-home rehabilitation.
Occupational therapist (OT) and physical therapist (PT)
interventions that may be suitable for telerehabilitation
include assessment of the home environment and training
in adaptive strategies. This article describes our use of
remote technology to deliver a telerehabilitation inter-
vention to patients at home and the selection and adapta-
tion of intervention strategies that complement the
remote technology. We performed a literature review that
guided the selection of the technology and interventions
and their feasibility for the telerehabilitation arm of a
larger, ongoing randomized trial.

LITERATURE REVIEW

Teletechnology

Historically, store-and-forward teletechnologies that
transmit data, still images, or video recordings [5-7] have
been used for providing consultative services and moni-
toring chronic-health conditions [8-10]. However,
rehabilitation depends on real-time two-way observation,
communication, and interaction between the therapist
and the patient. Satellite telemedicine facilities allow for
live two-way communication with high-definition
images that are especially useful for management of
complex medical conditions but require costly special-
ized videoconferencing equipment (i.e., high-resolution
or integrated services digital network [ISDN] communi-
cations technology) [11-15]. Moreover, satellite telemed-
icine facilities do not provide access to the home
environment for evaluation of physical function and pre-
scription of adaptive strategies. Clinicians have success-
fully adapted videoconferencing technology to in-home
rehabilitation using fixed video cameras to provide real-
time two-way communication for treating mental illness
[16] and monitoring skin ulcers [15,17-19]. However,
assessment and treatment of functional impairment is
optimally carried out in the context of the functional
activity itself (e.g., bathing in the bathroom or cooking in
the kitchen). As a result, telerehabilitation necessitates a
mobile rather than fixed camera for monitoring activity.

Our literature review found only three studies that
used videoconferencing technology for assessing func-
tional activities, gait/mobility, and home safety. One
small study reported that a group treated in the home with
videoconferencing technology experienced significantly
greater improvements in Functional Independence Mea-
sure (FIM) scores than individuals who received tradi-
tional in-home care [20]. Two additional studies
demonstrated that videoconferencing technology could
be used successfully for developing home-modification
recommendations and that videoconferencing equipment
produced images sufficient for visualizing and assessing
all but fine motor movements (resolution sufficient for
therapists at a remote location to determine space meas-
urements in a home with 1/4 in. accuracy) [21-22].

In-Home Rehabilitation Interventions

A variety of rehabilitation interventions are used in
the home as a part of standard rehabilitation home-health
practices, including exercise, assistive technology (AT),
adaptive strategies, and environmental modifications.

Exercise

Three studies examined the effects of home-based
exercises. Campbell et al. reported favorable results from
a focused exercise intervention prescribed by a PT during
a home visit and independently carried out by partici-
pants [23]. Similarly, Tinetti et al. found positive effects
from exercise prescribed by a PT in the home as a part of
a multifactorial intervention [24]. Gill et al. found that an
adaptation of Tinetti’s program reduced the rate of func-
tional decline among frail community-dwelling elders
[25].

Adaptive Strategies and Assistive Technology

We found no studies that examined use of adaptive
methods in the home separate from use of AT. Two stud-
ies have reported benefits from providing AT through
home visits. Chamberlain et al. found that patients
receiving a home visit from an OT after discharge from
the hospital were more likely to receive equipment that
fit correctly and to bathe independently [26]. Mann et al.
showed that recommendations for AT by an OT reduced
the rate of functional decline among homebound older
persons [27].
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Home Modifications

We found no studies that examined environmental
modifications alone, but some clinical trials examined in-
home environmental modifications in conjunction with
AT and adaptive strategies. For example, in their success-
ful trial, Mann et al. recommended environmental modi-
fications as well as AT [27]. Similarly, Cumming et al.
reported a reduction in falls with home modifications rec-
ommended in conjunction with an OT home visit [28]. A
recent meta-analysis of falls research concluded that
interventions reduce home hazards [29].

Process of Care

Several studies showed that real-time observation of
a patient’s functional performance and their immediate
response to therapeutic recommendations is an important
aspect of the rehabilitation process. Compared with nov-
ice PTs, experienced PTs tend to respond in real time to
the needs and responses of the individual patients [30]. A
study of OTs showed that clinical reasoning was often
tested in action on a moment-to-moment iterative basis
[31]. Observation of performance enables an activity to
be broken down into its task components (e.g., approach-
ing the tub, turning on the water, getting into the tub, sitting
down in the tub) [32] and is perceived as the only reliable
way to understand the complex person-environment
interactions that characterize activity of daily living
(ADL) performance and develop ecologically based indi-
vidualized interventions [33].

Conclusions

Our literature review provided reasonable evidence
of the effectiveness of home visits for prescribing func-
tionally based exercises, carrying out home-hazard
assessments, and training patients in the use of AT and
adaptive strategies. It also supported the importance of
real-time interaction between the therapist and the
patient. Thus, technological needs for in-home rehabili-
tation include observation while the patient carries out
gross motor activities and activities in diverse locations
as well as real-time two-way communication between the
patient and the therapist. Cost-effective approaches might
include teletechnology operated by the patient and/or
home-health providers. Home-health nurses might use
teletechnology to provide therapists with important infor-
mation prior to an OT/PT home visit (increasing both
efficiency and effectiveness), facilitate consultation with
providers who treated the patient in the hospital (improv-
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ing coordination of care), and enable cost-effective fol-
low-up after an OT/PT home visit. However,
teletechnology, whether used by a home-health nurse or
by the patient alone, does not provide face-to-face inter-
action between the rehabilitation provider and the patient
and thus is likely to supplement rather than replace tradi-
tional rehabilitative care. Our literature review indicated
that wireless videoconferencing technology based on a
plain old telephone system (POTS) has the potential to
meet in-home rehabilitation needs because it is mobile
and allows for two-way communication.

METHODS

Telerehabilitation Technology: Protocol and Proce-
dures

To match rehabilitation needs to the capabilities of
the technology, we needed to (1) identify an appropriate
patient population, (2) modify POTS-based teletechnol-
ogy equipment to permit real-time two-way video and
audio interaction in diverse locations in the home, (3)
develop procedures to enable use of teletechnology for
rehabilitation, (4) develop rehabilitation assessment and
intervention protocols for use with teletechnology, and
(5) train personnel to deliver the telerehabilitation inter-
ventions.

Approval for the study was obtained from the institu-
tional review boards of the Durham Department of \eter-
ans Affairs (VA) Medical Center (VAMC), the Shepherd
Center, and the Atlanta VAMC. All patients provided
informed consent and a release to use their image.

Target Population

Based on prior studies showing that home-based
interventions can reduce falls [24,29], improve safety
among users of bathroom safety equipment [26], and
reduce the rate of functional decline among frail elders
[25,27], we targeted adults who had recently been pre-
scribed a walker or wheelchair and were residing in the
community because this group is at high risk for falls
and/or functional decline and likely needs bathroom
safety equipment. To ensure patients were able to provide
informed consent and follow the directions involved with
therapy, we excluded patients with cognitive impairment.
In addition, the study sample was further limited to
patients living within a 1-hour driving distance from the
VAMC so research personnel could conduct the home
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visits. Finally, we excluded patients whose life expect-
ancy was less than 6 months based on medical record
review.

Ultimately, telerehabilitation interventions will likely
be carried out in conjunction with a home-health agency.
However, our goal was to determine the feasibility of the
technology and procedures; therefore, all aspects of this
study were carried out by research personnel.

Equipment

The videoconferencing system we used in this clini-
cal trial was developed for a previous study on providing
remote home assessments [21] and tailored for this
project to allow live two-way video and audio patient-
therapist interaction. The system consisted of “off-the-
shelf” technology that used POTS lines, which are
located in virtually all homes in the United States. The
remote home-video kit (Figure) was transported to the
patient’s home for each visit. The remote kit weighs only
15 Ib and fits in a computer-sized case. The entire kit

costs approximately $3,500 and can be operated by a
nonspecialist with a few hours of training.

Real-time two-way audio and video were transmitted
from a mobile camera, headset, and monitor to and from
a remote videophone plugged into the POTS line in the
home and from the remote videophone to a base unit
videophone (Figure) that was viewed by a therapist in
the hospital. Both videophones were “plug n’ play” and
replaced standard phones without additional installation
costs. The videophone in the home used wireless radio
frequency technology (Polaris Industries GW 2400,
Medina, Montana) that enabled real-time images of the
patient to be transmitted from a portable palm-sized
remote video camera (Sony DCR-IP78T MicroDV, Sony
Corp, New York, New York) to a videophone (StarView
500 TravelStar, StarView Corp, Tucson, Arizona) up to
985 ft away. The images were then transmitted through
POTS lines to the base unit videophone (StarView 2000
Pro) located at the VAMC. We selected the MicroDV
camera because of its extremely small size and low-light

Base station plugged into
standard phone line

Wireless video camera
operated by home-health aid

N

Travel kit

Figure.

Telerehabilitation and communication equipment. VAMC = Department of Veterans Affairs medical center.
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capability. In addition, the camera functions at 0 Ix,
which minimized the effects of poor household lighting
on the quality of the images transmitted to the therapists.
We chose the StarView videophone because it is
extremely small (6 1/2 in. x 4 3/4 in. x 1 1/2 in.) and the
integral monitor folds flat for ease of storage. Finally, a
wireless battery-operated 4 in. monitor in combination
with a wireless headset enabled the therapist to have two-
way video and audio communication with the patient
throughout the home (not shown in Figure). The small
size of the monitor allowed for easy transport by patients
(e.g., in their lap or walker basket) as they engaged in
activities throughout the home. The wireless signals from
the headset, monitor, and camera could penetrate walls
and other obstructions, which enabled the remote video-
phone to remain in the case in a convenient fixed location
while the camera operator moved freely about the home.
This permitted the therapist at the hospital to observe the
subject throughout the entire home.

Procedures

At the beginning and end of each session, the therapist
interacted directly with the patient. However, during task
performance, the technician, who was in continuous com-
munication with the therapist via headset, was the primary
person communicating with and directing the patient
through the relevant protocols. This allowed the patient to
concentrate on performing each task safely without being
distracted by the technology. During task performance,
the patient was able to see and hear the therapist via the
wireless monitor. In addition, the therapist was able to
view the patient live via the video camera and hear all
communication between the technician and patient.

To augment the real-time communication with the
therapist, we also videotaped the patient’s performance.
This provided opportunities for subsequent consultation
as needed (e.g., recommendations for home modi-
fications could be reviewed by an architect). In addition,
it provided a back-up record of the patient’s performance
in the event the live telecommunication failed during the
home visit.

Assessment Protocols

Although POTS-based videoconferencing technol-
ogy has advanced significantly in the past several years,
it still lacks the resolution of more expensive high-speed
ISDN equipment. As a result, the equipment was best-
suited for activities that required gross motor skills, such
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as mobility and transfer tasks. Therefore, we focused on
mobility tasks (kitchen mobility, transition between loca-
tions, and enter/exit the home) and transfer tasks (toilet,
tub/shower, and bed).

The assessment began with the classification of patients
into one of four basic functional mobility groups. We
classified patients using a derivation of the physical per-
formance measure developed by Guralnik et al., which
predicts disability and nursing home placement [34-35].
Based on success or failure with a single chair rise and
side-by-side stance, patients were classified into one of
four mutually exclusive groups that represented increasing
skill levels. The groups included: unable to sit, able to sit
but unable to stand, able to stand but unable to walk, able
to walk. We used group assignment to match patients to
appropriate intervention strategies. Following assignment
to one of the four groups, we evaluated patients’ perfor-
mances in each of the three transfer and mobility tasks,
which they completed in their usual and customary man-
ner. We selected the tasks based on those measured in the
motor FIM. The three transfer tasks were toilet, tub/
shower, and bed; the three mobility tasks were Kitchen
mobility, transition between locations, and enter/exit the
home. Stairs were not tested because they are not present
in many patient homes in Georgia and North Carolina.

Intervention Protocols

The interventions comprised several components that
targeted both the individual and the home environment.
Specifically, an exercise component targeted underlying
organ-system impairment, while adaptive strategies tar-
geted extant disability by either increasing an individ-
ual’s functional abilities (i.e., adaptive methods and AT)
or environmental demands on the individual (i.e., home
modifications). We designed the interventions to be simi-
lar to PT/OT practices typical of home healthcare for
patients with nonspecific functional decline and/or
impaired mobility. The entire protocol consisted of four
visits. The teletechnology equipment was brought to the
house by the technician for each visit. Two of the visits
focused on functional mobility, another visit focused on
exercise training, and the final visit addressed any
remaining issues.

Exercise

The exercise component used functionally based
exercises because both PTs and OTs commonly use such
exercises and the literature suggests that they may be
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especially useful for treating disability in the older popu-
lation [32,36]. The exercise intervention was not progres-
sive because of both the limited number of treatment
visits and a prior study that found few patients actually
progressed to higher levels, despite an average of 16 PT
home visits over a 6-month period [25]. An expert panel
of clinicians (2 OTs, 1 PT, and a geriatric rehabilitation
physician) selected specific exercises based on successful
clinical trials and their own clinical experiences [24—
25,37-38]. Several exercises were identified for each of
the four functional mobility levels, with some exercises
being applicable to more than one level. Exercises at each
level had resistive, power, and balance components.
Detailed protocols for study personnel and patient hand-
outs were developed for each exercise. Exercises were
prescribed on the second intervention visit; exercise per-
formance and any problems with the exercises were
reviewed on the third and fourth visits.

Adaptive Strategies

The adaptive strategies component of the intervention
included three types of strategies: adaptive methods (e.g.,
one-handed dressing techniques, standing pivot transfer),
assistive technology (e.g., walker), and environmental
modifications (e.g., removing throw rug). For each of the
transfer (toilet, tub/shower, and bed) and mobility tasks
(kitchen mobility, transition between locations, and enter/
exit the home), a set of potentially useful interventions
was developed for each of the four groups (i.e., from
unable to sit to able to walk). The interventions were
developed based on a review of relevant publications and
the input of our expert panel, along with an architect spe-
cializing in AT and home modification [39-43].

Detailed protocols were developed for study person-
nel that specified barriers to patient’s task performance
and specific adaptive methods, assistive devices, and
environmental modifications that may be considered. For
example, the protocol for toileting includes the following
procedures: checking toilet and AT (e.g., grab bars, trans-
fer board) to ensure appropriate height and sturdiness and
observation of the patient transfer on and off the toilet. If
the evaluation shows that additional equipment is needed,
it is requested and the patient is subsequently reassessed
with the new equipment. The environmental barriers
assessed while getting on and off the toilet include: floor
surface, lighting, presence of grab bars, and maneuvering
space. Adaptive strategies to overcome these toileting-
related barriers include: adaptive methods such as using a

different bathroom or a urinal and mobility and transfer
training; AT such as a raised toilet seat, a safety frame, or
a commode chair; and home modifications such as addi-
tional lighting, grab bars, and replacing the toilet.

All recommendations by the study therapist are noted
on an Adaptive Prescription Record for study purposes,
and the therapist documents patient progress at each visit
in the patient medical record in accordance with hospital
policy. Theavailable online only at https://
www.rehab.research.va.gov) provides a sample Adap-
tive Prescription Record for the toilet-transfer task. The
recommendations for each functional task and mobility
skill level are then incorporated into the Adaptive Pre-
scription Record, which is given to the patient. In addi-
tion to the protocols for the study personnel and the
Adaptive Prescription Form, we developed patient hand-
outs for commonly used adaptive strategies and technolo-
gies based on clinical experience and protocols from
other relevant studies (available on request) [25,27,43-44].

Personnel

Our goal was to develop interventions and technologies
that either a PT or OT could easily use with the support of a
home-health agency’s nurse’s aid or nurse. Project therapists
were all licensed in their relevant discipline, with at least
2 years of clinical experience. Technicians with limited
training operated the equipment in the home, which mimics,
under research conditions, the type of support that might be
available in the home from a Certified Nurse Assistant with
a private home-health agency. None of the technicians who
operated the equipment in the patient’s home had rehabili-
tation training, although they were experienced research
assistants that had completed all required human subjects
and Health Insurance Portability and Accountability Act
training and were trained in collection of self-report and
performance-based measures. In addition, the technicians
received training in the study protocols, body mechanics,
transfer techniques, and basic cardiopulmonary resuscita-
tion. All personnel (therapists and technicians) met Joint
Commission on Accreditation of Healthcare Organizations
training requirements for providing care in the home. As
noted earlier, the technician hooked up the remote video-
phone to the POTS in the patient’s home, operated the video
camera, and provided the immediate direction to the patient
during functional activities, while maintaining continuous
communication with the therapist. A research engineer was
available on-call for equipment-related problems.
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RESULTS

Feasibility of Wireless Telerehabilitation Technology
and Procedures

The larger randomized trial from which the telereha-
bilitation sample of patients was derived is enrolling
patients in usual care, in-home rehabilitation, and telere-
habilitation arms at a ratio of 2:1:1, because the primary
research question in the larger study is the effect of usual
care versus either in-home rehabilitation or telerehabilita-
tion, with the secondary (exploratory) research question
being usual care versus telerehabilitation. This study
reports solely on the feasibility of the technology and
interventions developed for the telerehabilitation arm. To
date, 54 V and 7 PS patients have been enrolled in the
randomized trial, of whom 16 were in the telerehabilita-
tion group; 13 of the 16 patients enrolled in the telereha-
bilitation group have completed all intervention visits
and 6-week follow-up (one dropped out after 2 visits and
two others are in progress), and these 13 patients are the
focus of this report.

The mean age of the telerehabilitation patients was
58.2 years (range 42-79 yr) (Table 1). The majority of
telerehabilitation patients (69.2%) were married. At base-
line, the proportion of patients who reported they needed
help with ADL ranged from 0 percent for using the refrig-
erator to 15.4 percent for toilet transfers to 38.5 percent
for tub transfers and enter/exit the home. The proportion
of patients who reported difficulty with self-care tasks
ranged from 23.1 percent for using the refrigerator to
61.5 percent for toilet transfers to 76.9 percent for tub
transfers. The patients reported using a wide variety of
mobility aids (69.2% cane, 61.5% walker, 38.5% wheel-
chair, 15.4% crutches), and 75.0 percent reported using
more than one mobility aid.

Table 1.
Patient demographic characteristics (N = 13).

Characteristic Percentage or

Mean + SD
White 53.8
Education: High School Graduate 92.3
Income: Less than $15,000/yr 38.5
Married 69.2
Live Alone 154
Male 76.9
Age” 58.2+12.1

* Range 42-79 yr.
SD = standard deviation.
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Overall, the equipment and protocols functioned
well. Equipment-related problems were most common
early in the study and on the initial visit to the subject’s
home. Of the 13 telerehabilitation patients who com-
pleted all four visits (56 visits total), equipment malfunc-
tions occurred with three patients on a total of four
occasions. Of these, two of the problems occurred on
visit one with two different patients and two of the prob-
lems occurred with the same subject on visits three and
four. Reasons for the malfunctions were (1) electrical
storms interfering with wireless transmission in the home
(n = 2) and (2) the remote station in the home and the
base station at the hospital were set to different channels
(n = 2). On another occasion, the camera battery was
incompletely charged and the video, but not the audio,
was lost at the end of the session. On one other occasion,
the call-waiting system on the patient’s phone interrupted
a treatment session and a second call had to be placed to
complete the session. These problems were corrected by
waiting for adverse weather to clear, checking that all
equipment was operational and fully charged prior to
departure, and temporarily disabling any call-waiting or
call-blocking telephone systems prior to starting the call.

Table 2 shows the problems, recommendations, and
proportion of recommendations implemented by type of
task. On average, we identified (mean + standard deviation
[SD]) 13.1 £ 7.9 problems per patient and made 12.5 + 8.3
recommendations per patient to address those problems.
At 6-week follow-up, 60.1 percent of the recommenda-
tions had been implemented. The greatest number of
problems was identified for tub transfers (mean £ SD =
3.4 = 1.4), the greatest number of recommendations was
made for toilet transfers (mean £ SD = 3.1 + 3.4), and the
recommendations most frequently implemented were for
transition between locations. Table 3 shows the types of
recommendations made by task. The mean number of
recommendations per patient, by intervention, ranged
from 5.54 for environmental modifications to 4.69 for AT
to 2.62 for adaptive strategies. The proportion of recom-
mendations implemented for specific types of recom-
mendations ranged from 46 percent for environmental
modifications to 53 percent for AT to 89 percent for
adaptive strategies. The patients reported participating in
an exercise program an average of 5.2 £ SD 2.5 d/wk.

We obtained qualitative data using a questionnaire
with several open-ended questions completed during the
6-week follow-up visit. All of the patients (100%)
reported telerehabilitation was “easier” than traveling to
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Table 2.

Problems, recommendations, and recommendations implemented by task.

Recommendations

Task Problems Recommendations Implemented
(Mean = SD) (Mean = SD)
(Percentage)
Toilet Transfer 25+1.3 31+34 445
Tub Transfer 34+14 2816 66.1
Bed Transfer 16+20 13+14 41.0
Transition Between Locations 16+£1.7 14+1.6 77.8
Enter/Exit Home 31+23 18%£15 60.0
Using Refrigerator 09+1.0 21+21 48.2
All Tasks 13179 125+8.3 60.1
SD = standard deviation.
Table 3.
Number of recommendations and percentage implemented by intervention type.
Assistive Technology Environmental Modification Adaptive Strategy
Task Recommended  Implemented Recommended  Implemented  Recommended Implemented
(Mean + SD) (Percentage) (Mean = SD) (Percentage) (Mean +SD)  (Percentage)

Toilet Transfer 1.23+2.42 0.30 £ 0.48 1.62+£1.66 0.50+0.48 0.23+0.44 1.00 £ 0.00
Tub Transfer 1.23+0.83 0.50 £ 0.47 1.23+£0.93 0.61+0.49 0.38 £0.51 0.60 £ 0.55
Bed Transfer 0.31+0.48 0.75+0.50 0.31 +0.63 0.00 £ 0.00 0.69 £ 0.85 0.92+0.20
TransitionBetween  0.38 £ 0.65 0.25+0.50 0.62 £0.77 0.58 £ 0.49 0.38 £0.65

Locations 0.75+0.50
Enter/Exit Home 0.62 £0.77 0.50 £ 0.55 1.15+1.07 0.19+0.38 0.08 +0.28 0.00 £ 0.00
Using Refrigerator ~ 0.92 + 0.95 0.67 £0.47 0.31+0.63 0.00 +£0.00 0.85+1.14 0.83+0.41
All Tasks 4.69 + 4.09 0.53+0.38 5.54 + 4.07 0.46 +0.38 2.62 +2.87 0.89 £0.22

SD = standard deviation.

the VAMC for therapy. Likewise, they all reported posi-
tive benefits from the therapy. Patients reported liking the
convenience (72.7%), interactivity (54.5%), progressive
nature of the experience (63.6%), and increased one-on-
one attention (27.3%). In response to the question “In
what ways did the video therapy help you?” 63.6 percent
of patients mentioned learning new techniques, learning
the right versus wrong way to do tasks, or gaining a new
awareness of how to perform the activities. Twenty-five
percent of patients reported enjoying the staff (either
mentioning particular members or interaction with the
telerehabilitation staff as a whole). In response to an
open-ended question about dislikes, 90.1 percent of the
sample had no dislikes and 9.1 percent disliked having to
schedule time for the video crew to come over.

We obtained qualitative data from study therapists as
well using a similar questionnaire administered after the
final telerehabilitation visit. The telerehabilitation proto-
cols were implemented by four therapists at two sites,

and exit interviews were obtained from them on all 13
telerehabilitation patients. The study therapists identified
the following benefits from telerehabilitation: ability to
interactively work with the patient (45.5%); ability to see
the home environment (63.6%); ability to observe,
assess, and correct unsafe practices (90.0%); and ability
to observe functional mobility in context (54.5%). The
study therapists reported that they liked seeing the assis-
tive devices patients used in the home environment
(54.5%), viewing the space restrictions in certain rooms
to inform recommendations (45.5%), and making the
home environment safer (36.4%). The therapists did not
note any problems with telerehabilitation beyond the
infrequent equipment-related problems described earlier.

The technology has also been used to enhance conti-
nuity of care and facilitate consultation. Therapists and
consultants were able to directly view and hear the inter-
action of the therapist with the patient during the previ-
ous treatment sessions. The equipment also facilitated
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coverage during therapists’ scheduled and unscheduled
leave for 28.6 percent of the telerehabilitation patients
and 10.7 percent of the telerehabilitation visits. For one
patient, a research therapist located in Atlanta, Georgia,
performed two of the scheduled telerehabilitation visits
during a period of unexpected sick leave. The therapists
used the videotapes from the live telerehabilitation visits
to consult with another expert provider (e.g., therapist of
another discipline or physician) for 4 of the 13 patients.

DISCUSSION

Our initial findings suggest that wireless videocon-
ferencing is a feasible way to provide individualized ther-
apy in the home. A feasibility study may be considered a
success if positive results are achieved for at least some
of the participants. Clearly, positive results were
achieved for at least some of the patients, judging by
qualitative data from the patients and therapists and by
the quantitative data showing the ability of therapists to
identify problems and make recommendations, and most
importantly, the frequency with which the patients imple-
mented the recommendations.

A key question, which was not directly examined in
this is feasibility study, is how telerehabilitation may
compare with in-home visits. However, that question
may be addressed indirectly by comparison with other
studies. The number and kinds of interventions for the
telerehabilitation patients were similar to those provided
in-person for mobility and transfer tasks and home haz-
ards in the clinical trial by Mann et al. [27] (mean devices
prescribed per subject was 3.9 in the Mann study vs 4.7
in our study). The telerehabilitation patients had imple-
mented the majority of the recommended interventions at
6-week follow-up. Knowing how this compares with in-
person in-home care is difficult because some environ-
mental interventions may not have been able to be imple-
mented within 6 weeks (e.g., a ramp) and data on
“implementation of recommendations” may not be com-
parable with “disuse/nonuse of prescribed devices”
measured in other studies. One of the most comparable
studies is that of Cushman and Scherer, which examined
rates of nonuse for various prescribed assistive devices
among a mixed population of patients discharged from an
inpatient rehabilitation unit [45]. In that study, nonuse of
prescribed devices 3 months after discharge ranged from
36 percent for walkers and wheelchairs to 55 percent for

HOENIG et al. Teletechnology for in-home rehabilitation

grooming aids. Those rates are quite comparable with the
implementation rates for our telerehabilitation patients.
Multiple therapists in multiple locations successfully
used the teletechnology to facilitate continuity of care
from one therapist to another and to obtain consultative
input. Moreover, qualitative data from both the patients
and the providers was positive.

This study has a number of limitations. While the
study findings show feasibility for the technology and pro-
cedures, they do not establish the clinical benefit. Proto-
cols were developed for patients at all levels of functional
mobility. While the feasibility should not differ for patients
with greater impairment, the 13 patients in this study were
all ambulatory with an assistive device. Finally, feasibility
was established by trained research personnel in only two
locations. Results may differ in other locations or with per-
sonnel with different kinds of training.

The interventions developed in this study for wireless
videoconferencing have a number of potential applica-
tions. Reports by home-health therapists and empirical
data indicate that it is not uncommon for patients to be
sent home with equipment that does not fit and/or is incor-
rectly used [46-48]. A home-health therapist can provide
in-person onsite assessment, which cannot be fully dupli-
cated by teletechnology, no matter how sophisticated. But
a PT or OT home visit is expensive and locating appropri-
ate personnel can be difficult, particularly in rural areas.
Moreover, sending a home-health therapist out to the
patient’s home does not provide continuity of care with
the personnel who saw the patient in the hospital. Wire-
less videoconferencing technology would allow the thera-
pist who treated the patient in the hospital to work with
nursing personnel at a home-health agency and ensure
plans are implemented appropriately. Use of teletechnology
by a therapist located at a base hospital or a home health-
agency, with a nurse or home-health aid in the field,
would target expensive onsite therapy visits to the patients
who need them the most. In addition, the videoconferenc-
ing could help home-health therapists prepare ahead of
time, so that they could direct their attention to the most
critical areas when they are in the home. Last, but not
least, the video recording enables consultation with
experts that may not be readily available to a home-health
agency (e.g., rehabilitation architect, rehabilitation engi-
neer, or certified AT provider). Thus, the teletechnology
and protocols developed for this study will not replace the
inpatient, outpatient, or home-health therapist. Rather,
they are tools that can facilitate continuity of care with the
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inpatient and outpatient therapists, more efficient care by
the home-health therapist, and consultations with experts.
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