
  

  

Abstract— The goal of this project was to objectively assess 

potential impact of home-based physical telerehabilitation 

program on functional outcomes in seniors with mobility 

limitations. Nine consecutive seniors with mobility limitations 

were enrolled into a 12-week physical telerehabilitation 

program. At the end of the program, the mean time that 

patients took to walk 25 feet decreased from 13.5 to 10.6 

seconds, and the mean distance that patients walked in 6 

minutes improved from 722.4 to 805.7 feet. The Berg Balance 

Score score also increased from 36.6 to 41.7 over the 12-week 

period. All changes were statistically significant (p<0.05). 

Patients demonstrated very high acceptance of the home-based 

program. 

I. INTRODUCTION 

Physical exercise therapy has been shown to improve 
functional outcomes in seniors with different chronic 
conditions such as diabetes as well as in seniors after hip 
arthroplasty [1-3]. Physical exercise therapy in elderly 
patients had a positive effect on quality of life and activities 
of daily living [4].  Individualized in-home rehabilitation has 
also been shown to increase self-efficacy in elderly patients 
[5]. The potential of in-home computer and  
telecommunication technologies  supporting patient  self-
management has been  well recognized  to  have significant 
potential  in  improving the quality  of  chronic  care [6] 
however limited data exist on impact of physical 
telerehabilitation in seniors. The goal of this project was to 
objectively assess potential impact of home-based physical 
telerehabilitation program on functional outcomes in seniors 
with mobility limitations.   

We developed a Home Automated Telemanagement 
(HAT) rehabilitation system for in-home tellerehabilitation of 
elderly patients.  The HAT system was designed to guide 
patients through in-home physical therapy sessions and allow 
for remote patient monitoring by a physical therapy team.  A 
12-week study was conducted to assess the feasibility and 
patient acceptance of the system. 

II. METHODS 

A. System Design 

The conceptual design of the Home Automated 
Telemanagement rehabilitation system is based on the 
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principles of patient-centered care delivery model [7]. The 
HAT system supports  the  major  components  of  this  
model  including patient  self-care,  individualized treatment 
plan, guideline-concordant decision support,  comprehensive  
patient  provider  communication, and  multidisciplinary  care  
coordination  [8].  Using this model, the HAT system has 
been successfully implemented and tested in various health 
conditions including asthma, ulcerative colitis, and 
inflammatory bowel disorder [9-13]. Previous HAT 
applications have utilized laptops, PDA, IVR, and cell 
phones for patient home units [15-18]. 

 

Figure 1. Home unit interface: Physical Therapy Plan. 

The HAT system consists of a patient home unit, a 
clinician portal and the HAT server.  The HAT patient home 
unit software was developed for use on low cost netbooks 
and touch-screen tablet PC. The patient interface was 
designed to be as easy to use and simple as possible while 
presenting clear exercise instruction in multiple ways to the 
patient.  

 

Figure 2. Home unit interface: Exercise directions. 
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The clinician web portal can be run on any web-enabled 
device and was developed using the Microsoft .NET 
framework.  It is able to run on any HTML enabled browser 
and assists physical therapy team in setting up individualized 
physical therapy plan, patient monitoring and patient-
provider communication.  The HAT server uses Internet 
Information Services to host the clinician web portal and 
stores patient data in a SQL Server database. 

 

Figure 3. HAT clinician website: Exercise prescription pad.  

The HAT patient home unit (Figure 1) can communicate 
with the HAT server through a patient’s landline phone, 

wireless or internet connection.  The HAT home unit guides 
the patient to complete a daily individualized exercise 
program and symptom diary.  The interface is navigated 
using the labeled arrow and ENTER keys while all other keys 
are disabled to prevent any unwanted input. The patients use 
a wireless keypad to navigate the home unit remotely while 
carrying out an exercise program. When completing the daily 
exercise diary the patient is presented with their 
individualized exercise program and can choose which 
exercise they would like to attempt.  The patient is then given 
exercise instructions through images, written instructions, 
and video clips of a physical therapist explaining and 
demonstrating the exercise (Figure 2).  Patients may attempt 
the exercise, then input the number of times it was completed 
and report if they had any difficulty completing it.  The 
results of the exercise diary are immediately sent to our 
server and can be accessed through the clinician portal. 

The clinician portal can be securely accessed by care 
providers and contains all information from patient’s exercise 
sessions and symptom diary.  Individualized patient alerts 
can be set for physicians based upon exercise diary and 
symptom diary results.  Clinicians can view patient exercise 
sessions, make clinical notes, edit patient exercise plans, and 
send messages to the patient’s home unit (Figure 3). The 
HAT server can be setup to generate individualized alerts to 
the physical therapy team based on patient exercise 
performance and daily symptom diary. 

TABLE I. DEMOGRAPHICS 

Parameter Value Parameter Value 

Number of subjects 9 Number of subjects  9 

Mean age  53.3 ± 2.5 Internet Use  

Sex     Once a month or less 0.0 (0) 

   Male 22.2 (2)    Once a week 11.1 (1) 

   Female 77.8 (7)    Once a day 88.9 (8) 

Race  Computer use at work / school  

   White 88.9 (8)    Never 55.6 (5) 

   African American 11.1 (1)    Once a month or less 0.0 (0) 

Income level     Once a week 0.0 (0) 

   <20K 0.0 (0)    Once a day 44.4 (4) 

   20K-30K 22.2 (2) Computer use at home  

   30K-40K 11.1 (1)    Never 0.0 (0) 

   40K-50K 11.1 (1)    Once a month or less 0.0 (0) 

   50K-70K 22.2 (2)    Once a week 0.0 (0) 

   70K-90K 0.0 (0)    Once a day 100.0 (9) 

   >90K 22.2 (2) ATM use  

   Refused to answer 11.1 (1)    Never 44.4 (4) 

Mean education (years) 15.6 ± 1.9    Once a month or less 44.4 (4) 

Job     None 0.0 (0) 

   None  88.9 (8)    Very limited 0.0 (0) 

   Temporary/Part-time 11.1 (1)    Good  55.6 (5) 

   Full time 0.0 (0)    Excellent 44.4 (4) 

Note: Values expressed as mean ± SD or number (percent). 

 B. Study Sample 

 We recruited 9 consecutive patients from outpatient sites 

in Greater Baltimore area. Subjects were eligible to 

participate in the study if they were aged 50 or older and had 

5828



  

mobility limitations. Subjects were ineligible if they had (1) 

musculoskeletal diagnoses or unstable cardiovascular, 

respiratory, metabolic, or other conditions that would 

interfere with this study. The patients were also required to 

have a working telephone line in their home for 

communication with the study team. Level of computer 

experience was not considered for patient enrollment. The 

baseline characteristics of the study sample are presented in 

Table I. 
Of the 9 consecutive senior patients, 22 percent (2) were 

males and 78 percent (7) were females. The mean age was 53 
± 3, and education (in years) was 16 ± 2. (Values are 
expressed as mean ± standard deviation unless otherwise 
indicated.)  Of the enrolled patients, 88.9 percent (8) claimed 
that they used the internet once a day and 100 percent (9) 
stated they used the computer once a day at home. All (9) of 
the patients self-reported that their English proficiency was 
excellent or good. 

C. Intervention 

Nine senior (>50yrs) patients with mobility limitations 
participated in a pilot study of the HAT rehabilitation system.  
First, a comprehensive baseline evaluation of the patient was 
conducted by a physical therapist.  According to the physical 
therapist evaluation results, each patient was assigned an 
individualized physical therapy exercise program and trained 
in person by a therapist on how to complete each exercise.  
The exercise program was then prescribed on the HAT 
clinician portal.  Once it was prescribed on the clinician 
portal, the exercise program was uploaded to the patient 

home unit and each patient was given an individualized HAT 
home unit netbook and trained on how to use it during the 
home installation visit.  Results from the exercise sessions 
were immediately sent to the HAT server where they could 
be analyzed and tracked by the patient’s physical therapist 
through the HAT clinician portal.  

The physical therapist could also contact the patient by 
phone to answer any patient questions or advise the patient 
on their physical therapy routine.  By logging on to the 
clinician portal the physical therapist could make changes to 
the patient’s exercise plan and upload it to the patient home 
unit.  

The physical therapist recommended to the patients that 
the individualized exercise program be completed over the 
course of the day to avoid over exertion and advised that 
patients adhere to a level that was “difficult but not a 
struggle.”  Technical and clinical support was available to all 
patients by telephone or email, but only a few participants 
had occasional problems or concerns requiring changes. 
Following the 6-week reevaluation each patient’s exercise 
program was updated and revised. 

III. RESULTS 

Patients were evaluated at baseline and 12 weeks. Each 
evaluation consisted of a functional status evaluation 
performed by a physical therapist in an outpatient clinic and 
followed by a patient home visit, during which study 
questionnaires were administered.  

TABLE II. STUDY RESULTS 

Baseline – 12
th

 week N Mean 

(at Baseline) 

Mean 

(at the 12
th

 week) 

p-value† 

T25-FW (sec.)     

   #1 (The first attempt) 9 13.8 ± 8.7 10.8 ± 4.5 0.02* 

   #2 (The second attempt) 9 13.2 ± 8.6 10.4 ± 4.5 0.05* 

   Average of #1 and #2 9 13.5 ± 8.6 10.6 ± 4.5 0.04* 

   Z score‡ 9 0.3 ± 0.8 0.1 ± 0.4 0.04* 

6-min walk (feet) 9 722.4 ± 512.7 805.7 ± 485.8 0.01* 

Berg Balance Scale 9 36.6 ± 12.1 41.7 ± 11.1 0.004* 

MOS Patient Adherence Measure 9 4.2 ± 0.8 4.4 ± 0.9 0.5 

CSQ-8 9 ---- 29.8 ± 2.2 ---- 

     

Age >=50     

    Note: CSQ-8 was measured at the exit 

interview only. 

    

†Wilcoxon Signed Rank Test     

‡ Z score = (Mean T25W – 9.5353) / 

11.4058 

    

* p-value <0.05 

 

    

 

The clinical impact of the HAT system was measured in 
three major domains: (1) functional status, (2) patient quality 
of life (QOL), and (3) behavioral and psychosocial domain. 
The primary outcome was improvement in scores assessing 
patient functional status. The functional status was assessed 
with a timed 25-foot walk (T25FW), 6-minute walk, Berg 

Balance Scale (BBS), and Modified Ashworth Scale (MAS). 
For the T25FW, the patient was instructed to walk 25 feet as 
fast as safely possible. Then the patient repeated the task by 
walking back to the starting point. If necessary, assistive 
devices could be used. We measured the amount of time (in 
seconds) that the patient took to walk 25 feet. We performed 
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a similar task for the 6-minute walk by measuring how far (in 
feet) the patient walked within the 6 minute period. The BBS, 
which consists of 14 movements common in daily life, was 
designed to measure balance in a clinical setting. The patient 
was asked to sustain a given position for a specific time. 
Points were deducted if the patient did not fulfill the time or 
distance requirements, touched an external support, or 
received assistance from the examiner. Each item ranged 
from 0 to 5. The MAS measures the resistance encountered 
during passive muscle stretching. Its scale ranges from 0 to 4: 

  • 0 = no increase in muscle tone.   

• 1 = slight increase in tone with a catch and release. 

  • 1+ = slight increase in tone, manifested by a catch, 
followed by minimal resistance. 

  • 2 = marked increase in tone. 

  • 3 = considerable increase in tone. 

  • 4 = rigid in flexion or extension. 

Other secondary outcomes from behavioral and 
psychosocial domain included Medical Outcomes Study 
(MOS) Patient Adherence Measure, and 8-item Client 
Satisfaction Questionnaire (CSQ-8).  We used MOS Patient 
Adherence Measure to assess a patient’s tendency to adhere 
to a doctor’s recommendations during the past 4 weeks and 
CSQ-8 to measure client satisfaction with the service.  
Results are shown in Table II. 

The T25FW, 6-minute walk, and BBS scores improved 
significantly from baseline to the 12-week follow-up. The 
mean time that patients took to walk 25 feet decreased from 
13.5 to 10.6 seconds, and the mean distance that patients 
walked in 6 minutes improved from 722.4 to 805.7 feet. The 
BBS score also increased from 36.6 to 41.7 over the 12-week 
period.  MAS improved in quadriceps left and right: for 
quadriceps left, the percentage of patients who scored 0 
increased from 44.4 to 66.7 percent, and for quadriceps right, 
the percentage increased from 44.4 to 66.7 percent as shown 
in Table III. 

TABLE III. MODIFIED ASHWORTH SCALE 

  0 1 1+ 2 3 4 P-value† 

  %   

Quadriceps 

Left 

Baseline 44.4 22.2 11.2 22.2 0.0 0.0  

 12th week 66.7 0.0 11.1 22.2 0.0 0.0 0.008 

Quadriceps 

Right 

Baseline 44.4 11.2 44.4 0.0 0.0 0.0  

 12th week 66.7 11.1 22.2 0.0 0.0 0.0 0.2 

Patients were also asked to complete an attitudinal survey 
to measure their overall feelings towards the HAT system.  
The survey measured any difficulty the patients had using the 
home unit and their acceptance of computer features, such as 
color on the screen, text size, audiovisual content, 
keyboard/mouse, and educational program. Overall response 
to the system was positive.  88.9% of patients reported that 
the system was “Not complicated at all” while 11.1% found it 
“Slightly complicated”.  66.7% had no difficulties reading the 
text on the screen while 33.3% very rarely had trouble.  All 
patients liked the audiovisual content provided by the system, 
with 66.7% saying “Certainly yes”, 22.2% said “To a large 
extent” and 11.1% said “To some extent.”  77.8% of patients 
said they would definitely advise other patients to use the 

system while 22.2% said they would maybe advise other 
patients to use the system.  Patient responses are shown in 
Table IV. 

IV. CONCLUSIONS 

Home-based physical telerehabilitation is feasible with 
seniors, and it can potentially improve patient functional 
status significantly. The participants of the study 
demonstrated a very high level of support for the home-based 
physical telerehabilitation program and further studies are 
warranted. Mobile computing [18], wireless sensors [19], and 
gaming platforms [20] should be considered to enhance 
future physical telerehabilitation systems for seniors.    

TABLE IV. ATTITUDINAL SURVEY 

     Score, % 

Questions 1 2 3 4 

  1. How complicated was it to use the computer?     

      Very complicated 0.0    

      Moderately complicated  0.0   

      Slightly complicated   11.1  

      Not complicated at all    88.9 

  2. Did you have any difficulty in moving from one screen to another?      

      Not at all 66.7    

      Very rarely  11.1   

      Frequently   22.2  

      All the time    0.0 

  3. How difficult was it to use the keyboard/mouse?     

      Very difficult 0.0    
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      Moderately difficult  0.0   

      Slightly difficult   33.3  

      Not difficult at all    66.7 

  4. Did you have any difficulties in reading text from the computer screen?     

      Not at all 66.7    

      Very rarely  33.3   

      Frequently   0.0  

      All the time    0.0 

  5. Was the size of the text presented on the screen sufficient?      

      Fully sufficient 88.9    

      Sufficient almost all the time  11.1   

      Sufficient some of the time   0.0  

      Not sufficient at all    0.0 

  6. Did you like the colors used on the computer screen?     

      Certainly yes 55.6    

      To a large extent   33.3   

      To some extent   11.1  

      No    0.0 

  7. Did you like the audiovisual content provided by the computer?     

      Certainly yes 66.7    

      To a large extent  22.2   

      To some extent   11.1  

      No    0.0 

  8. Did you get all the necessary information about using the computer during 

initial practice session? 

    

      All information 77.8    

      Almost all information  22.2   

      Partial information   0.0  

      Very limited information    0.0 

  9. Did you come across any unknown words which were not explained by the 

computer? 

    

      Very significant 0.0    

      Considerable   0.0   

      A few   0.0  

      None    100.0 

10. How difficult were the sentences used in the educational materials?     

      Very difficult 0.0    

      Moderately difficult   0.0   

      Slightly difficult   0.0  

      Not difficult at all    100.0 

11. How much new information did you get using the computer?     

      Very significant amount 22.2    

      Considerable  33.3   

      Little   44.5  

      Very little    0.0 

12. Did you get any feedback from computer about your learning progress?     

      All the time 66.7    

      Occasionally  11.1   

      Very rarely   22.2  

      Never    0.0 

13. How frequently did you find the information confusing?     

      Very frequently  0.0    

      Occasionally  11.1   

      Very rarely   33.3  

      Never    55.6 

14. How frequently did you find educational contents difficult to understand?     

      Very frequently 0.0    
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      Occasionally  0.0   

      Very rarely   22.2  

      Never    77.8 

15. Did you have to wait for new information to come up on the screen?     

      All the time 0.0    

      Occasionally  11.1   

      Very rarely   33.3  

      Never    55.6 

16. Would you like to use this educational program in the future?     

      Certainly yes 55.6    

       Maybe  22.2   

      Unlikely   22.2  

      No    0.0 

17. Would you advise other patients to use this educational program?     

      Certainly yes 77.8    

      Maybe  22.2   

      Unlikely   0.0  

      No    0.0 

18. Overall how would you grade this educational program?     

      Needs serious improvement 0.0    

      Needs some improvement  22.2   

      Good   44.5  

      Excellent    33.3 
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