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ABSTRACT 

The problem of back pain which is 
becoming common health degradation 
these days is actually a debilitating 
experience for a considerable proportion 
of the adult population, with a significant 
impact on countries’ economies and health 
systems. For certain categories of patients 
like wheelchair users or people whose job 
involves long hours of sitting or standing, 
the back pain experienced, dynamically 
varies with time. There are increasing 
anecdotal evidence supporting this fact, 
this leads to scarcity of data for 
observation that has a consequential 
impact on the treatment and care of the 
patient. Partial reason for this affair is the 
relative difficulty in gathering pain 
measurements at precisely defined 
moments in time. Through this paper, we 
aim at providing a wireless-enabled 
solution that collects questionnaire and 
diagrammatic, visual-based data, via a 
pain drawing, which overcomes such 
limitations, enabling seam-less data 
collection and its upload to a hospital 
server using the existing wireless fidelity 
technology. It will prove to be an easy-to-
use and a convenient solution to face the 
challenges like collecting data from 
anywhere and at anytime.  

 
INTRODUCTION 
 The integrated use of 
telecommunications and information 
technology in the health sector, however, 
leads to new challenges in organizing, 
storing, transmitting, and presenting health 
information in both a timely and efficient 
manner for effective health-related 
decision making. This is telemedicine that 
refers to the use of telecommunication 
technology for medical diagnosis, 
treatment, and patient care. Innovations 

range from routine hospital information 
systems to sophisticated artificial 
intelligence (AI) based clinical decision 
support systems.  

In today’s information-intensive 
society, consumers of health care demand 
easy access to relevant health information. 
Clinicians are eager to exploit advances in 
telecommunication technology in order to 
put in practice new methods of data 
gathering and patient monitoring. Internet 
and wireless technologies are being 
harnessed to act as tools for the aid of 
patients and clinicians alike. Using the 
patient-monitoring system that uses 
wireless application protocol (WAP)-
enabled devices [4] as mobile access 
terminals authorized users, hospital 
personnel, and patients’ relatives can 
access a patient’s physiological data stored 
on the hospital’s computer. Context-aware 
hospital mobile prescription system can 
identify and react according to the location 
of tagged items. Context-aware messaging 
system can download the appropriate data 
to a doctor’s WAP enabled devices 
according to its location. 

This paper presents the 
implementation and experiences of a 
wireless-enabled monitoring system for 
back-pain patients. Back pain is a 
worldwide problem with considerable 
implications on countries’ health-care 
budgets and national economies, there is a 
relative paucity of tools for the collection 
and digitization of back-pain data. The 
disabling pain experienced by back-pain 
sufferers means that data collection cannot 
take place unless medical personnel is 
present at the patient’s domicile, a 
situation which, in most cases, is both 
unrealistic and impractical. The 
consequence of this state of affairs is that 
there is under reporting of back pain data, 
as well as unavailability of continuously 



polled back pain data (pain has time 
dependent nature for chronic back pain 
sufferers). 

 
 

BACK PAIN 
 Back pain is a worldwide 
experience. Disabling back pain appears to 
be a problem for western and 
industrialized societies, possibly related to 
the development of welfare states. In 
Britain, according to a Department of 
Health survey, back pain affects 40% of 
the adult population among whom 5% take 
time off for recovery. Back pain alone cost 
industry 9090 million U.K. pounds in 
1997/8, with between 90 and 100 million 
days of sickness and invalidity benefit paid 
out per year for back-pain complaints. 
Back pain is not confined to the U.K. 
alone, but is a worldwide problem: In USA 
19% of all workers’ compensation claims 
are made with regard to back pain. In 
Europe back pain is very common even 
among children, around 50% would 
experience back pain at some time. 

Like most types of pain, back pain 
is difficult to analyze, as the only 
information that can be used are the 
suggestive descriptions from the patient. 
There could be psychological and 
emotional problems also related to this. 
Because of these problems, patients have 
difficulty describing their pain, which can 
lead to problems during the treatment. In 
some patients, the psychological problems 
may have aided the cause of the back pain, 
by adding stress to the body, or the stress 
of the back pain may have caused 
psychological problems. It is because of 
this factor that patients suffering from 
back pain are usually asked to fill 
questionnaires of different types in to help 
the medical staff, not only to know where 
the pain is located, but also to identify the 
patient’s mental state before treatment 
begins.  

The patient is usually required to 
mark on a diagram, usually of a human 
body, where the pain is located, and the 

type of pain (provides better understanding 
and is more effective). This type of 
diagram is known as a “pain drawing” and 
forms the primary focus of our paper. 
 
PAIN DRAWINGS 
 Pain drawing is used for over 50 
years as it is a simple self assessment 
technique that enables the recording of 
spatial location and type of pain that a 
patient is suffering from. This is 
economical, simple to complete and useful 
in monitoring the change in a patient’s 
pain situation. There are some problems 
related to the patient’s behavior towards 
the test, yet it is a versatile tool for 
recording information as diverse as 
psychological distress, type of pain, and 
disability. 

 
 

Fig., Example pain draming 
 

Pain drawings are also flexible enough 
mechanisms to handle a range of pain 
descriptors, like pins and needles, burning, 
stabbing, cutting, dull, ache, numb etc. 



 Many scoring systems have been 
developed and described, in order to link 
the pain drawing to either psychological, 
emotional, or causes of pain. 
These broadly fall into four categories: 
grid methods, body-region methods, 
penalty point system, and visual inspection 
methods. With the grid method an overlay 
of a grid is placed over the pain drawing. 
The grid is designed so that each cell is ap-
proximately the same size. Even unskilled 
testers can calculate the amount of surface 
area that was in pain. Body-region 
methods break down the surface of the 
human body in very simple regions, in 
order to indicate areas that are in pain. 

Penalty point systems work by 
awarding points for every unnatural 
placement of pain on the drawing. 
Different areas and rules are made, so that 
there is a weighting depending on the 
irregularities in the drawing. If more points 
are scored than normal, then that person 
may have a psychological problem that 
needs addressing. Here pain drawings are 
used not only as a recorder of pain 
location, but also as an economical 
psychological screening instrument to see 
if a patient would react well to back-pain 
treatment. It was found that pain drawings 
could predict 93% of the patients that 
needed further psychological evaluation 
just by looking at their completed pain 
drawing. Visual inspection methods use 
trained evaluators, who look at the pain 
drawings, and from their experience, are 
able to say what they believe to be wrong 
with the patient, or, indeed, if 
psychological testing is needed. 

 
Problems faced 

Pain drawings are usually stored in 
a paper format, which allows no further 
evaluation of the data that is stored upon it, 
and makes searching through the data a 
somewhat arduous task. Moreover 
digitized pain drawing invariably result in 
loss of information because statistical 
packages like MS Excel, SPSS Inc., are 
incapable of handling diagrammatic data. 

Thus, although diagrammatic data is 
collected, it is not used as the key 
component for data-analysis. This is 
somewhat a problem, as people will find it 
easier to show through a diagram the way 
that they feel, instead of answering closed 
questions in questionnaires. Such data 
cannot, therefore, be used to its full 
potential. One cannot rely on paper based 
solution for another reason: pain is of time 
dependent nature in chronic sufferers, 
wheel chair patients’ exhibit deterioration 
in pain both in terms of diversity and 
location as the day wore out [2]. 
 Through this paper we suggest a 
wireless enabled ubiquitous solution that 
uses the pain drawing as an actual user-
friendly visual aid to the input and analysis 
of back-pain datasets.  
 
IMPLEMENTATION 
Aim 
 In our work, we have sought to 
alleviate the problems identified above, 
and have developed a wireless-enabled, 
ubiquitous solution. The solution is 
generic and applicable to all back-pain 
sufferers who have access to wireless 
technology, it specifically targets 
wheelchair users, due to their severe mo-
bility limitations (which might mean that 
they might not, for instance, easily have 
access to a desktop-based computer) and 
their dynamic pain patterns, which are now 
easily logged by the developed 
application. The issue of pain variability 
with time is also considered and the 
application is used as the data gathering 
tool for effective treatment and 
medication. 
 
Data Collection 

In order to function as an effective 
data-gathering tool, the developed 
application incorporates a questionnaire 
complemented by visual input of pain 
location and type, via a pain drawing. On 
elaboration of the questionnaire by 
clinicians and wheelchair users showed 
that clinicians were interested in recording 



and digitization of data pertaining to a 
patient’s medical background and 
capturing the variation of pain patterns 
with the time of day. And the wheelchair 
users were interested in the usability, 
flexibility, and privacy aspects of the 
application. Both groups agree that 
wireless solution would be beneficial for 
the added versatility that it offers. The 
different pain types used in the diagram 
are pins and needles, numbness, pain and 
ache. Like the traditional methods in 
which transparencies of the grid [3] were 
made, and the drawings were scored by 
placing the grid over each and counting the 
number of squares in which the patient 
indicated symptoms, this solution 
conceptually slices the body contour into 
10x10 pixel squares. The advantage with 
this approach is that one can code the pain 
location with its coordinates from an 
image to a database, and vice versa. 

 

 
Virtual grid of the body map 

 
Application structure 

This application is based on a 
three-tier wireless system model where the 
three main components are a mobile that is 
a wireless-enabled device, a Web server 
with scripting capability, and a backend 
database. The patient inputs on a wireless-
enabled device to record pain information. 
This is done at specific time intervals, as 
requested by clinicians, and the infor-
mation is saved to a local database. 

Whenever the user is within a wireless-
enabled zone, s/he connects to a 
Web/Database server via a wireless access 
point, using the Hypertext Transfer 
Protocol over Secure Socket Layer 
(HTTPS). The connection between the 
PDA and the wireless access point is itself 
secured through the use of 128-b wired 
equivalent privacy (WEP) encryption. The 
server responds back and asks for 
appropriate authorization, after its 
successful completion the data is uploaded 
to the hospital server. The clinician uses a 
PC to log on to the web server and 
downloads the information about the 
specific patient, their pain patterns from 
the database for analysis. 
 

 
Wireless system model 

 
Architecture 
 Back pain application is designed 
and implemented using Microsoft 
Embedded Visual Basic, a language 
specifically geared to help developers 
build applications for the next generation 
of communication and information access 
devices running Windows CE. MS 
Windows for Pocket PC 2002 runs on an 
Intel 400 Mhz XSCALE processor. The 
Web server is implemented on an Intel 
Pentium IV running at 1 GHz.  

The application reads the 
coordinates of the pain locations from the 
touch-sensitive screen, and using ADOCE 
3.0 (Active Data Objects for CE), connects 
to a local Microsoft Pocket Access 
database file. The application saves the 
pain coordinates and patient questionnaire 
data to the database. When the user is 
within wireless Internet coverage, the 
application uses Winsock CE 3.0 
(Windows CE Sockets) to send a 



connection request to the server. The 
server is running the Windows 2000 
operating system (or higher version) with 
an Internet information server (IIS) 5.0, 
which connects to the hospital database 
through open database connectivity 
(ODBC). The server hosts a patient 
database, which is accessed from the web 
server (IIS 5.0) using ActiveX data objects 
(ADO). 

The doctor’s interface is made of 
dynamically created active server pages 

(ASP), which can be accessed using web 
browser running on a computer connected 
to the Internet. Thus, after successful 
authorization, medical personnel can 
download a particular patient’s data 
through the ASP code dynamically cre-
ating a structured query language (SQL) 
query to the database, the results of which 
are presented dynamically on the viewed 
Web page. 

 

 

 
 

System architecture diagram 
 
 

User interaction sequence 
 The application allows two user 
groups: patient and clinicians and three 
devices: wireless enabled devices (like 
PDA), doctors computer and web/database 
server. Initially the doctor initiates the 
interaction with the wireless device by 
creating a account for the patient. Then the 
patient represents the pain data on the 
graphical representation of the body 
diagram, saves the data and transfers it to 
the hospital server through the available 
wireless access point. The patient can 
upload information only when the hospital 
server authenticates it, on verifying the 
user name and password of the patient. 

 Then the doctor interacts 
with the desktop computer and downloads 
information by giving the patient’s name. 
The computer embeds the SQL code to the 
server which then queries the database. 
The database server sends back a response 
with the requested data to the web server, 

which then passes the data to the doctor’s 
computer.  
EVALUATION 
 As a result of the pilot evaluation, 
issues were raised related to potential 
misunderstanding of questionnaire content 
clarification, font size, colour schemes. 
There were less navigational problems, 
diagram clarity, saving and transferring of 
recorded data. 
 
Application overview 
   Initially for a new patient the 
clinician creates a new database by 
entering the patient’s personal details, 
default password for the user, background 
information for the user like diagnosis, 
wheelchair model, pain/discomfort factors 
(those which increase or decrease the 
pain), type of treatment received, 
medication taken and their usage 
frequency. On saving the information the 



clinician’s input to the wireless device is 
complete. The patient logs in using the 
default password which can be changed. 
 The discomfort level for seven 
different body parts (Back, Neck, 
Buttocks, Legs, Arms/Shoulders, Feet, and 
Hands) is scaled between 1 and 10. The 
patient is also allowed to enter their own 
pain areas in addition to the above areas. 
Then the users’ marks the pain on the pain 
diagram by clicking at the position on the 
body and give the one of the four pain 
types. If the user forgets to enter the pain 
type the applicatuion would remind them 
by providing a dialog box or reminder. 
Each pain type has different shapes and 
colours, while clicking at the location the 
shape and colour corresponding to the pain 

type selected appears on the diagram. The 
user can add any number of pain on the 
diagram and can even delete the erroneous 
pain type marked. On saving the pain 
diagram the application saves the pain 
type, location and the time at which the 
data was saved on to the local database. 
 The data stored in the wireless 
device database is sent to the hospital 
server. The communication is enabled 
when the user enters the server name and 
the IP address that the application is 
connected to, as well as the authentication 
details. The user is given rights to stop the 
data transmission during the upload. 
 
 
 

 
Syetem sequence digram 



 User evaluation 
 The developed application is tested 
comparatively with that of traditional 
paper based format; the evaluators were 
the patients themselves using the user 
manual. After this questionnaires 
regarding the usability and feasibility of 
recording the pain data using both methods 
were to be scaled between 1 and 7. 
 The users of both traditional 
methods and wireless solution find most of 
the factors to be similar in them: ability to 
record the pain data, ability to log the data 
across time and easiness in the process of 
inputting the pain data. The benifits of 
recording pain data and of doing so across 
time remained roughly the same in both 
cohorts. Patient’s suffering from arthritis 
or poor eyesight might have difficulties 
with the small interface on the wireless 
device. Yet, relatively, recording pain data 
is simple, recording data across time 
irrespective of the location of the user is 
much beneficial. The significant advantage 
in using this application is the ease in 
recording the pain location coordinates 
compared to that of paper based solution, 
the collection and transmission of drawing 
and coordinates using the WiFi enabled 
system are more effective and easy, 
moreover the future enhancements in 
wireless technologies will enhance the 
application many folds. 
 
Clinical evaluation 
 The doctor’s view of the 
application showed several likes and 
dislikes towards it. The application seems 
to be much useful in prescribing 
medication/treatment, in monitoring the 
effect of the treatment, in analyzing how 
wheelchair apin varies/intensifies with 
time and the flexibility in sharing and 
transmitting data. 
 Doctors have to learn about the 
usage of the application. The other 
suggestive improvements that can be made 
in the application: linking with the central 
records system, using 3D images for 

displaying the pain diagram, displaying 
graphs for different patients simultaneous. 
 
CONCLUSION 

The challenge of pervasive clinical 
data collection has become attainable 
through recent advances in mobile and 
wireless communication capabilities. 
Healthcare applications will be able to 
offer stakeholders location-independent 
communications and computing by 
harnessing the combined features and 
capacities of such technologies.  
 Employing a user-friendly visual 
approach to data input, digitization of 
collected data including the pain diagram 
makes collection and analyze much easier, 
while the fact that such input takes place 
on a wireless device means that this can 
happen irrespective of the location of the 
user, at different times of the day. Issues 
such as scalability and security will need 
to be updated in line with future 
developments. Pursuing such goals are 
essential, so that the potential of true 
anytime/anywhere data collection can be 
realized. 
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