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Abstract: This paper outlines the initial ideas and results surrounding the 
development of an accurate hand movement measurement tool. The system 
consists of a wearable glove measurement tool and a 3D interface. Real time 
data captured from each glove sensor will be displayed numerically and 
graphically. It will accurately quantify patients’ flexion, extension, adduction 
and abduction of finger and thumb joint movements in degrees, maximum and 
minimum joint range and compare joint range with normal ROM values to 
determine the degree of deformity of the hand and stiffness of moving finger 
joints. The system can simultaneously record angles from multiple fingers to 
detect previously unidentifiable movement patterns. It measures a shift in the 
position of fingers in relation to the direction of the thumb by measuring web 
space and recording the minimum, maximum and average values during a 
number of tests to analyse joint movement and identify areas for joint 
protection benefit. Data is recorded and used for future comparison analysis. It 
will be the first ambulatory system to detect joint stiffness at home and will 
help quantify and understand the symptom of ‘early morning stiffness’. 

Keywords: rheumatoid arthritis; assisted technology; healthcare technology; 
medical informatics; wireless sensors; e-health. 

Reference to this paper should be made as follows: Condell, J., Curran, K., 
Quigley, T., Gardiner, P., McNeill, M., Winder, J., Xie, E., Qi, Z. and 
Connolly, J. (2011) ‘Finger movement measurements in arthritic patients using 
wearable sensor enabled gloves’, Int. J. Human Factors Modelling and 
Simulation, Vol. 2, No. 4, pp.276–292. 

Biographical notes: J. Condell is a Lecturer and has been a member of the 
University of Ulster Academic Staff since 2002. She has obtained research 
grants from EU and other university/industrial sources and is currently involved 
in the ongoing daily management of an EU FP7 ICT research project  
(5.9 million Euros) alongside other research projects. 

Kevin Curran is a Reader in Computer Science at the University of Ulster. He 
is the Editor in Chief of the International Journal of Ambient Computing and 
Intelligence (IJACI), and a Fellow of the Higher Education Academy and of the 
British Computer Society. 

T. Quigley is an Academic Fellow at the School of Creative Arts within the 
Faculty of Arts, University of Ulster. His research involves the visualisation of 
quantifiable human anatomy. He is also interested in the implementation  
of interactive technologies to enable interaction with 3D objects in 3D 
environments, user centric and GUI design. 

 

 



   

 

   

   
 

   

   

 

   

   278 J. Condell et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

P. Gardiner is a Consultant Rheumatologist with the Western Trust and based 
at Altnagelvin Area Hospital in Londonderry. He specialises in rheumatoid 
arthritis, osteoporosis and assistive technologies to accurately measure joint 
movement. 

M. McNeill is a Senior Lecturer of Computer Science at the School of 
Computing and Information Engineering, University of Ulster. He has a strong 
record in assistive technologies and virtual worlds. One recent project 
introduced specially designed computer games to help rehabilitate stroke 
sufferers. He has published extensively in these fields. 

J. Winder is a Clinical Scientist specialising in medical physics and medical 
imaging. Before coming to the University of Ulster, he was a Principal Clinical 
Scientist at the NI Medical Physics Agency. He is a Physics graduate and holds 
a PhD in 3D Medical Imaging and Rapid Prototyping. Within the broad field of 
medical imaging, he specialises in 3D visualisation, 3D modelling, the 
application of medical imagery in surgical planning and patient assessment, 
manufacture of patient specific custom implants and the use of images for 
objective measurement. He has received research funding from the government 
and charitable sources; has over 50 publications, a range of international 
conference presentations and contributed to five books. 

E. Xie is a BSC and an MSC graduate of Computer Science from the 
University of Ulster, UK. He has worked in the computer industry for a number 
of years as a Network Administrator and as a Programmer. He has worked for a 
number of university departments and is currently working in a multi-national 
IT company. His research interests include ubiquitous computing, neural 
networks and image processing. 

Z. Qi is a graduate of Computer Science from the University of Ulster. His 
research interests include wireless networks, neural networks and security. He 
is currently studying for an MSc at Edinburgh University. 

J. Connolly is a Computer Science graduate from the University of Ulster. He 
is currently working towards his PhD at the University of Ulster and is 
extending the work of the wireless data glove. He has published a number of 
papers in the area of applying assistive technology to measuring hand 
movement in patients with arthritis. 

 

1 Introduction 

In society today, arthritis remains a disabling and agonising disease. A sad fact is that up 
to 50% of rheumatoid arthritis (RA) patients lose jobs within five years of diagnosis. If 
exercise can be increased through less intrusive monitoring (by remotely recording 
movement and exercises undertaken) this could lead to more RA patients being 
economically active for longer than five years (Boian et al., 2002). The annual medical 
cost of an RA patient was estimated at £3,600 in 1992. It is feasible to suggest that this is 
nearer £4,000 per annum in 2011. If RA patients can continue to be economically active 
for longer as a result of better monitoring, they are helping to offset this economic burden 
on the NHS and are greatly improving their own self-confidence and self-worth during a 
difficult period of their lives. In 2010, RA affected up to 500,000 people in the UK 



   

 

   

   
 

   

   

 

   

    Finger movement measurements in arthritic patients 279    
 

    
 
 

   

   
 

   

   

 

   

       
 

population. It starts between the ages of 40 and 50 is most common in women. 
Approximately 20,000 new cases of RA are diagnosed every year in the UK. It has been 
estimated that RA may be costing the UK economy almost £8 billion a year (Finley  
et al., 2005). 

This research project aligns people with skill sets from the creative arts, computing 
and engineering, programming and rheumatology all of which have a vision and 
appreciation of how available and evolving technologies can be integrated to have a 
positive, direct impact on real clinical practise. The prototype is developed with insight 
from an active clinician in the field of rheumatology. This facilitates direct measurement 
of the benefits and impact the project could have in daily clinical practise. 

Knowledge of the nature and extent of the movement of hand joints greatly enhances 
the understanding of how sections of the body work. Measurement of joint range is a 
concern of many healthcare professionals and is used to establish a baseline and to record 
progress (Greene and Wolf, 1989; Kulkarni-Lambore and Peat, 2000). Current 
measurement techniques available to clinicians are either invasive (x-rays) or rely heavily 
on manual evaluation such as vision and touch which are dependent on training and 
experience and results often vary between observers. Measuring tape is commonly used 
to measure distances e.g. between palm and fingertip which also leads to issues with 
accuracy, as well as patient self questionnaires which allow for interpretation. Hand 
measurement has many direct applications within medical practise including diagnosis, 
prognosis and recovery assessment of patients with conditions specific to the hand, e.g., 
to measure how far a patient can close their fingers (with a flare up in arthritis patients 
may not be able to make a fist). 

The aim of this project is to develop a solution of measuring hand joint movement 
that is accurate, easy to use and delivers useful data to the clinician through a user 
interface. Testing will focus on one movement, flexion at joints of each finger, e.g., Bend 
proximal interphalangeal joint (PIP) joint by 30°, 60° and 90°. We can then compare 
against the value outputs from the wearable gloves. The outputs from this study would be 
used to inform clinical researchers of the repeatability achievable using the glove as a 
measurement tool for a static hand. It would also enable us to determine a quantifiable 
measurement of error in repeatable measurements taken by the wearable glove. Custom 
developed 3D CG graphics of the human hand will be integrated to enhance the user 
experience and add educational value. In order to achieve this accurate motion capture 
data of hand coordinates will be used with the 5DT data glove 14. This hardware is 
compatible with 3Ds max, motion builder and 3D development software which will aid in 
the creation of an interface to present the measurement data in a user friendly format, 
enabling clinicians to efficiently make informed decisions on loss of movement. 

2 Related work 

A number of devices and techniques have been investigated over the years to determine 
the range of movement of joints of the hand. However no fast and user friendly  
device has yet been identified to measure the movements of all of the small joints  
of the hand (Hamilton and Lachenbruch, 1969; Hasselkus et al., 1981). One study 
examined the accuracy and precision of the 3Space Isotrak system for the measurement 
of known angles on a model and of metacarpophalangeal (MCP) joint range in the  
hand (Kulkarni-Lambore and Peat, 2000). The 3space Isotrak is an electromagnetic 
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device that measures the position and orientation of a sensor in space. Results in studies 
(Culham and Peat, 1993) have validated the system as being accurate however the 
unwieldy setup required to record such measurements render such a system impractical in 
practise. 

3D ultrasound is an imaging sensor system typically used in clinical diagnosis and 
treatment monitoring. Through the use of projected and retrieved sound waves, scientists 
and physicians may observe 3D images of the musculoskeletal system, detecting such 
problems as tendonitis, bursitis, muscle injury, and arthritis. Recently, portable freehand 
3D ultrasound imaging systems have been created to allow various fields of research ease 
of access to its advantages. Specifically, such devices have proved useful in the scanning 
and treatment of RA patients. Before ultrasound, doctors could scan patients using an 
MRI and consequently prescribe their medications. However, the progress of treatment 
would initially rely on the patient’s interpretation of their own pain. Furthermore, the 
indication of less pain is not always an indication of lessening inflammation. 3D 
ultrasounds allow physicians to assess the level of inflammation directly, rather than 
acting solely upon interpretation. Nevertheless, ultrasound is not without disadvantages, 
particularly in its lack of affordability and availability. Chief limitations arise in that the 
ultrasound devices must be placed in specific locations and at proper angles for the 
device to work. While ultrasound detects muscular systems quite efficiently, ultrasound 
cannot image bone, a serious problem if bone damage exists in the patient. If ultrasound 
must penetrate thick tissue, images may also prove unreliable, another problem if the 
patient is muscular or obese. In conclusion, ultrasound has proven its most effective use 
in fatal recognition, yet overall has limited testing in regards to other areas of the medical 
field. Certainly Ultrasound deserves more experimentation, yet it must also become more 
easily available for additional tests to become a reality. 

The Humanglove is a sensitised, elastic fabric glove designed and commercialised by 
Humanware. The Humanglove is equipped with 20 hall effect sensors. Each sensor 
measures data related to a DOF of the hand. The nominal sensor characteristics are 
resolution, 0.4° over a range up to 90°; linearity, about 1% full-scale output, and accuracy 
about 1°. However, no information about the sensors is available concerning their 
performance when they are mounted on the elastic fabric glove. The glove control unit is 
connected to the host computer through a standard RS-232 at 38,400 baud; the host 
computer can be any kind of workstation, PC, or Macintosh. Data acquisition is 
performed through a proprietary software package called graphical virtual hand (GVH). 
This program calibrates the glove and displays an animated hand that mirrors movements 
of the user’s hand. Data acquisition and storage in ASCII format can be performed both 
with and without the GVH interface (with a non-graphical version of the data acquisition 
software). 

The TUB-sensor glove developed at the Technische Universität Berlin (TUB) enables 
continuous measurement of grip power, which can be depicted in load–time diagrams. 
The strength distribution pattern of the grip is recorded through ten sensors applied to the 
palm surface of the hand and evaluated on a computer. Studies have been conducted 
using this glove to determine whether it is possible to assign an individual strength 

distribution pattern to the different grip sizes of the dynamometer; they have also studied 
whether it is possible to recognise sub maximal effort, corresponding to a pretended loss 
of strength on the basis of characteristics in the strength distribution pattern. 

The AcceleGlove is a portable, glove-based input interface, designed as an assistive 
device that translates hand and gesture-based languages (such as American Sign 
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Language) into written and spoken language. The AcceleGlove consists of a group of 
sensors and accelerometers that are strapped to the hand, arm, and shoulder and a set of 
algorithms that decipher and categorise the movements of the hand and arm. The 
AcceleGlove has the capability to translate both finger spelling and more complicated, 
gesture-based signs. Additionally, the AcceleGlove unit is more portable than comparable 
technologies and can be built at a fairly low price per unit. Virtual reality (VR) has been 
promising as an effort to provide substitute environmental experiences for repetitive 
practise in a task-oriented context within a clinical setting (Boian et al., 2002; Finley  
et al., 2005; Jial et al., 2007). VR allows individuals to practise movements in several 
different environments and indeed perform rapid transition between tasks. Clinicians then 
possess the capability of creating challenging tasks through which intensive, repetitive 
practise of new motor skills can be delivered and monitored (Jial et al., 2007). These 
aspects of research however focus more on the tasks and rehabilitation as opposed to our 
quest to provide accurate measurements for diagnosis and assessment. 

One of the main shortcomings of the traditional manual measurement for arthritis 
patients recovering after proper treatment or undergoing diagnosis is the lack of accurate, 
repeatable, and reliable tools. Presently, such methods involve questionnaires [arthritis 
impact measurement scales 2 short form (AIMS2-SF), the functional index of hand OA 
(FIHOA), the health assessment questionnaire (HAQ), etc.], x-ray, rulers, protractors, 
strings, or even water. Arthritis physicians use diagnostic reports to give patients 
individual treatment, yet potentially inaccurate diagnoses will undoubtedly lead to 
unbeneficial and even dangerous conclusions. Therefore, it is necessary to find new 
advanced techniques to produce more accurate and repeatable results. 

As a sensitive electronic device, the data glove was created with the purpose of 
measuring hand dexterity using precise algorithms. There is a growing body of research 
to attest to the reliability of data gloves for goniometric measurements. Repeatability 
results showed an overall error of 3.4°,compared to 5.5° and 5.7° reported with other … 
manual measurements (5°–8°) (Simone, 2005) and elsewhere results show an overall 
error of 5.6°, as compared to an error of between 5° and 8° with manual measurement 
(Wise, 1990). In another study, the Humanglove was seen as adequate for several 
applications in the field of rehabilitation engineering and comparable to repeatability of 
manual goniometric measurements in normal subjects (Dipietro et al., 2003). When we 
take a close look at the human hand, we will find there are several constraints within 
which one can use range measuring for the stiffness measurement. The interfinger 
constraint is between the joints of the same finger. Using this type of constraint, pinkie, 
index, middle, ring, distal interphalange (DIP) joints’ movements can be approximated by 
the following equation: 

Interfinger constraints 

2
3

DIP PIPθ θ=  (1) 

The angle range constraint refers to the limits of the range of finger motions as a result of 
hand structure, normally within the following ranges: 

Angle range constraints 
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The bending direction constraint is available for DIP joints, PIP, and thumb PIP joints. 
Luster et al. (1990) mapped finger angles to the torque and found a non-linear 
relationship. Other work supported their findings (Simone, 2005). Simone et al evaluated 
the usefulness of a wireless custom monitor in measuring real-time finger posture over an 
extended period of time as the wearer went about daily life activities. Signal conditioning 
electronics, memory storage, and the wireless transmission system were located in a 
small box that could be strapped to the arm and the core of the system was a Tmote Sky 
device (Simone et al., 2006). One individual wore the device for 25 continuous hours in 
the research facility and at home. The study found that real time joint motion can be used 
to evaluate compliance with therapy regimens and true function effects of an 
intervention, and to assess overall functional levels and objective hand use outside the 
clinic. This supports our research aims. 

3 Tests 

The overall aim is to develop a software tool using a commercial data glove to assist 
medical clinicians with the accurate measurement of the common condition of loss of 
movement in the human hand in patients with arthritis. We had therefore to determine the 
feasibility of the data glove by implementing a series of tests. Our initial aims were to 
prove the feasibility of the data glove, determine accuracy of the data glove and to 
discover what precisely the data glove can measure. Therefore we devised a series of 
tests to achieve this. Testing would be carried out through a series of studies which are 
designed to inform the aims of the final stages of the project. 

3.1 Study A – repeatability testing of data glove on rigid hand model 

The purpose of this study is to determine how repeatable tests from the data glove are. To 
avoid issues of hand movement we will use a static rigid hand. This study will be carried 
out by the team over the period of one half day. No volunteers required. Equipment 
required would be our data glove, rigid hand model and a camera and tripod. 

The process involves obtaining a rigid hand model, securing hand model to surface 
(e.g., vice grip), placing glove onto hand aligning the top of each bend sensor to the PIP 
joint, and the bottom of each sensor to the MCP joint. Then once in position we record 
output values from data glove and repeat process ten times. The outcome is the variation 
in sensor data from each channel of the data glove. The results table for this study takes 
the following format as shown in Table 1. 
Table 1 Study A results capture format 

Channel/sensor Description Mean measure Standard deviation of measurement % variance 

1 Pinky finger 1,022 1 0.45 
2… Ring finger 855 2 0.08 
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The outputs from this study would be used to inform clinical researchers of the 
repeatability achievable using the data glove as a measurement tool for a static hand. The 
study would also enable us to determine a quantifiable measurement of error in 
repeatable measurements taken by the data glove. 

3.2 Study B – repeatability testing of application of data glove onto rigid hand 
model 

The purpose of this study is to determine the likely range of error by a trained technician 
in placing the data glove onto a patient’s hand. To avoid issues of hand movement we 
will use a static rigid hand. This study will be conducted simultaneously with Study A. 
The process involves setting up camera in fixed alignment with the glove and then 
photographing the glove placement ten times. The outcome is variation in positioning of 
sensors. We would anticipate our results table will take the following format for each 
sensor. 
Table 2 Study B capture results format 

Photo Channel/sensor Description Position (X,Y) mm Standard deviation 
of measurement % variance 

1 1 Pinky finger 48,129 1 0.45 
2 1 Pinky finger 49,127 2 0.02 
3 1 Pinky finger 49,128 3 0.2 
4… 1 Pinky finger 47,126 4 0.38 

The outputs from this study will inform the team of the repeatability achievable by a 
trained technician placing the glove onto a static hand. The study will enable us to 
determine a quantifiable measurement of repeatablility for sensor placement. Studies A 
and B both involve the following procedures: 

1 secure hand model to surface (vice) 

2 place data glove onto hand model aligning top of each sensor to the PIP joint and 
bottom of each sensor to the MCP joint 

3 set up camera on tripod in alignment with hand model and data glove 

4 record lens type, aperture, shutter speed and camera distance from data glove 

5 record output values from data glove 

6 mark each photograph with clapper board 

7 repeat process ten times. 

3.3 Study C – accuracy testing of data glove on animated hand model 

The purpose of this study is to determine how accurate the data glove is in comparison to 
an animated mechanical hand setup. Ideally the mechanical hand should itself be accurate 
and reliable. Testing will focus on one movement, flexion at one joint of one finger. We 
believe it is best to use a robotic hand/finger here or a replica hand/finger with joints 
possessing the ability to snap or click into 3, or more, positions, e.g., Bend PIP joint by 
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30°, 60° and 90°. We can then compare against the value outputs from the data glove. 
This study is carried out by the team over the period of one half day. No volunteers 
required. Equipment required will be our data glove, animatable hand/finger model. The 
process involves obtaining an animatable hand/finger model and securing the hand model 
to surface (e.g., vice grip). We then place the glove onto hand/finger aligning the top of 
each bend sensor to the PIP joint, and the bottom of each sensor to the MCP joint and 
once in position, we record output values from data glove and repeat process ten times. 
The statistical analysis outcome is the variation in measurement data taken from 
animatable hand/finger model and data glove. The results table takes the following 
format. 
Table 3 Study B results capture format 

Robotic 
hand Channel/sensor Description Mean 

measure 
Standard deviation of 

measurement % variance 

0° flexion 1 Pinky finger
MCP 

0095 1 0.45 

30° flexion 1 Pinky finger
MCP 

0725 2 0.08 

60° flexion 1 Pinky finger
MCP 

1,562 3 0.25 

90° flexion 1 Pinky finger
MCP 

3,622 4 0.21 

The outputs from this study will inform clinical researchers of the accuracy in measuring 
joint angular data using the data glove. As a follow up study perhaps we may consider 
repeating this test on a human hand where the PIP and DIP joints are secured and unable 
to bend so we are only getting data for the MCP joint as in this study. Study C involves 
securing hand model to surface (vice) and placing glove onto hand aligning the top of 
each bend sensor to the PIP joint, and the bottom of each sensor to the MCP joint. We 
then record output values from data glove and repeat process ten times. 

4 Measurement glove prototype 

The project involves the development of a tool to assist medical clinicians with the 
accurate measurement of the common condition of loss of movement in the human hand 
in patients with arthritis. The main aim is to develop a solution that is accurate, easy to 
use and delivers useful data such as historical patient hand movement data to the clinician 
through a user interface. The main targets and stages of the project include: 

• Interface development – the development of a user friendly front end UI with 
specific requirements from rheumatologist e.g. patient friendly. 

• Database development – the database allows the clinician to store and access patient 
data. For instance, the clinician can view patients past tests while wearing the glove 
and view on screen the actual movements in the form of an animation of the moving 
hand taken from the previously recorded movements on the day of the actual test. 
This is unique in this field. Consideration would be taken of ethical issues and so 
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various options would be investigated e.g. storing hand images only classified by 
patient number (no reference made to patient name or identity). 

• 3D environment (XNA) set up and customisation – this allows the clinician to see in 
real-time the movements of the patients hand on screen which mirrors the patients’ 
movements inside the glove. 

• Data refinement – this involves work on attaining high accuracy levels to improve 
results in addition to the creation of graphs for the presentation of patient 
measurements in various ways for use during consultation. This may lead to insights 
previously hidden through use of basic manual measurements. 

We evaluated two gloves in the initial stages. One glove was the 5DT data glove 14 ultra 
and the other glove was the X-IST ADBox24 dataglove. The X-IST data glove has three 
sensors per finger, a 10 bit internal resolution, supplied sensor data typical 10 bit (data 
mode), 100–200 Hz with conductive plastic sensors (see Figure 1). The 5DT has two 
Sensors per finger, one sensor knuckle and first joint and abduction sensors between 
fingers. It has 12-bit A/D (typical range 10 bits) with min 75 Hz and fibre optic sensors 
(see Figure 2). 

We selected the 5DT data glove as this proved to be more accurate (see Figure 3). It 
was found to be easy to use and comfortable giving high quality, high rate, low  
cross-correlation data ideal for realistic real-time animation and motion capture. It has 
sensors attached to each finger to measure finger flexure and also a tilt sensor attached to 
the exterior of the hand. A customised interface has been developed for the presentation 
of glove data in a user friendly format. Finger movements from each finger are displayed 
in real time in numerical and graphical form as shown in Figure 4. 

Figure 1 X-IST ADBox24 glove sensors (see online version for colours) 
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Figure 2 5DTd glove sensors (see online version for colours) 

 

Figure 3 5DT glove movement by patient and corresponding animation in main display 
(see online version for colours) 
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Figure 4 Interface processing information from each sensor 1–5 (fingers) and 6–7 
(2-axis tilt sensor) on glove (see online version for colours) 

 

Figure 5 Animated hand alongside sensor data from glove (see online version for colours) 

 

A 3D hand model has been created using the 3D Max application as shown in Figure 5. 
Sensor data harvested from the data glove has been imported into this model, so enabling 
an accurate animated sequence of hand movements to be displayed. Custom developed 
3D CG graphics of the human hand are integrated to enhance the user experience and add 
educational value. In order to achieve this accurate motion capture, data of hand 
coordinates are used with the 5DT data glove 5 to set up an initial system. This hardware 
is compatible with 3Ds Max, Motion Builder and 3D development software. An interface 
is being developed to present the measurement data in a user friendly format, enabling 
clinicians to efficiently make informed decisions on loss of movement. The data glove 
works in measuring arthritis stiffness as the resistance of the sensor changes as each 
finger moves. For example, when a user bends their fingers, less light will emit from the 
light-emitting diode (LED) in the optical data glove, causing the resistance change and 
thus resulting in a numerical value in the sensors feedback. 
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We have designed the system so that the doctor takes a key role as the main operator. 
They can use it to create an account for an arthritis patient and record the current illness 
situation information in the database. Each patient wears the data glove and does the 
motion that the doctor asks them to do. This motion is then captured. The 5DT data glove 
5 measures finger flexure (1 sensor per finger) and the orientation (pitch and roll) of the 
user’s hand. It can emulate a mouse as well as a baseless joystick. The interface we have 
created is shown in Figure 6. This demonstrates how each finger on the right and data 
glove is sending data to the system which is then displaying the information for the 
clinician to analyse. Each finger is labelled as one of the first five sensors (sensor 1 to 
sensor 5) and sensor 6 and sensor 7 relate to the 2-axis tilt sensor. It can also be seen that 
the value displayed for each sensor relates to the degree of movement of each finger 
being recorded by the system. 

Figure 6 Animated hand alongside sensor data from glove (see online version for colours) 

 

The middle part of the interface shows the close up of the hand model that we created in 
3Ds Max which allows us to monitor the patient performing movement exercises (or 
tests). This also is the model that we see repeating the tests when we choose to reply 
examinations at a later date. This aspect is interesting as the physician can now see in real 
time the previous test(s) and compare them to the current set of tests and this may 
possibly lead to more a more accurate diagnosis but this of course is yet to be examined 
and we can only speculate at this moment as to any future benefits of having real time 
animation playback of examinations. 

Figure 6 shows the hand model animated alongside the sensor data being processed 
from the data glove. It is important that the system is able to recognise a broad range of 
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finger gestures and record movement associated with them. We can also see on the right 
hand side, a video capture of the real hand performing the movements which are being 
tracked in the virtual hand in the main interface of the system. 

One key concept of the project is that the system can replay the movement of the 
hand in an animated sequence so that the clinician can get an idea of the speed of the 
movement and also quantify the joint stiffness. This would also be useful for 
physiotherapists who may prefer to see a visual display of the hand movement. Ideally 
the tests would be done at the patient’s home (or in their own time) before their routine 
appointment with the clinician. This would save clinician’s time and allow for a very 
efficient clinical service. 

The system should relay back to the clinician some main measurements: 

• The degree of deformity of the hand and an objective measurement of the stiffness of 
the moving joints. It is well known that patients usually move their hands slowly if 
their hands are stiff. This measurement tool should quantify this stiffness. 

• The amount of joint swelling. Usually clinicians simply assess this visually and 
through pressing the hand. A volumetric measurement is required which could be 
integrated into the final system. 

• Maximum and minimum range of movement of hand e.g. the extension and inflexion 
as in how far the fingers and hand can be moved. Individual data would be stored per 
finger showing the range of movement for each individual joint in the hand. 

• Rate of movement of hand – the speed of movements aid the clinician in the 
diagnosis of condition. 

For these measurements the system records the average, minimum and maximum values 
over a period of time or number of tests. This allows the clinician to have a historical 
view of the hand movement and make a prognosis based on key indicators. 

The current calibration algorithm is based on the following equation: 

min

max min

valraw raw
out Range

raw raw
−

= ×
−

 

where the rawval raw represent the value directly read from sensors. 

rawmin represents minimum reading from the sensor 

rawmax represents maximum reading from the sensor 

Range represents the new range of the reading. 

For example, if we want all the sensor readings between 0 – 1,024, then Range = 1,024. 
The process of calibration works as follows: 

1 Users need to select the glove to be calibrated. 

2 After selecting the ‘open glove’ button in the dialog, the program begins to read data 
from the glove, and shows the data in the main interface and applies movement to 
the 3D model. At this stage, the data is using the original readings from the sensor, 
so the 3D model may look out of sync with the real hand movements. 
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3 Users then need to flex and relax their fingers for a 3~5 times, in order to allow the 
program to record rawmin and rawmax. 

4 Users can click the ‘reset’ button which resets the calibration or they can click the 
‘apply’ button to see if the results are good. 

5 The ‘OK’ button is used to finish the calibration and return to the main screen. 

The advantage by doing calibration in this way is that the process is simple and quick. All 
that is needed is to finish flexing fingers five times and clicking of the ‘apply’ button. 
However, there can still be problems. for instance, if the patients only can bend their 
fingers from 20°~70°, then the program is still taking rawmin and rawmax, for example, 
200 and 700, and treats them as reading from 0°~90°. One possible solution we have 
found is to perform the calibration on a robot hand which is able to bend the joint exact 
from 0°~90° first, and then put the glove back to real patients’ hand. However, for a real 
world system, this will be impractical. Therefore, we are currently investigating allowing 
the direct input of the rawmin and rawmax for each sensor. There is also a mode for 
replaying animations as shown in Figure 7. 

Figure 7 Replay screen for hand movements 

 

The fibre optic sensors provide values in a range 0 and 4,095. These sensors are sensitive 
to any shape change, including the change caused by pressure. Pressure also affects the 
sensor reading. Therefore, deformities or swollen joints will lead the sensors to reading 
higher values than in reality. In addition, larger hands will record higher values than 
smaller hand as the sensitivities of different sensors are different. Normally, the error 
caused by the sensors was found to be 10% of the range of the sensor readings. For 
example, if our range is 0°~90°, the error is ± 9°. 

There is another problem we found to be caused by smaller hands. If the finger is 
smaller than the glove, then the sensor cannot attach to the finger very comfortably. In 
tests we found that the little finger which is smaller than the other fingers recorded 
incorrect values. Therefore, when we try to unbend it, we have to wait a couple of 
seconds or adjust the position of the little finger to allow it to reach the target. This is a 
problem we are currently attempting to address. 

5 Conclusions 

This project is a multi-disciplinary research team from the University of Ulster and the 
Western Health and Social Care Trust hospital in Altnagelvin, Northern Ireland. The 
team seeks to address issues around care and treatment of patients with RA. Its core 
concept is the development of an intelligent computing system that consists of a wearable 
glove measurement tool and a 3D interface. The system is designed to enable more  
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accurate measurement of movement in the human hand than current techniques provide. 
Objective measurement of disease activity and disability is acknowledged as helpful in 
optimal management of patients with arthritis, but joint deformity and stiffness have 
always been difficult to document and monitor. The severity of joint stiffness (as reported 
by patients) correlates with disease activity, therefore, accurate measurement may help to 
improve existing assessment tools. Measurement of joint range is used to establish a 
baseline and to record progress. This is a particular challenge in the hand, where 
deformity is rarely measured in the clinical setting. The aim of digit-ease was to develop 
a solution that is accurate, easy to use and delivers useful data to the clinician through a 
user interface. 

Currently, there is no cure for RA. It is vital to begin treatment for RA as soon as the 
condition is diagnosed to minimise joint damage. The prediction and prognosis of the 
disease varies for each individual and its course can detrimentally affect the psychosocial 
condition of the patient. RA is currently diagnosed by clinicians and therapists using  
x-ray and manual evaluation methods, including a goniometer, tape measure and  
visual evaluation. They measure flexion, extension, abduction and adduction of finger 
joints. Goniometric measurement techniques have changed little over the past 80 years. 
The tape measure measures thumb-index finger web space. Kapandji Score grades the 
range of movement of the patient’s thumb against each fingertip. All measurements are 
recorded in handwritten form. The outcomes are easily influenced by clinicians  
training and experience. Our proposed system will provide increased accuracy of 
movement for analysis by consultants and eliminates the need for manual measurement 
or dependence on patient’s memory. This will lead to reduced time spent by all medical 
staff in assessing patients and taking measurements and allow increased time to care 
for/talk with patients. This delivers the potential for increased efficiency savings in the 
NHS. It is also less stressful for a patient because measurements are recorded at home 
during everyday living and are less intrusive. We also believe that the monitor-evaluate 
exercise can be done by patients between visits, potentially reducing rate of progression 
RA. 

Currently, the system consists of a wearable glove measurement tool and a 3D 
interface. Real time data captured from each glove sensor is displayed numerically and 
graphically. It accurately quantifies patients’ flexion, extension, adduction and abduction 
of finger and thumb joint movements in degrees, maximum and minimum joint range and 
compares joint range with normal ROM values to determine the degree of deformity of 
the hand and stiffness of moving finger joints. The systems can simultaneously records 
angles from multiple fingers to detect previously unidentifiable movement patterns. It 
measures a shift in the position of fingers in relation to the direction of the thumb by 
measuring web space and recording the minimum, maximum and average values during a 
number of tests to analyse joint movement and identify areas for joint protection benefit. 
Data is recorded and used for future comparison analysis. It is the first ambulatory system 
to detect joint stiffness at home and will help quantify and understand the symptom of 
‘early morning stiffness’. Future work will integrate mean and standard deviation error 
measures (Alvi et al., 2004) with the recorded data and accurate ‘normal’ data to produce 
data charts and graphs which will allow the clinician to automatically and efficiently 
analyse the patient’s range of movement. 
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