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Abstract 
 

The impact of hand osteoarthritis on the handwriting of elderly people: A clinical trial of assistive 

technology  

In New Zealand osteoarthritis affects seven percent of the population and most commonly affects hands. 

People with hand osteoarthritis report that decreased hand function affects the speed and legibility of their 

handwriting, thus there is the potential for assistive technology to be applied in this setting. 

The hypothesis of this research was that a new, prototype pen may improve comfort when writing and that 

script legibility may also be improved or at least not diminish. This new pen was compared for efficacy with 

a pen developed commercially for people with hand osteoarthritis and with participants’ usual pens. 

Handwriting samples from 36 participants were evaluated where participants used either the prototype 

pen or the commercial pen and their usual pen. The research also included semi-structured interviews on 

the impact of living with arthritis. 

Over 78% of participants reported that handwriting was difficult for them, and more than 81% wrote daily 

and rated handwriting as essential: handwriting was described as a means of maintaining independence 

and social relationships. The mean writing speed was slower using the prototype pen than the usual or 

commercially available pen.  There was no difference in writing legibility when using any of the pens; 

however, the commercially available pen was rated as better than the participant’s usual pen for comfort. 

Customised pens may enable older people with hand osteoarthritis to maintain legible handwriting 

ensuring continued participation in their communities. 
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Chapter One: Introduction  
 

Arthritis is a common joint disorder affecting one out of six New Zealand adults (16.2%) (Ministry 

of Health, 2014). The prevalence of the disorder is greater in older adults, with 49% of adults over 

75 years affected (Ministry of Health, 2014). Women are 10% more likely to have arthritis 

compared to men, after adjusting for age (Ministry of Health, 2014). The likelihood of having 

arthritis also increases with socioeconomic deprivation and furthermore, New Zealand Māori and 

Pacific Islanders are disproportionately affected by arthritis, with both Māori and Pacific adults 1.3 

times more likely to be diagnosed with arthritis than other New Zealanders (Ministry of Health, 

2014). It is predicted there will be more adults with chronic conditions such as arthritis for three 

main reasons: 1) the “baby boomer” generation is ageing; 2) average life expectancy is increasing; 

and 3) other risk factors (such as obesity) increase (Hootman, Helmick, & Brady, 2012). 

Arthritis is a chronic condition which affects the joints and nearby connective tissue (Hootman, 

Helmick, & Brady, 2012). The short term effects of arthritis include pain and stiffness, restricted 

range of movement and decreased muscle strength, while increasing disability and joint deformity 

become apparent in the long term (Hootman et al., 2012; Stenstrom & Minor, 2003). 

The pain of arthritis and the stigma of requesting aid from partners and family can both contribute 

to depression and other psychological symptoms (Busija, Buchbinder, & Osborne, 2013). 

Additionally, the balance of work, play, self-care and sleep can change in people with arthritis. 

Adults with arthritis have reported that the disease curbed the number of hours they spent on 

their main occupation. For example, it has been reported that adults with arthritis spend less time 

in paid work and childcare and more time on rest, recreation, unpaid work and self-care activities 
3 
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(Forhan & Backman, 2010).  In summary, the debilitating personal effects of arthritis: decreased 

exercise and time in paid employment, increased anxiety, depression and pain can also result in an 

increased cost to society of medical care (Hootman et al., 2012). 

This study 
 

This thesis explores one activity that people with arthritis report finding difficult; handwriting. Two 

randomised controlled trials were conducted: a pilot trial (19 people) and another trial (36 

people). Two types of adapted pen were used by participants and compared to their usual pens. 

The purpose of the comparison was to ascertain whether handwriting could be more comfortable 

and legible with the adapted pens. Both sets of data were collected and analysed at different time 

points. 

At the start of the study a literature review established that there is a lack of published research 

around the use of assistive technology (for example adapted pens) for people with conditions such 

as arthritis. The literature that is available presents conflicting results. The following study was 

commenced in response to gaps in knowledge about assistive technology to help with handwriting 

for those with arthritis. 
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Osteoarthritis 
 

While there are over 100 forms of arthritis, the most frequent presentations in New Zealand are 

osteoarthritis, gout and rheumatoid arthritis (Arthritis New Zealand, n.d). With an estimated 

305,000 people (7%) affected out of a total population of 4.5 million, osteoarthritis (OA) is the 

most common type of arthritis in New Zealand (Arthritis New Zealand, n.d; Statistics New Zealand, 

n.d). Osteoarthritis is a degenerative type of arthritis, in which the cartilage repair process fails 

and the bones come into contact with one another (Arthritis Foundation, 2014; Bijlsma, 

Berenbaum, & Lafeber, 2011). Inflammation can also occur in the affected joints of people with 

OA (Sokolove & Lepus, 2013). Increased weight, female gender, stress and injuries to joints are all 

associated with increased likelihood of developing OA (Toivanen et al., 2010).  The joints most 

commonly affected are knees, hips, the spine and hands (Sokolove & Lepus, 2013). 

Gout 
 

Gout is the second most common form of arthritis in New Zealand. Approximately 115,000 people 

(3%) over 20 years are affected (Winnard et al., 2012). A gout “attack” is characterised by pain, 

swelling and redness which reaches a peak after about six hours. It can affect any joint but usually 

involves the big toe (first metatarsophalangeal) (Shipley, 2011). Gout is triggered by elevated 

levels of uric acid in the blood. The main reasons uric acid levels increase are obesity, metabolic 

syndrome, and high intake of alcohol, fructose sweetened drinks or other foods that produce uric 

acid (Shipley, 2011). Gout is more prevalent in Māori and Pacific men with 9.62% and 12.32% of 

the population affected compared to 5.12% in European men. Likewise, 4% of Māori and Pacific 

women are affected compared to less than 1% of European women. Gout is particularly prevalent 
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in Māori and Pacific men over 65 years, with a quarter of Pacific men and a third of Māori affected 

(Winnard et al., 2012). This high incidence of gout in Pasifika and Māori people contributes to the 

overall high percentage of gout in the New Zealand population. 

Rheumatoid arthritis 
 

Rheumatoid arthritis (RA) is the third most common type of arthritis in New Zealand with an 

estimated 40,000 people (1%) affected.  RA arises more frequently among the 25 to 50 age group, 

but can appear at any age. It affects women three times more often than men (Arthritis New 

Zealand, n.d). A person with RA may have inflammation, swelling and deformity in the affected 

joints (McInnes & Schett, 2011).  Any joint can be affected, although RA most often affects the 

joints in the hands and feet (American College of Rheumatology, 2014). In addition, RA can affect 

other body systems including pulmonary and cardiovascular systems (McInnes & Schett, 2011). 

The aetiology of RA is unknown, although both genetic and environmental influences have been 

identified. Genetic factors have accounted for about 50% of the risk of developing RA, the 

remainder of the risk is attributable to environmental factors. These factors include low 

socioeconomic status and the effect of hormones, diet, low vitamin D levels, alcohol, coffee, 

infections and tobacco (Esquide-Ruiz & Sanmarti, 2012; Kostoglou-Athanassiou, Athanassiou, 

Lyraki, Raftakis, & Antoniadis, 2012). 
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Chapter Two: Hand Osteoarthritis  
 

This research is primarily concerned with hand osteoarthritis (HOA). The wider implications of 

HOA are many but will not be discussed in this thesis, which is primarily focussed on the impact of 

HOA on handwriting. Osteoarthritis is more common in the hands than in any other part of the 

body (Litwic, Edwards, Dennison, & Cooper, 2013) and two widely recognised criteria to confirm 

diagnosis of HOA have been developed by the American College of Rheumatology (ACR) (Altman 

et al., 1990), and the European League Against Rheumatism (EULAR) (W. Zhang et al., 2009). 

The ACR specifies that a set of specific guidelines be met to confirm diagnosis. The first ACR 

criterion is that the person reports hand pain, aching, or stiffness. The second criterion is that they 

present with at least three of the following four measures: hard tissue enlargement of at least two 

of a possible ten joints (the second and third distal interphalangeal joints, the second and third 

proximal interphalangeal joints, and the first carpometacarpal joints of both hands); hard tissue 

enlargement of two or more distal interphalangeal joints; fewer than three swollen 

metacarpophalangeal joints; and deformity of at least one of ten joints (the same joints as noted 

previously) (Altman et al., 1990). 

EULAR have developed ten recommendations for the diagnosis of HOA. These recommendations 

include assessment of risk factors, symptoms, clinical features and functional impairments of the 

HOA. Additionally, it is recommended that other OA sites on the body be assessed as people with 

HOA are more likely to develop OA in other joints. EULAR recommends X-rays and blood tests in 

addition to clinical changes to increase confidence in the diagnosis (W. Zhang et al., 2009). 
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HOA can be diagnosed by presence of symptoms or radiographic changes to bone, although 

neither the ACR nor EULAR criteria require X-rays to diagnose HOA.  The radiographic definition of 

HOA includes cartilage loss, bone-on-bone and other joint damage. The symptomatic definition is 

self-reported with symptoms such as pain, aching and stiffness (Y. Zhang, Niu, Chaisson, Kelly-

Hayes, Aliabadi, & Felson, 2002). It is possible to have radiographic HOA without symptomatic 

HOA and vice versa, although significant radiographic changes have been linked with increased 

joint pain (Kalichman & Hernandez-Molina, 2010). The Framingham Study, which included people 

aged over 70 years (n=1,041) found radiographic evidence of HOA present in 88.6% of men and 

94.4% of women, but only a small percentage of these people had symptomatic HOA (8.9% of men 

and 17% of women)(Y. Zhang et al., 2002). 

Joints affected by HOA 
 

HOA most frequently affects the index and middle distal interphalangeal joints (DIPJs), proximal 

interphalangeal joints (PIPJs), and the first carpometacarpal joint (CMC1). Metacarpophalangeal 

joints (MCPJs) are less likely to be affected (Altman et al., 1990). Interestingly a swollen joint on 

one hand will often be mirrored by swelling of the same joint on the opposite hand (Niu, 2003). 

Joint swellings can also be grouped by ray (for example DIPJ, PIPJ and MCPJ on the same finger) or 

by row (for example all DIPJs on different fingers of the same hand) (Niu, 2003). 

 In comparison, rheumatoid arthritis of the hands is more likely to affect all the bones of the hand 

except the DIPJs (American College of Rheumatology, 2014) and Gout can affect any joint in the 

hand, sometimes occurring on top of pre-existing HOA  (Shipley, 2011; W. Zhang et al., 2009). 
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There are several subgroups of HOA, which can present separately or together. Firstly, nodal HOA 

is characterised by firm swellings on the DIPJs (Heberden’s nodes) and PIPJs (Bouchard nodes). 

Generalised HOA combines HOA and osteoarthritis on other parts of the body, while thumb-base 

HOA affects the CMC1 joint (Kellgren & Moore, 1952). Lastly, people with erosive HOA experience 

severe pain, redness, swelling, and greater impairment of the interphalangeal joints than the other 

types HOA (Punzi, Frigato, Frallonardo, & Ramonda, 2010).  

Risk factors 
 

HOA is widespread in the general population, especially in older people and in women. The 

Rotterdam study of people aged over 55 years (n= 3,906) found 55% of men and 67% of women 

had radiographic HOA in at least one hand joint (Dahaghin et al., 2005), while the Framingham 

study found that HOA was more frequent in the elderly with rates of symptomatic HOA varying 

from 13.2% for men and 26.2% for women over the age of 70 years (Y. Zhang et al., 2002).  

After age, obesity is the most significant risk factor for OA. Gandhi, Wasserstein, Razak, Davey, and 

Mahomed (2010), found that obese patients required replacement of hips and knee joints at 

earlier ages than non-obese patients. However, obese people are also twice as likely to develop 

HOA, suggesting that there may be a factor involved in HOA in addition to increased weight on 

joints (Yusuf et al., 2010). This factor has been identified as metabolic syndrome, an amalgamation 

of hypertension, obesity, hyperglycaemia and dyslipidaemia (Sellam & Berenbaum, 2013). 

Osteoarthritis (in various joints) is associated with metabolic syndrome as a whole, as well as with 

the separate components that contribute to the syndrome (Zhuo, Yang, Chen, & Wang, 2012).  
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Coronary heart disease is also associated with chronic HOA (Massengale, Lu, Pan, Katz, & Solomon, 

2012). 

Genetics also play a part in the development of HOA.  Livshits et al. (2007), studied 296 pairs of 

identical twins and 628 pairs of fraternal twins and found heritability of osteoarthritis in DIPJs 

estimated at 48% and 67% respectively for HOA.  

Similarly, increased grip strength, hand dominance and type of occupation can influence the 

development of HOA. The Framingham study found that people who have a strong grip also have 

an increased risk of OA in the proximal hand joints due to increased loading on joints when 

gripping (Chaisson, Zhang, Sharma, & Felson, 2000). However, people who already have HOA have 

a weaker grip than those without HOA (Y. Zhang et al., 2002). Additionally, grip has been found to 

be stronger in the dominant hand, even though this hand may be more affected by HOA (Kjeken et 

al., 2005). In terms of hand dominance, when HOA in the second DIPJ and third PIPJ is present, it is 

likely to be the dominant hand (Wilder, Barrett, & Farina, 2006). Wilder et al. (2006) also found 

CMC1 OA was likely to be in the non-dominant hand, possibly because when using both hands to 

grip and twist (for example when opening a jar), the left thumb acts to counter the right hand, if 

the person is right handed (Acheson, Chan, & Clemett, 1970). People with HOA have reported that 

activities that need a combination of twisting and gripping are the most challenging (Kjeken et al., 

2005). 

 Finally, a recent meta-analysis found that occupational activities that need prolonged or recurrent 

pinch grip (such as dentistry) can influence the incidence of finger or wrist OA (Hammer, Shiri, 

Kryger, Kirkeskov, & Bonde, 2014). Similarly, specific leisure activities, such as rock climbing, can 
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contribute to HOA (Schoffl, 2004). Therefore the development of HOA can be linked to many 

factors. 

The impact on quality of life  
 

The International Classification of Functioning, Disability and Health model (ICF), was developed by 

the World Health Organisation (WHO). ) and assists in the evaluation of the practical 

consequences of different health conditions. According to the ICF a person is disabled as a 

consequence of the interface between a health condition and contextual factors. At this interface 

are the levels of functioning as defined by the ICF: body functions and structure, activity and 

participation. The contextual factors are environmental (for example the attitude of society, 

design of buildings, climate) or personal (for example age, education, character) or a combination 

of both.  A disability occurs when the consequences of a health condition and the contextual 

factors are impairment and restrictions on activity and participation (World Health Organisation, 

2001). 

The ICF model is useful to consider in relation to HOA. In HOA, a change in body structure has 

occurred, leading to impairment. The person may experience pain and loss of grip strength, 

leading to frustration and other psychological implications (for example depression). The person 

may have activity limitations as they may not be able to do activities such as self-care, leisure 

activities or work. This may lead to participation restrictions and social isolation as the person 

cannot now be involved in these activities (Bromann Bukhave, la Cour, & Huniche, 2014). The 

contextual factors contribute to the nature of the change. An example of the influence of personal 

factors is HOA in a young person where the HOA may significantly influence what they do for a 
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job; in a retired person this would be less critical. In terms of environmental factors, many 

products are designed for people who do not experience impairment, making it difficult for 

someone with an impairment to participate fully. Products can be the environmental barrier that 

‘disable’ the person (Ringaert, 2003). Someone with HOA may use assistive devices to prevail over 

functional limitations (Hill, Dziedzic, & Ong, 2010). Examples of the impairments, activity 

limitations and participation restrictions of HOA are discussed next. 
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Chapter Three: Impairments of HOA using 
the ICF criteria 

 

Pain 
 

As mentioned previously there is a disparity between the clinical and radiographic measures of 

HOA and the symptoms a person experiences. However, pain and limitations of daily activities, 

when self-reported by those who experience them, can offer valuable measurements of 

conditions such as HOA (Hill, Dziedzic, Thomas, Baker, & Croft, 2007). 

A recent systematic review found that the seriousness of pain depended upon factors such as age, 

impact of the condition and the expectations of people who have the condition (Nicholls, van der 

Windt, Jordan, Dziedzic, & Thomas, 2012). Additionally, frustration with the condition and with 

health professionals’ attitudes if the reported pain is not supported by X-ray evidence can make 

the perception of pain worse (Cedraschi et al., 2013). Several types of osteoarthritis pain have 

been described by those who experience it, ranging from sharp, acute, shocking pains to an 

always-present ache. Living with grinding every day pain has been likened to living with severe 

exhaustion (Cedraschi et al., 2013). 

Reduced joint mobility and grip strength  
 

A study of women with HOA (n=87), Kjeken et al. (2005) found the joint mobility was restricted in 

the thumb and all fingers. Flexion or opposition was worst in the thumb, index and middle fingers 

and extension was worst in the middle and ring fingers. Additionally, Ding, Solovieva, Vehmas, 
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Takala, and Leino-Arjas (2010) studied women dentists and teachers aged between 45 and 63 

years (n=543) and found that those with symptomatic HOA had decreased pinch grip strength in 

their hands. Grip strength is not only necessary for hand function, for example to hold onto 

objects, but impacts mobility as grip strength supports leg extensors when accomplishing activities 

such as pushing up out of a chair or holding a rail when climbing stairs (Y. Zhang et al., 2002). 

Psychological implications 
 

People with HOA report that they become frustrated with the pain or with being unable to finish a 

task. This can lead to depression (Hill et al., 2010). Pain and the fear of being unable to cope in the 

future can also trigger anxiety (Cedraschi et al., 2013). Additionally, many older people see OA as a 

normal part of aging and think nothing can be done about it and consequently do not ask for 

medical help (Grime, Richardson, & Ong, 2010).  

Activity limitations  
 

A very large study (n=10,412), of older people with OA found that 73% of people reported 

limitations in activities due to HOA (Fautrel et al., 2005). People with HOA reported most difficulty 

with activities of daily living such as grocery shopping and house cleaning (reported by 17% and 

44% respectively, compared to 11% and 20% for controls). These people also reported more 

difficulty with dressing, meal preparation and work when compared to control groups. Kjeken et 

al. (2005), found that activities could be further broken down by gender, reporting that men have 

more difficulties with hobbies such as fishing and car mechanics and women report difficulties 

with housework and food preparation.  
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The Framingham study looked at specific activities that people with HOA might find difficult and 

identified that people with HOA found it three times more difficult to complete the activities of 

writing, handling and fingering small objects or carrying a 4.5kg bundle compared to those with no 

HOA symptoms (Y. Zhang et al., 2002). In contrast with Fautrel et al. (2005), the Framingham study 

found HOA did not affect dressing, eating and drinking, using a phone, taking medication or 

pouring liquid from a jug into a glass. These findings indicate that HOA may be more limiting for 

activities that need a pincer grip rather than a power grasp (Y. Zhang et al., 2002). 

 Similarly, another qualitative study found opening packaging, cutting, and peeling fruit and 

vegetables presented difficulties for those with HOA (Hill et al., 2010), and all of these activities 

use a pincer grip. In contrast to the Framingham study, this later study specifically also reported 

people with HOA found it difficult to eat with cutlery which may reflect the complexity of both the 

task and HOA (Hill et al., 2010). 

The effect of these physical limitations is that people with HOA may avoid or curb activities if they 

can. Hobbies may be restricted if they cannot be done at the same speed or with the same care as 

before. This reduced activity can result in a change in self-identity as people realise that they 

cannot achieve the same quality of performance that they had earlier been able to. Activities that 

cannot be avoided such as showering and toileting can lead to frustration and humiliation when 

they cannot be done with the same independence as before (Hill et al., 2010). 
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Participation restrictions  
 

Two studies discuss the impact of HOA on people in the workforce and consequent financial 

implications. Fautrel et al. (2005), found that 59% of study participants stated that their jobs were 

limited as a result of HOA. Additionally, although health costs are reimbursed in the United 

Kingdom (where the study was conducted), 20% of the total OA group reported that expenses 

such as transport, household help or delivery of shopping were not reimbursed. This figure is 

highest for those with knee OA due to mobility issues. 

Hill et al. (2010), report that participants had to retire early from their jobs because of limitations 

in hand function due to HOA. Retirement increases the financial stress on people with HOA as 

working until later in life is becoming a financial necessity because people expect to live longer and 

the world economy is increasingly uncertain (Humpel, O'Loughlin, Snoke, & Kendig, 2010). 

Although people with HOA also reported feeling embarrassed about the appearance of their hands 

and avoid activities that would draw attention to them, this is exacerbated when functional 

restrictions meant they could not participate socially; for example not going to a social function 

because of being unable to use a knife and fork (Hill et al., 2010). 

Quality of life  
 

The International Classification of Functioning, Disability and Health is an objective measure of 

health. Critics of the ICF say that it ignores the subjective elements of disability and that the 

meaning and importance of being able to participate in activities differs among people (Kjeken et 

al., 2005). However when the ICF is added to a more subjective quality of life (QoL) measure it 
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increases the value of both measures as an assessment of disability (Tutelyan et al., 2014). The ICF 

also offers a sound framework to evaluate different QoL measures, and equally QoL measures 

provide information that is missing in the ICF (Cieza & Stucki, 2005). 

The World Health Organisation has recognised that quality of life is not merely the absence of 

disease and is different for each individual. QoL includes a person’s own view on their physical, 

psychological and social condition (The WHOQOL Group, 1995). However being independent 

enough to get around and achieve everyday tasks are important factors in determining QoL (Grime 

et al., 2010). 

It has been found that people with OA have a worse QoL compared to those without it (Lourenco 

et al., 2014). Of the features of HOA; pain, reduced hand mobility, reduced grip strength and 

activity and participation limitations, pain is particularly associated with a lower QoL, depending 

on the severity and number of joints affected (Laslett et al., 2012). 
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Chapter Four: Management and treatment 
of HOA 

 

Currently there is no “cure” for arthritis (Russell, 2008), therefore strategies to manage the 

condition are necessary to optimise quality of life (Hootman et al., 2012). The ACR, EULAR and the 

National Institute for Healthcare Excellence (NICE) have all released guidelines for the 

management of HOA (Hochberg et al., 2012; National Institute for Health and Care Excellence, 

2014; W. Zhang et al., 2007). These guidelines report or suggest that combinations of 

pharmacological and non-pharmacological treatments customised for the patient are the best 

options for HOA. Both pharmacological and non-pharmacological treatments are discussed below; 

however as this research project is primarily about non-pharmacological treatments, these will be 

discussed in greater depth. 

Pharmacological treatments 
 

Pharmacological treatments recommended for HOA focus on providing the clearest benefits for 

the person with HOA, while minimising the risks. However, there are currently no licensed, disease 

modifying, anti-osteoarthritis drugs. The guidelines suggest topical treatments first, capsaicin and 

non-steroidal anti-inflammatory ointments (NSAIDS); followed by paracetamol as the first oral 

drug of choice. If stronger oral medications are needed the lowest effective doses of NSAIDS, cox-2 

inhibitors (coxib) or tramadol are recommended. Opioids are recommended for use as a last resort 

only. For especially painful joints long acting intra-articular injections of corticosteroids can be 

effective.  Surgery is only considered if all other treatments are unsuccessful.  The guidelines do 
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not recommend glucosamine hydrochloride or chondroitin sulphate (Hochberg et al., 2012; 

National Institute for Health and Care Excellence, 2014; W. Zhang et al., 2009), even though these 

are commonly available and frequently used non-prescription agents. Research is, however, 

ongoing on glucosamine hydrochloride and chondroitin sulphate. Recent research on people with 

knee osteoarthritis found that they had reduced pain, stiffness and functional limitations, 

comparable to using medication (coxib) (Hochberg et al., 2015). 

Some people with HOA are reluctant to take medication because of actual or perceived side-

effects.  Furthermore, people worry that they will become accustomed to medication and that it 

will stop being effective when it is really needed. These reasons prompt some people to try 

alternative therapies such as cod-liver oil or magnotherapy (Hill, Dziedzic, & Nio Ong, 2011).  

Non-pharmacological treatments  
 

As the physical and psychological aspects of HOA are intertwined, education and information on 

the management of HOA can improve a person’s well-being, and increased self-efficacy means a 

person may cope with the physical and psychological aspects of the condition; for example 

physical limitations, anxiety, depression, and fatigue (Hootman et al., 2012). However, people with 

HOA report that lack of information and lack of appropriate advice from health professionals can 

add to their frustration and their view about what can be done (Hill et al., 2011).  

Therefore, the first EULAR recommendation is that treatment should be customised for the person 

with HOA, taking into account risk factors, type of OA, pain and limitations on QoL (W. Zhang et 

al., 2007). The core non-pharmacological recommendations of ACR, EULAR and NICE are exercise, 

joint protection, use of splints, heat and assistive devices.   
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Exercise 
 

Exercise can reduce pain and increase the functionality of affected joints (Callahan et al., 2008). To 

be most effective, exercises should emphasise range of motion and strengthening (Dziedzic, 2013). 

There is a widespread perception by people with HOA that it is caused by ‘wear and tear’, so they 

may be uncertain about exercise for their hands and fingers in case it leads to further joint harm 

(Hill et al., 2011). Alternatively, others favour a ‘use it or lose it’ approach even if this causes pain 

(Grime et al., 2010). Therefore people with HOA should be encouraged to participate in physical 

activities that they enjoy and health professionals should be able to give clear guidelines about 

type and quantity of exercise. 

The strategy of weight control is linked with exercise, although may have independent benefits. 

Excess weight is linked with HOA, although the value of weight loss has yet to be established for 

HOA (Rannou & Poiraudeau, 2010). Weight loss for HOA is not specifically mentioned by EULAR 

and the ACR, although it is recommended for OA of the hips and knees. The NICE guideline 

recommends a general reduction in weight for all OA. 

Joint protection 
 

Joint protection involves preventing unnecessary strain on joints.  Joint protection can be 

accomplished by modifying the person’s behaviour or their environment (Dziedzic et al., 2013). 

The fundamental principles of joint protection include; using large joints instead of smaller joints 

where possible (for example carrying a bag on the forearm instead of with the fingers) and using 

more joints to complete an activity (for example carrying a tray with two hands instead of one) 
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(Stukstette et al., 2012). Another strategy is energy conservation; this is linked to joint protection 

and involves prioritising and pacing activities, so the person does not become fatigued (Dziedzic et 

al., 2013). 

Use of splints and heat 
 

The guidelines recommend the use of splints to support joints and prevent further deformity, 

especially in the first carpometacarpal joint, although the type of splint (resting or working) is not 

specified (Hochberg et al., 2012; National Institute for Health and Care Excellence, 2014; W. Zhang 

et al., 2009). Use of splints for people with HOA has resulted in significantly less pain and greater 

grip and pinch strength, leading to increased overall hand function (Bani et al., 2013; Kjeken, 

Darre, Smedslund, Hagen, & Nossum, 2011). Splints are available through occupational therapists, 

physiotherapists, rheumatology services, or private hand therapists. They can also be purchased 

directly from retail shops, although therapists do not recommend purchasing splints directly, as 

they may not provide the correct support if they are not fitted individually (Arthritis Research UK, 

n.d-b). Studies that support the use of splints have had occupational therapists or hand therapists 

tailor-making splints so that the thumb is fixed in opposition with the first finger and pain and skin 

irritation minimised (Rannou et al., 2009). Unfortunately, if people with HOA do not ask for help 

(as noted above), they will not be offered a splint. Therefore, while splints are recommended, 

their uptake may be suboptimal. 

The local application of heat for treatment of HOA is supported by all three of the guidelines. Two 

recent, critical reviews of non-pharmacological treatments confirmed heat as recommended for 

reduction of pain in HOA (Brosseau et al., 2014; Valdes & Marik, 2010).  
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Assistive devices/technology 
 

The ICF describes disability as the interaction between a person’s impairment, personal factors 

and their environment (World Health Organisation, 2001). Therefore a change to the environment, 

through the use of assistive technology (AT), can enable someone with impairments to participate 

in activities that otherwise they might not (Finlayson & Hammel, 2003).  

NICE and the ACR recommend the use of assistive devices, also known as assistive technology. 

Section 2202(2) of the United States Assistive Technology Act defines assistive technology as “any 

item, piece of equipment or product system, whether acquired commercially, modified, or 

customized, that is used to increase, maintain, or improve functional capabilities of individuals 

with disabilities”("Assistive Technology Act," 2004). There are a large number and variety of AT 

devices available for people with arthritis. For example the Abledata website (Abledata, n.d), 

includes over 1200 arthritis AT devices. These include kitchen and garden implements, dressing 

aids, writing devices and even adaptations for weapons (Abledata, n.d).  

Assistive technology is used by different population groups from people born with impairment, 

people injured in wars, and by older adults; the need for AT increases as people age (Katsioloudis 

& Jones, 2013; Sheets & Liebig, 2005; Stumbo, Martin, & Hedrick, 2009). The use of AT can 

increase a person’s self-efficacy and add to quality of life, therefore potentially being a key 

contributor to employment status (de Boer et al., 2009; Jongbloed, Stainton, Drynan, & Johnston, 

2013; Masso, Owen, Stevermuer, Williams, & Eagar, 2009). AT can also reduce the need for 

assistance from others while enhancing the safety of the person and their carer (Masso et al., 

2009). 
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Assistive technology is most successful when there is a good “fit” between the person and the AT 

device (Scherer, Craddock, & Mackeogh, 2011). Additionally, factors like ease of use, 

dependability, bulkiness, appearance, robustness, safety and ease of maintenance determine 

whether AT will be used (Arthanat, Stone, & Usiak, 2010). However, people with impairments may 

be unsure of how to acquire the most appropriate device and be unprepared for the large number 

of AT devices available (Gamble, Dowler, & Orslene, 2006). Although information is commonly 

available about AT, from various catalogues or other internet sources such as Arthritis Research 

UK (Arthritis Research UK, n.d-a), participants of one study thought that information about AT was 

not readily available (Hill et al., 2011). Moreover, a third of AT devices are abandoned. Poorly 

designed, unreliable and unmaintainable equipment were reasons for abandoning it (Scherer, 

2002; Stumbo et al., 2009).  

Funding AT can also be difficult with access to publicly funded AT frequently requiring that a 

person be assessed by an occupational therapist (Masso et al., 2009).  The rehabilitation model, 

often used by assessors, regards self-care and mobility to be of a higher value than other life areas 

(for example, community or economic). This weighting has the effect of limiting AT funding 

principally to AT devices for mobility and domestic related tasks. Such assistance often takes the 

form of an accepted “list” of funded items (Layton & Wilson, 2009). This approach contrasts with 

the ICF, which in the context of AT shift the focus away from addressing functional capacity, to 

supporting people to fulfil all their aspirations and responsibilities (Layton & Wilson, 2009).  

For people with HOA AT may be useful for avoiding movements that aggravate their symptoms, 

such as ulnar deviating movements (for example, turning keys or doorknobs) and recurring 

pinching and twisting movements (for example, doing up buttons) (Lucas, 2013). AT can help those 
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with HOA to remain independent and adapt to their functional limitations (Hill et al., 2011). 

Malcus-Johnson, Carlqvist, Sturesson, and Eberhardt (2005), observed 168 people with 

rheumatoid arthritis over a ten year period to better understand the development of the disease 

and the range of occupational therapy interventions used. The most common intervention was the 

prescription of assistive technology. People in this study reported that they found AT devices key 

to maintaining quality of life and often had a preferred AT device. Women had an average of 

twelve devices and men seven devices, which may be a reflection of gender roles in the house, 

although this was not explored by the study. Favourite AT devices mentioned by participants 

included scissors, springy tongs, elevated seat cushions, adapted knives, cheese slices, potato 

peelers and tap extensions (Malcus-Johnson et al., 2005).  

There is a lack of evidence however, that AT is effective. Antilla, Samuelsson, Salminen, and Brandt 

(2012), evaluated 44 systematic reviews involving the use of AT. Each of these reviews considers 

different AT in different clinical scenarios. Their overview found that evidence was low or unclear 

for 24 of the reviews, with methodological limitations such as selection bias, and limited 

information about interventions, outcomes and population characteristics. Moderate or high 

evidence was found for only three reviews. In addition, 18 of the reviews relate to information and 

communication technologies, for example learning aids for students and hearing aids; a small 

sample of the AT available.  

In terms of AT for arthritis, another study reviewed 13 studies, of which 10 were excluded as they 

were not randomised controlled trials and one was excluded due to mixed participant 

characteristics; it included people with osteoarthritis and rheumatoid arthritis. The 12th study was 

excluded as there were no adverse effects reported (Tuntland et al., 2009). Therefore Tuntland et 
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al. (2009), accepted only one study for review, and it was assessed as having a low quality of 

evidence. It was noted that because of the overall lack of studies on AT there are even fewer 

studies particularly addressing AT use for people with arthritis. However, two later studies have 

found that AT for people with arthritis can preserve independence and slow functional 

deterioration (Polluste, Kallikorm, Mattik, & Lember, 2012; Wilson, Mitchell, Kemp, Adkins, & 

Mann, 2009).  

There is also a scarcity of studies relating AT to HOA. Further, methodological limitations of these 

few studies make it problematic to recommend practical solutions for those with HOA (Mahendira 

& Towheed, 2009). Two high quality trials have combined other non-pharmacological treatments 

with AT but found opposing results.  Kjeken et al. (2011), randomised 70 people with HOA into 

either an information only group or an information and AT group. The Canadian Occupational and 

Performance Measure significantly improved in the information and AT group compared to the 

information only group. The study concluded that AT does improve performance and satisfaction 

with performance in people with HOA. However, the participants were recruited from a university 

hospital and had severe arthritis, so AT may have had a more pronounced effect on this cohort.  In 

contrast, Stukstette et al. (2013), randomised 151 people with HOA to an information group or a 

treatment group combining education, joint protection, exercise, splints and AT. This study found 

no significant improvement in pain, function or grip strength in either of the groups. Both of these 

studies, like others that assess non-pharmacological treatments, were not and could not be 

double-blinded as both participants and researchers knew the intervention allocated. 
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 In summary, AT can be an effective treatment for HOA, although it can be difficult to evaluate 

effectiveness when trials combine other non-pharmacological treatments with AT (Kloppenburg, 

2014). 

A dilemma is whether randomised controlled trials (RCT) should be used for people with arthritis. 

For the general population, it may be unethical to deny access to AT by the use of a control group. 

An example could be hearing aids, which have such a striking effect that an RCT may be redundant 

(Antilla et al., 2012). However, arthritis is a progressive disease and most people do not have a 

sudden need for AT. It may be more ethically acceptable for someone to live without AT for a 

short time (Tuntland et al., 2009). 

This changing nature of arthritis also means that an RCT is the best way of measuring changes in 

function due to the effects of the AT or changes to the arthritis (Tuntland et al., 2009). However, it 

can be difficult to administer an RCT as there is no way of limiting the control group’s access to AT 

as some AT devices are now commercially available (Malcus-Johnson et al., 2005).  Similarly, 

blinding of participants and potentially assessors is impossible. These issues highlight the problems 

of conducting an RCT in a real world situation (Guihan et al., 2007). 

Therefore, considering how widely used and available AT is, there is a great need to increase the 

amount of quality research into its effectiveness. This lack of evidence has an impact on those 

needing AT who may take a chance on buying unsuitable items. Some health professionals lack 

knowledge about the effectiveness of AT and are not confident to prescribe it. In addition, 

providers do not readily recommend AT because of the risks of harm, possibly leading to legal 

action for themselves or their organisations (Demain et al., 2013).   
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Current solutions: Assistive technology pens for arthritis 
 

There are several pens currently being sold to assist those with arthritis to relieve or minimise pain 

associated with handwriting. No published research has been found that assesses the efficacy of 

these writing-aids or of any others available, therefore it is difficult to make a critical appraisal of 

the use of AT for this purpose. All the pens described below change the hand grip of the pen in 

some way to reduce stress on finger joints or the wrist. The first group of pens attaches a standard 

pen to the assistive device (Table 2). 

Table 2 AT devices that attach to a standard pen. 

 

The Arthwriter. Retrieved from 
http://www.maddak.com/t

he-arthwriter-hand-aid 

 

The Arthwriter (Maddak Inc., 2015a). 

 

The Arthwriter is ball-shaped with a hole through the middle. 

A utensil can be inserted through the centre hole and 

clamped in place. The Arthwriter can be used with control 

sticks on motorised wheelchairs and with pens, cutlery, 

toothbrushes or other utensils. The ball shape enables 

people who have difficulty gripping (for example those with 

stiff fingers or with a hand in a cast) to complete daily 

activities. 

 

The Ergo Writer (Maddak Inc., 2015b).  

The Ergo Writer was designed by an occupational therapist to 

make sure that the thumb is placed in the correct position to 

reduce stress on the wrist. It is designed so that the hand is 

held away from the paper and the writer does not have to 

grasp the pen too firmly. This design may ease the pain of 
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The Ergo Writer. Retrieved from 
http://www.maddak.com/
hand-aids 

writing by ensuring the writer uses an arm movement rather 

than finger movement. 

 

 The Gripper. Retrieved from 
http://www.maddak.com/hand-aids 

The Gripper (Maddak Inc., 2015c). 

 

The Gripper is a triangular or round grip made of vinyl that 

can attach to a pen or other utensil.  It increases the surface 

area of the grip and allows people with grasping difficulties 

more comfort and control while holding the utensil.  

 

The Writing-Bird. Retrieved from 
https://www.ncmedical.co
m/item_158.html 

 

The Writing-Bird (North Coast Medical Inc, 2015). 

 

The Writing-Bird slides along the paper. The writer can use a 

light grasp and minimal downward pressure to write. This 

allows the writer to use arm movement as opposed to finger 

movement while writing. It may help people who lack a 

thumb or have a weak finger grasp to grip less forcefully, 

which may reduce pain. 

 

The BipGrip Pen Grip (Providence Spillproff, n.d.). 

The BipGrip Pen Grip unscrews so that a pen, pencil or crayon 

can be inserted. The added weight and thickness of the pen 

may enable people to grip the pen more easily by reducing 

the force of grip needed. 
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The BipGrip Pen Grip Retrieved from 
http://www.kcup.com/bipgrip.htm 

In the second group of pens, the pen itself has been redesigned in some way. For example the grip 
may have been modified or the shape of the pen been changed. 

Table 3 Pens with modified pen shape. 

 

The EzGrip ResQ Ergonomic 
Retrieved from 
http://www.dextek.com/ 

 

The EzGrip ResQ Ergonomic (Dextek, 2015). 

The EzGrip ResQ Ergonomic has an indented sponge like tip 

and allows the user to use different finger grips to write with. 

The pen can be controlled by one finger allowing a light 

finger grip which may reduce pain. Gel ink enables the writer 

to press on the paper less forcefully. 

 

The Evo Pen. Retrieved from 
http://www.evopen.com/ 

 

 

The Evo Pen (EvoOTware, n.d.). 

The Evo Pen fits to the shape of the palm of either hand. 

While held in the palm the index, middle or ring finger can 

control the pen, allowing a variety of gripping positions and 

increased range of movement.  This range of movement may 

decrease pain as it enables the hand muscles instead of 

finger muscles to be used for writing. 
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The Ring Pen. Retrieved from 
http://www.ringpen.com/ 

 

The Ring Pen (Grandee Corp, n.d.). 

The Ring Pen has a centre opening for the index finger to go 

through. The ring alters the finger grip and prevents pressure 

intensification on the middle finger while writing, that often 

leads to a callus or blister. The Ring Pen may be more stable 

for those who have difficulty gripping a pen as the centre 

opening keeps the index finger in place.  

 

The Ergo-Sof PenAgain Retrieved 
from http://penagain.net/ 

 

 

The Ergo-Sof PenAgainTM (PenAgain, n.d.). 

The Ergo-Sof PenAgainTM is a Y shaped pen with the index 

finger fitting in to the centre of the Y. This design reduces 

hand grip pain by using the weight of the hand while writing, 

lessening the need to hold the pen so tightly.  In addition, 

pen control is increased as the tip of the index finger sits in a 

concave surface and will not slide down the shaft of the pen.  
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The Steady Write Pen. Retrieved 
from 
www.maddak.com/steady-
write-writing-instrument-p-
27897.html 

 

The Steady Write (Maddak Inc., 2015d).  

The Steady Write Pen has a permanently attached base that 

keeps the hand at an angle that may provide additional 

stability when writing. The base stays in contact with the 

paper which may help people who have stiff fingers or 

shaking hands to write more smoothly. The pen can be held 

with an ordinary pen tripod grasp or in between the 

knuckles.  

 

 

 

 

 

 

 

The UGLeePen. Retrieved from 
http://ugleepen.com 

 

 

 

The UGLee Pen (UGLeePen, 2015). 

The UGLee Pen stands for “Ultimate Grip”. The lightweight 

grip has been designed to fit with the anatomy of the hand. 

The pen adheres to the hand while writing which means the 

fingers do not have to grip so hard, possibly decreasing pain.  
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The Dr. Grip Pen. Retrieved from 
http://pilotpen.us/categori
es/ergonomic-pens/dr.-
grip-center-of-gravity/ 

 

The Pilot Dr. Grip pen (Pilot Corporation, 2015).  

The Pilot Dr. Grip pen has a cushioned double layer grip that 

may reduce middle finger stress from gripping the pen. This 

pen has been designed so that the weight of the pen is 

balanced which may lessen writing fatigue. The Pilot Dr. Grip 

pen has been commended by the Arthritis Foundation (US) 

for ease of use. 

 

 

The Yoropen. Retrieved from 
www.yoropen.com 

 

The Yoropen (Yoropen Corp, 2015). 

 

The Yoropen is held with a tripod finger grip, although the nib 

is at a 45 degree angle. The nib can be rotated enabling the 

writer to find the ideal writing position. The Z shape design of 

the nib means that left handers can see more easily what 

they have written and supports the fingers in a tripod grip. 

This support may allow the writer to press more lightly on 

the paper and reduce pain in the hand. 
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Chapter Five: HOA and handwriting  
 

The Framingham study found that handwriting was three times more difficult for someone with 

HOA compared to someone without HOA symptoms (Y. Zhang et al., 2002). Handwriting utilises a 

pincer grip (the thumb and index finger) which uses the joints that are more likely to be affected 

by HOA (Altman et al., 1990; Y. Zhang et al., 2002). Furthermore, people with HOA have more 

difficulty with handwriting than with other activities such as eating, drinking, dressing, using the 

phone or taking their medication (Y. Zhang et al., 2002). 

 Additionally Brorsson, Nilsdotter, Thorstensson, and Bremander (2014), found that handwriting, 

along with cutting with scissors, involve more muscle activation of flexor and extensor muscles of 

the hand than other activities (such as squeezing putty or locking a door with a key). People with 

HOA use more muscle activation during these activities than those without HOA; although it is not 

known what effect pain has on muscle activation as some people have continuous pain in their 

hands. It has been suggested that flexion and extension should be measured over time to gain a 

better sense of impaired hand function in people with HOA. 

Handwriting remains a valued activity; an Australian study found that most people still value 

handwriting and write frequently (McMahon, 2008). This study surveyed adults aged between 18 

and 54 (n=523) and found adults frequently wrote signatures, notes, completed forms, to-do lists 

and reminders while journal writing and puzzles was done less frequently. Adults were also 

increasingly using computer technology with 73% of adults mostly using technology and 21% of 

adults using technology and handwriting equally (McMahon, 2008). 
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Older adults (over 65 years) have also been found to write frequently. Two studies found that 

most participants reported writing every day or almost every day (Rosenblum & Werner, 2006; 

van Drempt, McCluskey, & Lannin, 2011a).  In a study of 30 Australian older adults the most 

common writing activities were writing notes, doing puzzles and lists (shopping or “‘to do’ lists) 

(van Drempt et al., 2011a).  

Older people were also found to be less likely than younger people to use computers (McMahon, 

2008). However, older adults were also found to use computers. Computer use can bring benefits 

to older adults such as being connected with family and peers (via email), using online banking and 

finding new information. Some older adults prefer to handwrite rather than use computers as they 

worry about the trustworthiness of information from internet sources and being the victims of 

scams (Gatto & Tak, 2008; Grimes, Hough, Mazur, & Signorella, 2010). 

Therefore, although handwriting is one of the most common daily activities performed by adults, 

and HOA is the most common form of OA in adults, there is a paucity of research into the unmet 

handwriting needs of people with HOA. 
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Assessment of handwriting  
 

Assessment of the efficacy of an AT writing device requires comparison of measurements of the 

components of handwriting as taken using the AT device and an ordinary pen. Quality of 

handwriting is an important aspect to consider in this comparison. The most important 

components of handwriting are legibility and speed, but whether or not these components are 

linked is debated. Berwick and Winickoff (1996) suggest that as writing becomes faster it also 

becomes less legible while Volman, van Schendel, and Jongmans (2006) found no significant 

relationship between legibility and speed. 

Legibility means that writing can be read by the writer and by others. The main purpose of 

handwriting is communication therefore legibility of the text is crucial (Amundson, 1995). 

Handwriting by adults is often read by employers, making legibility important for many professions 

(McMahon, 2008). The importance of readability is especially pertinent in the health professions, 

where illegible handwriting is a leading cause of medication error (Deans, 2005). Legibility is 

affected by letter formation and alignment as well as spacing, size and slant. Poor letter formation 

and size can particularly lessen the readability of handwriting (Graham, Struck, Santoro, & 

Berninger, 2006; Graham, Weintraub, & Berninger, 2001; Ziviani & Elkins, 1984). 

The legibility of handwriting in healthy adults varies. Studies report the illegibility rate; or what 

cannot be read. A study of 25 samples of doctors’ handwriting had a mean illegibility rate of 22.2% 

(Murray, Boylan, O'Flynn, O'Tuathaigh, & Doran, 2012) and many health professionals would 

attest to this anecdotally. Another study, however, concluded that doctors’ handwriting was no 
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worse than that of people working in other professions, reporting handwriting illegibility rates of 

40% for men and 20% for women (Schneider, Murray, Shadduck, & Meyers, 2006).  

Although speed of handwriting may not appear to be critical, adults may need fast handwriting for 

activities like writing down telephone messages or sitting exams (van Drempt, McCluskey, & 

Lannin, 2011b). Four studies conducted in the United States and Australia gathered normative 

data on adults’ writing speed. These studies found handwriting speed decreases as people age 

with the slowest writers being in the over 65 age group, and this group are also the most likely to 

have HOA (Agnew & Maas, 1982; Burger & McCluskey, 2011; Dahaghin et al., 2005; Hackel, Wolfe, 

Bang, & Canfield, 1992; Jebsen, Taylor, Trieschman, Trotter, & Howard, 1969).  

Before intervention can begin to address poor handwriting a baseline assessment is necessary. An 

assessor may consider the underlying performance components that contribute to handwriting 

(for example, kinaesthesia) or they may evaluate the handwriting performance itself (for example, 

legibility)(Duff & Goyen, 2010). Standardised handwriting assessments that assess overall 

handwriting performance, however, are preferred over assessments of individual components as 

they better predict the actual outcome of handwriting tasks used in day to day life (Feder & 

Majnemer, 2003). Assessments can then be compared against a peer group and also against pre 

and post-intervention data. Handwriting assessments can also be used in research and to establish 

entitlements to other services (Duff & Goyen, 2010). 
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Handwriting assessment in children 
 

This thesis is focused on adults but significantly more research has been conducted on the 

assessment of children’s handwriting. This historical bias has occurred because children are more 

frequently referred for intervention with regard to handwriting deficits. Presumably children are 

referred more often due to increased monitoring at school. The size of this body of work means it 

could be applicable to adults and therefore it is worth considering the research in this area. 

Commonly used tests for legibility include the Minnesota Handwriting Assessment (MHA) 

(Reisman, 1999), the Evaluation Tool of Children’s Handwriting (ETCH) (Amundson, 1995), and the 

Children’s Handwriting Evaluation Scale (CHES) (Phelps & Stempel, 1987). Speed tests include the 

Handwriting Speed Test (HST) (Wallen, Bonney, & Lennox, 1996) and the Detailed Assessment of 

Speed of Handwriting (DASH) (Barnett, Henderson, Scheib, & Schulz, 2007). Each assessment will 

be discussed further in the following paragraphs. 

The MHA contains the sentence “the quick brown fox jumped over the lazy dogs”, that the child 

writes for 2.5 minutes. The words are presented in a different order to eliminate the advantage for 

fluent readers. The written sentence is scored for speed and legibility, using specific scoring rules. 

The MHA has high inter-rater (r=0.98) and intra-rater reliability (r=0.98) (Reisman, 1993, 1999). 

The ETCH assesses handwriting tasks frequently carried out in a classroom. These tasks include 

writing from memory, copying and writing self-generated text. This assessment has two scoring 

criteria and can evaluate manuscript (printing) (ETCH-M) and cursive writing (ETCH-C). The ETCH is 

reliable when assessing individual letters but less reliable when assessing whole words. Assessing 

numbers for legibility was not found to be reliable. Similar to the MHA, test-retest reliability was 
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suboptimal although consistent with other paediatric tests (Diekema, Deitz, & Amundson, 1998; 

Duff & Goyen, 2010).  

The CHES uses a paragraph of 197 letters that the child copies onto unlined paper and the test 

takes approximately two minutes to complete. General appearance, space, slant, rhythm and 

letter formation are evaluated using a five point scale. The CHES has intra-rater reliability of r=0.82 

and inter-rater reliability of r=0.95 (Phelps & Stempel, 1987). 

The HST uses a similar sentence to the MHA (“the quick brown fox jumps over the lazy dog”) that 

the child writes for three minutes. Like the previous assessments, high levels of inter-rater (r=0.99) 

and intra-rater reliability (r=0.99) have been reported while test-retest reliability was adequate 

(r=0.90) (Wallen & Mackay, 1999). The addition of another nine minute test (of the same 

sentence) has been found to improve the accuracy of the HST as a screening tool for slower hand 

writers (O'Mahony, Dempsey, & Killeen, 2008).  

The DASH contains four writing tasks that would commonly be performed in a classroom and one 

task that measures perceptual motor skill. Normative data for handwriting speed is available for 

children (9-16 years) from the DASH and for young adults (17-25 years) from the DASH17+ 

(Barnett et al., 2007; Barnett, Henderson, Scheib, & Schulz, 2011). However, as these assessments 

are relatively new, inter- and intra-rater reliability data has not yet been published. 

The MHA, HST and CHES each take three minutes or less to perform which may be an advantage 

with large clinical workloads. These tests could be used to screen potential handwriting problems 

and other tests (the ETCH, DASH, or nine-minute HST) could provide additional information if a 

more complex handwriting problem is suspected.  The choice of assessments also depends on 

38 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

other factors such as cost, administration training requirements, preferences of umbrella 

organisations, and the funding bodies making decisions on entitlements to other services. 

Handwriting assessment in adults 
 

There are few handwriting assessments for adults. Some self-report questionnaires such as the 

Disabilities of the Arm, Shoulder and Hand questionnaire (MacDermid & Tottenham, 2004), or the 

Upper Limb Function Index (Lehman, Sindhu, Shechtman, Romero, & Velozo, 2010) include 

questions about handwriting. Apart from self-report scales there appear to be only two 

handwriting assessments for adults. These are the Four Point Scale (FPS) (Berwick & Winickoff, 

1996) and the Handwriting Assessment Battery for Adults (HAB) developed by McCluskey and 

Lannin (2003) at the University of Western Sydney. 

The Four Point Scale (FPS) 
 

The FPS was initially used by Berwick and Winickoff (1996). This scale has four classifications: poor, 

fair, good or excellent. Berwick and Winickoff (1996) compared the legibility of doctors’ 

handwriting with that of other health professionals and found that doctors’ handwriting was no 

worse and this finding was later confirmed by Schneider et al. (2006). However, Rodriguez-Vera, 

Marin, Sanchez, Borrachero, and Pujol (2002) also analysed doctors’ handwriting using a 

modification of the four point scale with the classifications illegible, mostly illegible, mostly legible 

or legible and found 15% of writing samples were so illegible that the meaning was unclear. This 

finding was later confirmed by Murray et al. (2012) and reflects of how difficult it is to quantify 

handwriting. 

39 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

The FPS was further investigated by Au, McCluskey, and Lannin (2012) who found it fast (<2 

minutes to score) and easy to use. As the FPS looks at overall legibility not individual letters, it may 

not be able to distinguish small legibility changes resulting from handwriting interventions.  

Because legibility is subjective the FPS had slight to fair inter-rater agreement which is inadequate 

for clinical use. The FPS could be used as a screening tool, however, to discriminate between 

legible and illegible handwriting. 

Au et al. (2012) also expanded the FPS to a modified Four Point Scale (mFPS) to make it more 

suitable for clinical use. The mFPS assesses overall legibility, but additionally rates particular letters 

chosen for their influence on legibility (Lowe, 2007). Au et al. (2012) found they could score a 

handwriting sample in under six minutes and the mFPS had comparable inter-rater reliability to 

the FPS. As this tool picks out particular letters for rating the mFPS could be more helpful in 

identifying problem handwriting areas but it has not yet been tested whether the choice of letters 

are the optimum for rating legibility. Furthermore, difficulties could arise if the rated letters did 

not appear in the handwriting sample.  

The Handwriting Assessment Battery for adults (HAB) 
 

The HAB was developed as an assessment tool to be used with adults who have had a stroke or 

brain injury (McCluskey & Lannin, 2003). It includes three sections and eight subtests. The HAB 

includes selected tests from the Motor Assessment Scale (MAS) (Carr, Shepherd, Nordholm, & 

Lynne, 1985), the Jebsen-Taylor Hand Function Test (Jebsen et al., 1969) and the ETCH, originally 

developed for children (Amundson, 1995). It takes about 20 minutes to administer and 15 minutes 

to score (Faddy, McCluskey, & Lannin, 2008). 
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The first section of the HAB is selected from the MAS which is designed to assess nine areas of 

muscle tone and motor function in adults following a stroke or brain injury (Carr et al., 1985). The 

MAS has been found to have high inter-rater, intra-rater and test-retest reliability. Carr et al. 

(1985), found the MAS to have inter-rater and retest values of r=0.95 and r=0.98 and Loewen and 

Anderson (1988), found inter-rater and intra-rater values of r=0.97 and r=0.98 respectively. The 

two MAS handwriting subtests included in the HAB assess pen grasp. The first test involves the 

participant drawing 10 horizontal lines across a page and stopping and starting within the vertical 

lines in a maximum time period of 20 seconds. In the second test the participant makes 

consecutive dots on the paper, at least two dots a second for five seconds. Participants perform 

these tests three times and either attain an ‘achieved’ or ‘not achieved’ score based on their best 

attempt. 

The second section of the HAB has been selected from the Jebsen-Taylor Hand Function Test 

which is used to assess a range of hand impairments (Jebsen et al., 1969). The Jebsen-Taylor Hand 

Function Test comprises seven tests of daily activities and measures functional ability by the time 

taken to complete each activity. The writing subtest included in the HAB requires the participant 

to copy a sentence at 3rd grade level (aged 8 or 9 years old) as quickly as possible.  The sentence is 

randomly chosen from a selection of three pre-typed sentences that each contain 24 letters. The 

time taken to write the sentence (measured in seconds) is compared with normative data for 

adults (collected in the United States and Australia) and has been found to be reliable (Hackel et 

al., 1992; Jebsen et al., 1969). Burger and McCluskey (2011), also collected writing speed norms 

for older adults and found that the test-retest reliability of the Jebsen-Taylor Hand Function Test 

varied from r=0.60 to r=0.99.  Stern (1992), confirmed test-retest reliability, but also found a 
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practice effect in the Jebsen-Taylor Hand Function Test writing subtest making it difficult to use in 

an experimental design where repeated assessments are needed. 

The third section of the HAB is a selection of writing activities from the ETCH which was designed 

to assess handwriting legibility and speed in children with learning impairments (Amundson, 1995; 

Feder & Majnemer, 2003). The ETCH is comprised of 13 writing tasks, of which four are included in 

the HAB. These tasks include writing from memory lower and upper case alphabets, and the 

numbers 1 to 12. The participant also writes a self-composed sentence in which letters and words 

are scored for legibility. Despite being designed and validated for use with children the ETCH has 

been modified for use with adults as the mETCH (McCluskey & Lannin, 2003). The mETCH initially 

gained good inter-rater reliability (Faddy et al., 2008) but a later study found that inter-rater 

reliability was lower than the standard set for clinical use (Au et al., 2012). It was noted that adults 

do not often write out the alphabet, unlike young children who are learning handwriting. It was 

suggested that the sentence composition test of the mETCH could be used while leaving out the 

alphabet tests. It is perhaps not surprising that the various tools do not work equally in adults and 

children since the handwriting objectives of both are significantly different. However, the hand-

writing tools for children are well tested and have proven an excellent starting point for 

developing tools to be used in the adult population. 
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Handwriting assessment using computers 
 

Rather than using paper-based assessments some studies have used computer-based assessments 

to measure handwriting competence. These studies have used a Wacom Intuos digital tablet, a 

wireless pen and customised or specialist software. 

In a study involving 35 children, participants completed the MHA on a tablet. Individual 

handwriting problems (legibility, form, alignment, size or spacing) were identified suggesting 

handwriting may be assessed objectively with computer technology in the future (Falk, Tam, 

Schellnus, & Chau, 2011). 

The handwriting of healthy older adults was also assessed in another study of 53 adults aged 60 to 

94 years who completed eight handwriting tasks using a tablet (Rosenblum & Werner, 2006). 

These tasks included five non-memory exercises (for example copying a phone number), and three 

memory tasks (for example writing out the alphabet from memory). Kinematic analysis of 

handwriting (temporal, spatial and pressure) showed that reduced handwriting speed and 

pressure and longer “on paper” and in “air time”, were linked to increased age (Rosenblum & 

Werner, 2006).  

Because changes to handwriting may precede other symptoms of disease, computerised systems 

have also been used to assess handwriting as an indication of reduced function. Studies in 

Parkinson’s disease, Alzheimer’s disease and multiple sclerosis have asked participants to perform 

handwriting activities such as writing their name and copying an address or paragraph onto paper 

attached to a tablet. These studies were able to accurately classify participants into those with the 

neurological conditions and those without. For example, 97.5% in the Parkinson’s disease study 
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were classified correctly (Rosenblum, Samual, Zlotnik, Erikh, & Schlesinger, 2013) and 87.7% in the 

multiple sclerosis study were classified correctly (Rosenblum & Weiss, 2010). Similarly, the 

Alzheimer’s disease study was able to discriminate between people with normal aging, mild 

cognitive impairment and Alzheimer’s disease (Werner, Rosenblum, Bar-On, Heinik, & Korczyn, 

2006). These studies noted that those with neurological conditions spent more pen “in air” time 

than controls. 

In summary, a reliable assessment tool for adult’s handwriting is not yet available as most 

assessments have been designed for children. Assessments using computer tablets are preliminary 

and larger studies are needed to corroborate these early results. However, computer technology 

was able to successfully identify handwriting problems and also the decline in handwriting quality 

due to age and disease. This technology may provide a more objective and accurate measure of 

handwriting and be used as a part of a straightforward, less threatening assessment tool for the 

screening and diagnosis of some neurological conditions. Using computer technology depends on 

cost and availability of equipment but can be part of a strategy to implement client-centred care. 

 Currently, the mFPS or mETCH (using the HAB) can be used to assess the legibility of adults’ 

handwriting, however the low inter-rater reliability should be kept in mind. To mitigate the inter-

rater reliability shortcoming of the mETCH only one person should score the mETCH legibility 

section of the HAB. Similarly, the Jebsen-Taylor Hand Function Test (also using the HAB) can be 

used to measure writing speed but practice effect of the writing component of the Jebsen-Taylor 

Hand Function Test component of the HAB should be considered. Additional progress on the FPS 

and ETCH may produce an assessment that is quick, can be used clinically, and assesses writing 

tasks that adults perform on a daily basis. The ETCH may be a better candidate for revision as it 
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could be shortened to provide (for example) a percentage of legible letters or words out of a total, 

which may be all the therapist needs to assess legibility for that person (Au et al., 2012; McMahon, 

2008). 

New assistive technology design 
 

The current assistive technology pens for arthritis that were identified in the previous section 

change the way people write by adjusting finger or hand grip. This alteration is achieved by 

cushioning (for example, UGLee pen, Pilot Dr. Grip pen), providing stability (for example, Steady 

Write pen, Writing Bird), widening the girth of the pen to decrease the force of the pincer grip (for 

example, Big Fat pen, The Gripper) or by changing the way the pen is held (for example, Ring Pen, 

Evo Pen or PenAgainTM). 

None of these solutions are adjustable however, and they do not take into account the different 

sizes and shapes of individual hands or the fact that HOA is a complex condition and can change 

depending on the time of day, activity and rest levels or even the weather (Cedraschi et al., 2013). 

With this lack of adjustability in mind, a design lecturer at Unitec Institute of Technology designed 

an adjustable pen (the Unitec pen). The designer’s motivation was her great aunt who had severe 

arthritis in the hands and was unable to grasp any implement leading to a complete dependence 

on others.  The aim of this new pen was that it could be moulded to suit the hand of a specific 

individual who had difficulty holding an ordinary pen. The Unitec pen is made from a vacuum 

packed powder with a latex cover. The pen can be fitted into the web-space between the thumb 

and index finger, or held in the palm with the nib between the index and middle fingers. The 

Unitec pen can be stretched and contoured to suit the person’s hand depending on which joints 
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are painful. The Unitec pen was also made in four sizes to accommodate different sizes of hands, 

although most participants preferred to use the smallest size (Figure 1 and Figure 2). 

 

Figure 1. Unitec pen moulded to fit within the web space of the hand. Photo used by permission. 

 

Figure 2.  Unitec pen moulded to fit in the web space and over the back of the hand. Photo used by permission. 
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Chapter Six: Methodology 
 

Research methods: why do quantitative research? 

The type of study design chosen should be able to answer the research question (Newell & 

Burnard, 2011). The research question in this study is concerned with cause and effect, for 

example; “Does the Unitec pen (the cause) improve handwriting speed, legibility and comfort (the 

effect) in people with HOA?” Therefore the study design chosen uses the theory of positivism 

which predicts and observes consequences (Saunders, Lewis, & Thornhill, 2012). Positivism is 

concerned with what can be observed and measured, rather than the interpretation of data. 

Consequently research underpinned by positivism usually requires measureable data that can be 

tested against a hypothesis. If a prediction is unsupported by the data analysis then the original 

prediction should be changed (Saunders et al., 2012).  

In contrast with positivism when research is based on an interpretivist philosophy it attempts to 

understand a person’s point of view. Interpretivist data collection tends to be qualitative (although 

not exclusively), detailed, but across fewer participants (Saunders et al., 2012). If a study proposed 

to understand the experiences of people with HOA as they tried a writing tool an interpretivist 

design would be more appropriate.  

Healthcare practice based on the most current, valid and reliable research is called evidence-based 

practice (EBP) and can utilise evidence from both positivist and interpretivist philosophies (Newell 

& Burnard, 2011; Trinder, 2000b). Evidence-based practice is based on research outcomes applied 

in clinical settings so that clinical decisions are transparent. This approach contrasts with practice 
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that is not evidence-based which may include health professionals relying on primary training or 

the advice of colleagues. Practice that is not evidenced-based can result in the slow adoption of 

effective interventions or the continuing of harmful or ineffective interventions (Trinder, 2000b). 

Evidence-based practice to date has had a positivist focus using mainly randomised controlled 

trials (RCTs) and meta-analysis to guide practice with less emphasis on research that is focused on 

human relationships (Trinder, 2000a). However, supporters of EBP suggest that health 

professionals will ideally combine evidence from research with other kinds of evidence, such as 

their clinical knowledge, the practice context and patient perspective, to provide the best care for 

patients (Hoffman, Bennett, & Del Mar, 2010; Newell & Burnard, 2011). 

The study this thesis documents is a multi-method quantitative study; multi-method because it 

uses various assessments to measure handwriting speed, legibility and comfort, and quantitative 

because these assessments generate numeric data that can be analysed statistically (Saunders et 

al., 2012).  

A strength of quantitative methods is that data collected is clear-cut and analysis can be relatively 

quick if statistical software is used (Walliman, 2011). Additionally the hypothesis is composed 

before any data is collected and the researcher is thereby independent of the results which 

sometimes has more creditability with those who fund research (Offredy & Vickers, 2013). 

Research findings can also be generalised to a population provided the sample size is big enough 

to prevail over the differences within the sample groups (Neuman, 2009b). 

Quantitative methods measure experiences as opposed to qualitative methods which describe 

them (Offredy & Vickers, 2013). In this way a researcher using a quantitative design may miss out 
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on phenomena occurring because of the focus on testing a hypothesis, whereas a qualitative 

design can accommodate new data that is discovered as the study progresses (Vogt, Gardner, & 

Haeffele, 2012). In addition, some valuable data cannot be measured numerically, for example the 

emotions, beliefs and behaviours exhibited by people with HOA (Walliman, 2011). What is most 

important is that the choice of research design is directed by the research question and a suitable 

method of analysis is used for the data that has been collected (Walliman, 2011). 

There are three main types of quantitative research design, experimental, non-experimental and 

quasi-experimental design (Offredy & Vickers, 2013).The experimental design for this study will be 

a randomised controlled trial as this is the most effective method of testing cause and effect 

(Offredy & Vickers, 2013). The cause or independent variable (the writing tool) will be manipulated 

by being used either by the intervention group (allocated the Unitec pen) or the control group 

(allocated a commercially available pen) to determine the effect on the dependent variables 

(handwriting speed, legibility and comfort). The allocation of Unitec pens and the commercially 

available pen to participants will be randomised so each one has an equal probability of receiving 

either writing tool. The control group functions as a comparison to establish whether the 

intervention had any effect (Neuman, 2009b). Results can be statistically analysed, to determine if 

the intervention is effective as long as the sample size is large enough to prevail over the 

differences within sample groups (Neuman, 2009b). This design can be repeated by other 

researchers to check that the outcomes were accurate (Shuttleworth, 2008). 

This design does have weaknesses. There is no guarantee that the intervention group will not 

access the commercially available pen used by the control group, as it is relatively easy to 
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purchase.  In addition, there will be no blinding as participants and assessors would clearly know 

which intervention had been allocated in each case. This design may provide evidence on the 

effectiveness of one writing tool over another but there may be other pens on the market that are 

better than either of these pens and this study will not identify them. Additionally the amount of 

time that either pen is used will vary across participants, since the writing volume will also vary. 

Finally, those who agree to take part may be more proactive about their health and not 

representative of the wider population with arthritis. Nevertheless, this design would provide 

evidence on the effectiveness of the Unitec pen in comparison with another pen. 

Non-experimental designs include descriptive and correlational research designs.  Descriptive 

research describes observed reality in a quantitative way. Such research may discover new 

information but there is no manipulation of an independent variable or randomisation of 

participants (Offredy & Vickers, 2013). Correlational research analyses the relationship between 

variables to determine any correlation coefficient (Vogt et al., 2012). However, neither of these 

designs will be able to show cause and effect and therefore are not suitable designs for this study. 

A quasi-experimental design does manipulate independent variables but is different from 

experimental designs in that one or both features of randomisation or a control group may be 

missing (Offredy & Vickers, 2013). Therefore, a quasi-experimental design, like non-experimental 

designs, is unable to show cause and effect and is also unsuitable for this study. 

In summary, this study is quantitative, using an RCT design. This design is proposed because the 

research question of: “Does the Unitec pen improve handwriting speed, legibility and comfort in 

people with HOA?” requires a definitive answer – either the Unitec pen improves one or more of 
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these dependent variables or it does not. Using an RCT design handwriting speed, legibility and 

comfort will be measured at baseline, the writing tools will be allocated to two randomised groups 

and handwriting speed, legibility and comfort will be measured again at follow-up to determine 

the effect of each writing tool. 
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The trial: Hypothesis and research question 
 

In order to find out how the Unitec pen compared against other pens designed for people with 

arthritis, a hypothesis was formed which would be either proved or disproved. The null hypothesis 

to be tested is: that there is no change or an improvement to the participants’ handwriting and 

comfort while using the Unitec pen compared to a commercially available pen designed for people 

who have arthritis. 

Thus the specific research question was: To what extent does the Unitec pen change handwriting 

speed, legibility and comfort in people over 65 with HOA?  

The commercially available pen chosen for this trial is the Ergo-Sof PenAgainTM (the PenAgainTM). 

The PenAgainTM was selected as it has been designed to aid those who have difficulty handwriting 

and is successful commercially (Bounds, 2006). It has also been featured by Arthritis Today 

Magazine (through US based non-profit Arthritis Foundation) and is available for purchase in New 

Zealand. 
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Pilot comparison of the Unitec pen 
 

To test the feasibility of using the Unitec pen in ongoing research with other pens, a pilot study 

was conducted as a summer project that compared the Unitec pen with an ordinary pen. The aim 

was to determine the acceptability of the design and to gather pilot data about whether a pen 

with a mouldable grip has the potential to improve handwriting. 

This pilot was approved by the Unitec Research Ethics Committee (Appendix A). Participants 

signed a consent form and were given an information sheet about the trial (Appendix B and 

Appendix C). 

Participants in the pilot were recruited through Arthritis New Zealand’s member database. The 

pilot was conducted with 19 adults over 65 years of age. In this cross-over trial, participants were 

randomised and used their usual pen first and then the Unitec pen (or vice versa) to complete a 

Handwriting Assessment Battery (HAB) (McCluskey & Lannin, 2003). These pilot participants also 

completed a qualitative questionnaire (Burger & McCluskey, 2011) and their verbal responses 

were recorded. 
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Demographics: Pilot  

In the pilot over half the participants were aged between 65-74 years with only three people, 3/19 

(16%), aged over 85 years.  Most of the participants were women 16/19 (84%) and all reported 

that English was their first written language. Most participants 13/19 (68%) did not continue their 

education beyond high school with several people commenting that they (as an older girl) had to 

leave school to look after younger siblings. Most of the participants’ occupations 13/18 (72%), did 

not need formal qualifications (Table 4). 

Table 4 Pilot : Demographics 

  n=19 % 
Age Group 65-74 10 52.6% 

75-84 6 31.6% 
85-94 3 15.8% 

Gender female 16 84.2% 
male 3 15.8% 

In which language do 
you most commonly 
write? 

English 19 100.0% 

Highest level of 
education 

Year 10 5 26.3% 
Year 11 5 26.3% 
Year 12 3 15.8% 
Trade qualification 1 5.3% 
Graduate 4 21.1% 
Postgraduate 1 5.3% 

Occupation prior to 
retirement 

Was not in paid 
employment 1 5.3% 

Baker/milk delivery 2 10.5% 
Machinist 2 10.5% 
Nurse 1 5.3% 
Occupational therapist 1 5.3% 
Office/admin work 5 26.3% 
Retail 3 15.8% 
Teacher 3 15.8% 
Teacher aid 1 5.3% 
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Handwriting demographics: Pilot  

Most participants in the pilot reported that they wrote daily or at least a couple of times per week. 

Handwriting was rated as extremely important or very important by 14/19 (74%) participants.  

Although a significant number of participants found writing difficult 15/19 (79%) or had difficulty 

holding a pen 13/19 (68%) or avoided writing 11/19 (58%), most 17/19 (90%) would not ask for 

help from family or friends (Table 5). 

Table 5 Pilot: Handwriting demographics 

  n=19 % 
Are you left or right handed? Left 2 10.5% 

Right 17 89.5% 
How often would you handwrite? Never 0 0.0% 

Daily 12 63.2% 
2+ times a week 3 15.8% 
Weekly 2 10.5% 
Monthly 2 10.5% 

How important is handwriting to you, on a 
scale of 1 to 5? 

Not at all important 1 5.3% 
Slightly important 3 15.8% 
Moderately 
important 1 5.3% 

Very important 2 10.5% 
Extremely 
important 12 63.2% 

Do you find writing difficult? No 4 21.1% 
Yes 15 78.9% 

Do you find it difficult to hold a pen? No 6 31.6% 
Yes 13 68.4% 

 Do you avoid writing if you can? No 8 42.1% 
Yes 11 57.9% 

Do you usually ask a family member or 
friend to complete forms on your behalf? 

No 17 89.5% 
Yes 2 10.5% 
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Hand dominance: Pilot  
 

All but two people in the pilot 17/19 (90%) were right handed. Most participants also reported 

that their arthritis was worse in their dominant hand 17/19 (90%). For example, those who were 

right handed had more arthritis symptoms in their right hand (Table 6). 

 

Table 6 Pilot: Hand with more arthritis symptoms 

  

Hand with more arthritis symptoms 

Left Right Total 

n=4 % n=15 % n=19 % 
Writing 
hand 

Left 2 50.0% 0 0.0% 2 10.5% 
Right 2 50.0% 15 100.0% 17 89.5% 

 

Comorbidities: Pilot  
 

Six people had health conditions that may have affected their handwriting or ability to write. The 

conditions affecting hands were: Raynaud’s disease, fibromyalgia, lymphoedema (in the wrist), 

and a torn ligament in the hand (which had been surgically repaired). Raynaud’s disease is 

characterised by numbness in the fingers; fibromyalgia is noted for chronic pain in the muscles and 

joints; lymphoedema is known for swelling and inflammation (Mayo clinic, 2015). Two people 

reported conditions that affected their eyesight (macular degeneration and diabetes). All of these 

conditions may have affected these participants’ handwriting. 
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Participant occupations: Pilot  
 

Participants were involved in many different kinds of activities and could be engaged in more than 

one activity. Volunteer work was the most popular activity 7/19 (37%), with the next most popular 

activity being gardening 3/19 (16%), but four people 4/19 (21%) were unable to participate in any 

activity due to their arthritis or other health conditions (Table 7). 

Table 7 Pilot: Occupations people are participating in now 

Occupations people participate in now; n=19 % 
Volunteer work 7 37% 
Unable 4 21% 
Gardening 3 16% 
Embroidery/lace making 2 11% 
Knitting 2 11% 
Bowls (playing) 2 11% 
Gym 2 11% 
Church 2 11% 
Probus/Returned Services Association 2 11% 
Reading 1 5% 
Poetry writing 1 5% 
Piano playing 1 5% 
Sewing 1 5% 
Painting 1 5% 
Bowls (coaching/umpiring) 1 5% 
Dancing 1 5% 
Wood turning 1 5% 
Carpentry 1 5% 
Computer games/browsing internet 1 5% 
Genealogy 1 5% 
Occupational therapist 1 5% 
Justice of the Peace 1 5% 
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Handwriting activities: Pilot  
 

Everyone in the pilot wrote shopping lists. Following that the next most common writing activities 

were signing their name, filling in forms, “to do” lists and notes or reminders. Surprisingly, 

considering that 15/19 or (79%) had previously said that they found writing difficult, 5/19 (26%) 

wrote a journal or a life history by hand (Table 8). 

Table 8 Pilot: Handwriting activities 

Handwriting Activities n=19 % 
      
Shopping lists 19 100% 
Signatures 18 95% 
Forms 17 89% 
"To do" list 16 84% 
Notes/reminders 16 84% 
Cards 15 79% 
Diary appointments 14 74% 
Cheques 14 74% 
Writing on a calendar 14 74% 
Telephone messages 13 68% 
Letters 13 68% 
Puzzles (e.g. Sudoku, crossword) 12 63% 
Writing on your hand 9 47% 
Writing on a whiteboard 5 26% 
Journal Writing 3 16% 
Meeting minutes/notes 2 11% 
Writing in client files (volunteer advocacy work) 2 11% 
Writing life history by hand 2 11% 
Supervision notes (for professional colleagues) 1 5% 
Justice of the Peace records 1 5% 
Tutoring/umpiring bowls notes 1 5% 
Poetry writing 1 5% 
Speech notes (Probus) 1 5% 
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The results of the handwriting assessment: Pilot  
 

When comparing the parameters of the HAB (drawing horizontal lines and dots, writing speed and 

legibility) there were no significant differences between the Unitec pen and the usual pen in the 

pilot (Table 9). 

Speed 
 

According to the HAB a person may benefit from writing rehabilitation if their writing speed is 

slower than the average writing speed (plus or minus the standard deviation) for their age (Faddy, 

2008). The average writing speed for men aged 60-94 years is 19.5 seconds (±7.5 seconds) and the 

average writing speed for women aged 60-94 is 16.7 seconds (± 4.7 seconds) (Jebsen et al., 1969). 

While the group mean speeds for each pen were faster than the average speeds for men and 

women (± the standard deviation), there were some individuals that would have benefited from 

rehabilitation due to slower than average writing speed (6 from the Unitec pen group, and 3 from 

the usual pen group) (Table 9). 
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Table 9 Pilot: Handwriting assessment battery results 

      
  Unitec pen Usual Pen P value 
  n=19 n=19   
Horizontal lines       
Achieved 18 18 1 
Not Achieved 1 1   
Dots       
Achieved 16 19 0.071 
Not Achieved 3 0   
        
Mean writing speed (seconds) 19.70 17.10 0.263 
        
        
Mean numeral writing legibility % 95% 98% 0.829 
        
        
Mean lowercase alphabet legibility % 81% 80% 0.339 
        
        
Mean uppercase alphabet legibility % 78% 83% 0.058 
        
        
Mean sentence composition word 
legibility % 75% 79% 0.469 
        
        
Mean sentence composition letter 
legibility % 76% 80% 0.38 
        

P values for all continuous variables are t-tests or ANOVA and categorical variables are Chi-square 
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Legibility 
 

The Evaluation Tool of Children’s Handwriting (on which the legibility component of the HAB is 

based) recommends handwriting intervention for children if the legibility percentage falls under 

85-90% (Amundson, 1995) although the HAB gives no guideline for the legibility benchmarks for 

adults’ handwriting. If the 85-90% guideline of the ETCH were used then the mean scores for all 

legibility criteria except numerals fall below it, meaning that most participants’ handwriting has 

poor legibility according to the ETCH criteria. It is not clear why participants find writing numerals 

so much easier than writing the alphabet although previous research has found that assessing 

numerals for legibility using the ETCH is not reliable (Duff & Goyen, 2010). 

When legibility is investigated on a participant basis, 74% of the Unitec pen group would have met 

the criteria for writing rehabilitation as opposed to 63% in the usual pen group suggesting that 

participants found it more difficult to control their legibility with the Unitec pen. 

 

Comments about the pens: Pilot  

The main theme to arise from the comments about the use of the Unitec pen in the pilot is that 

the participants found the new pen grip different and sometimes difficult to get used to. The 

participants’ first use of the Unitec pen was for the assessment and several people commented 

that they thought they would have performed better with the Unitec pen if they had a chance to 

practice with it (Table 10). 
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Table 10 Pilot: Comments about the Unitec pen 

Comments about the pilot Unitec pen   
“The pen was a bit bulky and hard to control, but that 
would maybe improve with practice. It had more control if 
it is held in a more upright position than an ordinary pen. I 
wouldn’t use the pen as my arthritis isn’t that bad, I would 
maybe consider it if the arthritis got worse” 

“I can feel a pulling on my neck while writing. It does fit well 
there [web space], but it feels awkward, only the finger 
[index] is controlling it. But there’s no pain. I would use it if I 
had one, I would get used to it. It’s comfortable, as long as 
this elbow is on the table.  You’ve got to get the pen in a good 
position before starting, would get better with practice”. 

“Quite heavy - hurts my thumb joint, would be better if I 
was writing on an easel. I’m more used to a narrow pen, I 
may consider my if my arthritis got worse” 

“It’s quite good - a good idea.  It can adjust to the hand - fills 
in the gap [web space] better than a normal pen.  I like the 
way it can be moulded and adjusted - as hand changes; pen 
can be moulded to fit”. 

“Weird, different grip – maybe I could get used to it with 
practice.  It’s not comfortable because of the size, too big,  
I prefer my own pen” 

“Good – I preferred the [Unitec] pen.  It’s comfortable, if you 
hold it between the thumb and finger [web space]. No pain.  I 
do find it difficult writing with pens that are too slim”. 

“I had to adjust mind-set for the pen. It took a while to 
adjust to the largeness of it, but with practice got better. 
My wrist and fingers are a bit sore from the largeness of it. 
It does support the hand a little, but there is more control 
with my ordinary pen”. 

“The pen [Unitec pen] took a while to get used to.  There’s 
not as much control as with my pen, but there’s no pain with 
either pen.  It was awkward to hold, but would get better 
with practice.  I would use the pen”. 

“OK, but it’s quite heavy, I liked the second smallest size of 
pen.  You have to hold pen more erect, ok as it keeps 
pressure off my joint [swollen CMC joint]. I wouldn’t use it 
though – it’s too big, too ugly. And it’s difficult to store. I 
don’t know how you would keep it clean”. 

“Not too bad. It wasn't painful. I could control it more than an 
ordinary pen, an ordinary pen is too slim, and I can’t get my 
fingers tightly enough around it to control it”. 

“It’s a good weight.  The grip made cursive writing more 
difficult, but not printing – it’s awkward to make writing 
flow, most difficult to link letters.  It’s most stable when 
doing the dots [section of the HAB]. If I had the pen for 
longer, I could maybe find a better way to use it, but I 
wouldn’t use one if I had it”. 

“It’s good, it doesn’t push under the finger [index MCPJ] 
because it can be moulded. I think it’s a fantastic idea - fits 
the index joint [index DIPJ] without any pressure. I would use 
one if I had it, especially if it was smaller”. 

“I liked the way it cradled in my hand [web space]. It’s very 
different, a bit clumsy, but quite comfortable.  A bit more 
strain on fingers [having fingers further apart]. It gets 
worse the longer I write. It rested on my finger [index PIP 
joint which is the most painful].  I wouldn’t use the pen if I 
had one” 

“I think it gave the hand more support, although getting it 
into shape was hard.  It’s easier to write with and form 
letters, makes letters bigger, no pain, and it’s hard to go back 
to an ordinary pen now. I would probably use it if I had one”. 

“I thought the ball was too big, clumsy, heavy.  It may get 
better with practice, but I wouldn’t use it if I had one - my 
hand would get too tired” 

“It was awkward to start with; it takes a bit of getting used to.  
There’s no pain.  I would use the pen if I had one”. 

“I’m not used to using it, might get better if I practiced.  It’s 
awkward, difficult to use.  I’d probably stick to my pen out 
of habit - although I might try the pen if I was doing lots of 
writing”. 

 “Very good, it was less tiring. It was awkward to start with, 
but I got used to it, I liked it”. 

  “I had to get used to it, you have to hold it firmly and press 
harder. Good grip though, no pain. I would use it if I had it”. 
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Conclusion: Pilot  

In the pilot 14/19 (74%) of participants reported that the Unitec pen was as good as or better than 

their usual pen and 18/19 (95%) were interested in participating in a further trial. Additionally, 

although handwriting speed decreased with the Unitec pen compared to the usual pen (although 

not significantly) legibility remained the same.  

However, this pilot had some limitations. These limitations included a small sample of participants 

who only used the Unitec pen once. Additionally, the comparison was between the Unitec pen and 

an ordinary pen as opposed to a pen designed to mitigate the effects of arthritis. Before a new AT 

treatment is used, it ideally should be compared to an existing AT treatment. By comparing to a 

placebo, or in this case the usual pen, would have biased the study in favour of the new AT. 

Therefore it was decided to compare the new AT (Unitec pen) with existing AT. 

Therefore, a further trial was proposed to test the Unitec pen by using a larger sample measuring 

impact over a longer time period, and measuring impact against a pen designed for people with 

arthritis. Such a study would confirm whether or not using the Unitec pen makes writing more 

comfortable for those with arthritis without affecting handwriting legibility and speed. 
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Enrolment in the next trial 
 

A purposive sampling method was used to select participants who fulfilled the inclusion criteria 

but who were not necessarily representative of the population as a whole (Neuman, 2009c). A 

participant flow diagram showing this process follows (Figure 3). Eighteen people from the pilot 

had agreed to take part in a longer trial; they were previously recruited through Arthritis New 

Zealand’s records. Further recruitment was achieved through Arthritis New Zealand Information 

evenings, and by word of mouth, resulting in a total sample size of 40 (Figure 3).  

Inclusion and exclusion criteria  

Participants were invited to take part in the trial if they had HOA in their writing hand, lived in 

Auckland, were aged over 65 years, and were willing to provide informed consent. Each participant 

confirmed that they had osteoarthritis as opposed to another form of arthritis. Participants were 

excluded if they had cognitive impairments that may have affected their ability to perform a 

handwriting assessment. Other exclusions included people with hand impairments or disabling 

conditions other than osteoarthritis; those currently treated with cortisone injections or who had 

had hand surgery within the previous six months; and finally participants with a latex allergy, as the 

Unitec pen has latex components as an outer covering (Figure 1 and Figure 2). 
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Randomisation and allocation 

Participants were randomly allocated to the intervention group (Unitec pen) or the control group 

(PenAgainTM).  An administrative assistant, independent of the trial, prepared four blocks of ten 

unmarked envelopes containing randomisation labels (5 Unitec pens, 5 PenAgainTM). The shuffled 

unopened envelopes were then individually attached to ten participant files, which were kept in a 

locked office at the Unitec Awhina campus. The participants were assigned to their group when 

the envelope was opened in front of them on the first visit. Once ten files had been used, a further 

ten were prepared, and so on. Blocks of ten were used because there was uncertainty of the likely 

success of recruitment. In the event of lower recruitment numbers, balanced randomisation 

groups could still be realised if only 20 or 30 participants were recruited.  

Intervention 

After randomisation participants were issued either the Unitec pen or the PenAgainTM. Although 

the PenAgainTM is available in many colours a version was distributed that was the same colour as 

the Unitec pen (black).  This was an attempt to minimise the cosmetic differences between the 

pens. Based on the findings from the pilot Unitec pens were made as small as possible because 

participants had signalled a clear preference for the smaller Unitec pens. As the Unitec pen was a 

handmade prototype information about its care and use was also provided to participants in the 

Unitec pen group. 

The participant was instructed to use their allocated pen as they would a normal pen for the next 

eight weeks. The first visit with the first participant was on the 7 September 2014, the second visit 

with the last participant was on the 19 December 2014. 
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Outcome measures at baseline were collected including assessments of handwriting (HAB) using 

both the allocated pen and each participant’s usual pen. In addition, information was gathered 

about all of the participants’ histories of arthritis and handwriting. All the data was collected in the 

participants’ homes or at the Awhina Campus at Waitakere Hospital. The collection time was 

between 1-1.5 hours per person on two occasions (initial visit and second visit) therefore the total 

collection time per participant was between 2 and 3 hours.  

As participants completed two handwriting tests one after the other there was the potential for 

there to be an improved score in the second test due to the practice effect. Alternatively the 

second test might receive a lower score because of participant fatigue.  Therefore, participants 

always completed the HAB using their usual pen first so that practice and fatigue effects were the 

same for all participants. Additionally, HOA pain can get worse as joints are used throughout the 

day so as far as possible baseline and follow-up assessments were done at the same time of day 

(MedlinePlus, 2014). 

A potential problem was the different names used for the fingers and knuckles. For example, the 

middle finger is called the 3rd finger in anatomy terms and the 2nd finger in hand analysis terms. To 

avoid confusion the colloquial names were used to describe the fingers (thumb, index, middle, ring 

and pinky fingers). 

Funding was provided by the Unitec Design Department and the Faculty of Social and Health 

Sciences. Participants were able to keep the PenAgainTM when the trial was finished although the 

Unitec pens were returned to the designer to assess wear and tear. Those allocated the Unitec 

pens were offered a PenAgainTM to keep and all but one person took up this offer.   
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Follow-up 
 

After eight weeks the outcome measures using the allocated pen and the participant’s usual pen 

were repeated. The participants also rated the comfort level of the allocated pen. The eight-week 

timeframe was chosen to align with similar studies: Kjeken et al. (2011) conducted a three-month 

trial on the effect of assistive technology on people with HOA, but in two other studies, one with 

follow-up at eight weeks (Rogers, Holm, & Perkins, 2002) and one with ten weeks average follow-

up (Hoffman & McKenna, 2004) the average number of people using the assistive technology was 

70% which gradually dropped to 50% at 12 months. Therefore earlier repeat testing is important 

to ensure maximum usage is captured.  
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Figure 3. Participant flow diagram  

 

  

Assess for eligibility  

Inclusion criteria 

• HOA in writing hand 
• Live in Auckland 
• Written consent 

Randomise (n=40) 

Allocation 

 

Unitec pen (n=20). Baseline 
assessments of hand pain, function 
and handwriting with usual pen and 
allocated pen. 

PenAgainTM (n=20). Baseline 
assessments of hand pain, function 
and handwriting with usual pen and 
allocated pen. 

Repeat assessments of hand pain, 
function and handwriting with usual 
pen and allocated pen. Also assess 
comfort and user appeal. 

Repeat assessments of hand pain, 
function and handwriting with usual 
pen and allocated pen. Also assess 
comfort and user appeal 

Handwriting Assessment Battery (HAB) 
Modified Health Assessment Questionnaire (MHAQ) 

Australian/Canadian Hand index (AUSCAN) 
Joint Count and American College of Rheumatology Criteria 

User appeal and computer questionnaire 
Handwriting questionnaire 

Follow-up after 8 
weeks 

Analysis 
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Outcome measures 
 

Handwriting 
 

Legibility and speed of handwriting are measurements by which the success of an assistive 

technology writing device could be judged. Therefore the primary outcome measure used in the 

trial was the Handwriting Assessment Battery for adults (HAB) (Appendix D), to measure the 

effects of the Unitec pen compared with the PenAgainTM. This assessment included pen 

manipulation and control, handwriting speed and legibility. This measurement tool has been 

discussed previously in the section on handwriting assessment for adults. 

Two people (myself and Wendy Hook, an experienced Occupational Therapist), scored all the HAB 

handwriting samples of the participants in the pilot and the trial. Wendy Hook has been trained by 

the author of the ETCH and has used it in private practice. I was the second rater and had little 

experience, prior to this research, using these tools. To minimise the reliability shortcoming of the 

mETCH we scored the handwriting samples separately and then conferred to ensure internal 

consistency.  

 The HAB scoring manual was used (Faddy, 2008) (Appendix E). However, we found that the HAB 

was not detailed enough to score the handwriting samples that were presented. Therefore we 

developed an additional set of rules for the scoring of letters if there was no guideline set down in 

the HAB (Appendix F). When scoring the sentence composition section it was found that scoring 

was more accurate if a sentence was read backwards to assess the words out of context. This 
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scoring practice ensured that words were not marked as legible just because they were part of a 

coherent sentence. 

Additionally, if a letter is omitted in the alphabet writing sections the HAB scoring manual says to 

record that letter as illegible. This scoring approach could distort the results of the handwriting 

analysis to indicate poor legibility of handwriting when actually there is no handwriting, possibly 

because the participant has a cognitive difficulty. To investigate whether this form of scoring could 

distort the results all handwriting samples were rechecked to see how many handwriting samples 

had letters omitted from the alphabet writing sections. In the PenAgainTM group two participants 

omitted letters from one handwriting sample each (the letter ‘r’ in one sample and the letters ‘r, s, 

t’ in the other). In the Unitec pen group, three participants omitted letters from six handwriting 

samples. Two participants omitted the letter ‘w’ from one sample each. However, one person 

omitted letters from all four samples (‘k, w’, ‘w’, ‘r, w’, and ‘w’).  It is interesting that the same 

letters are omitted from the different samples (namely ‘r’ and ‘w’).  That said, considering that 

potentially 7,384 letters could have been assessed for legibility (142 samples and each alphabet 

was written twice), these 12 missing letters (or 0.16%) would not have distorted the sample even 

if there were cognitive impairments. 

MHAQ and AUSCAN 
 

The daily impact of arthritis can influence whether or not an AT device is successful. Two scales 

that measure arthritis pain and disability are the Modified Health Assessment Questionnaire 

(MHAQ); a general measure of arthritis disability and the Australian/Canadian hand osteoarthritis 

index (AUSCAN); a hand specific measure of arthritis disability. 
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Pain is reported as being the main symptom in arthritis and is individual to each person (Sokka, 

2005). There is some correlation between laboratory tests and radiographs with pain levels (Sokka, 

Kankainen, & Hannonen, 2000). However some people with painful OA may show no radiographic 

changes. Conversely those with serious radiographic changes may have no pain at all (Litwic et al., 

2013). Therefore a pain assessment completed by the person is the most reliable way to record 

pain. Pain is the leading cause of low quality of life (QOL) and disability in people with arthritis, 

therefore the degree of disability signals the  levels of pain (Sokka, 2005).  

The Health Assessment Questionnaire (HAQ) measures disability due to disease (Fries, Spitz, 

Kraines, & Holman, 1980). The HAQ has frequently been used to measure functional disability in 

people with rheumatoid arthritis and can also be used to measure the disability levels of other 

conditions (Krishnan, Sokka, Hakkinen, Hubert, & Hannonen, 2004). While normative data is 

available for the HAQ it exists only for Caucasians (Krishnan et al., 2004). While perception of pain 

differs in other ethnic groups, such as Māori in a New Zealand context (Magnusson & Fennell, 

2011), there were no Māori participants in the second trial to consider, despite no ethnic selection 

criteria being used. 

Modified versions of the HAQ, such as the Modified Health Assessment Questionnaire or MHAQ, 

are more likely to be used in routine clinical care as they take less time to administer and are 

easier to score, but they are also less accurate and sensitive to changes over time (Fries et al., 

1980; Sokka, 2005; Wolfe, 2001).  

The MHAQ contains eight activity areas; dressing, getting in and out of bed, lifting a glass to the 

mouth, walking outdoors on flat ground, washing the face and body, picking up clothing from the 
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floor, turning taps on and off and getting out of buses, cars, trains or aeroplanes. There is a 

potential score of between zero and three where a higher score denotes greater disability (Pincus, 

Yazici, & Bergman, 2005).  Use of the MHAQ may explain, for instance, variations between a 

participant’s baseline scores for handwriting quality and their follow-up score (Appendix G). 

The MHAQ was the first secondary outcome measure used for the trial because it is a quick 

description (< 2 minutes) of a person’s disability, and has been used in a similar study on AT 

(Kjeken et al., 2011). In addition, the original longer HAQ collects information that was not 

relevant to the trial. For example, HAQ considers the side effects of arthritis medications. Although 

the MHAQ was designed for people with rheumatoid arthritis, it has been used in OA research 

(Slatkowsky-Christensen, Mowinckel, & Kvien, 2009). Participants mailed the completed MHAQ to 

the researcher independently of the assessment to reduce the likelihood of the researcher 

influencing the MHAQ responses. 

The Australian/Canadian Hand Osteoarthritis index (AUSCAN) (Appendix H) is the second 

secondary outcome measure used and is a self-reported scale expressly designed for people with 

HOA (Bellamy, Campbell, Haraoui, Buchbinder, et al., 2002). The AUSCAN assesses hand function 

on Likert scales for pain (for example pain while at rest, lifting or gripping), stiffness (after first 

wakening) and physical functioning (for example opening a new jar, carrying a full pot, picking up 

large heavy objects or fastening jewellery). Pain, stiffness or difficulties with daily activities are 

rated from 0 (“none”) to 4 (“extreme”) where higher scores indicate greater dysfunction. The 

AUSCAN takes about seven minutes to complete and five minutes to score. This assessment tool 

requires no training to administer (Poole, 2011). A large study (n=878) found that the AUSCAN 

index can identify changes in pain, stiffness and function (Allen, Jordan, Renner, & Kraus, 2006), 
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while other studies have confirmed reliability and validity (Allen, DeVellis, Renner, Kraus, & Jordan, 

2007; Bellamy, Campbell, Haraoui, Gerecz-Simon, et al., 2002). The large sample that Allen et al. 

(2006) used was mainly female (80%) so their results may not be generalizable to men with HOA.  

 

Count of affected joints 
 

A task force of the Osteoarthritis Research Society International has recommended that all 

participants involved in osteoarthritis clinical trials should have a physical examination of the 

target joints (Maheu et al., 2006). In compliance with this recommendation the third secondary 

outcome measure was a count of joints affected by HOA (Appendix I). Hands were examined for 

the occurrence of bony enlargements (1=present, 0=absent) and were calculated as a summary of 

signs in both hands (range 0 to 30).  In addition, joint deformities and inflammation of the 

participant’s hands were noted on a diagram at baseline and follow-up, to confirm diagnosis of 

HOA according to the American College of Rheumatology criteria (Altman et al., 1990), providing 

baseline participant characteristics and a reference point for comparison with participants’ 

symptoms of arthritis during the trial. 

User appeal and computer questionnaire 
 

In their study on AT devices, Kjeken et al. (2011) utilised a scale to measure possession, use of and 

comfort with AT (Kjeken et al., 2011). Therefore the fourth secondary outcome measure was an 

English translation to assess usage of the writing tools. This measure used a 100-mm visual 

analogue scale (VAS) to measure comfort with AT use (Hammond, Tennant, Tyson, & 

Nordenskiold, 2014). Additional questions were added to gauge the broader level of technology 
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use to confirm if the participants were using technology more in favour of handwriting (Appendix 

J). 

Lastly, a handwriting questionnaire gathered information about participants’ arthritis and 

handwriting history including hand dominance and the impact of hand difficulties (Appendix K). 

The handwriting questionnaire is based on a questionnaire developed by van Drempt et al. 

(2011a), and was administered at baseline. This questionnaire was previously trialled on three 

people, two with arthritis and one without, before the pilot was commenced. These people were 

not participants in the pilot. After this pre-trial the questionnaire was simplified into a one page 

format for the pilot. In addition, qualitative questions were added at the end about the comfort 

and ease of use of the Unitec pen.  

Following the pilot additional changes were made to the questionnaire to gather more relevant 

and useful information for the trial. For instance; questions were added about disease duration of 

arthritis, medication and which hand is more affected. Likert scales were added about frequency 

and importance of handwriting as they are a quick method of data collection and responses can be 

quantified.  The responses to the questionnaire provided baseline characteristics about 

demographic, disease and symptom variables as well as frequency and type of handwriting 

activities. The questionnaire was checked at follow-up to see if details had changed, for example 

changes to medication could affect handwriting performance. Finally, an open-ended question 

asking the participants’ opinions regarding the allocated trial pen was added to the end of the 

questionnaire in order to add context to the other collection methods. 
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All of these outcome measures, except for the handwriting questionnaire, were completed at both 

time points; at the first and second visit. The handwriting questionnaire was not repeated as it 

contained mostly historical clinical information, which informed the study but was not part of the 

analysis of the intervention.  
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Sample size 
 

The sample size is important to ensure the trial is performed with enough statistical power to 

identify a real effect. Correspondingly, it would not be ethically acceptable to misuse time and 

resources by recruiting more participants than needed when satisfactory data could be acquired 

using fewer participants (Prajapati, Dunne, & Armstrong, 2010). 

For the trial it was estimated that 40 participants were needed; 20 randomised equally into each 

group. This number was determined from MHAQ effect data from a previous study (Kjeken et al., 

2011) and sentence legibility and lower case letter legibility data from the pilot. 

Using the MHAQ data from Kjeken et al. (2011), with an alpha level (α) of 5% and 80% power to 

detect a 50% reduction in MHAQ from 0.5 to 0.25 (where reduction indicates less disability) would 

require 23 people in each group. This sizing is based on the control group staying the same as the 

test group. However, if the control group gets slightly worse, for example both groups scored 0.5 

on the MHAQ at baseline, but the control got worse on follow-up (0.65) and the test group improved 

(0.35) then 16 people would be required in each group. 

Using HAB sentence legibility data from the pilot, baseline data from the Unitec pen reached 76.5% 

accuracy (SD=13.9). A 15% change would require 24 people in each group, whereas a 20% change 

would require 13 people in each group. Using HAB lower-case writing data from the pilot baseline 

data from the Unitec pen was 80.6% accuracy (SD=12.91). A 10% change would require 41 people 

in each group, whereas a 15% change would require 18 people in each group. Taking each of these 

into account a sample size of 40 people (20 per group) was chosen as being statistically justified, 
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realistically attainable and allow for dropout. However because of time constraints, 18 people were 

recruited into each group.   

Blinding 
 

In the trial the researcher and participants were aware of which writing implement they received. 

However, there was single blind analysis as the group allocation was unknown at the time of 

assessment by both scorers.  All writing assessments were unnamed, and contained no identifying 

features that could identify which pen was used, and therefore blind analysis of all assessments 

was possible.  

Statistical methods 
 

Data analysis was performed using IBM SPSS Statistics 22 (Statistical Package for the Social 

Sciences). All analysis was performed on an intention to treat basis and using the aggregated data 

for each allocated group. Intention to treat analysis includes all participants who are randomised 

and ignores any noncompliance or withdrawal that might occur after randomisation (Gupta, 2011). 

Distributions were examined for normality and parametric and non-parametric tests were applied 

as required. Independent sample t-tests were used to identify differences between characteristics 

at baseline.  In some cases one-way ANOVA were applied to analyse baseline data for the three 

different types of pen (usual pen, PenAgainTM and the Unitec pen). Dependent sample t-tests (paired 

t-tests) were used to identify the differences between baseline and follow-up for the two pen 
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allocation groups. To account for differences in baseline the change from baseline in each group 

was compared.  

In the case of data not being normally distributed the Wilcoxon signed-rank test or the sign test 

would have been used for dependent samples and Mann-Whitney U test or Wilcoxon Rank-sum test 

for independent samples.  The nonparametric test equivalent to one way ANOVA is Kruskal-Wallis 

one-way ANOVA. All of the endpoints were continuous quantitative data. 

For categorical data, the Chi-square test was used to determine the association between two 

variables. 
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Ethics 
 

Informed Consent 
 

The second trial was approved by the Unitec Research Ethics Committee, which requires informed 

consent by all participants (Appendix L).  Participation in the trial was voluntary; if a person agreed 

to take part in the trial they signed a consent form (Appendix M). Informed consent means that 

participants have been given an information sheet about who the researchers are, the aims of the 

trial and what they will be asked to do (Appendix N).  Informed consent protects participants from 

giving out information for dishonest purposes, for example to acquire personal details for the 

marketing of products (Neuman, 2009a). This trial was also registered with the Australian New 

Zealand Clinical Trials Registry (trial number ACTRN12614000947606).  

Participant rights 
 

Participants were made aware of their rights before and during participation in the trial so that 

they were protected from harm if they agreed to participate. These participant rights included the 

right to privacy and access to their details ("Privacy Act," 1993). In the event of injury participants 

were also eligible for Accident Compensation provided informed consent was given and an ethics 

committee had approved the trial ("Accident Compensation Act," 2001). This coverage was 

important as the assessment had the potential to make a participant’s arthritis worse, although 

there were no injuries to participants as a result of completing the handwriting assessment. The 

participants also had the right to stop the assessment if they became fatigued or felt pain and to 

withdraw their data up to two weeks after completion of the follow-up visit. None of the 

79 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

participants chose to withdraw their data but even if they had withdrawal of data would have had 

no consequences for their current or future healthcare.  

Confidentiality  
 

Any published research will maintain confidentiality of personal data and individuals will not be 

identifiable ("Privacy Act," 1993). In addition, access to personal data is protected by a password-

protected server and restricted to the researcher and supervisor. Physical data is in locked 

premises at the Awhina Health Campus at Waitakere Hospital and will be destroyed after ten 

years. 

Maori Research Ethics 
 

Participants were not selected on the basis of ethnicity so Māori participants could have been 

included but in the event no Māori participants volunteered.  For the pilot, Te Urikohe Biddle-

Ranga, the Faculty of Social and Health Science’s Kaihautu Matauranga Māori was consulted. The 

trial followed a similar process to the pilot in that ethical concerns may have related to the 

researcher being in other people’s homes. If there had been Māori participants, tikanga Māori 

guidelines would have applied as well as consultation with Māori and the choice to use Te reo 

Māori in the handwriting assessment.  The research would also have complied with Occupational 

Therapy Board New Zealand (OTBNZ) Cultural Guidelines (Occupational Therapy Board of New 

Zealand, n.d) and would have included further consultation with Te Urikohe Biddle-Ranga if other 

issues arose. 
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Other Ethical Concerns 
 

As I held a current OTBNZ practising certificate, I was able to call myself an occupational therapist 

("Health Practitioners Competence Assurance Act," 2003). However, as the purpose of the 

appointment was to collect data for research, it was out of my scope as a researcher to offer 

advice about occupational therapy interventions. I would refer participants on to professional 

health services for intervention if required. 

Safety Concerns 
 

To ensure my personal safety I used an electronic calendar to notify my supervisor of 

appointments, and the supervisor was available to be called in these times.  For home visits I was 

provided with a phone, and my supervisor was present for appointments at the Awhina Health 

Campus. The research also complied with the OTBNZ Ethical and Safety guidelines (Occupational 

Therapy Board of New Zealand, n.d).  
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Chapter Seven: Results of the trial 
 

Enrolment 
  
Recruitment into the trial commenced from the date of the Ethics approval by the Unitec Research 

Ethics Committee (21 August 2014). Eighteen people previously recruited through Arthritis New 

Zealand’s records for the pilot had agreed to take part in a longer trial. Another 25 participants 

were recruited through Arthritis New Zealand Information evenings and by word of mouth, 

making a total potential sample size of 43 participants. These 43 participants were assessed for 

eligibility (Figure 4). 

Inclusion and exclusion criteria 
 

Although 18 people from the pilot had agreed to be included in the trial only 11 of them 

participated in the trial. This reduction was necessary because while the pilot focused on arthritis 

in general, the trial targeted HOA. Six of the original participants had other forms of arthritis (for 

example rheumatoid arthritis or gout) and one had experienced several transient ischemic attacks 

that had affected hand function. Therefore, these people were not suitable candidates for a trial 

about HOA and the final sample size was reduced to 36. 

Additionally, another inclusion criterion was added about the ability to complete the writing 

assessment in the Roman or Latin alphabet as the scoring of the HAB is based on this character 

set. This restriction arose because a person who wrote in the Hindi alphabet wanted to participate 

in the trial. This person was excluded as we would not be able to score their handwriting sample.  
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Figure 4. Participant flow diagram  
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returned=1) 
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• Joint count (n=18) 
• Usage (n=18) 

• Handwriting analysis 
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• Joint count (n=18) 
• Usage (n=18) 
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• Handwriting analysis 
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return by mail = 3) 

• AUSCAN (n=18) 
• Joint count (n=18) 
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• Demographic data (n=18) 
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Pen sustainability 
 

As mentioned previously, the Unitec pen was a prototype and perhaps could not be expected to 

be as durable as a pen manufactured for commercial use.  The action of continually moulding the 

pen to suit the person’s hand could damage it, either by pulling the nib off the body of the pen or 

by puncturing the latex cover.  Four Unitec pens were damaged in this way; two nibs came off and 

the latex covers were damaged in the two others. In the cases where the nib came off the pens, it 

happened early on in the trial and the pens were able to be replaced. In both cases where the 

latex cover was damaged it happened at the end of the trial. Unfortunately, there were no other 

spares of the Unitec pen by this time; therefore two follow-up handwriting tests using the Unitec 

pen could not be carried out.  
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The trial: Participant characteristics at baseline 
 

Participant demographics 
 

Most participants, 27/36 (75%), were in the 65-84 year age group and 28/36 (78%) were women.  

More than half 20/36 (56%) of the participants have completed a university degree or trade 

qualification. This educational level is reflected in the occupations of the participants prior to their 

retirement; most of the participants were employed in administration and office work, but 

teachers, nurses, and other professions requiring further education also featured strongly. 

All of the participants reported that English was the only language that they used when writing.  

There were no significant differences in the pen allocation groups at baseline (Table 11). The 

biggest variation was that more people aged between 75-84 years were allocated the Unitec pen 

(n=8) as opposed to people allocated the PenAgainTM (n=5) (Table 11). 
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Table 11 Participant demographics 

  

Allocated pen 

Unitec pen PenAgainTM Total 

n=18 % n=18 % n=36 % 
Age Group 65-74 7 38.9% 7 38.9% 14 38.9% 

75-84 8 44.4% 5 27.8% 13 36.1% 
85-94 2 11.1% 5 27.8% 7 19.4% 
>=95 1 5.6% 1 5.6% 2 5.6% 

Gender Female 15 83.3% 13 72.2% 28 77.8% 
Male 3 16.7% 5 27.8% 8 22.2% 

In which 
language do 
you most 
commonly 
write? 

Other 0 0.0% 0 0.0% 0 0.0% 
English 

18 100.0% 18 100.0% 36 100.0% 

What is your 
highest level 
of 
education? 

Year 8 1 5.6% 0 0.0% 1 2.8% 
Year 9 1 5.6% 0 0.0% 1 2.8% 
Year 10 2 11.1% 4 22.2% 6 16.7% 
Year 11 2 11.1% 3 16.7% 5 13.9% 
Year 12 1 5.6% 2 11.1% 3 8.3% 
Trade qualification 3 16.7% 3 16.7% 6 16.7% 
Graduate 6 33.3% 6 33.3% 12 33.3% 
Postgraduate 2 11.1% 0 0.0% 2 5.6% 

What were 
your primary 
occupations 
before 
retirement? 

Was not in paid 
employment 0 0.0% 1 5.6% 1 2.8% 

Baker/milk delivery 0 0.0% 1 5.6% 1 2.8% 
Builder 1 5.6% 1 5.6% 2 5.6% 
Engineer 1 5.6% 0 0.0% 1 2.8% 
Machinist 2 11.1% 1 5.6% 3 8.3% 
Nurse 1 5.6% 2 11.1% 3 8.3% 
Occupational therapist 2 11.1% 0 0.0% 2 5.6% 
Office/admin 4 22.2% 7 38.9% 11 30.6% 
Radiographer 0 0.0% 1 5.6% 1 2.8% 
Retail 1 5.6% 1 5.6% 2 5.6% 
Teacher 5 27.8% 2 11.1% 7 19.4% 
Teacher aid 1 5.6% 1 5.6% 2 5.6% 
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Occupations of participants after retirement 
 

The participants were involved in a wide range of occupations and many were engaged in more 

than one activity. Reading, gardening and volunteer work were the most popular activities, 

performed by 17/36 (47%), 15/36 (42%) and 9/36 (25%) of participants respectively. The next 

most popular activities were attending clubs such as Probus and Returned Services Association 

(RSA); 8/36 (22%) followed by church activities 5/36 (14%) One person reported being unable to 

participate in any activity due to her arthritis. Participants could select more than one activity, 

therefore the overall number/percentage may exceed 100%.(Table 12). 
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Table 12 Occupations of participants 

Occupations people are participating in now; n % 
Reading 17 47% 
Gardening 15 42% 
Volunteer work 9 25% 
Probus/Returned Services Association (RSA)  8 22% 
Church 5 14% 
Embroidery/lace making 4 11% 
Sewing 4 11% 
Bowls (playing) 4 11% 
Gym 4 11% 
Knitting 3 8% 
Walking group 3 8% 
Dancing 3 8% 
Computer games/browsing internet 3 8% 
Letter writing 2 6% 
Card making 2 6% 
Wood turning 2 6% 
Carpentry 2 6% 
Teachers of English to speakers of other languages (ESOL)  2 6% 
Justice of the Peace 2 6% 
Poetry writing 1 3% 
Novel writing 1 3% 
Writing for a magazine 1 3% 
Piano playing 1 3% 
Painting 1 3% 
Bridge 1 3% 
Golf 1 3% 
Bowls (coaching/umpiring) 1 3% 
Yoga 1 3% 
Darts 1 3% 
Kayaking 1 3% 
Abseiling 1 3% 
Petanc 1 3% 
Films 1 3% 
Travel 1 3% 
Singing 1 3% 
Occupational therapist 1 3% 
Retail 1 3% 
National Certificate of Educational Achievement (NCEA) Supervision 1 3% 
Unable to participate 1 3% 
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Handwriting demographics of participants 
 

Although 28/36 (78%) found handwriting difficult, 29/36 (81%) people wrote on a daily basis and 

reported that handwriting was very important or extremely important to them; and this was 

confounded by the fact that 31/36 (86%) would not ask for help from family or friends. This 

persistence suggests that the participants continue to write despite finding it painful. 

Furthermore, half of the participants 18/36 (50%) found it difficult to hold a pen and just over half 

of people 19/36 (53%) avoided writing if they could.  

There were no differences in the pen allocation groups at baseline between how frequently 

people wrote or between left and right handers (Table 13). More people allocated to the Unitec 

pen group found difficulty with handwriting and holding a pen than people in the PenAgainTM 

group (6 vs. 2 people and 11 vs. 7 people respectively). This bias was reflected by more people in 

the Unitec pen group saying they would ask someone to write on their behalf (4 vs 1 person in the 

PenAgainTM group) although there was a negligible difference in the groups of people choosing to 

avoid handwriting (Table 13). 
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Table 13 Handwriting demographics of participants 

  

Allocated pen 

Unitec pen PenAgainTM Total 

n=18 % n=18 % n=36 % 
Right or left handed? Left 1 5.6% 2 11.1% 3 8.3% 

Right 17 94.4% 16 88.9% 33 91.7% 
How often would you 
handwrite? 

Daily 14 77.8% 15 83.3% 29 80.6% 
2+ times a 
week 2 11.1% 3 16.7% 5 13.9% 

Weekly 2 11.1% 0 0.0% 2 5.6% 
Monthly 0 0.0% 0 0.0% 0 0.0% 

How important is 
handwriting to you, on a 
scale of 1 to 5? 

Not at all 
important 0 0.0% 1 5.6% 1 2.8% 

Slightly 
important 0 0.0% 0 0.0% 0 0.0% 

Moderately 
important 2 11.1% 4 22.2% 6 16.7% 

Very 
Important 6 33.3% 6 33.3% 12 33.3% 

Extremely 
important 10 55.6% 7 38.9% 17 47.2% 

Do you usually ask a family 
member or friend to 
complete forms on your 
behalf? 

No 14 77.8% 17 94.4% 31 86.1% 

Yes 4 22.2% 1 5.6% 5 13.9% 

 Do you avoid writing if you 
can? 

No 9 50.0% 8 44.4% 17 47.2% 
Yes 9 50.0% 10 55.6% 19 52.8% 

Do you find it difficult to hold 
a pen? 

No 11 61.1% 7 38.9% 18 50.0% 
Yes 7 38.9% 11 61.1% 18 50.0% 

Do you find writing difficult? No 6 33.3% 2 11.1% 8 22.2% 
Yes 12 66.7% 16 88.9% 28 77.8% 
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Handwriting activities of participants 
 

Handwriting activities were varied; all participants reported that they signed their name; and the 

majority handwrote forms (35/36) ,shopping lists and cards (34/36 (Table 14).   

Table 14 Handwriting activities of participants 

Handwriting Activities (participants could select 
more than one activity). n % 
Signatures 36 100% 
Forms 35 97% 
Shopping lists 34 94% 
Cards 34 94% 
Telephone messages 32 89% 
Notes/reminders 31 86% 
Cheques 30 83% 
Writing on a calendar 29 81% 
"To do" lists 28 78% 
Diary appointments 25 69% 
Puzzles (e.g. Sudoku, crossword) 21 58% 
Letters 20 56% 
Writing on a whiteboard 9 25% 
Journal Writing 7 19% 
Writing on your hand 6 17% 
Meeting minutes/notes 5 14% 
Justice of the Peace records 2 6% 
Supervision notes (for professional colleagues) 1 3% 
Newsletter for retirement village (draft by hand) 1 3% 
ESOL teaching notes 1 3% 
Filling in forms for others (volunteer work) 1 3% 
Local electorate records (volunteer work) 1 3% 
Writing in client files (volunteer work) 1 3% 
Genealogy notes 1 3% 
NCEA Supervision notes 1 3% 
Tutoring/umpiring bowls notes 1 3% 
Poetry writing 1 3% 
Primary level tutoring notes 1 3% 
Scorecards for bowls 1 3% 
Speech notes for Probus club 1 3% 
Writing life history by hand 1 3% 
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Handwriting analysis at baseline 
 

When comparing the HAB parameters at baseline there were no significant differences between 

the two randomised groups or the total group (where everyone uses their usual pen). 

Similar to the pilot the baseline measurement for mean speed for all three pens was faster than 

the average speed in both men (19.5 seconds ± SD 7.5 seconds) and women (16.7 seconds ± SD 4.7 

seconds) from the Jebsen-Taylor Hand Function Test (Jebsen et al., 1969). The legibility 

measurements at baseline were also similar to the pilot; the mean scores for all the legibility 

criteria except numerals fall below the 85-90% cut off for rehabilitation meaning that most 

participants’ handwriting has poor legibility according to the ETCH criteria (Amundson, 1995) 

(Table 15). 

Table 15 Handwriting analysis at baseline 

  Allocated pen   
 HAB assessments PenAgainTM Unitec pen Usual Pen P value 
  n=18 n=18 n=36  
Horizontal lines         
Achieved 11 11 17 0.5 
Not Achieved 7 7 19   
Dots         
Achieved 18 14 34 0.38 
Not Achieved 0 4 2   
Mean writing speed (seconds) 16.43 17.86 15.78 0.49 
Mean numeral writing legibility % 91.67% 86.11% 91.67% 0.07 
Mean  lowercase alphabet legibility % 77.14% 70.94% 76.60% 0.33 
Mean  Uppercase alphabet legibility % 77.78% 69.66% 75.96% 0.29 
Mean sentence composition word legibility % 70.98% 68.86% 71.21% 0.95 
Mean sentence composition letter legibility % 65.16% 63.48% 66.53% 0.84 

P values for all continuous variables are t-tests or ANOVA and categorical variables are Chi-square 

  

92 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

Participants’ technology access and use 
 

More people <85 years owned a computer compared with the >85 years age group (27/36 (75%) 

compared with. 9/36 (25%) respectively. Of those who owned a computer, 26/36 (72%) used it 

daily, with 5 /36 (14%) using it two or more times per week. The computer was most likely to be 

used for email, browsing the internet, typing with programmes such as Microsoft Word, or reading 

online newspapers and internet banking. 

Tablet or iPad use was not as common as a computer or laptop use, with only 8/36 (22%) people 

owning a tablet or iPad device. The owners of these devices were almost all women (7/8) and 

were in the younger age groups. The most common activities people used tablet devices for were 

email and reading papers or books online. 

In terms of mobile phone use, 27/36 (75%) owned a mobile phone with half of all men (4/8) and 

23/28 (82%) of women owning one. In common with the other technologies, the younger age 

group were the more frequent users. A third of people (12/36) used their mobile phone daily; 

everyone made phone calls but only 20/27 (74%) used their mobile phone for texts. The only other 

function used on the mobile phone was the camera which four people made use of (Table 16, 

Table 17, Table 18, and Table 19). 
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Table 16 Computer use 

  

Do you have a computer? 

No Yes Total 

n=4 % n=32 % n=36 % 

Gender Female 3 75.0% 25 78.1% 28 77.8% 

Male 1 25.0% 7 21.9% 8 22.2% 

Age Group 65-74 1 25.0% 13 40.6% 14 38.9% 

75-84 1 25.0% 12 37.5% 13 36.1% 

85-94 1 25.0% 6 18.8% 7 19.4% 

>=95 1 25.0% 1 3.1% 2 5.6% 

How often would you 
use the computer? 

Do not 
have one 4 100.0% 0 0.0% 4 11.1% 

Never 0 0.0% 1 3.1% 1 2.8% 

Daily 0 0.0% 26 81.3% 26 72.2% 

2+ times 
a week 0 0.0% 5 15.6% 5 13.9% 

Weekly 0 0.0% 0 0.0% 0 0.0% 

Monthly 0 0.0% 0 0.0% 0 0.0% 
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Table 17 Tablet or IPad use 

  

Do you have an iPad or tablet? 

No Yes Total 

n=28 % n=8 % n=36 % 
Gender Female 21 75.0% 7 87.5% 28 77.8% 

Male 7 25.0% 1 12.5% 8 22.2% 
Age Group 65-74 10 35.7% 4 50.0% 14 38.9% 

75-84 11 39.3% 2 25.0% 13 36.1% 
85-94 5 17.9% 2 25.0% 7 19.4% 
>=95 2 7.1% 0 0.0% 2 5.6% 

How often do you use 
the iPad/tablet? 

Do not 
have one 28 100.0% 0 0.0% 28 77.8% 

Never 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 5 62.5% 5 13.9% 
2+ times 
a week 0 0.0% 2 25.0% 2 5.6% 

Weekly 0 0.0% 1 12.5% 1 2.8% 
Monthly 0 0.0% 0 0.0% 0 0.0% 

 

Table 18 Mobile phone use 

  

Do you have a mobile phone? 

No Yes Total 

n=9 % n=27 % n=36 % 
Gender Female 5 55.6% 23 85.2% 28 77.8% 

Male 4 44.4% 4 14.8% 8 22.2% 
Age Group 65-74 2 22.2% 12 44.4% 14 38.9% 

75-84 3 33.3% 10 37.0% 13 36.1% 
85-94 3 33.3% 4 14.8% 7 19.4% 
>=95 1 11.1% 1 3.7% 2 5.6% 

How often would you 
use your mobile phone? 

Do not 
have one 9 100.0% 0 0.0% 9 25.0% 

Never 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 12 44.4% 12 33.3% 
2+ times a 
week 0 0.0% 6 22.2% 6 16.7% 

Weekly 0 0.0% 3 11.1% 3 8.3% 
Monthly 0 0.0% 6 22.2% 6 16.7% 
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Table 19 Technology use 

What activities is technology being used for? (Participants could choose more 
than one option).  
  n % 

Computer - Email 31 86.1% 
Computer - Browsing internet 27 75.0% 
Mobile phone - Calls 27 75.0% 
Mobile phone - Texts 20 55.6% 
Computer - Word/excel 18 50.0% 
Computer - Read papers/e-books online 12 33.3% 
Computer - Banking 12 33.3% 
Computer - Computer games 11 30.6% 
Computer - Online purchases 10 27.8% 
Computer - Facebook 9 25.0% 
Computer - Skype 7 19.4% 
Computer - Trade me 6 16.7% 
iPad or table device - Read papers/e-books online 6 16.7% 
iPad or table device - Email 5 13.9% 
iPad or table device - Computer games 4 11.1% 
iPad or table device - Facebook 4 11.1% 
Mobile phone - Taking photos 4 11.1% 
iPad or table device - Skype 3 8.3% 
iPad or table device - Browsing internet 3 8.3% 
iPad or table device - Banking 3 8.3% 
iPad or table device - Word/excel 2 5.6% 
iPad or table device - Online purchases 2 5.6% 
iPad or table device - Trade me 1 2.8% 
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Demographics of participants’ arthritis 
 

Number of joints affected and duration of arthritis 

The average number of joints affected by arthritis across all participants was 14/30 at baseline. 

The average number of years that participants have had arthritis in their hands was 17 years 

(Table 20). The longest period that any participants had had arthritis was over 40 years (three 

people) while two people had arthritis for only 1 year. 

Table 20 Number of joints affected and duration of arthritis at baseline 

  

Allocated pen 

Unitec pen  PenAgainTM  Total  

Bony enlargements (0-30) - right + left hand (mean no. of 
joints) 

      

14 13 14 
      

Arthritis duration (group mean years) 

      

15 19 17 
      

 

ACR criteria at baseline and comorbidities 

The American College of Rheumatology (ACR) specifies three criteria to confirm the diagnosis of 

HOA (Altman et al., 1990).  As noted previously, the first ACR criterion is that the person reports 

hand pain, aching, or stiffness. The second criterion is that they present with at least three of the 

following four measures: hard tissue enlargement of at least two of a possible ten joints (the 

second and third distal interphalangeal joints, the second and third proximal interphalangeal 

joints, and the first carpometacarpal joints of both hands); hard tissue enlargement of two or 

more distal interphalangeal joints; fewer than three swollen metacarpophalangeal joints; and 

deformity of at least one of ten joints (the same joints as noted above) (Altman et al., 1990). 
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Most of the participants 31/36 (86%) fulfilled the criteria and were evenly split over the two 

groups. 

Eight participants had other health conditions that may have affected their hands or their ability to 

write: there were three participants in the Unitec pen group (including previous nerve damage 

from back surgery, carpal tunnel syndrome, and arthritis in the neck) and five in the PenAgainTM 

group (familial tremor, recent transient ischemic attack affecting the left side and the participant is 

right handed, visual impairment, Raynaud’s disease and peripheral neuropathy). These conditions 

could all have an effect on handwriting by causing numbness or tingling in the hands (nerve 

damage, carpel tunnel, neck arthritis, Raynaud’s disease and peripheral neuropathy) or shaking 

(familial tremor) or being unable to see (visual impairment)(Mayo clinic, 2015) (Table 21).  

 

Table 21 Disease variables at baseline 

  

Allocated pen 

Unitec pen PenAgainTM Total 

n=18 % n=18 % n=36 % 
ACR criteria fulfilled? Yes No No 3 16.7% 2 11.1% 5 13.9% 

Yes 15 83.3% 16 88.9% 31 86.1% 
Do you have any health 
condition (apart from 
arthritis) which affects your 
hands or your ability to write? 

No 
15 83.3% 13 72.2% 28 77.8% 

Yes 
3 16.7% 5 27.8% 8 22.2% 
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Medication and supplements used by participants 
 

The majority of participants reported taking over the counter medication and supplements for 

arthritis 28/36 (78%).  More people in the PenAgainTM group took medication or supplements 

16/18 (89%) than in the Unitec pen group 12/18 (67%). Participants could take more than one kind 

of medication. 

Paracetamol was the most common medication used with 19/36 (53%) people taking it on an “as 

needed” basis and 2/36 (6%) people taking it daily. There were more people in the PenAgainTM 

group taking paracetamol as needed (12/19) versus (7/19) than in the Unitec pen group. Seven 

people took non-steroidal anti-inflammatory drugs or NSAIDS and they were evenly split between 

the allocated pen groups. Also evenly split between the groups were the eight people taking 

supplements such as chondroitin, glucosamine and omega oils. Riboceine was taken by two people 

in the Unitec pen group. Riboceine is D-Ribose-L-Cysteine, an amino acid promoted as having 

health benefits for those with arthritis. There were three people using topical analgesics (Unitec 

pen group), herbal cream (Unitec pen group) or homeopathic oil (PenAgainTM group) (Table 22). 

  

99 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

Table 22 Medication used by participants (baseline and follow-up) 

  

Allocated pen 

Unitec pen PenAgainTM Total 
n=18 % n=18 % n=36 % 

Do you take medication for 
arthritis? 

No 6 33.3% 2 11.1% 8 22.2% 
Yes 12 66.7% 16 88.9% 28 77.8% 

 Analgesics (paracetamol) None (do not take it) 10 55.6% 5 27.8% 15 41.7% 
As needed 7 38.9% 12 66.7% 19 52.8% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 1 5.6% 1 5.6% 2 5.6% 

 NSAID (ibuprofen, 
diclofenac, celecoxib) 

None (do not take it) 15 83.3% 14 77.8% 29 80.6% 
As needed 2 11.1% 2 11.1% 4 11.1% 
Before activity 0 0.0% 1 5.6% 1 2.8% 
Daily 1 5.6% 1 5.6% 2 5.6% 

 Opioids (codeine, 
tramadol) 

None (do not take it) 17 94.4% 17 94.4% 34 94.4% 
As needed 1 5.6% 1 5.6% 2 5.6% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 0 0.0% 0 0.0% 

 Chondroitin None (do not take it) 17 94.4% 16 88.9% 33 91.7% 
As needed 0 0.0% 0 0.0% 0 0.0% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 1 5.6% 2 11.1% 3 8.3% 

Glucosamine None (do not take it) 16 88.9% 16 88.9% 32 88.9% 
As needed 0 0.0% 0 0.0% 0 0.0% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 2 11.1% 2 11.1% 4 11.1% 

 Omega Oils None (do not take it) 17 94.4% 18 100.0% 35 97.2% 
As needed 0 0.0% 0 0.0% 0 0.0% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 1 5.6% 0 0.0% 1 2.8% 

 Riboceine None (do not take it) 16 88.9% 18 100.0% 34 94.4% 
As needed 0 0.0% 0 0.0% 0 0.0% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 2 11.1% 0 0.0% 2 5.6% 

Topical analgesics (Zostrix 
cream) 

None (do not take it) 17 94.4% 18 100.0% 35 97.2% 
As needed 0 0.0% 0 0.0% 0 0.0% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 0 0.0% 0 0.0% 
4 x day 1 5.6% 0 0.0% 1 2.8% 

Topical herbal (Anti-flamme 
cream) 

None (do not take it) 17 94.4% 18 100.0% 35 97.2% 
As needed 1 5.6% 0 0.0% 1 2.8% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 0 0.0% 0 0.0% 

Topical homeopathic oil  
(Arnica massage oil) 

None (do not take it) 18 100.0% 17 94.4% 35 97.2% 
As needed 0 0.0% 1 5.6% 1 2.8% 
Before activity 0 0.0% 0 0.0% 0 0.0% 
Daily 0 0.0% 0 0.0% 0 0.0% 
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Arthritis prevalence by gender in participants’ hands at baseline 
 

Four joints stand out as the most commonly affected at baseline for these participants. Most 

people in the trial 33/36 (92%) had arthritis in their right index DIP joint. There was a slightly 

higher prevalence in women 26/28 (93%) than men 7/8 (88%). The next most common joints to 

have arthritis were the right middle DIP joints; 28/36 (78%) participants affected, the left index 

DIP; 27/36 (75%) participants affected and the right index PIP; 26/36 (72%) participants affected.  

The figures below show the percentage of prevalence in men and women in diagram form. Of the 

30 possible joints, men were more affected in 12 joints and women were more affected in 16 

joints while nobody reported arthritis in 2 joints (ring MCP and pinky MCP). Apart from the 

symptoms in the most common joints (noted above) women reported more symptoms of arthritis 

in the thumb and pinky fingers while men reported more symptoms in the middle fingers (Table 

23, and illustrated in Figure 5, and Figure 6). 
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Table 23 Arthritis prevalence by gender in participants’ hands at baseline 

Joints affected at 
baseline Gender 

Female Male Total 

n=28 % n=8 % n=36 % 
Thumb base  Left 15 53.6% 2 25.0% 17 47.2% 
  Right 20 71.4% 1 12.5% 21 58.3% 
Thumb MCP Left 8 28.6% 4 50.0% 12 33.3% 
  Right 9 32.1% 3 37.5% 12 33.3% 
Thumb DIP  Left 18 64.3% 4 50.0% 22 61.1% 
  Right 18 64.3% 4 50.0% 22 61.1% 
Index MCP Left 6 21.4% 2 25.0% 8 22.2% 
  Right 10 35.7% 4 50.0% 14 38.9% 
Index PIP Left 16 57.1% 6 75.0% 22 61.1% 
  Right 19 67.9% 7 87.5% 26 72.2% 
Index DIP Left 24 85.7% 3 37.5% 27 75.0% 
  Right 26 92.9% 7 87.5% 33 91.7% 
Middle MCP Left 4 14.3% 1 12.5% 5 13.9% 
  Right 7 25.0% 5 62.5% 12 33.3% 
Middle PIP Left 18 64.3% 4 50.0% 22 61.1% 
  Right 18 64.3% 7 87.5% 25 69.4% 
Middle DIP Left 21 75.0% 3 37.5% 24 66.7% 
  Right 23 82.1% 5 62.5% 28 77.8% 
Ring MCP Left 0 0.0% 0 0.0% 0 0.0% 
  Right 4 14.3% 0 0.0% 4 11.1% 
Ring PIP Left 15 53.6% 3 37.5% 18 50.0% 
  Right 12 42.9% 4 50.0% 16 44.4% 
Ring DIP Left 11 39.3% 4 50.0% 15 41.7% 
  Right 16 57.1% 5 62.5% 21 58.3% 
Pinkie MCP Left 0 0.0% 0 0.0% 0 0.0% 
  Right 4 14.3% 0 0.0% 4 11.1% 
Pinkie PIP Left 10 35.7% 2 25.0% 12 33.3% 
  Right 13 46.4% 4 50.0% 17 47.2% 
Pinkie DIP Left 15 53.6% 2 25.0% 17 47.2% 
  Right 18 64.3% 3 37.5% 21 58.3% 
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Figure 5. Arthritis prevalence % in male participants at baseline 
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Figure 6.  Arthritis prevalence % in female participants at baseline 
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Arthritis prevalence by age in participants’ hands at baseline 
 

When the prevalence of arthritis in the participants’ hands is broken down by age the joints most 

commonly affected over all age groups are the same as mentioned above in prevalence by gender.  

These joints are the thumb DIP left and right, the index PIP left and right, the index DIP left and 

right, the middle PIP left and right and the middle DIP left and right (Table 24, Figure 7). 

 

Table 24 Participants' arthritis by age group at baseline 

Joints affected at 
baseline 

Age Group 
65-74 75-84 85-94 >=95 Total 

n=14 % n=13 % n=7 % n=2 % n=36 % 
Thumb base  Left 10 71% 5 39% 1 14% 1 50% 17 47% 
  Right 10 71% 8 62% 3 43% 0 0% 21 58% 
Thumb MCP  Left 7 50% 4 31% 1 14% 0 0% 12 33% 
  Right 7 50% 4 31% 1 14% 0 0% 12 33% 
Thumb DIP  Left 10 71% 6 46% 5 71% 1 50% 22 61% 
  Right 9 64% 7 54% 5 71% 1 50% 22 61% 
Index MCP  Left 3 21% 2 15% 3 43% 0 0% 8 22% 
  Right 7 50% 4 31% 3 43% 0 0% 14 39% 
Index PIP  Left 9 64% 8 62% 4 57% 1 50% 22 61% 
  Right 10 71% 10 77% 4 57% 2 100% 26 72% 
Index DIP  Left 11 79% 10 77% 5 71% 1 50% 27 75% 
  Right 12 86% 13 100% 6 86% 2 100% 33 92% 
Middle MCP  Left 3 21% 1 8% 1 14% 0 0% 5 14% 
  Right 5 36% 4 31% 3 43% 0 0% 12 33% 
Middle PIP  Left 8 57% 7 54% 5 71% 2 100% 22 61% 
  Right 9 64% 10 77% 4 57% 2 100% 25 69% 
Middle DIP  Left 9 64% 9 69% 4 57% 2 100% 24 67% 
  Right 9 64% 11 85% 6 86% 2 100% 28 78% 
Ring MCP  Left 0 0% 0 0% 0 0% 0 0% 0 0% 
  Right 2 14% 1 8% 1 14% 0 0% 4 11% 
Ring PIP  Left 7 50% 8 62% 2 29% 1 50% 18 50% 
  Right 6 43% 8 62% 1 14% 1 50% 16 44% 
Ring DIP  Left 6 43% 7 54% 1 14% 1 50% 15 42% 
  Right 6 43% 11 85% 3 43% 1 50% 21 58% 
Pinkie MCP  Left 0 0% 0 0% 0 0% 0 0% 0 0% 
  Right 2 14% 1 8% 1 14% 0 0% 4 11% 
Pinkie PIP  Left 4 29% 6 46% 1 14% 1 50% 12 33% 
  Right 7 50% 9 69% 0 0% 1 50% 17 47% 
Pinkie DIP  Left 6 43% 9 69% 0 0% 2 100% 17 47% 
  Right 7 50% 11 85% 2 29% 1 50% 21 58% 
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Figure 7. Participant in the trial with hand osteoarthritis in the most common joints. Photo used by permission. 
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Hand dominance of participants 
 

Most people 33/36 (88%) in the trial were right handed. Irrespective of the dominant hand the 

participants mostly reported that their arthritis was worse in their dominant hand (for example 

those who were left handed had more arthritis symptoms in their left hand) (Table 25). 

Table 25 Hand dominance and arthritis symptoms at baseline 

        
        

  

Which hand has more arthritis symptoms? 

Left Right Total 

n % n % n % 
Right or 
left 
handed? 

Left 3 100.0% 0 0.0% 3 100.0% 
Right 4 12.1% 29 87.9% 33 100.0% 
Total 7 19.4% 29 80.6% 36 100.0% 

 

 

Quality of Life (QoL) 
 

MHAQ at baseline 

Five participants did not return the MHAQ by mail after the first visit (three people in the Unitec 

pen group and two people in the PenAgainTM group). When the pen allocation groups were 

compared at baseline the Unitec pen group had significantly greater difficulty with being able to 

“bend down to pick up clothing from the floor” (p=0.017) but otherwise the randomised groups 

were similar at baseline for all parameters measured by the MHAQ (Table 26).  

  

107 
 
 

 



HAND OSTEOARTHRITIS AND ASSISITIVE TECHNOLOGY 
 

Table 26 Modified Health Assessment questionnaire at baseline 

    Counts Percentages   

 Activity 
Pen 

allocation 
group  

DNC 
Without 

any 
difficulty 

With 
some 

difficulty 

With 
much 

difficulty 

Not 
able 
to do 

Without 
any 

difficulty 

With 
some 

difficulty 

With 
much 

difficulty 

Not 
able to 

do 
pvalue 

Dress yourself 
including tying 
shoelaces and 
doing buttons 

Unitec pen 3 3 9 3 0 20% 60% 20% 0% 0.19 

PenAgainTM  2 7 9 0 0 44% 56% 0% 0%   

                      

Get in and out 
of bed 

Unitec pen 3 7 7 1 0 47% 47% 7% 0% 0.1 

PenAgainTM  2 14 2 0 0 88% 13% 0% 0%   

                      

Lift a full cup 
or glass to your 
mouth 

Unitec pen 3 11 4 0 0 73% 27% 0% 0% 0.57 

PenAgainTM  2 13 2 1 0 81% 13% 6% 0%   

                      

Walk outdoors 
on flat ground 

Unitec pen 3 8 7 0 0 53% 47% 0% 0% 0.06 

PenAgainTM  2 14 1 1 0 88% 6% 6% 0%   

                      

Wash and dry 
your entire 
body 

Unitec pen 3 5 9 1 0 33% 60% 7% 0% 0.11 

PenAgainTM  2 12 4 0 0 75% 25% 0% 0%   

                      
Bend down to 
pick up 
clothing from 
the floor 

Unitec pen 3 4 8 3 0 27% 53% 20% 0% 0.02 

PenAgainTM  2 13 3 0 0 81% 19% 0% 0%   

                      

Turn regular 
faucets on and 
off 

Unitec pen 3 4 6 5 0 27% 40% 33% 0% 0.76 

PenAgainTM  2 6 7 3 0 38% 44% 19% 0%   

                      
Get in and out 
of a bus, car, 
train or 
airplane 

Unitec pen 3 4 8 3 0 27% 53% 20% 0% 0.11 

PenAgainTM  2 10 6 0 0 63% 38% 0% 0%   

                      
P values for categorical variables are Chi-square, DNC = did not complete 
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AUSCAN at baseline 

Like the MHAQ, when the pen allocation groups were compared at baseline, there were no 

differences in the parameters measured by the AUSCAN hand index (Table 27).
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Table 27 AUSCAN hand index at baseline  

Baseline   Counts Percentages   
(pvalues for categorical values are Chi-square)    None Mild Moderate Severe Extreme None Mild Moderate Severe Extreme pvalue 

Pain at rest Unitec 3 7 4 3 1 17% 39% 22% 17% 6% 0.77 
  PenAgainTM  4 6 6 2 0 22% 33% 33% 11% 0%  
Pain when gripping Unitec 0 6 8 4 0 0% 33% 44% 22% 0% 0.55 
  PenAgainTM  1 6 5 6 0 6% 33% 28% 33% 0%  
Pain when lifting Unitec 1 5 6 5 1 6% 28% 33% 28% 6% 0.48 
  PenAgainTM  4 6 5 3 0 22% 33% 28% 17% 0%  
Pain when turning Unitec 0 4 7 4 3 0% 22% 39% 22% 17% 0.3 
  PenAgainTM  3 3 5 6 1 17% 17% 28% 33% 6%  
Pain when squeezing Unitec 1 4 8 4 1 6% 22% 44% 22% 6% 0.41 
  PenAgainTM  2 4 4 8 0 11% 22% 22% 44% 0%  
Stiffness Unitec 0 5 11 2 0 0% 28% 61% 11% 0% 0.37 
  PenAgainTM  2 6 7 3 0 11% 33% 39% 17% 0%  
Difficulty turning on taps Unitec 2 6 6 3 1 11% 33% 33% 17% 6% 0.48 
  PenAgainTM  6 4 5 3 0 33% 22% 28% 17% 0%  
Difficulty turning doorknobs Unitec 0 10 4 4 0 0% 56% 22% 22% 0% 0.29 
  PenAgainTM  3 6 4 4 1 17% 33% 22% 22% 6%  
Difficulty doing buttons Unitec 4 5 5 3 1 22% 28% 28% 17% 6% 0.83 
  PenAgainTM  2 4 8 3 1 11% 22% 44% 17% 6%  
Difficulty fastening jewellery Unitec 2 4 9 1 2 11% 22% 50% 6% 11% 0.95 
  PenAgainTM  2 5 7 2 2 11% 28% 39% 11% 11%  
Difficulty opening a new jar Unitec 1 2 5 4 6 6% 11% 28% 22% 33% 0.93 
  PenAgainTM  2 1 5 5 5 11% 6% 28% 28% 28%  
Difficulty carrying full pot with one hand Unitec 1 0 3 9 5 6% 0% 17% 50% 28% 0.21 
  PenAgainTM  2 2 5 3 6 11% 11% 28% 17% 33%  
Difficulty peeling vegetables Unitec 2 4 6 6 0 11% 22% 33% 33% 0% 0.54 
  PenAgainTM  4 6 5 3 0 22% 33% 28% 17% 0%  
Difficulty picking up large heavy objects Unitec 2 2 4 4 6 11% 11% 22% 22% 33% 0.94 
  PenAgainTM  2 2 6 4 4 11% 11% 33% 22% 22%  
Difficulty wringing out a cloth Unitec 2 3 9 4 0 11% 17% 50% 22% 0% 0.2 
  PenAgainTM  5 1 6 3 3 28% 6% 33% 17% 17%  
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Trial Outcomes 
 

Handwriting Assessment Battery  
 

Pen manipulation and control (horizontal lines and dots) 

Both the Unitec pen group and the PenAgainTM group achieved similar scores for the horizontal 

lines section at baseline and at the follow-up, although the scores were low in both groups. 

However the usual pen scores for the baseline visit were very low at 47%, but had a large increase 

to 75% at the follow-up visit. This could be because the first assessment was always done with the 

usual pen first and subsequent attempts with the other pens benefited from the practice effect. 

Mention of a practice effect in the Motor Assessment scale (on which this section of the HAB is 

based) has not been found in the surveyed literature. 

The dots section of the HAB showed similar scores for the PenAgainTM and the usual pen with 

most people being able to achieve this test. However, the Unitec pen group scored lower at 

baseline (78%), although everyone achieved a passing score at follow-up (Table 28). 

Table 28 HAB Pen manipulation and control 

  Unitec pen group - (n=18) PenAgainTM group - (n=18) Usual pen group - (n=36) 

HAB  B/L  F/U Difference    B/L F/U   Difference  B/L  F/U  Difference  

Horizontal lines 
achieved % 

61% 63% 2% 61% 61% 0% 47% 75% 28% 

Dots achieved % 78% 100% 22% 100% 94% -6% 94% 100% 6% 

(B/L = baseline, F/U=follow-up) 
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Speed 

Comparison of the different pens 

The speed of handwriting improved using all three pens (Table 30). 

The usual pen: The mean speed improvement was statistically significant. This could be 

attributable to the practice effect of this test which has been previously identified (Stern, 1992). 

The Unitec pen: The mean speed improvement was statistically significant. The mean speed at 

baseline was the slowest of all the pens suggesting that people took longer to adjust to the pen. 

The PenAgainTM: The mean speed improved but was not statistically significant. 

Clinical use of the HAB 

According to the HAB a person may benefit from writing rehabilitation if their writing speed is 

slower than the average writing speed (plus or minus the standard deviation) for their age group 

(Faddy, 2008). The average writing speed for men aged 60-94 years is 19.5 seconds (±7.5 seconds) 

and the average writing speed for women aged 60-94 years is 16.7 seconds (± 4.7 seconds) (Jebsen 

et al., 1969). While the average speeds for each pen group in this trial were faster than the 

average speeds for men and women (± the standard deviation), there were some individuals, 

whom would have benefited from rehabilitation (2 in the PenAgainTM group and 3 in the Unitec 

pen group) based on their handwriting assessments. These participants also wrote slowly with 

their usual pen (Table 30). 
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Legibility 

Comparison of the different pens 

Although there were increases to the mean legibility percentages for most tests none of these 

increases were statistically significant except the PenAgainTM group in the word legibility sentence 

composition test (Table 30). 

Clinical use of the HAB 

The ETCH, on which the HAB legibility component is based, reports that children over seven years 

have legibility above 85-90% and recommends handwriting intervention if the legibility percentage 

falls under this score(Amundson, 1995). The HAB gives no specific recommendation for the 

legibility standards of adults’ handwriting. However, if the 85-90% guideline of the ETCH was used 

then the median scores in this trial for all the legibility criteria except numerals fall below it, 

indicating that most participants’ handwriting has potential for rehabilitation. Like the pilot, 

legibility of numerals was much higher than legibility of letters, although Duff and Goyen (2010) 

have previously reported that assessing numerals is unreliable when using the ETCH. Therefore, 

although no change was seen with the allocated pens there remains the potential for change. 

 

When legibility is investigated by participant, 75% of people in the PenAgainTM group would have 

met the criteria for writing rehabilitation as opposed to 94% of the Unitec group and 82% in the 

usual pen group. Additionally, when this broad trend is analysed by visit (baseline and follow-up), 

the number of people that would benefit from rehabilitation if they used the usual pen remained 

unchanged but more people using the Unitec pen would benefit from rehabilitation after the 
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follow-up (their handwriting legibility deteriorated) and fewer people would benefit who used the 

PenAgainTM (their handwriting legibility improved) (Table 29). 

Table 29 Number of participants requiring writing rehabilitation for legibility 

  

Visit 

Baseline Follow-up Total Total 

    n % n % n % 
PenAgainTM   15/18 83% 12/18 67% 27/36 75% 

Unitec pen   16/18 89% 16/16 100% 32/34 94% 

Usual pen   30/36 83% 29/36 81% 59/72 82% 
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Table 30 Final results HAB 

    
Mean 

B/L 
Mean 
F/U Difference pvalue 95% CI for diff Significant? 

Writing speed 
(seconds) 

Usual pen 15.78 14.63 -1.15 0.02 (-2.13,-0.17) Yes 
Unitec pen 18.34 15.82 -2.52 0.02 ( -4.61, -0.42) Yes 
PenAgainTM 16.43 15.09 -1.34 0.24 (-3.65, 0.98) No 

               
Alphabet writing 
upper case 
legibility % 

Usual pen 75.96% 73.61% -2.35% 0.28 (-6.72%, 2.02%) No 
Unitec pen 68.03% 69.95% 1.92% 0.56 (-4.90%, 8.74%) No 
PenAgainTM 77.78% 73.72% -4.06% 0.21 (-10.57%, 2.45%) No 

               
Alphabet writing 
lower case 
legibility % 

Usual pen 76.60% 78.10% 1.50% 0.39 (-2.00%, 4.99%) No 
Unitec pen 69.47% 71.15% 1.68% 0.63 (-5.68%, 9.05%) No 
PenAgainTM 77.14% 77.78% 0.64% 0.83 (-5.66%, 6.94%) No 

               
Numeral writing 
legibility % 

Usual pen 91.67% 89.35% -2.32% 0.17 (-5.66%, 1.03%) No 
Unitec pen 85.42% 88.54% 3.12% 0.27 (-2.69%, 8.94%) No 
PenAgainTM 91.67% 89.35% -2.32% 0.35 (-7.40%, 2.77%) No 

               
Sentence 
composition 
letter legibility % 

Usual pen 66.53% 70.55% 4.02% 0.18 (-1.98%, 10.03%) No 
Unitec pen 62.11% 67.29% 5.18% 0.33 (-5.69%, 16.04%) No 
PenAgainTM 65.16% 70.55% 5.39% 0.14 (-1.88%, 12.67%) No 

               
Sentence 
composition 
word legibility % 

Usual pen 71.21% 77.63% 6.42% 0.18 (-3.21%, 16.04%) No 
Unitec pen 66.22% 77.28% 11.06% 0.15 (-4.33%, 26.46%) No 
PenAgainTM 70.98% 78.86% 7.88% 0.03 (0.75%, 15.01%) Yes 

B/L = baseline, F/U=follow-up 
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MHAQ and AUSCAN 
 

MHAQ 

Across the three pen groups the differences between the MHAQ scores at baseline and follow-up 

were minimal. Therefore in terms of disease related disability, discomfort and quality of life the 

three groups were the same at both time periods. In the Final QoL Outcomes table (Table 31), the 

MHAQ score is the median of all the individual MHAQ scores. 

The MHAQ scores range from 0 (can complete the activity without any difficulty) to 3 (unable to 

do the activity). The higher the score the greater the disability, although the mean MHAQ score 

increases with age in the general population. Scores < 0.3 are considered to be normal (Pincus et 

al., 2005). The MHAQ scores vary from 0.31 to 0.75, which shows that over half the participants 

report that they can complete the activity with some level of difficulty (Table 31). 

AUSCAN 

As with the MHAQ the differences across the three pen groups between the AUSCAN scores at 

baseline and follow-up are minimal. Therefore in terms of pain, stiffness and function the three 

groups were the same at both time periods. In Final QoL Outcomes table (Table 31), the AUSCAN 

score is the mean of all the median pain, stiffness or function scores. 

 The AUSCAN scores range from 0 (no pain, stiffness or difficulty) to 4 (extreme pain, stiffness or 

difficulty). The pain scores vary from 1.6 to 1.8, which indicates that over half the participants 

report mild to moderate arthritis pain in their hands. The stiffness rating did not change between 

baseline and follow-up and shows that most participants consistently experience moderate 

stiffness in their hands while wakening in the morning. The function (difficulty with daily activities) 
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scores were all above 2 indicating that most participants had moderate difficulty with the activities 

listed in the assessment (Table 31). 

 

Table 31 Final QoL outcomes 

 Assessment used 

Unitec pen group - 
(n=18) PenAgainTM group - (n=18) Usual pen - all 

participants (n=36) 
  B/L F/U Change B/L F/U Change B/L F/U Change 

AUSCAN                   

AUSCAN Pain 
median (0-4, 0=no 
pain) 

1.6 1.8 0.2 1.6 1.7 0.1 1.8 1.8 0 

AUSCAN Stiffness 
median (0-4 0=no 
stiffness) 

2 2 0 2 2 0 2 2.06 0.06 

AUSCAN Function 
median 0-4, 
0=good function) 

2.17 2.11 -0.06 1.89 2 0.11 2.11 2.06 -0.05 

MHAQ                   
MHAQ median (0-
3, 0 = good 
function) 

0.75 0.5 -0.25 0.31 0.44 0.13 0.5 0.5 0 

(B/L = baseline, F/U=follow-up) 
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Joint Count 
 

The average number of joints affected by arthritis for all participants was 14/30 at follow-up, 

which is the same as it was at baseline. While the mean for the Unitec pen group was unchanged, 

the PenAgainTM group mean increased from 13 to 14 joints affected by arthritis. There could be 

many reasons for this increase. The reasons could include reporting or data collection issues, a 

change in the arthritis itself due to disease progression or a change in season (Table 32). 

 

Table 32 Mean number of joints affected by hand OA at follow-up 

  

Allocated pen 

Unitec pen 
 

 
PenAgainTM  

 

Total group 
mean 

 
Mean no. of joints with bony enlargements 
(0-30) - right + left hand (mean number of 
joints) 

      

14 14 14 
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Arthritis prevalence by gender in participants’ hands at follow-up 
 

Data was collected to measure the prevalence of joints affected by arthritis at follow-up (Table 33, 

Figure 8, and Figure 9). 

To test for the difference in the number of joints affected by arthritis at baseline and follow-up a 

test of significance of the difference between baseline and follow-up was done at α =0.05 using 

the standard procedure to test the significance of the difference between two proportions. 

The null hypothesis tested was that there was no significant difference in the prevalence between 

baseline and follow-up for the hand joints. This test was done for each joint type by gender and as 

a total. Overall there were no significant differences in prevalence in any hand joint between 

baseline and follow-up, indicating that the data collected was reliable. 
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Table 33 Arthritis prevalence at follow-up 

Joints affected at 
follow-up Gender 

Female Male Total 

n=28 % n=8 % n=36 % 
Thumb base  Left 18 64.3% 2 25.0% 20 55.6% 
  Right 20 71.4% 1 12.5% 21 58.3% 
Thumb MCP Left 11 39.3% 4 50.0% 15 41.7% 
  Right 12 42.9% 3 37.5% 15 41.7% 
Thumb DIP  Left 19 67.9% 5 62.5% 24 66.7% 
  Right 20 71.4% 4 50.0% 24 66.7% 
Index MCP Left 8 28.6% 2 25.0% 10 27.8% 
  Right 10 35.7% 3 37.5% 13 36.1% 
Index PIP Left 18 64.3% 6 75.0% 24 66.7% 
  Right 22 78.6% 7 87.5% 29 80.6% 
Index DIP Left 24 85.7% 4 50.0% 28 77.8% 
  Right 25 89.3% 8 100.0% 33 91.7% 
Middle MCP Left 5 17.9% 1 12.5% 6 16.7% 
  Right 5 17.9% 4 50.0% 9 25.0% 
Middle PIP Left 19 67.9% 4 50.0% 23 63.9% 
  Right 22 78.6% 7 87.5% 29 80.6% 
Middle DIP Left 19 67.9% 4 50.0% 23 63.9% 
  Right 21 75.0% 6 75.0% 27 75.0% 
Ring MCP Left 0 0.0% 1 12.5% 1 2.8% 
  Right 2 7.1% 1 12.5% 3 8.3% 
Ring PIP Left 11 39.3% 5 62.5% 16 44.4% 
  Right 10 35.7% 4 50.0% 14 38.9% 
Ring DIP Left 12 42.9% 5 62.5% 17 47.2% 
  Right 14 50.0% 5 62.5% 19 52.8% 
Pinkie MCP Left 1 3.6% 1 12.5% 2 5.6% 
  Right 4 14.3% 1 12.5% 5 13.9% 
Pinkie PIP Left 12 42.9% 3 37.5% 15 41.7% 
  Right 14 50.0% 3 37.5% 17 47.2% 
Pinkie DIP Left 15 53.6% 3 37.5% 18 50.0% 
  Right 16 57.1% 3 37.5% 19 52.8% 
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Figure 8.  Arthritis prevalence % in male participants at follow-up 
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Figure 9.  Arthritis prevalence % in female participants at follow-up 
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Comfort and user appeal for participants 
 

There were significant differences in perceived level of comfort between the two pens. The Unitec 

pen was rated worse compared with an ordinary pen for comfort, while the PenAgainTM was rated 

better compared with an ordinary pen.  

In addition, in the scale “how do you feel about using the writing tool?” (from 0=not at all 

bothered to 10=very bothered), the Unitec pen group was more bothered about using the Unitec 

pen than the PenAgainTM group was using the PenAgainTM. However, as both groups had mean 

scores under 3/10, neither group were very concerned about using either of the pens (Table 34). 

 

Table 34 Comfort and acceptability of allocated pens 

 Comfort and writing tool scales 

Allocated pen 
Unitec 

pen 
PenAgainTM 

 Total 
n=18 n=18 n=36 

Comfort scale with allocated pen.          
<=4 detrimental (worse than ordinary pen) Mean 3.78 6.67 5.22 
  =5 no change (same as ordinary pen) Median 3.00 7.50 5.00 
 >=6 beneficial (better than ordinary pen) Mode 3 8 8 
How do you feel about using the writing tool?          
(0 not at all bothered - 10 very bothered) Mean 2.28 0.50 1.39 
  Median 1.00 0.00 0.00 
  Mode 0 0 0 
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Comments about the allocated pens 
 

Participants’ comments about the comfort of the allocated pens 

The Unitec pen 
 

Most of the comments about the Unitec pen that related to comfort concerned the lack of control 

participants felt they had over the pen (11 comments). However, three participants reported 

better control with the Unitec pen (Table 35). 

The PenAgainTM 
 

Most comments about the PenAgainTM that related to comfort focused on the handgrip which was 

perceived to be better with the PenAgainTM, than with a participant’s usual pen (seven comments). 

Three people noted that the PenAgainTM needed to be held differently. While five people reported 

that they thought it was comfortable, three people did not find it comfortable, and particularly by 

someone who was left handed (Table 35). 
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Table 35 Participants’ comments about comfort. 

Unitec pen PenAgainTM 
“I can’t control it, my writing is worse”. “There’s more control”. 
“It’s very difficult, bulky to use. Hard to control, I think 
that my handwriting was worse”. 

“Firm grip and it doesn’t move around, it’s easier to grip 
because of support. There’s no pressure on my thumb 
[CMC1], which is my most painful”. 

“It’s too thick for a good grip.  Doesn’t feel comfortable, 
goes back to original shape.  It felt awkward. I gave up 
using it”. 

“My finger is out of line [DIP joint], so the pen doesn’t fit. I 
have to hold my ring finger differently”. 

“It forces me to use my arm rather than my hand and 
fingers, so there’s less pain.  It changes angle that I hold 
the pen, I feel I control it though the arm more”. 

“It’s more stable, rigid, doesn’t move around so much [as a 
usual pen], the grip is more stable”. 

“It’s hard to hold, I don’t have the same control as with 
my own pen”. 

“My fingers are spread apart, there’s no need to grip it, it 
supports the fingers.  I don’t have to hold it, it just sits 
nicely”. 

“It did support the joints, which means I don’t have to 
control the length of the pen, as I would with a normal 
pen. There’s more movement is coming from the hand 
as rather than the fingers”. 

“It sits beautifully in the hand, whereas other pens roll 
around.  There is more control, it’s not tiring to use”. 

“Top heavy, too bulky – it’s like holding a chisel”. “It’s easier to grip, more relaxed, I’m not holding the pen so 
tightly” 

“It’s awkward, too heavy”. “I’m able to grip the pen better, there’s better pressure on 
the paper. Comfortable, faster handwriting”. 

“A bit big and clumsy”. “I liked it, it’s comfortable, easier to use”. 
“I have to spread my fingers out to get around it, it 
needs the middle finger placed to stabilise it. It’s heavy, 
more awkward than a normal pen”. 

“I can write for longer using this pen, after a short while I get 
pain after using a normal pen.  It has a better grip, it is less 
work for the thumb, less pressure on thumb joint, the thumb 
is more of a guide for the pen”. 

“It’s too heavy, too fat. But good malleability”. “I used it every day while writing my diary - didn’t want to 
use my pen. I prefer it, I write faster and better. It holds my 
fingers in place”. 

“It’s heavy - and it keeps going back to its original shape 
although I’ve tried to slim it down”. 

“I adapted well to it, forgot I was using it, very comfortable” 

“It could be thinner - about a 1 inch diameter”.  “I can’t see what I am producing until it is done [as a left 
hander]. I found hand-writing worse with it because it was 
too fat”. 

“There’s pressure here [index MCP joint], and pain goes 
up to the elbow, but not with my pen usually”. 

“It feels awkward; because I can only hold it in one position, 
can’t pick it up and be ready to go, have to get it in the right 
position”. 

“The comfort depends on how my hands are feeling that 
day”. 

“I got painful middle, ring and pinky fingers after writing for a 
few minutes - not bad on the index finger”. 

“It was already in a good shape and it stays in that 
shape. It took a bit of getting used to [the nib], I think 
that I write slower, but don’t think there is any change 
to writing, or maybe a bit worse”. 

“The fingers are not so compressed, it’s definitely more 
comfortable and easier.  The "v" could be wider [as the 
participant has bigger hands] as it presses on the sorest 
joint” [index MCP]. 

“Getting it to fit right was a mission, but then I got it to 
fit right and then it wouldn’t need to be remoulded.  But 
writing for any length of time would decrease moulding, 
so it worked better when it was cold”. 

“I felt index finger was cradled, so have to get position right 
on the pen, but its ok for now”. 

“It doesn’t hold its shape, I can’t get it as skinny as  
I would like.  Once in the right shape, it is a little better 
than an ordinary pen and I can use my hand rather than 
my thumb”. [which is dislocated] 

 “Not as comfortable as a normal pen [index finger DIP 
swollen] and difficult to hold” [also calcium deposit on inside 
of thumb]. 
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Participants’ comments about pain while using the allocated pens 

The Unitec pen 
 

In general people did not find the Unitec pen painful to use. Six participants reported that they 

had no pain with the Unitec pen whereas they usually did have pain with their usual pen. Four 

people said that the pain was the same and four people said that they had no pain but did not 

usually have pain with their usual pen. Only one person reported having more pain when writing 

with the Unitec pen although one person noted that it was painful to mould the pen (Table 36). 

The PenAgainTM 

 

Similarly, most participants said that they had no pain with the PenAgainTM. Three participants 

reported that they had no pain with the PenAgainTM, whereas they usually experienced pain with 

their usual pen, while seven participants reported no pain with the PenAgainTM, but did not usually 

experience pain with their usual pen. Two people had more pain from the PenAgainTM, and one 

had a different kind of hand pain from that typically experienced using their own pen (Table 36). 
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Table 36 Participants’ comments about pain. 

Unitec pen PenAgainTM 
“No” [pain] 
“But there’s pain with my [usual] pen” [CMC1]. 

“No” [pain] 
“No” [pain with usual pen] 

“No” [pain] 
“I get pain with my other pen if I write for a long time”. 

“No” [pain] 
“I usually get stiffness with my normal pen”. 

“No” [pain] 
“I usually get pain if I write for ages”. 

“No” [pain] 
“I sometimes get pain with my normal pen, if writing 
for prolonged periods”. 

“No” [pain] 
“It’s not painful [Unitec pen], although there is pain with 
my pen”. 

“No” [pain] 
“No” [pain with usual pen] 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] “No” [pain] 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen]. 

“No” [pain] 
“No” [pain with usual pen] 

“The pain is better”. “No” [pain] 
“My fingers usually get tangled with my pen, but it’s 
not usually painful, it doesn’t happen with this pen” 
[PenAgainTM]. 

“The pain is about the same [as with a usual pen], but I 
can’t get the grip comfortable enough to control it”. 

“It’s not more painful than my pen, just more awkward 
to hold”. 

“The pain is always there, but the pen is more 
comfortable. I can squeeze it and change the shape as I 
am writing. It stays tucked into the web space and I am 
using the hand and forearm movement to write. With a 
usual pen it’s a more tense static movement” [an 
occupational therapist]. 

“It’s not pain free, but much more comfortable than a 
normal pen. The pain is less intense, I can write for 
longer”. 

“No better, but no worse than my usual pen”. “The same pain [as with usual pen], but I can write for 
longer before the pain starts”. 

“There’s no pain when using it, but it affects my wrist 
because of the weight - but it’s a different kind of pain 
to my normal pen”. 

“It’s given me a pain that wasn't there before, but only 
once when I used it for 3 or 4 hours in one day”. 

“It’s uncomfortable, but there’s no more pain than with 
my other pen”. 

“There’s less pain, I don’t have to grip as hard, only 
need to use one finger”. 

“If my hands are aching then it’s difficult to grip.  Initially 
squeezing [it into shape] is painful, but once I’m writing 
it's not so painful.  It forces this apart [CMC joint - sorest 
joint] which is a good thing”. 

“I get pain if using the pen [PenAgainTM] for lengthy 
periods, it presses on here [index MCP]. It’s a different 
pain than with my pen, that pain affects these fingers 
[middle, ring and pinky], the other pen [PenAgainTM] 
affects these fingers” [thumb and index]. 

“It’s uncomfortable, I don’t feel like I can hold if firmly 
enough.  But with my other pen there is pressure [on 
index DIP] and not from this one” [Unitec pen]. 

“Not comfortable” [because of swollen DIP index] 
“No” [pain] 
“No” [pain with usual pen] 

“This is swollen [index MCP] and it [Unitec pen] forces 
the joint further apart, also it’s too heavy, it causes 
more pain”. 

“The pain is worse than with my pen, I don’t usually get 
any pain”. 
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Participants’ comments about the usability of the allocated pens 

The Unitec pen 
 

Half the participants (9/18) reported that they found it difficult to mould the Unitec pen into 

shape and have it stay that way although two people (2/18) thought that it did stay in shape once 

moulded. Three people reported that the Unitec pen was more awkward to use than their usual 

pen while only one person thought that their writing seemed improved when using the Unitec pen 

(Table 37). 

The PenAgainTM 

 

Five participants (5/18) reported that they used the PenAgainTM at home or in meetings and 

another three people (3/18) commented that it fitted well into a handbag or clipped to a t-shirt. 

Four people (4/18) commented that the PenAgainTM needed to be fitted into the hand before they 

could start using it (Table 37). 
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Table 37 Participants’ comments about usability. 

Unitec pen PenAgainTM 
“If I’m in a hurry, it takes a while to get into shape.  It’s 
too bulky for a handbag, and may go out of shape”. 

“You have to get it in the right position before starting 
to write”. 

“It’s difficult to get into the right size, it always reverts 
back to its original shape”. 

“It has to fit to the hand, you have to get set up and 
guide it over index finger”. 

“It’s hard to get it into the shape that I wanted”. “OK” 
“If it is left for a few days then it would need to be 
remoulded, which is more difficult if hands are painful.  I 
think my writing was worse - it was easier to print rather 
than write, think my writing was slower”.  

“It has to be in the right position before starting to 
write. But once done, it fits perfectly on the index 
finger”. 

“It warmed up quickly, but sinks back into the usual 
shape when not in use”. 

“I have to get the other hand to get it into position, I 
can’t pick it up easily, have to use two hands”. 

“The minute I put it down it starts going back into the 
original shape, I have difficulty getting it into shape, my 
husband has to help”. 

“I used it in meetings, it’s easy to find because of the 
shape”. 

“It doesn’t stay in shape. I have to get it comfortable 
before I start [writing], so I can’t take quick messages” 
[phone messages].   

“Light”. 

“It stayed in the right shape, good grip, but it’s too big 
for the size of the ballpoint”. 

“Well designed”. 

“I would get my husband to get it into shape, too 
difficult for me”. 

No comment. 

“It was easy to mould, stayed in shape once moulded”. No comment. 
“I feel disconnected from what I am writing, I have to 
hold nib too far away from the paper”. 

No comment. 

“I gave up because of feeling awkward.  I found it too 
uncomfortable. If you hold the pen too low, then your 
fingers get caught in the nib.  Upper case writing was 
easier than lower case”. 

“It fits into a purse, but the clip isn’t very good. I really 
like it; some friends have asked to get them one”. 

“Awkward, I can’t see what I am writing, I have to turn 
my head at angle to see what I have written, bulky, 
won’t fit into a purse” [for shopping]. 

“I didn’t use it for long periods of writing because it was 
so awkward”. 

“Easy to find in my handbag”. “I carried it in my bag, no problems”. 
“It’s inconvenient to carry around in a handbag, the nib 
can’t retract”. 

“It clipped to the inside of my t-shirt”. 

No comment. No comment. 
“I usually use pens with a finer nib, so my writing was 
not as good [with the Unitec pen]. It is difficult to 
manipulate it with bad shoulders”. 

“I used it all the time, took it to work”. 

“My writing did improve.  It’s difficult to use it when not 
sitting at a table [say on a knee].  I didn’t know whether 
to grip the nib or above it, think it needs pads for the 
index finger and thumb to stabilise it, especially when 
it’s hot”. 

“I’ll  keep using it”, 
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Participants’ comments about the colour, size and shape of the allocated pens 

The Unitec pen 
 

Most of the comments about the Unitec pen focused on it being too big and fat to use (13/18). 

Only a few people thought it was a good size. Participants liked the Unitec pen being black 

(although there were no other colours offered to them) (Table 38). 

The PenAgainTM 

 

Most comments about the PenAgainTM were about the size; seven people thought it was a good 

size, but three people thought it should be a bit smaller or thinner. Participants were divided 

about whether they preferred the PenAgainTM to be black or another colour; the black was 

thought to be harder to find by two people (Table 38).  
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Table 38 Participants’ comments about colour, size and shape. 

Unitec pen PenAgainTM 
    
“Too big, too thick. I’m not bothered about colour”. “A good size - fits into my purse.  The colour is ok but 

would be better if more colourful”. 

“It’s not ugly; I think it’s quite graceful. The colour is 
fine”. 

“Fits into my pocket, excellent design”. 

“The colour is ok, the balance isn’t right, it causes a lack 
of control, a bit big”. 

“The colour is fine. It has a good firm grip, kept the 
hand steady”. 

“It’s too big, fat. I’m not worried by the colour, the 
shape isn’t inspiring”. 

“Not worried about the colour”. 

“Would be better if slimmer, the colour is fine”. “Would be better if a bit longer - for larger hands”. 

“It’s not too heavy, sits nicely in the hand, the shape 
stays”. 

“It’s hard to see because it is black in a black [hand] 
bag.” 

“OK” “OK” 

No comment “The colour is good, shape comfortable, a good size for 
my hands”. 

“Heavy, it’s too big, could be two thirds of the size. The 
colour good, other colours would get dirty”. 

“I would rather have a different colour, although the 
black is easy to see.  Green would be easier to see.  
Maybe it’s a bit too long - maybe 1cm too long”. 

“I can’t get it into a shape that is comfortable to write 
with. It doesn’t stay in shape, too fat”. 

“A good colour - smart.  But it’s too fat to see what I am 
writing”. 

“It’s too fat, the colour is good.  But it’s too big and 
difficult to get around the thumb joint”. 

“It was hard to find it in a bag [because of the colour]. 
Good ink flow”. 

“Too big and fat, I tried to slim it down by moulding it.   
The colour is fine”. 

“I like the colour, good size, and "U" shape” [where the 
index finger rests]. 

“Too thick”. “The colour and unusual shape made it easier to find”. 

“It should be smaller, longer and thinner”. “It’s ugly in black”. 

“Good colour, black is not distracting” “It’s a perfect size for my hand.  I liked the flattened bit 
where the thumb sits – it keeps the pen stable. The 
colour is not important”. 

“It’s too fat, too long.  I would have liked it to be a ball 
shape to hold in the hand” (participant has small hands). 

“The colour is fine, it’s a good size for my hand. It is 
easy to find” [because of the shape]. 

“It’s too big for my hands, too thick, heavy, unwieldy - 
heavy in a handbag - takes up a lot of space.  Colour is 
good for me - but not if you have bad eyesight.  Reminds 
me of a black pudding”. 

“It’s a more comfortable material than a normal pen; 
it’s not as hard and feels warmer.  It would be easier to 
find if it were a brighter colour though”. 

“A little on the fat side, so it’s difficult to get into shape. 
I think the bulk would be better if my arthritis was more 
severe. The colour is immaterial”. 

“It’s easy to find in a bag because of the shape”. 
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Other comments from participants about the allocated pens 

The Unitec pen 
 

For the final comments three people (3/18) said again that the Unitec pen was difficult to mould, 

however three people (3/18) said that the pen has potential once modifications have been made 

(Table 39). 

The PenAgainTM 
 

Most final comments (10/18) about the PenAgainTM were positive. These included participants 

saying they preferred it to their usual pen, that their handwriting was better when using the 

PenAgainTM and that they will keep on using it. Two people (2/18) found it difficult to change the 

refill (Table 39). 
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Table 39 Other comments from participants 

Unitec pen PenAgainTM 
    
“I just don’t know how to get the best grip, after 
extensive trying”. 

“I prefer to use it to my other pens”. 

“I can’t manage to get it into the shape I want.  I can’t 
control it the same [as a usual pen], my writing gets 
worse with it”. 

“It’s better than an ordinary pen”. 

“It’s tiresome to get it into shape each time you want to 
write.  Difficult to get into shape, I get my partner to do 
it”. 

“I need more than one”. 

“There’s no stress on fingers, more control through the 
arm.  If I want to make a quick note, then I use an 
ordinary pen, I need to get set up for using this pen, it’s 
fine once it’s moulded into shape”. 

“It’s a good grip because of the material it is made of.  
Intriguing". 

“I have to use three fingers to give it stability, and would 
usually use two.  The moulding didn’t stay, but seeing as 
the pain is different every day, the moulding needs to 
be changed anyway.  I did need to change the style of 
my writing”. 

“My writing better or equal with this one - but more 
painful” 

“Good idea, but it needs modification, the designer 
shouldn't give up”. 

“Very efficient”. 

“If it were longer and skinnier I would use it all the 
time”. 

“I will keep using it” 

“I think people would need practice to use it”. “I liked it because of the different shape, will keep 
using it”. 

“It’s good to use it in bed, good ink flow – you can use it 
sideways, the pen works at every angle.  It has potential 
- I have changed my handgrip”. 

“The refill is difficult to change.  Other people have 
commented on the improvement in my handwriting - 
people that I write to”. 

“Good concept”. “Very satisfied”. 

“I would prefer my usual pen.  It has a funny grip [Unitec 
pen] – I would use my normal pen if I were at work”. 

“I would use another pen for choice”. 

“I don’t like it”. “I would’ve used it more if it were a pencil”. 

“I hated it”. “Clumsy, of limited use for left-handers”. 

No comment “Even after two months, the index finger doesn’t lie in 
the right position, the finger is not straight - or the 
groove is in the wrong position”. 

No comment “It was difficult to change the refill, needed pliers”. 

No comment “It retracts too easily”. 

No comment No comment 

No comment No comment 
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Chapter eight: Discussion 
 

The clinical trial of assistive technology for HOA 
 

Previous research has found that adults value handwriting and write frequently, especially for 

activities such as signing their name, writing notes, completing forms and writing “to do” lists 

(McMahon, 2008).  Older adults (those over 65 years) have also been found to write frequently; 

writing every day or almost every day (Rosenblum & Werner, 2006; van Drempt et al., 2011a). 

Although adults are increasingly using computer technology they still engage in handwriting 

(McMahon, 2008) while older adults are less likely than younger people to use computers 

(McMahon, 2008). 

However, handwriting is three times more difficult for someone with HOA than for someone who 

has no HOA symptoms (Y. Zhang et al., 2002). Furthermore, handwriting is more difficult for 

people with HOA than other activities such as eating, drinking, dressing, using the phone or taking 

their medication (Y. Zhang et al., 2002). 

To mitigate the effects of HOA several arthritis ‘pens’ have been developed and marketed to make 

writing more comfortable, mainly by changing the hand grip to reduce stress on the fingers and 

hand joints. However, there is a paucity of published research investigating whether these pens 

that are being sold for arthritis, are effective. Furthermore, there has been no published research 

on writing aids to mitigate the effects of any other health conditions.  

Any kind of pen that is developed is a form of assistive technology, but there is a scarcity of 

research on assistive technology in general and even less relating to assistive technology for HOA. 
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The research that has been done on assistive technology and HOA has found conflicting evidence 

about whether assistive technology is helpful for those with HOA (Kjeken et al., 2011; Stukstette et 

al., 2013). One limitation of these studies is that they cannot be double blinded as participants and 

researchers know which intervention has been allocated. 

As HOA is one of the most common forms of osteoarthritis and writing is one of the most common 

daily activities performed by adults, further research should be carried out into the needs of 

people with HOA who want to maintain legible handwriting. 

 The Pilot  
 

Because of this paucity of published research, a pilot was conducted using a pen designed at 

Unitec Institute of technology “the Unitec pen” which was made from a vacuum packed powder 

with a latex cover. This design meant the pen was adjustable and could be moulded to fit a 

person’s hand. These pens were prototypes and there are no other similar pens available to buy. 

The pilot compared the Unitec pen with the pen that each participant usually wrote with. 

The participants were 19 older adults (over 65 years) with arthritis in their hands. This study was a 

randomised cross-over trial. Participants used both their usual pen and then the Unitec pen (or 

vice versa) to complete a handwriting assessment and qualitative questionnaire. The pilot results 

suggested that although handwriting speed decreased with the Unitec pen compared to the usual 

pen, legibility remained the same. In addition, participants were positive about the Unitec pen 

with most reporting that the Unitec pen was as good as or better than their usual pen and all but 

one interested in participating in a further trial. 
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This next trial addressed some of the limitations of the pilot. The pilot had a small sample (n=19), 

and the Unitec pen was only compared with a person’s usual pen (as opposed to an alternative 

pen designed to lessen the effects of HOA). In addition, the larger trial could give the participants a 

chance to use the Unitec pen (or the alternative arthritis pen) over a longer time period. 

Research question for the trial 
 

In the trial the null hypothesis was: that there is no change or an improvement to the participant’s 

handwriting and comfort while using the Unitec pen compared to a pen designed for arthritis.  

Therefore, the specific research question was: To what extent does the Unitec pen improve 

handwriting speed, legibility and comfort in people with HOA? 

Findings 
 

The trial assessed the Unitec pen to measure the extent to which it improved handwriting speed, 

legibility and comfort in people over 65 with HOA. The Unitec pen was then compared against a 

commercially available pen for people with arthritis; the PenAgainTM. 

To assess participants’ handwriting, the Handwriting Assessment Battery for adults was used to 

measure speed and legibility of handwriting. A comfort scale was used to measure comfort with 

the pens. Other arthritis quality of life indicators were considered to confirm that any changes 

were due to the effect of the pens, not the arthritis. 

The results of the pilot and the trial were the same. Although there were slight differences in 

handwriting speed between using the different pens there was no difference in handwriting 

legibility, no matter what pen was used. However, there was a clear preference for the 
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PenAgainTM for comfort compared to the Unitec pen. The PenAgainTM was reported to be better 

for comfort than a usual pen. 

Although there was no difference in legibility between the pens many participants had problems 

with handwriting legibility. This was not surprising as they all have hand osteoarthritis and nearly 

80% reported that they found handwriting difficult. 

There were no changes to any of the quality of life indicators between the first visit and the 

follow-up. These indicators were the Modified Health Assessment Questionnaire (MHAQ), (Pincus 

et al., 2005) the Australian/Canadian Hand Osteoarthritis Index (AUSCAN) (Bellamy, Campbell, 

Haraoui, Gerecz-Simon, et al., 2002) and a count of affected joints. Therefore, although the pens 

did not improve these quality of life indicators, they did not worsen them either.  

Both the test pens (the Unitec pen and the PenAgainTM) altered the hand grip of the person when 

they wrote with it. Not surprisingly then, most comments about the pens were about the novel 

handgrip and the level of control over their hand while using this grip. However, nearly all 

participants in both pen groups reported that they had no hand pain or that pain was the same 

when using the pens. In addition, it has been previously noted that people find using assistive 

technology embarrassing (Thomson, Martin, & Sharples, 2013), although in this case participants 

rated the embarrassment factor of using the pens as low. 

The PenAgainTM required the participant to “fit it” into their hand before they could start writing, 

but participants were positive about continuing to use the pen after the trial finished. The Unitec 

pen needed to be moulded into a shape that suited a person’s hand before use and some people 

found this moulding difficult. Therefore the Unitec pen required more preparation than the 
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PenAgainTM before writing could commence. However, it needs to be remembered that the Unitec 

pen is a handmade prototype and is therefore a “work in progress”. Some participants thought 

that it could have the potential to help those with handwriting difficulties once some 

modifications had been made. 

There are several other pens that are marketed for people with arthritis which modify the hand 

grip on the pen to decrease the hand strain that may accompany handwriting. These pens either 

change the pen shape or attach a standard pen to the AT. However, none of these pens can be 

moulded to suit the diverse shapes and sizes of people’s hands or the changing nature of HOA. In 

addition, there is no published research available on the effectiveness of using a pen designed for 

someone with arthritis as compared to an ordinary pen. 

The RCT approach 
 

The approach of using a quantitative RCT design did mean that the research question could be 

answered in an objective manner. There was a chance that the participants HOA could change 

over time, or that the participants’ handwriting might improve over time (through a practice 

effect) or that the assessment of the handwriting may shift over time. By using a randomised 

controlled trial, these effects are mitigated somewhat by having a control group for comparison 

that also have an intervention and thus are treated in a similar manner. The randomisation 

process also minimised selection bias that may have occurred if participants were able to choose 

the pen they wished to use and importantly produced two relatively balanced groups at baseline. 

There are few RCTs evaluating AT for people with arthritis (Tuntland et al., 2009) and even fewer 

RCTs relating AT to HOA. Two RCTs that have investigated AT have found opposing findings 
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(Kjeken et al., 2011; Stukstette et al., 2013).  Furthermore, these trials both combined AT with 

other non-pharmacological treatments, so the efficacy of the AT may be difficult to separate from 

the efficacy of the other treatments. This RCT only assessed the AT to examine if there was any 

effect on handwriting legibility, speed and comfort.  

 

Assistive technology for HOA 
 

The problem for people with HOA is finding a pen that is comfortable to write with and hopefully 

will improve their writing.  These are two mutually exclusive benefits and from a participant point 

of view, either or both could be worthwhile. There was an assumption, or rather hope, that the 

participants’ writing would be readable using this pen and potentially better.  In this trial, the first 

objective was realised, as participants who used the PenAgainTM rated it as better than an ordinary 

pen for comfort, although the Unitec pen was rated worse than an ordinary pen for comfort. 

However, despite participant preference, neither the Unitec pen nor the PenAgainTM offered any 

real gains in terms of speed or legibility.  

The other problem with any intervention including AT is “the placebo effect” which means that if 

you think a device is going to improve your symptoms or comfort level, then it likely will do so. 

There is no published research on the placebo effect in relation to AT and arthritis, however 

placebo effects of between 15-20% are frequently seen in studies on various treatments for 

psoriatic arthritis and it would be reasonable to assume that a placebo effect for AT exists (Hick & 

Feldman, 2007). It is important that controlled trials take place to show that AT does add value, 
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and any effect is not just the placebo effect, otherwise people and organisations are wasting their 

money buying AT. 

Nevertheless, a positive change to comfort levels (real or perceived) can have an impact on quality 

of life. One participant said that now her relatives overseas can actually read her handwriting. 

Another said “it [the PenAgainTM] sits beautifully in the hand whereas other pens roll around”. 
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Impact of hand osteoarthritis on handwriting 
  

Handwriting is still important, and frequently done, despite increasing use of technology. 

 

In both the pilot and the trial, most participants regarded handwriting as being very important or 

extremely important to them and they named a wide range of handwriting activities that they 

frequently performed. The most frequent handwriting activities included signing their name, filling 

in forms, writing lists and signing Christmas or birthday cards. Other activities include writing for 

hobbies or leisure activities, volunteer work or paid work.  

 It may be asked whether handwriting is still relevant given the increasing use of other 

technologies. The participants of the trial are certainly using other technologies; most of them 

owned computers and used them daily for activities such as email or browsing the internet.  

However, the participants of both trials said that they also wrote daily or at least twice per week.  

These findings concur with previous research which found older adults value handwriting and 

write daily despite the increase in use of other technologies (McMahon, 2008). Furthermore, 

computers can have benefits not related to writing, such as allowing people to use the internet to 

learn about their arthritis and access personal information (Iversen, Connors, Menapace, Samson, 

& Tessitore, 2014). 

Handwriting analysis at baseline with a usual pen show that speed is normal but legibility falls 
below ETCH guidelines 

 

Having arthritis not only affects how much and how often people write by hand, but HOA impacts 

the speed and legibility of what is written. Both trials measured participants’ handwriting using 
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their own pen (the ‘usual” pen) and found that speed was within the norms of 60-94 year olds 

(Jebsen et al., 1969), but legibility of letters did not meet the standard of the ETCH (Amundson, 

1995), meaning that the legibility of most participants’ handwriting was poor. This can hamper 

communication with organisations or people that the person needs to be in contact with in their 

daily life. Experiencing difficulty when communication through writing to utility companies (for 

example electricity), other service companies, and writing Christmas cards can be a source of 

anxiety (Clough et al., 2007). Therefore a simple device such as a pen that alleviates some of this 

anxiety would be highly desirable. 

HOA means that people find handwriting more difficult, although participants continue with 
handwriting activities 

 

Most of the people I studied found writing difficult. The main reason for this was related to hand 

pain caused by their arthritis. In their opinion, this pain arose mainly from the action of writing 

rather than maintaining a pen grip. For over half the participants, this led them to curtail or avoid 

handwriting activities, although most people reported a need to write nearly every day.  However, 

nearly all participants reported that they did not ask family and friends to write on their behalf. 

Previous studies have found that family, friends and some health professionals show a lack of 

understanding about what it is like to have a chronic illness (Gallant, Spitze, & Prohaska, 2007; Hill 

et al., 2011) and this may have been the experience of this cohort, although was outside of the 

scope of this research.   

As participants in both trials continue to write even though they find it painful, and will not ask for 

help; they have demonstrated a need and desire to keep on writing.  Their activities can be 
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broadly divided into four categories; maintaining independence, continuing relationships with 

family and friends, interacting with the community, and leisure or work activities. Therefore the 

people in this study continue to handwrite to keep in touch with friends, family and other groups 

in society. Furthermore, as there is strong evidence that participation in social activities and 

networks is linked to a reduction in physical and cognitive deterioration (Stav, Hallenen, Lane, & 

Arbesman, 2012), handwriting may be an important element in maintaining health and well-being 

in these older individuals.  
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Living with hand osteoarthritis  
 

The participants 
 

This research focused on participants over 65 years of age as HOA is more prevalent in older adults 

(Dahaghin et al., 2005). In the pilot, over half the participants were between 65 and 74 years with 

only three people aged over 85 years.  In the trial participants were older with three quarters of 

the group between 65 and 84 years and rest above this; two people in the trial were over 95 years 

old.  

In both trials there were more women than men participants. This imbalance is not surprising as 

previous studies have identified that older women are more likely than men to have symptomatic 

or radiographic HOA in at least one joint (Dahaghin et al., 2005; Y. Zhang et al., 2002).  

The average number of years that participants of the trial have had arthritis in their hands was 17 

years. As the prevalence of HOA increases with age after 50 years old (Y. Zhang et al., 2002), it is 

not surprising that some of the older participants had had HOA for a very long time (over 40 years 

for 3 people).  

In this trial 8 men and 28 women had an average of 14 joints affected out of a total of 30 hand 

joints. This number of affected joints is very similar to that found by a study that investigated the 

impact of AT on people with HOA: Kjeken et al. (2011), looked at 70 people with HOA who had an 

average of 13.5/30 joints affected. In that study, no change in the number of joints affected at 

baseline was observed at follow-up three months later.  
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In this trial the total of 14/30 at baseline in the trial was the same at follow-up eight weeks later. 

This equivalence was somewhat surprising as the baseline visit was in winter and the follow-up 

visits in spring or summer. Anecdotally it is widely believed, and a few participants confirmed this, 

that fewer joints are affected by arthritis in the warmer weather and a study has confirmed this 

seasonal variation (Kalichman, Korosteshevsky, Batsevich, & Kobyliansky, 2011). However warmer 

weather did not improve the number of joints affected in this research or indeed the research by 

Kjeken et al. (2011). 

It has previously been found that 13.3% of men and 26.2% of women have at least one hand joint 

with HOA and 7% of men and 16% of women had HOA in bilateral joints (Y. Zhang et al., 2002), but 

the general public’s awareness of HOA may be low and there may be a perception that HOA is rare 

because people with HOA may not ask for help (Hill et al., 2011). In this study HOA was the main 

entry criterion, so all participants had HOA to some extent. 

For these participants HOA occurred most frequently in the index and middle fingers, and the 

most commonly affected joint was the right index DIP (92% participants).  Joints on the right hand 

were more affected than on the left hand, but most of the participants were right handed and 

they reported that symptoms were worse in their dominant hand. This concurs with a community 

based study that found that if people have HOA in the index DIP or middle PIP of one hand it tends 

to be their dominant hand (Wilder et al., 2006). Hand dominance and index finger involvement 

have a direct effect on activities such as handwriting, as it is usually performed with the person’s 

dominant hand; and writing usually involves using the index finger to steady the pen.  Anecdotally, 

the participants said swelling in the index PIP joint can also affect using a computer keyboard and 

mobile phone. 
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In this trial, more women had joints affected by HOA than men. This gender bias is confirmed by 

other studies (Dahaghin et al., 2005; Dziedzic et al., 2007). Some studies have also found that the 

increasing prevalence of HOA with age stabilises at around the age of 80 in men and women 

(Dziedzic et al., 2007; Y. Zhang et al., 2002), although another study found that prevalence 

generally increases with age (Thomas, Peat, & Croft, 2014). Although this was not a prevalence 

study, there was a high incidence of bilateral HOA; where an affected joint on one hand has a 

‘mirror’ affected joint on the other hand (Y. Zhang et al., 2002).  

The prevalence of HOA between baseline and follow-up did not change. This supports the use of 

self-reported joint count as a reliable way of measuring joints affected by HOA. Additionally, as the 

prevalence was similar at baseline and follow-up, the intervention of using the assistive 

technology did not make the number of joints affected by HOA any worse. 

In both the pilot and the trial, the diagnosis of HOA was self-reported by participants.  

Confirmation of the self-diagnosis was undertaken using the American College of Rheumatology 

(ACR) validated criteria to confirm the diagnosis of HOA (Altman et al., 1990). This study found 

that 86% of the total group had HOA according to the ACR parameters and the most common 

joints affected in this trial are in agreement with the ACR criteria. 

However, I suspect that this number should have been higher. At least one participant only had 

swelling in one joint (index DIP), so did not meet the ACR criteria. The participant has been told 

that they have HOA by a general practitioner, but would not meet the ACR criteria currently; more 

joints would need to be affected.  Conversely, another participant had too many joints affected 

(especially MCP joints), so also did not meet the ACR criteria, even though they had x-rays and a 
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letter from a rheumatologist confirming diagnosis of HOA. Although strict diagnostic criteria are 

appropriate, one needs to consider that HOA exists on a continuum and so different grades may or 

may not reach the validated criterion set by an organisation such as ACR.  

Pain, stiffness and difficulty with daily activities: (AUSCAN) hand index  
 

Pain and limitations associated with daily activities are the main factors that lead to reduced 

health-related quality of life for people with HOA (Kwok, Vliet Vlieland, Rosendaal, Huizinga, & 

Kloppenburg, 2011). The Osteoarthritis Research Society International (OARSI) has made a 

recommendation that when clinical trials involve participants with HOA, where function is one of 

the outcomes, to be eligible participants should rate their hand dysfunction at baseline at a 

minimum of 25% of the scale length (Maheu et al., 2006). In this case the scale used is the AUSCAN 

Osteoarthritis Hand Index.  In the second arm of this research, 30 participants (83%) rated the 

severity of their symptoms as greater than 25% using the AUSCAN LK function subscale at 

baseline, suggesting that most participants experience mild pain, stiffness or difficulty with daily 

activities, and consistent with the OARSI recommendations (Maheu et al., 2006). The participants’ 

median AUSCAN scores ranged between 1.8 to just over 2 indicating that the participants have 

moderate problems with pain, stiffness and performing the specified activities.  

 The most frequently reported activities that participants found difficult (as verbally reported) 

were ‘opening a new jar’ and ‘carrying a full pot with one hand’.  This is similar to a study by 

Kjeken et al. (2011), where participants reported that the most difficult activities they undertook 

required combining a strong grip with a twisting movement.  
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There were no differences in hand pain, stiffness or function between the two allocated pen 

groups at baseline. Additionally there were no differences at follow-up comparing hand pain, 

stiffness or function between the three pen groups. Therefore, although the pens have not 

improved hand pain, stiffness or function, they have not made any worse.  

Functional status or Quality of life (Modified Health Assessment Questionnaire: MHAQ)  
 

Over half the participants in the second trial can perform the activities assessed by the MHAQ with 

some level of difficulty. Participants reported that the most difficult activities were “dress yourself, 

including tying shoelaces and doing buttons” and “turn regular faucets on and off”.  This result 

seems reasonable as both these activities would be more difficult if a person had HOA.  

There were no differences in function between the two groups at baseline; similarly there were 

minimal differences between the three pen groups at baseline and follow-up.  These results 

suggest that the pens have not improved or made worse hand function according to the MHAQ 

parameters. This is an important point, since there is always the potential for any AT to make 

things worse, thus vigilance is needed. 

 Medication or supplements to manage HOA 
 

Most of the participants of the trial used some over-the-counter medication or supplements to 

manage their arthritis-related pain: over half took paracetamol on an ‘as needed’ basis while 20% 

of the others took NSAIDs.  In common with another study, participants tried various alternative 

therapies such as chondroitin, glucosamine, omega oils, riboceine and herbal or homeopathic 

topical treatments (Hill et al., 2011). Some participants expressed a poor level of satisfaction with 

general practitioners and reported that they were trying alternative therapies, one saying 
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“because the doctor just says to take Panadol, which doesn’t work”. Furthermore, only one person 

had been to a hand therapist for a resting splint, and as previous research has noted, participants 

were not seeking medical help for their HOA (Dziedzic et al., 2007). Although this was outside of 

the scope of this study, there appears to be some room for improvement in this regard. 

Appropriate pain management as well as diagnosis could be areas of research for future studies. 

 

Participant occupations before retirement 

 

All of the participants (in the pilot and trial) reported high levels of educational attainment: 26% 

and 36% were graduates or held postgraduate qualifications, in the pilot and trial, respectively. 

Consequently, many people were involved in occupations such as teaching, engineering, nursing, 

occupational therapy or radiography that are regarded as light labour/professional rather than 

manual labour jobs. The most common occupation (33%) was office or administration work, 

followed by teaching. Since few were involved with heavy manual labour jobs, it is unlikely that 

the participant occupations were a contributing factor to the HOA. Previous intense manual labour 

has been connected to the development of HOA (Kalichman & Hernandez-Molina, 2010) and a 

participant who was a builder commented that he thought his occupation had contributed to his 

arthritis.  However, due to the nature of their work, these participants were potentially more 

reliant on handwriting than many other might have been. 
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Participant occupations after retirement 

Many of the participants were retired and, where they were able, were engaged in a wide variety 

of activities. The most popular amongst these activities were reading, gardening and volunteer 

work.  Attending clubs such as the Returned Services Association (RSA) or Probus and Church also 

featured strongly. However there were some participants unable to participate in any activity 

because of their arthritis or other health conditions. For these people the severity of the HOA 

affected their current activities and occupations, where an “occupation” is an everyday activity 

that people do to bring meaning and purpose to their lives and is not just employment related 

(World Federation of Occupational Therapists, 2011). 

The New Zealand context 
 

To the best of my knowledge, this study is one of few that evaluate AT and one of a few that 

assess AT with HOA. Studies of HOA are also limited, especially studies focussing on symptomatic 

HOA (Y. Zhang et al., 2002). It is also the one of the first to review the role of assistive technology 

in people with HOA in New Zealand. It is common for AT to be simply introduced into the market 

place, sometimes without testing at all. This is in stark contrast with new medicines where a 

rigorous process showing potential benefits and risks is undertaken prior to the market release. 

Assistive technology is more aligned with unregulated product development than it is with 

medicines and therefore driven by marketing and sales, rather than evidence and efficacy. Efficacy 

of AT is developed by clients’ use. 
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Chapter Nine: Limitations 
 

Self-reported diagnosis 

As with all research this trial has several limitations. Firstly, participants were asked to identify 

hand joints that were swollen, painful or hardened, but this was not independently confirmed. 

When this self-reported information was compared against the American College of 

Rheumatology criteria (Altman et al., 1990), 86% (31/36) participants fulfilled the criteria. 

However, Kriegsman, Penninx, van Eijk, Boeke, and Deeg (1996), previously found a lack of 

conformity between GP records and self-reported diagnosis of osteoarthritis. They also found that 

people who have seen their GP recently were more likely to over-report having HOA. In addition, 

women tended to over-report and men to under-report osteoarthritis. Therefore, the validity of 

self-reported diagnoses is lower than that of clinically verifiable diagnosis. In the future, it may be 

useful to select participants on the basis of the ACR. 

Another potential limitation could also have existed where eligible participants thought that they 

would be incapable of completing the handwriting assessments and therefore chose not to 

participate. This limitation would have eliminated those people who are more severely affected by 

HOA.  

In addition, the baseline visit took place in the winter time and the follow-up visit was later in the 

year when temperatures were warmer. Several participants reported that their arthritis felt better 

in summer, although the total number of joints affected by osteoarthritis did not change. HOA is a 

complex condition and can change depending on the time of day, weather conditions and activity 
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and rest levels (Cedraschi et al., 2013). This compromise was necessary in order to maximise the 

completion of the study. Previous research has shown the optimal time period for assessing AT is 

8-10 weeks of use (Hoffman & McKenna, 2004; Rogers et al., 2002). 

Existence of comorbidities 

Participants were also asked if they had any health condition (apart from arthritis) that affected 

their ability to write. Such conditions could include other comorbidities such as rheumatoid 

arthritis, stroke, Parkinson’s disease, or rotator cuff injuries which could impact on handwriting. 

Most people 78% (28/36) said they did not have a condition that would affect handwriting but 

again this is self-reported data and it is unclear what effect if any the conditions that were 

reported would have on handwriting. 

Cognitive impairment may also have an effect on handwriting but the affected participant might 

themselves be unaware of any impairment. As noted previously, the HAB penalises participants if 

they omit letters from the alphabet writing sections. One participant omitted letters from every 

handwriting sample. However, it is unclear whether that person had a cognitive impairment or 

whether alphabet writing is an inappropriate test for older adults as they (unlike young children) 

do not write out alphabets very often (Au et al., 2012). 

Over representation of women and Caucasians 

A higher proportion of women took part (78%) compared to prevalence figures (67%) (Dahaghin et 

al., 2005). More male participants may have changed the outcome of this trial.  
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In addition, this trial took place in New Zealand but with an exclusively Caucasian sample.  As New 

Zealand is home to many different ethnicities a greater ethnic mix may have been expected. In 

addition, all participants reported that English was their only written language.  When the 

possibility of the recruitment of a person who wanted to complete the HAB in another written 

language arose it became apparent that the limitations of the HAB and the scorers would make 

this person’s participation impossible. The over representation of women and Caucasians in the 

sample may bias the results. However, these selection limitations are unlikely to have significant 

impact on the main objectives, but may limit the generalisability of the results more widely. 

Furthermore, external validity may be limited as the trial participants may not be representative of 

the population of people with HOA. Many of the participants are members of Arthritis New 

Zealand which may suggest that they are more proactive about their health and be more willing to 

try new interventions. Many of the participants came from Auckland’s North Shore as the Arthritis 

Information Evenings were held there. As the North Shore is one of the highest income areas in 

Auckland (Statistics New Zealand, 2006) people living in these areas are less likely to be affected 

by arthritis than those living in more socioeconomically deprived areas (Ministry of Health, 2014). 

Therefore, these findings cannot be generalised across other populations.  

Lack of blinding 

In common with other studies that assess non-pharmacological treatments, it is not feasible to 

perform a double-blind study when both the participants and researcher know which writing tool 

has been allocated. However, attempts to lessen this limitation included the scoring of the HAB by 

an independent person and the MHAQ being completed without the researcher being present and 
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their being mailed in later. Also, in an ideal world, the opening of the envelopes revealing the pen 

allocation groups should have been done by someone not involved in the trial. However excepting 

the HAB, all measures were validated and self-reported, decreasing the likelihood of results being 

influenced by researcher bias. 

Lack of confirmation of usage of AT 
 

Participants were asked to use their allocated pen as often as they would a usual pen but there 

was no record confirming that this equivalent use took place. It is difficult to measure the effect of 

assistive technology when it is unclear how much it has been used.  

The Unitec pen 
 

Four Unitec pens broke during the trial. Two were replaced but there were not enough made to be 

able to replace the other two.  This meant that two handwriting assessments were not able to be 

done at the follow-up visit. 

The Handwriting Assessment battery for adults (HAB) 
 

At the time of scoring we found that the HAB scoring manual did not give enough detail to score 

some of the handwriting samples that were produced. Consequently we developed our own set of 

extra scoring rules, but these have not been externally validated. 

Additionally the scoring rules of the HAB say that if a letter is omitted by a participant in the 

alphabet writing sections then that letter is recorded as illegible. This rule may mean someone 

with a cognitive difficulty would be penalised as having poor legibility of handwriting.  After 
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analysing all the handwriting samples, it was found that this was not the case in this trial. 

However, it could be a possibility when the HAB is used in other trials. 

What changes could have improved this trial? 
 

Some changes that could have improved this trial include: 

1. A more varied sample; the results could be better generalised to the general population if 

the sample included more men, people from other ethnicities and a greater spread of ages. 

2. More back-up Unitec pens; because the Unitec pen was a handmade prototype, it should 

have been anticipated that it would not be as durable as a commercially available pen. 
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Chapter Ten: Recommendations for the 
future and conclusion 

 

Practice 
 

Refinement of the Handwriting Assessment Battery for adults 

In scoring the handwriting it was identified that more detailed marking criteria were needed. 

These new criteria devised for this trial (or others like it) could be used if the HAB is further 

developed. 

Additionally, it would have been easier to score the handwriting if the HAB scoring manual 

included examples of legible and illegible letters on the same page and had a consistent 

numbering system for the reasons why a letter or numeral was illegible. The HAB could take more 

from the ETCH and include information on handwriting alignment, spacing, size and letter 

formation, which can give additional insight as to why a person’s handwriting is illegible. It was 

also found that a difference in pressure affects handwriting; for example a person’s writing may be 

light and ‘spidery’ if they do not want to press hard on the paper due to hand pain.  

Other researchers have said previously that the alphabet may not be a suitable assessment for 

adults as they do not use it often and forget it (Au et al., 2012) and this research agrees with this 

finding. Furthermore, the HAB does not assess the handwriting tasks that adults do perform daily, 

for example a shopping list, crosswords or sudoku which may give a more accurate gauge of their 

handwriting ability.  
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Refinement of the pens 

One limitation of this trial is that there was no way of knowing how much the pens had been used.  

If there were some kind of pedometer device that could be attached to the pen, or some way of 

measuring the amount of ink used then usage could be more effectively gauged.  

A different handwriting assessment for adults 

As computers have already been used to assess handwriting problems in children and adults it 

may be that computers will be more readily available to measure handwriting in the future (Falk et 

al., 2011; Rosenblum & Werner, 2006) 

Research 

This trial has only looked at two writing aids available for people with arthritis. There are many 

more devices being commercially produced with no research available that any of them are 

helpful. In addition, this trial concentrated on osteoarthritis as it was the most common form. It 

may be that the Unitec pen did not suit hand osteoarthritis but may be useful for other kinds of 

arthritis. There are also many people of all ages with other hand conditions, apart from arthritis, 

that could benefit from an effective writing implement, for example people with cerebral palsy 

and other neurological conditions. 

Although there was no difference in speed and legibility between the Unitec pen and the other 

pens in these trials, the idea of having a mouldable pen is not in evidence anywhere and may be a 

viable alternative to other types of pens.  As one participant said “Good idea, but needs 

modification, the designer shouldn't give up”. 
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Finally, Kloppenburg et al. (2007), says that research in HOA should extend the definition of 

function to include participation as is done by the International Classification of Functioning, 

Disability and Health (ICF). The ICF refers to participation as ‘Involvement in a life situation” (World 

Health Organisation, 2001). The capacity of a person to carry out a task in a real life situation may 

be of more value to that person than the ability to perform a particular task for a questionnaire or 

in an assessment situation. Research by its nature, however, often collects data in an artificial 

situation which is hopefully then applicable to everyday life. 
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Conclusion 
 

In this study I found that although handwriting was important and relevant to people, it was 

mainly used as a way of participating in society; by keeping in touch with friends, family and other 

societal groups. Therefore, participants were willing to try new assistive technologies in the form 

of a different kind of pen that could improve their handwriting.  

The null hypothesis was that there would be no change or an improvement to the participant’s 

handwriting and comfort while using the Unitec pen compared to a pen designed for arthritis (the 

PenAgainTM). The results partly confirm this null hypothesis. There was no change to participants’ 

speed or legibility of handwriting using either the Unitec pen or the PenAgainTM, but there was an 

appreciable change in the level of comfort for those who used the PenAgainTM. This is an 

important finding given this pen had not been previously trialled in this group of participants. 

This study also found that most participants were living with moderate arthritis pain on a daily 

basis, and although they continue with daily handwriting and other activities if they can, most are 

reluctant to ask for assistance with handwriting. Participants were receptive to the use of assistive 

technology if it helped with their daily activities. As assistive technology is increasingly available in 

shops or online, it can be an accessible self-management strategy for people with HOA, provided it 

is effective.  

In conclusion, the participants with HOA who used the PenAgainTM found it more comfortable 

than a usual pen, although it made no difference to their handwriting. There were no changes to 

handwriting for the Unitec pen. The use of the assistive technology was well tolerated among the 
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participants and further research could look at other pens that could assist people with their 

handwriting. 
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Appendix B Pilot Consent Form 

 

Participant Consent Form 

Research Project Title:  Clinical trial of mouldable pen in people with arthritis 

 
I have had the research project explained to me and I have read and understand the information sheet given 
to me.  
 
I understand I will do some writing and answer some questions afterwards. 
I understand I can write in either English or Te Reo Maori. 
I understand that I don't have to be part of this if I don't want to and I may withdraw up to two weeks after 
measurements are gathered. 
I understand that all of the measurements obtained and everything I say is confidential and none of the 
information I give will identify me and that the only persons who will have access to these measurements will 
be the researchers. I also understand that all the information that I give will be stored securely on a computer 
at Unitec for a period of ten years. 

 YES, I am happy to take part in this research project  
 NO, I don’t want to take part in this research project 

 
I have had time to consider everything and I give my consent to be a part of this project. 
I consent to the researcher’s videoing my arm movements while I write. 

 YES, I am happy to be videoed/photographed  
 NO, I would prefer you did not film/photograph my movements 

 
Participant Signature: ……………………………………………………………….. Date: …………………………… 
 
 
Project Researcher: …………………………………………………………………… Date: …………………………… 
 

UREC REGISTRATION NUMBER: 2013-1007This study has been approved by the UNITEC Research Ethics 
Committee from 21/2/2013 to 21/02/2016.  If you have any complaints or reservations about the ethical 
conduct of this research, you may contact the Committee through the UREC Secretary (ph: 09 815-4321 ext. 
162).  Any issues you raise will be treated in confidence and investigated fully, and you will be informed of 
the outcome. 
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Appendix C Pilot Information Sheet 

 

 

Clinical trial of a mouldable pen for people with arthritis 

Information for participants 

 

You are invited to take part in a trial of a new pen. One of the product design lecturers at Unitec has developed 
a mouldable grip pen that may be easier to grip by people who suffer from arthritis of the hands.  We would 
like to get feedback from people about their ability to grip the pen and also to write with the pen to see how it 
compares to your preferred pen.  

 

We will ask you to write with both pens to see if there is any impact on the legibility of your writing. We will 
keep the handwriting you do to evaluate it, but we can make a copy for you if you wish. We will also ask you a 
few questions about your impressions. While you are writing we may video your arm and shoulder to evaluate 
the movements. You will be able to write in any language that uses the English letters and numerals (for 
example English, Te Reo Maori, French, but not Arabic, Chinese or Thai).  

 

This can be done in your home (if preferred) or at our hospital-based clinic at Waitakere Hospital. It will take 
about 40 minutes of your time. This is a pilot study, and we will not be able to give you a pen to use afterwards 
as we only have four available for testing. The measurements we gather will be used to develop the pen further 
before we test it again. 

 

What will it mean for you? 

You will be required to give us about 40 minutes of your time, either at our clinic or in your home.  We will do 
three things: 

- ask you about your history of arthritis (e.g. how long you have had it, whether you have trouble writing) 
- ask you to write with our new pen and your preferred pen and we may video you while doing so, but 

we will only video your hand and arm for movement study  
- ask you questions about the pen (e.g. is it easy to grip? Is the size good for you? Did you find it easier?) 
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If you agree to participate, you will be asked to sign a consent form. This does not stop you from changing your 
mind if you wish to withdraw from the project up to two weeks after measurements are gathered. If you do 
withdraw from the study, it will in no way affect your future healthcare. Your name and information that may 
identify you will be kept completely confidential and all information collected from you will be stored on a 
password-protected file and only the researchers will have access. You will be invited to bring your preferred 
pen to write with, or we will have a selection for you to choose from. Once we have finished our research, we 
will destroy all files and videos after a period of ten years, unless you withdraw your consent in which case we 
will destroy all measurements pertaining to you immediately. You will have the right to access any 
measurements we collect about yourself at any time.  

  

Who are we? 

My name is Gillian Whalley and I am a health researcher and Professor at Unitec Institute of Technology.  My 
partner in this research is Wendy Hook, Occupational Therapy Team Leader, Waitemata District Health Board. 
All testing will be performed by an Occupational Therapist, Jesse Dyer, under our supervision.  

How did we get your name? 

Arthritis NZ have sent this letter on our behalf. They have not revealed your name to us and will not do so 
without your consent. 

To take part in this project 

In order to participate in this project, we will need you to contact us, as we have no contact details about you. 
You can do this by contacting us by phone, or email. Even if you just require further information before deciding 
to take part, you can contact Jesse Dyer 

Phone: 4868920 ext. 7781 

Mobile: 021 02684676 

Email: jdyer@unitec.ac.nz 

At any time if you have any concerns about the research project you can contact the lead researcher directly -
Gillian Whalley: phone 815 4321 ext. 8158 or email gwhalley@unitec.ac.nz 

How and when will the results be released? 

We anticipate that this study will be complete by the end of 2013, and anticipate holding a public meeting in 
conjunction with Arthritis New Zealand to which you would be invited to attend through their usual 
mechanisms. 

ACC Cover 
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If you are injured in this study, which is unlikely, you would be able to apply for compensation from ACC just 
like if you were injured in an accident at work or at home. 

Independent health & disability advocate 

If you have any queries or concerns regarding your rights as a participant in this study you may wish to 
contact an independent health & disability advocate. Freephone 0800 555 050. E mail 
advocacy@hdc.org.nz. 

 

UREC REGISTRATION NUMBER: 2013-1007 

This study has been approved by the UNITEC Research Ethics Committee from 21/2/2013 to 21/02/2016.  If 
you have any complaints or reservations about the ethical conduct of this research, you may contact the 
Committee through the UREC Secretary (ph: 09 815-4321 ext 6162).  Any issues you raise will be treated in 
confidence and investigated fully, and you will be informed of the outcome. 
 
 
 
Regards, 
 

 
 
Dr Natalia Valentino 

Service Development Manager 

Arthritis New Zealand 
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Appendix D Handwriting Assessment Battery for Adults  
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Appendix E Handwriting Assessment Battery for Adults Scoring Manual 
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Appendix F Additional Scoring Criteria for the Letter and Number Legibility 
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Appendix G Modified Health Assessment Questionnaire 
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Appendix H Australian/Canadian Hand Osteoarthritis Index 
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Appendix I Joint Count and ACR criteria 

 

 

  

 

Hands will be examined for occurrence of bony enlargements (1=present, 0=absent) and will be calculated 
as a summary of signs in both hands (range 0-30). 
 
The joints that will be examined for OA are: (on each hand): 
 
4 distal interphalangeal joints 
4 proximal interphalangeal joints 
1 interphalangeal joint (thumb) 
5 metacarpophalangeal joints 
1 carpometacarpal joint of the thumb 
 
The American College of Rheumatology criteria for hand osteoarthritis is: 
 

1. Hand pain, aching or stiffness 
2. And three of the four criteria 

a. Hard tissue of at least two DIPJs 
b. Swelling of fewer than three MCPJs 
c. Hard tissue enlargement of at least two of 10 selected joints 
d. Deformity of at least one of 10 selected joints  

Selected joints are second and third DIP, and PIP and CMC1 of both hands  
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Appendix J User Appeal and Computer Questionnaire 

 

Use of writing tools 

_________________________________________________________________________________ 

 

 If do not use it – why not? 

Writing tool Have at 
home 

Use 
often 

Only if 
in pain 

Do not 
use 

Doesn’t 
work 

Heavy Ugly Poor 
grip 

Unitec writing-aid         

PenAgain         

 

 

How do you feel about using a writing tool? (Please circle the number) 

 

 

     

      

  0 1 2 3 4 5 6 7 8 9 10 
 
Not at all bothered              Very bothered 

 

VAS Comfort Scale 

 I____________________________________I 

  1      2      3      4      5      6      7      8      9     10 

<= 4 detrimental (worse than ordinary pen) 

=5 no change (same as ordinary pen) 

>=6 beneficial (better than ordinary pen) 
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Allocated pen  

Comfort 

 

 

Pain 

 

 

 

Usability 

 

 

 

Colour/size/shape 

 

 

 

 

Other comments 
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Computer Use: Doing what? 

PC/Laptop 

 

 

 

IPad/tablet 

 

 

 

Mobile phone 

 

 

 

Other 
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Appendix K Handwriting Questionnaire  

NAME_______________________________________      DATE________ Time______ 

1. What is your gender? M/F  

2. What is your age? Age: 
3. In what language do you most commonly write? English/Other__________ 
4. What is your highest level of education?  
5. If you are retired, what were your primary 

occupation(s) before retirement? 
 

 
 

6. What is your primary occupation now (include 
unpaid or voluntary work). 
 

 
 
 

7. Which is your writing hand? Right/Left 
8. Do you have any health condition (apart from 

arthritis) which affects your arms or ability to 
write? 

 
 
 

9. How long have you had arthritis? Years =  
10. Which hand has more arthritis symptoms? Right/Left 
11. Do you take medication for arthritis?  
12. Do you find writing difficult?  
13. Do you find it difficult to hold a pen?  
14. Do you avoid writing if you can?  
15. Do you usually ask a family member or friend to 

complete forms on your behalf? 
 
 

16. On a scale of 1-5, how important is handwriting to 
you? 

1=not at all important 
2=slightly important 
3=moderately important 
4=very important 
5=extremely important 

17. How often would you handwrite? 
 

1=never 
2=monthly 
3=weekly 
4=2+ times a week 
5=daily 

18. What kind of handwriting activities would you do? 
(To do list, diary appointments, journal writing, 
telephone messages, shopping list, notes, 
reminders, cheques, puzzles – Sudoku, crossword, 
letters, cards, forms, signatures, writing on a 
calendar, writing a message on your hand, writing 
on a whiteboard (e.g. a fridge) or other writing 
tasks). 
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Appendix M Trial Consent Form 

 Participant Consent Form 

Research project title: The effect of a mouldable writing-aid on older adults with hand osteoarthritis: a 
randomised controlled trial. 
 
I have had the research project explained to me and I have read and understand the information sheet given 
to me.  
 
I understand that I don't have to be part of this research project should I chose not to participate and may 
withdraw at any time prior to the completion of the research project. 
I understand that everything I say is confidential and none of the information I give will identify me and that 
the only persons who will know what I have said will be the researchers and their supervisor. I also understand 
that all the information that I give will be stored securely on a computer at Unitec for a period of 10 years. 
I understand that I can see the finished research document. 
I have had time to consider everything and I give my consent to be a part of this project. 
 
 
Participant Name: …………………………………………………………………….....  
 
 
Participant Signature: ………………………….. Date: …………………………… 
 
 
 
Project Researcher: ……………………………. Date: …………………………… 
 

UREC REGISTRATION NUMBER: 2014-1073 

This study has been approved by the UNITEC Research Ethics Committee from 21.08.2014 to 21.08.2015.  If 
you have any complaints or reservations about the ethical conduct of this research, you may contact the 
Committee through the UREC Secretary (ph.: 09 815-4321 ext. 8551).  Any issues you raise will be treated in 
confidence and investigated fully, and you will be informed of the outcome. 
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Appendix N Trial Information Sheet 

The effect of a mouldable writing aid on older adults with hand osteoarthritis: 
A randomised controlled trial. 

Information for participants 

 

You are invited to take part in a trial of a new pen. One of the product design lecturers at Unitec has 
developed a mouldable grip pen that may be easier to grip by people who have osteoarthritis of the 
hands.  We would like to get feedback from people about their ability to write with the pen to see how 
it compares to your preferred pen and to a commercially available arthritis pen.  

We will ask you to write with both your preferred pen and either the Unitec designed pen or the 
commercially available arthritis pen to see if there is any impact on the legibility of your writing. We will 
keep the handwriting you do to evaluate it, but we can make a copy for you if you wish. We will also ask 
about your history of arthritis and pain in your hands. We will ask your permission to confirm the 
diagnosis of osteoarthritis with your doctor, but will request no other information from him/her. While 
you are writing we may photograph your hand to evaluate how you grip the pen. You will be able to 
write in any language that uses the English letters and numerals (for example English, Te Reo Maori, 
French, but not Arabic, Chinese or Thai).  

This can be done in your home (if preferred) or at our hospital-based clinic at Waitakere Hospital. It will 
take about 60 minutes of your time. We will then give you either the Unitec pen or the commercially 
available pen to use for 2 months. At the end of this time we will test your handwriting again to see if 
there are any changes. 

  

What will it mean for you? 

You will be required to give us about 60 minutes of your time (twice), either at our clinic or in your home.  
We will: 

- ask you about your history of arthritis (e.g. how long you have had it, your pain levels, whether 
you have trouble writing) 

- ask you to write with our new unitec pen or the commercially available pen and your preferred 
pen and we may photograph you while doing so, but we will only photograph your hand for 
analysis of hand grip 
 

If you agree to participate, you will be asked to sign a consent form. This does not stop you from changing 
your mind if you wish to withdraw from the project up to two weeks after measurements are gathered. 
If you do withdraw from the study, it will in no way affect your future healthcare. Your name and 
information that may identify you will be kept completely confidential and all information collected from 
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you will be stored on a password-protected file and only the researchers will have access. You will be 
invited to bring your preferred pen to write with, or we will have a selection for you to choose from. 
Once we have finished our research, we will destroy all files and photos after a period of ten years, unless 
you withdraw your consent in which case we will destroy all measurements pertaining to you 
immediately. You will have the right to access any measurements we collect about yourself at any time 
during the study period.  

Who are we? 

My name is Jesse Dyer and I am a post graduate student at Unitec. My supervisors for this project are 
Dr Gillian Whalley and Dr Dianne Roy from Unitec. 

To take part in this project 

In order to participate in this project, we will need you to contact us, as we have no contact details about 
you. You can do this by contacting us by phone, or email. Even if you just require further information 
before deciding to take part, you can contact Jesse Dyer 

Phone: 4868920 ext. 7781 

Mobile: 021 02684676 

Email: jdyer@unitec.ac.nz 

At any time if you have any concerns about the research project you can my supervisor directly: 

Dr Gillian Whalley: phone 815 4321 ext. 8158 or email gwhalley@unitec.ac.nz 

How and when will the results be released? 

We anticipate that this study will be complete by the end of 2014 and a thesis will be written up by mid 
2015. If you would like to see the final results, we will be happy to send these to you. 

ACC Cover 

If you are injured in this study, which is unlikely, you would be able to apply for compensation from ACC 
just like if you were injured in an accident at work or at home. 

Independent health & disability advocate 

If you have any queries or concerns regarding your rights as a participant in this study you may wish to 
contact an independent health & disability advocate:  

Freephone 0800 555 050; Email advocacy@hdc.org.nz. 
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