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A prose sentence which touches like a branding iron is good. A 
sentence which keeps its feet clean from beginning to end is good. 
A sentence which, travelling, looks out of portholes as far as 
horizons and beyond is good. A sentence which goes to sleep is 
good, if the season is winter; bad, if it is early spring. A sentence 
which stumbles on useless objects instead of on buried treasure is 
bad, and worse if it illuminates useless objects with artificial light, 
but good if it casts a unique radiance upon them. A word which is 
exciting to look at and say and which doesn’t slop its meaning over 
the side is good; a word which comes up sparkling from the well 
is good; a word which clusters like last year’s bee around last year’s 
flower is bad if the flower is already dead, but good if the flower is 
surviving, beautiful, and alone in a place where flowers have not 
been known to grow and where bees never swarmed before nor 
gathered nectar. 

-Janet Frame, Living in the Maniototo, 1979
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Abstract 

A distal radius fracture is a common injury of the upper limb. Distal radius 

fractures can result in wrist stiffness, sensorimotor impairment, and activity 

limitations that can persist for weeks or months following injury. For fractures 

that are treated surgically, it is common practice to commence mobilisation 

within two weeks to restore movement and prevent such sequelae. Traditional 

postoperative rehabilitation predominantly relies on range of motion exercises to 

restore wrist and hand movement. Hand therapists may also advocate for the 

performance of daily activities, but purposeful activities are not a routine 

component of early mobilisation regimes. Recent literature challenges hand 

therapists to increase the use of activity and occupation-based approaches, 

however, understandings of how activities and occupation are currently used and 

how they bring about change is limited.  

This research aimed to explore how daily activities and occupation influences 

recovery after surgical treatment of distal radius fractures. The intent of the 

research is to understand the mechanisms of how occupation brings about 

improvements and to inform the development of occupation-based interventions. 

The research uses a mixed methodology design informed by a critical realist 

paradigm and is presented in manuscript format. Three published papers and a 

manuscript currently under review are presented. Introductory, intervening, and 

concluding chapters are included to tie the manuscripts together into a cohesive 

narrative for this doctoral work. 

I begin by introducing the philosophical underpinnings for this research, the 

context of distal radius fractures, and the use of activity and occupation-based 

approaches. Two systematic reviews are then presented. The first review (study I) 

evaluated studies that examined the influence of purposeful activities on upper 

extremity motor performance. Results suggested that upper extremity movement 

quantity and quality were enhanced when performed during purposeful 

conditions. The second review (study II) evaluated studies that compared early 

and delayed mobilisation following volar plating of distal radius fractures. The 

review explored how daily activities are recommended in early mobilisation 
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regimes and evaluated the efficacy and safety of early versus late mobilisation. 

Results showed that performing daily activities was commonly recommended as 

part of early mobilisation and suggested better functional and biomechanical 

outcomes for people who commence mobilisation prior to two weeks. The two 

systematic reviews highlighted the need for research into the specific 

mechanisms of action of purposeful activities in early rehabilitation.  

Primary research was then undertaken. Patient perspectives on the influence of 

activity and occupation on recovery from a surgically repaired distal radius 

fracture were explored in an Interpretive Description qualitative study (study III). 

A randomised crossover study was conducted (study IV) in which wrist 

movement during purposeful activities was evaluated using electrogoniometry 

and compared with movement during active range of motion exercises. Chapter 

ten presents a descriptive synthesis of researcher observations and reflections. 

Key findings from each of the studies are then collectively drawn together in an 

integrated discussion chapter. 

Findings suggest that activities and occupation are highly influential in 

facilitating the recovery of movement and function in the early weeks after 

surgical treatment of a distal radius fracture. Performing purposeful activities 

may facilitate recovery by eliciting substantial active movement of the wrist, and 

by building psychosocial resources. Study III revealed that purposeful activities 

are a powerful potentiator of motivation, wellbeing, optimism, restoring body 

schema and habituating the person’s wrist to movement. Study IV provided novel 

data demonstrating that significantly greater volumes of movement are produced 

by performing purposeful activities, when compared to standard range of motion 

(ROM) exercises, and that purposeful activities elicit available end range of 

movement equally as well as ROM exercises.  

Taken, together my research challenges traditional postoperative management 

approaches and suggests the substantial potential of activity and occupation as a 

rehabilitative strategy. Based on my research findings, I propose an occupation-

based postoperative approach that harnesses the unique remediating 

mechanisms of activity and occupation. 
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Glossary of Terms 

Activity Actions or sets of tasks that hold meaning, relevance, and 
perceived utility. Activities when grouped together make up 
occupations (American Occupational Therapy Association, 2020). 

Activity 
limitations 

Difficulties in executing activities 

(https://www.who.int/classifications/icf/training/icfbeginnersguide.
pdf) 

AO classification A classification system for distal radius fractures. Classifies 
fractures according to articular involvement. Type A are extra-
articular, Type B denotes partial disruption of the articular 
surface, and Type C are fractures with complete articular 
involvement (Schneppendahl et al., 2012). 

Disability An umbrella term for impairments, activity limitations and 
participation restrictions 
(https://www.who.int/classifications/icf/training/icfbeginnersguide.
pdf). 

Distal radius 
fracture 

A fracture to the distal end of the radius, typically resulting from 
a low energy fall onto an outstretched hand (MacIntyre & Dewan, 
2016). 

Early mobilisation Commencing movement of the wrist through exercises and 
activities within two weeks of surgery (Inclan & Dy, 2021).  

Hand therapist An occupational therapist or physiotherapist who has specialised 
in the diagnosis and management of conditions of upper 
extremity conditions resulting from trauma, disease, and 
congenital deformity (https://www.handtherapy.org.nz/) 

Impairment Problems in body function or structure 
(https://www.who.int/classifications/icf/training/icfbeginnersguide.
pdf) 

Mixed 
methodology 

A research approach that uses both qualitative and quantitative 
methods in the quest for knowledge (Timans et al., 2019). 

Mixed methods A single study that employs both quantitative and qualitative 
methods (Tariq & Woodman, 2013) 

Motor 
performance 

The observable production of a voluntary action or motor skill 
(Schmidt & Wrisberg, 2008, p. 11) 

Occupation The broad categories of daily life engagements by which people 
occupy themselves: daily living activities, rest, education, work, 
leisure, and social participation (American Occupational Therapy 
Association, 2020). Occupation assumes meaning, purpose, 
intentional engagement, and that occupation is contextualised 
within daily life (American Occupational Therapy Association, 
2020). 

Occupation-based 
intervention 

A broad term to define an intervention that uses valued activities 
or occupation for the purpose of remediating impairment. 
Occupation is specified as the therapeutic agent of change 
(Fisher, 2014; Hinojosa & Blount, 2014b). 

https://www.handtherapy.org.nz/
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Participation 
restrictions 

Problems an individual may experience in being involved in life 
situations 

(https://www.who.int/classifications/icf/training/icfbeginnersguide.
pdf). 

Purposeful 
activity 

Activities that a person actively and intentionally performs to 
achieve a specified therapeutic goal (biomechanical or 
occupational). The activities always hold meaning, relevance, and 
perceived utility.  

(American Occupational Therapy Association, 2020; Hinojosa & 
Blount, 2014b).  

Range of motion 
(ROM) 

The range of motion available at a synovial joint (Mancinelli & 
Davis, 2006). 

Range of motion 
exercise 

An exercise performed to improve range of motion at a specific 
joint (Mancinelli & Davis, 2006). 

Reflexive thematic 
analysis 

An umbrella term for analysing qualitative data aimed at 
identifying themes (patterns of meaning) across qualitative 
datasets. Reflexive thematic analysis may use differing theoretical 
perspectives but is characterised by researcher reflexivity, 
emphasizing the active role of the researcher in the knowledge 
production process (Braun et al., 2019). 

Sensorimotor 
retraining 

Educates people to improve attention to sensory cues so that the 
brain can produce efficient motor commands. People are also 
educated on the correct interpretation of sensory feedback and 
efficient control of the hand (Valdes et al., 2014). 

Sensorimotor 
system 

A component of the motor control system that integrates sensory 
and neuromuscular processes to provide the functions of 
coordinated movement and dynamic stability. Specific functions 
include the ability to detect joint position sense, and perception 
of force (Karagiannopoulos & Michlovitz, 2016). 

Stiffness Joint stiffness refers to a limitation of joint motion caused by 
tightness or shortening of soft tissues surrounding joints 
(Glasgow et al., 2010). 

Volar plate Volar locking plates are metal plates anatomically contoured to fit 
the volar surface of the distal radius, they are fixed to the bone 
surgically to correct the and maintain the position of the distal 
radius after a fracture (Loisel et al., 2018; Quadlbauer et al., 2017). 

Wellbeing A state of overall contentment with one’s physical and mental 
health, self-esteem and sense of belonging, social opportunities, 
financial security, and ability to engage in meaningful occupation 
(Hammell, 2010). 
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Chapter 1  Introduction 

1.1 Context of the thesis 

A fracture to the distal radius is a common upper limb injury and for some people 

causes long-term disability. Surgical treatment of distal radius fractures, as 

opposed to cast immobilisation, is becoming increasingly common, particularly 

for more complex fracture types (Loisel et al., 2018). After surgery, hand 

therapists are often involved in the rehabilitation of this injury. The aims of 

therapy are to restore range of motion (ROM), strength and function to the 

affected limb (Kooner & Grewal, 2021). Most people make a satisfactory recovery 

after a surgically repaired distal radius fracture but some experience persistent 

joint stiffness, pain, sensorimotor impairments, and difficulties performing 

activities of everyday living (MacFarlane et al., 2015). Following surgery, it is now 

becoming common practice to begin early mobilisation of the wrist, usually 

within two weeks of surgery. The purported benefits of early mobilisation include 

improved ROM of the affected joints, early return to functional use, a low 

incidence of complex regional pain syndrome, and high patient satisfaction 

(Loisel et al., 2015; Quadlbauer et al., 2020). The role of a hand therapist during 

the first six weeks of rehabilitation is to promote movement and functional use of 

the wrist while balancing the requirements of bone healing (Naughton & Algar, 

2021). 

Hand therapists use a variety of treatment strategies to restore movement and 

function to the injured limb. In the early weeks of therapy this traditionally 

focuses on exercise repetitions with intervening protection of the fracture in a 

wrist brace or customised splint (Naughton & Algar, 2021). Wrist motion can also 

be promoted through specified performance of daily activities. However, the use 

of activities and occupation as a rehabilitative strategy appears to be under-

described and under-utilised as part of early surgical distal radius fracture 

rehabilitation. The terms pertaining to activity and occupation are defined in 

3.3.1, but by way of introduction, occupation refers to the various life activities in 

which people engage during the course of their day to day life (American 

Occupational Therapy Association, 2020). They are broad categories that include 
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activities of daily living, rest and sleep, education, work, play, leisure, and social 

participation. The construct of occupation assumes that those occupations have 

meaning to the person performing them, involve active engagement, are valued 

for their utility, and occur in the context of environment and life roles (Melchert-

McKearnan et al., 2000; Molineux, 2010). Activities are smaller actions or sets of 

tasks that occupations are constructed from; they are the components of 

occupations (American Occupational Therapy Association, 2020; Polatajko et al., 

2004), 

Occupation can be used as a therapeutic tool to bring about improvements 

following injury or a health event (American Occupational Therapy Association, 

2020). Using activities and occupation therapeutically may have some advantages 

over exercise repetitions, such as eliciting functional planes of movement, 

mitigation of pain through distraction, enhancing motivation in therapy, and 

delivering higher doses of movement than rote exercise approaches (Hoppe et al., 

2008; Robinson et al., 2016; Weinstock-Zlotnick & Mehta, 2018). Despite such 

purported advantages there are gaps in our understandings of how activities and 

occupation influence recovery from an upper limb injury. It is not fully 

understood how activity and occupation influences motor performance in people 

with an upper limb injury, recommendations on the safe use of activity in early 

surgical distal radius fracture rehabilitation are not well defined, patient 

perspectives on the influence of daily activities on recovery after surgery have not 

been fully explored and mechanistic understandings of how activities influence 

wrist movement are unknown.  

1.1.1 Aims and objectives  

The aim of the research is to explore the ways that daily activities and 

occupations influence recovery after surgical treatment of distal radius fracture. 

The research is exploratory in nature, investigating concepts that have not been 

comprehensively described in the literature. The intent of this doctoral work is to 

understand how occupation operates to bring about improvements and inform 

the development of occupation-based interventions. The research uses a mixed-

methodology design underpinned by a critical realist paradigm. 
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1.2 Research questions 

The overarching research question (RQ) is: how does activity and occupation 

influence recovery after a surgically treated distal radius fracture?  

The specific questions are: 

1. Does performance of purposeful activities and occupation influence upper

extremity motor performance differentially from exercises or non-

purposeful movement in healthy and musculoskeletal injury populations

(RQ1)?

2. How is activity recommended following surgical treatment of distal radius

fractures and what is the efficacy and safety of early versus delayed

mobilisation (RQ2)?

3. What are the experiences and perceptions of patients on how participation

in daily activities and occupations influence recovery after surgery for distal

radius fracture (RQ3)?

4. Does performance of daily activities result in greater quantity of motion

than active range of motion exercises following surgical treatment of distal

radius fracture (RQ4)?

1.3 Thesis structure 

The thesis is structured around four phases. Each phase is intended to explore a 

different aspect of the influence of activity and occupation on recovery from a 

surgically repaired distal radius fracture.  

The remainder of this chapter gives an overview of each phase and the 

corresponding thesis structure. Chapter 2 then presents the philosophical and 

methodological frameworks of the thesis and Chapter 3 discusses concepts of 

distal radius fractures and occupation that form the background to the thesis. 

1.3.1 Phase one 

The research starts by establishing the positionality of occupation in the 

rehabilitation of a musculoskeletal injury. Two reviews were undertaken using a 
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standard systematic review approach and were published in rehabilitation 

journals. The first systematic review, study I (Chapter 4 ) aimed to determine 

whether occupation elicits movement differentially from exercise repetitions after 

musculoskeletal injury, addressing RQ1. Study II, Chapter 5  then narrows the 

focus towards distal radius fracture rehabilitation by evaluating how activity is 

recommended following surgical treatment (RQ2). The results of these 

systematic reviews contributed to a deepening understanding of the influence of 

occupation on recovery from injury, and informed the primary research 

undertaken in phases two and three.  

1.3.2 Phase two 

Phase two is an Interpretive Description qualitative study (study III), that 

addressed RQ3. The study explored patient perspectives and is presented in 

Chapter 6 and Chapter 7 . Chapter 6 describes the rationale and procedures used 

in the study and Chapter 7 presents the published article for that study. The 

study conducted exploratory interviews with 21 adults with a surgically treated 

distal radius fracture. The data were analysed using reflexive thematic analysis. 

The rationale for conducting the Interpretive Description study first was because 

little had been written about the influence of occupation on the recovery from 

surgical treatment of a distal radius fracture. It was not known whether 

occupation would be viewed as a remediator of recovery or how performing daily 

activities was experienced. I wanted first-hand accounts from people immersed in 

the rehabilitation journey before embarking on a quantitative study. An 

additional objective of the qualitative study was to identify activities that could 

be tested during the motion analysis study in phase three.  

1.3.3 Phase three 

The subsequent two chapters (Chapter 8 and Chapter 9 ) represent phase three of 

the research. In this phase, the research shifts from patient perspective to that of 

independent, objective measurement. A motion analysis study, (study IV), was 

conducted to address RQ4 and is presented in the form of a manuscript 

submitted for publication. The study measured and compared motion during 

performance of daily activities and exercise repetitions, in a randomised 

crossover study. The study tested the hypothesis that greater or similar quantity 
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of movement is elicited during self-selected activities than standard active ROM 

exercises. Chapter 10 then presents a synthesis of researcher observations and 

insights from journaling I undertook during the research. The observations 

resulted from incidental conversations that occurred during study IV data 

collection, my reflections of these conversations, and visual inspection of the 

electrogoniometer and video data. This chapter was important to include because 

these observations revealed understandings about the mechanisms of purposeful 

activities not evident in my studies.  

1.3.4 Phase four 

Armed with knowledge gained from research perspectives during phases one, two 

and three, the thesis transitions to phase four where the results are synthesised in 

an integrated discussion (Chapter 11 ). In this chapter, findings from across the 

research are integrated into four key points that each highlight a unique 

contribution of the research. The points are discussed with particular reference to 

how my research findings can inform clinical practice. An occupation-based 

rehabilitation approach based on my research findings is then proposed. The 

approach utilises the unique characteristics and mechanisms of occupation in 

bringing about improvements in movement and function after a surgically 

repaired distal radius fracture, complementing traditional exercise-focused 

rehabilitation. Chapter 11 concludes with a discussion of strengths, limitations, 

future directions, and a summary of the thesis.  

The chapters that contain a published article are presented in the format 

consistent with the thesis. Figures and tables are numbered consecutively 

throughout the thesis rather than as they appear in published format. The articles 

in their published format are appended at the end of the thesis.  

1.4 Scope and delimitations 

The research in this doctoral work seeks to understand the mechanisms by which 

activities and occupation influence recovery from a surgically treated distal radius 

fracture. The intention is to provide knowledge that can inform the future use of 

purposeful activities and occupation as a rehabilitative strategy. The research is 

limited to the first stage of developing complex interventions as outlined by the 
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Medical Research Council (MRC) (Craig et al., 2013). This involves identifying 

existing evidence to understand what is already known, developing theory to 

explain the rationale and mechanisms of action of the intervention, and 

modelling of processes and outcomes. In this research phase one examines 

evidence via two systematic reviews. Exploring the mechanisms of action of 

activities and occupation occurs in phases three and four by way of two primary 

studies. Both studies were conducted in the homes of people with a surgically 

repaired distal radius fracture. The initial steps of modelling the intervention 

occurs in phase four where the research findings are synthesised, and an 

occupation-based rehabilitation approach proposed. The scope of this research 

does not extend to full development of an intervention nor to investigation or 

evaluation of the efficacy of a purposeful activity intervention.  
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Chapter 2  Philosophical underpinnings and methodology 

This chapter presents the philosophical perspective of critical realism and 

methodologic considerations that underpin the research. I will first position 

myself in the research, describe critical realism and give a rationale for mixed 

methodology.  

2.1 The researcher, who am I? 

Positioning oneself as a researcher distinct from clinical, professional, and 

personal life roles is essential to robust research practice and helps to delineate 

the researcher role (Thorne, 2016b). In this section I discuss my personal journey 

towards research, my clinical background, and my interest in the research topic. 

At the beginning of this thesis I inserted a quote by Janet Frame from Living in 

the Maniototo (Frame, 1979). It may be grandiose to claim that a thesis such as 

this might ‘cast a unique radiance on buried treasure’, but the quote spoke to me 

of the usefulness of research. It alludes to the fact that the point of enquiry is to 

shed light on something, to add new knowledge or to open up new possibilities. 

The thing that motivated me to undertake doctoral studies was the desire to find 

out something new, something that was not fully understood. A quote from my 

pre-suppositions interview, described in Chapter 6 , illustrates these 

characteristics and helps to position me within the research. 

I guess I'm a curious person. I work with colleagues who are also 
curious, I mean we're a team that likes to ask questions. We like 
doing projects, we’ve done lots of audits of outcomes so there’s a 
culture in our team of evaluating outcomes and critically 
evaluating our practice. As a person I like to travel, I like to go to 
new places and find out what makes people tick. When we travel, 
we go to historical sites and see the past of the people who've been 
there before, where they've come from and what makes them, you 
know, who they are as people. In terms of my clinical practice, I'm 
never just interested in the physiology or the pathology of the 
disease process. I’m always interested in the person themselves, 
who they are, what they like to do and how they’re adjusting to an 
injury. What is it that’s important, what’s been difficult, what can 
I do as a therapist to help? I guess in our family we've always asked 
questions and talked about the world and society and the things 
that are good in the world and the things that are not the way that 
they should be, what we would like to be better or different in the 
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way people are treated and included in society. So those questions 
have always been important for me.  

Julie Collis (paraphrased) 

My background as a clinician is occupational therapy. I have practiced in the 

fields of rheumatology, chronic pain, and mental health. Over the past 14 years 

my clinical practice has been in hand therapy, primarily in a publicly funded 

outpatient hand therapy clinic. My postgraduate academic career began when I 

returned to paid employment after several years at home with young children. I 

completed my Masters of Health Science in 2011 having conducted a randomised 

controlled study of the efficacy of night extension splinting following fasciectomy 

for Dupuytren contracture (Collis et al., 2013). My interest in research continued 

and I completed a number of quality improvement projects (Collis, 2014, 2018; 

Collis & Collocott, 2009; Myhr & Collis, 2018).  

Mixed-methods research naturally appealed to me. Experiences of human beings 

cannot be confined to controlled experiments or clinics. An injury is not planned, 

it happens in an instance and cuts through life like a knife. Rehabilitation also 

happens in the messiness of life. It happens while you are planning an overseas 

trip, while you are cooking dinner, and while struggling to do your hair. After 

injury and surgery people must reassemble their daily lives. Doing life is 

immutable and I wanted to find out how the doing of everyday daily life could be 

harnessed to facilitate recovery. I knew that quantitative data would be important 

for providing evidence to support practice change but to obtain a comprehensive 

understanding, gathering the experiences of people immersed in the 

rehabilitation journey, would be essential.  

2.2 Ontology, epistemology, methodology and methods 

The philosophical perspective underpinning this research is critical realism, 

based on the work of Roy Bhaskar in the 1970s. To understand critical realism, it 

is necessary to explain ontology and epistemology as viewed within critical 

realism.  

Ontology is about the nature of the world and of reality (Fletcher, 2017; Willig, 

2013b). It asks what is there to know, what is real (Scotland, 2012). Ontological 
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positions make assumptions about the kinds of things that can or do exist and 

define boundaries as to the ways they exist (Lewis-Beck et al., 2004). Essentially, 

there are two ontological frameworks regarding the nature of the world; realism 

and relativism (Willig, 2013b). Realism holds that an independent reality exists, 

separate from perceptions, theories and constructions (Maxwell & Mittapalli, 

2010). The world is viewed objectively, as an entity that is ordered and operates 

according to defined laws and principles (Vincent & O'Mahoney, 2018; Willig, 

2013b). Relativism, on the other hand, views the world through a different lens, 

rejecting the assertion of universal truths or principles. Relativists claim that 

there are multiple realities, that there are diverse interpretations on the nature of 

the world (Fristedt, 2018; Willig, 2013b).  

Epistemology is concerned with the ‘how’, rather than the ‘what’ of knowing; how 

knowledge can be created (Duncan & Nicol, 2004; Scotland, 2012; Willig, 2013a). 

Epistemologies are often linked to ontological stances, for example realism is 

often linked with a positivist epistemology. From a positivist perspective, 

knowledge can be verified, and described quantitatively and factually (Creswell & 

Plano Clark, 2017; Scotland, 2012; Zovko, 2018). Human behaviour and actions are 

so complex, however, that attaining certainty with respect to knowledge, is near 

impossible (Creswell & Creswell, 2018; Zovko, 2018). Postpositivism arose as a 

response to the excesses of positivism and has largely succeeded the positivist 

stance. Postpositivists hold that our claims of knowledge are only ever an 

approximation at best (Creswell & Creswell, 2018; Willig, 2013b; Zovko, 2018). 

Nonetheless, there is a strong focus on seeking objective knowledge through 

scientific endeavour, while acknowledging that absolute truth is unattainable.  

Knowledge can also be understood through a subjective lens. Alternative stances 

to positivism, such as constructivism, hold that an objective knowledge, 

independent of the researcher does not exist, that it is impossible to attain a 

‘God’s eye’ point of view (Maxwell & Mittapalli, 2010). Constructivists believe that 

understandings of the world are socially constructed from the subjective 

perspectives and standpoints of individuals and groups (Creswell & Plano Clark, 

2017; Maxwell & Mittapalli, 2010). The close relationship between researcher, 

context and phenomenon is emphasised, leading to elucidation of theory and 
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knowledge (Creswell & Plano Clark, 2017; Pluye & Hong, 2014). Constructivism is 

generally associated with qualitative methodologies such as grounded theory, 

phenomenology, and ethnography.  

Methodology refers to a general approach to research, the way that a researcher 

may think about how they will acquire knowledge (Mills, 2014). Methods on the 

other hand, are the nuts and bolts of research. They are the specific techniques 

and tools used to implement a study (Willig, 2013b). The methods used in this 

research are shown in Figure 1. 

2.3 Critical realism 

Critical realism, a philosophy that arose in the 1970s and 1980s based on the work 

of Roy Bhaskar, is the overarching ontology of the thesis. The philosophy arose as 

an alternative to the stance of positivism that dictated that knowledge is only 

verifiable through empirical enquiry (Fletcher, 2017). Critical realism challenges 

the traditional view that a realist ontology must be tied to the epistemology of 

positivism. Critical realism takes a divergent approach by marrying a realist 

ontology with a constructivist epistemology. Bhaskar’s rationale for this was that 

although an independent, objective reality exists (realist ontology), realities can 

only be discovered via the language and perspectives of people immersed in those 

realities (constructivist epistemology) (Fletcher, 2017; Yucel, 2018).  

This research is invested in discovering deep meanings and contexts, a basic 

premise of critical realism. Critical realists hold a belief about multiple layers of 

reality: the empirical, actual and the real, and that the world is much more than 

what can be observed or measured (Fletcher, 2017; Williams et al., 2017). At the 

deep level of  ‘the real’, the imperative for researchers is to investigate the 

mechanisms and contexts by which phenomena occur (Vincent & O'Mahoney, 

2018). Critical realist research is contextualist in its approach to knowledge, 

context is not a variable to be controlled for but rather an essential component of 

the research process (Nairn, 2012). There is a mandate to not only understand if 

something works, but who it works for and under what conditions (Ackroyd & 

Karlsson, 2014, p. 39). Generation of such data requires methods of social inquiry 
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where individuals are engaged with, in deep, relational ways (Nairn, 2012; 

Williams et al., 2017). 

Critical realism frequently underpins health research where there is a need to 

investigate complex social phenomena and answer questions that are not easily 

answered via positivist methods of scientific enquiry (Barolia et al., 2013; Williams 

et al., 2017). People are different, and injuries affect individuals in profoundly 

different ways. Equally, responses to health interventions differ between people. 

Although one person may respond to an intervention in a certain way, another 

person may respond in an entirely different manner altogether. It is these 

variations that make rehabilitative practice challenging as there is no formula 

that can be applied equally to all persons. Critical realism promotes research that 

investigates the mechanisms and contextual influences of health interventions 

and was therefore seen to be a philosophy coherent with research that aimed to 

investigate the complexities of occupation as a rehabilitative tool.  

Another way that the ontology of critical realism informs the research in this 

research is with respect to Bhaskar’s beliefs about open and closed systems. 

Bhaskar was critical of the way that much knowledge is determined in tightly 

controlled closed systems such as laboratories or within the rigid boundaries of 

the scientific method (McEvoy & Richards, 2006). Critical realists argue that the 

social world is an open system where the world is multi-dimensional and 

unpredictable. Researchers therefore seek to understand the effects of 

interventions as they occur in the real-world (Fletcher, 2017; Williams et al., 

2017). Critical realism guided the development of the studies in this research by 

mandating open systems research. The research in this thesis is therefore 

conducted in the participant’s home rather than a clinic or laboratory setting. 

Qualitative research that allows realities to be discovered via the language of 

participants is also an example of open-system research.  

2.4 Mixed methodology research  

This research approach used in this thesis is mixed methodology, a research 

paradigm that uses both qualitative and quantitative methods in the quest for 

knowledge (Timans et al., 2019). Mixed methodology functions as a guide for 
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selecting specific methods best suited to individual research questions (Timans et 

al., 2019). The term differs from mixed methods which refers to a single study 

that employs both quantitative and qualitative methods (Tariq & Woodman, 

2013). Qualitative research may be described as the analysis of experiential and 

social data, while quantitative research focuses on numerical analyses and 

comparisons (Halcomb 2014). In reality, research is not so dichotomous. 

Frequently, researchers cross the qualitative/quantitative divide, for example by 

reporting statistics in a narrative manner or using numbers to report socially 

acquired data (McEvoy & Richards, 2006). Mixed methodologies are particularly 

useful for situations where minimal previous research has been undertaken. The 

advantages of using a mixed methodology approach is that it can build on the 

strengths of both qualitative and quantitative approaches, while offsetting the 

biases associated with a single-method approach (McEvoy & Richards, 2006). The 

data generated are likely to be deeper and more complete, leading to robust and 

clinically useful information (McEvoy & Richards, 2006). Taken together, the 

findings from qualitative and quantitative studies provide differing but 

complementary viewpoints of the same phenomena. Findings may both 

corroborate and contradict each other but will add deeper knowledge about the 

phenomena under question.  

Mixed methodology has been described as appropriate for research underpinned 

by critical realism because of the way it avoids conflating a realist world view 

(ontology) with positivist research methods (epistemology) (Creswell & Plano 

Clark, 2017, p. 40). Critical realism acknowledges that at best, knowledge is 

partial, incomplete and accepts that scientific knowledge is best gained through 

multiple perspectives (Maxwell & Mittapalli, 2010). Increasingly, critical realism is 

used to underpin mixed methods research (Creswell & Plano Clark, 2017, p. 40; 

Williams et al., 2017).  

In this doctoral work, two systematic reviews and two primary studies comprise 

the research. The reviews quantitively evaluated and compared data from across 

multiple studies and provided a narrative synthesis of the results. The first 

primary study used predominantly qualitative methods and the second 

quantitative methods. In the qualitative study, the methodology of Interpretive 
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Description was used. Data were generated through exploratory interviews with 

people in the early weeks of rehabilitating from a wrist injury. The study explored 

existing concepts and illuminated previously unknown viewpoints about the role 

of occupation during early rehabilitation. The study also generated a small 

amount of numerical data via the online activity and exercise log. The qualitative 

study was a prequel to the second primary study (study IV) and helped to inform 

the design of that study by identifying purposeful activities that could be 

suggested to participants. Another objective of the study was to acquire 

information that could be used to inform future intervention development, a 

well-recognised function of qualitative research (Creswell & Plano Clark, 2017; 

McEvoy & Richards, 2006).  

The second primary study used predominantly quantitative methods to 

objectively investigate the premise that occupation can be used to elicit wrist 

movement in a surgically repaired distal radius fracture. Quantitative research is 

founded in the postpositivist worldview where knowledge is garnered through 

the scientific method. The strength of quantitative research is that it can test 

complex concepts and relationships. Hypotheses can be established and studies 

designed to compare the actions and effects of interventions under more tightly 

controlled conditions (McEvoy & Richards, 2006). The study used objective 

measurement and statistical testing to compare movement outcomes. Like the 

qualitative study there was some crossing of the qualitative/quantitative divide. 

During the research, I kept a researcher journal that recorded observations and 

insights from participants that added depth to the interpretation of the statistical 

analyses. These researcher observations are reported in Chapter 10 and contribute 

to a deeper understanding of the meanings and contexts of the role of occupation 

in early wrist injury rehabilitation. 

The sequencing of the studies and the way the research in this thesis was 

constructed based on mixed methodology is illustrated in Figure 1. 
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Figure 1 

Thesis research frameworks and study sequence 

2.5 Summary 

Chapter 1 and Chapter 2  defined the aims, structure, sequence and, 

underpinning philosophical perspectives of the thesis. The following chapter 

introduces the nature of the clinical problem and the concepts of occupation as a 

rehabilitative strategy.  
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Chapter 3  Setting the scene 

3.1 Chapter overview 

In this chapter I present the concepts and theoretical perspectives that underpin 

the thesis and provide a rationale for the studies. First, I describe distal radius 

fractures, how they are treated, and the problems that can arise during 

postoperative recovery. Next, an overview of occupation is presented. I define the 

terms activity, occupation and occupation-based interventions and discuss these 

concepts in the context of distal radius fracture rehabilitation.  

3.2 Distal radius fractures 

3.2.1 What is a distal radius fracture? 

A fracture to the distal end of the radius is a common upper extremity injury, 

typically resulting from a fall onto an outstretched hand. Fractures occur in this 

region of the radius because the cortical bone is thinner making it more 

vulnerable to giving way under load (MacIntyre & Dewan, 2016). Distal radius 

fractures can be a simple extra-articular type or more complex where there is 

significant comminution and involvement of the radio-carpal joint surface. There 

are various systems used to classify fractures of the distal radius. The AO 

(Arbeitsgemeinschaft für Osteosynthesefragen) system is widely used and 

classifies fractures according to articular involvement. Type A are extra-articular, 

Type B denotes partial disruption of the articular surface, and Type C are 

fractures with complete articular involvement. Type C fractures, as illustrated in 

Figure 2, are complex, unstable fractures where the bone has fragmented into 

multiple pieces, and extend into the radiocarpal joint (Schneppendahl et al., 

2012).  
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Figure 2 

Radiographs showing a severely comminuted right intra-articular distal radius fracture 

Note. Case courtesy of Dr Joachim Feger, Radiopaedia.org, rID: 81337. From Radiopaedia. (Distal 

radius fracture | Radiology Case | Radiopaedia.org). Reprinted with permission. CC BY-NC-SA 3.0 

3.2.2 Management of distal radius fractures 

Distal radius fractures can be managed conservatively by four to six weeks of cast 

immobilisation or operatively via open reduction internal fixation (ORIF). 

Although there is debate as to the relative indications for surgical intervention, 

the majority of minimally or non-displaced, extra-articular (Type A) distal radial 

fractures are managed conservatively (Handoll & Elliott, 2015; Schneppendahl et 

al., 2012). On the other hand, comminuted, intra-articular fractures (Types B3 and 

C), which make up around 20-50% of all distal radius fractures (Bentohami et al., 

2014; Brogren et al., 2007; Koo et al., 2013), are generally managed with surgical 

fixation, in order to achieve anatomical reduction and stabilisation of the fracture 

(Keizer et al., 2013). ORIF is now predominantly carried out via a volarly placed 

locking plate, as shown in Figure 3. These plates were developed in the early 

2000s to replace the traditional dorsally placed plates (Cherubino et al., 2010; 

https://radiopaedia.org/cases/distal-radius-fracture-6?lang=gb
https://radiopaedia.org/cases/distal-radius-fracture-6?lang=gb
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Javed et al., 2015). Volar locking plates are anatomically contoured to fit the volar 

surface of the distal radius where the cortex is thicker and stronger; they 

maintain reduction of dorsally displaced fractures well, and due to their 

placement deep to pronator quadratus, protect the flexor tendons from attrition 

rupture (Loisel et al., 2018; Orbay & Touhami, 2006; Quadlbauer et al., 2017). 

Volar locking plates are said to have fewer complications than dorsal plates or k-

wire fixation and their use is now widespread (Ikpeze et al., 2016; Loisel et al., 

2018).  

Figure 3 

Frontal and lateral radiographs of a distal radius fracture with a volar locking place in situ 

Note. Case courtesy of Dr Balint Botz, Radiopaedia.org, rID: 81408. From Radiopaedia. (Distal 

radius fracture - volar locking plate fixation | Radiology Case | Radiopaedia.org). Reprinted with 

permission. CC BY-NC-SA 3.0 

https://radiopaedia.org/cases/distal-radius-fracture-volar-locking-plate-fixation?lang=gb
https://radiopaedia.org/cases/distal-radius-fracture-volar-locking-plate-fixation?lang=gb
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3.2.3 Epidemiology 

Distal radius fractures have a bimodal distribution of incidence, with high 

occurrence in children under the age of 18, and adults over age 65 (MacIntyre & 

Dewan, 2016), and a much lower incidence in the 18-65 year age group (Karl et al., 

2015). Studies report that between 1.5% and 16% of all emergency department 

visits are due to distal radius fractures (MacIntyre & Dewan, 2016; Nellans et al., 

2012) and are the most common upper extremity fracture (Karl et al., 2015). In a 

study from the United Kingdom the overall incidence of distal radius fractures in 

2016 was 107/100,000 person-years, based on the population of people in Leicester 

and the surrounding counties (Stirling et al., 2018). Rates of fractures are higher 

in women. In that study there was a male: female ratio of 32%:68% over the study 

period of 2008 to 2016 (Stirling et al., 2018). The incidence of distal radius 

fractures is known to rapidly increase in women after the age of 45 years (Wilcke 

et al., 2013). In women over 65 years the risk of sustaining a distal radius fracture 

is around five times higher than for men, largely due to lower bone mineral 

density following menopause (Dewan et al., 2017). Worldwide, the incidence of 

distal radial fractures appears to be increasing, which is likely due to the rising 

numbers of independent, active older adults (MacIntyre & Dewan, 2016; Nellans 

et al., 2012).  

In Aotearoa, New Zealand, distal radius fractures are also common. National data 

are not published but incidence is illustrated by local data obtained from 

Counties Manukau District Health Board (CMDHB), a large, predominantly 

urban geographical region in the north of the country. During 2017 and 2018, in 

CMDHB, a total of 1397 patients were admitted for fractures of the lower end of 

the radius, with 41% of these undergoing surgeries (data obtained from CMDHB 

Health Intelligence and Informatics). The highest rates of surgery for fractures to 

the distal radius was in the 50-to-59-year aged group where 114/201(57%) of 

patients underwent surgery. In Aotearoa, New Zealand, the indigenous people are 

Māori. Of these 114 patients, 10(9%) were Māori compared with 70(61%) who 

were NZ European. Māori make up around 16.7% of the population and 

frequently have poorer health outcomes than Non-Māori (Robson et al., 2015). It 

is considered essential that Māori data are reported to highlight inequities in 
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service provision and health outcomes (Ministry of Health, 2014). Given this, data 

relevant to Māori are reported in my studies.  

3.2.4 Rehabilitation following surgery 

After surgical fixation of a distal radius fracture, it is common practice for 

patients to be referred for rehabilitation under the guidance of a hand therapist. 

A hand therapist is an occupational- or physio-therapist specialised in the 

rehabilitation of hand and upper extremity disorders. Rehabilitation following 

surgical treatment of a distal radius fracture commonly includes early 

mobilisation. Early mobilisation refers to the practice of initiating motion of the 

wrist within two weeks of surgery (Inclan & Dy, 2021). One of the key advantages 

of surgical treatment is that the rigid fixation afforded by volar plates allows for 

early mobilisation of the operated wrist. Initiating movement early after surgery 

is important because it helps in the prevention of stiffness and activity limitations 

frequently associated with this injury (Loisel et al., 2018; Osada et al., 2008; 

Salibian et al., 2019).  

Despite the widely discussed practice of early mobilisation, there is no consensus 

on the optimal timeframe for commencing mobilisation after surgical treatment 

of a distal radius fracture (Handoll & Elliott, 2015; Klein et al., 2015; Quadlbauer et 

al., 2017). Mobilisation and light activity are often initiated from as early as a few 

days postoperatively (Gong et al., 2015; Osada et al., 2008), but immobilisation for 

up to six weeks after surgery also remains common practice (Lichtman et al., 2011; 

Salibian et al., 2019). In the centre where I practice as a hand therapist, it is usual 

for patients to be referred for hand therapy at their first postoperative 

appointment at 7-10 days after surgery. At that hand therapy appointment active 

ROM exercises are taught and a protective, removable splint or wrist brace such 

as those shown in Figure 4 and Figure 5, is provided. Referral patterns vary widely 

and not all patients who undergo surgical treatment of a distal radius fracture 

receive early mobilisation. Even within the geographical region of Auckland, 

there are differences between services that perform orthopaedic surgery. Some 

surgical services routinely refer patients for early mobilisation while others apply 

a cast and delay mobilisation until four to six weeks postoperatively.  
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Figure 4 

Example of a removable custom-made thermoplastic splint used postoperatively 

Figure 5 

Example of a removable commercial wrist brace used postoperatively 

Note. Image is "Wrist Brace" courtesy of Birdies100. From Creative commons. 

(https://search.creativecommons.org/photos/3414375f-7eb2-4558-b845-de0b15b782e7). Reprinted 

with permission. CC BY-SA 2.0. 

Hand therapists traditionally achieve mobilisation of the operated wrist by 

prescribing ROM exercise repetitions performed at specified intervals throughout 

the day (Quadlbauer et al., 2020; Smith et al., 2004). Range of motion exercises 

https://www.flickr.com/photos/50113019@N00/21926120554
https://www.flickr.com/photos/50113019@N00
https://creativecommons.org/licenses/by-sa/2.0/?ref=ccsearch&atype=rich
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have defined parameters, can be applied equally to all patients, and are 

controllable with respect to dosage, joint range, and duration. It is relatively 

straightforward to progress home exercise programmes and they can be taught 

via demonstration, written information sheets, and electronic applications. Many 

postoperative home exercise programmes are described in the literature for distal 

radius fractures (Krischak et al., 2009; Quadlbauer et al., 2020; Watson, Haines, 

et al., 2018).  

Despite the frequent use of exercise regimes, the efficacy of such programmes 

and the need for formal postoperative rehabilitation has been questioned 

(Kooner & Grewal, 2021; Quadlbauer et al., 2020). A 2017 systematic review found 

that prescribed exercise programmes may be no more effective than advice or no 

intervention following an upper limb fracture in improving activity and reducing 

disability (Bruder et al., 2017). Another criticism of exercise approaches is that 

they may fail to promote functional motion and do not replicate the demands of 

muscles during everyday activities (de Vreede et al., 2004; Guzelkucuk et al., 

2007; Liu et al., 2014). In addition, adherence to home exercise programmes is 

variable and may not achieve the dosage of movement required to resolve motor 

impairments (Bassett, 2003).  

There have been repeated challenges to the premise that focusing on physical 

parameters such as range of motion or grip strength, directly translates to 

improvements in functional performance (Bialocerkowski et al., 2003; Dekkers & 

Soballe, 2004; Tremayne et al., 2002). Studies in orthopaedic and neurologic 

populations have shown that improvements in physical capacity do not 

necessarily equate to increased function of the affected limb (Bialocerkowski et 

al., 2003; Dekkers & Soballe, 2004; Karnezis & Fragkiadakis, 2002). Despite this, 

rehabiliation following surgical treatment of a distal radial fracture remains 

largely focused on the use of exercise-based interventions, particularly in the 

early phases where there may be restrictions on loading of healing tissues 

(Quadlbauer et al., 2020).  

Another therapeutic approach to improving wrist range of movement is through 

performing activities that promote wrist movement in the directions of greatest 
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movement loss. Occupational therapists have long used activity and occupation 

as therapeutic tools to elicit desired movement (Nelson & Peterson, 1989). The 

specified use of daily activities, however, does not appear to be a routine 

component of early mobilisation regimes and the degree to which activity is 

advocated without a wrist splint is often unclear (Chung, Petruska, et al., 2007; 

Fowler & Ilyas, 2013; Keizer et al., 2013). For example, some centres encourage 

light activity such as dressing and lifting up to 2.5 kg, without a splint, from as 

early as a few days after surgery (Gong et al., 2015; Orbay & Touhami, 2006; 

Osada et al., 2008). Conversely, functional use and lifting may be delayed until 

four or six weeks (Chung, Kotsis, et al., 2007; Ydreborg et al., 2015), or only 

allowed with a brace in situ (Klein et al., 2015; Smith et al., 2004).  

It is the therapeutic use of activites and occupation that is the focus of this thesis. 

It is propsed that daily activities and occupation can be safely used to resolve 

wrist stiffness and recover functional use of the wrist after surgically repaired 

distal radius fractures. Specified performance of daily activities will be explored 

from various perspectives in this doctoral research.  

3.2.5 Safety of early mobilisation 

To consider the use of daily activity performance in the early weeks after surgery 

it is first necessary to understand the safe loading limits of surgical volar plates. A 

large body of biomechanical research has been conducted to evaluate whether 

surgical volar plates are strong enough to withstand the forces of postoperative 

rehabilitation (Alluri et al., 2015; Kim et al., 2017). Such studies test the strength 

of volar plates by applying cyclic and axial loads in cadavers or bone models at 

forces estimated as equal to early rehabilitation (Putnam et al., 2000). The plates 

are then usually stressed to the point of failure.  

The load transmitted to the wrist during ROM exercises and light daily activity 

has been calculated in various ways. The load is estimated at around 100 Newtons 

(N) (Alluri et al., 2015; Dahl et al., 2012; Osada et al., 2003). A grip of 10 N (1kg) is

said to exert 26 N of load through the distal radius and the motion of wrist 

extension 54 N of load (Putnam et al., 2000; Rikli et al., 2007). Some studies 

suggest greater load transmission of up to 300 N based on transmitted loads to 
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the radius during grip, weight-bearing, and wrist extension (Koh et al., 2006; 

Mathiowetz et al., 1985; Smith et al., 2018).  

Various iterations of volar locking plates have been tested in simulated extra-

articular and intra-articular distal radius fractures. In extra-articular fractures 

studies report that volar plates are sufficiently strong to withstand loads of up to 

300 N and in some studies as much as 800 N (Alluri et al., 2015; Cooper et al., 

2007; Dahl et al., 2012; Kim et al., 2017; Koh et al., 2006; Levin et al., 2008; Osada 

et al., 2003). Testing of implants in comminuted intra-articular fractures has also 

been conducted demonstrating the ability of volar plates to withstand the 

physiological loads expected during early mobilisation (Kamei et al., 2010; Moss 

et al., 2011). Even in osteoporotic bones loads greater than 100 N were required for 

implant failure in complex fractures (Mansuripur et al., 2018).  

Taken together, there is strong consensus that surgical volar locking plates are 

sufficiently strong for the loads transmitted during mobilisation and light daily 

activities after volar plating of a distal radius fracture (Quadlbauer et al., 2020). It 

is essential that the loads transmitted to the radius will not cause implant failure, 

loosening of the screws or loss of fracture reduction while the bone is healing 

(Alter et al., 2018). Limiting grip force to 17kg in the first 4-6 weeks has been 

suggested as an acceptable limit (Brehmer & Husband, 2014; Naughton & Algar, 

2021) based on the work of Putnam et al. (2000). People can be educated as to 

what 17 kg represents by gripping a dynamometer in the non-affected hand and 

avoiding activities that require strong or forceful grip such as using a manual can 

opener or gripping a hammer.   

3.2.6 Sequelae of distal radius fractures 

After surgery, the majority of people are able to perform most usual daily 

activities by three to six months, as measured by self-report scales such as the 

Disabilities of the Arm, Shoulder and Hand (DASH) and the Patient Rated Wrist 

Evaluation (PRWE) (Watson, Haines, et al., 2018; Wilcke et al., 2011) . Surgical 

complications are relatively uncommon but in some patients’ motor impairment 

and disability can persist for many years after surgery (Alter et al., 2018; 

MacDermid et al., 2007; MacFarlane et al., 2015). Given that distal radius fractures 
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are such a common injury, even small percentages of poor outcomes represents 

disability in many thousands of people each year (Lalone et al., 2017). The most 

common problematic sequalae of surgically repaired distal radius fractures are 

disability, pain, joint stiffness, and sensorimotor impairment.  

Disability 

Although good functional outcomes are generally reported after volar plate 

fixation persistent disability occurs in a certain percentage. One study reported 

that 24% of a cohort of 187 patients had a score of >20/100 on the PRWE, 

indicating activity limitations (MacFarlane et al., 2015).  

Pain 

Complex regional pain syndrome (CRPS), a presentation of debilitating persistent 

pain, occurs in around nine percent of patients after surgical treatment of distal 

radius fractures (Roh et al., 2014). Additionally, many patients exhibit some of the 

symptoms of CRPS but may not be formally diagnosed. In a study that included 

patients with surgically repaired distal radius fractures, it was found that 70% of 

patients reported at least one symptom of CRPS (Hall et al., 2016). Persistent pain 

can significantly impact an individual’s quality of life and psychological wellbeing 

(Mehta et al., 2011). 

Stiffness 

Joint stiffness refers to a limitation of joint motion caused by tightness or 

shortening of soft tissues surrounding joints (Glasgow et al., 2010). Stiffness of the 

fingers, wrist, or distal radio-ulnar joints (DRUJ) is another potential sequela of 

surgically repaired distal radius fractures. Studies suggest that prolonged finger, 

wrist or DRUJ stiffness occurs in up to 35% of all patients following surgical 

treatment of distal radius fractures (Egol et al., 2014; Javed et al., 2015; Kong et al., 

2020; Lucado et al., 2008). Although wrist stiffness can be adapted to and lived 

with, it is associated with patient dissatisfaction, poorer functional outcomes, and 

lower quality of life (Bialocerkowski & Grimmer, 2004; Chung & Haas, 2009; 

MacDermid et al., 2002). People do not like having a stiff wrist. Patients are 

satisfied with their recovery when they have regained 79-95% of wrist motion 

compared with the contralateral wrist (Chung & Haas, 2009; Chung et al., 2020). 

Similarly, finger stiffness is a strong predictor of functional loss (Egol et al., 2014; 
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Kirby & Sparrow, 2017; Yang et al., 2018). Patients with wrist and finger stiffness 

require treatment for longer durations and require a greater number of hand 

therapy visits to obtain satisfactory outcomes (Kirby & Sparrow, 2017; Yang et al., 

2018). 

Wrist extension, supination, and ulnar deviation ROM limitation 

A consistent finding in the literature is that the movements of wrist extension, 

ulna deviation and supination are stronger predictors of functional outcomes 

than wrist flexion, pronation and radial deviation. Lucado et al. (2008) and Yang 

et al. (2018) showed that poorer wrist extension predicted worse DASH scores at, 

p=0.011 and p<o.0001 respectively and similarly for supination, p=0.02, and 

p<0.001. Wilcke et al. (2007) reported that <85% wrist extension was correlated 

with DASH scores of greater than 22, representing worse disability. Supination 

strength and ROM has been reported as a predictor of functional outcomes 

(Ploegmakers et al., 2015; Swart et al., 2012). Loss of ulna deviation has been 

strongly correlated with poorer DASH scores (Wilcke et al., 2007; Yuan et al., 

2018). Wilcke et al. (2007) reported that <80% ulna deviation of the contralateral 

limb was correlated with DASH scores of greater than 18. MacDermid et al. 

(2002) found a moderate associated between a composite measure of wrist ROM 

and poorer PRWE scores. Given that wrist extension, supination, and ulnar 

deviation were found to be most associated with activity limitations, the research 

conducted in study IV focused on these movement directions.  

Sensorimotor impairment  

Studies have demonstrated a spectrum of sensorimotor impairments following 

surgical and non-surgical treatment of distal radius fractures. These include 

reduced sensibility and proprioception, tremor, poor coordination, hesitancy, and 

slow execution of movement (Bialocerkowski, 2002; Hall et al., 2016; Imai et al., 

2018; Karagiannopoulos et al., 2013; Mehta et al., 2011; Nazari et al., 2018; Seo et 

al., 2011; Wollstein et al., 2018). Interventions that address sensorimotor deficits 

after distal radius fracture are now commonly advocated as part of postoperative 

rehabilitation (Valdes & Marik, 2010; Wollstein et al., 2018).  
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3.2.7 Summary  

After surgical treatment of distal radius fractures, disability, wrist stiffness and 

sensorimotor impairments commonly occur. Due to the high incidence and cost 

of rehabilitating these fractures, it is essential that hand therapists provide 

rehabilitative strategies to address such sequelae. Hand therapists traditionally 

rely on exercise routines to restore wrist ROM, but the efficacy of exercise 

approaches has been questioned. Furthermore, exercise repetitions may be 

limited in their capacity to elicit functional, complex planes of movement or 

deliver sufficient therapeutic dosage of movement during the day. Specified use 

of daily activities and occupations are investigated in this thesis as an alternative 

or complementary approach to range of motion exercises in the rehabilitation of 

surgically repaired distal radius fractures.  

3.3 What is activity and occupation? 

3.3.1 Terms defined 

The terms activity and occupation often lack clarity in the literature and are 

frequently, though inaccurately, used interchangeably (Polatajko et al., 2004). 

Occupation is defined in this thesis as the various life activities in which people 

engage (American Occupational Therapy Association, 2020). Occupations are 

broad categories that include activities of daily living, rest and sleep, education, 

work, play, leisure, and social participation. Activities are smaller actions or sets 

of tasks that occupations are constructed from; they are the components of 

occupations (American Occupational Therapy Association, 2020; Polatajko et al., 

2004), such as preparing vegetables, getting dressed, or watching a movie. The 

2004 taxonomic code of occupational performance provides a useful delineation 

of activities and occupations by placing them on a hierarchy (Polatajko et al., 

2004). Within the code, occupations are groupings of activities and form the 

highest level. The lowest levels are those of voluntary joint movements such as 

wrist extension, and isolated actions and tasks such as lifting a cup or closing a 

door. The levels from lowest to highest are voluntary movement, movement 

pattern, action, task, activity, occupation, occupational grouping. Activities 

therefore sit between tasks and occupations and hence understood to be more 
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than a task or series of joint movements but less than an occupation (American 

Occupational Therapy Association, 2020; Polatajko et al., 2004).  

Activities and occupations are frequently used by occupational therapists during 

rehabilitation to address occupational performance and impairments (Colaianni 

& Provident, 2010; Hétu & Mercier, 2012). Such approaches are known as 

occupation-based interventions and defined, based on the work of Fisher (2014), 

as those where occupation is specified as the therapeutic agent of change. It is 

implied that patients are active in the process of defining what is meaningful to 

them and perform those occupations as therapy (Hansen et al., 2016). The 

premise that engaging in a meaningful occupation yields different results from a 

non-purposeful task, underlies occupational therapy (Nelson & Peterson, 1989).  

One difficulty with the term occupation-based intervention is its apparent focus 

on occupation which may therefore exclude the use of activities. In hand therapy, 

activities are often used, in preference to occupations, to promote movement or 

enhance engagement in therapy (Dy & Yancosek, 2017; Hansen et al., 2016). This 

is because in early injury rehabilitation, the focus is often at the activity level, 

where activities are performed intermittently, or graded commensurate with the 

stage of healing and used as a therapeutic tool, known as purposeful activities 

(Hinojosa & Blount, 2014b). Examples of such activities may be donning an item 

of clothing, stroking a pet, or washing light dishes. The full performance of 

occupations such as childcare, gardening or playing football are likely to come 

later once the healing bone can withstand greater loads. As such, it may be said 

that purposeful activities, rather than occupations are used therapeutically in the 

early stages of rehabilitation. 

In this thesis the term occupation-based intervention is used as a broad term to 

define an intervention that uses activities and/or occupations for the purpose of 

remediating impairment. The term purposeful activity in this thesis refers to 

specific activities that are intentionally performed to achieve a therapeutic goal 

(Hinojosa & Blount, 2014b) . 
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3.3.2 Assumptions of occupation: purpose, meaning, context 

Occupation, as used in occupational therapy theory, assumes certain inherent 

characteristics. These include purpose or utility, meaning to the individual, 

occurrence within the context of everyday life, and deliberate, intentional 

engagement (Molineux, 2010; Reed et al., 2013). Occupation is doing, it is an 

active, intentional engagement in things that matter, those things that a person 

wants or needs to do during their daily life (Crabtree, 2010; Molineux, 2010). 

Critical to the therapeutic use of occupation is the understanding that activities 

and occupations are perceived as meaningful to the individual (Eklund et al., 

2009). According to Persson et al. (2001), the meaning of occupation lies in three 

domains of value: concrete, symbolic, and self-reward. Concrete value is the 

tangible result of performing an occupation – observing a job well-done or 

experiencing satisfaction from a task completed. The symbolic value of 

occupation lies in the deeper personal meaning that an occupation represents. 

Self-reward relates to the enjoyment and pleasure that comes from performing a 

chosen occupation. The juncture at which the physicality and emotionality of 

occupation intercepts with recovery from injury, is under investigation in this 

thesis.  

3.3.3 Why does occupation matter? 

This thesis explores the concept that activities and occupation have discrete 

effects and mechanisms in bringing about improvements after surgical treatment 

of a distal radius fracture. Increasing evidence exists for the benefits of 

occupation-based interventions in rehabilitative practice such as falls prevention, 

neurorehabilitation, and older adults (Clemson et al., 2010; Liu et al., 2014; 

Orellano et al., 2012). In hand therapy, beneficial motor and functional outcomes 

have been reported for patients receiving an occupation-based intervention 

(Colaianni & Provident, 2010; Daud, Yau, Barnett, Judd, et al., 2016; Weinstock-

Zlotnick & Mehta, 2018). It is increasingly suggested that participation in 

meaningful occupations be part of routine rehabilitation following upper limb 

injury (Harris et al., 2005).  
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Although there is emerging evidence for the efficacy of occupation-based 

interventions in people with hand and wrist injuries (Weinstock-Zlotnick & 

Mehta, 2018), fewer studies have explored the mechanisms by which activities 

and occupation bring about change. Commonly discussed actions include 

familiarity of movement, augmented movement volume, distraction from pain, 

and preservation of sensorimotor function. Performance of activities may act by 

taking advantage of motor patterns that are familiar and replicate the 

multiplanar, composite motions required for activities of everdyay life (de Vreede 

et al., 2004). Multiple and varied activities throughout the day may expose stiff 

joints to greater dosages of movement than intermittent exercise (Daud, Yau, 

Barnett, Judd, et al., 2016). It has been suggested that participating in meaningful 

activities and occupations may have an ameliorating effect on pain, by focussing 

attention away from uncomfortable movement onto the activity itself 

(Weinstock-Zlotnick & Mehta, 2018). Performance of activities and occupations 

may assist in promoting the reorganisation of cortical maps and ameliorating the 

effects of over-protection of the operated limb, seen in a subset of individuals 

after distal radius fracture (Lissek et al., 2009; Mehta et al., 2011). This effect may 

be even more important during early phases of recovery, when maladaptive 

motor patterns are most likely to be established (Imai et al., 2020) 

In my clinical role as a hand therapist, I have often observed the effects of activity 

performance on motor performance. Movement can be difficult to initiate and 

performing a simple task sometimes appears to elicit movement with greater ease 

or with less pain or anxiety than during an exercise repetition.  

3.3.4 What don’t we know about the influence of occupation? 

The theoretical knowledge on how occupation influences movement and 

remediates activity limitations following upper limb injury is limited. The safety 

of performing daily activities in the early weeks of recovery has not been 

established and the patient’s perspectives on the influence of activity and 

occupation on recovery has not been fully explored. There are no known studies 

where movement has been objectively measured during purposeful activities in 

the early weeks following hand or wrist injury. Without empirical evidence and a 

foundational understanding of the ways that activity and occupation influences 
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recovery in this population, it remains challenging for therapists to use 

purposeful activity as a rehabilitative strategy. 

3.4 Summary 

Chapter 3 discussed distal radius fractures and the problem of postoperative 

stiffness. Postoperative rehabilitation was discussed, and occupation-based 

therapy put forward as a potential therapy to address wrist stiffness and 

functional recovery after surgery. The chapter concluded with a discussion on 

theoretical perspectives and concepts of occupation. The following chapter 

represents the first phase of research into understanding the role of activities and 

occupation in the recovery from surgically repaired distal radius fractures.  
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Chapter 4  Published study I: Influence of purposeful activities on 
upper extremity motor performance: A systematic review 

4.1 Chapter overview 

This chapter presents the first systematic review undertaken (study I). The 

objective was to analyse the evidence for how movement occurs in the context of 

purposeful activity as opposed to arbitrary or non-purposeful movement. 

Previous reviews provided evidence for enhanced motor performance during 

purposeful activity in predominantly neurological disorders and in upper and 

lower limb performance combined (Hétu & Mercier, 2012; Lin et al., 1997; Nelson 

& Peterson, 1989). There were no known reviews that investigated the evidence 

from a solely upper limb or musculoskeletal injury perspective.  

Chapter 4 addresses RQ1: Does performance of purposeful activities and 

occupation influence upper extremity motor performance differentially from 

exercises or non-purposeful movement in healthy and musculoskeletal injury 

populations? 

The manuscript was published in OTJR: Occupation, Participation and Health 

(Collis et al., 2020b). The full citation for the article is: 

Collis, J. M., Signal, N., Mayland, E., & Wright-St Clair, V. A. (2020). Influence of 

purposeful activities on upper extremity motor performance: A systematic review. 

OTJR: Occupation, Participation and Health, 40, 223-234. 

https://doi.org/10.1177/1539449220912187 

The manuscript is included here with citations, figures and tables formatted 

consistent with the thesis. A copy of the published article is found in Appendix A. 

4.2 Published article 

4.2.1 Abstract 

Following upper extremity injury, exercise-approaches are commonly used to 

address motor impairments. Occupation-based approaches are also used but less 

widely promoted and their mechanisms of action not well-understood. 

Movement performed during purposeful activities and occupations may yield 

https://doi.org/10.1177/1539449220912187
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better motor performance than during non-purposeful tasks. This review 

investigated the influence of engagement in purposeful activities and occupations 

on upper extremity motor performance in healthy and musculoskeletal 

populations. Databases were searched for studies in healthy or upper extremity 

musculoskeletal-injured adults, that compared motor performance during 

purposeful activities against non-purposeful movements. Twenty-one studies of 

moderate quality, conducted predominantly in healthy populations, were 

included. Upper extremity movement quantity and quality were enhanced when 

performed during purposeful conditions. Purposeful activities have potential to 

be used following injury to enhance movement and address motor impairments 

to a greater extent than is currently promoted. Research in musculoskeletal 

populations is required. 

4.2.2 Introduction 

Trauma or pathology to the wrist or hand can result in impairment and issues 

with performance of daily occupations that can persist for weeks or months 

following injury. Sensorimotor impairments include pain, joint stiffness, 

weakness, poor dexterity, impaired sensory discrimination and disrupted body 

perception (Karagiannopoulos et al., 2013). Patient satisfaction is low and 

functional outcomes are poorer among patients with such impairments (Chung & 

Haas, 2009). Qualitative and observational data confirm the long-term functional 

impacts, with individuals often obligated to adopt compensatory strategies such 

as allowing longer time, using the contralateral hand or changing the type of grip, 

in order to carry out daily activities, (Bialocerkowski, 2002). 

Occupational, physical or hand therapists use a range of approaches to restore 

motion and function to the upper extremity following injury. Therapy often has a 

strong focus on range of movement exercises, particularly in the early weeks of 

healing (Bruder et al., 2017). Although exercises are fundamental to wrist and 

hand injury rehabilitation, they may be no more effective in reducing physical 

impairments than advice or no intervention (Bruder et al., 2017). Movement can 

also be intentionally promoted during daily activities and occupations but is less 

widely described in the literature as a therapeutic approach, than exercise 

approaches (Colaianni & Provident, 2010; Dy & Yancosek, 2017), Clinical 
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observations suggest that therapists frequently use purposeful activities and 

occupations to facilitate joint movement, yet the rationale for using activities in 

this manner remains relatively unexplored. The review addresses the question of 

whether engaging in purposeful activities and occupations has a beneficial 

influence on movement of the upper extremity after injury compared with non-

purposeful movements or tasks. 

Although the terms activity and occupation are sometimes used interchangeably 

(American Occupational Therapy Association, 2020), it is important to 

differentiate between them. Occupation is defined as the broad categories of daily 

life activities in which people engage: activities of daily living, rest/sleep, 

education, work, play, leisure, and social participation (American Occupational 

Therapy Association, 2020). Activities, on the other hand, are the smaller actions 

or sets of tasks that occupations are constructed from (Polatajko et al., 2004). The 

term purposeful activity is used in this paper to highlight that the activities under 

investigation are actions and sets of tasks with meaning and purpose, for example 

using chopsticks or slicing vegetables, as opposed to broader occupations. 

Approaches that use purposeful activities and occupations therapeutically have 

demonstrated beneficial effects on impairment and functional outcomes for 

individuals with upper extremity disorders (Weinstock-Zlotnick & Mehta, 2018). 

Therapists have been challenged to make meaningful occupations part of routine 

injury rehabilitation (Dy & Yancosek, 2017; Mehta et al., 2011) yet little is known 

about the mechanisms by which activities and occupations operate. It has been 

asserted that occupation-based interventions may be more effective than exercise 

alone because they: i) promote self-efficacy, motivation and engagement in 

rehabilitation; ii) promote greater dosage of motion; iii) preserve sensorimotor 

function; and iv) yield differences in motor performance from those seen during 

non-purposeful tasks such as exercise (Colaianni & Provident, 2010; Dy & 

Yancosek, 2017; Hétu & Mercier, 2012; Mehta et al., 2011). For clarity, motor 

performance is defined here as the observable production of a voluntary action or 

motor skill (Schmidt & Wrisberg, 2008, p. 11), and operationalised as both the 

quantity and quality of movement including movement duration, repetitions, 

range, speed and smoothness. 
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Research in healthy and neurologically impaired populations suggests there is 

superior motor performance in the upper and lower extremity, when movement 

is embedded within purposeful activities, compared with movements performed 

under rote or purposeless conditions (Hétu & Mercier, 2012; Lin et al., 1997). 

There are no known reviews however, that investigated the influence of 

purposeful activities on motor performance after upper extremity 

musculoskeletal injury. Understanding causal mechanisms would elucidate 

theoretical foundations and be useful in informing the development of 

interventions that capitalise on the strengths of purposeful activities in 

promoting movement.  

The UK Medical Research Council describes the first phase of complex health 

intervention development as identifying existing evidence and theoretical models 

(Craig et al., 2013). A broad-based systematic review that evaluates various study 

designs and populations contributes to this knowledge base (Squires et al., 2013). 

Other systematic reviews such as those by Weinstock-Zlotnick and Mehta (2018) 

and Bruder et al. (2017) have reviewed the efficacy of occupation and exercise 

interventions. This systematic review differs by focussing on the causal 

mechanisms of purposeful activities on movement, and the contexts in which 

they might occur. This systematic review therefore aimed to investigate the 

influence of purposeful activities on motor performance of the upper extremity in 

healthy and musculoskeletal injury populations. 

4.2.3 Methods 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

analysis) recommendations were followed (Moher et al., 2015). The study 

protocol was registered on PROSPERO (CRD42019135666). In November 2018, the 

primary author (JC) searched Medline and CINAHL Complete (via EbscoHost) 

and Emcare and AMED (via Ovid) to identify studies that investigated the effect 

of purposeful activity on motor performance. A series of preliminary searches 

were undertaken to identify terms used before ‘occupation’ gained widespread 

use. Table 1 details the final search terms and string. Results were exported to 

EndNote™ X8, citations combined, and duplicates removed. Inclusion criteria are 

detailed in Table 2. A lower age limit of 16 was set to capture older studies with a 

https://endnote.com/wp-content/uploads/m/pdf/en-x8-qrg-windows.pdf
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younger delineation of adulthood than the currently accepted age of 18. Titles 

and abstracts were reviewed by (JC) to eliminate studies not meeting the 

inclusion criteria. Reference lists and citations were screened to identify missed 

studies. Next, two authors (JC and VW) screened the full-texts of remaining 

articles to reach a consensus on articles to include.  

Table 1 

Search Terms and string used in the review 

Intervention Meaningful occupation, activity, or task 

Purposeful activity 

Therapeutic occupation 

Occupationally embedded exercise 

Materials-based occupation 

Functional task  

Added purpose 

Outcome Performance  

Motor control  

Motor skill 

Quality of movement or motion 

Kinematic 

Quality or analysis of reach 

Search string used for 
all four database 
searches 

("meaningful occupation*" OR "meaningful activit*" OR 
"meaningful task*" OR "therapeutic occupation*" OR 
"occupation* embedd*" OR "materials based occupation*" 
OR "functional task*" OR "purposeful activit*" OR "add* 
purpose") AND (performance OR "motor control" OR 
"motor skill" OR "quality of movement" OR "quality of 
motion" OR kinematic OR "quality of reach" OR "analysis of 
reach") 
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Table 2 

Inclusion and exclusion criteria for included studies 

Inclusion criteria:  

Adults aged ≥16 years  

Healthy or with an upper extremity musculoskeletal condition 

Published between 1980 and 2018 

Evaluation of at least one motor performance variable for the upper extremity 

Compared activity or occupation with meaning or purpose against task without 
meaning or purpose, simulated activity, rote exercise, or movement repetition  

Published in English 

Original experimental research of any design 

Exclusion criteria: 

Neurological disorder 

Unpublished theses 

Systematic or narrative reviews, position papers 

Conference proceedings or reports 

Data were extracted from the studies by the primary author (JC) using a template 

including: author and date of publication, study design, population size, 

participant characteristics, interventions or conditions and results. In studies 

with healthy and neurological participants, data were reported for the healthy 

cohort only. For the purposes of clarity, nomenclature for groups and conditions 

were standardised across studies. The term purposeful activity was used to refer 

to an activity or occupation with purpose; simulated activity, where the activity 

was performed in a non-purposeful manner, and exercise for movements 

performed for the purpose of exercise alone. Motor performance outcomes were 

reported as mean differences between conditions or groups. Effect sizes were 

calculated for individual outcomes, on the difference between condition or 

group, according to Hedges g, where 0.2, 0.5 and 0.8 indicates a small, medium 

and large effect respectively (Cooper et al., 2019). Meta-analysis was not 

conducted due to the disparate nature of design and purpose, and moderate 

quality of the studies.  

Risk of bias in the included studies was assessed by the primary author (JC) using 

a modified version of the Downs and Black Quality Index (Downs & Black, 1998). 

The index is suitable for evaluating group and crossover studies and has good 
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intra- and inter-rater reliability (r=0.88 and 0.75, respectively) (Downs & Black, 

1998). The index evaluates methodological quality of reporting, external quality, 

internal validity, and power. Questions not relevant to the included study designs 

were excluded, similar to other systematic reviews that included cross-over trials 

(Burdon et al., 2017). Scoring was modified from 0-28 to 0-20 where 20 represents 

studies of the highest quality. A random selection of studies (n=6) was 

independently scored by another author (EM) to check agreement between 

assessors. Where scoring differed, consensus was reached through discussion.  

4.2.4 Results 

The study selection process is detailed in Figure 6. Twenty-one studies were 

selected for inclusion in the review. There were 831 participants in total, with an 

age range of 16–81 years. Sample sizes ranged from five to 146 participants. Only 

one study included a musculoskeletal injury population. In that study, King 

(1993), recruited 146 patients from a hand therapy clinic, but did not provide 

details of injury characteristics. Seventeen studies used a randomised cross-over 

design, and the remaining were group design. In all studies, random assignment 

was used for sequence or group allocation.  
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Figure 6 

PRISMA flow diagram 

Note. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

The quality assessment scores are shown in Table 3. Six studies were graded by 

two authors (JC and EM). Agreement was 97.5% so further co-marking was not 

performed. The mean score was 13.6/20, with a range of 8–18. Recruitment 

showed evidence of bias in 16 studies. Blinding to the interventions was not 

possible in any study, but all participants were blinded to hypotheses. In the 
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majority of studies (19/21), it is unclear whether assessors were blinded to the 

results until completion of data analysis. Randomisation occurred in all studies; 

only three studies reported a power analysis for sample size. Analysis of variance 

was conducted in all 17 crossover trials to test for hypotheses and order effects. 

Risk of carryover effect was deemed to be low in these studies as 

counterbalancing was used to control for carryover and sequencing effects. With 

the exception of two studies (Ross & Nelson, 2000; Wu et al., 1998), the condition 

order had no effect on outcomes. Difference in group or condition means and 

standard deviations were reported for dependent variables in all studies. No 

study defined a primary outcome or reported confidence intervals. 
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Table 3 

Scoring of the Downs and Black Quality Index 

Reporting External 
validity 

Internal validity (bias) Internal validity 
(confounding) 

P
o

w
er

 

S
co

re
 

Question 1 2 3 4 5 6 7 10 11 12 14 15 16 18 20 21 23 25 27 

Bakshi et al. (1991) 1 1 1 0 1 1 0 1 0 0 0 0 1 1 1 1 1 0 0 11 

Fasoli et al. (2002) 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0 15 

Hall and Nelson (1998) 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 14 

Holubar and Rice (2006) 1 1 1 1 2 1 1 1 1 1 0 0 1 1 1 1 1 1 1 18 

Hoppe et al. (2008) 1 1 1 1 1 1 1 1 0 0 0 0 1 1 0 1 1 1 0 13 

Kehoe and Rice (2016) 1 1 1 1 2 1 1 1 1 0 0 0 1 1 1 1 1 1 1 17 

King (1993) 1 1 0 1 0 1 1 1 0 0 0 0 1 0 0 1 0 0 0 8 

Lin et al. (1998) 1 0 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 13 

Ma et al. (1999) 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0 15 

Miller and Nelson (1987) 1 1 0 1 0 1 1 1 0 0 0 0 0 1 0 1 1 1 0 10 

Morton et al. (1992) 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 10 

Rice et al. (1999) 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 13 

Rice et al. (2009) 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 14 

Rice and Renock (2006) 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 16 
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Reporting External 
validity 

Internal validity (bias) Internal validity 
(confounding) 

P
o

w
er

 

S
co

re
 

Question 1 2 3 4 5 6 7 10 11 12 14 15 16 18 20 21 23 25 27  

Ross and Nelson (2000) 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 14 

Sackaloo et al. (2015) 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 0 15 

Steinbeck (1986) 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 0 0 14 

Taylor et al. (2018) 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 0 15 

Wagner et al. (1995) 1 1 1 1 1 1 1 1 0 0 0 0 1 1 0 1 1 0 0 12 

Wu et al. (1998) 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 0 15 

Wu et al. (1994) 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 0 13 
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Purposeful activities and motor performance outcomes  

Characteristics of the studies and main results are presented in Table 4. The 

purposeful activities used in the studies included: personal care (Taylor et al., 

2018); writing (Ross & Nelson, 2000; Wu et al., 1994); eating (Hall & Nelson, 

1998); using chopsticks (Ma et al., 1999; Rice et al., 2009); reaching for candy 

(Sackaloo et al., 2015), a mug (Holubar & Rice, 2006; Rice et al., 2009), a bell (Lin 

et al., 1998; Morton et al., 1992) or a magazine (Rice & Renock, 2006); meal 

preparation tasks (e.g. slicing vegetables or making cookies) (Fasoli et al., 2002; 

Hoppe et al., 2008; Miller & Nelson, 1987; Rice et al., 1999; Wu et al., 1998); 

woodwork or handcrafts (Bakshi et al., 1991); and board or computer games, 

throwing darts or ping-pong (Kehoe & Rice, 2016; King, 1993; Steinbeck, 1986; 

Wagner et al., 1995). 

The range of motor performance outcomes measured varied. Outcomes for 

quantity of movement were limited to numbers of repetitions, duration of 

performance and range of movement. Quality of motion was evaluated by 

velocity, time taken to complete a movement, reaction time, movement units and 

displacement. Quantity metrics were reported in eight, and quality in 13, studies. 

Motor performance was measured by 3D motion capture systems, 

electrogoniometry, computer software or by manual counting or stopwatch. The 

majority of studies (17/21) found better motor performance in favour of 

purposeful activity in at least one outcome. In one low-quality study (Wagner et 

al., 1995), the data were in favour of exercise, and in two low-quality studies 

(Bakshi et al., 1991; Morton et al., 1992) no differences were observed between 

groups for any outcome. Many studies found differences for some performance 

variables and no differences for others.  

Quantity of motion: repetitions, duration, and arcs of motion 

Seven studies measured the number of repetitions completed during a given time 

frame or until fatigue. In four of these studies (Hoppe et al., 2008; King, 1993; 

Miller & Nelson, 1987; Steinbeck, 1986), small to medium effects were found for 

purposeful activity. Participants performed a greater number of repetitions in 
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occupation groups, with differences reaching statistical significance except in the 

study by Miller and Nelson (1987). Only three studies measured duration of 

performance, with participants allowed to work for as long as desired (Hoppe et 

al., 2008; Miller & Nelson, 1987) or until perceived exertion reached ‘very hard’ 

(Morton et al., 1992). The study by Hoppe et al. (2008) showed that participants 

who stirred cookie dough, performed for longer periods of time than when 

stirring a concealed bowl of an unknown substance. Similarly, Miller and Nelson 

(1987) found longer duration of performance in their occupation condition. 

Differences were non-significant in that study, but with a large effect size. 

Conversely, no difference in performance duration was found by Morton et al. 

(1992). The study by Taylor et al. (2018) was the only study that evaluated joint 

range of motion. Greater arcs of shoulder and wrist motion were required to 

perform functional activities than simulated tasks, for most of the activities 

evaluated.  

Quality of motion: speed, movement and reaction time, movement units, displacement 

Thirteen studies measured various aspects of velocity, with peak velocity being 

measured most frequently (11 studies). Peak velocity was significantly higher in 

three studies, lower in four, and equal in the remaining studies. Ten studies 

measured percentage of movement time to reach or maintain peak velocity, but 

only five studies found statistically significant differences. Movement time was 

measured in 13 studies, with eight studies reporting quicker movement during 

the occupation condition (Fasoli et al., 2002; Holubar & Rice, 2006; Lin et al., 

1998; Rice et al., 2009; Ross & Nelson, 2000; Sackaloo et al., 2015; Wu et al., 1994) 

or virtual reality (Kehoe & Rice, 2016). Large effects were demonstrated in two of 

these studies (Fasoli et al., 2002; Kehoe & Rice, 2016). A large and significant 

effect for movement time was also reported by Hall and Nelson (1998) but in the 

opposite direction, of longer movement time. No difference was observed by 

Kehoe and Rice (2016) or Rice et al. (1999). Reaction time was measured by Ross 

and Nelson (2000) and Wu et al. (1998), and was faster during purposeful activity 

in both studies. Eleven studies measured movement units, an indicator of 

movement smoothness calculated by summing the number of times acceleration 

went from negative to positive to negative (Holubar & Rice, 2006; Kehoe & Rice, 

2016). Seven of these studies showed small to medium effects of purposeful 
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activity in producing fewer movement units (Rice et al., 1999; Ross & Nelson, 

2000; Wu et al., 1994), when participants used their own objects (Holubar & Rice, 

2006), reached for preferred items during the experiment (Rice & Renock, 2006; 

Sackaloo et al., 2015), or were visually exposed to the objects for longer periods of 

time (Rice et al., 2009). Fasoli et al. (2002) demonstrated a large effect size for 

one of the four activities (hammering). Displacement was measured in 12 studies, 

with lower displacement an indication of more direct, controlled movement. In 

five of these studies, displacement was significantly lower in occupation groups. 

For example, in the high-quality study by Kehoe and Rice (2016), throwing an 

actual dart showed less displacement than in a virtual reality dart game.
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Table 4 

Study characteristics and outcomes 

Study Design and 
participants 

Interventions Outcomes Results 

Bakshi, 
Bhambhani, 
and Madill 
(1991) 

Randomised, 
counterbalanced, 
repeat measures  

two-factor experiment 

Healthy adult students 
(n=20) 

M:F = 0:20 

Mean age: 23 years 

PA: eight handcraft or 
woodwork activities  

SA: same activities 
performed as a movement 
repetition 

Participants selected most 
and least preferred 
occupations and 
performed them under 
both conditions (PA and 
SA) in random order for 10 
minutes  

Number of repetitions 
during 10-minute session 
counted manually  

Participants rated 
perceived exertion on an 
ordinal scale (from very, 
very light to very, very 
hard) 

Heart rate measured with 
a wireless heart monitor 
and blood pressure 
measured manually 

No significant difference, between PA and SA 
groups in number of repetitions performed 

No. of repetitions (PA vs. SA): 

Most preferred 63.3±33.7 vs. 82.9±39.1, g=-0.54  

Least preferred 63.1±31.9 vs. 84.4± 43.6, g=-0.55 
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Study Design and 
participants 

Interventions Outcomes Results 

Fasoli, 
Trombly, 
Tickle-
Degnen, 
and 
Verfaellie 
(2002) 

Randomised, 
counterbalanced, 
repeat measures  

 

Healthy participants 
(n=5) 

M:F = 1:4 

Mean age: 58 years 

PA: slicing bread, slicing 
tomato, stirring cup of 
coffee, hammering a nail.  

SA (three conditions): 
same tasks performed with 
limited or no 
materials/tools 

MT (sec) 

PV (mm/sec) 

MUs 

D (mms) 

Measured by a motion 
capture system 

Significantly lower PV and less D for all tasks in 
favour of PA 

MT faster for slicing bread, slicing tomato and 
hammering, and fewer MUs for hammering 

All other data were non-significant  

Data for hammering PA vs. SA:  

MT 1.45±0.41 vs. 1.99±0.44, g= 1.15 

PV 67.63±25.57 vs. 1271.49±542.76, g=2.83 

MUs 6.10± 0.22 vs. 7.00±0.50, g=2.10 

D 193.17±96.56 vs. 1153.00± 620.08, g=1.95 

Hall and 
Nelson 
(1998) 

Randomised, 
counterbalanced, 
repeated measures 

 

College students 

(n=47) 

M:F = 0:47 

Mean age: 22 years  

PA: eating applesauce with 
a spoon 

SA (two conditions): same 
task performed with 
limited or no 
materials/tools  

MT (secs) 

PV (cm/sec) 

MUs 

D (cm) 

 

Measured by a four-
camera motion capture 
system 

Significantly longer MT and lower PV in favour of 
PA 

Significantly greater MUs against PA. No difference 
for D 

PA vs. SA: 

MT 2.75±0.35 vs. 2.00±0.36, g=2.10 

PV 59.3±12.6 vs. 80.2±14.7, g=1.51 

MUs (from start to mouth) 13.7±3.6 vs. 4.5±3.0, g= -
2.75 

D 46.3±7.2 vs. 49.0±11.1, g=-0.29 
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Study Design and 
participants 

Interventions Outcomes Results 

Holubar 
and Rice 
(2006) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults 

(n=32) 

M:F = 0:32 

Mean age: 44 years 

Reaching and placing own 
mug or mug owned by 
researcher in a lab or at 
home 

MT (sec) 

PV (degree/sec) 

% of MT at PV 

MUs 

D (degrees) 

Measured by an 
electrogoniometer across 
the elbow 

MT significantly faster when reaching for own mug 
vs. researcher’s mug regardless of location: 0.96±0.21 
vs. 1.00±0.22, g=0.18, at home; 0.94±0.23 vs. 
0.98±0.20 at lab, g=0.18 

Fewer MUs for participants reaching for their own 
mug in the lab compared with at home: 3.06±1.72 vs. 
3.63± 2.46, g=0.27 

No other differences observed for mug ownership or 
location in remaining outcomes 

Hoppe, 
Miller, and 
Rice (2008) 

Randomised, 
counterbalanced, 
repeated measures 

College students, 
(n=30) 

M:F = 0:30 

Mean age: 22 years 

PA: stirring cookie dough. 
Environment enriched to 
replicate purposeful 
activity of making cookies 

SA: stirring an unknown 
substance in a covered 
bowl 

Number of repetitions 

Duration of performance 

Repetitions counted by 
researcher; duration 
recorded by a stopwatch 

PA group performed a significantly greater number 
of repetitions, 80±59 vs. 62±40, p<0.004, g= 0.35, for 
a significantly longer time, 125±80 vs. 109±87 secs, 
p<0.012, g= 0.19 
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Study Design and 
participants 

Interventions Outcomes Results 

Kehoe and 
Rice (2016) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults 

(novice dart players) 

(n=34) 

M:F = 15:19 

Mean age: 26 years 

PA: throwing darts at dart-
board 

VR: throwing virtual darts 
at a virtual dartboard 

SA: throwing imaginary 
darts at a blacked-out 
dartboard 

D (cm) 

PV (m/sec) 

MT (sec) 

% of MT to PV 

MUs 

MA (largest distance 
between thumb and 
index finger during the 
throw) 

Measured by an eight-
camera motion capture 
system, X-box 360, and 
Kinect sensor  

Significant differences for D, PV MT, % of MT to PV 
and MA in favour of PA or VR: 

D (PA vs SA) 242.38±85.28 vs. 258.22±128.08, g=0.14 

D (VR vs. SA) 168.91±84.91 vs. 258.22±128.08, g=0.81 

PV (PA vs. SA) 3.75±1.15 vs. 2.47±0.93, g=1.21 

MT (VR vs. SA) 0.40±0.24 vs. 0.63±0.32, g=0.80 

% of MT to PV (VR vs. SA) 24.14±14.09 vs. 
34.72±19.59 

MA (PA Vs. VR) 0.11±0.018 vs. 0.08±0.02, g=1.56 

MA (PA vs. SA) 0.11±0.018 vs. 0.098±0.025, g=0.54 

No differences found for MUs 

King (1993) Counterbalanced, 
repeated measures 

Hand therapy patients 

(n=146)  

M:F = 84:62 

Age range: 16–78 years 

PA: missile computer game 
where participant could 
use grip or pinch device to 
stop missiles 

Ex: squeeze the grip or 
pinch device 

Number of repetitions 

Measured by a computer 
programme 

Significant differences between the groups in favour 
of PA. Mean reps/3 minutes, PA vs Ex: 

Grippers 237.24±109.5 vs. 170.7±85.96, p<0.001, g= 
0.67 

Pinchers 240.5±101.51 vs. 203.2±98.16, p<0.05, g= 0.37 
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Study Design and 
participants 

Interventions Outcomes Results 

Lin, Wu, 
and 
Trombly 
(1998) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=24) 

M:F = 8:16 

Mean age: 24 years 

PA: reaching for and 
pressing the lever of a desk 
bell to make it ring 

SA: same task but bell did 
not ring. 

Control: reaching forwards 
and bisecting a line on a 
piece of paper 

MT (sec) 

PV (mm/sec) 

% of MT at PV 

Measured by a three-
camera motion capture 
system 

Significant difference for MT and PV in favour of 
PA. PA vs. control: 

MT 0.71±0.13 vs. 0.78±0.21, g=0.39 

PV 1259.2±199 vs. 1198.9±228.6, g=0.28 

No difference for % of MT at PV 

Ma, 
Trombly, 
and 
Robinson-
Podolski 
(1999) 

Healthy adults without 
experience using 
chopsticks (n=40) 

M:F = 12:28 

Mean age: 24 years 

PA: pick up and eat cheese 
with chopsticks.  

SA: pick up eraser and 
bring it to the mouth. 

Both conditions assessed 
during a learning phase 
and then as immediate 
motor performance 24 
hours later 

Successful completion of 
task 

MT (sec) 

D (mm) 

PV (mm/sec) 

Measured by three-
camera motion capture 

Success rate significantly greater in the PA group vs. 
SA group: 0.70±0.17 vs. 0.59±0.20, g=0.59. No 
differences in MT, PV, or D between the conditions 

Miller and 
Nelson 
(1987) 

Randomised, repeat 
measures 

Healthy adults (n=30) 

M:F = 0:30 

Age not provided 

PA: stirring a substance in 
a concealed bowl to make 
cookies. Vanilla added to 
mixture and fresh cookies 
in the oven to simulate 
baking environs. 

SA: as above but 
environment not 
augmented 

Repetitions 

Duration of performance 

Manual counts of 
repetitions, stopwatch 
used for recording 
duration  

Non-significant differences in favour of PA. PA vs. 
SA:  

Repetitions: 103.3±67.3 vs. 77.07±54.2, p=0.052, 
g=0.42 

Duration: 233.4±169.3 vs. 141.07±87.4, g=0.67 
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Study Design and 
participants 

Interventions Outcomes Results 

Morton, 
Barnett, 
and Hale 
(1992) 

Randomised, repeated 
measures 

 

Healthy adults (n=30) 

M:F = 15:15  

Mean age: 45 years 

PA: pushing lever on a 
weight-box device to ring a 
bell 

Ex: pushing lever on 
weight-box (no bell) 

Repetitions 

Duration of performance 

 

Manual counts of 
repetitions, stopwatch 
used for recording 
duration 

No significant differences between PA and Ex 
groups for number of repetitions or duration. PA vs. 
Ex (means of 3 trials): 

Repetitions: 169.37±103.03 vs. 186.53±75.15, g=-0.19 

Duration: 175.38±103.18 vs. 191.73±72.1, g=-0.15 

Rice, 
Alaimo, and 
Cook (1999) 

Randomised, 
counterbalanced, 
repeated measures 

 

Healthy adults (n=39) 

M:F = 0:39 

Mean age: 30 years 

PA: grasping a familiar 
labelled can of tomato 
soup from the bench and 
placing on a shelf  

SA: grasping and placing 
an unlabelled can of soup 

Ex: grasping and placing a 
lump of clay (weight and 
shape matched)  

MT (secs) 

MUs 

D (degrees) 

 

Measured by an 
electrogoniometer placed 
on right elbow 

Significantly fewer MUs (smoother movement) in 
the PA vs. Ex: 59.85±19.79 vs. 66.03±24.10, g=0.28 

Significantly less D in SA vs. Ex: 492.42±151.11 vs. 
526.61±99.01, g=0.27 

No difference in MT between the groups 
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Study Design and 
participants 

Interventions Outcomes Results 

Rice, 
Davies, and 
Maitra 
(2009) 

Randomised, 
counterbalanced, 
repeated measures 

two-factor experiment 
with repeated 
measures on one 
factor 

Healthy adults (n=59) 

M:F = 12:28 

Age range: 18–45 years 

PA: opening a cupboard 
door, reaching for, and 
placing a cup on a shelf, 
immediate or prolonged 
exposure (transparent or 
opaque door) 

SA: as above with a lump 
of clay (shape and weight 
matched) 

MT (secs) 

PV (mm/sec) 

MV (mm/s) 

% of MT to PV 

MUs 

D (mm) 

Measured by a four-
camera motion capture 
system 

No significant differences between PA and SA for 
immediate exposure condition 

When participants had prolonged visual exposure to 
objects there was faster movement, higher mean PV, 
quicker time to PV and fewer MUs 

PA vs. SA: 

MT 0.57± 0.24 vs. 0.64±0.21, g=0.31 

MV 669.00±795.45 vs. 349.34±480.01, g=0.48 

% of MT to PV 0.56±0.26 vs. 0.45±0.25, g=0.43 

MUs 2.21±1.78 vs. 2.76±1.81, g=0.30 

Rice and 
Renock 
(2006) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=43) 

M:F = 0:43 

Age range: 22–62 years 

PA: reaching for a 
magazine in three different 
conditions; most preferred, 
neutrally preferred, or least 
preferred magazine 

MT (sec) 

PV (degrees/sec) 

% of MT to PV  

MUs 

D (degrees) 

Measured by elbow 
electrogoniometer 

No significant differences on any DV excepting 
slower MT, and greater MUs, for neutrally preferred 
vs. least preferred magazines: 

MT 1.31±0.95 vs. 0.95±0.43, g=-0.43 

MU 9.09±6.72 vs. 6.40±3.65, g=0.56 
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Study Design and 
participants 

Interventions Outcomes Results 

Ross and 
Nelson 
(2000) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=60) 

M:F = 0:60 

Mean age: 22 years  

PA: pick up pencil and 
prepare to write name in 
normal manner 

SA: pretend to pick up a 
pencil and prepare to write 
name 

Ex: reaching forward 
movement in equidistance 
and height as PA condition 

RT (sec) 

MT (sec) 

MUs 

D (cm) 

PV (cm/sec) 

% of MT to PV 

EV (cm/sec) 

Measured by four-camera 
motion capture system 

Significantly better outcomes in PA than SA or Ex 
for all DVs (faster RT and MT, fewer MUs, lower D, 
PV and EV) 

For PA vs. Ex conditions: 

RT 0.416±0.11 vs. 0.429±0.11, g=0.12 

MT 0.526±0.08 vs. 0.550±0.14, g=0.21 

MUs 1.10±0.24 vs. 1.26±0.35, g=0.53 

D. 43.5±4.7 vs. 48.4±6.7, g=0.84

PV 113.7±17.0 vs. 123.0±17.7, g=0.53

% of MT to PV 0.579±0.08 vs. 0.647±0.11, g=0.70

EV 55.5±12.8 vs. 81.1±22.9, g=1.37

Sackaloo, 
Strouse, 
and Rice 
(2015) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=40) 

Mean age: 23 years 

Gender not reported 

PA: reaching for seven 
different types of candy 
ranked by participants 
from most to least 
preferred (three 
conditions: most, neutral 
and least preferred) 

Candy placed in front of 
participant; candy reached 
for, grasped, and brought 
back to a marked position 
on table 

MT (sec) 

PV (mm/sec) 

% of MT to PV 

MUs 

Measured by a four-
camera motion capture 
system  

Significantly faster movement time, and fewer MUs, 
in the most preferred vs. least preferred conditions 

MT 0.73±0.26 vs. 0.82±0.23, , p=0.003, g=0.36 

MUs 2.89±2.80 vs. 3.77±2.00, p=0.001, g=0.36 

No significant differences for PV and time to PV 
between most, neutral or least preferred conditions 
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Study Design and 
participants 

Interventions Outcomes Results 

Steinbeck 
(1986) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=30) 

M:F = 15:15 

Mean age: 19 years  

PA: ping-pong game; 
squeezing rubber bulb to 
above specified track 

Ex: squeezing a rubber ball 
for ex (no game) 

Both conditions performed 
to perceived point of 
‘working somewhat hard’ 

Number of repetitions 

Manual count of 
repetitions 

Significantly greater number of repetitions in the PA 
vs. Ex groups: 105.67±33.55 vs. 95.50±32.45, p=0.05, 
g=0.30 

Taylor, 
Kedgley, 
Humphries, 
and 
Shaheen 
(2018) 

Randomised, 
counterbalanced, 
repeated measures 

Healthy adults (n=14) 

M:F = 8:0 

Mean age: 22 years  

PA: five purposeful 
activities (washing armpit, 
eating, combing hair, 
retrieving bottle from a 
shelf, perineal care) 

SA: performing the 
equivalent activities as a 
movement (e.g., touching 
contralateral armpit, 
touching the mouth or 
back of head) 

Maximum and minimum 
joint ROM (°) 

Joint angles (°) 

Movement patterns 
(mean° from 0 to 100% of 
movement cycle for each 
task) 

Movement variability (°) 

Measured by an 11-camera 
motion capture system 

Thoracic ROMs were significantly greater in PA vs. 
SA. Shoulder elevation and internal/external 
rotation for perineal care 90° vs. 79° and 77° vs. 63° 
respectively; shoulder elevation 81° vs. 68° for 
combing hair, and 129° vs. 107° for retrieving object 
from shelf.  

Forearm rotation showed no differences between 
either condition for any task. Wrist ROMs were 
greater for PA vs. SA for all tasks, except washing 
armpit. 

Few differences in intra-subject movement 
variability between conditions 
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Study Design and 
participants 

Interventions Outcomes Results 

Wagner, 
Krauss, and 
Horowitz 
(1995) 

Randomised, repeated 
measures 

Healthy adults (n=45) 

M:F = 45:0 

Mean age: 25 years  

PA: moving a cork ball on 
a board using air squeezed 
from a rubber bulb as a 
game for 2 minutes with 
another person present. 

Ex (2 conditions): squeeze 
a rubber bulb as ex for 2 
minutes, with another 
person present or alone 

Number of repetitions 

Manual count of 
repetitions 

Significantly greater repetitions in favour of Ex. PA 
vs. Ex: 

 270.13±61.15 vs. 341.53± 53.83, g=-1.23 

Wu, 
Trombly, 
Lin, and 
Tickle-
Degnen 
(1998) 

Randomised, 
counterbalanced, 
repeat measures  

Healthy participants 
(n=25) (14 stroke; 
results not reported 
here) 

M:F = 6:17 

Mean age: 63 years 

PA: reaching forward and 
pushing down on a handle 
to chop a fresh mushroom 

SA: reaching forward and 
pushing down on a 
concealed handle (no 
mushroom) 

MT 

D 

PV 

Percentage of MT at PV 

MUs 

Measured by a two-
camera motion capture 
system 

Findings were non-significant or not in support of 
PA vs SA: 

MT 0.51±0.13 vs. 0.47±0.10, g=-0.34 

D 398.59±52.72, vs.387.62±44.4, g=-0.22 

PV 1260.79±304.64 vs. 1272.18±290.38, g=0.04 

% of MT at PV 42.35±7.67 vs. 44.53±7.27, g=0.29 

MUs 0.73±0.22 vs. 0.72±0.24, g=-0.04 
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Study Design and 
participants 

Interventions Outcomes Results 

Wu, 
Trombly, 
and Lin 
(1994) 

Randomised, 
counterbalanced, 
repeated measures 

 

Healthy physiotherapy 
or biomedical students 
(n=37) 

M:F = 0:37 

Mean age: 21 years 

 

PA: pick up a pencil from a 
pencil holder and prepare 
to write name 

SA: pick up an imaginary 
pencil and pretend to 
prepare to write name  

Ex: reach forward 
movement in equidistance 
and height as PA 

RT (sec) 

MT (sec) 

MUs 

D (cm) 

PV (mm/sec) 

Percentage of MT at PV  

 

Measured by a three-
camera motion capture 
system 

Significant differences in favour of PA for RT, MT, 
MUs and D  

PA. vs Ex: 

RT 0.391±0.068 vs. 0.434±0.075, g=0.59 

MT 0.976±0.154 vs. 1.062±0.161, g=0.54 

MUs 0.891±0.405 vs. 1.292±0.446, g=0.93 

D 41.331±5.556 vs. 47.551±7.679, g=0.92 

PV and % of MT at PV were lower in the PA vs. Ex 
condition: 

PV 1214.332±505.968 vs. 1610.311±963.354, g=0.51 

% of MT at PV 58.42±16.15 vs. 66.79±20.72, g=0.45 

Note. Values are mean ± SD or as otherwise indicated. The statistic g refers to Hedges g for effect size, where 0.2 = small effect, 0.5 = medium effect, 0.8 = large effect 

and were calculated on the difference between condition or group.  

M = male; F = female; PA = purposeful activity; SA = simulated activity; MT = movement time; PV = peak velocity; MU = movement unit; D = displacement; VR = 

virtual reality; MA = maximum aperture; Ex =exercise; MV = mean velocity; DV = dependent variable; RT = reaction time; EV = end velocity; ROM = range of 

movement.
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4.2.5 Discussion 

This review was conducted to identify the influence of engaging in purposeful 

activities and occupations on upper extremity motor performance in healthy and 

musculoskeletal injury populations. The results provided evidence that 

purposeful activities had a beneficial effect on the quality and quantity of 

movement in healthy populations, distinct from simulated tasks, exercise 

repetitions or movement performed under artificial conditions. The findings 

suggested that when a person engaged in an activity or occupation equal or 

similar to that in everyday life, they were likely to perform more repetitions for 

longer periods of time. In addition, movement was more likely to be smoother, 

more controlled and performed more quickly. The findings of this review concur 

with results from reviews in predominantly neurological populations (Hétu & 

Mercier, 2012; Lin et al., 1997), that also found enhanced motor performance for 

movement embedded in familiar activities as opposed to arbitrary motion. 

The body of evidence in this review was drawn from studies of moderate quality 

and conducted mainly in healthy populations. There was a paucity of research on 

the influence of purposeful activities in individuals with musculoskeletal injuries. 

Despite an extensive search, only one study (King, 1993) was located that 

included individuals with a musculoskeletal condition or injury. In that study 

King (1993) demonstrated significantly greater movement quantity in the activity 

group, but the study was of very low quality. Caution must be applied in 

generalising the results from that study, as King did not report on the nature or 

characteristics of the participant’s injuries. With respect to the quality of the 

studies in the review, concerns were noted with recruitment, reporting, blinding, 

validity of outcome measures and statistical analyses that did not consider 

covariates. There was an overrepresentation of young participants, females, and 

students, making generalisability to other healthy populations such as older 

adults or manual workers, difficult. Manual counting was used in six of the seven 

studies that measured repetitions (Bakshi et al., 1991; Hoppe et al., 2008; Miller & 

Nelson, 1987; Morton et al., 1992; Steinbeck, 1986; Wagner et al., 1995), leading to 

potentially inaccurate counting or inconsistencies in what constituted a 
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repetition. Lack of study rigour indicated that the findings be interpreted with 

caution and highlighted a need for replication of this type of research in 

individuals with upper extremity injury.  

Purposeful activities and occupations 

A premise under investigation in this review is that purposeful activities and 

occupations elicit motor performance measurably different from non-purposeful 

tasks or rote exercises. The purpose and meaning ascribed to activities and 

occupations is complex (Eakman et al., 2010), and was not evaluated in any of the 

studies. The degree to which the activities or occupations held purpose or 

meaning for participants was therefore unknown. Many of the activities in the 

studies could be considered repetitious and purposeless, such as ringing a bell, or 

placing a can or mug onto a shelf (Holubar & Rice, 2006; Lin et al., 1998; Rice et 

al., 1999). Even in the study by Bakshi and colleagues (1991) where activities were 

self-selected, choice was limited to eight activities and their perceived value was 

unknown. If an activity lacks value, an individual may not persevere for as long, 

put in equal amounts of effort or attend to the task with the same degree of 

focus, potentially lowering the quality and quantity of the movement produced. 

In future, research that evaluates movement during the performance of activities 

or occupations, it is recommended that the activities are: i) self-selected; ii) 

performed in a naturalistic manner; iii) conducted in the participants’ own 

environment; and iv) evaluated for meaning using tools designed for that purpose 

such as the Occupational Value-9 (Persson & Erlandsson, 2010), or the 

Meaningful Activity Participation Assessment (Eakman et al., 2010).  

Several studies investigated the relative effect that objects and materials have on 

motor performance during an occupation (Holubar & Rice, 2006; Rice & Renock, 

2006; Sackaloo et al., 2015). In those studies, movement speed and smoothness 

were enhanced in participants who reached for a personally owned or preferred 

object. This premise has been corroborated by Hétu and Mercier (2012), who 

found that adding an object to a motor task enhanced quality of movement. The 

results suggest that clinicians may be able to enhance motor performance by 

having patients use their own materials and objects during therapy, for example, 

by putting on items of clothing or playing a preferred game. Therapists could 
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observe movement during performance of purposeful activities and modify the 

activity or movement parameter to achieve the desired motor outcome.  

Motor performance outcomes 

Motor performance outcomes varied across studies, and none were measured by 

all authors. With respect to quantity or dosage of motion, small to medium 

effects were observed for purposeful activities and occupations. For the most 

part, participants performed more repetitions and for longer periods of time, 

when performing purposeful activities. In studies where duration of performance 

was foreshortened, it is possible that the activity itself was insufficiently 

motivating to persevere for longer. As an example, the activity in the study by 

Morton et al. (1992) involved the pushing of a lever in a weight box apparatus, 

either to ring a bell (activity with purpose) or as exercise (without purpose). 

Although participants in the purpose group found the bell-ringing fun, this did 

not result in longer duration of performance compared with the group who had 

no bell. The nature of activities and occupations are that they involve purpose, 

meaning and occur within the context of daily life (Molineux, 2010). The activity 

in Morton’s study did not relate to any purposeful end goal, lacked meaning, and 

was performed in an artificial research environment, and these factors may have 

accounted for the lack of perseverance observed in both groups. The study by 

Taylor et al. (2018) was the only study to evaluate range of motion during the 

performance of functional tasks. Those authors showed that participants used 

greater arcs, and therefore higher overall volume of motion, when performing 

tasks in a naturalistic manner rather than as simulated motions.  

The findings of enhanced movement quantity demonstrate opportunity for 

therapists to use purposeful activities in more strategic ways. Wrist and finger 

stiffness is a common complication after injury, and occurs, for example, in up to 

20% of patients with surgery of distal radial fracture (Egol et al., 2014). Range of 

movement exercises are used to promote movement, but have variable rates of 

adherence and may not achieve the desired dosage of motion (Bassett, 2003). The 

findings from this review can only be applied to healthy participants but point to 

the potential of purposeful activities and occupations in augmenting the amount 

of movement volume. 
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Quality of motion was evaluated by a range of kinematic variables where faster 

reaction and movement times, higher peak velocity, less displacement and fewer 

movement units indicate greater movement efficiently and control (Kehoe & 

Rice, 2016). Reaction and movement times were faster during purposeful activity 

conditions in the majority of studies that measured those outcomes. Although 

the magnitude of effect was predominantly small to medium, this may indicate 

that the familiarity of movement during purposeful activities requires less focus 

and attention than non-purposeful tasks. A large effect for purposeful activity on 

movement time was found by Fasoli et al. (2002), but as the study only sampled 

five participants this may represent an inflated effect size. Velocity metrics 

included peak velocity and percentage of movement time to peak velocity. 

Significant differences were found in a majority of studies. In most cases, higher 

peak velocity was assumed to represent greater movement efficiency and skill 

(Kehoe & Rice, 2016; Lin et al., 1998). The opposite was hypothesised in some 

cases, in that movement executed more slowly with lower peak velocity allowed 

for greater control and was an indication of more skilled motion (Fasoli et al., 

2002; Hall & Nelson, 1998). The differing outcomes for peak velocity may be 

related to the differing demands of the task (e.g., throwing a dart vs. slicing 

bread), where one task inherently requires greater speed over another. This 

highlights the need to further evaluate the differential effect of various activities 

and occupations on motor performance metrics. 

Smoothness and coordination were measured by the number of times that 

acceleration and deceleration occurred in succession during a movement 

(movement units) (Rice & Renock, 2006). Generally, fewer movement units are 

associated with smoother motion (Holubar & Rice, 2006). In this review, a 

majority of studies found fewer movement units when participants were engaged 

in a purposeful activity, particularly where familiar or preferred objects were 

used. The estimated effects were generally small to medium, but if a similar 

finding were established in clinical populations, purposeful activities have 

potential for helping to restore smooth, dextrous motion after injury.  
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Limitations and future directions 

This review brought together a body of work that has not previously been 

examined in the musculoskeletal field. Although a large number of studies were 

identified, the difficulty of locating all studies must be acknowledged due to the 

range of terms used for occupation, particularly in older studies. Other 

limitations of this review include only one reviewer screening the titles and 

abstracts during the initial screening phase, and the inclusion of only one study 

in a population with musculoskeletal injury. The applications of the findings to 

clinical practice must therefore be regarded as suggestions only. The findings 

nonetheless represent best available evidence at this time and highlight the need 

for further research in clinical populations.  

Future research should investigate the influence of activities and occupations in 

upper extremity pathologies and in isolated joints of the upper extremity. 

Activities and occupations investigated should be those selected by participants 

as having meaning and purpose. Researchers are challenged to conduct 

investigations in the environments in which participants perform daily 

occupations. This is becoming increasingly possible with advances in wearable 

technologies and field motion capture systems. Evaluating discrete activities and 

occupations linked to specified motor performance impairments will help to 

elucidate which occupations can be used to target identified problems, for 

example, loss of finger dexterity, wrist extension loss or difficulties with initiating 

finger flexion.  

4.2.6 Conclusion 

This review found evidence from multiple randomised studies that for healthy 

adults, engagement in purposeful activities will generally result in greater 

quantity and quality of movement than simulated activities or movement 

performed without purpose. Occupation-based interventions are increasingly 

being advocated in the musculoskeletal literature for treating motor 

impairments, yet the mechanisms by which they operate are not well-

understood. This review adds evidence to the premise that purposeful activities 

elicit movement in measurably different ways from non-purposeful tasks. 

Investigating the mechanisms of action of purposeful activities and occupations 
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after upper extremity injuries would elucidate whether motor performance is 

influenced similarly in injured individuals. These data would provide a robust 

foundation on which to develop interventions based on the strengths of 

movement embedded in purposeful activities and occupations.  

4.3 Chapter summary 

The systematic review presented in this chapter showed that there are discernible 

differences in the way movement is performed when people are performing an 

activity that has purpose versus no perceived purpose. Because of the lack of 

studies in upper limb injuries the review was unable to determine whether the 

findings hold true for people with wrist injury, particularly early after injury or 

surgery. There is a suggestion that people might achieve more movement if they 

embed movement into daily activities, rather than solely performing exercise 

routines. This suggestion showed that primary research into the influence of 

activity performance on wrist movement in clinical populations was warranted.  

The review highlighted several methodological concerns with the included 

studies that informed the development of subsequent studies in this thesis. The 

primary concerns were the lack of self-selection of valued activities and the 

location of data collection in laboratory or clinical settings. Both these factors 

may have affected motor performance during purposeful activities. For activities 

to be used as a therapeutic tool the activities must be meaningful and purposeful, 

and be performed in context where they would usually occur (Hinojosa & Blount, 

2014b). To address those concerns, it was determined that studies III and IV 

would be conducted in the homes of participants using activities chosen by 

participants.  

Before embarking on primary research, I first needed to understand whether it 

was feasible and safe to use daily activities as a rehabilitative strategy. A second 

systematic review was therefore planned to investigate the use and safety of daily 

activities during the early weeks of rehabilitation.  
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Chapter 5  Published study II: A systematic review of how daily 
activities and exercises are recommended following volar 
plating of distal radius fractures and the efficacy and safety of 
early versus late mobilisation 

5.1 Chapter overview 

This chapter presents the second systematic review undertaken (study II). The 

objective of the review was to critically examine the literature on how 

performance of daily activities is recommended in early mobilisation protocols. I 

wanted to determine whether daily activities are considered safe and explore the 

benefits of early mobilisation that specified use of daily activities. Exercise 

routines are a well-established approach to rehabilitation of wrist and hand 

fractures in the immediate weeks following surgery, but it was not clear whether 

performance of daily activities was commonly recommended. Clinical practice 

suggested wide variability in advice given to patients on daily activities so 

establishing and evaluating current practice from the literature was seen to be an 

important early step in this thesis.  

Chapter 5  addresses RQ2: How is activity recommended following surgical 

treatment of distal radius fractures and what is the efficacy and safety of early 

versus delayed mobilisation? 

The manuscript was published in Hand Therapy (Collis et al., 2020a). The full 

citation for the article is: 

Collis, J. M., Signal, N., Mayland, E., & Wright-St Clair, V. A. (2020). Influence of 

purposeful activities on upper extremity motor performance: A systematic review. 

OTJR: Occupation, Participation and Health, 40, 223-234. 

https://doi.org/10.1177/1758998320967032  

The manuscript is included here with citations, figures and tables formatted 

consistent with the thesis. A copy of the published article is found in Appendix B. 

https://doi.org/10.1177/1758998320967032
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5.2 Published article 

5.2.1 Abstract 

Introduction 

Following surgical repair of distal radius fractures, mobilisation timeframes and 

interventions vary. Early mobilisation (<2 weeks postoperatively) usually includes 

range of motion exercises and may include recommendations to perform daily 

activities. The review investigated (i) how early mobilisation was recommended, 

particularly with respect to wrist use during daily activities and (ii) the efficacy 

and safety of early versus delayed mobilisation (< or ≥ 2 weeks). 

Methods 

The study protocol was registered on PROSPERO (CRD42019136490). Five 

databases were searched for studies that compared early and delayed 

mobilisation in adults with volar plating of distal radius fractures. The Downs 

and Black Quality Index and the Template for Intervention Description and 

Replication checklist were used for quality evaluation. Effect sizes were calculated 

for range of movement, function, and pain at 6–8, 10–12 and 26 weeks. A 

descriptive analysis of outcomes and mobilisation regimes was conducted.  

Results 

Eight studies with a mean Quality Index score of 20 out of 28 (SD=5.6) were 

included. Performing daily activities was commonly recommended as part of 

early mobilisation. Commencing mobilisation prior to two weeks resulted in 

greater range of movement, function, and less pain at up to eight weeks 

postoperatively than delaying mobilisation until two weeks or later.  

Discussion 

Performance of daily activities was used alongside exercise to promote recovery 

but without clearly specifying the type, duration, or intensity of activities. In 

combination with exercise, early daily activity was safe and beneficial. Performing 

daily activities may have discrete advantages. Hand therapists are challenged to 

incorporate activity-approaches into early mobilisation regimes. 
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5.2.2 Introduction 

Following surgical treatment of distal radius fracture it is common practice to 

commence mobilisation of the wrist within two weeks of surgery (Ikpeze et al., 

2016). Delaying movement for longer than two weeks has been associated with 

greater wrist stiffness and poorer outcomes (Dennison et al., 2020). Wrist 

mobilisation following surgical distal radius fracture repair is predominantly 

facilitated by active range of motion (ROM) exercises, but may also be promoted 

through the performance of daily activities when a splint is removed (Naughton 

& Algar, 2021). Engaging in daily activities within the first two weeks of 

rehabilitation may be advantageous in promoting use of familiar movement 

patterns, building self-efficacy, augmenting movement volume, mitigation of 

pain, and facilitating engagement in therapy (Colaianni & Provident, 2010; 

Guzelkucuk et al., 2007; Mehta et al., 2011) and may be equally effective as 

exercise routines (Quadlbauer et al., 2020). While therapeutic exercise for early 

mobilisation following surgical repair of distal radius fracture is widely practiced 

(Quadlbauer et al., 2020; Smith et al., 2004), the safety and benefit of including 

daily activities in the first two weeks of postoperative rehabilitation has not been 

established.  

Hand therapists are increasingly being challenged to use activity and occupation-

based interventions in clinical practice to facilitate more holistic, patient-focused 

therapy (Colaianni & Provident, 2010; Weinstock-Zlotnick & Mehta, 2018), but 

evidence is lacking to support the safety of daily activities after surgical repair of 

distal radius fracture. Additionally, while activity in early mobilisation regimes is 

frequently alluded to in the literature, it is often poorly defined and may be 

overlooked as an independent therapeutic intervention (Michlovitz et al., 2004). 

As it is often not included in the description of post-operative regimes, but may 

be used in clinical practice, it is possible that early activity following surgical 

treatment of distal radius fractures has greater benefit than is currently 

understood. The lack of reporting hinders therapeutic use of evidence-based safe 

activity and may result in inconsistent advice on activity performance for patients 

in the early postoperative period. It may also lead to conservative approaches that 
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delays performance of daily activities until two weeks or later, due to safety 

concerns. 

The review therefore had two aims. The first objective was to explore how 

mobilisation, in particular performance of daily activities without a splint, was 

recommended following volar plating of distal radius fractures in early 

mobilisation regimes. The second objective was to evaluate the efficacy and safety 

of early versus delayed mobilisation. Efficacy was evaluated by determining 

whether there was greater wrist and forearm movement, better self-reported 

function and lower pain in early mobilised groups compared with delayed 

mobilisation. Safety was defined as adverse events occurring at equal or lower 

rates in early mobilisation regimes when compared with delayed mobilisation.  

5.2.3 Methods 

A systematic review was undertaken following the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-analysis) recommendations (Moher et al., 

2015). The study protocol was registered on PROSPERO (CRD42019136490). In 

March 2020, the primary author (JC) searched CINAHL Complete, MEDLINE and 

SPORTDiscus (via EBSCOhost), and Emcare and AMED (via Ovid) to identify 

relevant studies. The full electronic search strategy for MEDLINE is in 

Supplementary File 1 (Appendix C). Comparative studies that evaluated the 

outcomes of early and delayed mobilisation were included. Only fractures treated 

with volar plates were included because of the more complex nature of dorsal 

plate treatment (Ikpeze et al., 2016). Publication date was after the year 2000 to 

reflect the timeframe when volar plating became common practice. Case series 

were excluded due to large numbers of surgical studies providing minimal details 

on postoperative regimes and because they did not directly evaluate 

postoperative management. There is no accepted timeframe for delineating early 

and delayed mobilisation. It was defined in the review as occurring prior to or 

later than two weeks postoperatively. The timeframe was set to reflect clinical 

practice where mobilisation often commences at the first postoperative 

appointment. Mobilisation regimes were those that used ROM exercises and may 

or may not have included the performance of daily activities without a splint. 

Activity was defined as purposeful actions and sets of tasks performed by 
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individuals on a day to day basis (Amini et al., 2014; Polatajko et al., 2004). They 

denote purpose and meaning, and when grouped together constitute the broader 

occupations of work, play, leisure, daily living activities and social participation 

(Amini et al., 2014). Full eligibility criteria are listed in Table 5. Search results 

from each database were exported to EndNote™ X8, citations combined, and 

duplicates removed. Titles and abstracts were reviewed to remove studies not 

meeting inclusion criteria. Full texts of remaining articles were screened for 

inclusion. Reference lists of systematic reviews and included studies were 

searched for missed studies.  

Table 5 

Inclusion and exclusion search criteria 

Inclusion criteria:  

Adults aged ≥ 18 years 

Volar plating of a distal radial fracture  

Randomised controlled trial or comparative observational study 

Mobilisation within two weeks of surgery 

Compared with mobilisation delayed until two weeks or later  

Published after 2000 

Exclusion criteria: 

Systematic or narrative reviews, case series, position papers 

Data extraction 

The following data were extracted from the included studies by the primary 

author (JC) based on criteria agreed between authors: author, date, study design, 

fracture type and participant characteristics. Intervention data extracted were 

exercise types, splint use and performance of daily activities (timeframes, types, 

intensity, therapeutic use). Further information on postoperative interventions 

was requested from authors of all studies, particularly to clarify instructions given 

about daily activities. Additional information was received from five authors 

(Andrade-Silva et al., 2018; Clementsen et al., 2019; Lozano-Calderón et al., 2008; 

Valdes, 2009; Watson, Martin, et al., 2018) and there was no reply from three 

(Duprat et al., 2018; Iitsuka et al., 2016; Quadlbauer et al., 2017). Activity and 

exercise data were tabulated and reported descriptively. Outcome data were 

ROM, function, pain, and adverse events. Outcomes were grouped into 6-8, 10-12 

https://endnote.com/wp-content/uploads/m/pdf/en-x8-qrg-windows.pdf
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and 24-26 weeks to facilitate comparisons across studies. Outcome data were 

reported as group means and standard deviations. Effect sizes were calculated for 

the outcomes of wrist extension and flexion, pronation and supination, 

Disabilities of the Arm, Shoulder and Hand (DASH) or the Patient Rated Wrist 

Evaluation (PRWE) and pain, on the difference between groups, according to 

Hedges g, where 0.2, 0.5 and 0.8 indicates a small, medium and large effect 

respectively (Cooper et al., 2019). Estimation of standard deviations was 

conducted if not provided (Wan et al., 2014). Meta-analyses could not be 

conducted because, although all studies compared early and delayed 

mobilisation, there were insufficient high quality studies with equivalent 

purpose, design, and outcomes at equivalent follow-up timeframes.  

Assessment of methodological quality 

Risk of bias was assessed at the study level using the validated Downs and Black 

Quality Index (Downs & Black, 1998) by two authors (JC and NS). The index 

evaluates methodological study quality and is suitable for randomised and 

observational studies. The final score, out of 28 points, was assigned one of four 

grades, in line with previous reviews, to give an overall rating: ‘excellent’ for 26-28 

points, ‘good’ for 20-25 points, ‘fair’ for 15-19 points and ‘poor’ for ≤14 points 

(Chudyk et al., 2009). Where items were scored differently consensus was 

reached through discussion. A level of evidence was assigned to each study 

according to the Oxford Centre for Evidence-Based Medicine (CEBM) 2011 Levels 

of Evidence (Howick et al., 2011) by (JC). The quality of postoperative intervention 

reporting was evaluated by the Template for Intervention Description and 

Replication (TIDieR) checklist (Hoffmann et al., 2014). The TIDieR was developed 

in 2014, as an extension to the CONSORT 2010 (Moher et al.) and SPIRIT 2013 

(Chan et al.) statements (Hoffmann et al., 2014) to evaluate and promote better 

reporting of interventions. For each item the article was scored as not reported 

(0), partially reported (1), and adequately reported (2), according to the method 

described by Yamato et al. (2018). A summary score ranging from 0 (poor 

reporting) to 24 (good reporting) was assigned. 
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5.2.4 Results 

The study selection process is detailed in Figure 7. Following duplicate removal, 

2179 articles were located across five databases. An additional article was found 

by searching reference lists. The titles and abstracts of 2180 articles were screened 

by a single author (JC). Twenty articles were identified for full-text review, of 

which eight were included in the final review. 

Figure 7 

PRISMA Flow diagram 

 

Description of studies 

Study design and participant characteristics are detailed in Table 6. A total of 519 

participants were included across eight studies. The largest trial randomised 133 
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participants across three groups (Watson, Haines, et al., 2018) and the smallest 

cohort had 23 participants (Valdes, 2009). There was a majority of females (72%), 

with a mean age range across all participants of 48 to 63 years. Two studies 

included only AO (Fernandez, 2001) type A fractures; in the remaining six studies 

72% had AO types B or C. Across all 519 participants 52% had AO type B or C 

fractures. Of the eight included studies, five were level II Oxford CEBM levels of 

evidence (Howick et al., 2011) randomised controlled trials (RCTs) (Andrade-Silva 

et al., 2018; Clementsen et al., 2019; Lozano-Calderón et al., 2008; Quadlbauer et 

al., 2017; Watson, Haines, et al., 2018) with the remaining three being level four 

retrospective chart reviews (Duprat et al., 2018; Iitsuka et al., 2016; Valdes, 2009). 

The studies all compared early and delayed mobilisation (< or ≥ two weeks) but 

varied with respect to purpose. Four studies aimed to determine the optimal 

period of immobilisation (Duprat et al., 2018; Lozano-Calderón et al., 2008; 

Quadlbauer et al., 2017; Watson, Haines, et al., 2018). The purpose of the 

remaining studies was to evaluate use of analgesia (Andrade-Silva et al., 2018), 

compare home and outpatient rehabilitation (Clementsen et al., 2019), 

achievement of minimal clinically important differences for the DASH score 

(Iitsuka et al., 2016), or compare numbers of hand therapy appointments (Valdes, 

2009). In the early groups, mobilisation was commenced at an average of 4 days 

(range 1-8) and delayed until an average of 30 days (weeks two(Andrade-Silva et 

al., 2018; Clementsen et al., 2019; Duprat et al., 2018; Iitsuka et al., 2016), 

three(Watson, Haines, et al., 2018), five(Quadlbauer et al., 2017) or six(Lozano-

Calderón et al., 2008; Valdes, 2009; Watson, Haines, et al., 2018)), in the 

immobilised groups (see Table 7). 

Performance of daily activities in early mobilised groups  

The activity interventions are detailed in Table 7. In all studies, daily activities 

were advocated, without a splint, from the time of mobilisation. Duprat et al. 

(2018) did not describe daily activity performance but because a splint was not 

given it is assumed participants were free to use the wrist. Iitsuka et al. (2016) also 

did not describe splint use or daily activities but the paper implied non-splint 

use. The types and intensity of activities lacked detail and were described in 

broad terms such as light activities, hygiene, eating, dressing, showering, or 

lifting less than 2kgs. No study investigated activity-based interventions as an 
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independent variable. Two studies reported an approach where activities were 

used for the purpose of exercising the wrist (Lozano-Calderón et al., 2008; 

Watson, Haines, et al., 2018). Of note, Watson, Haines, et al. (2018) took a 

collaborative approach, agreeing on activities that promoted wrist movement and 

those that were enjoyed where possible. 
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Table 6 

Characteristics and main outcomes of the included studies in order of quality 

Author Level 
of evidencei 

 Study Design 

Quality 
of evidenceii 

Study purpose  AO 
classificatio
n (type A, B 
or C) iii  

Characteristics Outcomes Effect sizes at 
6-8 weeks, EM 
vs. DM

Effect sizes 
at 10-12 
weeks, EM 
vs. DM 

Effect sizes 
at 26 weeks, 
EM vs. DM 

Watson, 
Haines, et al. 
(2018) 

Level 2 

RCT 

Quality of 
evidence: 
Excellent 

Compared (a) 
one week, (b) 
three weeks and 
(c) six weeks
immobilisation

A: 12% 

B: 67% 

C: 18% 

Unknown: 
3% 

Total n = 133 

(a) n=46

Mean age 54.0±15.6 
Female: 63% 

DHI: 41% 

(b) n = 41

Mean age 51.1±14.9

Female: 75.6%

DHI: 29%

(c) n = 46

Mean age: 52.0±15.9

Female: 54%

DHI: 39%

Data for 1 vs 
6 weeks immobilisation: 

Wrist extension 

Wrist flexion 

Supination 

Pronation 

DASH 

PRWE 

Pain: NRS-11 

Medium 

Large 

Small 

Small 

Medium 

Medium 

None 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Small 

None 

None 

None 

None 

None 

Small 
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Author Level 
of evidencei 

 Study Design 

Quality 
of evidenceii 

Study purpose  AO 
classificatio
n (type A, B 
or C) iii  

Characteristics Outcomes Effect sizes at 
6-8 weeks, EM 
vs. DM

Effect sizes 
at 10-12 
weeks, EM 
vs. DM 

Effect sizes 
at 26 weeks, 
EM vs. DM 

Clementsen et 
al. (2019) 

Level 2 

RCT 

Quality of 
evidence: 
Good 

Compared 
(a) EM (2-3
days)

and fortnightly 
physiotherapy 
with (b) 2 
weeks 

immobilisation 
and a single 
physiotherapy 
visit 
and exercise 
programme 

A: 100% Total n = 119 

(a) n =57

Mean age: 55±12.4

Female: 93% DHI: 49%

(b) n = 62

Mean age: 55±11.9

Female: 89%

DHI: 53%

Wrist extension 

Wrist flexion 

Supination 

Pronation 

Quick DASH PRWE 

Pain: VAS 

Small 

None 

Small 

Small 

Small 

Small 

Small 

None 

None 

None 

None 

None 

None 

None 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Andrade-Silva 
et al. (2018) 

Level 2 

RCT 

Quality of 
evidence: 
Good 

Compared 
(a) EM (immedi
ate, no splint)
with (b)
immobilisation
in a splint for
two weeks

A: 0% 

B: 1% 

C: 97% 

Total n = 39 

(a) n =19

Mean age: 51.2±16.6

Female: 58% DHI: 47%

(b) n = 20

Mean age: 47.6±15.1

Female: 55%

DHI: 60%

Wrist extension and  
flexion arc 

Supination & pronation 
arc 

Quick DASH, 

Pain: NRS-11 

 None 

Small 

None 

Small 

None 

None 

Medium 

Medium 

 None 

Small 

Small 

Small 



73 

Author Level 
of evidencei 

 Study Design 

Quality 
of evidenceii 

Study purpose  AO 
classificatio
n (type A, B 
or C) iii  

Characteristics Outcomes Effect sizes at 
6-8 weeks, EM 
vs. DM

Effect sizes 
at 10-12 
weeks, EM 
vs. DM 

Effect sizes 
at 26 weeks, 
EM vs. DM 

Lozano-
Calderón et al. 
(2008) 

Level 2 

 

RCT 

Quality 
of evidence: 
Good 

Compared 
(a) EM (< 14
days) with (b)
six weeks
immobilisation

A: 38% 

B: 13% 

C: 48% 

Total n=60 

(a) n =30

Mean age: 55

Female: 63%,

(b) n = 30

Mean age: 51

Female: 67%,

Wrist extension 

Wrist flexion 

Supination 

Pronation 

Quick DASH, 

Pain: NRS-11 

NR 

NR 

NR 

NR 

NR 

NR 

None 

None 

Small 

None 

None 

None 

Small 

None 

None 

None 

None 

Small 

Quadlbauer et 
al. (2017) 

Level 2 

RCT 

Quality of 
evidence: Fair 

Compared 
(a) EM
(immediate) wit
h (b) five weeks
immobilisation

A: 3.5% 

B: 3.5% 

C: 93% 

Total n=28 

(a) n =15

Mean age: 49.13±15.41

Female: 63%

DHI: 53%

(b) n = 13

Mean age: 58.77±12.06

Female: 67%

DHI: 46%

Wrist extension 

Wrist flexion 

Supination 

Pronation 

Quick DASH  

PRWE 

Pain: NRS-11 

Large 

Large 

Medium 

Medium 

Large 

Large 

Small 

Medium 

Medium 

None 

None 

Medium 

Small 

Small 

Large 

Large 

Medium 

None 

Medium 

Medium 

Small



74 

Author Level 
of evidencei 

 Study Design 

Quality 
of evidenceii 

Study purpose  AO 
classificatio
n (type A, B 
or C) iii  

Characteristics Outcomes Effect sizes at 
6-8 weeks, EM 
vs. DM

Effect sizes 
at 10-12 
weeks, EM 
vs. DM 

Effect sizes 
at 26 weeks, 
EM vs. DM 

(Valdes, 
2009) 

Level 4 

Retrospecti
ve chart 
review 

Quality of 
evidence: 
Fair 

Compared (a) EM (at 
one week) with  

(b) six weeks
immobilisation

Type A: 
100%iv 

Total n=23 

(a) n =14

Mean age: 62.79±12.10

Female: 78%

DHI: 28%

(b) n = 9

Mean age: 55.22±12.54

Female: 67%

DHI: 67%

Data for 1 vs 
6 weeks immobilisation:  

Wrist TAM 

Forearm TAM 

ULFI: 

No. of therapy visits 
to reach 40º wrist 
extension and flexion 

No. of days 
to reach 40º wrist 
extension and flexion 

(at start of 
hand therapy 1 
or 6 weeks) 

Small 

Small 

Small 

(at 
discharge: 
mean 5 
weeks for 

EM, 10 weeks
 for DM) 

Small 

Small 

Small 

Large 

 Large 



75 

Author Level 
of evidencei 

 Study Design 

Quality 
of evidenceii 

Study purpose  AO 
classificatio
n (type A, B 
or C) iii  

Characteristics Outcomes Effect sizes at 
6-8 weeks, EM 
vs. DM

Effect sizes 
at 10-12 
weeks, EM 
vs. DM 

Effect sizes 
at 26 weeks, 
EM vs. DM 

(Duprat et 
al., 2018) 

Level 4 

Retrospecti
ve chart 
review 

Quality of 
evidence: 
Fair 

Compared (a) EM 
(immediate, no 
splint) with (b) 
immobilisation in a 
splint for 2 weeks  

A: 54% 

B: 1% 

C: 45% 

Total n=72 

(a) n =36

Mean age: 61±17.4

Female: 69%,

(b) n = 36

Mean age: 58 ±14.7 
Female: 80% 

Wrist extension 

Wrist flexion 

Supination 

Pronation 

Quick DASH  

PRWE 

Pain: VAS 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

None 

Medium 

Small 

None 

None 

None 

Small 

NR 

NR 
NR 
NR 
NR 
NR 
NR 

(Iitsuka et 
al., 2016) 

Level 4 

Retrospecti
ve chart 
review 

Quality 
of evidence:  

Compared MCID for 
function for (a) EM (< 
day 3) with (b) 
immobilisation for 
2 weeks  

A: 20% 

B: 9% 

C: 71% 

Total n = 45 

(a) n =27

Mean age: 57±13

Female: 74% DHI: NR

(b) n = 18

Mean age: 49±19

Female: 56%

DHI: NR

Data for group where 
there was a MCID for 
DASH: 

Wrist extension 

Wrist flexion 

Supination 

Pronation 

Quick DASH 

Pain: VAS 

Small 

None 

Small 

None 

Small 

NR 

None 

None 

Small 

Small 

Medium 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Values are mean ± SD or as otherwise indicated 
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i Level of evidence according to the Oxford Centre for Evidence-Based Medicine (CEBM) 2011 Levels of Evidence (Howick et al., 2011) 

ii Quality of evidence according to the Downs and Black Quality Index (Downs & Black, 1998) 

iii Type A: extra-articular; Type B: partial articular; Type C: complete articular (Fernandez, 2001)  

iv AO classification was applied  

AROM: active range of movement; DASH: disabilities of the arm shoulder and hand; DHI: dominant hand injured; DM: delayed 

mobilisation EM: early mobilisation; MCID: minimal clinically important difference NR: not reported; NRS: numeric rating scale; PRWE: patient rated wrist evaluation; 

RCT: randomised controlled trial; ROM: range of movement; ULFI: upper limb functional index; VAS: visual analogue scale 
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Table 7 

Description of postoperative interventions for early mobilisation (EM) groups 

Author EM: mean 
no. of days 
surgery to 
mobilisation 

DM: mean 
no. of days 
surgery to 
mobilisation 

Exercise 
intervention 

Removable 
splint 
provided 
when 
mobilised 

Daily 
activities 
performed 
without 
splint 

Activity types Intensity Therapeutic use1 

Watson et 
al. 21 

7 21 Standardised 
wrist and 
finger exercises 

No Yes Negotiation of 
daily activities 
between 
patient and 
therapist, focus 
on enjoyed 
activities  

ND Daily activities 
collaboratively 
agreed between 
therapist and 
patient, linked 
where possible with 
movements similar 
to exercises 

42 No 

Clementsen 
et al.24 

2-3 14 AROM 4x/day No Yes ADLs Non-weight 
bearing until 
day 13, load-
bearing as 
tolerated 
from day 14 

No 

Andrade-
Silva et al. 23 

1 14 Wrist exercises 
provided 

No Yes Light ADLs 
within pain 
limits 

No impact 
activities or 
excessive 
effort in the 
first 14 days 

No 
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Author EM: mean 
no. of days 
surgery to 
mobilisation 

DM: mean 
no. of days 
surgery to 
mobilisation 

Exercise 
intervention 

Removable 
splint 
provided 
when 
mobilised  

Daily 
activities 
performed 
without 
splint  

Activity types Intensity Therapeutic use1 

Lozano-
Calderón et 
al. 25 

8 49 Active and 
active-assisted 
wrist ROM 
exercises 

Yes Yes 

 

Light ADLs Lifting 
<2.5kg 

Encouraged to 
perform light ADLs 
for the purpose of 
‘exercising’ the 
wrist 

Quadlbauer 
et al. 26 

1 35 Wrist and 
finger exercises 

Yes Yes 

 

Light ADLs  Light No 

Valdes 22 7 42 Wrist and 
finger exercises 

Yes Yes 

 

Light ADLs 

Guided by pain 

<1kg No 

Duprat et al. 
27 

1 14 Wrist AROM No Yes Light ADLs Light No 

Iitsuka et al. 
28 

1-3 42 Wrist AROM Noii Yesii  ND ND No 

i Activities and occupations selected as interventions to meet specific therapeutic goals (Amini et al., 2014)  

ii Use of a wrist splint was not reported but assumed from the content of the paper. Performance of daily activities without a splint was therefore inferred.  

ADL: activities of daily living; AROM: active range of motion; DM: delayed mobilisation; EM: early mobilisation; ND: not described 
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Outcomes 

The results demonstrated that in groups where the performance of activities and 

ROM exercises were commenced prior to two weeks, there was generally greater 

wrist and forearm ROM and better function at up to eight weeks than when 

mobilisation was delayed until two weeks or later. Effect sizes are detailed in 

Table 6 and full outcomes in Supplementary File 2 (Appendix D). 

Studies comparing <2 weeks with 2 to 3 weeks immobilisation 

Five studies (Andrade-Silva et al., 2018; Clementsen et al., 2019; Duprat et al., 

2018; Iitsuka et al., 2016; Watson, Haines, et al., 2018) compared mobilisation that 

commenced prior to two weeks with mobilisation that was delayed until 2 to 3 

weeks. Of these, three were of good or excellent quality (Andrade-Silva et al., 

2018; Clementsen et al., 2019; Watson, Haines, et al., 2018).  

Range of movement 

At the 6 to 8 week follow-up, greater wrist movement was observed with small 

effect sizes for forearm or wrist range of movement in three studies, in favour of 

early mobilisation (Andrade-Silva et al., 2018; Clementsen et al., 2019; Iitsuka et 

al., 2016), whereas no differences were observed in the study with the lowest risk 

of bias (Watson, Haines, et al., 2018). In two low quality studies small or medium 

effects were seen at 10-12 weeks for some ROM measures (Duprat et al., 2018; 

Iitsuka et al., 2016). At 26 weeks, small and medium effects in favour of the early 

mobilised groups were observed in one good (Andrade-Silva et al., 2018) and one 

excellent (Watson, Haines, et al., 2018) quality study, for some ROM outcomes. In 

neither of these studies did the authors report these as statistically significant 

differences. 

Function 

Self-reported functional scores for the DASH were better in two studies in the 

early mobilised groups (Clementsen et al., 2019; Iitsuka et al., 2016) with a small 

effect size at the 6 to 8 week follow-up. At 10-12 weeks one study (Iitsuka et al., 

2016) reported a small effect size for the DASH and a medium effect at 26 weeks. 
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Pain 

For pain outcomes, two studies (Andrade-Silva et al., 2018; Clementsen et al., 

2019) showed lower pain with small effect sizes, in the early mobilised groups at 6 

week follow-up and in one study this was maintained at 10 to 12 and 26 weeks 

(Andrade-Silva et al., 2018).  

Studies comparing <2 weeks with 5 to 6 weeks immobilisation 

Four studies compared mobilisation that commenced prior to 2 weeks with 5 to 6 

weeks immobilisation (Lozano-Calderón et al., 2008; Quadlbauer et al., 2017; 

Valdes, 2009; Watson, Haines, et al., 2018). Larger effect sizes were seen in these 

studies than the previous comparison. Two of these were of good or excellent 

quality (Lozano-Calderón et al., 2008; Watson, Haines, et al., 2018).  

Range of movement 

In the studies that reported 6 to 8 week follow-up there was greater extension 

(Quadlbauer et al., 2017; Watson, Haines, et al., 2018), flexion (Quadlbauer et al., 

2017; Watson, Haines, et al., 2018), and forearm rotation (Quadlbauer et al., 2017; 

Watson, Haines, et al., 2018) with predominantly medium to large effects. At 10 to 

12 weeks small non-significant effects of early mobilisation were observed for 

supination in one study (Lozano-Calderón et al., 2008) and in another study 

(Quadlbauer et al., 2017), medium effects were seen for wrist ROM.  

Valdes (2009) investigated the number of visits and days required to attain 40° 

wrist extension and flexion, demonstrating significantly fewer visits and days at 

large effect size, for patients who were mobilised prior to 2 versus 6 weeks.  

Function 

Better function was reported in two studies at 6 to 8 week outcomes (Quadlbauer 

et al., 2017; Watson, Haines, et al., 2018) with medium and large effects. In one 

fair quality study (Quadlbauer et al., 2017) a medium effect for function was 

observed at 10-12 weeks and this was maintained at 26 week follow-up. 

Pain 

Lower pain was reported in two studies at 6 to 8 week outcomes (Quadlbauer et 

al., 2017; Watson, Haines, et al., 2018) with small effects. In one of these studies 
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(Quadlbauer et al., 2017) lower pain was maintained at the 10 to 12 and 26 week 

follow-ups with small effects.  

Adverse Events 

Adverse events are reported in full in Supplementary File 2 (Appendix D). There 

were losses of fracture reduction reported in two studies at slightly higher rates in 

the early mobilised groups (Andrade-Silva et al., 2018; Watson, Haines, et al., 

2018). In those studies, the differences were not statistically different. No other 

study reported losses of fracture reduction. Other complications were tendon 

rupture, carpal tunnel syndrome, tendinitis, complex regional pain syndrome 

(CRPS), and infection with no statistically significant differences between groups 

reported in any study.  

Quality assessment 

The scores from the quality assessment are shown in Table 8. The mean score 

was 20/28 (range 10-27). One study was graded as excellent (Watson, Haines, et 

al., 2018), three as good (Andrade-Silva et al., 2018; Clementsen et al., 2019; 

Lozano-Calderón et al., 2008), three as fair (Duprat et al., 2018; Quadlbauer et al., 

2017; Valdes, 2009) and one as poor quality (Iitsuka et al., 2016). CEBM levels of 

evidence are shown in Table 6. Randomisation occurred in all but the three 

retrospective studies (Duprat et al., 2018; Iitsuka et al., 2016; Valdes, 2009). 

Participants were unable to be blinded to interventions in any study. Assessors 

blinded to group allocation were used in five studies (Andrade-Silva et al., 2018; 

Clementsen et al., 2019; Lozano-Calderón et al., 2008; Quadlbauer et al., 2017; 

Watson, Haines, et al., 2018). Calculations for sample size were conducted in four 

of the RCTs at a significance level of 0.05 and power of 80% based on detecting 

differences in pain (Andrade-Silva et al., 2018), function (Clementsen et al., 2019; 

Watson, Haines, et al., 2018), and wrist ROM (Lozano-Calderón et al., 2008). Of 

the eight studies, three failed to make adjustments for multiple analyses 

(Andrade-Silva et al., 2018; Iitsuka et al., 2016; Quadlbauer et al., 2017) and in 

three studies, confounding variables such as different surgeons or sites were not 

accounted for (Duprat et al., 2018; Iitsuka et al., 2016; Valdes, 2009).  
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Results from the TIDieR checklist can be found in Supplementary File 3 

(Appendix E). The mean score was 8.5/24 (range 3-17), indicating an overall poor 

level of intervention reporting. Only one study provided details on educational 

materials given to participants (Valdes, 2009). In only two studies were 

comprehensive data given on procedures, interventions, who provided them, 

what modifications were made and how intervention adherence was assessed 

(Valdes, 2009; Watson, Haines, et al., 2018).
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Table 8 

Scoring of the studies according to the Downs and Black Quality Index 

Reporting External 
validity 

Internal validity - bias Internal validity - 
confounding 

Power Score/28 Grade 

Author 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Watson, 
Haines, et 
al. (2018) 

1 1 1 1 2 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 27 Excellent 

Clementsen 
et al. (2019) 

1 1 1 0 2 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 25 Excellent 

Andrade-
Silva et al. 
(2018) 

1 1 1 0 2 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 1 23 Good 

Lozano-
Calderón et 
al. (2008) 

1 1 1 0 2 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 23 Good 

Quadlbauer 
et al. (2017) 

1 1 1 0 2 1 0 1 0 1 0 0 1 0 1 1 1 0 0 1 1 1 1 1 1 0 0 18 Fair 
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Reporting External 
validity 

Internal validity - bias Internal validity - 
confounding 

Power Score/28 Grade 

Author 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Valdes 
(2009) 

1 1 1 1 2 1 1 1 1 0 0 1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 16 Fair 

Duprat et al. 
(2018) 

1 1 1 0 1 1 1 1 0 0 1 0 1 0 0 1 1 1 0 1 1 1 0 0 0 0 0 15 Fair 

Iitsuka et al. 
(2016) 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 11 Poor 

The final score, out of 28 points, was assigned one of four grades, in line with previous reviews, to give an overall rating: ‘excellent’ for 26–28 points, ‘good’ for 20–25 

points, ‘fair’ for 15–19 points and ‘poor’ for ≤14 points
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5.2.5 Discussion 

The review focused on two objectives. First, to determine how early mobilisation 

regimes following distal radius fracture surgery were reported, with a particular 

focus on elucidating the inclusion of daily activities as part of early rehabilitation. 

Second, the efficacy and safety of early mobilisation regimes that commenced 

prior to two weeks was evaluated in comparison with mobilisation delayed until 

two weeks or later. The term early mobilisation is widely used in the literature, 

generally referring to the use of ROM exercises (Ikpeze et al., 2016). Exercise 

regimes are relatively well-understood whereas the influence of daily activity 

performance on recovery has lacked clarity and attention. While it was not 

possible to determine the degree to which early activity influenced return of 

function and movement, the review points to the important contribution of daily 

activities in rehabilitation. This small body of moderate quality evidence, in 

studies comparing mobilisation prior to and after two weeks of volar plate 

fixation of distal radius fractures, suggested that performance of daily activities in 

tandem with exercises prior to two weeks postoperatively is first, a common, but 

unstructured component of early mobilisation regimes, second, effective in 

achieving greater ROM, earlier return to function, and lower pain at up to eight 

weeks following surgery and, thirdly, generally safe as part of early rehabilitation 

regimes.  

Recommendations on activity use are lacking in the literature and the safety of 

early fracture loading has been debated (Brehmer & Husband, 2014; Salibian et 

al., 2019; Smith et al., 2004). In general, the review confirms the safety of early 

activity. The parameters of early activity were not well-defined in the studies but 

commonly described as needing to be light, non-forceful, and within pain limits. 

Safety was shown by the lack of difference in adverse events between groups. 

While there were slightly higher rates of fracture position loss in two studies in 

early groups (Andrade-Silva et al., 2018; Watson, Haines, et al., 2018), these were 

not attributed to early mobilisation by the authors. It does however indicate a 

focus of further study. Any early mobilisation regime must be considered with 

respect to fracture severity, stability of fixation and associated soft tissue injury, 
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and be individualised accordingly. The review nonetheless supports the safety of 

incorporating performance of daily activities into early rehabilitation. 

The review shows that activity was recommended as part of early mobilisation 

regimes but highlights a lack of specification on the parameters of daily activities. 

With respect to splint use, the studies advocated the performance of activities 

without a splint in early groups, in some cases, immediately after surgery. There 

are two bodies of work that support this premise. The first is biomechanical and 

cadaveric research that demonstrated sufficient strength of volar locking plates in 

withstanding the forces of daily activities during early rehabilitation, in both 

extra- and intra-articular fractures (Alluri et al., 2015; Cooper et al., 2007; Dahl et 

al., 2012; Kim et al., 2017; Koh et al., 2006; Levin et al., 2008; Mansuripur et al., 

2018; Osada et al., 2003). The second is observational and surgical studies where 

light daily activity was advocated early after surgery with a splint removed 

(Drobetz et al., 2016; Gong et al., 2015; Kwan et al., 2011; Osada et al., 2008; 

Waterbury et al., 2016). Collectively, these studies corroborate the findings of the 

review that early performance of daily activities, without a splint is suggestive of 

being safe, and is accepted clinical practice in many centres.  

With respect to timeframes, early mobilisation was commenced prior to an 

average of day 4 postoperatively. This is a pertinent finding as therapists may be 

reticent to recommend activities in the initial weeks due to concerns about load 

to healing bone (Colaianni & Provident, 2010; Mehta et al., 2011; Smith et al., 

2004). Commencing daily activities early after surgery may have particular 

benefit for some patients such as those at risk of greater joint stiffness, prolonged 

pain or a pattern of disuse (Mehta et al., 2011). Enabling early activity 

performance may build self-efficacy and confidence, factors which have been 

associated with better outcomes following surgery for distal radius fracture (Björk 

et al., 2020). Activities of increasing load, complexity and challenge can be 

gradually introduced, and as mastery of these activities is achieved confidence 

and self-belief is built (Hinojosa & Blount, 2014b). The findings of the review 

challenges hand therapists to consider earlier initiation of activity performance 

than may be traditionally practiced (Smith et al., 2004). 



87 

Recommendations regarding activity types and intensity were for the most part 

poorly described. Activity types were limited to self-care, those that avoided 

weight-bearing or lifting greater than 2 kgs. Some studies referred to non-impact 

activities but did not give examples. Observations from the first author’s clinical 

practice suggest that patients often seek guidance as to what activities they are 

able to engage in. While it may be difficult to specify activities due to the 

complexity of movement during activity (Colaianni & Provident, 2010; Daud, 

Judd, et al., 2016b; Dy & Yancosek, 2017), more specific examples may be helpful. 

It would be beneficial in future research to examine the types of activities that 

could be recommended at various phases of bone healing.  

Therapeutic use of activity, where activities or occupations are self-selected, 

meaningful and purposeful (Hinojosa & Blount, 2014b), was only described in one 

study (Watson, Haines, et al., 2018). In that study, valued and enjoyed activities 

were cooperatively selected, modified and performed as part of a home 

programme to promote movement and functional recovery (Watson, Haines, et 

al., 2018). The unique advantages of activity or occupation-based interventions 

may be underutilised in hand and wrist injury rehabilitation. Purposeful activities 

have been shown to enhance motor performance and observed to augment 

movement volume in healthy and musculoskeletal populations (Colaianni & 

Provident, 2010; Wilson et al., 2008). It is reasonable to consider that the greater 

ROM, function, and lower pain in the early groups were in part due to the 

performance of daily activities. The review draws attention to the potential for 

using purposeful activities and occupations in more intentional ways to enhance 

recovery from wrist fracture surgery.  

The review investigated the effects of early performance of daily activities and 

exercise regimes on ROM, functional outcomes, and pain. The review suggested 

that there was greater ROM (Brehmer & Husband, 2014; Quadlbauer et al., 2017; 

Valdes, 2009; Watson, Haines, et al., 2018), earlier return to function (Brehmer & 

Husband, 2014; Quadlbauer et al., 2017; Watson, Haines, et al., 2018), and less 

pain (Watson, Haines, et al., 2018), at up to eight weeks, than in groups where 

activity performance and wrist exercises were delayed until two weeks or longer. 

The effects were greatest in the studies that compared early mobilisation with 
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five to six, as opposed to two or three weeks, of immobilisation. This is 

unsurprising as it would be expected that longer immobilisation would result in 

greater joint stiffness. It highlights the importance of minimising the period of 

immobilisation wherever possible.  

The benefits of better short-term outcomes should not be underestimated. 

Achieving earlier return of movement and function is likely to have wide-

reaching implications for individuals and society. Benefits may include improved 

mood, well-being, quality of life, higher rates of patient satisfaction, reduced loss 

of earnings, less need for support services, fewer hand therapy appointments, and 

less time away from recreational pursuits (Brehmer & Husband, 2014; Drobetz et 

al., 2016; Guzelkucuk et al., 2007; Ikpeze et al., 2016; Mehta et al., 2011; Valdes, 

2009). These early outcomes are purported to be highly advantageous to people 

with injury but are not always given attention in outcomes research.  

The moderate quality of the evidence must be considered when interpreting the 

findings of the review. Quality issues were statistical analyses that did not take 

multiple comparisons into account, lack of blinded assessors and non-reporting 

of losses to follow-up. The predominant methodological flaw of the review was 

that, with the exception of one study (Watson, Haines, et al., 2018), fidelity of 

interventions was poorly addressed. Intervention fidelity refers to the degree to 

which interventions are reported and implemented in the manner intended 

(Hildebrand et al., 2012; Murphy & Gutman, 2012). Using the TIDieR scale, 

failings across all aspects of reporting and monitoring were noted. On the whole, 

interventions were inadequately or only partially described with respect to 

providers, locations, methods of delivery and personalisation of the programmes. 

Adherence was monitored in only one study (Watson, Haines, et al., 2018). The 

lack of fidelity in the postoperative interventions makes it difficult to determine 

whether the effects seen were due to the interventions themselves or other 

factors not acknowledged by the authors.  

Limitations of the review include the small number of studies of varying purpose, 

design, and quality. Low level observational studies were included, due to their 

relevance to the review question but influence the strength of the findings. Only 
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one author conducted the search which could have resulted in missed studies 

and potential bias in selection of studies. Only one author assigned the level of 

evidence and scored the TIDieR which may have resulted in under or over-

representing the quality of the studies. Standard deviations in one study had to 

be estimated in order to calculate effect sizes (Lozano-Calderón et al., 2008). 

Directions for future research are suggested including biomechanical evaluation 

of movement during daily activities after wrist surgery and investigating the 

independent effect of activities differentially from exercise approaches. 

Qualitative enquiry may illuminate patient perspectives on how activities 

influence recovery from wrist fracture. 

5.2.6 Conclusions 

The review found evidence that performance of light, non-forceful daily activities, 

without a splint in situ, was commonly recommended in the first two weeks 

following volar plating of distal radius fractures as part of early mobilisation 

regimes. Findings suggest that a range of light activities can be safely initiated 

within two weeks of surgery and incrementally increased during the first six 

weeks. The parameters of early daily activities were poorly specified in most 

studies and is an area that should be addressed in future research. Greater ROM, 

earlier return to function and lower pain might be expected at six to eight weeks 

after distal radius fracture fixation if mobilisation is commenced within two 

weeks of surgery, compared with prolonged wrist immobilisation. There are 

important psychological and social benefits to achieving earlier return to function 

and these factors should have greater focus in future research. The early 

mobilisation regimes in the review included performance of daily activities 

without a splint alongside exercise routines and points to the role of both 

approaches in promoting recovery of movement and function following volar 

plating of distal radius fractures. It challenges hand therapists to incorporate 

activity into early postoperative rehabilitation, and to conduct further research 

into the mechanisms and effects of activity and occupation-based interventions.  

5.3 Chapter summary 

Chapter 5  presented a systematic review published in the peer-reviewed journal, 

Hand Therapy. The review is the first known to have explored how activity is 



90 

recommended in early mobilisation protocols or taken a ‘deep-dive’ into what 

constitutes early mobilisation. The review sheds light on the potential of 

occupation as a rehabilitative strategy in early postoperative fracture 

management but highlighted the lack of specification in the prescription of 

therapeutic occupation.  

First, it was not possible to define the types of activities that may be considered 

appropriate for various stages of bone healing, or even if such prescriptive 

guidelines are needed. Describing activities as ‘light’ was a non-specific, poorly 

defined term that requires greater explication. What constitutes acceptable loads 

to the fracture was also poorly defined. Second, the review did not explore the 

ways that patient’s themselves may perceive the therapeutic value of activities 

and occupation. To gain a comprehensive picture of the value of occupation in 

remediating wrist stiffness and function after surgery a patient perspective is 

needed. Last, the review showed that performing daily activities may play a 

greater role in the restoration of wrist movement than currently known. The 

need for further research that investigates occupation and exercise-based 

approaches independently was reinforced. The following two chapters present a 

qualitative study that was conducted to understand the perspective of patients 

immersed in the rehabilitation journey.  
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Chapter 6  Published study III: Concepts and study procedures  

6.1 Overview 

Study I showed that movement produced by purposeful activity differs with 

respect to quality and quantity from exercise routines or non-purposeful 

movement. Study II elucidated that occupation plays a role in the recovery of 

movement after surgery. These systematic reviews set the stage for further 

research into the specific mechanisms of how occupation might work to bring 

about change after surgical treatment of a distal radius fracture. The thesis now 

shifts to the generation of new knowledge via primary research.  

Chapter 6 and Chapter 7 present a qualitative study that addresses RQ3: What 

are the experiences and perceptions of patients on how participation in daily 

activities and occupations influence recovery after surgery for distal radius 

fracture? 

The study explored perspectives on how daily activities and occupation 

influenced the rehabilitative journey. The purpose of this chapter is to present an 

overview of the study, discuss the underpinning concepts, and give a more 

detailed account of the analytic process than is possible in a publication. The 

published article is then presented in Chapter 7 .  

6.2 Purpose of the study 

Study III used the qualitative methodology of Interpretive Description (ID) and 

was designed as a prequel to study IV which used the quantitative approach of 

objective measurement and statistical analysis. In study III, I wanted to find out 

how daily activity and occupation was perceived during the early weeks of 

recovery, the types of purposeful activities people elected to perform, and how 

they decided what they could do. Once I had a clearer picture of how occupation 

might be used, I could then undertake objective analysis of movement.  
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6.3 Philosophy and methodology: Critical realism and Interpretive 
Description 

Interpretive Description methodology was used in study III (Thorne, 2016c), 

underpinned by a critical realist perspective. Critical realism research aims to 

investigate complex phenomena and discover hidden mechanisms. ID is a 

methodology attentive to health practice questions (Hunt, 2009). Initially 

developed within the discipline of nursing, ID has been adopted by allied health 

professions including occupational therapy and physiotherapy. ID arose from the 

need to have a methodology focused on solving real-world clinical problems. 

Inspired by grounded theory, phenomenology and ethnography, ID takes a 

divergent view in that it steers away from theory generation towards practice-

based concerns (Barolia et al., 2013; Olufemi-Yusuf et al., 2018). Thorne claimed 

that health researchers frequently failed to adhere to the conventions of such 

methodologies, due to lack of a more suited approach. This led to incongruencies 

between methodology and method, and a lack of study rigour or so-called “sloppy 

science” (Thorne et al., 1997, p. 172). ID focuses on identifying commonalities and 

differences and frames studies in ways that will contribute to knowledge about 

clinical practice (Thorne, 2018).  

Elemental to an ID study is an understanding of the existing knowledge 

surrounding the research question (Thorne, 2016c). Rather than putting 

established disciplinary knowledge and evidence to one side during analysis, as 

might occur in a grounded theory analysis for example, ID uses existing 

knowledge as a platform from which to grow new knowledge. Study III explicitly 

builds on theoretical perspectives about how activities influence recovery from 

upper extremity injury. Concepts such as pain mitigation, engagement with 

rehabilitation, or utilisation of established motor patterns have been written 

about in the hand therapy literature, but frequently lack supporting evidence. 

The intention of study III is to explore whether such concepts hold true for 

people with a surgically repaired distal radius fracture, and to bring new concepts 

to light. Preconceptions are discussed below in 6.3.1. 

Critical realism intersects well with ID at this juncture, as both approaches 

promote a deep knowledge of the existing theory that have informed the research 
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question and recognise that knowledge cannot be fully put aside during data 

analysis. Critical realism research is theory-driven, the existence of theories is 

accepted but through a critical lens (Fletcher, 2017; Williams et al., 2017). 

Research is constructed to test theories that offer plausible, but possibly fallible, 

explanations (Ackroyd & Karlsson, 2014; Cruickshank, 2012). This research is not 

focused on theory-generation but rather on theory-exploration. I wanted to find 

out not only if activities and occupations influence injury recovery, but how they 

do so. Do the existing theories hold true from a participant’s perspective and 

what are the factors that affect an individual’s willingness or ability to engage in 

activities and occupations? 

ID is aligned with an interpretive approach to inquiry whereby researcher and 

participants work together to create a narrative about a phenomenon (Barolia et 

al., 2013; Hunt, 2009; Teodoro et al., 2018). Knowledge is attained through 

exploring the experiences and perceptions of individuals and the contexts in 

which events occur (Hunt, 2009). Study III therefore primarily used interviews 

where researcher and participant worked together to construct new knowledge 

about the place of occupation in rehabilitation from surgical treatment of a distal 

radius fracture. The study was conducted in the ‘real-world’ environment of the 

participants home in keeping with the precepts of critical realism that advocates 

for open-environments.  

6.3.1 Key preconceptions 

A number of concepts as to how occupation and purposeful activities influence 

recovery following upper extremity injury have been proposed. Such concepts are 

important to make explicit as they informed the interview question guide in 

study III. One concept is that movement embedded in activities involves familiar 

motor processes and can therefore be performed automatically and with greater 

ease than a new movement pattern (Colaianni & Provident, 2010; Weinstock-

Zlotnick & Mehta, 2018). Wrist ROM exercises for some individuals are 

challenging to perform and the familiarity of daily activities and occupations may 

promote more natural movement, initiated with greater ease. Another commonly 

purported concept is the effect of enjoyed activities on ameliorating pain. 

Participating in an activity that requires focus can divert attention away from 
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uncomfortable movement and onto the activity itself (Dewan et al., 2013; Mehta 

et al., 2011; Nelson et al., 2002; Omar et al., 2012). While this premise is widely 

held, it is unknown whether this is true for people in the early weeks following a 

surgical procedure of the wrist.  

It is often claimed that occupation-based therapy enhances engagement in the 

rehabilitative process, due to activities being purposeful and holding meaning to 

the individual (Chan & Spencer, 2004; Colaianni & Provident, 2010; Lequerica et 

al., 2009). This effect was observed in one study where individuals with hand 

injury were seen to be more motivated to perform therapeutic activities than 

exercises (Guzelkucuk et al., 2007). The promotion of self-efficacy has been 

advanced by some authors for how activities and occupations promote injury 

recovery (Mehta et al., 2011; Perez-Marmol et al., 2017). Poor self-efficacy has been 

shown to predict higher levels of disability (Pérez-Mármol et al., 2016). It has 

been suggested that engaging in motivating, enjoyable activities builds 

confidence and provides some reassurance that disability will not last (Guitard et 

al., 2018; Mehta et al., 2011; Pérez-Mármol et al., 2016).  

Concepts from studies I and II also informed this study. Study I showed that 

movement was enhanced during purposeful activities, suggesting that if people 

perform valued activities during rehabilitation, they may produce more 

movement volume than by only performing exercise repetitions. Study II 

introduced the concept that people who perform activities alongside exercise 

repetitions during early mobilisation, regain movement and function faster than 

people who are immobilised for longer periods of time. I designed questions in 

study III that explicitly explored perceptions and experiences about wrist 

movement during early rehabilitation.  

6.3.2 Pre-suppositions interview – lifting up the sacred rocks 

Thorne (2016d) acknowledges that researchers add breadth to inquiries by 

bringing their own knowledge, experiences, and assumptions to the research. 

This embedded knowledge is integral to the research process, but must also be 

challenged and exposed, to ensure a rigorous and transparent investigation. I 

recognised that an inherent power imbalance could occur between myself and 
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my participants due to my relatively greater clinical knowledge. This knowledge 

could also prevent me from being open to new perspectives put forth by 

participants. To expose my theoretical allegiances and personal ideas, a 

presuppositions interview was conducted prior to the first participant interview, 

by two of my supervisors, Valerie Wright-St Clair, and Nada Signal. The interview 

explored what brought me to the topic of my thesis and the trajectory of my 

career. During the interview I was asked how I would remain reflexive and open 

to unexpected findings. My supervisors encouraged me to set aside my clinical 

assumptions and be attentive to the language of my participants that may reveal 

emotions, difficult to articulate concepts, or experiences at odds with what I may 

expect. Excerpts from that interview are included here to illustrate some of the 

challenges and reflective strategies suggested. The text has been condensed and 

paraphrased for readability.  

Supervisor: So, Julie, talk to us about what brings you to this topic. 
The questions that you're asking. 

Julie: … I remember last year, I had a student, and I was with a 
patient who was struggling with pain. And I took this [activity] 
approach with my patient. Afterwards the student said, that was 
really interesting, really cool, how you did that. And she observed 
some different things. She said, well, you know, the lady seemed 
to be able to move a bit more than when we tried doing the 
exercises with her. Yeah, so I guess that's always where my 
curiosity has been. And I've always had some kind of everyday 
objects in my drawer that I can pull out. … But I've always felt that 
there's not a lot of evidence to back up that approach. And I've 
always struggled with how to use occupation in an optimal way. 
By doing this as a research project I wanted to be able to formalise 
or structure some ways about how to use activities and 
occupations in my practice. 

Supervisor: So how in this whole process, will you stay open to the 
things that you don't know, the things that might surprise you? 

Julie: I guess one thing is that I need to be a good listener. Because 
my natural inclination is to jump in and solve people's problems, 
as clinicians like to do, we like to give advice, we're very good at 
talking to patients… So, to listen, I guess, would be one thing. … 
It's been interesting, as I've written questions for the interview 
protocol, how I've changed, I’ve percolated thoughts along the 
way and changed how I originally might have written my 
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questions, I've thought how I could reframe questions to be more 
open. Try not to have too many preconceived ideas about what I 
want to find.  

Julie: I also think that being part of a different research team 
[neurorehabilitation] has been good for me. It's a completely 
different clinical focus, but it has challenged me and made me 
think outside the square. You know, Sally Thorne would say, 
looking for some commonalities, but looking for some differences 
as well. Early on Nada challenged me to look at the motor control 
literature and, and I felt resistant to start with. Like, I don't really 
want to do this, but I also know that it's good to explore other 
ideas and other theories, other ways of thinking. Being part of this 
research team has helped me find my voice in this [occupation] 
space, because I've had to defend my ideas, and think about how 
other theories can also inform what we do in musculoskeletal 
practice.  

Supervisor: And that's those moments of feeling uncomfortable, 
that you go, Well, hang on. Why is that? And asking what am I not 
seeing? What am I not asking about? And perhaps ask your 
participants towards the end of the interview. What have we not 
talked about yet? And to really listen you need to be prepared to 
be vulnerable. Because it might be uncomfortable but go with that 
sense of discomfort… And reflecting on how you're coming to this 
with your previous knowledge, or existing knowledge and 
experiences. How do you work with it and can you put them aside?  

Julie: I've been thinking a bit about that. It's interesting, because 
with critical realism, theories are important, theories shape our 
realities, and what we know about the world. And so those 
theories are important, but they may be fallible as well. So those 
theories should be critiqued and scrutinised.  

Supervisor: When you were talking about that, it made me think 
about that kind of confirmation bias that we have, you know, we, 
look for data points, which confirm our beliefs and empathy, all 
those concepts that underpin them. How, do we look for things 
which counter our beliefs. 

Supervisor: I think it's the thinking about the things that surprise 
you, the things that don't line up with what you thought and 
always trying to find that space… This is what will hold you, the 
curiosity and the wonder and the things you didn’t know would 
be there.  

Julie: That’s a good thing to keep in mind when I’m interviewing, 
to allow space to ask those questions that might go off in a 
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different tangent or things might sit in contradiction to what I 
think should be the right answers. One of my colleagues said oh 
its great Julie, it might change the way we do things.  

Supervisor: Lift up a few sacred rocks and peer underneath them. 
See what lives there. 

The interview was helpful in delineating me as a researcher rather than a 

clinician. It helped me to differentiate the two competing roles and to enter the 

study as a researcher. Throughout the study I kept coming back to the interview 

transcript to remind myself to remain reflexive and open to challenging existing 

knowledge and practice paradigms.  

6.4 Procedures used in the study 

The following section describes procedures used in study IV that are not covered 

in depth in the published article. The procedures are those required for ethics, 

the development of the activity and exercise log, the iterative development of the 

interview guide, procedure variations due to COVID-19, and the decisions made 

regarding the study sample.  

6.4.1 Ethics 

Ethical approval for study III was provided by the Auckland University of 

Technology Ethics Committee (AUTEC), study number 19/224, on the 31st July 

2019. The approval letter is shown in Appendix F and CMDHB localities approval 

in Appendix G. As the study was to be conducted in the homes of participants it 

was important to show that I had considered safety aspects of field-based 

research. A researcher safety protocol was submitted and is included in Appendix 

H. The study participant information sheet and consent form are in Appendix I 

and Appendix J. 

6.4.2 Data generation 

Data were generated via an activity and exercise log and a semi-structured 

interview. 
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Activity and exercise log 

Between weeks three and six postoperatively participants were asked to complete 

an online activity and exercise log via the application Microsoft Forms. A printed 

copy was available if needed. The log contained 12 multichoice questions about 

exercises performed that day, the types of activities performed, pain and stiffness, 

the difficulty of performing activities, and one question about kinesiophobia. The 

log is included in Appendix K. The rationale for the log was that I thought 

participants may find it difficult to recall what activities and exercises they did 

during the first six weeks. Participation in activity is by nature tacit and hidden. 

The log was designed to elucidate data without pre-empting or influencing 

behaviour during that time. It was acknowledged however, that keeping a diary, 

may have influenced participant behaviour. For example, patients may have felt 

anxious about not doing enough exercises, may have reported inaccurately, or 

done more activities or exercises than they otherwise would have. To mitigate 

this, it was made explicit that the log was not intended to be a ‘test’, that the 

focus was the experiences of participants not whether or not activities or 

exercises were performed.  

The log was developed from the Activities of Daily Living taxonomy of Törnquist 

and Sonn (1994), occupational performance problems identified by hand therapy 

patients (Poulsen & Hansen, 2018), the Meaningful Activity and Participation 

Assessment of Eakman et al. (2010) and identification of valued activities of New 

Zealand Māori and Non- Māori (Wright-St Clair et al., 2017; Wright‐St Clair et al., 

2012). The log was reviewed by two Māori patients in hand therapy at the 

Manukau Super Clinic to check for accuracy of Te Reo (Māori language) and 

usability.  

Semi-structured interviews 

The interview guide was informed by both critical realism and ID. The concept of 

causation is foundational within critical realism. Critical realists hold that 

causation is contingent or dependent on the context in which the mechanism 

functions, that social action is always constrained and facilitated by external 

structures (Maxwell & Mittapalli, 2010; Smith & Elger, 2014). As with ID, critical 

realist interviews do not aim to set aside existing theory but rather to test implicit 
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knowledge in a theory-informed manner (Manzano, 2016; Thorne, 2016c). The 

interviews were a semi-structured exploratory style (Manzano, 2016). They not 

only investigated the perceived causal link between meaningful activities and 

injury recovery but also the ‘how’, ‘why’ and ‘when’. The questions were designed 

to explore the existing theories on activity participation (those outlined in 6.3.1), 

and to elucidate the contextual factors within which the mechanism of 

activities/occupations may operate (Maxwell & Mittapalli, 2010; Smith & Elger, 

2014). ID interview questions, according to Thorne, are often curiosity based, 

questions that clinicians would ask if they had more time. Thorne tempers this 

nonetheless by reminding clinical researchers to set aside clinical-type questions 

and take on a research-interview mode (Thorne, 2016c). Questions should be 

designed to elicit hidden information and not simply confirm the researcher’s 

own hunches. Thorne also cautions researchers not to have overly inflated 

expectations about what participants will be able to articulate, that researchers 

should be realistic and must allow sufficient time to allow a participant’s story to 

fully unfold (Thorne, 2016c). For this reason, participants were consented for a 60 

to 90-minute interview. 

An interview guide was developed with questions built around four broad areas: 

advice around activity given by health professionals; parameters of activities 

participated in (types, range, modifications, decision making process); 

experiences of doing activities (ease of movement, perceived threat, enjoyment, 

fear, pain, anxiety); perceptions on activities as therapy (motivational value, 

utility, perceived meaning of activities, influence on self-efficacy). The questions 

were open-ended and formed a framework only. The guide was trialed in the 

initial few interviews and further iterations were developed as the interviews 

progressed. An initial and later iteration of the interview guide are presented in 

Appendix L and Appendix M.  

6.4.3 Procedure variations due to COVID-19 

During the data collection phase of the study the COVID-19 global pandemic 

began affecting New Zealand. Between March and June 2020 lockdowns were 

implemented by the New Zealand Government to mitigate the spread of the 

virus. During this time there were varying restrictions on personal and 
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community activities and government health orders prevented face-to-face 

research activities. 

Responses to COVID-19 had several implications for this study. In the latter half 

of February 2020, it was necessary to screen all study participants about previous 

overseas travel and any contact with known COVID-19 patients prior to 

conducting interviews. During the lockdown phase an ethics amendment was 

sought to allow data collection via remote methods such as zoom or telephone. 

The approval letter dated 23 April 2020 is in Appendix N. Six of the twenty-one 

interviews were conducted via an online video platform or by phone call. 

Although face-to-face interviews were my preferred method of data collection, I 

felt I was able to conduct those interviews in a way that fostered connection and 

engendered rich conversation.  

6.4.4 Study sample 

In Chapter 7 I detail the study setting, inclusion criteria, and recruitment 

procedures. In the following section I detail the rationale for the use of purposive 

sampling as that is not included in the published article.  

The number of participants was based on criterion purposive sampling 

(Sandelowski, 2000) to ensure adequate maximum variation of the following 

criteria: age; gender; ethnicity; degree of pain, kinesiophobia (fear of movement); 

wrist and finger stiffness. Critical realists argue that diversity is fundamental to 

humanity and in research should not be controlled for but rather intentionally 

sought out (Maxwell & Mittapalli, 2010). Similarly, ID favours a sampling strategy 

that will achieve a variety of perspectives and add depth to understanding the 

research question (Thorne, 2016c). The criteria were selected to ensure inclusion 

of a range of characteristics representative of those seen in clinical practice. 

During recruitment I entered participant characteristics according to the defined 

criteria on a spreadsheet. With every new potential participant, I conducted a 

phone screen to ensure they met the inclusion criteria and to check against my 

purposive sampling criteria. If I already had sufficient representation of certain 

criteria, I politely declined their participation. During recruitment, I only needed 
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to decline a small number of people as sufficient natural variation occurred with 

potential participants.  

Ethnicity 

This study purposively sampled for diverse ethnicities. The research included a 

focus on recruiting and retaining Māori participants. Māori, the indigenous 

population of Aotearoa, make up 16% of the overall population and have poorer 

outcomes across a raft of health indicators (Anderson et al., 2006; Robson et al., 

2015). Collaboration with Māori in research is seen as an important strategy for 

illuminating mātauranga Māori (traditional knowledge) and working towards 

equitable outcomes (Hudson & Russell, 2009; Ministry of Health, 2014; Ministry 

of Research Science and Technology, 2005). Research strategies were developed 

in consultation with the Auckland University of Technology Mātauranga Māori 

Committee and included intentional targeting of Māori during recruitment, use 

of Te Reo Māori (Māori language), including hikuaua (art patterns) in participant 

documents, allowing extra time during interviews to facilitate whanaungatanga 

(connection), and inclusion of whānau (family) during interviews. 

Clinical presentation: pain and kinesiophobia 

Pain severity was measured via the pain subscale of the Patient Rated Wrist and 

Hand Evaluation (PRWHE), a validated and reliable measure of patient-rated 

pain and disability in the upper extremity (MacDermid, 1996; MacDermid et al., 

2000; MacDermid et al., 1998) (Appendix O). Kinesiophobia is the fear of 

movement and was measured by the Tampa Scale of Kinesiophobia-11 (TSK-11) 

(Woby et al., 2005) (Appendix P). I wanted to ensure the study included people 

with both high and low levels of pain and kinesiophobia.  

Clinical presentation: wrist and finger stiffness  

Wrist stiffness was scored as: >50%, 20–50%, or <20% of the contralateral side 

based on the criteria of Javed et al. (2015). Finger stiffness was considered to be 

present if there was greater than 1cm distance between the fingertip and the 

distal palmar crease for any one finger (Egol et al., 2014). It was important that 

my sample included people who had more severe joint stiffness so that I was 

interviewing people whose recovery was likely to be more challenging.  
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6.5 The work of data analysis 

Chapter 7 presents the results of the analysis but does not detail the analytic 

process. This subsection discusses the analytic journey and strategies used. 

Analysis of qualitative data is by nature immersive and iterative and is not 

reported in detail in the manuscript. Several strategies were used to ensure a 

rigorous and deep analysis that warrant explanation. Excerpts and explanatory 

notes of my reflexive journal are provided here to illustrate how I approached 

data analysis and developed the final themes.  

6.5.1 Reflective journal 

One of the key strategies I used throughout the study was a reflexive journal. 

Following each interview, I wrote field notes to record immediate reactions, 

insights, critical reflections, potential refinements to the interview guide and 

emerging patterns. This process kept me alert to less obvious narratives, a 

strategy described by Sally Thorne (2016e) as ‘envisioning possibilities’. During 

the interview phase I was constantly thinking, allowing my mind to percolate on 

the interview data and how it might ultimately come together as different 

strands. 

I have included here three excerpts from an early, middle, and late interview. 

These excerpts illustrate how my thinking deepened as the interviews progressed. 

Pseudonyms used in study III are used here to replace participant names.  

Excerpt one: 2nd December 2019 

This excerpt illustrates that during the initial interviews I was struggling to 

maintain researcher curiosity and distance. The excerpt also demonstrates my 

nascent curiosity and how the interview prompted me to go back to the 

literature.  

I felt that I did better at allowing time to listen and let my 
participant express her own ideas. I found it hard to establish a 
balance between allowing her to come up with her own thoughts 
while providing some structure and context. An example was 
when I wanted to explore the idea of automaticity/familiarity of 
movement – the idea of getting lost in activity and moving wrist 
without knowing about it. I presented the idea but then felt I pre-
empted her thinking. Still difficult for me to think about what I 
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don’t know, what else I could be exploring that I’m not expecting 
to find – not quite sure how to do this. I felt like I got some very 
rich data. Just need to be careful not to keep confirming what I 
think I already know. I’m still concerned that I’m missing the 
hidden dimension – the things I don’t know – how do I access that 
without having an idea about what I’m trying to provoke – 
discover? 

A couple of new ideas that came out … were the length of time it 
took to do the exercises and the (unprompted) idea that they got 
a bit boring, so it was good to mix things up by doing some 
activities. I’ve been reading about psychological flow. It might be 
interesting to explore the concept of how participants arrive at the 
right level of challenge. How do they decide what the correct level 
is? Pain, time? Intuition? How does this compare with the 
challenge provided by exercises? Can this feed into intervention 
development? 

Learning points for next interview: Think about how to ask about 
‘the just right challenge’ – maybe introduce the idea and ask for 
responses. 

Excerpt two: 24th February 2020 

As the interviews progressed, my journal entries were more critical and probing 

in nature. I attempted to remain curious and allow my thinking to be immersed 

in creative discovery (Thorne, 2016a). In time, these notes began to take shape, 

forming clusters of concepts that compared and contrasted reflections from 

earlier interviews. This early analysis is described by Thorne (2016e) as a ‘testing 

of relationships’, a process of going back to the concepts that framed the study 

and challenging the assumptions I brought with me. Excerpt two illustrates my 

developing skills as an interviewer.  

In supervision recently, my supervisors listened to some short 
extracts from an interview. They feel I am still using too much 
clinician language. They felt the questions I was asking were the 
sorts of things I would ask about or observe in clinical practice. 
Also, that I’m leaping ahead too much, always thinking about 
what’s in front and what’s on my list of things to ask, not getting 
to the depth of the story. I was challenged to be a ‘naïve enquirer’, 
to listen for cues that indicate emotional responses. Listen for 
feelings. Use the words of the participant to find out what’s sitting 
behind the narrative.  
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The interview with Bill today went better… I was able to draw out 
his thoughts by listening more carefully to the language he used 
and listen for cues that might express emotions. I took more care 
to listen carefully and to mentally (and physically) jot down 
phrases or words that I could pick up on and reflect back to him 
in an open ended question. An example of this was he made a 
passing comment that using his hand to the capacity that he could 
‘settled’ him. I came back to this when there was a pause in the 
dialogue and asked what he meant by this. This opened up some 
expression of ideas on how his upbringing had formed him into a 
‘tough’ resilient person who could deal with injury and who was 
not going to let an injury or disability define who he is. 
Fascinating. 

An idea that came through strongly from the interview is the arena 
of mind-body connection …It felt like I was starting to explore the 
unknown, the unexpected and the surprising. The strength and 
deliberateness with which my participants harnessed the power of 
their psyche for recovery was an emerging and novel concept. For 
Bill a strong sense of pride in his resilience fuelled his actions 
towards recovery (doing everything he possibly could, not being 
fearful of using his hand, not allowing other people to ‘tell’ him 
what was ok. 

Today during the interview with Sue, I listened for language that 
would indicate feelings or ‘ways in’ to explore the depth to her 
experiences. I tried reflecting Sue’s language back to her and going 
back to earlier themes that had come up. I picked up on 
words/phrases such as “frustrating”, “it was scary”, “the pain was 
always there”, “I don’t like it when…” “it’s been harder than I 
expected”. Sometimes it felt like I was probing, and I sensed she 
was feeling a little uncomfortable, so I took the time to explain 
why I was asking the questions and that seemed to help, it gave 
her some more context as to what I was exploring, and she was 
happier to expand on ideas. I tried not to ‘leap ahead’ or worry 
about my list of questions, rather to go with the flow of the 
interview. 

Excerpt three: 27th March 2020 

After each interview I would listen to the audios. I would pause, think, take notes, 

and speak aloud to process and differentiate ideas. The excerpt from this latter 

phase journal entry illustrates how I felt as I approached coding and my ongoing 

examining of relationships between participant narratives, existing theories, and 

clinical implications. 
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COVID-19 has hit. How the world has turned upside down in just 
the space of a few weeks. It’s frightening and isolating and 
uncertain. I wonder where we will be when I look back on this 
later on. I’m grateful to be able to continue my research at the 
moment. I’m gearing up to be brave enough to start coding. I am 
super nervous about getting up close and personal with the data, 
and whether I’ll be able to make a coherent whole. There are so 
many complexities and layers to what my participants have shared 
that I’m worried about being able to do justice to their stories.  

I had a lovely interview today. I feel like I’ve got better at listening 
to the language of my participants, reflecting back, and digging 
deeper. Marie expressed an interesting perspective about using 
her hand for the first time, how it did not feel normal … that she 
had to make a deliberate choice to use her right hand. This 
contrasts with Karen – she did not force herself to use her wrist so 
much – she’d only use it if she felt it was safe or she could do the 
activity. – these two data sets would be good to look at and 
contrast the language used…Perhaps as therapists we use 
unhelpful language. We say things like don’t’ do this and don’t do 
that but may not use language that facilitates reengagement with 
activity.  

This is interesting to evaluate when thinking about people with 
movement aversion. Perhaps it is those first early experiences of 
the wrist feeling so uncomfortable and wrong (awkward was how 
June described this) that sets up a pattern of neglect. And it is the 
people who manage to break through that first barrier that sets 
them on a path of reengagement with usual activities. It reinforces 
the idea that activities and exercises act differently.  

6.5.2 Thematic analysis 

Data analysis followed the steps of reflexive thematic analysis (Terry et al., 2017) 

and is detailed in the manuscript in the following chapter. This section illustrates 

the process of how I conducted coding and theming.  

Strategies of coding 

Coding of the transcripts took time. I deliberately slowed my pace to allow time 

to read, re-read and reflect. I wrote tentative codes, some remained until the end 

of coding, while others were relabelled or deleted as coding progressed. Initially, I 

struggled to find language that was true to the narrative while being analytic in 

nature. I took time with a chunk of data, trying to understand the nuances, 

remembering that participants were also often struggling to find language. As 
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time went on my labels changed. Some of my early codes were too broad and as 

coding progressed there were a greater number of latent codes and those using 

gerunds. An example of this is an initial code labelled ‘feeling the loss of 

function’, I later renamed this to ‘feeling upset or frustrated by the loss of 

function’ to encapsulate the emotive component more accurately. Another 

example was data around the notion of occupational balance. Initially I had 

coded data where participants talked about the routines of everyday providing 

motivation to get better as ‘occupation motivates me to get better’. As I read 

further, I realised there was a deeper idea being expressed. That participants were 

talking about the experience of occupational loss and the disorienting effect that 

had on their wellbeing. I subsequently recoded this data as ‘the doing of everyday 

and psychological wellbeing, occupational balance’.  

As my coding progressed, I noticed that coding of one transcript would prompt 

me to think about a previous transcript where I may have missed the nuance of 

some data and had not coded it similarly. I would go back to early transcripts and 

add a code and in doing so continued to go deeper with coding, a process known 

as recursive coding (Terry et al., 2017). An example of this is an early interview 

with Natalya. Natalya related an incident when she had dropped a plate 

unexpectedly. I had initially coded this as ‘activity has an unpredictability to it’, 

to denote that performing activities sometimes demanded unexpected movement 

that resulted in pain or dropping something. In a later interview, June spoke 

about feeding her ducks and her wariness about taking the food bucket near the 

ducks for fear that they would get into it and June would not be able to control 

them. So, June would avoid or adapt the activity in order to avoid sudden 

potentially painful or harmful movements. While transcribing June’s interview 

and reflecting on her story I recalled that Natalya had taken the same approach, 

so I went back to Natalya’s transcript and added the code ‘adapting an activity in 

order to avoid sudden painful movement’.  

Once coding was nearing completion, I went through all my coding to check for 

duplicates and check codes that seemed ambiguous or those that didn’t say 

anything about the data.  
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Strategies of theming  

Once the coding was completed step three began: constructing themes. One 

method I used was to print out the codes. I laid them out on a desk and moved 

them back and forth to try out different groupings based on how the codes might 

logically be delineated. I placed my question in the centre to keep the research 

focus fore of mind. Figure 8 shows an iteration of the prototype themes and 

Figure 9 shows detail of two coding subsections in close-up. Another tool I used 

was an online mind mapping tool from mindmeister.com. An example of this 

mind map is shown in Figure 10. A further strategy was to take a photo of the 

coding on my desk and use photoshop to draw circles and arrows to depict 

relationships. Candidate themes were revised and finalised through discussion at 

supervision sessions. 
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Figure 8 

Illustration of the process of developing themes 

Note. White tags are codes, blue are prototype themes and green potential sub-themes 
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Figure 9 

Illustration of an iteration of theming 

Note. White tags are codes, blue are prototype themes and green potential sub-themes 
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Figure 10 

Illustration of a mind map section used during the development of themes 
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6.6 Conclusions 

Chapter six presented the purpose of study III, a discussion on the methodology 

of Interpretive Description and the ways in which critical realism underpinned 

the study. Study procedures that demonstrated the rigour of study III were 

presented in more detail than the ensuing published article allowed. Rigour was 

demonstrated through a pre-suppositions interview that challenged my 

preconceptions and prepared me for undertaking the interviews and analysis. 

Explanations are given on decisions made regarding sampling procedures and 

data generation. The process of data analysis is discussed in detailed with 

illustrations of methods I used to support my thematic analysis such as reflective 

journaling, mind-mapping, manual sorting, and categorization of the codes.  

The following chapter presents study III in the form of a published article.  
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Chapter 7  Published study III: “The more I do, the more I can do”. 
Perspectives on how performing daily activities and 
occupations influences recovery after surgical repair of a distal 
radius fracture 

7.1 Chapter overview 

This chapter presents the published article of a qualitative study (study III). 

The manuscript was published in Disability and Rehabilitation (Collis et al., 

2021). The full citation for the article is: 

Collis, J. M., Mayland, E. C., Wright-St Clair, V., & Signal, N. (2021). "The more I 

do, the more I can do": perspectives on how performing daily activities and 

occupations influences recovery after surgical repair of a distal radius fracture. 

Disability and Rehabilitation, 1-10. https://doi.org/10.1080/09638288.2021.1936219 

The manuscript is included here with citations, figures and tables formatted 

consistent with the thesis. A copy of the published article is found in Appendix Q. 

7.2 Published article 

7.2.1 Abstract 

Purpose 

The study aimed to explore perceptions and experiences about how engaging in 

daily activities and occupations influenced recovery in the first eight weeks after 

surgical treatment of a distal radius fracture.  

Methods 

Twenty-one adults completed an online activity and exercise log then 

participated in a semi-structured interview between weeks 6 and 8 

postoperatively. Interviews were transcribed and analysed using reflexive 

thematic analysis. 

Results 

Daily activities and occupations were highly influential in facilitating recovery of 

movement and function of the operated limb. Five themes provided an 

understanding of how occupation operated to promote recovery. Occupation was 

https://doi.org/10.1080/09638288.2021.1936219
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(i) a primary driver of the rehabilitative process, providing an impetus for 

recovery, (ii) offered ready-to-hand challenges for opportunistic, automatic 

movement, (iii) invited intentional use of the affected wrist, (iv) habituated the 

wrist to movement through repetition and confidence-building and, (iv) drew on 

psychosocial resources to enable reengagement with life activities and roles.  

Conclusions 

Incorporating the performance of graded, modified activities during the early 

weeks of rehabilitation creates opportunities for wrist movement, enhances 

wellbeing, and assists in the habituation of wrist movement. Activities and 

occupations can be used as a therapeutic strategy to promote recovery from 

surgical treatment of a distal radius fracture. 

Implications for rehabilitation 

• Rehabilitation after surgical repair of distal radius fractures has 

traditionally focused on exercise routines 

• Daily activities and occupations can also be used to promote wrist 

movement and function during the early weeks of rehabilitation 

• Occupation is a naturally occurring source of wrist movement, motivation 

and wellbeing that can be harnessed for therapeutic advantage after 

surgical repair of distal radius fractures 

• Therapists can collaborate with patients to select and modify daily 

activities and occupations to incorporate into early postoperative therapy 

programmes 

7.2.2 Introduction  

A fracture of the distal radius is a common upper extremity injury frequently 

treated by surgical repair, followed by wrist mobilisation within two weeks of 

surgery (Quadlbauer et al., 2020). Wrist stiffness, pain, and functional or 

sensorimotor impairment can persist after surgery (Chung & Haas, 2009; Egol et 

al., 2014; Karagiannopoulos et al., 2013) and rehabilitative strategies that address 

impairment and promote early recovery are needed. Wrist and forearm exercises 

are routinely used during early rehabilitation to promote movement (Naughton & 

Algar, 2021; Quadlbauer et al., 2020). Performance of daily activities can also be 
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used but is poorly defined as a rehabilitative strategy and not as widely promoted 

as exercise interventions (Collis et al., 2020a). One of the barriers to occupation-

based interventions is a lack of knowledge about how occupation facilitates 

recovery from injury (Colaianni & Provident, 2010; Daud, Judd, et al., 2016a). 

Without such understandings it is difficult to design interventions that capitalise 

on the benefits of occupation.  

In this study occupation refers to the broad categories of daily life engagements 

by which people occupy themselves: daily living activities, rest, education, work, 

leisure, and social participation (Amini et al., 2014). Occupation assumes 

meaning, purpose, intentional engagement and that occupation is contextualised 

within daily life (Amini et al., 2014). The term activity is used differentially to 

refer to the smaller actions or sets of day to day living tasks that occupations are 

constructed from (Amini et al., 2014; Polatajko et al., 2004). Performance of 

activities and occupations may facilitate recovery in ways distinct from exercise 

routines such as augmenting movement quantity and quality (Colaianni & 

Provident, 2010; Collis et al., 2020b), enhancing motivation, and facilitating 

functional movement (Colaianni & Provident, 2010). It was considered that 

performing daily activities may be an underutilised rehabilitative strategy. The 

questions were raised: what role does activity and occupation play in the recovery 

from distal radius fracture surgery, and how might occupation be harnessed to 

form a therapeutic intervention? 

The Medical Research Council recommends that intervention development may 

require primary research to identify how that intervention is likely to produce 

change (Craig et al., 2013). A study was therefore designed to explore the 

perceptions and experiences of people about how engaging in daily activities and 

occupations influenced recovery in the first eight weeks after surgical treatment 

of distal radius fracture.  

7.2.3 Methods 

A qualitative study using Interpretive Description methodology (Thorne, 2016c) 

and underpinned by a critical realist perspective, was undertaken. The Standards 

for Reporting Qualitative Research (SRQR) (O’Brien et al., 2014) were used to 
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inform the design of the study. The study was approved by the Auckland 

University of Technology Ethics Committee (AUTEC) on the 29th July 2019, 

number 19/224. In this paper the term ‘therapist’ refers to an occupational, 

physical or hand therapist involved in the rehabilitation of upper extremity 

injuries.  

Interpretive description is a qualitative methodology where researcher and 

participant work together to generate knowledge about clinical phenomena 

(Hunt, 2009; Teodoro et al., 2018). Critical realism guided the philosophy of the 

study by accepting that an objective, knowable reality exists but rejecting the 

notion that observed phenomena can be understood exclusively through 

stringent scientific methods (Fletcher, 2017; Yucel, 2018). The imperative for 

researchers guided by critical realism is to explore mechanisms and contexts, to 

understand not only if something works, but how it works (Fletcher, 2017; Nairn, 

2012). Interpretive Description focused the study firmly on clinical practice, and 

critical realism provided a cohesive overarching framework.  

7.2.4 Study setting and participants  

Participants were recruited through private and public hand therapy clinics in 

Auckland, New Zealand. Figure 11 details the recruitment procedures. Potential 

participants were selected based on predetermined inclusion criteria (Table 9) 

and purposive sampling criteria (age, gender, ethnicity, pain, kinesiophobia, and 

finger stiffness), in order to obtain maximum variation of participant 

characteristics. A sample of 20-30 was estimated based on the concept of 

information power, where fewer participants are needed in a study with high 

information power (Malterud et al., 2016). We achieved high information power 

through a tightly defined aim, targeting participant characteristics, applying 

established theory, and rich dialogue and analysis (Malterud et al., 2016).  
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Figure 11 

Study flowchart 
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Table 9 

Eligibility criteria 

Inclusion 

Aged over 18 years 

Surgical fixation of distal radius fracture, all fracture AO types A, B, or C 

Less than four weeks postoperative at time of recruitment 

Stable fixation, deemed by surgeon to be suitable for mobilisation by four weeks 

Conversational English 

Exclusion 

Concomitant fracture of another bone (excepting ulna styloid) 

Concomitant surgery for injury of other tissues: tendon, muscle, nerve 

Any condition or injury that significantly affects normal use of the operated limb 

Patients undergoing hand therapy by primary researcher 

7.2.5 Data generation 

Data were generated via an activity and exercise log and a semi-structured 

interview. Participants were visited on two occasions (see Figure 11) The clinical 

features of pain severity and kinesiophobia were measured by the Patient Rated 

Wrist and Hand Evaluation (PRWHE) (MacDermid, 1996) and the Tampa scale of 

kinesiophobia-11 (TSK-11) (MacDermid, 1996; Woby et al., 2005) respectively. The 

TSK-11 has a score range between 11 and 44 with a score of ≥35 delineated as high 

kinesiophobia (Larsson et al., 2016). Wrist stiffness was scored as: >50%, 20–50%, 

or <20% of the contralateral side (Javed et al., 2015). Finger stiffness was a 

fingertip to distal palmar crease measurement >1cm (Egol et al., 2014).  

Activity and exercise log 

Between weeks two and six postoperatively, participants were asked to complete 

an online activity and exercise log (Appendix K). The purpose of the log was as a 

prompt for discussion during the interviews and to observe the types and range 

of activities that individuals performed. The log was developed from research that 

defined valued occupations and activity limitations for people with hand injuries 

(Eakman et al., 2010; Poulsen & Hansen, 2018; Wright‐St Clair et al., 2012). 

Initially, participants were asked to complete the log daily; this was amended to 

two to three times per week as the first few participants indicated that daily 

completion was repetitive.  
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Semi-structured interview 

The interview was conducted at between weeks six and eight postoperatively. The 

interviews were a semi-structured exploratory style (Manzano, 2016). An 

interview guide was developed around four broad areas: experiences of daily 

activities, perceptions on the influence of daily activities on recovery, 

advice/education received about activities, and the pragmatics of activity 

performance. The questions were open-ended and provided a framework only for 

the interviews. This approach allowed the interviewer to probe and to explore 

responses at a deeper level in accordance with Interpretive Description research 

(Thorne, 2016b).  

7.2.6 Data processing and analysis 

All interviews were audio-recorded and transcribed verbatim by a professional 

transcriber and checked for accuracy by the first author (JC). The data were 

analysed using reflexive thematic analysis, a six-phase inductive style of analyses 

that draws themes from the data (Braun & Clarke, 2006; Terry et al., 2017). 

Familiarisation was conducted by the first author through reviewing the audio 

recordings and transcripts. Codes were then generated inductively from the data, 

by (JC), using both descriptive and interpretive labels. NVivo 12 was used for the 

coding process. Following the completion of coding, theming commenced. First, 

candidate themes were developed, then discussed and finalised, based on 

agreement between all authors. Themes were subsequently named and defined.  

7.2.7 Study rigour 

The research team consisted of experienced therapists and academics. The first 

author (JC), an occupational and hand therapist, led data generation, coding and 

development of themes and was not involved in the clinical care of any 

participant. Cross-verification was achieved through the research team reviewing 

sections of data and confirming codes and final themes. Quality and rigour were 

promoted through a collaborative, reflexive approach. Epistemological integrity 

was achieved by framing the study within a critical realist ontology and 

Interpretive Description method. The steps of reflexive thematic analysis were 

followed to ensure a rigorous analytic process. It was acknowledged that the 

primary researcher may bring theoretical allegiances or professional assumptions 
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that could influence the research (O’Brien et al., 2014; Terry et al., 2017) A 

presuppositions interview was conducted by senior researchers (VW and NS) 

prior to data collection. During the interview the primary researcher was 

questioned about assumptions and challenged to remain reflexive and alert to 

narratives that may reveal hidden meanings.  

7.2.8 Results 

During 2019 and 2020, 21 adults participated in the study. Participant 

characteristics are summarised in Table 10 and detailed in Table 11.  

Table 10 

Summary of participant characteristics 

Variable Number (percentage) or mean (range) 

Gender: Female 14/21 (67%) 

Age 53 (28-74) 

Ethnicity: Māori  

New Zealand European 

Other (Indian, Russian, Afghani) 

3/21 (14%) 

14/21(67%) 

4/21 (19%) 

Dominant hand injured 10/21(48%) 

Finger stiffness at visit one (>1cm ADPC) 11/21(52%) 

Wrist stiffness at visit one (moderate or severe)i 16/21(76%) 

Pain at visit one (PRWE pain sub-scale) 25/50 (10-41) 

Kinesiophobia (TSK-11) 

TSK-11 ≥35ii 

25/44 (12-42) 

2/21 (10%) 

Fracture type: comminuted, intraarticular 19/21 (90%) 

Ulna styloid fracture 8/21 (38%) 

Volar locking plate 20/21 (95%) 

Fragment-specific fixation 1/21 (5%) 

Additional surgical procedure (2x carpal tunnel release) 2/21 (10%) 

Number of days from surgery to mobilisation 13 (7-27) 

Number of days from surgery to interview 53 (44-64) 

Number of activity log entries 9 (3-23) 

ADPC: active distal palmar crease; PRWE: patient rated wrist and hand evaluation; TSK: Tampa 

scale of kinesiophobia 

i20–50% (moderate), <20% (severe) range of movement of the contralateral side (Javed et al., 2015) 

ii A TSK score of >35 is indicative of high kinesiophobia (Larsson et al., 2016)
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Table 11 

Characteristics of participants 

Participant  Gender Age Injured side Occupation Intra-
articular 
fracture 

Surgical procedures Finger 
stiffness1 
at visit 1 

Paul Male 55 Non-dominant Handyperson, builder Y Fragment-specific fixation (radial, 
dorsal, ulna plates); CTR 

Y 

Farida Female 50 Non-dominant Storeperson Y Volar plate N 

Graeme Male 46 Dominant Plumber Y Volar plate N 

Angela Female 51 Dominant Homemaker N Volar plate Y 

Natalya Female 59 Non-dominant Homemaker; Administrator Y Volar plate & interfragmentary screw Y 

May Female 32 Dominant Landscape gardener; Parent Y Volar plate N 

Ian Male 55 Dominant Manager; Administrator Y Volar plate & radial pin plate N 

Layla Female 34 Dominant Parent Y Volar plate N 

Awhina Female 49 Dominant Driver Y Volar plate Y 

Zoe Female 68 Non-dominant Retired Y Volar plate Y 

Bill Male 72 Non-dominant Retired Y Volar plate Y 

June Female 74 Non-dominant Retired Y Volar plate N 

Kukurei Female 56 Non-dominant Music Teacher N Volar plate N 

Karen Female 57 Non-dominant Nurse Y Volar plate Y 

Santosh Male 30 Dominant Driver Y Volar plate N 
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Marie Female 71 Dominant Retired Y Volar plate Y 

Silky Female 71 Non-dominant Retired Y Volar plate N 

Dina Female 28 Non-dominant Parent Y Volar plate & ulna styloid screw Y 

Alexa Female 36 Dominant Parent; Manager Y Volar plate & radial pin plate; CTR Y 

Trent Male 62 Dominant Handyperson Y Volar plate Y 

Nick Male 55 Non-dominant Designer Y Volar plate & dorsal pin plate N 

CTR: carpal tunnel release. 

iFingertip to distal palmar crease measurement > 1 cm 
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The activity log was completed an average of nine times (range 3 to 23). The 

majority of participants commenced the log by the end of week three (n=14) and 

the remainder during the following two weeks. The log and interviews revealed a 

broad range of activities performed without a splint during the first six weeks 

(Table 12). All participants were provided with a removable wrist splint (custom 

thermoplastic or off-the-shelf) at the time of mobilisation. The log showed that 

by the end of week three postoperatively most participants (14/21), were using 

their wrist during activities such as eating, showering, or grooming. Of those 

fourteen, many were also using their wrist during meal preparation, or household 

tasks. By the end of week six all participants were performing some personal, 

home, work or leisure activities involving their operated wrist without a splint.  
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Table 12 

Activities and occupations performed by participants in the first six weeks with the wrist 

splint off and involving at least partial use of the affected wrist 

Applying make-up, face, or hand cream Opening cupboards, drawers, containers 

Baby care e.g., diapers Personal care e.g., shaving, brushing teeth 

Childcare: dressing, pushing a pushchair Pet care: feeding, grooming 

Carrying light items e.g., a plate, lunch 
bag 

Playing a musical instrument  

Chopping, peeling vegetables Playing video games 

Cooking e.g., making breakfast or a salad Sewing, using a sewing machine 

Driving Showering – washing and drying self 

Eating, drinking Swimming 

Gardening e.g., weeding Tidying up children’s toys 

Getting dressed, doing up shoelaces Turning controls on kitchen appliances 

Handcrafts Unpacking and putting away shopping 

Having a bath  Using a keyboard and/or computer mouse 

Housework e.g., tidying, making beds,  Using a remote control 

Laundry: Hanging up, folding, putting 
away 

Vacuuming 

Loading, unloading the dishwasher Washing and drying dishes 

Making a cup of tea or coffee Washing, doing hair 

Making roti Watering the garden 

Mopping the floor Wiping benches 

 

Interviews revealed that for most participants, daily activities and occupations 

were highly valued for facilitating recovery of movement and function of the 

affected limb. We generated five themes that elucidated how occupation acted as 

an agent of change in promoting recovery from surgical treatment of distal radius 

fracture. Quotes that are highly illustrative of the themes are presented. They are 

identified by participants’ pseudonyms, ages and whether they injured their 

dominant (DHI) or non-dominant hand (NDHI). An overview of the themes is 

given in Table 13. 
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Table 13. 

Five themes showing how activities and occupation influenced recovery from surgical 

treatment of a distal radius fracture 

As a driver of recovery 

Disruption to daily activities was 
experienced negatively  

Disruption motivated 
reengagement 

Daily activities were used to reclaim 
normality and enhance wellbeing 

Through offering 
ready-to-hand 
challenges 

Daily activities were a ready source 
of automatic movement 

Daily activities had built-in 
gradations and challenges  

OCCUPATION 
operated 

By inviting intentional 
doing 

Intentional, conscious ‘doing’ was 
needed 

Mindful strategies were used to 
enable performance of activities 

To habituate the wrist 
to movement 

Initial movement felt unnatural 

Activity performance normalised 
wrist movement 

Self-efficacy and confidence were 
enhanced by engaging in 
occupation 

Through drawing on 
psychosocial resources 

Strength was gained from 
psychosocial resources  

Wellbeing practices were used to 
facilitate reengagement with valued 
occupations 

Theme One: Occupation is a driving force of recovery 

I just want life to go back to how it was. To be able to take the boat 
out and go fishing and ride my bike and stuff like that. Graeme, 46, 
DHI 

Theme one describes how the desire to return to valued occupations and life 

roles provided a potent impetus and focus for the recovery process. The 

disruption to daily life and usual activities and occupations was unwelcome. 

Participants expressed a strong need to reclaim independence, participate in 

usual life roles and return to valued occupations. Engaging in daily activities 

helped to reclaimed normality and wellbeing. 
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Experiencing disruption 

Like I said, it’s not until it didn’t function, you realise how much 
you do use your hand. Awhina, 49, DHI 

Most participants talked about how routine activities previously carried out with 

little thought, such as getting dressed or making breakfast, were suddenly 

noticed and became sources of frustration, discomfort, and challenge. Many 

people expressed feelings of being lazy, or a burden. Others missed the 

‘ordinariness’ of daily life and described the sudden loss of ‘doing’ as making 

them feel bored or lost. 

Yeah, I’d get frustrated. Very frustrated. I’m not used to sitting 
still. I’m used to getting up and going. Silky, 71, NDHI 

There was a common experience that the interruption to everyday ‘doing’, 

negatively affected mood and wellbeing and some participants expressed fears 

about the future.  

I was worried about what am I gonna be able to do again. I did 
ballroom dancing, and I was like always one day I thought to get 
back into it again and I was like, “Am I gonna be able to do it 
again?” “What am I gonna be able to do?” “How much movement 
am I gonna have?” Just those sorts of things. “What is my life 
gonna be like?”. “When can I pick up my son?”. Alexa, 36, DHI 

Reclaiming normality 

The difficulties experienced motivated people to begin ‘doing’ again and use their 

affected hand. Initially this was often for simple functional activities, then later 

for work and recreational pursuits.  

When I first tried to do it, it was like, “Oh my god, I can’t even hold 
a cup of coffee.” And it frustrated me so I got to the stage where I 
slowly built up so I could, over five days hold it and lift it. Graeme, 
46, DHI 

We enter in a lot of things. Netball. Iron Māori. Amazing Race. 
But I couldn’t even do the training. They wouldn’t have me. It’s like 
you’ve been outcasted … but it made me work harder. It made me 
wanna hurry up. Awhina, 49, DHI 
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The need to re-establish normal routines and independence was expressed 

strongly. Some people described inactivity as being so foreign that the natural 

thing to do, was ‘do’. Even if it meant taking more time or finding alternative 

methods, the very act of doing seemed to help combat the disorienting effect of 

the injury.  

I think being able to do those things such that you are functioning 
in some degree of independence, I think that’s important. Yeah, I 
think that’s hugely important. Well, it was for me anyway. I hated 
the dependency. Absolutely loathed it. So, to be able to do those 
things and even if it took me forever, on simple tasks to start with, 
those kind of things were important. Zoe, 68, NDHI 

Engagement in meaningful occupations was seen to boost mood and wellbeing. 

Participants described feeling more settled when ‘doing’, that gardening lifted 

mood, or helping with household management negated feelings of laziness and 

uselessness. For some, starting to perform daily activities shifted the focus from ‘I 

can’t’ to ‘I can’ providing a sense of optimism and hope.  

Just to see the light at the end of the tunnel, to know that I’m 
gonna be able to use my hand. And to know that things will … 
come back to normal and … I’m gonna get better and I will get 
stronger, and I will be able to function properly again. Well maybe 
not function, but I’ll be able to do the things I want to do. Nick, 55, 
NDHI 

Theme Two: Occupation offers ready-to-hand challenges 

I thought well … I just have to work it out. You just have to work it 
out. There’s nobody else here to do it for you, so you have to do it. 
If you don’t do it, well you don’t get any taties [potatoes] Silky, 71, 
NDHI 

This theme describes how activities and occupations promoted recovery through 

being ready and available. Activities and occupations were an intrinsic part of 

daily life thereby offering a naturally occurring source of movement and 

challenge. Activities were observed to have inbuilt gradations that created 

stepwise challenges for wrist movement.  

A ready source of movement 

The thing is that if I do anything, it’s not that I think of it, it’s just 
that I do it. That’s just offhanded probably. You need to do it, do it. 
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You don’t even think like that, it’s just such a natural thing. Bill, 
72, NDHI 

The embedded existence of occupation in daily life was perceived to create a 

naturalistic opportunity for movement; in a sense, movement was a by-product of 

‘doing’. Occupation offered challenge in ways different from exercise routines. 

Exercises were done at specified intervals during the day and performed with 

focus. Activities and occupations, on the other hand, were thought to promote a 

more automatic type of movement that occurred opportunistically throughout 

the day as tasks that needed to be done presented themselves.  

So, when I go to change dishwasher, I need to do it. I don’t think it 
will develop my hand, I just set my mind that I need to come back 
to my usual duties and I think it’s a normal thing. I don’t think 
that it will be bending better… I do duties…and hand develop. 
Natalya, 59, NDHI 

Some participants noticed a naturally occurring rhythm of movement during 

activity that took their focus away from pain or discomfort.  

Once you start doing what you enjoy, even if you do get little 
twinges here and there, you totally forget about it. You don’t really 
pay any attention to it. If you keep doing whatever you enjoy and 
keep using your wrist, after a while you don’t pay any attention to 
any little pain you get. Farida, 50, NDHI 

A natural stepwise challenge 

Daily activities were perceived to offer challenges for movement that happened in 

a stepwise process. Participants started with simple tasks that involved minimal 

load or demand on wrist motion and progressed to greater challenge over time. 

Frequently people started activity performance by just using the fingers of the 

affected hand. 

Even if I had the brace on and I wasn’t confident with what was 
going on in my wrist, I’d still very much use my fingers. I was 
typing. Using the mousepad on my computer. Using my fingers to 
open, trying to open packets and yeah definitely using my fingers. 
Trent, 62, DHI 

Over time the wrist would be included for more of the activity and a broader 

range of activities were introduced. Sometimes this was a conscious process but 
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often occurred with little thought, people simply noticed that they were using 

their wrist for increasingly challenging tasks. 

I was conscious that it was changing very quickly day by day to 
sort of add a little bit more on each day and try something 
different. Maybe I couldn’t do something one day, but I could do it 
the next day. Opening the shampoo bottle. I couldn’t do it one day. 
Could do it the next day. Did it every day after that. Just things like 
that, you just kind of add what you can do to your repertoire and 
then just look for other things that you can do with it. Ian, 55, DHI 

Theme Three: Occupation invites intentional doing 

I want to get back to automatically using my right hand without 
thinking. And I think that to do it consciously, first of all, is the 
first step in doing that. Marie, 71, DHI 

In this theme the influence of occupation on recovery is by intentional 

engagement. In contrast to theme two where movement occurred instinctually, it 

was perceived that deliberate choices were made to perform activities in order to 

promote movement, strength, and function. Mindful decisions were made about 

how to perform an activity.  

Intentional use of affected wrist 

Participants for the most part perceived that they needed to make a conscious 

choice to use their affected hand in order to make progress. There was a common 

perception that daily activities played a significant part in restoring movement 

and strength. 

But yeah, in terms of recovery, like I’m just very blown away by 
how well I’ve come along and yeah, I certainly do believe that that 
bit extra that I’ve been doing with my wrist, changing nappies, and 
chopping things and a little bit of gardening and that, I definitely 
think it’s helped to get me where I’m at now with that movement. 
May, 32, DHI 

Many people spoke about how they looked for opportunities to use their affected 

hand. There was a conscious seeking out of bilateral, challenging, or unfamiliar 

tasks in order to intentionally promote use.  

But I made a real effort to try and do any fine stuff with my right 
hand. Your hand’s been sitting around not doing anything for a 
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while, it gets lazy, your left hand takes over. So, there’s a lot of 
things that I would try and do with my right hand. Making a cup of 
coffee. Maybe hold jars with my left hand and do the lid with my 
right hand and spoon it out with my right hand. Do the dials and 
knobs on the coffee machine with my right hand. Ian, 55, DHI 

Most people noticed an immediate improvement in wrist movement and 

function once regular activity performance was initiated.  

You take the brace off, you do your exercises… and then put the 
brace back on. So… you’re actually not using it a lot the rest of the 
time…And it’s actually better to be able to use it all the time. I 
think, becoming easier because I’m using it all the time, rather 
than having it in the brace and only using it for little bits of the 
time. Angela, 51, DHI 

Developing strategies to determine level of activity 

Bounded by a desire to get better but not wanting to cause harm, participants 

used multiple strategies throughout the day to decide whether, and how to, 

perform an activity. People commonly used strategies such as tentatively trying 

an activity to test the wrist, simplifying an activity, or only using their wrist as a 

support. Many times, participants discovered they managed better than expected 

thereby gaining confidence and a willingness to repeat an activity or try 

something harder.  

Well, I thought I’d try. I thought, “Okay, I’ll try and bathe the 
dogs. If it doesn’t work they can airdry.” But they’re pretty good so 
they just stand there. I don’t have to really do a lot. So that was 
alright and then when I went to pull the weeds out, well if it 
wouldn’t come and it just felt it wasn’t going to come, I gave that 
away. I tried to do things and if it worked it worked. If it didn’t it 
didn’t. Silky, 71, NDHI 

If an activity caused pain, discomfort, or fatigue this was taken as a cue to 

perform the activity in a different way or wait for a few days before trying again.  

When it felt like it was aching or tired, I would just put the splint 
back on again. It wasn’t out of it for that long, but probably, yeah 
definitely more than what they had suggested. May, 32, DHI 

For some participants who were more fearful of movement, functional activity 

often resulted in pain and was taken as a cue to rest and wait. 
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They [hand therapist] wanted me to start using it,” but it was just 
too sore. Because as soon as you move it, all this starts hurting … I 
had it [the splint] off for a few hours, but man it hurt. And so after 
that I put it straight back on and kept it on. In my particular case 
it wasn’t ready. Trent, 62, DHI 

Many people relied on advice from health professionals to guide them about daily 

activities. While some participants received helpful education about daily 

activities, many said information was confusing, conflicting, or absent, and was 

perceived as an inhibitor of progress.  

When I came home, I kept thinking can I do this, or can I do that, 
like for example, can I chop the onion, or can I cook, or can I get a 
shower properly and use my hand? … I told myself to keep doing it 
anyway, ‘cause no one told me to do it or not. They should explain 
if it’s good for my wrist to do it, or if it’s bad, then not to do it. 
Layla, 34, DHI, (paraphrased for understanding) 

Some participants felt that using their wrist in the early weeks was too soon, 

others thought that everyday doing was an expected part of rehabilitation over 

and above exercises. Several participants however said that more direct advice on 

activity performance would have been helpful for enabling reengagement in daily 

life and for enhancing their recovery.  

I would say so. They pretty much just give you the hand exercises 
and that’s it. And I think if they gave us on what we can do with 
that hand, where it’s like if you’re using your wrist you can flick 
your hand to make your bed or something. Something like that. I 
reckon that would help a lot. It’ll make everyone’s recovery faster. 
Dina, 28, NDHI 

Theme Four: Occupation habituates the wrist to movement  

The more I do, the more I can do. Alexa, 36, DHI 

Theme four describes how occupation facilitated recovery of automatic, 

instinctual wrist movement. Initial experiences with movement were often 

unpleasant and provoked apprehension. Performing daily activities acted to 

normalise wrist movement, build confidence, and progress the wrist towards 

unconscious use.  
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Experiences of moving and using 

When participants began forays into wrist movement there were common 

experiences of apprehension and fear of causing harm. While some people felt 

confident to use the affected hand, most were cautious and took a tentative 

approach.  

Well it was a bit scary at first. The pain and that, yeah like I said 
it, didn’t feel quite right to do, May, 32, DHI 

Participants frequently described movement as feeling awkward, robotic, 

unnatural, or weird. Some people described that movement lacked spontaneity 

and had to be relearned. Other participants described unpleasant somatic 

sensations in the wrist.  

It just feels, instead of having elastic bands in there [the wrist], it 
feels as if you’ve got cord. Tight cord…it feels like there’s, instead of 
nice stretchy rubber bands, someone’s replaced those rubber bands 
with tight cords. Zoe, 68, NDHI 

Many participants said that it required focussed effort to use the affected hand. 

There was a sense that the hand had become lazy, and the non-injured hand 

would simply take over. Some were worried that if they didn’t force themselves to 

use the wrist, they might never recover full use.  

There was a resistance you know initially when I would do a task 
and sometimes you just kind of like feel lazy, want to use the other 
hand, which is more in motion. Santosh, 30, DHI 

Alongside these negative experiences participants also liked moving the wrist 

again. There was a sense of relief at being able to use the wrist, often associated 

with a feeling of moving forward with rehabilitation.  

Once the brace was off, now it’s just like, yeah instantly starting 
to, my brain was like, “Okay that is an available limb for use 
again.” Alexa, 36, DHI 

Activity performance normalised wrist movement 

Woven through the interviews was a common noticing that the more an activity 

was repeated the easier and more familiar movement became.  
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At first, I just couldn’t do it. I was like oh my god, but then I just 
kept doing it and now I can. Karen, 57, NDHI 

Participants often spoke about how initially they had to push themselves through 

some discomfort. There was an expectation that some degree of pain was 

inevitable but that by slowly pushing through pain, progress would occur. 

Initially when I’m doing a task, it’s a bit painful and the resistance 
is there, so…I had to push myself a bit, so my wrist gets used to the 
situation. Like, if I brush my teeth or take shower…or apply the 
moisturiser, the resistance was there. But if I…overcame it with 
tolerating a bit of pain and pushing myself a bit…next time the 
wrist was used to the situation and … it was better than before. 
Not so hard, I would say a bit easier. Santosh, 30, DHI 

Many participants expressed the idea that repeating everyday activities had a 

positive effect on their confidence and self-efficacy. There was a noticing that 

succeeding with a simple activity was empowering and built confidence to try 

something more difficult.  

It seems to me that by finding out that you could do that, that you 
were kind of surprised and that you could do it, that builds a bit of 
confidence in terms of trying it again another time. Or trying 
something a little bit harder. June, 74, NDHI 

Theme Five: Occupational reengagement draws on psychosocial resources  

I think it’s a journey two ways. I think you’ve got a physical one 
and you’ve got a mental one. And if the mental one’s not on board 
then you’re not going forward either. Zoe, 68, NDHI 

Theme five describes the concept that recovery required mental focus and a 

drawing on a range of psychosocial resources. Previous experiences, personal 

strengths and wellbeing practices were harnessed to enable re-engagement with 

life activities. The theme encompasses the notion that both body and mind 

strategies were needed for the rehabilitation journey.  

Personal strengths and previous experiences  

Many people spoke about how they used positivity and optimism to overcome 

apprehension about moving and using the wrist. Other people described how 

determination would make them persist even when things were difficult.  
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In some ways I think the recovery of my wrist is a lot to do with the 
attitude of stubbornness and pig-headedness. Bill, 72, NDHI 

Many participants expressed a strong sense of self-belief about their ability to 

recover from the surgery. This often came from previous life experiences that had 

built hardiness and resilience such as growing up on a farm or being widowed. A 

number of participants spoke about their pragmatic, ‘just get on with it’ attitude 

or a choice to focus more on the “can do’s” and less on the “can’t do’s”. 

I used to be able to do this so I can jolly well do it now. June, 74, 
NDHI 

Recovery was not all about pushing the boundaries. Some participants said they 

had to adjust expectations and allow their body to do the work of recovery, that 

overly high expectations about recovery was not helpful.  

At the beginning I thought, “Why I cannot do this? It should be 
that I can do it”. Now I stop thinking like that. Everything 
changed, I needed to reset my mind. And now it’s much easier to 
accept what I can do and what I cannot do. I don’t press myself. I 
have no expectations. I’m happier now. Natalya, 59, NDHI, 
(paraphrased for understanding) 

Wellbeing practices 

Participants also used wellbeing practices to cope with the injury and disruption 

to daily life. Some people used gratefulness to affirm their progress, some looked 

for the ‘silver lining’ and others challenged negative ideas about pain.  

It was a little bit hard at first. The exercises were really sore 
because I have to twist my hands everywhere. But I did it anyway 
because I was thinking, the more sore, the more it was good for 
me. After that I was able to do stuff and everyone says to me your 
recovery is so fast, because I kept using my wrist and was doing. 
Layla, 34, DHI 

Other people expressed that exercise, good diet and maintaining social 

interactions were beneficial for healing. Some used mindfulness practices such as 

meditation or listening to music. These participants spoke about how such 

practices helped to maintain a positive energy to the healing process. 
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Absolutely. It has to be, doesn’t it? If we’re stressing about 
something and negative about it, then the healing’s not gonna 
happen. And I kind of just intuitively know that with anything that 
we’ve really got to change our mindset, like I was doing 
meditations on healing and having a positive, sort of imagining it 
healed. I thought was very helpful. Kukurei, 56, NDHI 

7.2.9 Discussion 

Our study explored how engaging in daily activities and occupations influenced 

recovery in the first eight weeks after surgical treatment of distal radius fracture. 

Participant narratives suggested that occupation is highly influential in 

promoting recovery of movement and function after such surgery. Informed by 

the data, we outline a novel framework to elucidate how occupation acts to 

improve movement through acting as a driving force, offering ready-to-hand 

challenge, inviting intentional use, habituating the wrist to movement, and by 

drawing on the psychosocial resources of individuals. Our study deepens 

understandings of the remediating effects of activity performance in the early 

postoperative period. Insights that may challenge the traditional focus on 

exercise as the predominant therapeutic intervention are offered.  

The study suggests two areas of focus for clinical practice: understanding 

occupation as an agent of change and viewing occupation and exercise as 

synergistically beneficial. 

Occupation as an agent of change 

We found that a key action of occupation in influencing recovery was by 

promoting both automatic and intentional wrist movement. While the idea that 

activities and occupation promoted wrist movement may seem an intuitive 

finding, we believe it provides a key to understanding occupation-based 

approaches. Unlike exercise routines which required focused attention and were 

performed intermittently, daily activities appeared to promote movement in low 

doses throughout the day. Participants also performed a broader range of 

activities than may be traditionally expected during the early weeks of recovery. 

The repeated wrist motion promoted through these activities may produce 

greater volume of movement than recognised and help to explain the benefits of 

approaches that include activity performance (Collis et al., 2020a).  
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Some participants described a considerable wariness about activity due to advice 

about what they shouldn’t do rather than an enabling focus on what they could 

do. Recent literature has suggested that therapists may be more wary about daily 

activities than necessary after volar plating of a distal radius fracture (Quadlbauer 

et al., 2020), and the avoidance of activity early after surgery has been challenged 

(Collis et al., 2020a; Quadlbauer et al., 2020). In our study, participants 

performed a wide variety of activities, modifying the manner of performance 

according to postoperative timeframes and perceived capability. Participants 

made reasoned and agile decisions throughout the day about activity 

engagement, self-modulating their activity performance by using pain, fatigue 

common sense, and a ‘try-it-out’ approach as a guide. Even participants that were 

less cautious, tempered their level of activity engagement in order to avoid pain 

and swelling.  

It is important to remember that the risk of harm from underuse is likely much 

greater than that of overuse (Mehta et al., 2011). Poor self-efficacy and 

kinesiophobia are predictors of worse outcomes after distal radius fracture (Björk 

et al., 2020; Mehta et al., 2011). Interventions that promote self-efficacious 

behaviours are advocated as a way of avoiding disuse and fear-avoidance (Dewan 

et al., 2013; Mehta et al., 2011). Achieving mastery of small activities early after 

surgery may help to mitigate guarding and kinesiophobia (Hamasaki et al., 2018), 

promote early self-efficacy and create a platform for introducing progressively 

more challenging activities.  

In our study, splint use was highly variable between participants and over time, 

and this may have influenced wrist stiffness and pain. Some participants reported 

that splints were appreciated for support and pain relief but many disliked splints 

because they impeded movement. Frequently, participants removed the splint 

simply to enable them to carry out daily activities and allow uninhibited wrist 

movement. The decision as to whether to remove a splint appeared to be based 

on varying postoperative advice and the degree of confidence of each participant. 

The relationships between postoperative advice, splint wear and wrist stiffness 

should be investigated in future research.  
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We observed that activity performance appeared to positively influence wrist 

movement through habituation. Habituation, a form of neuroplasticity, is a 

decreasing response to a repeated benign stimulus, whereby people can 

progressively filter out attention to irrelevant stimuli (Podoly & Sasson, 2020; 

Siengsukon, 2012). In our study, this appeared to occur through repetition. 

Participants frequently experienced initial movement as unpleasant, but 

repetition of a task or activity resulted in a reduction of unpleasant sensations 

and a normalisation of wrist movement. Habituation through occupation may 

work similarly to graded exposure where the incremental introduction of noxious 

stimuli reduces hypersensitivity or pain response (den Hollander et al., 2016; 

Hamasaki et al., 2018). Other mechanisms of occupation may be through 

diversion from pain (Colaianni & Provident, 2010; Nelson et al., 2002) or the 

greater efficiency of functional task performance versus exercise routines in 

promoting motor learning (Boudreau et al., 2010; Valdes et al., 2014; Westlake & 

Byl, 2013). Educating patients that repetition of activity will lead to normalised 

wrist movement may help patients overcome the hurdle of initially unpleasant 

movement.  

Our study also elucidated the scope of occupation in promoting recovery beyond 

that of inducing movement. There were psychological and social mechanisms at 

work. Fisher (2014) discusses how engagement in occupation can have 

simultaneous actions of experiencing pleasure, productivity and restoration, a 

finding supported by our study. Our participants experienced the restorative 

effect of joint movement through doing, while also feeling productive, optimistic 

and a welcomed sense of normality when doing. The desire to return to valued 

occupations acted as a strong driver during early rehabilitation constantly 

propelling people forward towards greater use of the affected wrist.  

Occupation and exercise as synergistic interventions 

Occupation as a therapy may be underutilised as a therapeutic strategy in early 

surgical distal radius fracture rehabilitation. Currently, the predominant 

approach tends to endorse exercise, but constrain activity during the first six 

weeks (Collis et al., 2020a; Quadlbauer et al., 2020). We propose that occupation 

and exercise be advocated as synergistically safe and beneficial during the early 
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weeks of recovery. It is suggested that such an approach would be empowering 

for patients, fostering earlier independence and wellbeing (Robinson et al., 2016), 

and facilitate wrist movement beyond the scope of exercise routines.  

Viewing activity performance as a means rather than merely an end goal (Gray, 

1998), is likely to represent a reversal in the way daily activities are perceived by 

many therapists and indeed, patients. Rather than solely perceiving daily 

activities as something patients do once they have regained sufficient capacity, 

purposeful activities can be seen as a remediator of movement. In order to make 

such a shift, occupationally-positive language that advocates safe and beneficial 

performance of daily activities would need to be adopted.  

Through a practical lens, performance of daily activities could be included in 

home programmes, framed as a structured part of rehabilitation. Patients could 

be educated on intentionally performing tasks and activities that will provide a 

‘just-right’ (Gray, 1998; Price & Miner, 2007) level of challenge. Education should 

highlight how daily activities also promote automatic movement through being 

ready-to-hand. Activity grading and self-regulation of activity performance could 

be taught in order to ensure that activities are commensurate with the stage of 

healing (Perlman & Bergthorson, 2017).  

In addition, clinicians could promote the use of psychosocial strategies that 

participants used in this study such as optimism or problem-solving skills. Other 

strategies were focussing on the ‘can dos’ rather than the ‘can’t dos’, using 

resilience gained from previous experiences, determination, positivity, and 

wellbeing practices. Engaging in activities and occupations was also reported as 

improving mood and wellbeing. This finding links strongly with the principles of 

positive psychology, where the building of capabilities rather than a direct 

alleviation of anxiety or negative cognitions is the focus of treatment (Carr et al., 

2020; Müller et al., 2016). Therapists could incorporate positive psychology 

strategies by helping patients to identify and harness psychosocial resources that 

enhance recovery. 



138 

Strengths and Limitations  

A key strength of this study is that participants were interviewed early after 

surgery, while still immersed in the recovery journey. A unique perspective 

situated in the social and health care context of Aotearoa, New Zealand. was 

gained. The study brings a cross-disciplinary lens, propelling occupational and 

physio-therapists towards a greater understanding of the complimentary role of 

occupation and exercise. The study analysed narratives of 21 diverse participants 

but may not represent experiences of people from different social, cultural or 

rehabilitation settings. Participants were not offered the opportunity to check the 

transcripts so the interview narratives must stand in their own right. Only one 

author conducted coding and initial theme development which may have 

resulted in a narrow interpretation of the data. This was mitigated by reflexive 

data analysis and regular author collaboration. 

7.2.10 Conclusions 

The study explored the ways that activities and occupations influenced recovery 

from surgical treatment of distal radius fractures. Participants highly valued daily 

activities for promoting recovery in the first eight weeks after surgery. Activities 

and occupations were found, subjectively, to be a strong driver of the 

rehabilitation process, positively influencing recovery through promoting 

wellbeing, wrist movement and habituation. The study challenges therapists to 

use activities and occupation as a substantial source of movement that can be 

exploited for therapeutic advantage. A postoperative approach that promotes 

occupation and exercise as synergistic interventions has the potential to result in 

improved outcomes and an holistic rehabilitation firmly centred on the 

individual. Future research that evaluates wrist movement during purposeful 

activities is planned. Data from the current and future studies can inform 

development of occupation-based interventions. 
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7.3 Chapter conclusion 

Chapter 7 presented the published article of an ID study that explored patient 

perspectives and experiences on how engaging in daily activities and occupations 

influenced recovery during the first eight weeks of rehabilitation. Although 

previous studies reported on patient experiences of early rehabilitation (Bamford 

& Walker, 2010; Watson, Martin, et al., 2018), such studies did not seek to explore 

the particular role of activity and occupation in bringing about change. The study 

produced new knowledge about the mechanisms of activities in facilitating 

improvements in the affected wrist, in ways that differed from exercise routines. 

Participants performed a greater range of activities in the early weeks of recovery 

than previously reported and demonstrated an intuitive ability to modify and 

adapt activities so they could be performed safely. The study elucidated that an 

important mechanism of activity was the multiple, readily available, 

opportunities for wrist movement that occur during daily activities. Activity and 

occupation provided naturally occurring gradations in challenge for the wrist and 

repetition of activities habituated their wrist to movement. Participants felt 

better when engaging in the activities that mattered to them and described 

detrimental effects on their wellbeing when unable to participate. Psychosocial 

resources such as optimism, motivation, and a sense of accomplishment were all 

enhanced by performing activities.  

Data from study III was used to inform aspects of the design of study IV. Prior to 

study III, it was unclear what activities would be suitable to measure in the 

quantitative study or whether participants would be able to self-select purposeful 

activities. The list of activities performed by participants (Table 12) was used as a 

basis for the list of suggested activities in study IV. 

Chapter 7 concludes phase two of the thesis. Having firmly established the value 

of daily activities during early rehabilitation I was now interested in evaluating 
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movement during purposeful activities. The following two chapters present a 

motion analysis study of wrist movement during daily activities and exercise 

repetitions.  
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Chapter 8  Study IV: Measurement of wrist movement during 
daily activity 

8.1 Chapter overview 

The next phase of the research was a motion analysis study designed to test the 

hypothesis that daily activities could elicit quantity of movement greater than, or 

similar to, exercise repetitions. To inform the design of the research a review was 

undertaken to explore technologies that would provide a suitable measurement 

of real-world movement. Chapter 8 presents an overview of contending 

technologies and discusses why electrogoniometers were selected. Chapter 9 

presents a manuscript for study IV. 

The potential technologies for study IV were motion capture systems, 

accelerometers, garment based wearable sensors, and electrogoniometers. For 

each method, the technology will be described, validity discussed, and 

advantages and limitations pertinent to study IV debated.  

8.2 Motion capture systems – marker-based 

Three-dimensional (3D) motion capture systems are generally considered the 

gold standard of motion analysis. Usually in 3D motion capture, reflective 

markers are affixed to the body, and cameras are used to record movement with 

direct line of sight from the marker to the camera (Kontaxis et al., 2009; Murgia 

et al., 2004). Motion is filmed, and data analysed computationally using systems 

such as VICON, Qualisys or OPTOTRAK. Placement of markers is generally 

based on the joint coordinate system recommended by the International Society 

of Biomechanics (ISB) (Wu et al., 2005).  

8.2.1 Validation 

3D motion capture has been validated for measuring wrist motion during daily 

activities and is widely used in research. Studies have used 3D motion capture to 

quantify wrist range of movement requirements during daily activities (Aizawa et 

al., 2010; Gates et al., 2016; Taylor et al., 2018; van Andel et al., 2008), to evaluate 

compensatory wrist movement after injury (de los Reyes-Guzmán et al., 2010; 
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Kasten et al., 2009) and to compare simulated and functional upper limb 

activities (Taylor et al., 2018). 

Evaluation of reliability and validity of motion capture has been conducted 

against fluoroscopy, steroeradiography and goniometry. Hillstrom et al. (2014) 

tested the validity and reliability of 3D motion analysis in measuring wrist 

movement, initially on 10 cadavers. Fluoroscopy was used as the reference test, 

and measurements were compared against electronic and manual goniometers. 

Motion analyses was more accurate than manual goniometry (p<0.005) but not 

electrogoniometry, (p=0.066). Small et al. (1996), tested the accuracy of a 3D 

system in evaluating wrist movement against steroeradiography, showing high 

correlation between the two systems.  

8.2.2 Advantages and limitations 

Motion capture was considered when deciding whether to conduct the study in 

participant’s homes or in a laboratory. Motion capture would have allowed high 

quality measurement of wrist motion across a broad range of motor performance 

metrics such as joint angles, duration of activity, velocity, trajectory, and 

acceleration (Lee & Jung, 2015; Valevicius et al., 2018). Protocols have been 

developed for the measurement of wrist movement during functional activities 

(Brigstocke et al., 2014; Li et al., 2005). A major drawcard was that the university 

through which this research was undertaken, has a 3D motion laboratory and 

extensive expertise in the use of this technology, thus negating the need to invest 

in expensive alternatives. Other advantages were that markers adhere easily to 

the skin, do not interfere with joint movement, and do not impede sensory 

feedback from the palm, or fingertips. Considerable thought was given to 

whether I could undertake study IV using motion capture due to the availability 

of such high-quality technology.  

A main drawback for motion capture systems was the need for the study to be 

laboratory-based. For study IV, although daily activities could be set up in a 

laboratory, this was contrary to the nature of the study where the aim was to 

measure wrist movement as it occurs in the context of everyday life (see 2.3 and 

4.3 for explanations on the importance of a naturalistic setting). Another 
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limitation was that 3D motion systems are best suited to measuring short 

duration activities. For example, the processing of data from five minutes, can 

take hours to process and may, in some cases, cause systems to fail (R. McLaren, 

personal communication, October 15, 2018; A. Bruder, personal communication, 

23 October 2018). For study IV, I was planning ten minutes of continuous 

recording, making 3D motion capture problematic to use. Additional limitations 

may have included soft tissue artefact where skin moves over rigid bony 

anatomical landmarks requiring complex computational correction and the loss 

of data due to markers loosing direct line of sight during performance of some 

daily activities (Aizawa et al., 2010; Taylor et al., 2018).  

8.3 Motion capture systems – markerless 

Alternative camera systems which do not use reflective markers have been 

developed. These systems can be used to capture motion in a range of real-world 

environments. They include optical tracking devices which use cameras and 

infrared light detecting systems such as Leap Motion (Elliott et al., 2017), 

Microsoft Kinect, Creative Senz3D (Pham et al., 2015), or the Camera Wrist 

Tracker (CWT) (Shefer Eini et al., 2017) to track hand and wrist motion. 

8.3.1 Validation 

Leap Motion has been validated for wrist motion, against the gold standard of 

motion capture (Smeragliuolo et al., 2016), magnetic motion capture (Elliott et 

al., 2017) and an inertial measurement unit (Nguyen et al., 2015). Smeragliuolo et 

al. (2016) simultaneously tracked wrist movement using Leap Motion Capture 

and a marker-based motion capture system. There was high correlation for wrist 

flexion/extension (r=0.95) and radial/ulnar deviation (r=0.92) but not for 

pronation or supination (r=0.79). Elliott et al. (2017) found no significant 

differences for the two systems for wrist flexion, extension, ulnar and radial 

deviation, and supination. In accordance with the findings of Smeragliuolo et al. 

(2016) pronation was less accurate with Leap Motion technology, 

underestimating end range. Nguyen et al. (2015) compared Leap Motion against 

accelerometry finding correlation coefficients above 0.95 for wrist flexion, 

extension, radial and ulnar deviation. 
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8.3.2 Advantages and limitations 

Markerless motion capture systems have the advantage of not needing sensors to 

be attached to the limb. They use an optical sensor, containing infrared emitters 

and small cameras, above which the hand is placed, and moved (Nizamis et al., 

2018). Data is processed and analysed computationally (Pham et al., 2015). This 

may have greater acceptability and use with patients who have had an injury or 

surgery, who may be intolerant to tight fitting garments or wearing of reflective 

markers. It is reported that markerless systems are less expensive and that 

assessments can be performed quickly (Nizamis et al., 2018).  

While these systems may allow measurement of daily activities in home or work 

environments, a disadvantage of the Leap Motion technology is that wrist 

motions must be performed over a stationary sensor, with the forearm resting in 

a support. This limits the distance that the arm could move away from the sensor 

and the range of activities that could be assessed. Nizamis et al. (2018) found that 

for optimal tracking, the hand had to be kept above the sensor at a distance of 14-

24cm with the arm cradled in a specially constructed arm support. Additionally, 

the use of objects commonly used during daily activities, may interfere with data 

acquisition. Another system, Kinect, is primarily used to track full body motion 

with less use for measurement of wrist or finger movement (Pham et al., 2015).  

Commercially available products and analytic software were not available at the 

time of study design, making field-based motion capture systems complex to use 

for study IV.  

8.4 Accelerometry and Inertial Measurement Units 

Accelerometers and IMUs, often referred to as activity monitors, have 

traditionally been used to measure gait but are gaining popularity for monitoring 

upper limb activity (Bailey et al., 2014; Lawinger et al., 2015). They are small 

electronic devices that can be worn like a wristwatch to measure changes in 

speed with respect to time (acceleration). Force sensors detect movement and 

give and output, known as an activity count (Yang & Hsu, 2010). They are small 

devices which attach to the arm and allow for uninhibited motion and activity. 

They are therefore well-suited to objective measurement of dynamic body motion 
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in real-world environments (Bruder et al., 2018; Hayward et al., 2016). Inertial 

measurement units (IMUs) are sensors comprised of an accelerometer, to 

measure velocity, a gyroscope, that measures orientation and angular velocity, 

and a magnetometer, used to detect orientation relative to north. Many modern 

accelerometers contain IMU sensors, as opposed to an accelerometer sensor 

alone, and are capable of measuring position, velocity, and complex joint motion 

simultaneously (Nguyen et al., 2015; Wang et al., 2017).  

Accelerometers can measure various parameters of motion. Magnitude can be 

calculated by totaling activity counts during a given period of time (epoch). 

Duration, or time when the upper limb was moving is achieved by recording the 

sum of all epochs from a minimum threshold of activity counts. Movement ratios 

between limbs can be determined by wearing an accelerometer on both limbs 

(Bailey et al., 2014).  

8.4.1 Validation 

Accelerometry is well-established for upper limb activity monitoring, but fewer 

studies have validated accelerometry for wrist range of movement (Vega-

Gonzalez et al., 2007). IMU sensors have been compared against robotic 

simulations, 3D motion analysis, and goniometry (Álvarez et al., 2016; Fantozzi et 

al., 2016; Kumar et al., 2015; Robert-Lachaine et al., 2017). A systematic review 

showed that wearable sensors could achieve error rates of <5% for wrist 

movement but only with high levels of customization to software (Walmsley et 

al., 2018).  

8.4.2 Advantages and limitations 

The primary benefit of accelerometers is that they can be worn in virtually any 

environment. They lend themselves well to being able to measure wrist motion at 

home, work or during recreational activities. They are small, can be worn like a 

wrist watch and do not interfere with joint motion (Lang et al., 2017). They are 

relatively inexpensive and can monitor movement over long durations, which is 

not possible with 3D motion capture.  

To measure wrist joint angles, an accelerometer would need to be worn on both 

the forearm and hand, and differences between the relative orientations and 
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acceleration calculated, via a sensor fusion algorithm, to give joint angle 

estimations (Álvarez et al., 2016) . While technically possible, there are 

considerable challenges in using the technology in this manner, and it is 

considered that the ability of accelerometers to measure wrist motion during 

daily activities is reaching the limits of what the sensors are able to do (M. King, 

personal communication, December 6, 2018).  

Accelerometers may not be able to accurately differentiate types of activities or 

movements for example between sweeping the floor and arm swinging when 

walking. Nor can they distinguish between types of activity e.g. eating versus 

brushing hair (Bailey et al., 2014) and may not be able to classify intensity of 

activity with sufficient accuracy (Dobkin, 2013). Wrist worn accelerometers may 

miss small movements of the wrist and hand and underestimate the actual 

amount of arm activity that occurs during activity (Bailey et al., 2014). This was a 

problem encountered by Bruder et al. (2018), who were able to accurately 

measure activities that required gross arm motions, such as stacking a box on a 

shelf, but inaccuracies were observed with obtaining data when typing on a 

computer.  

For study IV where I wanted to accurately measure joint angles the technical 

challenges of accelerometers precluded their use.  

8.5 Wearable stretch sensors 

An alternative wearable technology is e-textiles where the electronic circuitry is 

embedded within fabrics (McLaren et al., 2016). The fabrics are made into 

garments such as gloves such as those in Figure 12. The sensors in the fabrics are 

reactive to mechanical deformation. When extended or contracted by joint 

motion, resistance or capacitance of the sensors changes and data outputs can be 

converted into joint range of motion measures (Han et al., 2018; Huang et al., 

2017; McLaren et al., 2016).  
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Figure 12 

StretchSense smart glove fabricated for hand motion capture 

 

Note. Retrieved from https://www.stretchsense.com/product/smart-glove/ 

8.5.1 Validation 

Substantial development work has been done for the measurement of finger 

motion (Rashid & Hasan, 2018; Saggio, 2014), but less so for the wrist, largely due 

to the complex, multiple degrees of freedom associated with movement of the 

wrist (Huang et al., 2017). Papers are emerging on wrist measurement (Huang et 

al., 2017), but commercial products and research in health rehabilitation settings 

is limited and lacking in validation (Gentner & Classen, 2009; Wang et al., 2017).  

8.5.2 Advantages and limitations 

The technology of e-textiles holds promise as it has the advantage of ease of wear, 

and the ability to simultaneously measure multidirectional motion. The garments 

could be worn during everyday activities in home and work environments, and 

could conceivably be worn under a wrist orthotic, which is usually a requirement 

following wrist surgery.  

As this technology is relatively new with respect to rehabilitation applications, 

there are a number of technical challenges. These include slippage of the garment 
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during motion and poor accuracy at high velocities (McLaren et al., 2016; Rashid 

& Hasan, 2018). The need to have a tight fitting garment to avoid slippage would 

be problematic for a post-surgical population and a glove would inevitably inhibit 

normal sensory input from the palm of the hand.  

There was considerable appeal in using wearable gloves for my study due to the 

potential accuracy and lack of confinement of activity types and study locations. 

There is a company in Auckland that manufacture such garments and I met with 

a sales representative to discuss the feasibility of using gloves. The main factor 

that precluded me using this technology was that the garments and software 

would have required extensive development work. The expense and technicality 

of this was outside the scope of this thesis.  

8.6 Electrogoniometry 

Electrogoniometers are small, low profile electronic devices that are attached to 

the skin to track dynamic joint movement. They allow unrestricted joint 

movement and are suitable for measuring motion during a wide range of daily 

activities (da Silva Camassuti et al., 2015; Rawes et al., 1996). The devices have two 

endblocks with an intervening strain gauge, the ends being placed proximally and 

distally to a joint axis, as shown in Figure 13. The gauge responds to mechanical 

deformation. The tensile or compressive forces of joint motion changes electrical 

resistance in the gauge, measuring the relative angles between the two endblocks 

(Singh et al., 2012). The devices are able to measure a wide range of movement 

parameters including joint angles, velocity, duration, repetitions, and 

smoothness.  
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Figure 13 

DataLITE wireless electrogoniometer 

 

Note. The image shows systems for the elbow and wrist. Retrieved from 

http://www.biometricsltd.com/wireless-sensors.htm 

8.6.1 Validation 

Electrogoniometers have been compared for accuracy of wrist motion against 

manual goniometry, fluoroscopy, 3D motion capture, cineradiography, and video 

or photographic analysis and are generally reported as being reliable and accurate 

(da Silva Camassuti et al., 2015; Hillstrom et al., 2014; McHugh et al., 2020; 

McKinnon et al., 2020; Ojima et al., 1991; Rawes et al., 1996; Soo-Young & Jin-

Yong, 2012). With respect to intra-rater reliability of Biometrics 

electrogoniometers, ICC values have been reported as 0.94 (0.95-0.99) for wrist 

flexion/extension and 0.96 (0.92-0.98) for radial/ulnar deviation (Singh et al., 

2012). ICC values for inter-rater reliability are slightly lower at 0.89 – 0.91 for 

flexion/extension and 0.87 – 0.90 for radial/ulnar deviation (Singh et al., 2012). 

Reliability of manual goniometry is reported as having ICC values of 0.80 – 0.84 

for intra- and inter-rater reliability of wrist extension measurement (LaStayo & 

Wheeler, 1994) suggesting higher reliability of electrogoniometry. For study IV 



150 

testing was done during a single session with the devices applied only once so 

test-retest and inter-rater reliability were less relevant for that study.  

In an early study, Biometrics electrogoniometers were concluded to be highly 

accurate (Rawes et al., 1996). In that study mean ranges for wrist flexion, 

extension, ulnar and radial deviation were reported as 78°, 67°, 4o°, and 26° (SD 

3°) respectively (Rawes et al., 1996), angles consistent with those of healthy 

people (Kim et al., 2014; Ryu et al., 1991). A more recent small study showed a 

mean square error of ±3° for measurement of wrist flexion/extension and radial 

and ulnar deviation (Shiratsu & Coury, 2003). When compared with 3D motion 

analysis electrogoniometers showed mean differences of ±7° for wrist 

flexion/extension (McHugh et al., 2020). Compared with fluoroscopy the mean 

absolute difference was 5° (SD 4°), across all wrist movements between the two 

systems (Hillstrom et al., 2014). Comparison between a manual goniometer and 

an electrogoniometer (MIOTEC, Brazil), found ICC values of 0.87, 95% CI 

[0.78,0.94] for wrist extension and 0.87 [0.77,0.93] for ulnar deviation (da Silva 

Camassuti et al., 2015). Agreement between video analysis and electrogoniometry 

was lower in another small study by McKinnon et al. (2020) who compared 

Biometrics electrogoniometers with video analysis in a small study. Agreement 

between the two systems was 57%, (kappa =0.49) for flexion-extension and 

68%,(0.30), for radial-ulnar deviation. In a small study that compared 

electrogoniometry with motion capture, Bland-Altman analysis was used to 

report on accuracy of the two systems. Accuracy was higher for radial/ulnar 

deviation (mean difference of -0.8°, limits of agreement -4.1° to 2.5°) than for 

flexion/extension (7.2°, limits of agreement -0.9° to 15.2°) (McHugh et al., 2020). 

Flexion/extension had a negative bias suggesting an overestimation of movement 

and for radial/ulnar deviation there was a positive bias suggesting an 

underestimation. Overall, it is considered that electrogoniometry is a reliable and 

valid tool for measurement of wrist motion and the devices are widely used for 

field-based research where motion capture is not feasible (Singh et al., 2014). 

Accuracy of torsiometers for measurement of forearm rotation is generally 

considered to be lower than for electrogoniometers with error rates above 7° 

having been reported (Latz et al., 2019; Shiratsu & Coury, 2003). In the small 
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study that compared electrogoniometry with video analysis, lower accuracy for 

the torsiometers was reported in measuring forearm rotation, 53% (kappa =0.1), 

than for wrist motion, 57%, (kappa =0.4) for flexion-extension and 68%,(0.30) for 

radial-ulnar deviation (McKinnon et al., 2020).  The lower accuracy of 

torsiometers is a consideration for study IV but can be mitigated by a single 

application of the devices, and a crossover design that ensures consistency of 

measurements within-participants. 

It is commonly reported that wrist measurement accuracy is affected by complex 

motions of the forearm (McKinnon et al., 2020). Known as crosstalk, this problem 

occurs when there is interference of signals between two planes of motion such 

as occurs when the wrist is flexed and extended in differing positions of forearm 

rotation (Foltran et al., 2013; McKinnon et al., 2020). Newer models appear to 

have rectified this problem (Hughes & Babski-Reeves, 2003) and more recent 

literature suggests crosstalk errors as being relatively insignificant and 

mathematical correction not recommended (Foltran et al., 2013; Hansson et al., 

2004). It is recommended that if varying positions of forearm rotation are 

expected during measurement then the sensors should be zeroed in the mid 

pronation/supination position (Johnson et al., 2002). 

8.6.2 Advantages and limitations 

Electrogoniometers are similar to accelerometers, in that they can be worn in 

real-world environments to capture motion during daily activities. The devices 

are not water-proof, but are otherwise unaffected by heat or electrical 

interference making it suitable for a range of environments (da Silva Camassuti et 

al., 2015). It is possible to record data over long periods of time (Foltran et al., 

2013). Electrogoniometers have been used for measuring wrist motion following 

surgery (Singh et al., 2017; Singh et al., 2014), and in rheumatoid arthritis 

populations (Yayama et al., 2007), demonstrating acceptability of the device in 

orthopaedic populations.  

A distinct advantage of electrogoniometers for study IV was the commercial 

availability of the devices along with analytic software. The devices and software 

are costly, but this may be offset by the ready availability of the technology and 
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the lack of development work that would go with accelerometers or wearable 

gloves. One disadvantage is the inability of the devices to capture visual images of 

movement requiring concurrent videography during evaluation. The devices have 

not been used in a postoperative distal radius fracture population so acceptability 

of applying and wearing the devices is unknown.  

8.7 Comparison of three technologies 

Table 14 compares the properties, benefits, and limitations of three wearable 

devices, accelerometers, electrogoniometers, and wearable gloves. Technical data 

were obtained from manufacturer’s websites (Biometrics Ltd, 2020; IMeasureU, 

2018; StretchSense). 
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Table 14 

Comparison of three wearable technologies for measuring wrist motion during daily activities 

 IMeasureU Blue Thunder 
accelerometer 

 

Biometric DataLite Wireless 
Electrogoniometer 

StretchSense gloves 

 

Validation for wrist 
measurement 

Partly Yes No 

Previously used in rehabilitation 
research  

Yes Yes No 

Advantages Small, low profile devices 

Good for monitoring of overall 
upper limb activity levels 

 

Commercially available with 
associated analytic software 

Validated, clinically tested product 

Light, low profile, suitable for 
home-based research 

Sensors can be placed wherever 
desired to measure any movement 

Likely to be highly accurate 

Light, low profile  

 

Limitations Limited analysis software 

Technically challenging for 
measurement of joint angles 

Expensive devices and software 

Less accurate than 3D motion 
capture 

May inhibit dexterity and sensation 

May not be tolerated by 
postoperative population 

Technology/sensors used IMU containing an accelerometer, 
gyroscope, and a magnetometer  

Strain gauge mounted between two 
endblocks 

Capacitive elastomer sensors 
embedded in gloves 

Simultaneous measurement of 
wrist and forearm motion 

Yes, if two-three devices would be 
required  

Yes, with two devices: an 
electrogoniometer and torsiometer 

In principle yes: would require 
development of a custom glove 

Sampling rate 9-axis data logging at 500Hz 

3-axis accelerometer data logging at 
1000Hz 

Selectable sampling rates of 1000, 
500, 200, 100 or 50 samples per 
second on the digital inputs 

5 channel - 1000Hz 

10 channel - 500Hz 
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 IMeasureU Blue Thunder 
accelerometer 

 

Biometric DataLite Wireless 
Electrogoniometer 

StretchSense gloves 

 

Measurement accuracy, drift, 
cross-talk, hysteresis 

Accurate, precise 

No data on drift or hysteresis 

± 2º measured over a range of ± 90º 

Temperature zero drift - 0.15 
degrees angle/ºC 

Reported issues with crosstalk 

Precise, movement and position 
data are captured down to fractions 
of a mm 

Environmental limitations  Operating temperature range -  
+10ºC to +40ºC 

Operating range 10° to 30°  

Battery life 4-6 hours 

Bluetooth or on-board SD sampling 
time 2-6 hours 

>12 hours  

Charging Fast-charge via micro USB in 1.5 
hours 

Rechargeable Li-lon Polymer 
Battery 

Rechargeable Lipo battery 

Data storage On-board storage 32 hours 

Logged data download via micro 
USB cable 

Data downloaded in real-time to 
PC 

Real-time transfer of data to a 
mobile device motion capture 
application 

Analysis software Can be integrated with Vicon 
Nexus software 

iOS data acquisition app available – 
software free for uploading raw 
data 

No existing algorithms for wrist 
motion analysis 

Biometrics Ltd DataLITE analysis 
software with video 
synchronization, configured to give 
a wide range of joint motion 
metrics 

Not available 

Technical support For development of algorithms or 
analysis software - none 

UK based company NZ based company 
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IMeasureU Blue Thunder 
accelerometer 

Biometric DataLite Wireless 
Electrogoniometer 

StretchSense gloves 

Wearability Attached to skin with double-sided 
tape or worn via a strap 

Medical grade double sided 
adhesive tape 

Wearable glove. May be difficult to 
put on due to firm-fit 

Interference with motion Minimal interference with motion 

Would not fit under a wrist 
orthosis 

Minimal interference, no volar 
hand sensors 

Can be worn under clothing 

Very flexible 

May not fit under a wrist orthosis 

Unknown 

Warranty 2-years

Cost $2,000-$3,000 per unit NZD $9,683.30 for 1x wrist 
goniometer, 1x torsiometer and 
DataLITE Analysis Software 

Unknown 
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8.8 Summary 

The technologies of motion capture, accelerometry, electrogoniometry and 

wearable stretch sensors have been presented and compared. Motion capture 

systems are considered to be the gold standard of dynamic joint motion 

measurement but are limited to laboratory settings and short time-periods of 

recording. For study IV my preference was to conduct the study in participants 

homes, and motion capture was not suitable for real-world applications. Field 

based-motion capture was not sufficiently developed at the time of study 

development so was similarly unsuitable for study IV. Wrist worn accelerometers 

were investigated due to their wide availability and ease of use in real-world 

studies. Technical challenges in accuracy of joint angle measurement were the 

primary reason accelerometry was not investigated further. Wearable stretch 

sensors embedded in gloves are a developing technology potentially well-suited 

to this this project. However, due to the extensive development work that would 

have been required they were not deemed suitable for this project.  

 Electrogoniometers were selected for this study as they met the widest range of 

requirements. They are well-validated for wrist movement, have been used 

extensively in rehabilitation studies and there were commercially available 

devices and analysis software. While there were some notable limitations 

including reported issues with crosstalk and the need for simultaneous 

videography, these challenges were considered surmountable, and the technology 

was deemed the most suited to measurement of wrist movement during daily 

activities.  
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Chapter 9  Study IV: A motion analysis study 

9.1 Chapter overview 

This chapter presents the submitted manuscript of a quantitative study. The 

manuscript was submitted to the Journal of Hand Therapy and is currently under 

review.  

The title of the manuscript is: An evaluation of wrist and forearm movement 

during purposeful activities and range of movement exercises after surgical repair 

of distal radius fractures: A randomised crossover study. The authors are, Collis, J. 

M., Mayland, E. C., Wright-St Clair, V., Rashid, U., Kayes, N., & Signal, N. 

Study IV addresses RQ4: Does performance of daily activities result in greater 

quantity of motion than active range of motion exercises following surgical 

treatment of distal radius fracture? 

The manuscript is included here with citations, figures and tables formatted 

consistent with the thesis. A summary of the results was sent to participants at 

the completion of the study and is included in Appendix Z. 

9.2 Manuscript study IV 

9.2.1 Abstract 

Purpose  

Following surgical repair of distal radius fractures, range of movement (ROM) 

exercises are the primary approach for restoring movement during early 

rehabilitation. Specified purposeful activities can also be used, but the movement 

produced by activities is not well-understood. The study aimed to evaluate and 

compare movement during purposeful activity and ROM exercises. 

Methods  

Thirty-five adults with a surgically repaired distal radius facture undertook two 

10-minutes interventions: purposeful activity (PA) and active ROM exercises 

(AE), separated by a 60-minute washout, in random order. Data collection 

occurred during a single session on the same day. Electrogoniometry was used to 

measure time-accumulated position (TAP), a global metric of movement range 



158   

 

and amount, maximum active end range, movement repetitions, excursions >75% 

of available ROM and active time. Data were analysed using linear mixed and 

generalised linear mixed regression models.  

Results  

Purposeful activities selected were predominantly household or food preparation. 

TAP was significantly higher during AE than PA: -1878 [-2388, -1367], p=<0.001, 

for wrist extension/flexion. PA produced significantly greater movement 

repetitions for wrist extension/flexion and deviation, excursions beyond 75% of 

available ROM, and active time, than AE. During PA the wrist was 

extending/flexing a mean of 97% [92, 101], of the time, compared with 43% [40, 

47], during AE. There were no significant differences in maximum end range for 

wrist extension between PA, 33.7° [29.8, 37.5] and AE, 34.5° [30.7, 38.4], or for 

ulnar deviation.  

Conclusions  

ROM exercises produced higher volumes of sustained joint position than 

purposeful activity but activities, selected for importance and challenge, 

produced significantly higher volumes of continuous, repetitious motion in 

equivalent ranges of movement as exercise repetitions. The study challenges 

therapists to consider the rehabilitative potential of movement produced by 

activity for restoring movement and function in the early postoperative weeks. 

9.3 Introduction 

Following a distal radius fracture, surgical repair is commonly performed to 

restore stability and anatomical alignment to the bone (MacFarlane et al., 2015; 

Quadlbauer et al., 2020). During the early weeks of recovery many people 

experience wrist stiffness, sensorimotor impairments, and functional loss, and 

these sequelae can persist for months after surgery (Karagiannopoulos et al., 2013; 

Kong et al., 2020; MacFarlane et al., 2015; Wollstein et al., 2018). To restore 

movement and functional use of the affected wrist, mobilisation is generally 

recommended within two weeks of surgery (Collis et al., 2020a; Gutiérrez-

Espinoza et al., 2021). The predominant component of early mobilisation regimes 

is active range of movement (ROM) exercises (Bruder et al., 2013; Ziebart et al., 
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2019). Performing light, non-forceful daily activities is another way to elicit 

movement and may also be used to remediate wrist stiffness in the first six 

postoperative weeks (Collis et al., 2020a). Despite daily activities being suggested 

as an early postoperative rehabilitative strategy (Kooner & Grewal, 2021; 

Quadlbauer et al., 2020), specified use of daily activities is frequently overlooked 

and poorly described (Collis et al., 2020a; Hays & Rozental, 2013; Michlovitz et al., 

2004).  

The therapeutic use of daily activities may have actions distinct to ROM exercises 

and may have greater therapeutic potential than recognised. Our qualitative 

research elucidated that people with a surgically repaired distal radius fracture 

highly value occupation for restoring movement and function, and for positively 

influencing wellbeing (Collis et al., 2021). Purposeful activity has been shown to 

produce greater quantity of movement than non-purposeful movement in 

healthy, and neurological populations (Collis et al., 2020b; Hétu & Mercier, 2012; 

Lin et al., 1997). One early study in people with hand injury suggested that 

purposeful activity resulted in more movement repetitions than non-purposeful 

activity (King, 1993). Taken together, the body of research suggests that 

purposeful activities may be an untapped source of therapeutic movement in 

people with surgically repaired distal radial fracture.  

One of the barriers to utilising purposeful activity as therapy may be that 

movement during activity is poorly understood. As studies have reported that 

activities of daily living do not necessarily utilise full ROM at a particular joint 

(Gates et al., 2016; Palmer et al., 1985; Ryu et al., 1991), it is often assumed that 

activities are ineffective at restoring active end ROM after injury (Gracia-Ibáñez 

et al., 2017). Studies that determined wrist ROM requirements for functional 

activities were conducted in healthy people, using pre-determined activities. It 

may be that ROM differs when activities are selected and performed with the goal 

of encouraging joint movement after wrist injury. We do not know if activity 

produces movement to the limits of the available active range or whether 

activities are performed in a smaller range due to fear, pain, or muscle weakness. 

Evaluating wrist movement during purposeful activities, and comparing with 



160   

 

active ROM exercises, may give insights that can inform the clinical use of 

purposeful activities.  

A study was therefore designed to evaluate wrist movement during purposeful 

activity compared with a set of active ROM exercises. The aim of this study was 

to determine whether similar or better movement quantity is achieved during 

purposeful activities compared with range of movement exercises of the same 

duration in individuals with surgical treatment of distal radius fracture. 

9.4 Methods  

9.4.1 Study Design and Setting 

We conducted an exploratory biomechanical study utilising a randomised 

crossover design. The study design and protocol were informed by the CONSORT 

extension for crossover trials (Dwan et al., 2019). Participants took part in two 

interventions: purposeful activity (PA) and active ROM exercises (AE), separated 

by a washout period of 60-minutes, in a random order. Purposeful activity was 

defined as an action or set of tasks that has meaning and perceived utility to the 

individual. When grouped together, purposeful activities make up broad 

categories of occupation including work, leisure, social participation, and 

activities of daily living (American Occupational Therapy Association, 2020; 

Polatajko et al., 2004). Movement parameters were measured during each 

intervention including accumulated joint position over time, maximum active 

end range, numbers of repetitions, excursions beyond 75% of available ROM and 

percentage of active movement time. Data were collected in a single session on 

the same day in the person’s own home.  

The trial was registered with the Australian New Zealand Clinical Trials Registry, 

number 379899 on the 29/06/2020. Ethical approval was received from the New 

Zealand Health and Disability Ethics Committee, number 20/NTA/28, on the 18th 

May 2020 (Appendix S) and localities approval from Counties Manukau Health 

on the 18th June 202 (Appendix T).  
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9.4.2 Participants  

Adults with surgical repair of a distal radius fracture in Auckland, New Zealand 

were invited to participate. Eligibility criteria are detailed in Table 15. A sample 

size calculation was conducted based on a related but different outcome measure 

of movement repetitions (King, 1993), using a repeat-measures matched paired t-

test, as there were no known studies that used the same primary outcome. It was 

determined that a minimum of 32 participants would be needed at a significance 

level of 0.05, Cohen’s d effect size of 0.66 and 95% power. 

Table 15 

Eligibility criteria 

Inclusion 

Aged over 18 years 

Surgical repair of a distal radius fracture 

Less than four weeks postoperative 

Stable fixation, deemed by surgeon to be suitable for mobilisation 

Conversational English 

Exclusion 

Any condition or injury that significantly affects normal use of the affected limb e.g., 
severe arthritis, stroke 

Concomitant fracture of another bone (except ulna styloid fracture) 

Concomitant surgical repair of tendon, muscle, or nerve 

9.4.3 Interventions 

The interventions were self-selected purposeful activity (PA) and standardized 

active ROM exercises (AE) and are detailed in Table 16. Each intervention session 

was 10-minutes, estimated as the time it would take to complete a set of range of 

motion exercises or perform a purposeful activity. Purposeful activities were 

selected prior to, or on the day of testing, by participants, based on the criteria in 

Table 16. A list of suggested activities was supplied at visit one (supplementary 

file 1) (Appendix U), developed from studies that identified activities performed 

by patients during the first six postoperative weeks (Collis et al., 2021; Collis et al., 

2020a). Self-selection was considered essential to ensure the activities had 

meaning and value to the participants (Collis et al., 2020b). 
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Table 16  

Interventions 

Purposeful activity (PA) Active exercise (AE) 

Light, non-forceful, part of rehabilitation at 
the time of data collection 

Encouraged and challenged wrist movement 

Required repeated wrist and forearm 
movement 

Important or enjoyed 

Take at least 10-minutes to perform 

Activities could be combined e.g., emptying 
the dishwasher, and preparing vegetables 

Part of usual rehabilitation 

Standard postoperative forearm, wrist, 
and hand active ROM exercises i 

10 repetitions of each movement in the 
same order 

Repetitions held at comfortable active 
end-range for 3 seconds 

If completed before 10-minutes 
exercises were repeated 

i Detailed in supplementary file 2 (Appendix V). 

9.4.4 Study procedures  

Potential participants were invited to participate by hand therapists independent 

to the study, at the person’s initial hand therapy visit (see study flyer in Appendix 

W). Interested people were contacted by the researcher (JC) and a first visit 

arranged to explain the study and obtain informed consent (Appendix X). Data 

collection was scheduled to occur at visit two, between weeks four and eight 

following surgery. The randomisation schedule was pre-generated via a 

computerised program (Labes, 2019), and was balanced across periods 

(interventions one and two) and sequences (PA:AE and AE:PA). Data were 

collected by the primary author (JC), who was not blinded to the interventions. 

Participants were blinded to the study hypotheses. On arrival at visit two, the 

researcher (JC) checked that the self-selected purposeful activities met the 

criteria as detailed in Table 16, informed the participant of the randomisation 

order, and set up the recording equipment. Baseline ROM recordings were taken 

of wrist and forearm movement. The clinical characteristics of pain and 

kinesiophobia were recorded at baseline using an 11-point rating scale for pain 

(NRS-11) (Hawker et al., 2011), and a short form of the Tampa Scale of 

Kinesiophobia (TSK-FOIE) for kinesiophobia (George et al., 2012). Instructions 

were read, and the first intervention was performed. Prior to both interventions 

participants were instructed to move the wrist as much as possible, within 

comfort levels, and that a rest could be taken if needed. At the completion of the 
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first 10-minute intervention a wrist orthosis was applied to immobilise the wrist 

and the washout began. The washout period was 60-minutes, which was 

considered long enough to avoid carryover effects. After 60-minutes the orthosis 

was removed. Pain was re-scored, the instructions re-read, and the second 

intervention performed. The questions relating to meaning, enjoyment and 

challenge were scored immediately after each intervention. No coaching or 

prompting was given during the interventions.  

9.4.5 Outcomes 

Movement parameters were selected to quantify the range, and amount of 

movement. The parameters provide clinically meaningful data, and are reported 

in relation to wrist extension, ulnar deviation, and supination, as loss of these 

movements are associated with the greatest functional limitations (Lucado et al., 

2008; Wilcke et al., 2007; Yang et al., 2018). The primary outcome was time-

accumulated position (TAP), a global metric of movement range and amount, 

reflecting cumulative joint position away from zero over time. Secondary 

outcomes for ROM were maximum active end range and number of excursions 

>75% of available active end range, and for amount of movement were number of 

repetitions and active time. The outcomes are detailed in Table 17. Participants 

were asked to rate the importance, enjoyment, and challenge of the interventions 

on a 5-point ordinal scale from 1 (not at all), to 5 (very).  
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Table 17  

Movement parameters 

Outcome Movements Acronym Units What the outcome measures  Method of calculation 

Time-accumulation 
of position 

Radial/ulnar deviation  

Extension/flexion  

Pronation/supination 

TAP Dev 

TAP EF 

TAP Rot 

°-s (degrees-
seconds) 

Area under the curve. A measure of 
accumulated joint position away from 
zero over time 

Biometrics DataLITE V10.28, 
calculated as area under the 
curve 

Maximum active 
end ROM 

Ulnar deviation 

Wrist extension 

Supination 

MaxER UD 

MaxER WE 

MaxER Sup 

Degrees The greatest degree of active joint 
ROM achieved during 10-minutes of 
recording. A measure of amplitude.  

 

Excursions >75% of 
active ROM  

Ulnar deviation 

Wrist extension 

Supination 

E>75% UD 

E>75% WE 

E>75% Sup 

Counts Number of times the joint moved 
beyond 75% of the available arc of 
active movement 

Biometrics DataLITE V10.28, 

75% of available active end 
ROM was calculated from the 
baseline ROM measures 

Movement 
repetitions 

Radial/ulnar deviation  

Extension/flexion  

Pronation/supination 

MR Dev 

MR EF 

MR Rot 

Counts A change in direction twice in 
succession of greater than 9° (5% of 
the 180° scale) 

Biometrics DataLITE V10.28, 
as a number count for 
repetitions 

Active time Radial/ulnar deviation  

Extension/flexion  

Pronation/supination 

AT Dev 

AT EF 

AT Rot 

Percentage The ratio of time between wrist 
movement and inactivity 

Activity = velocity >5°/s; 
inactivity = velocity remains 
≤5°/s for half a second 

`
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9.4.6 Instrumentation  

A Biometrics twin-axis goniometer W65 was used to measure wrist movement 

and a Z110 or Z180 torsiometer for forearm movement. The validity of 

electrogoniometers has been determined (Hillstrom et al., 2014; Ojima et al., 

1991), and they are widely used in wrist post-surgical research (Singh et al., 2017; 

Singh et al., 2014). Compared with 3D motion capture or fluoroscopy error rates 

of 5-7° have been reported.(Hillstrom et al., 2014; McHugh et al., 2020). Error 

rates above 7° have been reported for torsiometers (Latz et al., 2019; Shiratsu & 

Coury, 2003). Biometrics DataLITE analysis software version 11 was used to record 

outcomes, excepting percentage of active time where a custom code was written. 

Participants were filmed during the interventions for the purpose of time-

stamping movements. The electrogoniometer was positioned with the arm 

abducted and in a relaxed posture, the distal block was affixed to the third 

metacarpal using double sided adhesive. The wrist was then flexed and the 

proximal block affixed to the forearm in the midline between the radius and ulna 

(Biometrics Ltd, 2020; Heilskov-Hansen et al., 2014). Tape was used to further 

prevent movement of the devices (Figure 14). The torsiometer was attached with 

the elbow flexed to 90°, in neutral rotation. The distal block was positioned 

proximal to the wrist joint, along the flexor carpi radialis tendon. The proximal 

end was attached proximal to the medial epicondyle in line with the ulna (Figure 

15), (Adewuyi et al., 2017; Biometrics Ltd, 2020; Coury et al., 2000). A manual 

goniometer was used to establish the zero position of neutral rotation, wrist 

deviation and extension/flexion. 
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Figure 14 

Electrogoniometer positioned on the dorsum of the hand 

Figure 15 

Torsiometer positioned on the volar forearm 

9.4.7 Statistical methods  

An independent research assistant screened the data for abnormal values, 

cleaned, and processed the data. A blinded statistician (UR) conducted the 

analysis. Linear mixed and generalised linear mixed regressions separately 

regressed each outcome by movement type, condition, and the interaction of 

movement type with condition. An unstructured participant-wise random-

intercept for each movement type was included. Carry-over effects were tested 

for and dropped if not statistically significant. The means for the outcomes across 

conditions under different movement types and differences across conditions are 

reported with their 95% confidence intervals and test statistics for the null 

hypothesis that the means across conditions are equal. The normality and 
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uniform-variance assumptions for the linear mixed models were evaluated, and 

data was modelled with Gamma distribution if needed. Statistical significance 

level was set at 0.05. The analysis was conducted in R version 4.1.1 using packages: 

nlme, lme4, r2glmm, emmeans. Pain and TSK-FOIE scores were treated as 

covariates in the analysis. 

9.4.8 Results 

Between November 2020 and June 2021, 35 people were randomised to sequence 

PA:AE or AE:PA (Figure 16). Participant characteristics are detailed in Table 18. 

Participants selected a broad range of purposeful activities to perform (Table 19). 

Over half of the participants performed one activity 21(60%), while the remaining 

14(40%) chose 2 or 3 activities. Supplementary file 3 presents a video montage of 

the types of activities performed by participants.  

Supplementary file 3 Purposeful Activities montage.mp4
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Figure 16 

Consort 2010 study flow diagram 



169 

Table 18 

Participant characteristics (n=35) 

Variable N (%) Mean ± SD Range 

Age 51 (16) 19-76

Pain at baseline1  1 (1) 0-4

TSK – FOIE2  7 (3) 3-12

Days injury to surgery  10 (8) 2-38

Days surgery to mobilisation  15 (5) 8-27

Days surgery to data collection 36 (9) 10-55

Sex Female 27 (77) 

Male 8 (23) 

Ethnicity NZ European 25 (71) 

NZ Māori 3 (9) 

Other 7 (20) 

Side of injury Left 20 (57) 

Right 15 (43) 

Dominant side injured 15 (43) 

Comminuted fracture 34 (97) 

Intra-articular fracture 31 (89) 

Surgical procedure Volar plate 35 (100) 

Additional fixation Dorsal plate 2 (6) 
111-point numeric rating scale. 0=no pain, 10=worst possible pain

2Tampa Scale of Kinesiophobia – Fear of Injury Early. Score range is 3 (low kinesiophobia) to 12 

(high kinesiophobia) 
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Table 19 

Self-selected activities performed by participants 

Occupation1 Activity1 N= 

Instrumental Activities of Daily Living (IADLs) 

Household 
management 

Folding laundry 13 

Hanging out clothing on washing line or clothes 
airer 

3 

Ironing 3 

Washing windows 1 

Tidying and sorting drawer contents 1 

Making the bed 1 

Cleaning kitchen benches 1 

Unloading or loading the dishwasher 4 

Washing, drying, and putting away dishes 5 

Putting away groceries, folding paper grocery bags 1 

Meal 
preparation 

Making a salad, preparing vegetables, making a 
salad sandwich  

7 

Making a cup of tea 1 

Pet care Grooming small dog 1 

Gardening Watering plants 1 

Weeding or pruning 2 

Pulling out rhubarb 1 

Planting herbs 1 

Activities of Daily Living (ADLs) 

Dressing, 
Personal hygiene 
& grooming  

Putting on shoes & socks, putting on a shirt, doing 
up hair, putting in earrings, applying face cream 3 

Work 

Job performance File management, computer use 1 

Leisure 

Recreation Playing the ukulele 1 

Drawing 1 

Hand sewing – repairing child’s bag 1 

1Occupations and activities are categorised according to the OTPF-4.(American Occupational 

Therapy Association, 2020)  
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Statistically significant differences between purposeful activity and active ROM 

exercises were observed in the majority of movement outcomes. There was no 

carryover effect detected in the data for any outcome. There were no interactions 

between the covariates of pain, kinesiophobia, injury or surgery characteristics, 

time from surgery to mobilisation or evaluation, and movement outcomes. 

Outcomes from the model analysis are reported in Table 20. Means and 

confidence intervals for PA and AE are detailed in Table 21 and illustrated in 

Figure 17,Figure 18, Figure 19, Figure 20, and Figure 21. Box and scatter graphs 

visualising the raw data are provided in supplementary file 4 (Appendix Y).  

Time-accumulation of position  

For the primary outcome, active exercise produced significantly higher time 

accumulated joint position than purposeful activity regardless of movement type. 

For wrist flexion/extension the mean difference was -1878 deg-sec, 95% CI, [-1367, 

-7.260]. To illustrate, in 10-minutes a person who performed ROM exercises,

produced 43% more sustained time-accumulated extension-flexion than during 

purposeful activity.  

For the secondary outcomes, purposeful activity predominantly achieved greater 

or similar quantity of movement than active exercises (Table 20 and Table 21).  

Maximum active end ROM 

Maximum active end range was not statistically different between purposeful 

activity and ROM exercise. Mean wrist extension during PA was 33.7° [29.8, 37.5], 

and 34.5° [30.7, 38.4], during AE. Purposeful activity produced lower maximum 

end range for supination 34.3° [29.5, 39.1], compared with active exercise, 40.0° 

[35.2, 44.8]. An excerpt of a data trace illustrating maximum end range is 

provided in Figure 22. 

Excursions >75% of active ROM 

Purposeful activities produced significantly more excursions beyond 75% of 

available ROM for ulnar deviation and wrist extension. For wrist extension the 

mean difference was 54, 95% CI [24, 85], p<0.001. For supination the opposite was 

seen where exercise resulted in a greater number of excursions than purposeful 

activities, -12, 95% CI [-18, -6], p<0.001. 
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Movement repetitions 

Purposeful activities resulted in significantly more movement repetitions than 

ROM exercises for forearm rotation and wrist extension-flexion. For extension-

flexion there was a mean of 119.6, 95% CI [100.9, 138.4] repetitions during 

purposeful activity as opposed to 51.7, 95% CI [42.8, 60.6] for active exercise. 

There were no significant differences between the interventions for wrist 

deviation. 

Active time 

For the percentage of time the wrist was moving, a significant difference was seen 

in favour of purposeful activities for all movement types, p<0.001. For the 

extension/flexion arc of motion the mean difference was 53, 95% CI [50, 57]. 

During purposeful activity the wrist was extending/flexing a mean of 97%, [92, 

101] of the time, compared with 43%, [40, 47], during active exercises.  

Table 20 

Model analysis of movement outcomes, PA versus AE 

Outcome Mov
eme
nt 

Differ
ence 

SE DF 95% CI 
Lower 

95% CI 
Upper 

T or 
Z-
value 

P-value 

TAP Rot -2943 445 170 -3821 -2065 -6.616 <0.001* 

 Dev -1446 183 170 -1807 -1085 -7.914 <0.001* 

 EF -1878 259 170 -2388 -1367 -7.260 <0.001* 

MaxER Sup -5.7 2.1 170 -9.8 -1.6 -2.756 0.006* 

 UD 0.3 0.8 170 -1.3 2.0 0.422 0.673 

 WE -0.9 0.9 170 -2.7 0.9 -0.951 0.343 

E>75% Sup -12 3  -18 -6 -3.703 <0.001* 

 UD 42 12  19 65 3.566 <0.001** 

 WE 54 16  24 85 3.492 <0.001** 

MR Rot 117.5 11.9  94.1 140.9 9.845 <0.001** 

 Dev -0.2 0.8  -1.7 1.3 -0.296 0.767 

 EF 67.9 9.6  49.1 86.7 7.074 <0.001** 

AT Rot 52 2  49 56 28.516 <0.001** 

 Dev 59 2  56 62 36.115 <0.001** 

 EF 53 2  50 57 29.975 <0.001** 

*Statistically significant in favour of active exercise 



173 

 

** Statistically significant in favour of purposeful activity 

AT: percentage of active movement time; Dev: deviation; E>75%: number of excursions beyond 

75% of available active end range; EF: extension flexion; MaxER: maximum active end range of 

motion; MR: movement repetitions; Rot: rotation; Sup: supination; TAP: time accumulation of 

position; UD: ulnar deviation; WE: wrist extension  
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Table 21 

Mean values for PA and AE with 95% CIs 

Outcome Condition Movement Mean 95% CI Lower 95% CI Upper 

TAP PA Rot 7027 6131 7923 

AE Rot 9970 9074 10867 

PA Dev 2472 2059 2886 

AE Dev 3918 3504 4332 

PA EF 4406 3812 5000 

AE EF 6284 5690 6877 

MaxER PA Sup 34.3 29.5 39.1 

AE Sup 40.0 35.2 44.8 

PA UD 18.1 15.6 20.7 

AE UD 17.8 15.2 20.3 

PA WE 33.7 29.8 37.5 

AE WE 34.5 30.7 38.4 

E>75% PA Sup 7 5 9 

AE Sup 19 13 25 

PA UD 69 47 90 

AE UD 26 18 35 

PA WE 89 61 118 

AE WE 35 24 46 

MR PA Rot 160.6 136.8 184.3 

AE Rot 43.0 34.9 51.1 

PA Dev 31.8 24.7 39.0 

AE Dev 32.1 24.9 39.3 

PA EF 119.6 100.9 138.4 

AE EF 51.7 42.8 60.6 

AT PA Rot 98 94 100 

AE Rot 46 42 50 

PA Dev 91 87 96 

AE Dev 33 29 36 

PA EF 97 92 100 

AE EF 43 40 47 
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Figure 17 

Time-accumulation of joint position for all movement types 

Note. The dots represent the expected degrees-seconds, and bars the 95% confidence intervals 

Figure 18 

Maximum active end ROM for all movement types 

Note. The dots represent the expected degrees of movement, and bars the 95% confidence intervals 
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Figure 19 

Excursions beyond 75% of active ROM for all movement types 

Note. The dots represent the number of excursions, and bars the 95% confidence intervals 

Figure 20 

Movement repetitions for all movement types 

Note. The dots represent the expected number of repeitions, and bars the 95% confidence intervals 
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Figure 21 

Active time for all movement types  

 

Note. The dots represent the expected percentage, and bars the 95% confidence intervals 

Importance, enjoyment, and challenge 

Purposeful activity and exercises were similarly valued for importance and 

enjoyment (p =0.07 and 0.154 respectively). Participants perceived exercises to be 

significantly more challenging than performing activities (Table 22).  

Table 22 

Model analysis of perceived importance, enjoyment and challenge, PA versus AE 

Outcome Difference SE D.F. 95% CI 
Lower 

95% CI 
Upper 

T-
value 

P-
value 

Importance -0.2 0.1 34 -0.4 0 -1.871 0.07 

Enjoyment 0.4 0.3 34 -0.2 1 1.46 0.154 

Challenge -0.5 0.2 34 -0.9 -0.1 -2.359 0.024* 
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Figure 22 

A comparison of maximum end range for purposeful activity and active ROM exercises 

Note. The data are a 50-second excerpt, from the same participant for the same 

time period 
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9.5 Discussion 

To our knowledge, this study is the first direct comparison of movement elicited 

during an equal duration of purposeful activity and exercises in the early weeks 

following surgical repair of a distal radius fracture. We found that while 

purposeful activity and ROM exercises both elicited large volumes of wrist and 

forearm movement, the parameters of that movement were demonstrably 

different between the interventions. ROM exercises produced significantly 

greater accumulation of joint position and end range supination than purposeful 

activity. Purposeful activity produced significantly more movement repetitions, 

excursions beyond 75% of the available ROM, and a greater proportion of active 

time. Maximum active wrist extension and ulnar deviation did not differ 

significantly between the interventions.  

Our primary outcome, time-accumulation of position (TAP) encompasses both 

movement range and amount. The greater accumulation of TAP during ROM 

exercises reflects that the joint is slowly moved away from zero to a relatively 

consistent end position and held there for several seconds during each repetition. 

In contrast, our secondary outcomes of maximum end ROM, excursions >75% of 

ROM, movement repetitions, and active time, illustrate that during purposeful 

activity, movement is more continuous and variable, with frequently changing 

speed, direction, and end position. Given that regenerating tissues are highly 

responsive to the specifics of mechanical loading (Ng et al., 2017), it is plausible 

that differences in the characteristics of movement seen during purposeful 

activity and ROM exercises, may have differential effects on bone and soft tissue 

regeneration (Ng et al., 2017). Greater understanding of mechanobiological effects 

of purposeful activity and ROM exercises on healing tissue may inform the type, 

timing, and intensity of rehabilitation. 

Range of movement 

An important and surprising finding of our study was the equivalence in wrist 

ROM produced by both interventions. A common clinical perspective is that 

purposeful activities are unlikely to restore full ROM after injury because studies 

in healthy people have demonstrated that activities of daily living do not require 

full ROM to perform (Gates et al., 2016; Gracia-Ibáñez et al., 2017). Although our 
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mean maximum wrist extension for both interventions was lower than ranges 

reported for healthy people, ROM was consistent with expected movement 4-8 

weeks after surgery (Clementsen et al., 2019; Quadlbauer et al., 2017; Watson, 

Haines, et al., 2018). A primary goal of early rehabilitation is to increase range of 

motion without overloading healing tissue (Naughton & Algar, 2021). Our study 

challenges the reliance on ROM exercises, and suggests that patients may be able 

to perform either intervention to promote ROM. It is possible that when people 

are focused and engaged in purposeful activity, they are better able to tolerate 

slight discomfort associated with end of range movement (Weinstock-Zlotnick & 

Mehta, 2018). In addition, the significantly higher number of excursions >75% of 

active ROM, during purposeful activity, may have a greater effect on improving 

range of motion over time than ROM exercises, particularly when those 

excursions are accumulated over waking hours. 

With respect to ROM for supination, we found that exercises produced higher 

maximum end range than purposeful activities, albeit with a small magnitude of 

difference. However, we also noted that some activities, such as the rotating of a 

tea-towel while drying dishes or holding items in an upturned palm (Figure 23), 

were particularly effective at promoting supination, suggesting that activities may 

be selected to promote specific movements.  

Figure 23 

Activities that promoted supination. A: carrying light household items; B: rotating a tea 

towel when drying dishes 

Amount of movement 

Achieving sufficient movement dosage during early rehabilitation is often 

challenging as patients are often reticent to move the operated limb, may over-

use wrist orthoses, or perform fewer exercises than advised (Collis et al., 2021; 

A B 
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Lyngcoln et al., 2005; Quadlbauer et al., 2020). This study demonstrates that 

purposeful activities produce high doses of wrist and forearm movement. Our 

modelling indicates that people who perform 10-minutes of purposeful activity 

achieve 68 more wrist extension-flexions, 118 more forearm rotations and more 

than double the active time than during 10-minutes of ROM exercises. We 

suggest that extrapolated over waking hours, the ability of purposeful activity to 

augment wrist and forearm movement quantity over and above exercise sessions, 

may be substantial. 

High movement dosage following surgical treatment of distal radius fractures is 

important. In our qualitative study, participants described a direct relationship 

between the quantity of active movement and recovery of movement and 

function (Collis et al., 2021). Studies have shown that greater amounts of 

movement can help resolve oedema, prevent joint adhesions and stiffness 

(Glasgow et al., 2010; Kong et al., 2020), increase grip strength, and reduce pain 

(Mitsukane et al., 2015; Shimose et al., 2011). Greater movement dosage has also 

been shown to promote neural plasticity (Van Vliet & Heneghan, 2006; Wollstein 

et al., 2018), which may help to resolve sensorimotor impairments such as 

disrupted motor planning, altered proprioception and sensation, and body 

perception disturbances, which commonly occur after distal radius fracture (Hall 

et al., 2016; Imai et al., 2018; Karagiannopoulos et al., 2013; Wollstein et al., 2018).  

Purposeful activity as rehabilitation  

It is notable that participants rated purposeful activity and exercises as equally 

important and enjoyable. Our qualitative research illustrates that patients highly 

value the focus and defined therapy of exercise repetitions for improving 

movement. Activities are also perceived to improve movement but are 

additionally valued for their capacity to restore normal body schema, enhance 

wellbeing and motivation, and promote self-efficacy (Collis et al., 2021; Stern et 

al., 2021; Watson, Martin, et al., 2018). Therapists should be cognisant of the 

perceived values and actions of purposeful activities and ROM exercises when 

designing postoperative rehabilitation with their patients.  



182   

 

The movement characteristics of purposeful activity elucidated in this study may 

contribute to our mechanistic understanding of the favourable results seen in 

response to occupation-based interventions (Daud, Yau, Barnett, Judd, et al., 

2016; Guzelkucuk et al., 2007; Omar et al., 2012; Weinstock-Zlotnick & Mehta, 

2018), and early mobilisation regimes after wrist fracture (Collis et al., 2020a; 

Ghaddaf et al., 2021; Gutiérrez-Espinoza et al., 2021). The unique characteristics of 

purposeful activity such as bilaterality, object manipulation, and variable load, 

speed, and direction of movement (illustrated in Figure 24), may also contribute 

to the beneficial effects of occupation-based interventions. 

Figure 24 

Purposeful activity has unique characteristics such as object manipulation, bilaterality, 

variable load and movement directions.  

 

Clinicians may experience tension with recommending purposeful activities early 

after surgical repair, for fear of overloading healing tissues (Quadlbauer et al., 

2020; Stephens et al., 2020). This can result in inconsistent or confusing advice 

being given to patients (Collis et al., 2021; Collis et al., 2020a), that can cause 

patients anxiety, uncertainty, and distress in the early postoperative weeks (Stern 

et al., 2021; Watson, Martin, et al., 2018). A recent study showed that giving clear 

information and strategies that promoted engagement in meaningful activities, 

was empowering, and gave participants a sense of control over their recovery 

(Stern et al., 2021), highlighting the need for activity-specific education.  

While research and expert commentaries confirm the safety of activity 

performance after surgery for distal radius fracture (Collis et al., 2020a; Gutiérrez-

Espinoza et al., 2021; Kooner & Grewal, 2021; Quadlbauer et al., 2020), therapists 

may still be uncertain about their patient’s ability to select activities safely. In our 

study, participants were asked to choose their own purposeful activities. While 

some participants required reassurance, all selected activities that were light, 

B 
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encouraged wrist movement, and valued (Table 16). This indicates that when 

provided with clear guidance, patients are able to competently select activities 

that are commensurate with stages healing, and furthermore, that challenge 

movement (Collis et al., 2021). Our participants perceived purposeful activities to 

be less challenging than exercises, further indicating the ease with which 

participants can integrate purposeful activities into rehabilitation regimes. 

Purposeful activities offer constantly occurring therapeutic movement 

opportunities that may be underutilised during early rehabilitation. Our study 

suggests that clinicians may use purposeful activity to augment movement 

dosage during waking hours and produce ROM that is similar to that achieved 

during ROM exercises, but in greater quantities. Informed by this study and prior 

work (Collis et al., 2021), clinicians may guide patients in the types of activities 

that can be performed with appropriate grading, in the early weeks of 

rehabilitation.  

Strengths, limitations, and future directions 

A strength of our study is that we obtained real-world data during the 

proliferative and early remodelling weeks of bone healing. We did not tightly 

control the selection or performance of activities as this represents the real 

choices patients make. Limitations include a power calculation based on an early, 

low quality study, meaning that optimal sample size was unknown. The lower 

accuracy of torsiometers may have underestimated supination (Latz et al., 2019). 

but was mitigated by a single application of the devices, and a crossover design 

that ensures consistency of measurements within-participants. Lack of researcher 

blinding could have influenced activity selection or performance. This was 

mitigated by applying standardised instructions, not giving any prompting, and 

participant-selection of activities. Future research should focus on identifying 

activities that target specific movements such as supination or wrist extension. 

Wearable devices could be used to evaluate the accumulated quantity of 

movement during waking hours, and the effects of purposeful activities on joint 

stiffness, pain, function, kinesiophobia and psychosocial outcomes.  
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9.6 Conclusions 

Our study compared the movement yielded during a short session of purposeful 

activity and ROM exercises in people four to eight weeks after a surgically 

repaired distal radius fracture. We found that range of movement exercises 

produced higher volumes of sustained joint position than purposeful activity but 

that purposeful activity, selected for importance and challenge, produced a 

higher volume of continuous and variable motion in similar ranges of movement 

as exercise repetitions. The study challenges therapists to consider the 

rehabilitative potential of movement produced by purposeful activities for 

restoring movement and function in the early postoperative weeks. 

9.7 Chapter Conclusion 

Chapter 9 presented a motion analysis study that evaluated the differences in 

movement during purposeful activity and ROM exercises. The study produced 

novel findings that have the potential to change how hand therapists’ approach 

postoperative management of a surgically repaired distal radius fracture. Ranges 

and amounts of movement achieved during purposeful activity were revealed to 

be greater than previously thought. It may be that purposeful activities could be 

used as the predominant approach for restoring ROM after surgery rather than 

ROM exercises. This represents an exciting new direction for postoperative 

models of treatment.  

The following chapter extends the findings from study IV by presenting 

researcher observations garnered during data collection. These observations add 

another layer of understanding to the way that movement is produced during 

purposeful activity.  
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Chapter 10  Researcher observations and reflections 

10.1 Chapter overview 

This chapter presents researcher observations and secondary data from study IV 

that were not a formal part of the study manuscript. As study IV progressed, I 

came to realise that my observations and journal entries were rich data that 

formed a source of knowledge in its own right. I therefore present an informal 

synthesis of data derived from a visual inspection of the study IV 

electrogoniometer data and videos, and research journal entries. The purpose of 

this chapter is to make visible those observations and reflections to add depth to 

understanding how activities and occupation influences recovery from surgical 

treatment of a distal radius fracture.  

During study III, I had learned to be attentive to the language of my participants 

and carried that practice through to study IV. I was alert to remarks made by 

participants in study IV and would frequently make analytic notes in my research 

journal following data collection sessions. During study IV, video recordings were 

taken to verify and time-stamp purposeful activities with the electrogoniometry 

data. During the phase of study IV data analysis and preparation of the study 

manuscript, I spent time visually inspecting the electrogoniometer data and 

cross-referencing that data with the videos. As I examined these data, certain 

patterns, and commonalities of performing purposeful activities became 

apparent. I had not anticipated the added insights this visual inspection would 

provide and how reviewing those data would inform my understanding of 

purposeful activities and exercise. Consistent with critical realism (revealing 

contexts, mechanisms, and deep meanings), and mixed methodology (data from 

diverse sources), data gathered through my observations and journal entries 

contributed much to my understanding of the research question.  

This chapter therefore presents an informal synthesis of researcher observations 

and researcher journaling. The discussion represents observed patterns and 

commonalities that can give insights about the performance of purposeful 

activities and their influence on wrist movement, not explored in other parts of 

my thesis. The synthesis is presented in three sections as my observations about: 
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the parameters of selected purposeful activities, the differences between 

purposeful activities and ROM exercises, and the real-time experiences of 

performing purposeful activities. Concepts arising from these observations and 

reflections are signalled for later discussion in my integrated discussion Chapter 

11 . 

10.2 Parameters of self-selected purposeful activities 

Study IV involved participants selecting their own purposeful activities. This was 

a deliberate design feature because a major critique in my first systematic review 

(study I) was that the purposeful activities in included studies were largely 

selected by researchers. This negates one of the core tenets of occupation in that 

the purpose and meaning attributed to occupations should be unique to the 

individual (Molineux, 2010). Participants in study IV had been given a set of 

criteria on which to select purposeful activities (light, promote wrist movement, 

and comfortable to perform at the time of data collection), detailed further in 

Appendix U. I did not know, however, what other criteria participants might 

consider when selecting their purposeful activities. Observations of the videos 

and my journal entries gave some insights about the parameters of activities 

selected by participants. Detailing these observed parameters may inform future 

clinical guidelines on safe and therapeutic activity parameters.  

The first thing I observed was somewhat surprising. The majority of participants 

had decided on their activities prior to my arrival and had the necessary materials 

ready. I was surprised because purposeful activities are not routinely prescribed 

by hand therapists. In my second systematic review, the parameters of daily 

activities in the early mobilisation regimes were poorly specified and only one of 

the studies had used activity as a form of therapy. I had therefore speculated that 

selecting activities to challenge wrist movement may be an unfamiliar concept for 

my participants. The fact that most participants had already selected purposeful 

activities to perform suggested to me that people readily understood the concept 

of activity providing rehabilitative challenge. A small number of participants had 

not selected their activities prior to my arrival because they were uncertain about 

what was safe or permitted. I discuss this uncertainty further in 10.3, but in this 
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context, once I had discussed options and reassured participants as to safety, all 

were able to select their own purposeful activities.  

Visual inspection of the videos revealed commonalities in the characteristics of 

the selected purposeful activities in study IV. I have grouped and described these 

as, non-weight bearing, involved light lifting, challenged wrist movement, did not 

induce pain, were modifiable, and valued.  

10.2.1 Activities were non-weight bearing 

When reviewing the videos, I observed that the activities selected by participants 

did not involve full weight-bearing i.e., loading the wrist with their upper body 

weight. Some activities involved light loading of the wrist in extension such as 

when wiping the table, cleaning windows, cutting up vegetables, making a 

sandwich or gardening, as illustrated in Figure 25 and Figure 26. None involved 

weight-bearing with full upper body weight or more load than would be expected 

from a stretch typically performed by people as part of rehabilitation i.e., a brief 

extension passive stretch to the point of mild discomfort but no pain (Glasgow et 

al., 2010). Some participants made comments that they chose the activities 

specifically because they didn’t put load through their wrist. 

Figure 25 

Light loading through the wrist during a food preparation activity  
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Figure 26 

Light loading through the wrist during a gardening activity 

 

10.2.2 Activities involved lifting light loads  

I observed that most of the activities involved some lifting. Purposeful activity 

inherently involves some degree of lifting because it involves the use of objects. 

The weight of objects was estimated to range from a few grams (plastic 

containers, light clothing, an empty cup) to 2-3 kgs at most (vegetables, 

gardening items, laundry basket, watering can) (Figure 27). Two participants who 

were between six and eight weeks postoperatively performed garden tasks that 

involved heavier loads or some pulling (Figure 28) but adapted the tasks by 

pulling or taking most of the load through the non-affected limb. 

Figure 27 

Light lifting during purposeful activity 

  

Note. Most of the purposeful activities involved very light lifting such as lifting an empty cup or a 

handful of vegetables 
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Figure 28 

Lifting and pulling during purposeful activities 

10.2.3 Activities challenged ROM  

I observed that participants often appeared to choose activities that they believed 

would be good for their wrist. Participants sometimes spoke about how they’d 

chosen activities that had been challenging to perform over the preceding days 

and therefore selected those activities for the study. When I reviewed the videos, 

I could see that participants were often using purposeful activities to attempt 

wrist movement in the directions of greatest stiffness. Figure 29 and Figure 30 

illustrate the way one participant appeared to select activities to challenge the 

movements of forearm rotation and wrist extension.  

Figure 29 

Forearm rotation challenge during hair care activity 
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Figure 30 

Wrist extension challenge during dressing activity 

I observed on the other hand that for some participants, the activities they 

selected appeared to deliver minimal challenge to wrist movement. When 

observing across the videos, it was evident that some activities produced more 

ROM challenge than others, and that participants varied in how much they used 

activities to challenge their movement. This highlighted to me that an analytic 

and collaborative approach would be needed between patient and therapist to 

match activity challenge with therapeutic goals. 

10.2.4 Activities did not induce pain  

Inspection of the videos suggested that participants experienced minimal pain 

during performance of their selected activities. Although participants may not 

have known for sure whether they would experience pain during the activity, 

they had been instructed to perform within comfort levels and to stop or take a 

break if needed. During the recording sessions no participant needed to stop to 

take a break and I noticed that participants often commented on the lack of pain 

during performance of purposeful activities. There frequently seemed to be a 

degree of surprise that it hadn’t hurt to perform the activities.  

10.2.5 Activities were modifiable 

The purposeful activities selected by participants were those that appeared to be 

modifiable. I observed that the activities were adapted in various ways such as 

folding only light clothes, taking the majority of the load of an object through the 
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non-affected limb, or applying less force than might normally be used for that 

task. As an example, one participant chose a gardening activity which involved 

lifting small rocks and a bag of potting mix. The activity was adapted by putting 

the majority of the load through the non-operated limb (Figure 28). 

A comment from study III of how a participant modified an activity was, 

I just tried pulling out the weeds and if they were too hard, I 
stopped and didn’t do it or used my other hand. 

10.2.6 Activities were valued  

Remarks made by some participants during data collection highlighted that 

activities were chosen because they were the things that people needed or 

wanted to do. These activity selections were not arbitrary tasks but were 

connected to the routines of daily life. Participants had often left the washing 

that needed folding, dishes that needed drying, or vegetables that needed to be 

prepared, for the study. Participants were eager to get on and do the normal 

things of everyday life. Figure 31 illustrates one participant’s choice of a valued 

activity, cleaning windows. When this lady performed the activity, it seemed 

evident that having sparkling clean windows was very important to her and had 

been one of life’s regular activities for many years. It was insightful to observe 

how she used an activity that was simultaneously important and challenging for 

her wrist recovery.  
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Figure 31 

Cleaning windows activity 

 

In this section, I outlined parameters of activities selected by participants. These 

parameters are important because they gave insights into how participants 

determined safe activities. My observations suggest that participants were able to 

intuit parameters of activities congruent with safe loads to a healing fracture i.e., 

those that challenged movement but did not overload the healing bone. Safe 

parameters of purposeful activities have not been well specified in the literature 

and this was clearly demonstrated in study II. The lack of specification may be a 

reason why purposeful activities are not utilized more in clinical practice as a 

rehabilitative strategy. It may be that the activity parameters I described here 

could be used to inform the development of a framework for defining safe 

activities. I propose such a framework in 11.1.4. 

When I reflect on the choices made by most participants, it suggested that 

participants were unconsciously performing a rudimentary activity analysis. This 

is discussed in more detail in 11.1, but suggests that, at some level, people were 

breaking the activity down into its constituent parts to determine the loads, 

forces and likely pain involved, even if they were not aware that they were doing 

this. They then tried the activity out and adapted if needed. It could be described 

as a cycle as illustrated in Figure 32.  
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Figure 32 

Adaptive cycle of activity selection and performance 

Note. This cycle illustrates the process of determining and performing purposeful activities. 

My observations also prompted me to reflect that maximizing the use of 

purposeful activities during early mobilisation is likely to require collaboration 

between patient and therapist. Not all participants chose activities or performed 

activities in ways that maximized the challenge to wrist movement. When used 

as a rehabilitative strategy, I foresee that therapists may need to collaborate on 

selecting activities that match therapeutic goals, perhaps by overtly teaching 

patients how to utilise the cycle described above. Observing activity performance 

and offering feedback on maximizing movement during activities may also be a 

helpful strategy. Observation of activities may be facilitated by having 

participants bring in objects from a chosen activity or having activity kits in 

clinics that contain objects needed to perform everyday occupations.  

10.3 Differences between purposeful activities and ROM exercises 

The analyses in study IV identified statistical differences between purposeful 

activities and exercises with respect to ROM and movement, and these are 

documented in Chapter 9 . During the process of reviewing the video recordings 
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from study IV, I observed other differences in movement between the two 

interventions that were not elucidated by the electrogoniometry data. Although 

some of these differences were discussed briefly in the study IV manuscript, my 

observations enabled understanding of the electrogoniometry data through a 

different lens and I present these here. As with the parameters of purposeful 

activity described above, such observations can be used to deepen 

understandings of the mechanisms of purposeful activity and inform clinical 

recommendations. 

10.3.1 More focus on the task than movement during purposeful activity 

When watching participants perform purposeful activities and ROM exercises, I 

noticed there appeared to be less focus on wrist movement during purposeful 

activity than ROM exercises. Purposeful activities appeared to be performed 

instinctually, without attending to which joints were moving or how much. In 

contrast, participants focused on increasing movement during ROM exercises. In 

Figure 33, it appears that the woman is intent on making a sandwich whereas in 

Figure 34, she appears more focused on counting repetitions, trying to reach 

available end range, and ensuring she followed the exercise sequence. During the 

exercises sessions in study IV there was certainly less informal chat than during 

purposeful activities. A participant in study III noticed a similar difference by 

expressing, “when you’re doing exercises that’s all you’re doing, you’re not doing 

anything else. So, you can push as much or as little as you choose, whereas when 

you’re performing an activity you might be doing multiple things at once”. This 

suggests that people may be less likely to focus on producing movement during a 

purposeful activity than exercises.  
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Figure 33 

Focused on the task of making a sandwich 

Figure 34 

Focussed on following the exercise instructions and moving the wrist and forearm 

This observation presents an interesting dichotomy. On the one hand patients 

might work harder to produce end range movement during exercises because 

that is all they’re focused on. On the other hand, patients might produce equal 

end range during activity precisely because they aren’t focused on it and 

movement occurs naturally and without effort. A participant in study III 

described this as ‘letting your body do what it knows how to do’, illustrating the 

automaticity inherent in purposeful activity.  

Importantly, the results of study IV showed that maximum active end ROM was 

achieved equally as well during activity as exercise. This suggests that the focused 

attention of exercise required to achieve end range may not be as important as 

thought. I noticed during the exercise sessions that although people were focused 
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on producing movement initially, they often lost focus or interest with repeated 

repetitions. I believe that for some participants, if I had not been there recording, 

the exercise session might have been hurried along, or completed less 

thoroughly. Further research that specifically examines the influence of attention 

on movement would give insights into whether focussed attention is needed to 

produce end range movement.  

10.3.2 Objects and materials facilitated natural, non-forced movement 

I noticed when reviewing the videos that once a participant had a familiar object 

in their hands, movement seemed to be a natural sequela. This makes sense 

because objects with a specific purpose evoke action. I particularly noticed that 

for those participants hesitant to move their wrist, picking up an everyday object 

acted as a stimulus for wrist movement. Additionally, the movement seemed to 

be natural and not forced. There is a familiarity to activity not evident in exercise. 

Figure 35 illustrates an example of how manipulating an everyday object 

facilitated the production of wrist movement. As soon as this woman picked up 

her clothes airer, wrist movement ensued to enable her to assemble the airer. She 

had been hesitant to use her wrist but the lifting and holding of a familiar object 

appeared to promote natural, non-forced movement. With respect to clinical 

practice, it may be that providing activity kits in clinics that contain a range of 

everyday objects, could be used as a therapeutic tool for eliciting ROM in the 

wrist, as an alternative, or adjunct to ROM exercises. Such kits have been 

proposed and detailed in other studies (Berlet & Kaskutas, 2020; Dy & Yancosek, 

2017). 
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Figure 35 

Familiar objects facilitated movement 

   

10.3.3 Purposeful activities facilitated bilateral movement 

Another key difference I observed was that movement during activity was 

predominantly bilateral whereas during ROM exercises movement was unilateral. 

It made me think about study III where participants often made comments such 

as, ‘you can’t floss your teeth one-handed’. Figure 36 and Figure 37 contrast the 

bilateral nature of purposeful activities with unilateral ROM exercises. Bilateral 

activities encourage the affected wrist to move because they can’t easily be done 

without using that hand. This could be taken advantage of therapeutically by 

collaborating with patients to identify purposeful activities that are best 

performed bilaterally.  
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Figure 36 

Purposeful activities frequently need two hands 

Figure 37 

Active ROM exercises are usually performed unilaterally 

10.3.4 Variable load and effort during purposeful activities  

In section 10.2 I discussed that activities usually involved the need to generate 

force in order to oppose loads, particularly during manipulation of household 

items. The load frequently varied across the task and included lifting items as 

light as a few grams up to 2 0r 3 kgs. In contrast, ROM exercises involved the 

generation of force to oppose gravity at most. As discussed in 10.2.1 some 

activities also delivered loads to the affected wrist at end of range such as during 

gardening, pressing down on folded clothes, or holding a bread board in place 

(Figure 25 and Figure 38), and again those forces were variable, light, and 

occurred as a natural sequela of the task rather than a deliberately performed 
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‘stretch’. I reflected back to study II where people in early mobilised groups 

regained movement and function sooner that those immobilised for longer than 

two weeks. I speculated in that study that performing daily activities must have 

contributed to the superior results of early mobilised groups, but that it was not 

possible to determine the relative contribution of daily activities (5.2.5). The 

variable load, force requirements, and ROM I observed during purposeful 

activities in study IV, may go some way to understanding the contribution of 

daily activities to recovery of wrist movement. Therapists may think that 

exercises are needed to deliver sufficient ROM challenge, but observations from 

study IV caused me to consider that daily activities may deliver movement 

challenge equally as well, or perhaps better, than ROM exercises for many people. 

Figure 38 

Light passive extension stretch during purposeful activity 

10.3.5 More frequent change in direction, speed, and end ROM, during 
purposeful activity 

The final differences, discussed briefly in Chapter 9 , were that purposeful 

activities appeared to produce more frequent changes in direction and speed, 

than ROM exercises. Although I did not measure velocity, observation of the data 

traces showed more short duration, sharp peaks during purposeful activities than 

ROM exercises, suggesting higher velocity movement. In addition, differences 

were seen between when maximum ROM was achieved during purposeful 

activity and ROM exercises. During purposeful activity, movement at or near 

maximum active end ROM, occurred randomly throughout the 10-munutes. 

During ROM exercises, end range occurred commensurate with the exercise type 
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i.e., a supination exercise produced end range supination and a wrist extension 

exercise produced end range wrist extension. These differences are illustrated in 

Figure 39 and Figure 40. The differences I observed reminded me that variability 

of movement is a naturally occurring phenomena - it is the way movement occurs 

in real-life and is the way the wrist needs to move to perform activities. Examples 

of complex wrist movement planes are dart throwers motion and circumduction. 

Again, I considered that the variable movement during purposeful activity may 

play a more valuable role in in regaining normal wrist movement after injury than 

recognised.  

Figure 39 

Electrogoniometry trace of purposeful activity for flexion/extension and 

supination/pronation 

 

Note. The image is of a 10-minute recording for a single participant. End range movement is seen 

to occur intermittently throughout the ten-minutes. 
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Figure 40 

Electrogoniometry trace of ROM exercises for flexion/extension and supination/pronation 

 

Note. The image is of a 10-minute recording for the same participant as in Figure 39. End range 

movement is seen to occur in a predictable pattern. 

This section has highlighted the concept that movement differs between 

purposeful activity and ROM exercises. Purposeful activity produced movement 

that varied more with respect to resistance, force, direction, and speed than ROM 

exercises. Movement occurred as a response to and was influenced by the objects 

involved, and the need to use both hands.  

10.4 Experiences of performing purposeful activities 

During study IV, I observed and listened to experiences of people using their 

affected wrist during purposeful activities. Comments expressed by participants 

felt like gold and seemed to be a window into the thought processes of my 

participants. I would often sit in my car immediately after a data collection visit 

and record my observations and write analytic notes. In this section I present my 

observations on the experiences of people performing purposeful activities during 

study IV. Such observations can deepen understandings of the influence of 

purposeful activities on wrist movement that may not have been explicitly 

apparent to participants.  
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10.4.1 Surprised by capabilities 

A delightful observation was the degree to which participants expressed surprise 

at their capabilities when engaging in purposeful activities. It revealed an 

unexpected enjoyment and discovery of the capacity to perform activities.  

Participants often volunteered after the purposeful activity session that it had 

been much easier, and they’d achieved a lot more, than expected. They’d thought 

that doing the activities would be difficult or painful and were surprised to find 

that the activities felt natural, and doable. Figure 41 illustrates a woman who 

thought she wouldn’t be able to dry the dishes but was pleasantly surprised that 

she could and that it didn’t hurt. Figure 42 shows a woman who was certain it 

would take 10-minutes to hang out a small basket of washing. Much to her 

surprise she finished the activity in half the time and had to spend the remainder 

of the data collection time re-hanging out the same washing! I noticed that 

participants often expressed an emotive dimension to performing purposeful 

activities making comments about how amazing it felt to be doing normal 

activities like folding the washing or that it felt ‘good’ to be using their wrist.  

I also observed instances of participants keeping their hand ‘out of the way’ and 

using their non-injured hand in preference, even though they could have used it 

(Figure 43), and other times choosing to involve the limb (Figure 44). It made me 

think that people were missing therapeutic ‘moments’ by being overly protective 

of their wrist. It caused me to reflect on the concepts of learnt non-use and fear-

avoidance and that facilitating people to safely perform purposeful activities in 

the early weeks after surgery, particularly in movement-hesitant people, may be a 

helpful strategy for avoiding patterns of non-use (Mehta et al., 2011). Facilitating 

the selection of activities best performed bilaterally may be helpful in this regard.  
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Figure 41 

Becoming confident 

Figure 42 

Doing more than expected 

Figure 43 

Excluding affected limb from purposeful activity 
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Figure 44 

Including affected limb in purposeful activity 

10.4.2 Purposeful activity felt like good therapy  

Another interesting observation from study IV was participant’s discovery of 

purposeful activity as a form of therapy. After performing activities such as 

emptying the dishwasher or folding the washing participants seemed to notice 

that their wrist felt freer or less stiff, and that the activity had felt good for their 

wrist. I was interested to note that some participants hadn’t thought about using 

purposeful activities such as folding the washing as part of their rehabilitation 

routines but would now do so (illustrated in Figure 45).  

It was not surprising to me that participants may not have considered the 

therapeutic potential of their daily activities. Daily activities are an implicit, 

expected part of everyday life that are performed for various reasons but not 

usually as way to produce movement, or to rehabilitate after surgery. These 

observations reinforced to me that in clinical practice there is a need to 

specifically alert people to how routine activities of daily living can be utilised as 

a formalised component of rehabilitation.  



205 

Figure 45 

Discovering purposeful activity as therapy 

10.4.3 Variable confidence in using affected wrist 

I observed during study IV that there were quite stark differences in the degree of 

confidence participants experienced with using their affected limb. During the 

recording sessions, most participants carried out their chosen activities with 

relative ease. There were even some who said they felt a little sneaky because 

they were ahead of what they’d been advised to do. This made me reflect back to 

a participant in study III who felt the advice given did not match her capacity. 

I went there [to hand therapy] and she was giving me the little 
dumbbells, like a half kg. She was telling me to start exercise with 
that. And in my mind, I was thinking like, I’m pulling my kids, like 
each of them, twelve or fifteen kgs. I was already lifting my kids 
and doing my stuff at home, but I didn’t tell her [the hand 
therapist]. 

Although most participants had no difficulty deciding what they wanted to do, 

there were a small number of people who had not been using their affected wrist 

and were uncertain what they could do. These participants required supporting 

strategies such as reassurance of the safety of activities and clarification on which 

activities might be less demanding to enable confident selection and performance 

of purposeful activities. Less confident participants often commented they felt 

safer because a professional was there with them. Figure 46 contrasts confident 

performance of purposeful activities with a greater hesitance to use the wrist 

during purposeful activities in Figure 47. Links to videos that illustrate the figures 

are also included.  
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Figure 46 

Confident to perform daily activities 

Gardening and meal preparation.mp4

Figure 47 

Hesitant to perform daily activities 

Drying dishes and folding laundry_0.mp4

The observation that participants experienced activity as safer because a 

professional was present caused me to reflect on what strategies therapists could 

use to help patients feel confident in performing self-directed activities. My 

impressions are that reticence with activity is compounded by a belief that 
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activity equals harm. Some participants seemed able to interpret discomfort as an 

expected part of rehabilitation while others were uncertain whether to persevere 

through discomfort. In study III participants spoke about the variable and 

sometimes conflicting advice they received about everyday activities from hand 

surgeons and/or therapists. Advice ranged from ‘do what you can’, to ‘don’t do 

anything except the exercises without the splint’. In the absence of more specific 

or consistent advice, participants in study III appeared to rely on pain cues and 

their own intuition during activities. 

Undoubtedly, consistent education about safe activity choice and performance 

would alleviate much of the uncertainty patients experience. In addition, hand 

therapists could build confidence by teaching activity in similar ways to exercises. 

Through the process of demonstrating and practicing exercises, we are 

communicating critical information about the safety and therapeutic value of 

exercise. On the other hand, we don’t ‘teach’ daily activities. I have observed that 

as therapists, we often just give general advice and expect patients to go home 

and be confident to perform daily activities. While this may be sufficient for some 

patients, it does not enable our more cautious patients. If we were to teach the 

stages of activity selection and performance, described in Figure 32, patients may 

be better equipped and more confident to engage in activities and occupation at 

home.  

People’s real-time experiences of performing purposeful activities have been 

presented in this section. Concepts highlighted are a mismatch between 

perceived and actual ability to perform daily activities and that people quickly 

grasped the notion of performing purposeful activities as therapy once attention 

was drawn to that idea. Additionally, it is proposed that education specific to 

activity performance is likely to enable people to feel confident and safe to 

engage in activities and occupations away from the hand therapy clinic. 

10.5 Summary 

In this chapter I presented observations and reflections about the characteristics 

that typify activities performed during the first eight weeks after surgery for a 

distal radius fracture, differences between purposeful activities and ROM 
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exercises, and real-time experiences of performing purposeful activities. These 

are unique data not elucidated elsewhere in my thesis. The observations and 

reflections have highlighted concepts that add depth to my understandings about 

the clinical utility of purposeful activities and occupation as therapy. I intend to 

discuss and integrate these concepts along with findings from studies I-IV in 

Chapter 11 . In particular I have signalled the following concepts: 

• There are specific parameters of daily activities people apply when self-

determining safe activities that may inform the development of a 

framework for safe postoperative activities.  

• Movement appears to differ when it is produced by purposeful activity 

compared with ROM exercises. Purposeful activity produces movement 

that varies more with respect to resistance, load, direction, and speed, than 

ROM exercises. 

• Movement occurs as a response to, and is influenced by, the objects 

involved and the demands of the task. 

• Activity-specific education may build confidence in selecting and 

performing daily activities and minimise the mismatch between perceived 

and actual capabilities. 

• Most people appear capable of self-selecting activities commensurate with 

bone healing phases and that challenge wrist movement. Education that is 

specific to activity performance is likely to further enable people to feel 

confident and safe.  

• Patient/therapist collaboration may help to ensure that therapeutic 

opportunities during daily activities are maximised.  
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Chapter 11  Integrated discussion 

In this chapter I return to my overarching research question: how does activity 

and occupation influence recovery of movement after a surgically treated distal 

radius fracture? To answer the question, I discuss the integrated findings from 

across this thesis. Because little was known about my research question, I chose 

to use a mixed methodology approach that allowed me to approach the research 

question from divergent angles. Part of the quote by Janet Frame (1979), at the 

beginning of this thesis illustrates the intention of this chapter, “A sentence 

which, travelling, looks out of portholes as far as horizons and beyond is good” 

(p.47). Each of my studies looks out of a porthole bringing new knowledge. I 

intend bringing that knowledge together to look towards the rehabilitation 

horizon of an occupationally-based rehabilitation approach that harnesses the 

complexity and unique characteristics of occupation in bringing about 

improvements after a wrist injury.  

My research has added novel knowledge in two distinct arenas. First, I have 

deepened theoretical understandings of the complex mechanisms through which 

activity and occupation facilitates recovery from a surgically repaired distal radius 

fracture in the early postoperative period: eliciting substantial joint movement 

and building psychosocial resources. Second, I have shown occupation to be a 

complex, multi-faceted rehabilitative strategy that may be used to facilitate 

recovery. Based on my research findings, I propose an occupation-based 

postoperative rehabilitation approach. 

I will first discuss the features and strengths of my thesis, provide a summary of 

the studies, then present four points that integrate the key findings from my 

research. The remainder of the chapter is a discussion of these points. The final 

section presents limitations of the research and suggestions for future directions. 

A unique feature of this doctoral work is that I sought to understand the 

underlying mechanisms by which activity and occupation brings about change. 

Much of the occupation-focussed research in hand therapy evaluates the effects 

of occupation-based interventions but many of these studies fail to provide a 
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robust theory for the intervention or describe the iterative process by which the 

intervention was developed (Bleijenberg et al., 2018). Another strength of my 

research is that the data were collected when participants were in the 

proliferative (day 5 to weeks 3-4 postoperatively), and early remodelling (week 4-

8 postoperatively) phases of bone healing. To my knowledge there are no other 

studies that have evaluated wrist movement in an early postoperative population 

and my research is therefore valuable for informing postoperative fracture 

management. Another strength is that I took a ‘real-world’ approach by 

conducting data collection in the homes of participants rather than in outpatient 

clinics or research laboratories. The data are therefore authentic to how people 

perform activities in everyday life after surgery and therefore have direct 

applicability to rehabilitation.  

The studies presented in this thesis include two systematic reviews, an 

Interpretive Description qualitative study, and a motion analysis study using a 

randomised crossover design. In addition, a synthesis of secondary data from 

observations and critical reflections are included. The studies and secondary data 

are summarised in Table 23 providing an overview of the purpose, methods, and 

main findings of each study.
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Table 23 

Summary of thesis studies and secondary observational data 

Study Purpose Methods Main findings 

I, (Chapter 4 ) Investigated the influence of 
purposeful activities on motor 
performance of the upper extremity  

A systematic review of 21 studies 
that compared motor performance 
during purposeful and 
nonpurposeful activities 

People performed more movement repetitions and 
performed for longer periods of time during 
purposeful activities. Movement was more likely to 
be smoother, more controlled, and quicker 

II, (Chapter 5  Investigated, early mobilisation 
recommendations with respect to 
daily activities, and the efficacy and 
safety of early vs. delayed mobilisation 

A systematic review of 8 studies 
that explored how daily activity is 
recommended, and compared early 
and delayed mobilisation 

Daily activities were commonly recommended as part 
of early mobilisation but poorly specified. Mobilising 
before 2 weeks was safe and had better short term 
outcomes compared with ≥ 2 weeks  

III, (Chapter 6 
Chapter 7  

Explored the perceptions and 
experiences of people about how daily 
activities and occupations influenced 
recovery after surgical treatment of 
distal radius fracture 

A qualitative study using 
Interpretive Description 
methodology. Semi-structured 
interviews of 21 adults, used 
reflexive thematic analysis 

Daily activities were perceived to facilitate 
postoperative recovery by: (i) driving the 
rehabilitative process, (ii) offering ready-to-hand 
challenges, (iii) promoting intentional use, (iv) 
habituating to movement and (iv) building 
psychosocial resources 

IV, (Chapter 8 
Chapter 9  

Evaluated and compared movement 
during purposeful activity and ROM 
exercises 

An exploratory biomechanical 
study utilising a randomised 
crossover design, 35 adults with a 
surgically repaired distal radius 
fracture  

ROM exercises produced higher volumes of sustained 
joint position. Activities produced higher volumes of 
continuous, repetitious movement in equivalent 
ranges as exercise repetitions 

Observations 
and critical 
reflections 
(Chapter 10  

To further understandings on how 
activities facilitate recovery from 
surgical treatment of a distal radius 
fracture  

Observations from inspection of electrogoniometer and video data, and research journal 
entries. Parameters of self-selected purposeful activities and differences between 
purposeful activities and exercises were outlined. Observations of real-time experiences 
revealed variable confidence and a mismatch between actual and perceived abilities.  
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Four points integrate and summarise the novel knowledge my thesis has 

elucidated. Each of these four points represents a key contribution to the existing 

knowledge about the role of occupation in recovery from a surgically repaired 

distal radius fracture. In the following sections I expand on each point, drawing 

on findings from my research, and contextualise the findings within the wider 

body of research.  

1. Activity during early rehabilitation is safe and appropriately self-

determined. People are able to select daily activities that challenge ROM 

and function, particularly when supported by education that advocates and 

encourages performance of safe activities. I propose a framework for 

defining safe activity parameters. 

2. Purposeful activity produces large ranges and amounts of wrist and 

forearm movement. Range and amount of wrist movement during 

purposeful activities is equivalent to or greater than during ROM exercises. 

Movement is characterised by variability in range, speed, and load. I 

highlight key characteristics of occupation that facilitate the production of 

movement: recurring therapeutic opportunities, varying intensity of task 

demands, manipulation of objects, and bilaterality requirements.  

3. Activity and occupation play a strategic role in building psychosocial 

resources in the early weeks of rehabilitation. Occupation potentiates 

motivation, engenders wellbeing, reclaims normality, and builds a sense of 

accomplishment and optimism.  

4. Occupation is a powerful rehabilitative strategy for restoration of 

movement and function. A comprehensive occupation-based rehabilitation 

approach that utilises the complex influences of occupation on movement 

and psychosocial capabilities is proposed.  

11.1 Activity during early rehabilitation is safe and appropriately self-
determined 

My research elucidates the safety of performing daily activities in the early 

postoperative weeks. I show that people are able to appropriately determine daily 

activities that challenge ROM and function, particularly when supported by 
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education that advocates and encourages performance of safe activities. I propose 

a framework for defining safe activity parameters. 

11.1.1 Active use during the proliferative and early remodelling phases 

My research challenges clinicians to use activity as a therapeutic strategy. To use 

activity in the early weeks after surgery, clinicians must be confident that 

activities will not overload healing bone and that patients can safely modulate 

activity performance. In chapter 3.2.5 I reviewed biomechanical studies that 

evaluated the strength of volar locking plates used to surgically treat distal radius 

fractures. This body of work consistently demonstrated that volar plates are 

sufficiently strong to withstand the forces of early mobilisation and active use 

(Alluri et al., 2015; Kamei et al., 2010; Quadlbauer et al., 2020). In study II I 

showed that active use of the wrist within two weeks of volar plating of a distal 

radius fracture is considered safe and widely recommended. The safety of 

commencing daily activities within two weeks of surgery is further evidenced by 

primary research (Ghaddaf et al., 2021; Gutiérrez-Espinoza et al., 2021; Zeckey et 

al., 2020) and expert opinion (Kooner & Grewal, 2021; Quadlbauer et al., 2020).  

Research highlights nonetheless, that a wariness about commencing early active 

mobilisation and active use persists in clinical practice, revealing a gap between 

evidence and practice (Salibian et al., 2019). Hand surgeons and therapists may be 

overly protective in their approach to rehabilitating a surgically treated distal 

radius fracture (Quadlbauer et al., 2020). Such reticence towards early active use 

may stem from traditionally restrictive postoperative protocols and tensions with 

adopting early mobilisation approaches (Daud, Yau, Barnett, & Judd, 2016; 

Stephens et al., 2020). Therapists may distrust their patient’s ability to determine 

safe activities or perceive that protective splints are needed for pain, 

psychological support, or protection if a fall occurred (Zeckey et al., 2020). 

Translating research into clinical practice takes many years and unlearning 

traditional patterns of practice can create tensions for clinicians (Gupta et al., 

2017; Morris et al., 2011), thus explaining the delayed uptake of advocating early 

active use. My research challenges the reticence towards advocating daily 

activities in the early postoperative period. Such perspectives do not appear to be 

evidence-based and present a barrier for using activity as a rehabilitative strategy.  
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From the perspective of patients, my research shows that people with a surgically 

treated distal radius fracture similarly express wariness towards early active use of 

their affected wrist. In study III, participant narratives revealed frequent concerns 

that using their affected wrist might damage the metalware or bone. My 

observations of participants in study IV, also suggested a hesitancy and 

uncertainty by some towards performing purposeful activities. A recent 

qualitative study found that around one third of participants reported wariness 

about using their affected wrist after early cast removal following a surgically 

treated distal radius fracture (Watson, Martin, et al., 2018). It has been suggested 

that patient anxiety about active use of an operated wrist is likely based on 

societal perceptions that injuries require immobilisation or conflicting advice 

from clinicians about daily activities (Watson, Martin, et al., 2018). Such patient 

perspectives that daily activities are potentially harmful, reinforce the need to 

provide clear advice about safe activity selection and performance. 

11.1.2 Ability to determine safe activity  

A key contribution of my research is describing the process by which people 

determine safe activities. As noted above, and from my own clinical observations, 

therapists may distrust their patient’s ability to modulate safe activities. Most 

participants in my studies however, had a tenacious, intuitive ability to decide on 

what activities were safe. This challenges the perspective that patients may 

choose unsafe activities. I modelled the process used by participants to select 

activities in Figure 32, an adaptive cycle of analysing, testing, doing, reflecting, 

and recalibrating. In the occupational therapy literature, this process is similar to 

activity synthesis, the breaking down of an activity into its constituent parts and 

adapting it to allow successful performance (Kramer & Hinojosa, 2014). In 

everyday life, people continually adapt, adjust, and create activities to align with 

their physical and psychosocial capacities (Kramer & Hinojosa, 2014). It is not 

surprising that patients use the same strategies when faced with the challenge of 

a broken wrist. I modelled the adaptive cycle of activity selection and 

performance (Figure 32) as a potential tool for teaching patients about early 

active use after surgery, particularly for those demonstrating activity aversion.  
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11.1.3 Activity-specific education 

In my studies, I found that participant performance of daily activities was enabled 

by activity-specific education. After surgery, people rely on rehabilitative advice 

from surgeons and therapists but are often frustrated by lack of or conflicting 

advice (Claydon et al., 2017; Watson, Martin, et al., 2018). Studies have 

consistently shown that reliable, trustworthy education helps reduce negative 

cognitions and perceptions, improves engagement in rehabilitation, and 

improves self-efficacy (Andreasson et al., 2020; Claydon et al., 2017; Mehta et al., 

2011; Stenner et al., 2018; Watson, Martin, et al., 2018). I propose strategies that 

may facilitate activity-specific education. These strategies arose from my analysis 

of narratives in study III including the use of occupationally positive language, 

patient collaboration, and the use of activity kits. 

The manner in which ideas are communicated is crucial (Vranceanu et al., 2009) 

and the use of negative language can disengage patients from therapy and 

maintain unhelpful perceptions (Mehta et al., 2011). Occupationally positive 

language that frames activities and occupations as beneficial for recovery and an 

expected component of postoperative rehabilitation, is likely to enhance patient’s 

engagement with activity.  

Examples of occupationally negative language might be: 

Be very careful about what you do because it might make your 
pain or swelling worse. The bone is still quite fragile, and you 
shouldn’t lift anything heavier than a cup of tea.  

Examples of occupationally positive language might be:  

There are two ways you can work on regaining movement in your 
wrist, performing everyday activities and exercises, today I will 
talk to you about both. 

Using your hand for light activities is very good for your wrist. 
People say they feel better when they do some everyday activities, 
and research shows that you will get a lot of beneficial movement 
in your wrist during everyday activities. 

Another approach to endorsing activity performance is to regularly collaborate 

on therapeutic goals, identify activities that can match those goals and discuss 
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how to appropriately grade activities. Research has shown that when a 

collaborative approach is taken during rehabilitation, patients take more control 

of their own recovery, disability is minimised, and psychosocial outcomes 

improved (Jayakumar et al., 2020; Stern et al., 2021). Good examples of 

collaboration after distal radius fracture are the randomised studies by Watson, 

Haines, et al. (2018) and Hansen et al. (2020) where activities were selected and 

graded for challenge and performance between patient and therapist.  

Education might also be enhanced by practicing and receiving feedback using 

activity kits or the patients’ own objects/materials. Some participants in study III 

remarked that they would have found it helpful to practice some activities under 

the guidance of a hand therapist, particularly in the early weeks of rehabilitation 

when they were lacking confidence to move their wrist during activities. Activity 

kits such as those described in the literature could be used (Berlet & Kaskutas, 

2020; Dy & Yancosek, 2017), or clinics could assemble materials most suited to 

their patient population. Practicing an activity with a therapist observing 

communicates critical information that such activities are safe and important, 

thereby building confidence and competence to carry out the same activities at 

home. This may be particularly helpful for patients anxious about using their 

affected wrist.  

11.1.4 Parameters of safe activity  

Therapists’ reluctance to use purposeful activity as a therapeutic tool may be 

because they are uncertain how to recommend or define safe activity. I propose a 

framework for defining safe activity that may be used by therapists for educating 

patients. The framework is based on recommendations from study II (Table 7 and 

5.2.5) participant narratives in study III (7.2.8), purposeful activity choices in 

study III (Table 12) and study IV (Table 19), research that advocates for early 

active use (Brehmer & Husband, 2014; Ghaddaf et al., 2021), and hand therapy 

texts (Naughton & Algar, 2021). My observations from study IV outlined in 10.2 

also feed into the development of this framework. The parameters apply to 

activities performed between weeks two and six following surgery when early 

bone healing is occurring. During this phase the surgical implant (volar locking 

plate) is providing stability for the fracture rather than the bone itself and greater 
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care is required to avoid loss of fracture reduction (Smith et al., 2004). The 

framework requires future scrutiny by experts in hand rehabilitation to support 

transition of my findings into clinical practice. The parameters of safe activities 

outlined in this framework are: valued, provide appropriate challenge, 

comfortable to perform, non-weight-bearing, involve non-forceful grip, and 

involve only light lifting. An overview of each parameter included in the proposed 

framework is provided below: 

Valued 

First and foremost, activities should be selected by participants. Purposeful 

activities should be something the person wants, needs, or is expected to do, and 

is perceived to bring satisfaction or improved capacity (Bigelius et al., 2010; 

Polatajko & Davis, 2012). 

Provide appropriate challenge 

Activities chosen should be those that appropriately challenge ROM and 

functional use. Activities should encourage movement in multiple directions, 

targeting directions of greatest stiffness where possible. In order for activities to 

provide the right amount of challenge, the activities chosen should be able to be 

graded up or down to avoid over or underloading the healing tissues (Price & 

Miner, 2007). Grading of the challenge provided by activities may involve 

manipulation of amount (duration and repetitions), speed of movement, ROM, 

parameters of objects (weight, size, pliability), or accuracy and co-ordination 

requirements. It may be useful to educate people on optimal dosage using 

language suggested by Brody (2012), ‘‘you have a certain number of activity 

dollars each day to spend on all your work, leisure, home care and therapy 

activities; therefore, if one of these areas increases, other areas will have to 

decrease.’’ The adaptive cycle of activity selection and performance Figure 32 can 

also be used to educate patients on how to modify tasks.  

Comfortable to perform 

My framework suggests that activities should not cause immediate or lasting pain 

but may be slightly uncomfortable. People can be encouraged to work up to and 

slightly beyond their discomfort limits during activity, in order to provide 
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movement challenge but avoid overloading the healing bone (Quadlbauer et al., 

2020). 

Non-weight-bearing 

Activities should be those that do not involve forceful leaning on the wrist. 

Literature varies as to when weight-bearing can be introduced, from as early as 

two weeks (Andrade-Silva et al., 2018; Clementsen et al., 2019), to six to eight 

weeks after surgery (Naughton & Algar, 2021). My framework suggests that light 

weight bearing during activity is introduced from two weeks as tolerated such as 

may occur when pressing down on folded laundry, or when making a sandwich. 

The force applied should be no more than would be expected from a wrist 

extension stretch, which the therapist can demonstrate.  

Non-forceful grip 

To avoid failure of a surgical volar plate, grip forces during activity are often 

recommended as not exceeding 17 kg during early rehabilitation (Brehmer & 

Husband, 2014; Naughton & Algar, 2021) based on the biomechanical work of 

Putnam et al. (2000). Given that most people would not have grip strength of 

17kg in the early weeks after surgery (Brehmer & Husband, 2014), limits on grip 

may be unnecessary, however may be useful with people at risk of exceeding such 

limits. Participants in studies III and IV selected activities that did not involve 

painful or forceful grip demonstrating an intuitive ability to self-regulate grip 

forces. My framework suggests that gripping during activity is self-determined 

according to tolerance but to a maximum of 17 kg. People can be educated as to 

what 17 kg represents by gripping a dynamometer in the non-affected hand.  

Light 

The term light activity is poorly specified in the literature and there are few 

specific guidelines as to what constitutes a light activity. Clinically, it is often said 

that people should not lift anything any heavier than a cup of tea initially, but 

this is not widely reported in the literature. Only two studies in my second 

systematic review (study II) specified weight restrictions during activity, from <1 

kg to <2.5 kg (Quadlbauer et al., 2017; Valdes, 2009). Tolerated weights are likely 

to vary between individuals so specifying weights may be unhelpful. My 

framework suggests that people can lift light objects according to tolerance, 
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within sensible limits. Therapists can give examples of everyday objects to 

illustrate the principle such as lifting small clothing, plastic containers, one or 

two plates, or a laptop or tablet.  

11.2 Purposeful activity produces high ranges and amounts of movement.  

My research provides novel evidence that purposeful activity produces large 

ranges and amounts of wrist and forearm movement. Movement is characterised 

by variability in range, speed, and load. Key characteristics of occupation 

facilitate the production of movement: recurring therapeutic opportunities, 

varying intensity of task demands, manipulation of objects, and bilaterality 

requirements.  

11.2.1 Ranges and volume of movement 

An important contribution of my research to the body of knowledge on 

occupation as a therapeutic tool, is the quantification of movement during 

purposeful activity. My research revealed that purposeful activities produce larger 

ranges and amounts of movement than previously understood. First, I showed in 

study IV, that wrist range of movement was equivalent during purposeful activity 

or ROM exercises and that the amount of wrist movement undertaken close to 

available end range was greater during purposeful activities. These are novel 

findings, challenging traditional perceptions that exercises are more efficient at 

eliciting end of range movement than daily activities (Gracia-Ibáñez et al., 2017). 

Second, my findings demonstrate much higher amounts of movement during 

purposeful activities than ROM exercises. Therapists are challenged to take note 

of the considerable potential of purposeful activities to elicit high therapeutic 

dosage of wrist and forearm movement, during waking hours. The findings 

challenge traditionally held perspectives about activity and point to the potential 

of purposeful activities as a therapy for restoring movement after surgery of a 

distal radius fracture.  

The finding that purposeful activity produces movement with therapeutic 

potential is corroborated by my other studies. Study I found that greater 

movement volume was elicited during purposeful activities than during non-

purposeful tasks. Study II showed that people who used their wrist during daily 
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activities by two weeks after surgery achieved an earlier recovery of movement 

and function than people who were immobilised for longer than two weeks. In 

study III, participants perceived a positive relationship between activity and wrist 

movement. People observed that the more they used their wrist the more quickly 

their ROM and function returned. Taken together my research challenges the 

reliance on ROM exercises as the predominant rehabilitative approach. In this 

chapter I suggest a new way of approaching rehabilitation based on the findings 

of my studies. The proposed approach is outlined in 11.4.2. 

Exercises have long been the primary approach for promoting wrist movement in 

the early weeks after a surgically repaired distal radius fracture (Smith et al., 

2004). While there is a move towards early active use of the affected hand during 

daily activities (Kooner & Grewal, 2021; Quadlbauer et al., 2020), exercises remain 

the mainstay of early postoperative rehabilitation (Naughton & Algar, 2021) and 

studies rarely describe how to use occupation as a strategy for restoring wrist 

movement. The influence of exercise interventions in restoring movement may 

not be as great as commonly perceived, however. Studies have suggested that 

exercises may be no more effective in improving movement following upper 

extremity fracture than moving the limb during everyday living (Bruder et al., 

2017). Other authors have proposed that encouraging active use is as effective as 

formalised therapy for most people after surgically treated distal radius fracture 

(Chung et al., 2019; Kooner & Grewal, 2021).  

It has been suggested that exercise may be less effective than thought, because 

the dosage of movement achieved during intermittent exercise sessions is 

unlikely to equal that produced by normal use of the limb (Bruder et al., 2017). As 

such, exercises in isolation are unlikely to deliver sufficient movement dosage to 

remodel shortened or tight tissues (Bruder et al., 2017). On the other hand, active 

motion may be sufficient to increase the mobility of a stiff joint, provided the 

load does not exceed the capacity of the tissues to tolerate that load (Glasgow et 

al., 2010; Midgley & Pisano, 2021). My research shows that purposeful activity has 

the potential to deliver large doses of low load movement and may explain why 

people achieve better outcomes when activity is encouraged during early 

mobilisation.  
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11.2.2 Occupation has distinct characteristics that facilitate the production of 
movement 

My research has highlighted unique characteristics of occupation that facilitate 

the production of movement: recurring opportunities for both automatic and 

intentional movement, varying intensity of task demands, manipulation of 

objects, and bilaterality requirements. 

Study III and IV showed that an important mechanism of occupation in 

producing movement is that movement opportunities are ‘ready-to-hand’. While 

it seems obvious that occupation creates multiple opportunities for therapeutic 

movement, this is not widely written about in the literature. It may be because 

occupation is so tacit and performed with minimal awareness (Hinojosa & 

Blount, 2014b), that therapists and patients alike, forget that occupation is a rich 

source of movement. Patients could be performing considerably more wrist 

movement than would occur during intermittent exercise sessions if the 

awareness of those opportunities were brought to the fore. In addition, because 

study IV showed that ROM produced during purposeful activities was equivalent 

to ROM produced during exercises, therapists can be confident that substantial 

dosage of end, and near end, range of movement may be achieved during 

purposeful activities.   

In 10.3.4 I presented data showing how resistance and force were more variable 

during purposeful activities and that movement is facilitated through the objects 

and demands of the task. The value that objects offer for a potential action is 

referred to as object affordance. Systematic reviews have concluded that adding 

an object to a movement enhances the quality and quantity of motor 

performance (Hétu & Mercier, 2012; Wu et al., 1998). Additionally, it is suggested 

that movement is more efficient when people select or use their own objects 

rather than unfamiliar objects (Holubar & Rice, 2006; Sackaloo et al., 2015). The 

bilateral nature of activities also fosters movement. Studies have shown 

equivalent use of the dominant and non-dominant hand in healthy adults during 

a 24 hour period (Bailey et al., 2015), suggesting the value of everyday tasks in 

promoting use of both limbs. In clinical practice, patients could be encouraged to 
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use objects that involve light lifting and low force grip, focus on performing 

bilateral tasks and introduce variety into activity types.  

11.2.3 Occupation influences sensorimotor function 

With respect to influencing movement, my research also suggested a role for 

purposeful activities in restoring sensorimotor function. Study III revealed some 

interesting observations about sensorimotor disruptions. Participants frequently 

described their initial movement during activity as feeling weird, robotic, or 

unnatural, and that movement and awareness of the hand had to be relearned. 

Similar perceptions were reported in a recent qualitative study in the same 

population (Stern et al., 2021). Participants in study III also noticed that 

repetition of purposeful activities helped to restore the perception of normal 

movement and integrated the limb into normal body schema. It is well-

understood that active use drives cortical plasticity and helps to restore normal 

sensorimotor function after injury, the principle of ‘use it and improve it’ (Kleim 

& Jones, 2008; Wollstein et al., 2018). Repetitious performance of meaningful real-

world activities could be taken greater advantage of in restoring sensorimotor 

function, similar to how task-oriented therapy is used in neurorehabilitation 

(Levin & Demers, 2021; Muratori et al., 2013). It has been suggested that 

substantial repetitions of rehabilitation activities may be needed to sustain 

improvements in movement and function (Kleim & Jones, 2008). An occupation-

based rehabilitation approach could include selecting activities which emphasise 

sensorimotor function, and utilise therapeutic strategies to promote recovery of 

proprioception, kinaesthesia and body schema (Hagert et al., 2021; Levin & 

Demers, 2021). As an example, while folding the washing, a person could use 

strategies such as attending to the texture differences between garments, and 

calibrating proprioception with and without visual feedback. While drying 

dishes, patients could be instructed to observe and focus on what movement feels 

like in the non-affected wrist and project that perception onto the affected wrist 

as an imagery exercise. Such activities may have more meaning to people than 

tasks frequently described in proprioceptive retraining programmes such as 

sliding a towel on a wall, or air-drawing with a chopstick (Hagert et al., 2021). 

There is also some evidence to suggest that motor imagery and action 
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observation training may be beneficial in reducing pain intensity in people with 

postoperative pain (Suso‐Martí et al., 2020).  

11.3 Activity and occupation build psychosocial resources 

Another important contribution of my thesis is showing that activity and 

occupation builds psychosocial resources in the early weeks of rehabilitation. I 

have elucidated that performing purposeful activities potentiates motivation, 

engenders wellbeing, reclaims normality, and builds a sense of accomplishment 

and optimism.  

11.3.1 Occupation potentiates motivation 

Occupation as a potentiator of motivation is evidenced in my research. In study 

III, people with a surgically treated distal radius fracture described occupation as 

a driving force of recovery, that the desire to return to valued occupations acted 

as an impetus to actively engage in the recovery process (page 124). Participants 

described in emotive language their desire to return to occupations such as 

fishing, creative pursuits, motorbike riding, or dance, and equally their fear that 

they may not be able to do so. Valued occupations such as these provided a 

source of positive energy and motivation to keep going during the difficult early 

weeks of rehabilitation.  

Daily activities were also shown to provide a scaffold for motivation. Early after 

surgery participants who performed simple tasks, even while in a cast, developed 

an expectation that the hand was available for use. When the cast was removed, 

participants were motivated to involve the wrist in activities because the pattern 

of active use had been established. Fostering early active use may help to avoid 

patterns of disuse commonly seen after distal radius fracture (Mehta et al., 2011). 

Observations from study IV further confirmed the role of occupation in 

potentiating motivation. During study IV, I noticed a frequent mismatch between 

perceived and actual ability to perform purposeful activities. Once participants 

discovered their capacity for activity performance however, there was an effect of 

spurring on to greater use of the affected limb.  
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Occupation additionally builds motivation in the early weeks of recovery through 

successful completion of graded down daily activities. My findings corroborate 

research that identified occupation as a source of motivation during recovery 

from hand injury (Bates & Mason, 2014; Colaianni & Provident, 2010; Lequerica et 

al., 2009), but go further in showing the potency of occupation as a motivational 

force in early recovery. I have highlighted the powerful influence of valued 

occupations as an underpinning motivational force from the earliest phases of 

rehabilitation. Helping patients to identify those drivers may be particularly 

important for people struggling to actively engage in early rehabilitation.  

11.3.2 Occupation engenders wellbeing, reclaims normality, and builds a sense 
of accomplishment and optimism. 

A recurring theme in my research is the way that occupation positively influences 

wellbeing and builds capabilities. In study III, when people began to perform 

daily activities, they felt better, and experienced more optimistic feelings about 

the future. It appeared that the very act of doing, alleviated feelings of loss, 

uselessness, and anxiety about the future. During study IV, I observed similar 

responses to purposeful activities. Participants frequently remarked on the 

positive emotions that performing activities engendered. Achieving simple 

activities prompted people to try more complex challenges. As experiences of 

success grew, so did a sense of optimism, and a perception that life was returning 

to normal. My research highlights the need to enable successful activity 

performance. This may be particularly important for activity-averse patients. 

Narratives from participants in study III revealed how they used their own 

psychosocial resources such as physical exercise, mindfulness practices, and 

determination, to help them re-engage with normal routines and cope with the 

disruptive nature of injury. 

After fracture or hand injury, people consistently describe a strong desire to 

regain a sense of normality, return to usual activities, and not be a burden on 

family and friends (Bates & Mason, 2014; Claydon et al., 2017; Smith-Forbes et al., 

2016; Stern et al., 2021). Other studies have reported similar findings, that 

resuming daily activities and occupation after hand injury restored a sense of 

identity, normality, and feelings of accomplishment (Ammann et al., 2012; Bates 
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& Mason, 2014; Kingston et al., 2014; Stern et al., 2021). These studies, however, 

did not always take the next step in suggesting ways that occupation could be 

used as a therapeutic tool for building psychosocial resources.  

A postoperative rehabilitation approach informed by my research should directly 

use purposeful activities to build psychosocial competencies. Creating the 

context for people to experience successful completion of purposeful activities is 

essential. Drawing from my findings, an important strategy should be educative: 

highlighting to patients the influence activity performance will have on 

motivation, wellbeing, and accomplishment. Analysis of narratives from study III 

suggested strategies that can build psychosocial competencies. These include 

identifying those occupations that will serve as drivers of motivation during 

recovery, identifying a patient’s own psychosocial resources and harnessing them 

to support recovery, performing graded down activities in the immediate 

postoperative period to build early competence and resilience, enabling those 

activities that are most likely to contribute to feelings of wellbeing, and selecting 

activities that match and appropriately challenge physiologic capabilities to 

ensure success and mastery.  

11.4 Occupation is a powerful rehabilitative strategy 

When I introduced myself as a researcher in chapter 2.1 I discussed that 

occupation is immutable and that rehabilitation occurs in the messiness of life. I 

wanted to explore how the ordinary activities of daily life could be better 

harnessed to facilitate recovery from surgical treatment of a distal radius fracture. 

I have demonstrated that occupation is a complex construct that acts in multiple 

ways to influence recovery from a surgically repaired distal radius fracture.  

I now draw together the key learnings from my doctoral work to inform an 

occupation-based rehabilitative approach that utilises the complex potentiating 

effects of occupation on producing movement and building psychosocial 

capabilities. This approach moves away from traditional models that focus on 

protection, intermittent ROM through exercise routines and strict limits on 

activity performance. The main principles of the approach are that it harnesses 

the unique mechanisms of purposeful activity in producing changes in wrist 
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movement and function, facilitates early engagement in occupation to build 

psychosocial capabilities, builds on the inherent capacity of patients to self-direct 

activity selection and performance, and uses patient/therapist collaboration to 

assist in matching therapeutic goals with targeted activities. Occupation is 

promoted as the primary tool for producing active movement, and ROM during 

daily activities is encouraged throughout the day. Therapies for resolving 

oedema, joint stiffness, or hypersensitivity such as exercise, splinting, manual 

therapy, or desensitisation remain important, and are used as needed.  

I will first outline components of purposeful activity as a therapeutic tool, present 

a table that describes the elements of an occupation-based rehabilitation 

approach and discuss future steps to be taken in the full development of such an 

approach.  

11.4.1 The therapeutic use of activity 

As described earlier in this thesis (3.3.1) the term purposeful activity denotes that 

a person is actively performing a personally meaningful, useful activity as the 

primary tool for facilitating change in capabilities (Fisher, 2014; Hinojosa & 

Blount, 2014a; Nielsen et al., 2020). To use purposeful activity as a therapeutic 

tool it is necessary to ensure that the activities are valued and have meaning to 

the person, that they occur naturally within the person’s life, and that they 

provide adequate challenge for producing change (Hinojosa & Blount, 2014b). 

These three activity tenets are assumed in the approach I am proposing.  

Value and meaning 

Purposeful activities should be something the person wants, needs, or is expected 

to do, and is perceived to bring satisfaction or improved capacity (Bigelius et al., 

2010; Polatajko & Davis, 2012). There must be a sense of autonomy, choice and 

intentional engagement (Crabtree, 2010; Law, 2002). Studies III and IV 

highlighted a broad range of activities that people performed. Often the first 

activities were those essential to daily life such as getting dressed, showering, 

eating, childcare, and household tasks. Participants also spoke about how 

important it was for their wellbeing to engage in enjoyed activities in the early 

weeks of recovery, such as playing a musical instrument, gardening, or physical 
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exercises. Therapists should use both essential and enjoyed activities as 

therapeutic tools.  

Naturalistic 

Purposeful activities should be performed in the way they would normally occur 

in the person’s everyday life (Pierce, 2001). Maintaining the integrity of the 

activities in context means that patients are not required to transfer a simulated 

experience to the challenge as it will occur at home or work (Pierce, 2001). As 

previously discussed, activity kits have utility for practice and for providing 

feedback to participants on performing activities in an appropriately challenging 

manner. Activity kits should as much as possible use familiar materials and 

processes (Hinojosa & Blount, 2014b). My approach promotes the use of 

authentic purposeful activities as the main component, using activity kits as 

supporting educative and teaching strategies.  

Challenging 

Purposeful activity needs to provide a ‘just-right’ challenge that targets a 

collaboratively developed goal (Fisher, 2014; Hinojosa & Blount, 2014b; Price & 

Miner, 2007). Recurring, narrative micro-negotiations can occur at each hand 

therapy visit to review goals and define appropriately challenging activities (Price 

& Miner, 2007). For a purposeful activity to provide the right amount of challenge 

an activity may need to be graded up or down (Price & Miner, 2007). This 

involves modifying the complexity and components of a task to allow successful 

completion (Perlman & Bergthorson, 2017). My research shows that people 

intuitively grade activities for complexity but may also benefit from specific 

education to ensure that an activity neither under nor overloads healing tissues.  

11.4.2 An occupation-based rehabilitation approach 

Table 24 is the first iteration of a proposed occupation-based approach. The 

approach is primarily intended for use with people who have had surgical 

treatment of a distal radius fracture but is likely to have applicability for the 

rehabilitation of other wrist and hand conditions. The elements of the approach 

are tabulated and described as three components: activity-specific education, in-

clinic practice and collaboration, and home-based selection and performance of 
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purposeful activities. The three components are not necessarily sequential. The 

table is for therapists to understand the components of the approach, practice 

examples, and to form the basis for developing training programmes and 

resources. The table is not a resource for patients, separate patient-focused 

materials would need to be developed to support the approach.  
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Table 24 

Elements of an occupation-based approach for rehabilitation of surgically repaired distal radius fractures during the first six weeks 

Component Principle Content  Actions 

Activity-specific 
education 

Daily activities 
are safe 

Defining the performance of 
daily activities as safe 

The therapist will deliver education about the safety of performing daily 
activities in the early postoperative weeks to patients. 

Defining the parameters of 
safe activity  

The parameters of safe activities are discussed with patients by the hand 
therapist. 

The activity parameters are detailed in 11.1.4: valued, non-weight-bearing, light, 
non-forceful grip, non-pain inducing, modifiable, and challenging. 

Purposeful 
activities 
promote wrist 
and forearm 
movement 

Performing purposeful 
activities will produce 
substantial wrist movement 

Discuss with patients how performing purposeful activities promotes multiple 
repetitions, facilitates movement to the end of available range, makes the wrist 
move more than during exercise and that purposeful activities present multiple 
occurring opportunities for movement.  

Facilitate automatic 
movement 

Highlight that some movement will happen automatically when performing 
activities that present themselves during the day and that deliberate attention is 
not always required.  

Facilitate intentional 
performance  

Highlight that patients will also need to look for opportunities and make 
deliberate choices to involve the affected hand. That they may need to 
consciously ‘remember’ to move their affected wrist during activity or chose 
tasks that require bilateral use. 

First experiences of 
movement may be 
unpleasant 

Advising patients that initial movement during activities might feel weird or 
unpleasant and providing reassurance that repetition and practice will help to 
normalise movement and lessen discomfort. 

Enabling early 
performance of 

Benefit of activity on 
wellbeing outcomes 

Draw attention to the positive influence activity performance will have on 
motivation, wellbeing, and sense of accomplishment. 



230   

 

Component Principle Content  Actions 

purposeful 
activities builds 
psychosocial 
resources 

Identify own psychosocial 
resources 

Identifying a patient’s own competencies and harness those to support recovery 

Motivation  Identifying those occupations that will serve as drivers during recovery 

Competence building Selecting activities that match and appropriately challenge physiologic 
capabilities to build trust in using the affected limb, ensure success and lead to 
mastery 

Wellbeing, reclaiming 
normality, building optimism 

Enabling those activities that are most likely to contribute to feelings of 
wellbeing and a sense of normality. Identifying practices which support 
wellbeing such as exercise, sleep, nutrition, and mindfulness. 

In-clinic 
practice and 
collaboration  

Patient/therapist 
collaboration 
ensures a match 
between 
therapeutic 
goals and 
activities 

Identify purposeful activities 
and occupations that act as 
drivers of rehabilitation  

Define the essential and enjoyed activities and occupations that will motivate 
people towards recovery 

Selection of activities that 
match therapeutic goals 

Collaborate on selection of activities that target biomechanical and occupational 
goals e.g., activities that promote wrist extension 

Activity grading and 
adaptation  

Teach how to grade activities up and down to increase or reduce the challenge 
to the wrist  

Building competence  Use activity kete1 to build competence and reassurance on safety of activities 

Optimising movement 
opportunities  

Use activity kete1 to give feedback on performance to optimise use of purposeful 
activities in producing therapeutic movement 

Regular review of activity 
selection and performance 

At each therapy session review the activities performed over the previous week/s 
and those for the upcoming week/s 
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Component Principle Content Actions 

Home-based 
selection and 
performance of 
purposeful 
activities 

Activities are 
performed as 
therapy 

Performing purposeful 
activities at regular intervals 
during waking hours 

Patients to perform a range of gradable, progressible activities throughout the 
day that appropriately challenge movement, strength, and function 

Activity selection is based on the education and in-clinic collaborations as above 

At-home activity selection will also be based on the adaptive cycle of activity 
selection and performance (Figure 32). This provides a framework for 
monitoring the response of the healing tissues to selected activities 

Analysing: is the activity suitable? 

Testing: tentative performance of the activity 

Doing: performing the activity 

Reflecting: does it hurt, is it too hard or sufficiently challenging? 

Recalibrate: make adaptations 

1 Kete. The Māori word for basket or kit. Māori language is used to reflect the unique context of Aotearoa, New Zealand, where the approach is situated.
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11.4.3 Next steps required for development of an occupation-based 
rehabilitation approach 

Table 24 provides an outline for elements to be included in an occupation-based 

rehabilitation approach. Bleijenberg et al. (2018) describes six steps to follow 

when developing a new approach or intervention. The initial three steps include 

identifying underpinning theoretical perspectives, an understanding of the 

existing evidence, and research to explain the causal mechanisms of an 

intervention. The research in my doctoral work explicitly addressed the steps of 

understanding the theory and evidence in Chapter 3 and in studies I and II. 

Primary research was undertaken in studies III and IV, to explain the rationale 

and mechanisms by which an occupation-based rehabilitative approach operates. 

The subsequent three steps described by (Bleijenberg et al., 2018) focus on 

transitioning the theoretical phase into clinical practice and testing. For the 

approach I am proposing the next step involves further development. This will 

require consultation with hand specialists to refine and confirm the framework 

for safe activity, an iterative refinement of therapist guidelines, detailing the 

approach according to the TIDieR guidelines (Hoffmann et al., 2014), and 

developing patient materials. Qualitative enquiry that seeks to understand 

clinician perspectives on occupation-based interventions is needed, particularly 

to identify any barriers that may prevent the uptake of such an approach. The 

next step involves trialling the approach in clinical practice to obtain feedback 

from patients and clinicians. Subsequently, a feasibility trial should be conducted 

to define appropriate outcome measures, test recruitment and retention 

procedures, and obtain estimates of effect sizes to inform sample size calculation 

for a randomised controlled study. The feasibility study should include a 

qualitative component to explore acceptability of the intervention to participants. 

Finally, investigating the approach through an appropropriately powered 

randomised controlled study, should be undertaken.  

11.5 Limitations 

Limitations of the individual studies are discussed within each manuscript: study 

I on page 60, study II in 5.2.5, study III on page 138, and study IV on page 183.  
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One limitation of this research is that I did not directly explore the perspectives 

of clinicians on the acceptability or willingness to adopt an occupationally-based 

approach. The perspectives of hand therapists and surgeons is needed to ensure 

that any perceived barriers are addressed and mitigated during intervention 

development. Another limitation is that measurement of wrist movement was 

conducted during a single session of 10-minutes. This means that the ranges and 

amounts of movement during waking hours are unknown. Also, the research is 

limited in its ability to determine how movement produced by purposeful activity 

varies at different time points following surgery. Another limitation of the 

research is that data collection occurred when participants were between four 

and eight weeks postoperatively. The influence of activity performance on 

recovery in the earliest stages of rehabilitation (from around 10 days to 3-4 weeks) 

was partly explored in study III but was not objectively measured in study IV. 

This was because the feasibility of conducting motion analysis on patients during 

very early bone healing was unknown when the study was designed.  

11.6 Conclusions 

This thesis explored how activity and occupation influences recovery from a 

surgically repaired distal radius fracture. Studies I and II were undertaken to 

investigate aspects of the literature on how activity and occupation influences 

recovery from surgical treatment of a distal radius fracture. Study I reviewed 

research which compared movement during purposeful and non-purposeful 

activity showing that in healthy people, movement was generally more efficient, 

performed for longer durations and with more repetitions during purposeful 

activity. Study II reviewed clinical research describing the activity in early 

postoperative rehabilitation. The results demonstrated that activity is safe and 

commonly recommended as part of early mobilisation recommendations, but 

poorly specified. These reviews identified the safety and potential of purposeful 

activity but highlighted that little is known about how they should be prescribed 

or their mechanisms of action.  

My thesis then transitioned to primary research. First, I conducted an 

Interpretive Description qualitative investigation that explored patient 

perspectives and experiences of early recovery. The study showed that purposeful 



234   

 

activity is highly valued for its ability to induce change in wrist movement and 

function and build psychosocial competencies. I then conducted a motion 

analysis study that compared wrist and forearm movement during purposeful 

activity and ROM exercises using a randomised crossover design, in adults with a 

surgically treated distal radius fracture. That study found evidence that activity 

produces movement that is more continuous, repetitious, and variable than 

exercise routines. The study provided evidence that purposeful activity has the 

potential to elicit therapeutically beneficial movement and may support early 

recovery of movement and function. In chapter 10 I highlighted specific 

characteristics of occupation in the production of movement and described the 

process by which people determine activity selection and performance.  

Taken collectively, my research elucidates activity and occupation to be a 

complex, multi-dimensional therapeutic strategy that has potential beyond 

traditional models of postoperative care. I have reviewed studies that evidence 

the safety of purposeful activities and have provided preliminary evidence that 

people can make appropriate decisions about activities that safely challenge ROM 

and function. I have provided clear evidence that purposeful activity promotes 

substantial movement, and that occupation offers constantly recurring 

therapeutic opportunities. I have elucidated important knowledge that 

performing activities in the early postoperative period builds psychosocial 

resources that contribute to a positive rehabilitative experience and recovery. I 

proposed a rehabilitation approach that utilises the unique mechanisms and 

characteristics of occupation, more embedded in the everyday life demands of 

people, than a structured exercise regime. The approach offers a new horizon for 

postoperative rehabilitation that challenges traditional practice and could lead to 

substantial changes in the postoperative management of distal radius fractures.  
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Appendix A. Study I published article: A systematic review of the influence of purposeful 
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Appendix B. Study II published article: A systematic review of daily activity and exercise 

recommendations and the efficacy and safety of early mobilisation following volar 

plating of distal radius fractures 
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