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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 iluminates useless objects with artificial light,

but good if it casts a unique radiance upon them A word which is
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the side is good; a word which comes up sparkling from the well

is good; a word which clusters like lastyead © AAA AOT OT A 1 AOO
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 Framel.iving in the Maniototo, 1979



Abstract

A distal radius fracture is a common injury of the upper limb. Distal radius
fractures canresult 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 sequelaeTraditional
postoperative rehabilitation predominantly relies on range of mation exercisesto
restore wrist and hand movement.Hand therapists may also advocate for the
performance of daily activities, but purposeful activities are nota routine
component of early mobilisation regimes. Recent literature challenges hand
therapists to increase the use of activity and occupatiortbased approaches
however, understandings of how activities and occupationare currently used and

how they bring about changeis limited.

This research aimedto explore how daily activities and occupation influences
recovery after surgical treatment of distal radius fractures. The intent of the
researchis to understand the mechanisms ofhow occupation brings about
improvements and to inform the development of occupation-based interventions.
The researchuses a mixed methodology design informed by a critical realist
paradigm and is presented in manuscript format. Three publishedpapersand a
manuscript currently under review are presented. Introductory, interve ning, and
concluding chapters are included to tie the manuscripts together into a cohesive

narrative for this doctoral work.

| begin by introducing the p hilosophical underpinnings for this research, the
context of distal radius fractures, and the use of activity and occupationbased
approaches. Two systematic reviews are then presentedhe first review (study 1)
evaluated studies thatexamined the influence of purposeful activities on upper
extremity motor performance. Results suggestedhat upper extremity movement
quantity and quality were enhanced when performed during purposeful
conditions. The second review (sudy Il) evaluated studiesthat compared early
and delayed mobilisation following volar plating of distal radius fractures. The

review explored how daily activities are recommendedin early mobilisation



i

regimesand evaluatedthe efficacy and safety of early versus late mobilisation.
Resultsshowed that performing daily activities was commonly recommended as
part of early mobilisation and suggested better functional andbiomechanical
outcomes for people who commencemobil isation prior to two weeks. The two
systematic reviewshighlighted th e needfor research into the specific

mechanisms of action ofpurposeful activities in early rehabilitation .

Primary researchwas then undertaken Patient perspectiveson the influence of
activity and occupation on recovery from a surgically repaired distal radius
fracture were explored in an Interpretive Description qualitative study (study 1) .
A randomised crossover studywas conducted (study 1V)in which wrist
movement during purposeful activities was evaluated using electrogoniometry
and comparedwith movement during active range of motion exercisesChapter
ten presents a descriptivesynthesisof researcher observations andeflections.
Key findings from each of the studiesare then collectively drawn together in an

integrated discussion chapter.

Findings suggestthat activities and occupation are highly influential in

facilitating the recovery of movement and function in the early weeksafter
surgical treatment of a distal radius fracture. Performing purposeful activities
may facilitate recovery by eliciting substantial active movement of the wrist, and
by building psychosocialresources.Study Il revealed that purposeful activities
are a powerful potentiator of motivation, wellbeing, optimism, restoring body
data demonstrating that significantly greater volumes of movement are produced
by performing purposeful activities, when compared to gandard range of mation
(ROM) exercises and that purposeful activities elicit available end range of

movement equally aswell as ROM exercises.

Taken, together my researchchallenges traditional postoperative management
approaches and suggests theubstantial potential of activity and occupation as a
rehabilitative strategy. Based on ny research findings, | propose an occupation
based postoperative approactthat harnesseshe unique remediating

mechanismsof activity and occupation.
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Glossary oferms

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 Difficulties in executing activities

limitations

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

AQO 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://Iwww.who.int/classifica tions/icf/training/icfbeginnersguide.
pdf).

Distal radius A fracture to the distal end of the radius, typically resulting from

fracture a low energy fall onto an outstretchedhand (Maclintyre & 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, diseaseand
congenital deformity (https://www.handtherapy.org.nz/ )

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

Mixed A research approach that uses both qualitative and quantitative

methodology methods in the quest for knowledge (Timans et al., 2019)

Mixed methods

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

Motor The observable production of a voluntary action or motor skill
performance (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 occupaion for the purpose of remediating impairment.
Occupation is specified as the therapeutic agent of chang
(Fisher, 2014; Hinojosa & Blount, 2014b)
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Participation
restrictions

Problemsan individual may experience in being involvedin life
situations

(https://Iwww.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 holdmeaning, 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 mdion
exercise

An exercise performed toimprov e 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 mause 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 processs 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

AOOAOGA 1T £ 1T OGAOAT T  Anydicé And @dnidlT O
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 1introduction

1.1 Context of the thesis

A fracture to the distal radius is a common upper limb injury and for some people
causes longterm 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 areoften involved in the rehabilitation of this injury. The aims of
therapy are to restorerange of motion (ROM), strength and function to the
affected limb (Kooner & Grewal, 2021)Most people make a satisfactory recovery
after asurgically 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 weeksof 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., 2020J he role of a hand therapist during
the first six weeks ofrehabilitation 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 taestore movement and
function to the injured limb . In the early weeks of therapy this traditionally
focuses on exercise repetitionsith 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 strategyappears to beunder-
described andunder-utilised as part of early surgcal distal radius fracture
rehabilitation. The terms pertaining to activity and occupation are definedin
3.3.1but by way of introduction , occupation refers tothe various life activities in
which people engage during the course of their day to day lifd American

Occupational Therapy Association, 2020) They are broad céegories 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 occupationbave
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, 2020Polatajko et al.,
2004),

Occupation can be used as a therapeutic tool tdring 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 aseliciting functional planes of movement,

mitigati on of pain through distraction , enhancing motivation in therapy, and
delivering higher doses of movement than rote exercise approache@oppe et al.,
2008; Robinson et al., 20168Neinstock-Zlotnick & Mehta, 2018) Despite such
purported advantagesthere are gaps in our understanding of how activities and
occupation influence recovery froman upper limb injury. 1t 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 recoveryafter surgery have not
been fully explored andmechanistic understandings of howactivities influence

wrist movement are unknown.

1.1.1 Aims and objectives

The aim of the research is toexplore the waysthat daily activities and
occupations influence recovery after surgical tr eatment of distal radius fracture.
The researchis 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 usesa mixed-

methodology designunderpinned by a critical realist paradigm.



1.2 Researchyjuestions

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

influence recovery after a surgically treated disal 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 movementin healthy and musculoskeletal injury populations
(RQ1y

2. How is activity recommended following surgical treatment of distal radius
fractures andwhat is the efficacy and safety of early versus delayed
mobilisation (RQ2)?

3. What are the experiences and perception®f patients on how participation
in daily activities and occupations influence recovery after surgery for distal
radius fracture (RQ3)?

4. Doesperformance of daily activities result in greater quantity of motion
than active range of motion exercises following surgical treément of distal

radius fracture (RQ4)?

1.3 Thesisstructure
The thesis isstructured around four phases.Each phase is intended to explorea
different aspect of the influence of activity and occupation on recoveryfrom a

surgically repaired distal radius fracture.

The remainder of this chapter gives an overview of each phasand the
corresponding thesis structure. Chapter 2then presentsthe philosophical and
methodological frameworks of the thesisand Chapter 3discusses concept®f

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

1.3.1 Phaseone

The research starts byestablishing the positionality of occupation in the

rehabilitation of a musculoskeletal injury. Two reviewswere undertaken usinga
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standard systematic review approach and werg@ublished in rehabilitation
journals. The first systematic review study | (Chapter 4) aimed to determine
whether occupation elicits movement differential ly from exercise repetitions after
musculoskeletal injury, addressing RQ1Study 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 reviewscontributed to a deepening understanding of the influenceof
occupation on recovery from injury, and informed the primary research

undertaken in phases two and three.

1.3.2 Phase two

Phase twois an Interpretive Description qualitative study (study Ill), that
addressed RQ3 The study explored patient perspectives and ispresented in
Chapter 6 and Chapter 7. Chapter 6 describesthe rationale and procedures used
in the study and Chapter 7presents thepublished article for that study. The
study conducted exploratory interviews with 21 adultswith a surgically treated
distal radius fracture. The data were analysed usingeflexive thematic analysis.
The rationale for conducting the Interpretive Description study first was because
little ha d 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. | wanted firsthand 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 subsequenttwo chapters (Chapter 8and Chapter 9) representphase three of
the research. In this phasethe research shifts frompatient perspective to that of
independent, objective measurement A motion analysis study, (study V), was
conducted to address RQ! and is presented in the form of a manuscript
submitted for publication. The study measured and compared motion during
performance of daily activities andexercise repetitions in a randomised

crossover study. Thestudy tested the hypothesis that greater or similarquantity



of movement is elicited during self-selectedactivitiesthan standard active ROM
exercises.Chapter 10then presentsa synthesis ofresearcherobservationsand
insights from journaling | undertook during the research The observations
resulted from incidental conversations that occurred during study IV data
collection, my reflections of these conversations, andvisual inspection of the
electrogoniometer and video data This chapter wasimportant to include because
these observationsrevealedunderstandings about the mechanisms of purposeful

activities not evident in my studies.

1.3.4 Phase four

Armed with knowledge gained from researchperspectivesduring phasesone, two
and three, the thesistransitions to phase four where the results aresynthesised in
an integrated discussion(Chapter 11. In this chapter, findings from across the
research are integrated into four key points thateachhighlight 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 researclindings is then proposed. The
approach utilises the unique characteristics andmechanisms of occupation in
bringing about improvements in movement and function after a surgically
repaired distal radius fracture, complementing traditional exercisefocused
rehabilitation . Chapter 1Toncludeswith a discussion of strengths,limitations,

future directions, and a summary of the thesis.

The chapters that contain apublished 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. Thearticles

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

1.4 Scop 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 futu re use of
purposeful activities and occupation as a rehabilitative strategy. The research is

limited to the first stageof developing complex interventions as outlined by the
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Medical Research Council (MRC)Craig et al., 2013)This involvesidentifying
existing evidence to understand what is alreadyknown, developing theory to
explain the rationale and mechanisms of action of the intervention, and
modelling of processes and outcomesin this research phase one examines
evidencevia two systematic reviews.Exploring the mechanisms of action of
activities and occupation occurs in phases three and four by way ofwo primary
studies. Both gudies were conducted in the homes of people with a surgically
repaired distal radius fracture. The initial steps of modelling the intervention
occurs in phase fourwhere the research findings aresynthesised,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 ofa purposeful activity intervention .



Chapter 2Philosophical underpinnings and methodology

This chapter presents the philosophical perspective of critical realism and
methodologic considerations that underpin the research | will first position
myself in the research, describe critical realism and give a rationale for mixed

methodology.

2.1 The researcher, wham I?

Positioning oneselfas a researchedistinct from clinical, professional, and
personal life rolesis essentialto robust research practiceand helps to delineate
the researcher role (Thorne, 2016Db) In this section | discussmy personal journey

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

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

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

OEEO T ECEO OAAOO A O1T ENOA OAAEATAA 11 AO
of the usefulness of researchlt alludes to the fact that the point of enquiry is to

shed light on something, to add new knowledgeor 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 mewithin the research.

| guess I'm a curious person. | work with colleagues who are also

curious, | mean we're a team that likes to ask questions. We like

ATET C POT EAAOOh xABOA ATTA 1100 1T £ A(
culture in our team of evaluating outcomes and critically

evaluating our practice. As a person | like to travel, | like to goto

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 ome from and what makesthem, 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

AEOAAOA DPOI AAOO8 )di Al xAuoO ET OAOAOGO,
who they are, whatthey EEA O1T AT AT A ET x OEAUGS OA
ET EOOU8 7TEAO EO EO OEAOGO EIi Pi OOAT Oh

| do as a therapist to help? | guess in our family we've always asked

qguestions 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



way people are treated and included in society. So those questions
have always been importantfor me.

Julie Collis (paraphrased)

My background as aclinician is occupational therapy. | 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 |
returned to paid employment after several years at home with young children. |
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 | completed a number of quality improvement projects (Collis, 204, 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 | wanted to find out how the doing of everyday daily life could be
harnessed to facilitate recovery. | knew that quantitative data would be important
for providing evidence to support practice changebut 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 researchis critical realism,
based on the work of Roy Bhaskar in the 197030 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 realScotland, 2012)Ontological



positions make assumptionsabout the kinds of things that can or do exist and
define boundaries as to the ways they exisfLewis-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,
separatefrom 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, 2013h)

ODEOOAI T1TTCcU EO AT TAAOT AA xEOE OEA OEI x481
knowledge can be createdDuncan & Nicol, 2004; Scotland, 2012; Willig, 2013a)
Epistemologies areoften 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, 2018uman behaviour and actions are
so complex, however, that attaining certainty with respect to knowledge, is near
impossible (Creswell & Creswell, 2018; Zovko, 2018 ostpositivism 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 astrong focus on seeking objective knowledge through

scientific endeavour, while acknowledging that absolute truth is unattainable.

Knowledge can also be understood through a subjective lensAlternative stances
to positivism, such as constructivism hold that an objective knowledge,
independent of the researder does not exist, that it is impossible to attain a

O 1 A8 poidk bf Aiew (Maxwell & Mittapalli, 2010). Constructivists believe that
understandings of the world are socially constructed from the subjective
perspectives and standpoints of individuals and groupgCreswell & 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, 2014Qonstructivism is
generally associated with qualitative methodologies such as grouned 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 areshown in Figure 1

2.3 Critical realism

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

of Roy Bhaskaris the overarching ontology of the thesis. The plilosophy aroseas

an alternative to the stance of positivismthat dictated that knowledgeis 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 aAT T OOOOAOEOEOO ADPE OO Aforithisiwgsthat " EA O
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 researchis 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 measuredFletcher, 2017; Williams et al., 2017At the

deeplevelof OOEA OAAI 6h OEA &diDdinvdsipitdtBe £ O OAO,
mechanisms and contexts by which phenomena occu(Vincent & O'Mahoney,

2018) Critical realist research iscontextualist in its approach to knowledge,

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

the research procesgNairn, 2012) There is a mandate to not only understandif

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 within 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 viapositivi st 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 tohealth 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 appled equally to all persons. Critical realism promotes research that
investigatesthe mechanisms and contexual influences of health interventions
and wastherefore seen to bea philosophy coherent with researchthat aimed to

investigate the complexities of occupation as a rehabilitative tool.

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

researcchEO xEOE OAOPAAO OF "EAOEAO060 AAI EAEO
Bhaskar was critical of the way that much knowledge is deternmed 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 multidimensional and

unpredictable. Researchers thesfore seek to understand the effects of

interventions as they occur in the reatworld (Fletcher, 2017; Williams et al.,

2017) Critical realism guided the development of the studies in this research by
mandating open systens research. The research in this thesis itherefore

conduhOAA ET OEA PAOOEAEDPAT O8O0 EidetingOAOEAO
Qualitative research thatallows realities to be discovered via the language of

participants is also an example obpen-system research

2.4 Mixed methodology research

This researchapproach used in this thesis ismixed methodology, aresearch
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 researchmay bedescribedasthe analyss of experiential and
social data while quantitative research focuses on numerical analyses and
comparisons(Halcomb 2014) In reality, research isnot so dichotomous.
Frequently, researchers cross the qualitatie/quantitative divide , for example by
reporting statistics in a narrative manner or usng numbers to report socially
acquired data(McEvoy & Richards, 2006) Mixed methodologies are particularly
useful for situations where minimal previous research has been undertakenThe
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 singlenethod approach (McEvoy & Richards, 2006) The
data generated are likely to be deeper and more compte, 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. 4Q)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 reviewsand two primary studies comprise
the research.The reviews quantitively evaluated and compareddata from across
multiple studies and provided anarrative 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. [ata were generated throughexploratory interviews with
peoplein 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 wasa 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 i ntervention development, a
well-recognised function of qualitative research(Creswell & Plano Clark, 2017;

McEvoy & Richards, 2006)

The second primary study usedpredominantly quantitative methods to
objectively investigate the premise that ocaipation 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 researchis 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
measurementand statistical testing to compare movement outcomes. Like the
qualitative study there was some crossing of the qualitativequantitative divide.
During the research | kept a researcher journal that recordedobservationsand
insights from participant s that added depth to the interpretation of the statistical
analyses.Theseresearcher observations are reported irChapter 10and contribute
to a deeper understandingof the meanings and contextsof the role of occupation

in early wrist injury rehabilitation.

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

constructed based onmixed methodology is illustrated in Figure 1
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Figure 1

Thesis research frameworks and study sequence

Phase One

Systematic Reviews

Methods: Synthesis of data from multiple studies
Calculation of mean differences and effect sizes
Narrative analysis and interpretation of data

!

Phase Two Phasdedl?our .
Interpretive Description Study Integrated discussion

v

Methods: Synthesis of findings from all studies
presented in 4 points that represent key contributions.
A proposal for translating the findings to clinical
practice is presented

Methods: Online activity and exercise log, and
exploratory interviews. Descriptive analysis of log
data, reflective thematic analysis of interviews

|

Phase Three
Motion Analysis Study

Methods: Randomised crossover design,
statistical analysis of data
Secondary data from researcher observations and
journaling

2.5 Summary

Chapter land 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 3Setting the scene

3.1 Chapter overview

In this chapter | present the concepts and theoretical perspectives thaunderpin
the thesisand provide a rationale for the studies First, | describe distal radius
fractures, how they are treated and the problems that can arise during
postoperative recovery. Next, an overview of occupation is presented. | define the
terms activity, occupation and occupation-basedinterventions and discuss these

conceptsin the context of distal radius fracture rehabilitation .

3.2 Distal radius fractures

3.2.1 What is a distal radius fractite

A fracture to the distal end of the radius is a common upperextremity injury,
typically resulting from a fall onto an outstretched hand. Fractures occurin this
region of the radius because thecortical bone is thinner making it more
vulnerable to giving way under load (Macintyre & Dewan, 2016) Distal radius
fractures can bea simple extraarticular type or more complex where there is
significant comminution and involvement of the radio -carpal joint surface. There
are varioussystemsused to classifyfractures of the distal radius. The AO
(Arbeitsgemeinschatft fir Osteosynthesefragenksystem iswidely usedand
classifies fractures according to articular involvement. Type A are extrarticular,
Type B denotes partial disruption of the articular surface, and Type C are
fractures with complete articular involvement. Type C fractures, asillustrated in
Figure 2, arecomplex, 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 intrarticular distal radius fracture

Note. Case courtesy of Dr Joachim Feger, Radiopaedia.org, rID: 813Bi®m Radiopaedia (Distal

radius fracture | Radiology Case | Radiopaedia.ofy Reprinted with permission. CC B¥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 indicaions for surgical intervention,

the majority of minimally or non -displaced, extraarticular (Type A) distal radial
fractures are managed conservativelyHandoll & 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., 2018)e 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 inFigure 3. Theseplates were developed in the early

2000s to replace the traditional dorsally placed plategCherubino 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)olar 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 ork
wire fixation and their use is now widespread(lkpeze et al., 2016; Loisel et al.,
2018)

Figure 3

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

Note. Case courtesy of Dr Balint Botz, Radiopaedia.org, rID: 81408rom Radiopaedia. Qistal

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

permission. CC B¥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 §Macintyre &
Dewan, 2016)and a much lower incidence in the 1865 year ag group (Karl et al.,
2015) Studies report that between 1.5% and 16% of all emergency department
visits are due to distal radius fractures(Maclintyre & Dewan, 2016; Nellans et al.,
2012)and are the most common upperextremity fracture (Karl et al., 2015)In a
study from the United Kingdom the overall incidence of distal radiusfracturesin
2016was107/100,00@ersonyears based on the population ofpeople in Leicester
and the surrounding counties (Stirling et al., 2018) Rates of fractures are higher
in women. In that study there was amale: femaleratio of 32%:68% over the study
period of 2008to 2016(Stirling et al., 2018) The incidence of distal radius
fractures isknown to rapidly increasein women after the age of 45 yeargWilcke
et al., 2013)In women over 65 yearghe 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 beincreasing, 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 radiis fractures arealsocommon. National data
are not published but incidence is illustrated by local data obtained from
Counties Manukau District Health Board (CMDHB), a large, predominantly

urban geographicalregion in the north of the country . During 2017 and 2018, in
CMDHB, a total of 1397 patients were admitted for fractures of thédower end of
the radius, with 41% ofthese undergoing surgeries (data obtained from CMDHB
Health Intelligence and Informatics) . The highest rates of surgery for fractures to
the distal radius wasin the 50-to-59-yearagedgroup where 114/201(57%) of
patients underwent surgery. In Aotearoa, New Zealand, the indigenous people are
- a 1.0fhese 114 patients, 10(9%) werea | eiEpared with 70(61%) who
were NZ European- a | @dake up around 16.7% ofhe population and
frequently have poorer health outcomes than Non- a | @&bson et al., 2015)It

is considered essential that a | d@afa are reportedto highlight inequities in
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service provision and health outcomes(Ministry of Health, 2014). Given this, data

relevantto - a | @dreportedin my studies.

3.2.4 Rehabilitation followingurgery

After surgical fixation of a distal radius fracture, it is common practice for
patients to be referred forrehabilitation 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 ithelps in the prevention of stiffness andactivity 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 n@onsensus
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)ut immobilisation for
up to six weeks after surgeryalsoremains common practice (Lichtman et al., 2011;
Salibian et al., 2019)In the centre where | practice as a hand therapistit is usual
for patients to be referred for hand therapy at their first postoperative
appointment at 7-10 days after surgery. At thahand therapy appointment active
ROM exercises are taught and a protectiveremovable splint or wrist brace such
as thoseshown in Figure 4 and Figure 5, is provided. Refaral patterns vary widely
and not all patients who undergo surgicaltreatment of a distal radius fracture
receive early mobilisation. Even within the geographicalregion of Auckland,

there are differences between services that perform orthopaedic surgensome
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 custormade thermoplasticsplint used postoperatively

Figure 5

Example of aremovablecommercialwrist brace used postoperatively

Note. Image is"Wrist Brace" courtesy of Birdies100 From Creative commons.
(https://search.creativecommons.org/photos/3414375f7eb24558 b845-de0b15b782€)l Reprinted

with permission. CC B¥SA 2.0

Hand therapists traditionally achi eve mobilisation of the operated wrist by
prescribing ROM exerciserepetitions 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 andhey can be taught
via demonstration, written information sheets, and electronic applications. Many
postoperative home exercise programmes are described in the literaturdor distal
radius fractures (Krischak et al., 2009; Quadlbauer et al., 2020; Watson, Haks,

et al., 2018)

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

and the need for formal postoperative rehabilitation has been questioned
(Kooner & Grewal, 2021; Quadlbauer et al., 2020\ 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 e xercise approachess 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 tohome exerciseprogrammes is
variable and may not achieve the dosage of movementequired to resolve motor

impairments (Bassett, 2003)

There have been repeated challenge® 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., 20025tudies in orthopaedic and neurologic
populations have shown thatimprovements in physical capacitydo not
necessarily equateo increasedfunction of the affected limb (Bialocerkowski et
al., 2003; Dekkers & Soballe, 2004; Karnezis & Fragkiadakis, 200Respite this,
rehabiliation following surgical treatment of a distal radial fracture remains
largely focused on the use of exercisdased interventions, particularly in the
early phases where there may be restrictions on loading of healing tissues

(Quadlbauer etal., 2020)

Another therapeutic approach toimproving wrist range of movementis through

performing activities that promote wrist movement in the directions of greatest
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movement loss.Occupational therapists have long usedactivity and occupation
as therapeutic toolsto elicit desired movement(Nelson & Peterson, 1989)The
specified use of dailyactivities, however, does not appearto be aroutine
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 & llyas, 2013; Keizer et al., 2018)or example some centresencourage
light activity such as dressing andlifting up to 2. 5 kg, without a splint, from as
early as a few days after surgergGong et al., 2015; Orbay & Touhami, 2006;
Osada et al., 2008) Conversely, functional use and lifting may be delayd until
four or six weeks(Chung, Kotsis, et al., 2007; Ydreborg et al., 2015r 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 his thesis.
It is propsed that daily activities and occupation canbe safelyused toresolve
wrist stiffness and recover functional use of the wrist aftersurgically repaired
distal radius fractures. Specified performance of daily activitieswill be explored

from various perspectives in this doctoral research.

3.2.5 Safety okarly mobilisation

To consider the use ofdaily activity performance in the early weeks after surgery
itis first necessary to understandthe safeloading limits of surgical volar plates. A
large body ofbiomechanical researchhas been conducted toevaluate whether
surgical volar plates are strong enough towithstand the forces of postoperative
rehabilitation (Alluri et al., 2015; Kim et al., 2017)Such studies test the strength
of volar platesby applying cyclic and axial loads incadavers or bone models at
forces estimatedasequal to early rehabilitation (Putnam et al., 2000) The plates

are then usually stressedto the point of failure.

The load transmitted to the wrist during ROM exercisesand light daily activity
has been calculated in various waysThe load is estimatedat around 100Newtons
(N) (Alluri et al., 2015; Dahl et al., 2012; Osada et al., 2008)grip of 10 N (1kg) is
said to exert 26N of load through the distal radius and the motion of wrist
extension 54 N ofload (Putnam et al., 2000; Rikli et al., 2007) Some studies

suggestgreater load transmissionof up to 300 N based ontransmitted 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 irsimulated 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 Nand in some studiesas 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., 2008ad2s
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 bonesloads greater than 100 N were required for

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

Taken together, there is strong consensus thasurgical 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 causeimplant failure,
loosening of the screwsor loss of fracture reduction while the bone is healing
(Alter et al., 2018) Limiting grip force to 17kg in the first 4-6 weekshas been
suggested as an acceptable limiBrehmer & Husband, 20L.4; Naughton & Algar,
2021)based on the workof Putnam et al. (2000) Peoplecan be educatedas to
what 17 kg represents by gripping a dynamometer in the noraffected handand
avoiding activities that require strong or forceful grip such as usinga 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 mostusual daily
activities by three to six months, as measuredby selfreport 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., 20113urgical
complications are relatively uncommon but in someb A O E dhdétoDid@airment
and disability can persist formany yearsafter surgery (Alter et al., 2018;

MacDermid et al., 2007; MacFarlane et al., 2015piven 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 yeaflLalone et al., 2017)The most
common problematic sequalaeof 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 ha score 0f>20/100 on the PRWE,

indicating activity limit ations (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 nobe 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 CRP$Hall et al., 2016) Persistent pain

AAT OECI EZEAAT Ol U Ei PAAO AT ET AEOEAOAI GO
(Mehta et al., 2011)

Siffness

Joint giffness refers to a limitation of joint motion caused by tightness or
shortening of soft tissuessurrounding joints (Glasgow et al., 2010)Stiffnessof the
fingers, wrist, or distal radio-ulnar joints (DRUJ) is another potential sequela of
surgically repaired distal radius fractures. Studies suggest thafprolonged finger,
wrist or DRUJ stiffnessoccurs in up to 3% 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 r ecovery whenthey have regained 7995% 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., 201&atients 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 deviath@M limitaibn

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<0.0001 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 disabilitySupination
strength and ROM hasbeen reported as a predictor offunctional outcomes
(Ploegmakers et al., 2015; Swart et al., 201Rdss of ulna deviationhas 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 18VlacDermid et al.

(2002) found a moderate associated between a composite measure of wrist ROM
and poorer PRWE scoresGiven that wrist extension, supination, and ulnar
deviation were found to be most associated withactivity limitations , the research

conducted in study IV focused onthese movement directions.

Sensorimotor impairment

Studies have demonstrated a spectrum of sensorimotor impairmers 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., 2018nterventions 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 impairment s commonly occur. Due to the high incidence and cost
of rehabilitating thesefractures, it is essential that hand therapists provide
rehabilitative strategies to address such sequeka Hand therapists traditionally
rely on exercise routines torestore wrist ROM, but the efficacy ofexercise
approaches has beemuestioned. Furthermore, exercise repetitionsmay be
limited in their capacity to elicit functional, complex planes ofmovement or
deliver sufficient therapeutic dosage ofmovement during the day. Specified use
of daily activities and occupations are investigated in this thesisasan alternative
or complementary approach torange of motion exercises in therehabilitation of

surgically repaired distal radius fractures.

3.3 What is activity and occupati@n

3.3.1 Terms defined

The terms ectivity 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 thevarious life activities in which people
engage(American Occupational Therapy Association, 2020) Occupations are
broad categories thatinclude 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 dressedy 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 levet are those of voluntary joint movements such as
wrist extension, and isolatedactions and taskssuch as lifting a cup orclosing a
door. The levels from lowest to highest are voluntary movement, movement
pattern, action, task, activity, occupation, occupational grouping. Activities

therefore sit between tasksand occupationsand henceunderstood to be more
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than atask or series of joint movementsbut less than an occupation(American

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

Activities and occupations are frequently used by ocupational therapists during
rehabilit ation to address occupational performanceand impairments (Colaianni
& Provident, 2010; Hétu & Mercier, 20125uch approactes areknown as
occupation-based interventions and defined, based on the work ofFisher (2014)
asthose whereoccupation is specified as the therapeutic agent of changelt is
implied that patients are active in the process of defining what is meaningful to
them and perform those occupations as therapyHansen et al., 2016)The
premise that engaging in a meaningtl occupation yields different results from a

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

One difficulty with the term occupation-based ntervention is its apparentfocus
on occupation which may therefore exclude the use of activities. In hand therapy,
activities are often used, in preference to occupatins, to promote movement or
enhance engagement in therapy(Dy & Yancosek, 2017; Hansen et al., 201&his
is because m early injury rehabilitation, the focus is often at the activity level,
where activities are performed intermittently, or graded commensurate with the
stage of healingand used as a therapeutic toal known aspurposeful activities
(Hinojosa & Blount, 2014b) Examples of such activities may belonning an item
of clothing, stroking a pet, or washing light dishes The full performance of
occupations such & 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 interventionis usedas a broad termto
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 achievea therapeutic goal

(Hinojosa & Blount, 2014b).
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3.3.2 Assumptions of occupatiopurpose, meaning, context

Occupation, asused in occupational therapy theory, assumescertain inherent
characteristics. These include purpose or utility, meaning tothe individual,
occurrence within the context of everyday life, and deliberate, intentional
engagement(Molineux, 201Q Reed et al., 2013Dccupation isdoing, it is an
active, intentional engagement in things that matter, those things that a person

wants or needs to doduring their daily life (Crabtree, 2010; Madheux, 2010)

Critical to the therapeutic use ofoccupation is the understanding that activities
and occupations areperceivedasmeaningful to the individual (Eklund et al.,
2009). According to Persson et al. (2001Xhe meaning of occupation lies in three
domains of value: concrete, symbolic, and selfreward. Concrete value is the
tangible result of performing an occupation z observing a job well-done or
experiencing satisfaction from a task completed. The symbak value of
occupation lies in the deeper personaimeaning that an occupation represents.
Selfreward 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 Whydoesoccupationmatter?

This thesis explores the concept thatactivities and occupation havediscrete
effectsand mechanismsin bringing about improvements after surgical treatment
of a distal radiusfracture. 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 beenreported for patients receiving an occupation-based intervention
(Colaianni & Provident, 2010; Daud, Yau, Barnett, Judd, et al., 2016; Weinsteck
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 occupationbased
interventions in people with hand and wrist injuries (Weinstock-Zlotnick &
Mehta, 2018) fewer studies haveexplored the mechansms by which activities
and occupation bring about change.Commonly discussed actionsinclude
familiarity of movement, augmented movement volume,distraction from pain,
and preservation of sensorimotor function. Performance of activities may act by
taking advantage ofmotor 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 prticipating in meaningful
activities and occupations may have an ameliorating effect on painby focussing
attention away from uncomfortable movement onto the activity itself
(Weinstock-Zlotnick & Mehta, 2018) Performance of activities and occupations
may assist inpromoting the reorganisation of cortical maps andameliorating 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., 201I)his effect may
be even more important during early phases of recovery, when maladaptive

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

In my clinical role as a handtherapist, | have often observed the effects of activity
performance on motor performance. Movement can be difficult to initiate and
performing a simple task sometimes appears tcelicit movement with greater ease

or with less pain or anxiety than during an exercise repetition

3342 Kl R2yQl 6S 1y2¢6 |062dzi GKS Ay TFf d
The theoretical knowledge on how occupationinfluences movement and

remediatesactivity limitations following upper limb injury is limited . The safety

of performing daily activities in the early weeks of recoveryhas not been

AOOAAT EOEAA AT A OEA teeAntuEnkd oOaitidity asnd OODPAAOQE O,
occupation on recovery has not been fully explored. There are no known studies

where movement has been objectively measured duringurposeful activities in

the early weeksfollowing hand or wrist injury. Without empirical evid ence and a

foundational understanding of the ways that activity and occupation influences



30

recoveryin this population, it remains challenging for therapists to use

purposeful activity as a rehabilitative strategy

3.4 Summary

Chapter 3discussed distal radius fracturesand the problem of postoperative
stiffness. Postoperativerehabilitation wasdiscussed,and occupation-based
therapy put forward as a potentialtherapy to address wrist stiffness and
functional recovery after surgery.The chapter concluded with a discussion on
theoretical perspectivesand conceptsof occupation. The following chapter
represerts the first phase of research intounderstanding the role of activities and

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

4.1 Chapteroverview

This chapter presentsthe first systematic reviewundertaken (study I). The
objective wasto analysethe evidence forhow movement occurs in the context of
purposeful activity as opposed to arbitrary ornon-purposeful movement.

Previous reviewsprovided evidence for enhanced motor performanceduring
purposeful activity in predominantly neurological disordersand 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 asolely upper limb or musculoskeletalinjury perspective.

Chapter 4 addresesRQ1 Does performance of purposeful activities and
occupation influence upper extremity motor performance differentially from
exercises or nonpurposeful movement in healthy and muscuoskeletal injury

populations?

The manuscript waspublished in OTJR: Occupation, Participation and Health

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

Collis, J. M., Signal, N., Mayland, E., & WrightSt Clair, V. A. (2020). Influence of
purposeful activities on upper extremity motor performance: A systematic review
OTJR: Occupation, Participation and Health, 40223234,
https://doi.org/10.1177/1539449220912187

The manuscript is included herewith citations, figures and tables formatted

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

4.2 Publishedarticle

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 engagementin purposeful activities and occupations
on upper extremity motor performance in healthy and musculoskeletal
populations. Databases were searched for studies in healthy or upper extremity
musculoskeletatinjured 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 w ere enhanced when
performed during purposeful conditions. Purposeful activities have potential to
be used following injury to enhance movement and address motor impairmerts
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 forweeks 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 & 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, 201 T linical
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observationssuggest thattherapists 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 sometimesused interchangeably
(American Occupational Therapy Association, 2020)it is important to

differentiate between them. Occupation is defined as thebroad categories ofdaily
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, arethe smaller actions

or sets of tasks that occupations are constructedrom (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 broad@ccupations.

Approachesthat use purposeful activities and occupations therapeuticallyhave
demonstrated beneficial effects on impairmentand functional outcomes for
individuals with upper extremity disorders (Weinstock-Zlotnick & Mehta, 2018)
Therapists have been challengedo make meaningful occupations part of routine
injury rehabilitation (Dy & Yancosek, 2017; Mehta et al., 203/} little is known
about the mechanisms by which activities and occupations operate. It has been
asserted that occupationbased interventions may be more effective than exercise
alone because they: i) promote sekefficacy, motivation and engagement in
rehabilitation; ii) promote greater dosag of motion; iii) preserve sensorimotor
function; and iv) yield differences in motor performance from those seen during
non-purposeful tasks such as exercis@Colaianni & Provident, 2010; Dy &
Yancosek,2017; Hétu & Mercier, 2012; Mehta et al., 20189r clarity, motor
performanceis defined here as the observable production of a voluntary action or
motor skill (Schmidt & Wrisberg, 2008, p. 11)and operationalised as both the
guantity and quality of movement including move ment duration, repetitions,

range, speed and smoothness.
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Research inhealthy and neurologically impaired populations suggests there is
superior motor performance in the upper and lower extremity, when movement
is embeddedwithin purposeful activities, comp ared 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 describethe 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 basgSquires et al., 2013)
Other systematic reviews such as those byVeinstock-Zlotnick and Mehta (2018)
and Bruder et al. (2017have reviewed the efficacy of occupation and exercise
interventions. This systematic review differs by focussing on the causal
mechanisms of purposeful activities on movement, andhe 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 onPROSPEROCRD42019135666 November 2018, the
primary author (JQ searched Medline and CINAHL Complete (via EbscoHost)

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

of purposeful adivity on motor performance. A series of preliminary searches
xAOA O1T AAOOAEAT OiF EAAT OEZAU OAOI O OOAA
use. Table 1details the final search terms and string Results were exported to

%1 A. T O Acitatiocombined, and duplicates removed. Inclusion criteria are

detailed in Table 2. A lower age limit of 16 was set to capture older studiewith 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 18Titles

and abstracts were reviewed by JQ 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 fulktexts 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

Search string used for
all four database
searches

Performance

Motor control

Motor skKill

Quality of movement or motion
Kinematic

Quality or analysis of reach

("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 cortrol" 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:

I AOI 60 AGCAA PYG UAAOO

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 @ narrative reviews, position papers
Conference proceedings or reports

Data were extracted from the studies by the primary author JQ 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 ofclarity, nomenclature for groups and conditions
were standardised across studies. The termurposeful activity was used to refer
to an activity or occupation with purpose; simulated activity, where the activity
was performed in a nonpurposeful manner, and exercisefor movements
performed for the purpose of exercise aloneMotor performance outcomes were
reported as mean differences between conditions or groupskEffect sizes were
calculated for individual outcomes, on the difference between condition or
group, according to Hedgesg, where 0.2, 0.5 and 0.8 indicates a small, medium
and large effect respectively(Cooper et al., 2019)Meta-analysiswas 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 authod@ using
a modified version of the Downs and Black Quality Index(Downs & Black, 1998)

The index s 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, similarto other systematic reviews that included crossover trials
(Burdon et al., 2017) Scoring was modified from 328 to 0-20 where 20 represents
studies of the highest quality. Arandom selection of studies (n=6)was
independently scored by another author (EM) to check agreement between

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

4.2.4 Results

The study selection process is detailedn Figure 6. Twenty-one studies were
selected for inclusion in the review. There were 831 participants in total, with an
age range of 1831 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/er
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

Records identified through A(_iditif)dn_al
= database searching records
= o : identified
= (n=2047) Hrough other
= Medline (n=909) through other
£ CINAHL Complete (n=637) Sources
= Emecare (n=365) (n=16)
AMED (n=136)
A y
Records after duplicates removed
(n=1174)
bo
=
£
o ¥
3
2 Records screened Records excluded
(n=297) (n=259)
Full-text articles
A excluded:
E Full-text articles C_omparlson c_ondltml
= Lo did not meet inclusion
= assessed for eligibility —» N
o (n=38) criteria
= ‘ ‘ (n=7)
Kinematic analysis
during daily activities -
no comparison group
(n=4)
Evaluated effect on motor
learning rather than
b5 motor performance
= 3 (n=3)
= o Cohort included
Studies included neurological participants
(n=21) (n=3)

Note. PRISMA = Preferred Reporting lemsfor Systematic Reviews and M&-Analysis

The quality assessment scores are showin Table 3. Six studieswere graded by
two authors (JC and EN. Agreement was 97.5% so further canarking was not
performed. The mean score was 13.6/20, with a range og88. Recruitment
showed evidenceof 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 beolw 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)he 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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Table3

Scoring of the Downs and Black Quality Index

Reporting External Internal validity (bias) Internal validity 5 o
validity (confounding) g §
a__ o
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 o0 1 1 O 1 o0 O O O 1 1 1 1 1 o0 0 1
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 O 1 1 1 1 1 1 1 18
Hoppe et al. (2008) 1 1 1 1 1 1 1 1 0 0 0 O 1 1 0 1 1 1 0 13
Kehoe and Rice (2016) 1 1 1 1 2 1 1 1 1 0 0 O 1 1 1 1 1 1 1 17

King (1993) 1 1 o0 1 o0 1 1 1 o0 O O o0 1 o0 0O 1 o0 o0 0 8
Lin et al. (1998) 1 0 1 1 1 1 1 1 0 0 0 O 1 1 1 1 1 1 0 13
Ma et al. (1999) 1 1 1 1 1 1 1 1 0 0 O 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 Internal validity (bias) Internal validity 5 o
validity (confounding) = §
o N

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 motperformance outcomes

Characteristics of the studies and main results are presented iifable 4. The
purposeful activities used in the studies included: personal cargTaylor et al.,
2018) writing (Ross & Nelson, 2000; Wu et al., 1994%ating (Hall & Nelson,
1998) using chopsticks(Ma et al., 1999; Rice et al., 2009yeaching for candy
(Sackaloo et al., 20151 mug (Holubar & Rice, 2006; Rice et al., 2009)a bell (Lin
et al., 1998; Morton et al., 1992pr a magazine(Rice & Renock, 2006) meal
preparation tasks (e.g. slicing vegetables or making cookieqFasoli 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. Owomes for
guantity 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 performancen favour of
purposeful activity in at least one outcome. In one lowquality study (Wagner et
al., 1995) the data were in favour of exercise, and in two lowquality studies
(Bakshi et al, 1991; Morton et al., 1992)o differences were observed between
groups for any outcome. Many studies found differences for some performance

variables and no differences for others.

Quantity ofmotion: repetitions, duratiopand 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, 1986small 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 desiredHoppe et
al., 2008; Miller & Nelson, 1987y O O1 OEI DPAOAAEOAA AGAOOEI |
(Morton et al., 1992) The study byHoppe 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. SimilarlyMiller and Nelson
(1987)found longer duration of performance in their occupation condition.
Differences were nonsignificant in that study, but with a large effect size.
Conversely,no difference in performance duration was found byMorton et al.
(1992) The study by Taylor et al. (2018was 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 percentge 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., 2009Ross & 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 large and significant

effect for movement time was also reported byHall and Nelson (1998)but in the
opposite direction, of longer movement time. No difference was observed by
Kehoe and Rice (20169r Rice et al. (1999)Reaction time was measured byRoss
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)pr 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 disphcement than in a virtual reality dart game.
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Study characteristics and outcomes
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Study Design and Interventions Outcomes Results

participants
Bakshi, Randomised, PA: eight handcraft or Number of repetitions No significant difference, between PA and SA
Bhambhani, counterbalanced, woodwork activities during 10-minute session groups in number of repetitions performed
and Madill  repeat measures SA: same activities counted manually No. of repetitions (PA vs. S\):
(1991) two-factor experiment  performed as a movement  Participants rated

Healthy adult students
(n=20)

M:F = 0:20

Mean age: 23 years

repetition

Participants selected most
and least preferred
occupations and
performed them under
both conditions (PA and
SA) in random order for 10
minutes

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

Most preferred 63.3+33.7 vs. 82.9+39.1,-¢-54
Least preferred 63.1+31.9 vs. 84.4+ 43.6-055
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Study Design and Interventions Outcomes Results
participants
Fasoli, Randomised, PA: slicing bread, slicing MT (sec) Significantly lower PV and less D for all tasks in
Trombly, counterbalanced, tomato, stirring cup of PV (mm/sec) favour of PA
Tickle- repeat measures coffee, hammering a nail. /o MT faster for slicing bread, slicing tomato and
Degjnen, SA (three conditions): D (mms) hammering, and fewer MUs for hammering
an - i N
_ Health same tasks performed with _ -
Verfaellie (ne:as;r y participants Natiagdhaind Measured by a motion All other data Were non S|gn|f|cfe1nt
(2002) ) materials/tools capture system Data for hammering PA vs. SA:
MF =1:4 MT 1.45+0.41 vs. 1.99+0.44, g= 1.15
Mean age:58 years PV 67.63+25.57 vs. 12A9+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 Randomised, PA: eatingapplesauce with MT (secs) Significantly longer MT and lower PV in favour of
Nelson counterbalanced, a spoon PV (cm/sec) PA
(1998) repeated measures SA (two conditions): same  MUs Significantly greater MUs against PA. No difference
task performed with D (cm) for D

College students
(n=47)

M:F = 0:47

Mean age: 22 years

limited or no
materials/tools

Measured by a four
camera motion capture
system

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,-6=29




47

Study Design and Interventions Outcomes Results

participants
Holubar Randomised, Reaching and placing own MT (sec) MT significantly faster when reaching for own mug
and Rice counterbalanced, mug or mug owned by PV (degree/sec) 008 OAOAAOAEAOBO i O0C OA«
(2006) repeated measures researcher in a lab or at % of MT at PV vs. 1.00+£0.22, g=0.18, at home; 0.94+0.23 vs.

home MU 0.98+0.20 at lab, g=0.18

Healthy adults S Fewer MUs for participants reaching for their own

(n=32) D (degrees) mug in the lab compared with at home: 3.06+1.72 vs

ME = 0:32 3.63+ 2.46, g=0.27

S Measured by an No other differences observed for mug ownership or
Mean age: 44 years electrogoniometer across |ocation in remaining outcomes
the elbow

Hoppe, Randomised, PA: stirring cookie dough.  Number of repetitions PA group performed a significantly greater number
Miller,and  counterbalanced, Environment enriched to Duration of performance ~ Of repetitions, 80+59 vs. 62+40, p<0.004, g= 0.35, foi
Rice (2008) repeated measures replicate purposeful a significantly longer time, 125+80 vs. 109+87 secs,

College students,
(n=30)

M:F =0:30

Mean age: 22 years

activity of making cookies

SA: stirring an unknown
substance in a covered
bowl

Repetitions counted by
researcher; duration
recorded by a stopwatch

p<0.012, g=0.19
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Study Design and Interventions Outcomes Results
participants
Kehoe and Randomised, PA: throwing darts at dart- D (cm) Significant differences for D, PV MT, % of MT to PV
Rice (2016) counterbalanced, board PV (m/sec) and MA in favour of PA or VR:
repeated measures VR: throwing virtual darts  MT (sec) D (PA vs SA) 242.38+85.28 vs. 258.22+128.08, g=0.
at a virtual dartboard % of MT to PV D (VR vs. SA) 168.91+84.91 vs. 258.22+128.08, g=0
Healthy adults SA: throwing imaginary MUS PV (PA vs. SA) 3.75%1.15 vs. 2.47+0.93, g=1.21
i darts at ablacked-out
(novice dart players) dartboard MA (largest distance MT (VR vs. SA) 0.40£0.24 vs. 0.63+0.32, g=0.80
(n=34) between thumb and % of MT to PV (VR vs. SA) 24.14+14.09 vs.
M:F = 15:19 index finger during the 34.72+19.59
Mean age: 26 years throw) 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
Measured by an eight No differences found for MUs
camera motion capture
system, Xbox 360,and
Kinect sensor
King (1993) Counterbalanced, PA: missile computer game Number of repetitions Significant differences between the groups in favour

repeated measures

Hand therapy patients

(n=146)
M:F = 84:62

Age range: 1878 years

where participant could
use grip or pinch device to
stop missiles

EX: squeeze the grip or
pinch device

Measured by a computer
programme

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=
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Study Design and Interventions Outcomes Results
participants
Lin, Wu, Randomised, PA: reaching for and MT (sec) Significant difference for MT and PV in favour of
and counterbalanced, pressing the lever of a desk py (mm/sec) PA. PA vs. control:
Trombly repeated measures bell to make it ring % of MT at PV MT 0.71+0.13 vs. 0.78+0.21, g=0.39
(1998) SA: same task but bell did PV 1259.2+199 vs. 1198.9+228.6, g=0.28
Healthy adults (n=24) ~ hotring. _ Measured by a three No difference for % of MT at PV
M:F = 8:16 Cr?gtgpl. retz_?]chln?nforvr;/ards camera motion capture
Mean age: 24 years a Isecting a fineon a system
piece of paper
Ma, Healthy adults without PA: pick up and eat cheese Successful completion of Success rate significantly greater in the PA group vs
Trombly, experience using with chopsticks. task SA group: 0.70+0.17 vs. 0.59+0.20, g=0.59. No
and chopsticks (n=40) SA: pick up eraser and MT (sec) differences in MT, PV, or D between the conditions
Robinson- \:F = 12:28 bring it to the mouth. D (mm)
i%%‘gsm Mean age: 24 years Both conditions assessed  py (mm/sec)
( ) during a learning phase
and then as immediate
motor performance 24 Measured by three
hours later camera motion capture
Miller and Randomised, repeat PA: stirring a substance in  Repetitions Non-significant differences in favour of PA. PA vs.
Nelson measures a concealed bowl tomake  pyration of performance ~ SA:
(1987) cookies. Vanilla added to Repetitions: 103.3+67.3 vs. 77.07+54.2, p=0.052,

Healthy adults (n=30)
M:F = 0:30
Age not provided

mixture and fresh cookies
in the oven to simulate
baking environs.

SA: as above but
environment not
augmented

Manual counts of
repetitions, stopwatch
used for recording
duration

g=0.42
Duration: 233.4+169.3 vs. 141.07+87.4, g=0.67
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Study Design and Interventions Outcomes Results
participants
Morton, Randomised, repeated PA: pushing lever on a Repetitions No significant differ ences between PA and Ex
Barnett, measures weight-box device toring @ pyration of performance ~ 9roups for number of repetitions or duration. PA vs.
and Hale bell Ex (means of 3 trials):
(1992) Healthy adults (n=30) ~ EX: pushing lever on Manual counts of Repetitions: 169.37+103.03 vs. 186.53+75.18).49
ME = 15'15 weight-box (no bell) repetitions, stopwatch Duration: 175.38+103.18 vs. 191.73+72.0,15
Mean age: 45 years used for recording
duration
Rice, Randomised, PA: grasping a familiar MT (secs) Significantly fewer MUs (smoother movement) in
Alaimo, and counterbalanced, labelled can of tomato MUs the PA vs. Ex: 59.85+£19.79 vs. 66.03+24.10, g=0.28
Cook (1999) repeated measures soup from the bench and Significantly less D in SA vSEx: 492.42+151.11 vs.

Healthy adults (n=39)
M:F = 0:39
Mean age: 30 years

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)

D (degrees)

Measured by an
electrogoniometer placed
on right elbow

526.61+99.01, g=0.27
No difference in MT between the groups
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Study Design and Interventions Outcomes Results

participants
Rice, Randomised, PA: opening a cupboard MT (secs) No significant differences between PA and SA for
Davies, and counterbalanced, door, reaching for, and PV (mm/sec) immediate exposure condition
Maitra repeated measures  placing a cup on ashelf, /0y When participants had prolonged visual exposure to
(2009) two-factor experiment  immediate or prolonged % of MT to PV objects there was faster movement, higher mean PV

with repeated exposure (transparent or quicker time to PV and fewer MUs

measures on one opaque door) MUs PA vs. SA:

factor SA: as above with a lump D (mm) MT 0.57+0.24 vs. 0.64+0.21, g=0.31

of clay (shape and weight
thy adults (n=59) matched) Measured by a four MV 669.00+£795.45 vs. 349.34+480.01, g=0.48
Healthy adults (n= o _
ME = 12:28 camera motion capture % of MT to PV 0.56+0.26 vs. 0.45+0.25, g=0.43
' ' system MUs 2.21+1.78 vs. 2.76+1.81, g=0.30

Age range: 1845 years
Rice and Randomised, PA: reaching for a MT (sec) No significant differences on any DV excepting
Renock counterbalanced, magazine in three different  py/ (degrees/sec) slower MT, and greater MUs, for neutrally preferred
(2006) repeated measures conditions; most preferred, vs. least preferred magazines:

Healthy adults (n=43)
M:F = 0:43
Age range: 2262 years

neutrally preferred, or least
preferred magazine

% of MT to PV
MUs

D (degrees)
Measured by elbow
electrogoniometer

MT 1.31+0.95 vs. 0.95+0.43, =43
MU 9.09+6.72 vs. 6.40+3.65, g=0.56
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Study Design and Interventions Outcomes Results
participants
Ross and Randomised, PA: pick up pencil and RT (sec) Significantly better outcomes in PA than SA or Ex
Nelson counterbalanced, prepare to write hame in MT (sec) for all DVs (faster RTand MT, fewer MUs, lower D,
(2000) repeated measures normal manner MUs PV and EV)
SA: pretend to pick up a D (cm) For PA vs. Ex conditions:
Healthy adults (n=60)  Pencil and prepare to write Py RT 0.41620.11 vs. 0.429+0.11, g=0.12
name (cm/sec)
M:F = 0:60 % of MT to PV MT 0.526+0.08 vs. 0.550+0.14, g=0.21
Mean age: 22 years =X reaching forward o MUs 1.10+0.24 vs. 1.26+0.35, g=0.53
movement in equidistance EV (cm/sec) S
and helght as PA condition D. 43.5+4.7 vs. 48.4+6.7, g=0.84
Measured by fourcamera PV 113.74£17.0 vs. 123.0+17.7, g=0.53
EV 55.5£12.8 vs. 81.1+22.9, g=1.37
Sackaloo, Randomised, PA: reaching for seven MT (sec) Significantly faster movement time, and fewer MUs,
Strouse, counterbalanced, different types of candy PV (mm/sec) in the most preferred vs. least preferred conditions
and Rice repeated measures ranked by participants % of MT to PV MT 0.73£0.26 vs. 0.82+0.23, , p=0.003, g=0.36
(2015) from most to least

Healthy adults (n=40)
Mean age: 23 years
Gender not reported

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

MUs

Measured by a four

camera motion capture

system

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 Interventions Outcomes Results

participants
Steinbeck Randomised, PA: ping-pong game; Number of repetitions Significantly greater number of repetitions in the PA
(1986) counterbalanced, squeezing rubber bulb to vs. Ex groups: 105.67+33.55 vs. 95.50+32.45, p=0.0.

repeated measures above specified track Manual count of g=0.30

Ex: SqueeZing a I’Ubber ba” repetitions
Healthy adults (n=30)  for ex (no game)
M:F = 15:15 Both conditions performed
) to perceived point of
M 1 = Tl
eanage: 19¢ars 5. OEET C Of 1 /

Taylor, Randomised, PA: five purposeful Maximum and minimum  Thoracic ROMs were significantly greater in PA vs.
Kedgley, counterbalanced, activities (washing armpit, joint ROM (°) SA. Shoulder elevation and internal/external
Humphries, repeated measures eating, combing hair, Joint angles (°) rotation for perineal care 90° vs. 79° and 77° vs. 63°
and retrieving bottle from a Movement patterns respectively; shoulder elevation 81° vs. 68° for
Shaheen Healthy adults (n=14) shelf, perineal care) (mean® from 0 to 100% of combing hair, and 129° vs. 107° for retrieving object
(2018) SA: performing the from shelf.

M:F =8:0
Mean age: 2%ears

movement cycle for each
task)

Movement variability (°)

eguivalent activities as a
movement (e.g.,touching
contralateral armpit,
touching the mouth or
back of head)

motion capture system

Measured by an Xtamera

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 Interventions Outcomes Results
participants
Wagner, Randomised, repeated PA: moving a cork ballon  Number of repetitions Significantly greater repetitions in favour of Ex. PA
Krauss, aad measures a board using air squeezed vs. Ex:
Hl%fggvltz from affut;bef_ butlb aS_?h Manual count of 270.13+61.15 vs. 341.53:83, g=1.23
( ) Healthy adults (n=45) game for 2 minutes wi repetitions
another person present.
M:F = 45:0 o
_ Ex (2 conditions): squeeze
Mean age: 25years g rypber bulb as ex for 2
minutes, with another
person present or alone
Wu, Randomised, PA: reaching forward and  MT Findings were nonsignificant or not in support of
Trombly, counterbalanced, pushing down on a handle p PA vs SA:
_Il__lir;idaend repeat measures to chop a Tresh mushroom PV MT 0.51+0.13 vs. 0.47+0.10,-§=34
Degnen . sg;;zcgmnfzﬁgjd and  percentage of MT at PV D 398.5952.72ys.387.62+44.4, ¢0.22
Healthy participants PV 1260.79+304.64 vs. 1272.18+290.38, g=0.04
(1998) concealed handle (no MUs 60.79+304.64 vs 8£290.38, g=0.0

(n=25) (14 stroke;
results not reported
here)

M:F =6:17
Mean age: 63 years

mushroom)

Measured by a twe
camera motion capture
system

% 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, ¢5.04
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Results

Study Design and Interventions Outcomes
participants
Wu, Randomised, PA: pick up a pencil froma RT (sec)
Trombly, counterbalanced, pencil holder and prepare  MT (sec)
and Lin repeated measures to write name
(1994) - o MUs
SA: pick up an imaginary D (cm)

Healthy physiotherapy Pencil and pretend to

or biomedical students Prepare to write name PV (mm/sec)

Percentage of MT at PV

(n=37) Ex: reach forward

M:F = 0:37 movement in equidistance

Mean age: 21 years and height as PA 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 inthe PA vs. EXx
condition:

PV 1214.332+505.968 vs. 1610.311+963.354, g=0.5
% of MT at PV 58.42+16.15 vs. 66.79+20.72, g=0.45

Note.Values are meant SDor as otherwise indicated. The statisticg refers to Hedgesg for effect size, where 0.2= small effect, 0.5= medium effect, 0.8 = large effect

and were calculated on the difference between conditionor 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 agfity 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}hat 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 studgKing, 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

S - z A oz o~ oz s oA o~

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 participant§emales,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., 199&gding 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 actvities 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., 201Q)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 colleague€l991)where activities were
self-selected, choice was limited to eght 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) selfselected,; ii)
performed in a naturalistic manner; iii) conducted in the participal 008 1T x 1
environment; and iv) evaluated for meaning using tools designed for that purpose
such as the Occupational Value9 (Persson & Erlandsson, 2010pr the

Meaningful Activity Participation Assessment (Eakman et al., 201Q)

Several studies investigated the relatie effect that objects and materials have on
motor performance during an occupation (Holubar & Rice, 2006; Rice & Renock,
2006; Sackaloo et al., 2015n those studies, movement speed and smoothness
were enhanced in participants who reached for a personally owned or preferred
object. This premise has beercorroborated 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 studiesand 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
ET -1T001160 OOOAU AEA 11 0 OAl AédAingahd AT U
was performed in an artificial research environment, and these factors may have
accounted for the lack of perseverance obserd 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 denonstrate 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 motiofBassett,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 vaiables 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 duringourposeful 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 byFasoli @ 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., 1998yhe 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 (.g.,throwing a dart vs. slicing
bread), where one task inherently lequires 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
accelerationand 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

findi ng 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 br 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 purposeResearchers 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 discretectivities and
occupations linked to specified motor performance impairments will help to
elucidate which occupations can be used to target identifiedproblems, 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, engagementin 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 wel
understood. This review adds evidence to the premis 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 activitiesand occupations.

4.3 Chapter summary

The systematic review presetted in this chapter showed that there arediscernible
differences in the way movement is performed when people are performing an
activity that has purpose versus noperceived purpose.Because of the lack of
studiesin upper limb injuries the review was undle to determine whether the
findings hold true for people with wrist injury, particularly early after injury or
surgery. There is a suggestion thafpeople might achievemore movement if they
embed movement into daily activities, rather than solely performing exercise
routines. This suggestionshowed that primary research into the influence of

activity performance on wrist movement in clinical populations waswarranted.

The review highlighted severalmethodological concernswith the included
studies that informed the development of subsequent studiesin this thesis. The
primary concerns were the lack ofself-selection of valued activities and the
location of data collection in laboratory or clinical settings. Both these factors
may have affected mota performance during purposeful activities. For activities
to be used as a therapeutic tool the activities musbe 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 Il and 1V
would be conducted in the homes of participants usingactivities chosen by

participants.

Before embarking onprimary research,l first needed to understand whether it
wasfeasibleand safeto use daly activities as a rehabilitative strategy A second
systematic review was therefore planned to investigatéhe use and safetyof daily

activities during the early weeks ofrehabilitatio n.
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Chapter 5Published study IR 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 thesecondsystematic review undertaken(study Il). The
objective of the review was to critically examine the literature on how
performance of daily activities isrecommended in early mobilisation protocols. |
wanted to determine whether daily activities are considered safe andexplore the
benefits of earlymobilisati on that specified use of daily activities.Exercise
routines are a wellestablishedapproach to rehabilitation of wrist and hand
fractures in the immediate weeks following surgery, but it was not clear whether
performance of daily activities wascommonly recommended. Clinical practice
suggestedwide 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 addressesRQ2: How is activity recommended following surgical
treatment of distal radius fractures and what is the efficacy and safety foearly

versus delayed mobilisatior?

The manuscript was published inHand Therapy (Collis et al., 2020a) The full

citation for the article is:

Collis, J. M., Signal, N., Mayland, E., & WrightSt Clair, V. A. (2020). Influence of
purposeful activities on upper extremity motor performance: A systematic review.
OTJR: Occupation, Participation and Health, 40223234,
https://doi.org/10.1177/1758998320967032

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

consistent with the thesis. A copyof 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 {) 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 P 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 Templat for Intervention Description and
Replication checklist were used for quality evaluation. Effect sizes were calculated
for range of movement,function, and pain at 6z8, 112 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

Performanceof 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 andeneficial. Performing
daily activities may have discrete advantages. Hand therapists are challenged to

incorporate activity -approaches into early mobilisation regimes.



64
5.2.2 Introduction

Following surgical treatment of distal radius fracture it is common practice to
commence mobilisation of the wrist with in two weeks of surgery(lkpeze et al.,
2016) Delaying movement for longer than two weeks has been associated with
greater wrist stiffness and poorer outcomegDennison et al., 2020) Wrist
mobilisation following surgical distal radius fracture repair is predominantly
facilitated by active range d 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., 201and 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; WeinstockZlotnick & 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 mobilisati on 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 n 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 evidencebased 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 hadtwo 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 eauate the efficacy and safety
of early versus delayed mobilisation. Efficacy was evaluated by determining
whether there was greater wrist and forearm movement, better seHreported
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 Metaanalysis) 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 {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 ntre 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 andbecause 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 sito 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 basiSAmini 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 criter ia are listedin Table 5. Searchresults

from each database were exported téol A . | O Acitatiohs3combined, 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 missedstudies.

Table 5

Inclusion and exclusion search criteria

Inclusion criteria:

I AO1 06 ACAA P YB UAAOO

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 (JQ 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 activitie§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; Loza@alderdn et al., 2008;
Valdes, 2009; Watson, Martin,et al., 2018)and there was no reply from three
(Duprat et al., 2018; litsuka et al., 2016; Quadlbauer et al., 201Axtivity and
exercise data were tabulated and reported descriptivelyOutcome data were

ROM, function, pain, and adverse events. Outcomes were grouped into-@, 1012


https://endnote.com/wp-content/uploads/m/pdf/en-x8-qrg-windows.pdf

67
and 24-26 weeks to facilitate comparisons across studieQutcome 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 anall, 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 egivalent 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, 198) 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, inline with previous reviews, to give an overall rating:O A @A AT 1 28 O
bl ET OOh OQGi 1 BBEXEOONGOBAEODOLAAD AYIODPT T O
(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 EvidenceBased Mediéne (CEBM) 2011 Levels
of Evidence(Howick et al., 2011py (JQ. The quality of postoperative intervention
reporting was evaluated by the Templatefor Intervention Description and
Replication (TIDieR) checklist (Hoffmann et al., 2014) The TIDieR was developed

in 2014, as an extension to the CONSORT 20{doher 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 byYamato 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 detailedn Figure 7. Following duplicate removal,
2179 articles were located across five databasés 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 fulttext review, of

which eight were included in the final review.

Figure 7

PRISMA Flow diagram

Records identified through .
. Additional
= database searching (n=3338) records
2 MEDLINE (n=1885) dentified
E OVID Emcare (n=654) >
= . through other
= CINAHL (n=549) sources
2z SPORT Discus (n=241) (n=1)
- AMED (n=9) -
Records after duplicates removed
" (n=2179)
5 J
E v
A Records screened Records excluded
(n=2180) (n=2160)
Full-text articles
excluded (n=12):
g Full-text articles ) Comparisons not
2 assessed for eligibility |— "] made between early
.20 _ and delayed
= (n=20)
K mobilisation (n=8)
Both groups
mobilised before two
weeks (n=1)
r
Both groups
Studies included in mobilised at = two
quantitative synthesis weeks (n=1)
E ‘(“:8) Cohort included
= RCTs (“25) dorsal plating (n=1)
£ Retrospective Case series, no
comparative studies comparator group
(n=3) (n=1)

Description of studies
Study design and participant characteristics are detailedn Table 6. A total of 519

participants were included across eight studies. The largest trial randomised.33
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participants across three groups(Watson, Haines, et al., 208) 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. Tvabudies
included only AO (Fernandez, 2001}ype 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 Il Oxford CEBMevels of
evidence(Howick et al., 2011yandomised controlled trials (RCTs) (Andrade-Silva
et al., 2018; Clementseet al., 2019; LozaneCalderon et al., 2008; Quadlbauer et
al., 2017; Watson, Haines, et al., 2018jth the remaining three being level four
retrospective chart reviews(Duprat et al., 2018; litsuka et al., 2016; Valdes, 2009)
The studies all compared early and delayed mobilisatog H T O P Ox1 x AAE
varied with respect to purpose. Four studies aimed to determine the optimal
period of immobilisation (Duprat et al., 2018; LozaneCalderén et al., 2008;
Quadlbauer et al., 2017; Watson, Haines, et al., 2018)he purpose of the
remaining studies was to evaluate use of analgesigAndrade-Silva et al., 2018)
compare home and outpatient rehabilitation (Clementsen et al., 2019)
achievement of minimal clinically important differences for the DA SH score
(litsuka 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 18) and delayed until an average of 30 days (weeks twAndrade-Silva et
al., 2018; Clementsen et al., 2019; Duprat et al., 2018; litsuka et al., 2016)
three(Watson, Haines, et al., 2018)five(Quadlbauer et al., 2017)pr six(Lozano-
Calderon et al., 2008; Valdes, 2009; Watson, Haines, et al., 2018 the

immobilised groups (seeTable 7).

Performance of dailyctivities 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 wristlitsuka 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 suchas 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 lhe wrist (Lozano-Calderon et al., 2008;
Watson, Haines, et al., 2018)Of note, Watson, Haines, et al. (2018}o0k a
collaborative approach, agreeing on activities that promoted wrist movement and

those that were enjoyed where possible.



Table 6

Characteristics and main outcomes of the included studies in order gdiality
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Author Level ' Study purpose AO Characteristi cs Outcomes Effect sizes at Effect sizes Effect sizes
of evidence' classificatio 6-8 weeks, EM at 10-12 at 26 weeks,
Study Design n(type A, B vs. DM weeks, EM EM vs. DM
Quality orC)" vs. DM
of evidence"
Watson, Level 2 Compared (a) A: 12% Total n =133 Data for 1 vs
Haines, et al. one week, (b) B:67% () n=46 6 weeksimmobilisation:
(2018) RCT three Weekif M. 18%  Mean age 54.0£15.6  Wrist extension Medium  NR Small
i(r?n?g(b\ill\EZtizn Unknown: Female: 63% Wrist flexion Large NR None
Quality of 3% DHI: 41% Supination Small NR None
evidence: (b)n=41 Pronation Smalll NR None
Excellent Mean age 51.1¥14.9  DASH Medium NR None
Female: 75.6% PRWE Medium NR None
DHI: 29% Pain: NRS11 None NR Small
(c)n=46

Mean age: 52.0+£15.9
Female: 54%
DHI: 39%




72

Author Level Study purpose AO Characteristi cs Outcomes Effect sizes at Effect sizes Effect sizes
of evidence' classificatio 6-8 weeks, EM at 10-12 at 26 weeks,
Study Design n (type A, B vs. DM weeks, EM EM vs. DM
Quality orC)M vs. DM
of evidence'
Clementsen etLevel 2 Compared A: 100% Total n =119 Wrist extension Small None NR
al. (2019) (a) EM (2-3 (a) n =57 Wrist flexion None None NR
RCT days) _ Mean age: 55+12.4 Supination Small None NR
SES;%;?A?:S;’ Female: 93%DHI: 49%  Pronation Small None NR
Quality of with (b) 2 (b) n =62 Quick DASH PRWE Small None NR
evidence:  \yeeks Mean age: 55+11.9 Pain: VAS Small None NR
Good immobilisation Female: 89% Small None NR
and a single DHI: 53%
physiotherapy
visit
and exercise
programme
Andrade-Silva Level 2 Compared A: 0% Total n = 39 Wrist extension and None None None
et al. (2018) (a) EM (immedi g: 104 (a) n =19 flexion arc
RCT xtfﬁrzg)splmt) C: 97% Mean age: 51.2+16.6  Supination & pronation gmg|| None Small
- Hieati Female: 58%DHI : 47%  2'C None Medium Small
immobilisation Quick DASH
Quality of in a splint for (b) n =20 ' ’ Small Medium Small
evidence:  two weeks Mean age: 47.6+15.1  Fain:NRS11
Good

Female: 55%
DHI: 60%
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Author Level Study purpose AO Characteristi cs Outcomes Effect sizes at Effect sizes Effect sizes
of evidence' classificatio 6-8 weeks, EM at 10-12 at 26 weeks,
Study Design n (typg A B vs. DM weeks, EM EM vs. DM
Quality or C) vs. DM
of evidence'
Lozano- Level 2 Compared A: 38% Total n=60 Wrist extension NR None Small
Calderdn et al. (@ EM(<14  B:13% (a) n =30 Wrist flexion NR None None
(2008) RCT g;yvsv)e\g:: (b) C: 48% Mean age: 55 Supination NR Small None
immobilisation Female: 63%, Pronation NR None None
Quality (b)n=30 Quick DASH, NR None None
of evidence: Mean age: 51 Pain: NRS11 NR None Small
Good Female: 67%,
Quadlbauer etLevel 2 Compared A: 3.5% Total n=28 Wrist extension Large Medium Large
al. (2017) (@) EM B: 3.5% (a) n =15 Wrist flexion Large Medium  Large
RCT (immediate) witC_ 930 , S . :
: : 0 Mean age:49.13+15.41  Supination Medium None Medium
h (b) five weeks . 2a0 . .
immobilisation Female: 63% Pronation Medium None None
Quality of DHI: 53% Quick DASH Large Medium Medium
evidence: Fair (b)yn =13 PRWE Large Small Medium
Mean age: 58.77+12.06 Pain: NRS11 Small Small Small

Female: 67%
DHI: 46%
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Author Level Study purpose AO Characteristi cs Outcomes Effect sizes at Effect sizes Effect sizes
of evidence' classificatio 6-8 weeks, EM at 10-12 at 26 weeks,
Study Design n (type A, B vs. DM weeks, EM EM vs. DM
Quality orC)" vs. DM
of evidence'
(valdes, Level4 Compared (a)EM (at Type A: Total n=23 Data for 1 vs (at start of (at
2009) one week) with 100% (@) n =14 6 weeksimmobilisation: hand therapy ldischarge:
Retrospecti (0) six weeks Mean age:62.79+12.10 or 6 weeks mea£5f
ve chart  immobilisation Female: 78% \I,EVI\(jIe 1S()\(/)vreek<
review DHI: 28% for DM)
i (b)n=9 Small
Q‘?g‘“ty of Mean age: 55.22+12.54 Wrist TAM Small ma
E\;rence. Female: 67% Forearm TAM Smal Small
DHI: 67% ULFI: Small Small
No. of therapy visits Large
to reach 40° wrist
extension and flexion
No. of days Large

to reach 40° wrist
extension and flexion
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Author Level Study purpose AO Characteristi cs Outcomes Effect sizes at Effect sizes Effect sizes
of evidence' classificatio 6-8 weeks, EM at 10-12 at 26 weeks,
Study Design n(type A, B vs. DM weeks, EM EM vs. DM
Quality or C) vs. DM
of evidence'
(Duprat et Level 4 Compared (a)EM A: 54% Total n=72 Wrist extension NR None NR
al., 2018) (immediate, no B: 1% Wrist flexion NR Medium  NR
Retrospecti splint) with (b). C: 45% (a) n =36 Supination NR Small NR
ve chart immobilisation in a M 61417 4 b 6 NR N NR
oo splint for 2 weeks ean age: 61+17. ronation one NR
Female: 69%, Quick DASH NR None NR
_ PRWE NR None NR
Quality of (b) n =36 Pain: VAS NR Small
evidence:
Fair Mean age: 58t14.7
Female: 80%
(litsuka et Level 4 ComparedMCID for A: 20% Total n =45 Data for group where
al., 2016) function for (a) EM (< g: 94 (@) n =27 there was a MCID for
Retrospecti i(::%?))b\ill\ggti(g% for C:71% Mean age:57+13 DA_SH: _ N NR
ve chart > woeks Female: 74%DHI: NR  WVrist extension Small one
review Wrist flexion None None NR
(b)n=18 Supination Small Small NR
Quality Mean age: 49+19 Pronation None Small NR
of evidence: T i '
Female: 56% Quick DASH Small Medium NR
Pain: VAS NR NR NR

DHI: NR

Values are mean + SD or as otherwise indicated
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i Level of evidenceaccording to the Oxford Centre for Evidence Based Medicine (CEBM) 2011 Leved$ Evidence (Howick et al., 2011)

il 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 handDHI: 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 foearly mobilisation (EM) groups

Author EM: mean DM: mean Exercise Removable Daily Activity types Intensity Therapeutic use *
no. of days no. of days intervention splint activities
surgery to surgery to provided performed
mobilisation mobilisation when without
mobilised splint
Watson et 7 21 Standardised No Yes Negotiation of ND Daily activities
al.? wrist and daily activities collaboratively
finger exercises between agreed between
42 No patient_ and thel_rapist_ and
therapist, focus patient, linked
on enjoyed where possible with
activities movements similar
to exercises
Clementsen 2-3 14 AROM 4x/day No Yes ADLs Non-weight No
et al.® bearing until
day 13, load
bearing as
tolerated
from day 14
Andrade- 1 14 Wrist exercises No Yes Light ADLs No impact No
Silva et al.?® provided within pain activities or
limits excessive

effort in the
first 14 days
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Author EM: mean DM: mean Exercise Removable Daily Activity types Intensity Therapeutic use *
no. of days no. of days intervention splint activities
surgery to surgery to provided performed
mobilisation mobilisation when without
mobilised splint
Lozano- 8 49 Active and Yes Yes Light ADLs Lifting Encouraged to
Calderon et active-assisted <2.5kg perform light ADLs
al.® wrist ROM for the purpose of
exercises OAGAOAEOQET
wrist
Quadlbauer 1 35 Wrist and Yes Yes Light ADLs Light No
etal. 26 finger exercises
Valdes?? 7 42 Wrist and Yes Yes Light ADLs <1lkg No
finger exercises Guided by pain
Dupratetal. 1 14 Wrist AROM No Yes Light ADLs Light No
27
litsuka etal. %3 42 Wrist AROM No' Yed ND ND No

28

I Activities and occupations selected as interventions to meet specific therapeutic goaléAmini et al., 2014)

i Use of a wist splint was not reported but assumed from the content of the paper. Performance of daily activities without a splint was herefore inferred.

ADL: activities of daily living; AROM: active range of motion; DM: delayed mobilisation; EM: earlymobilisation; 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 wittbZ weeks immobilisation

Five studies(Andrade-Silva et al., 2018; Clementsen et al., 2019; Duprat et al.,
2018; litsuka et al., 2016; Watson, Hainest al., 2018compared mobilisation that
commenced prior to two weeks with mobilisation that was delayed until 2to 3
weeks. Of these, three were of good or excellent qualityAndrade-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 faearm or wrist range of movement in three studies, in favour of
early mobilisation (Andrade-Silva et al., 2018; Clementsen et al., 2019; litsuka et
al., 208), 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 222 weeks for some ROM measurd®uprat et al., 2018;
litsuka et al., 2016) At 26 weeks, small ad medium effects in favour of the early
mobilised groups were observed in one goodAndrade-Silva et al., 2018and one
excellent (Watson, Haines, € al., 2018)quality study, for some ROM outcomes. In
neither of these studies did the authors report these as statistically significant

differences.

Function

Selfreported functional scores for the DASH were better in two studies in the
early mobilised groups (Clementsen et al., 2019; litsuka et al., 201@)ith a small
effect size at the 6to 8 week follow-up. At 1012 weeks one studylitsuka 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 1@o 12 and 26 weeks
(Andrade-Silva et al., 2018)

Studies comparing <2 weeks wittb® weeks immobilisation

Four studies compared mobilisation that commenced prior to 2 weeks with 5to 6
weeks immobilisation (Lozano-Calderon et al., 2008; Quadlbauer et al., 2017;
Valdes, 2009; Watson, Haines, et al., 2018l arger effect sizes were seen in these
studies than the previous comparison. Two of these were of good or excellent

quality (Lozano-Calderon et al., 2008; Watson, Haines, et al2018)

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)exion (Quadlbauer et al.,
2017; Watson, Haines, et al., 201,8nd forearm rotation (Quadlbauer et al., 2017,
Watson, Haines, et al., 2018vith predominantly medium to large effects. At 10to
12 weeks small nossignificant effects of early mobilisation were observed for
supination in one study (Lozano-Calderon 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 mobilisé prior to 2 versus 6 weeks.

Function

Better function was reported in two studies at 6to 8 week outcomes(Quadlbauer
et al., 2017; Watson, Haines, et al., 201@)th medium and large effects. In one
fair quality study (Quadlbauer et al., 2017a medium effect for function was

observed at 1012 weeks and this was maintained at 26 week followp.

Pain
Lower pain was reported in two studies at 6to 8 week outcomes(Quadlbauer et

al., 2017; Watson, Haines, et al., 2018jth small effects. In one of these studies
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(Quadlbauer et al., 2017)ower pain was maintained at the 10o 12 and 26 week

follow-ups with small effects.

Adverse Evds

Adverse events are reported in full in Supplementary File ZAppendix D). There
were losses of fracture reduction reported in two studies at slightly higher ratesn
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.

Qualityassessment

The scores from the quality assessment are shown ifiable 8. The mean score
was 20/28 (range 127). One study wasgraded as excellen{Watson, Haines, et
al., 2018) three as good(Andrade-Silva et al., 2018; Clementsen et al., 2019;
Lozano-Calderon et al., 2008) three as fair(Duprat et al., 2018; Quadlbauer et al.,
2017; Valdes, 2009nd one as poor quality(litsuka et al., 2016) CEBM levels of
evidence are shownin Table 6. Randomisation occurred in all but the three
retrospective sudies (Duprat et al., 2018; litsuka et al., 2016; Valdes, 20Q9)
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; Lozan€alderdn 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-Calderén et al., 2008) Of
the eight studies, three failed to make adjustments for multiple analyses
(Andrade-Silva et al., 2018; litsuka et al., 2016; Quadlbauer et al., 20&4ny in
three studies, confounding variables such as different surgeons or sites were not

accounted for (Duprat et al., 2018; litsuka et al., 2016; Valdes, 2009)
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Results from the TIDieRchecklist can be found in Supplementary File 3
(Appendix E). The mean score was 8.5/24 (range-37), 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 preided them,
what modifications were made and how intervention adherence was assessed

(Valdes, 2009; Watson, Haineset al., 2018)
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Scoring of the studies according to the Downs and Black Quality Index
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Author

Reporting

External
validity

Internal validity

Internal validity -
confounding

Power

10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26

27

Score/28 Grade

Watson,
Haines, et
al. (2018)

Clementsen
et al. (2019)

Andrade-
Silva et al.
(2018)

Lozano-
Calderon et
al. (2008)

Quadlbauer
et al. (2017)

1

1

1 0 1 1

27

25

23

23

18

Excellent

Excellent

Good

Good

Fair
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Reporting External Internal validity - bias Internal validity - Power Score/28 Grade
validity confounding

Author 12 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Valdes 111121111001 1001 1100 01 00 0 0 0 16 Fair
(2009)
Dupratetal. y 4 4 571 1100 101001 1101 11 00 0 0 0 15 Fair
(2018)
litsuka et al.
(2016) 17110111000 0O 000 1 1 0 0 1 1 1 0 0 0 0 O 11 Poor
The final score, out of 28 points, was assigned one of four grades, inlinewith OAOET OO0 OAOEAxOh O CEOA zZAB POEOADh22OROERGJ £

Pl ET OOh BEFADOET AldOr AfaipoinEDT T 08
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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 wasevaluated 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 exerciseglkpeze et al., 2016)Exercise
regimes are relatively weltunderstood 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 rehabilit ation. 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 isfirst, 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 he safety of
early fracture loading has been debatedBrehmer & 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 weltdefined in the studies but
commonly described as needing ¢ 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)ese 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 tofracture 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 suffieent 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., 2003Yhe 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; Osadd. £2008;
Waterbury et al., 2016) Collectively, these studies corroborate he 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 dayd 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 selfefficacy and confidence, factors which have been
associated with better outcomes fdlowing surgery for distal radius fracture (Bjork
et al., 2020) Activities of increasing load, complexity and challenge can be
gradually introduced, and as mastery of these activities is achieved confidence
and selfbelief 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).
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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 norimpact
activitiesbutdiA 1T O CEOA AgAi bl A0O8 / AOCAOOAOEIT O
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, 201if)ore specificexamples 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 sefselected,
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 occupationbased interventions
may be underutilised in hand and wrist injury rehabilitation. Purposeful activities
have been shown to enhance motor performancend 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 acivities. 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¢arlier return to function (Brehmer &
Husband, 2014; Quadlbauer et al., 2017; Watson, Haines, et al., 20E8)d 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 olonger.

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 shortterm 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 awa 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 nosreporting
of losses to folow-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)Jsing the TIDieR scale,
failings across all aspects of reporting and monitoring were noted. On the \kole,
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 sizegLozano-Calderdn et al., 2008)
Directions for future research are suggested including bbmechanical 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

influen ce recovery from wrist fracture.

5.2.6 Conclusions

The review found evidence that performance of light, nonforceful daily activities,
without a splint in situ, was commonly recommended in the first two weeks
following volar plating of distal radius fractures aspart 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 specifeein 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
weeksof 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 the@pists to incorporate
activity into early postoperative rehabilitation, and to conduct further research

into the mechanisms and effects of activity and occupationbased interventions.

5.3 Chapter summary

Chapter 5 presenteda systematic review published in thepeer-reviewed journal,

Hand Therapy. The reviewis the first known to have explored how activity is



90

recommended in early mobilisation protocolsT O OAEAIOASOERADD xEA
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 occupaton.

First, it was not possible to define the types of activitiesthat may be considered

appropriate for various stages of bone healing, or even if such prescriptive

COEAAT ET A0 AOA T AAAAASB BalBanArcspehfig, lpapriyAAOE OE
defined term that requires greater explication. What constitutes acceptable loads

to the fracture was also poorly defined Second,the review did not explore the

xAUO OEAO DPAOEAT 060 OEAI OAlI OAO 1 Au PAOAA
and occupation. To gain a comprehensive picture of the value obccupation in

remediating wrist stiffness and function after surgerya patient perspective is

needed.Last, the review showed that performing daily activities may play a

greater role in the regoration of wrist movement than currently known. The

need for further researchthat investigates occupation and exercisebased
approachesindependently was reinforced. The following two chapters presenta

qualitative study that was conducted tounderstand the perspective of patients

immersed in the rehabilitation journey.
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Chapter 6 Published study lliConceptsand studyprocedures

6.1 Overview

Study | showed that movement produced by purposeful activitydiffers with
respect to quality and quantity from exerciseroutines or non-purposeful
movement. Study Il elucidated that occupation plays arole in the recovery of
movement after surgery. These systematic reviewsset the stage for further
research into the specificmechanismsof how occupation might work to bring
about change aftersurgical treatment of a distal radius fracture. The thesis now

shifts to the generation of new knowledgevia primary research

Chapter 6 and Chapter 7present a qualitative study thataddresesRQ3 What
are the experiences and perceptios of patients on how participation in daily
activities and occupationsinfluence recovery after surgery for distal radius

fracture?

The study explored perspectives on how daily activities and occupation
influenced the rehabilitative journey. The purpose ofthis chapter is to present an
overview of the study, discuss theunderpinning concepts, and give a more
detailed account of the analytic process than is possible in a publication. The

published article is then presented inChapter 7.

6.2 Purpose of the study

Study Il used the qualitative methodology of Interpretive Description (ID) and
was designedasa prequel to study IV which usedthe quantitative approach of
objective measurementand statistical analyss. In study Ill, 1 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 | had a clearer picture ofhow occupation

might be used, | could then undertake objective analysis of movement.
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6.3 Philosophyand nethodology Critical realism anthterpretive
Description

Interpretive Description methodology was used in study IlI(Thorne, 201&),
underpinned by a critical realist perspective.Critical realism research aims to
investigate complex phenomena and discover hidden mechanismdD 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 realvorld 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 concerngBarolia et al., 2013; OlufemiYusuf et al., 2018)Thorne claimed
that health researchers freqiently failed to adhere to the conventions ofsuch
methodologies, due to lack of a more suited approach. This led to incongruencies
between methodology and method, and a lack of study rigourorscA A1 1T AA OOI 1
O A E A(Thdeet al., 1997, p. 172)D focuses on identifying commonalities and
differences and frames studies in ways that will contribute to knovledge 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 evidenceto one sideduring analysis, as
might occur in a grounded theory analysisfor example, ID usesexisting
knowledge as a platform from whichto grow new knowledge. Study Il explicitly
builds on theoretical perspectives about how activities influence recovery from
upper extremity injury . Concepts such again 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 Il is to explore whether such concepts hold truefor
people with a surgically repaireddistal radius fracture, andto bring new concepts

to light . Preconceptionsare discussedbelow 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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guestion and recognisethat knowledge cannot be fully put aside during data
analysis. Critical realism research is theorydriven, the existence of theories is
accepted but through a critical lens (Fletcher, 2017; Williams et al., 2017)
Research is constructed to test theories thaoffer plausible, but possibly fallible,
explanations (Ackroyd & Karlsson, 2014; Cruickshank, 2012} his research is not
focused on theory-generation but rather on theory-exploration. | wanted to find
out not only if activities and occupations influence injury recovery, buthow they
Ai 018 $1 OEA AQGEOOEI ¢ OEAT OEAO EI 1T A 00O,
xEAO AOA OEA EAAOT OO OEAO A A£AEAlpagkin ET AE

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., 2018nowledge is attained through

exploring the experiences and perceptions of individuals and the contexts in

which events occur(Hunt, 2009). Study Il 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. 4 EA  OOOAU xAO AdalixA OABKA AETOEQEA | @1
participants home in keeping with the precepts of critical realism that advocates

for open-environments.

6.3.1 Key preonceptions

A number of conceptsas to howoccupation and purposeful activities influence
recovery following upper extremity injury have been proposed.Suchconcepts are
important to make explicit as they informed the interview question guide in
study Ill. One concept is that movement embedded in activities involves familiar
motor processes and can therefore b@erformed automatically and with greater
ease than a new movement patternColaianni & 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 activitieson 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 &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 enhancegngagement 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 effectwasobserved inone study whereindividuals with hand
injury were seen to be mae motivated to perform therapeutic activities than
exercises(Guzelkucuk et al., 2007) The promotion of self-efficacy hasbeen
advanced by some authors for how activities ad occupations promote injury
recovery(Mehta et al., 2011; Pereklarmol et al., 2017) Poor self-efficacy has been
shown to predict higher levels of disability (PérezMarmol et al., 205). It has
been suggested that engaging in motivating, enjoyable activities builds
confidence and provides some reassurance that disability will not las{Guitard et

al., 2018; Mehta et al., 2011; Pérbtarmol et al., 2016)

Concepts from studies | and Il also informedthi s study. Study | showed that
movement was enhanced during purposeful activities suggestingthat if people
perform valued activities during rehabilitation, they may produce more
movement volume than by only performing exerciserepetitions. Study Il

introdu ced 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.| designed questions in
study Il that explicitly explored perceptions and experiences about wrist

movement during early rehabilitation.

6.3.2 Presuppositions interview lifting up the sacred rocks

Thorne (2016d)acknowledges that researchers add breadtho 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 investigatior.

recognised that an inherent power imbalance could occur between myself and



95
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 mytheoretical allegiances and personal ideasa
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 | was asked how | would remainreflexive and open
to unexpected findings. My supervisors encouraged me to set aside my clinical
assumptions and beattentive to the language of myparticipants that may reveal
emotions, difficult to articulate concepts, or experiences at oddswith what | may
expect. Excerpts from that interview are included here to illustrate some of the
challengesand reflective strategiessuggested.The text has been condensed and

paraphrasel for readability .

Supervisor. So, Julie, talk to us about what brings you to this topic.
The questions that you're asking.

Julie: 8 | remember last year, | had a student and | was with a
patient who was struggling with pain. And | 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 seened
to be able to move a bit more than when we tried doing the
exercises with her. Yeah, so | guess that's always where my
curiosity has been. And I've always hadsome kind of everyday
objects in my drawer that | can pull out8 B8t I've always felt that
there's not a lot of evidenceto 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 wanted to be able to formalise
or structure some ways about how to use activities and
occupations in my practice.

Supewisor: So howin 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 | 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 B A O E Ado,@ddisten, | guess, would be one thing.8
It's been interesting, as I've written questions for the interview
protocol, how I've changed,) & fefcolated thoughts along the
way and changed how | originally might have written my



guestions, I've thought how | could reframe questions to be more
open. Try not to have too many preconceived ideas about what |
want to find.

Julie: | also think that bein g 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 meto look at the motor control
literature and, and | felt resistant to start with. Like, | don't really
want to do this, but | also know that it's good to explore other
ideas and othertheories, other ways of thinking. Being part of this
research team hashelped me find my voice in this [occupation]
space, because I've had to defenthy ideas and think about how
other theories can also inform what we do in musculoskeletal
practice.

Supeavisor: And that's those moments of feeling uncomfortable,
that you go, Well, hang on. Why is that? Andasking what am | not
seeing? What am | not asking about? And perhaps ask yau
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 mighthe uncomfortable but go with that
sense of discomfor8 And reflecting on how you're coming to this
with your previous knowledge, or existing knowledge and
experiencesHow 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 becritiqued 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. | 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 space8 This is what will hold you, the

curiosity and the wonderanA OEA OEET ¢cO UT O AEAT 60
be there.

Juie4 EAO6O A Cii A OEET ¢ O EAAD ET 1 EI
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 |
think should be th e 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 aresearcher rather than a

clinician. It helped me to differentiate the two competing roles and to enter the
study as a researcherThroughout the study | kept coming back to the interview
transcript to remind m yselfto 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 ar@ot covered
in depth in the published article. The procedures are those required for ethis,

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 Bhics

Ethical approval for study Ill was provided by the Auckland University of
Technology Ethics Committee (AUTEC), study number 19/224 on the 3 July
2019 The approval letter is shown inAppendix F and CMDHB localities approval
in Appendix G. As the study was to be conducted in the homes of participantsit
was important to show that | had considered safety aspects of fiekbased
research.A researchersafety protocol was submitted and isincluded in Appendix
H. The study participant information sheet and consent form are in Appendix |

and Appendix J

6.4.2 Datageneration

Data were generated via an activity and exercise log and semistructured

interview.
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Activity and exercise log

Between weeksthree and six postoperatively participants were asked to complete
an online activity and exercise logvia the application Microsoft Forms. A printed
copy was available if needed. The logontained 12 multichoice questions about
exercises performed that day, thetypes of activities performed, pain and stiffness,
the difficulty of performing activities, and one question about kinesioplobia. The
log is included in Appendix K. The rationale for the log was that | 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 preempting 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 exercisesmay have reported inaccurately or
done more activities or exercisesthan they otherwise would have To mitigate
this, it was made explicitthat OEA 11 ¢ xAO 11 O EthaOthel AAA O
focus wasthe experiences of participantsnot whether or not activities or

exerciseswere performed.

The log was developed from theActivities of Daily Living taxonomy of Térnquist

and Sonn (1994) occupational performance problems identified by hand therapy

patients (Poulsen & Hansen, 2018)the Meaningful Activity and Participation

Assessment ofEakman et al. (2010and identification of valued activities of New

- AAT AT A - al-Okl @BGt-3G T#1 AEO AO Al 8h a4l Yan
2012) The log was reviewed by two & | f@afients in hand therapy at the

Manukau Super Clinic to check for accuracy of Te Reo-(a | l@nguage) and

usability.

Semistructured interviews
The interview guide wasinformed 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 asde existing theory but rather to test implicit
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knowledge in a theory-informed manner (Manzano, 2016; Thorne, 2016c)he
interviews were a semistructured exploratory style (Manzano, 2016) They not

only investigated the perceivedcausal link between meaningful activities and

= o~ =

ET EOOU OAAT OGAOU AOO Al O0i OEA OEIT x8h OxEU;
to explore the existing theories on activity participation (those outlined in 6.3.),

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 clinicatype questions

and take on a researchinterview mode (Thorne, 2016c) Questions should be

AAOCECT AA O1 AT EAEO EEAAAT ET &£ Oi AGETT AT,
own hunches. Thorne also cautions researchers not to have overly inflated

expectations about what participants will be able to articulate, that researchers

should be realisticand mustAl 1 T x OOZZEAEAT O OEIi A O1 Al
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);
experiencesof 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 openended and formed a framework only. The guide was trialed in the
initial few interviews and further iterations were de veloped 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 COMI®

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



100
community activi ties and government health orders prevented faceto-face

researchactivities.

Responsego COVID-19 had several implications for this studyln the latter half

of February 2020, it was necessary to screen all study participants about previous
overseas trael 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 viaremote methods such as zoom or telephone.
The approvalletter dated 23 April 2020 isin Appendix N. Six of the twenty-one
interviews were conducted viaan online video platform or by phone call.

Although face-to-face interviews weremy preferred method of data collection, |
felt | was able to conduct thoseinterviews in a way that fostered connection and

engenderedrich conversation.

6.4.4 Study sample

In Chapter 71 detail the study setting, inclusion criteria, and recruitment
procedures In the following section | detail the rationale for the use of purposive

sampling asthat is not included in the publ ished article.

The number of participants was based on criterion purposive sampling
(Sandelowski, 2000)to ensure adequate maximum variation ofthe following
criteria: age; gender; ethnicty; 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 | entered participant characteristics according to the defined
criteria on a spreadsheetWith every new potential participant, | conducted a
phone screen to ensure they met the inclusion criteriaand to check against my
purposive sampling criteria. If | already had sufficientrepresentation of certain

criteria, | politely declined their participation. During recruitment, | only needed
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to decline a small number of people as sufficient natural variationoccurred with

potential participants .

Ethnicity

This study purposively sampled for diverse ethnicities. The research included a
focus on recruiting and retaining - a | @ficipants. - a |, @& indigenous
population of Aotearoa, make up 16% of the overall population and have poorer
outcomes across a raft of health indicator Anderson et al., 2006; Robson et al.,
2015) Collaboration with - a | i@ iesearch is seen as an important strategy for
illuminating ma O A O O-Adl 1 Q@dslitional knowledge) and working towards
equitable outcomes(Hudson & Russell, 2009; Ministry of Health, 2014; Ministry
of Research Science and Technology, 2003Reseach dSrategies were developed
inconsulOAOET 1T xEOE OEA ! OAEI ATA 51 EOAOOEOU |
Committee and included intentional targeting of - a | dufing recruitment, use
of TeReo- aljOEal OE I, mdlugityAiRuAG (art patterns) in participant
documents, allowing extra time during interviews to facilitate whanaungatanga

(connection), and inclusion of wk adu (family) during interviews.

Clinical presentatiarpain and kinesiophobia
Pain severity was measured via the pain subscale of theaRent Rated Wrist and

Hand Evaluation (PRWHE), a validated and reliable measure of patientrated
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 Kinesiophobibl (TSKL1)
(Woby et al., 2005)(Appendix P). | 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%, 2@¢50%, or <20% of the contralateral side

based on the criteria d Javed et al. (2015Finger stiffness was considered to be
present if there was greater than 1cm distance betweethe fingertip and the
distal palmar crease for any one finge(Egol et al., 2014)It was important that
my sample included people who had more severe joint stiffness so that | as

interviewing people whose recovery was likely to be more challenging.
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6.5 The work of data analysis

Chapter 7presents the results of the analysis but does notletail the analytic
process. This subsection discusses thanalytic journey and strategiesused.
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 | approached

data analysis and developed the final themes.

6.5.1 Reflectivejournal

One of the key strategies | used throughout the study was a reflexive journal.

Following eachinterview, | 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 Thorng2016e)A O OAT OEOET T ET ¢ DI OOEA
the interview phase | 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 herethree excerpts from an early, middle and late interview.
These excerpts illustrate how my thinking deepened as the interviewgprogressed.

Pseudonyms used in study Il are used here to replace participant names.

Excerpt one2nd December 2019
This excerptillustrates that during the initial interviews | was struggling to

maintain researcher curiosity and distance.The excerptalsodemonstratesmy
nascent curiosity andhow the interview prom pted me to go back to the

literature.

| felt that | did better at allowing time to listen and let my
participant express her own ideas. | found it hard to establish a
balance between allowirg her to comeup with her own thoughts
while providing some structure and context. An example was
when | wanted to explore the idea of automaticity/familiarity of
movement zZ the idea of getting lost in activity and moving wrist
without knowing about it. | presented the idea but then felt | pre-
empted her thinking. Still difficult for me to think about what |
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AT180 ETTxh xEAO AT OA ) AT OI A AA Agbi
to find z not quite sure how to do this. | felt like | got some very
rich data. Justneed to be careful not to keep confirming what |
OEETE ) Al OAAAU ETTx8 )61 OOEIT ATT?IZ
hidden dimensionzOEA OEET CO zhowdd | hcdebs thatl T x
xEOET 00 EAOEI ¢ Al EAAA AAIT &xO xEAO )
discover?

A couple of new ideas that came out8 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
AAOEOEOEAO8 )86 0OA AAAT OAAAET C AAT OO ¢
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

devdopment?

Learning points for next interview: Think about how to ask about
OOEA EOOO Ofnpe inthodidel tHe Aléa@Adbask for
responses.

Excerpt two24th February 2020

As the interviews progressed, myjournal entries were more critical and probing

in nature. | 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 conceptsthat compared and contrasted reflections from

earlier interviews. This early analysis iglescribed byThorne (2016elasA O OAOOET ¢
I £ OAIl A Oprbcesd & gdin@ldatk toAhe concepts that framed the study

and challenging the assumptions | brought with me. Excerpt two illustrates my

developing skills as an interviewer.

In supervision recently, my supervisorslistened to some short
extracts from an interview. They feel | am still using too much
clinician language. They felt the questions | was asking were the
sorts of things | would ask about or observe in clinical practice.

11 0T h OEAO )81 1AAPET C AEAAA Oi1 1 067
xEAOBOOERAT AOKEAOGSO 11T TU 1EOCO 1T A OEEI
to the depth of the story. | was challengedto)AA A O1 Aa,0A AT NOE

to listen for cues that indicate emotional responses. Listen for
feelings. Use the words of the participant tofindout x EAO8mg OEOOE
behind the narrative.
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The interview with Bill today went better 8 | was able to draw out
his thoughts by listening more carefully to the language he used
and listen for cues that might express emotions. | took more care
to listen carefully and to mentally (and physically) jot down
phrases or words that | 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
OOAOOI AAS EEI tAis whenAhlrk vias A palsk in bé
dialogue and asked what he meant by this. This opened up some
expression of ideas on how his upbringing had formed him into a
001 OCES8 OAOEI EAT O PAOOIT xEI
not going to let an injury or disability define who he is.
Fascinating.

~

I O1 A A

An idea that came through strongly from the interview is the arena

of mind-body connection 81t felt like | was starting to explore the

unknown, the unexpected and the surprising. The strength and

deliberateness withwhich my participants harnessd the power of

their psyche for recoverywas an emerging andnovel concept. For

Bill a strong sense of pride in his resilience fuelled his actions

towards recovery (doing everything he possibly could, not being

fearfulofusii ¢ EEO EATAh 110 Al 1T xETC T OEAC
what was ok

Today during the interview with Sue, | listened for language tha

xT Ol A ET AEAAOCA AEAAAITEI CO T O OxAUO EIT &
ADPbAOEAT AAO8 ) OOEAA OA Elakifcdngi ¢ 30A80
back to earlier themes that had come up. | picked up on

xI OAOTPEOAOGAO OOAE AO OAEOOOOOAOQEIT Coh
Al xAUO QQEADAIHO 1 EEA EO xEAT 8606 :
AobAAOCAAG8 311 AOEI A0 EO mEhkise | EEA )
was feeling a little uncomfortable, so | took the time to explain

why | was asking the questions and that seemed to help, it gave

her some more context as to what | was exploringand she was
EADPPEAO O A@gbpAT A 11 EAAAQwry) OOEAA
about my list of questions, rather to go with the flow of the

interview.

Excerpt three27th March 2020
After each interview | would listen to the audios. | would pause, think, take notes

and speak aloud to process and differentiate ideas. The excerpt from this fger

phasejournal entry illustrates how | felt as | approached coding and my ongoing

examining of relationships between participant narratives, existing theories, and

clinical im plications.
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COVID-19 has hit. How the world has turned upside down in just

OEA OPAAA T &£ A EAx xAAEO8 ) 060 EOEC
uncertain. | wonder where we will be when | look back on this

1 AOGAO 118 )&6i COAOAEOI Of athhk AAIT A Ol
iTi AT 68 )61 CAAOEIT ¢ Ob O AA AOAOA Al
super nervous about gettingup close and personal with the data,

andx EAOEAO ) 61 1 alcBherdnAvhdle Thére aresSd&E A

many complexities and layers to what my participants hae shared

OEAO )81 x1T OOEAA AAT 6O AAEIT.c AAIT A Oi

) EAA A 17T OAT U ET OAOOEAXx O1 hdU8 ) EAA
to the language of my participants, reflecing back, and digging

deeper. Marie expressed a interesting perspective about using

EAO EAT A £ O OEA ZEOOO OEIi Ahe EIl x EO ¢/
had to make a deliberate choice to use her right hand. This

contrasts with Karen z she did not force herself to use her wrist so

muchz OE A8 A T tiif bhe fel&itQvAs s&fe or she could do the

activity. z these two data sets would be good to look at and

contrast the language use® Perhaps as therapists weuse

unhelpful language.7 A OAU OEET CO 1 EEA Al 1
that but may not use language that facilitates reengagement with
activity.

A

Qu

60

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 describedhis) 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 ideathat activities and exercisesact differently.

6.5.2 Thematic aalysis

Data analysis followed the stepof reflexive thematic analysis(Terry et al., 2017)
and is detailed in the manuscript in the following chapter. This section illustrates

the process of how | conducted coding and theming.

Strategies of ading
Coding of the transcripts took time. | deliberately slowed my pace to allowtime

to read, re-read and reflect. | wrote tentative codes, some remained until the end
of coding, while others wererelabelled or deleted ascoding progressed.Initially, |
struggled to find language that was true to the narrativewhile being analytic in
nature. | 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 weteo broad and as

coding progressed there vere a greater number of latent codes and those using

CAOOT AOG8s '1 AgAipIl A 1T &£ OEEO EO Al EIT EOQOEA]
A£O0T1 AOGETT6h ) 1 AOAO OATAI AA OEEO O O&EAAT
AOT AOET 16 O1 AT AADOOI AOrdacutatdly. Ariothed E OA AT |
example was data around the notion of occupational balance. Initially | had

coded data where participants talked about the routines of everyday providing

iT OEOAOCETT OI CcAO AAOOAO AO O1T AAGWHMAOGEITT |
further, | 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.) OOAOANOAT OIl U OAAT AAA OEEO AA
andDbOUAET 1 T CEAAT xAl 1 AAET ch T AAOPAOGET T AT |
As my coding progressed, | noticed that coding of one transcript would prompt

me to think about a previous transcript where | may have missed the nuance of

some data and had not coded it similarly. | would g back to early transcripts and

add a code and in doing so continued to go deeper with codinga process known

as recursivecoding (Terry et al., 2017) An example of this isan early interview

with Natalya. Natalya related an incident when she had dropped a plate

Ol AopbAAOGAAIT US8 ) EAA ETEOEAI T U Al AAA OEEO

to denote that performing activities sometimes demanded unexpected movement

that resulted in pain or dropping something. In a later interview, Junespoke

about feeding her ducks and hernwariness 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. Sa June would avoid or adapt the activity in order to avoid sudden

potentially painful or harmful movements. 7 EET A OOAT Ohemiewe 1 ¢ * Ol
and reflecting on her story | recalled that Natalya had taken the same approach

01 ) xAT 6 AAAE O . AOAIT UA adptily@Adctdiy BEDO Al

order to avoid sudden painful movementd

Once coding was nearing completion | went through all my coding to check for
AOPI EAAOAOG AT A AEAAE AT AAO OEAO OAAIT AA A
anything about the data.
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Strategies oftteming
Once the coding was completed step three begarnconstructing themes. One
method | used was to print out the codes.I laid them out on a desk andmoved
them back and forth to try out different groupings basedon how the codes might
logically be delineated | placed my question in the centre to keep the research
focus fore of mind. Figure 8 showsan iteration of the prototype themes and
Figure 9 showsdetail of two coding subsections in closeup. Another tool | used
was an online mind mapping tool from mindmeister.com. An example of this
mind map is shown in Figure 1Q A further strategy was totake a photo of the
coding on my desk and u® photoshop to draw circlesand arrows to depict
relationships. Candidate themes were revised and finalised through discussioat

supervision sessions.
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Figure 8

lllustrat ion of the process of developing themes

(N e, 4 ot
e ot

Note. White tags are codes, blueare prototype themes and green potential subthemes
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Figure 9

lllustrat ion of an iteration of theming

Noticing the lack of strength

Feeling worried about the future, the ability to return to

occupations

Waiting for the surgery Was hard

Surprised at length of recovery

Describing the injury, surgery process

Activities that were difficult at first, the noticing of hidden

Ongoing struggles to manage daily life, feels disconcerting

Being surprised, overwhelmed at the beginning

Experiencing the effects of occupational loss, ability to
participate or perform

Struggling to manage life in the beginning, it was upsetting,
worrisome

Using the splint during activity in the initial stages

Expressing the effect of enjoyed.ac_tivi,ties on pain, mood,
movement

-

perceiving activities as fundamental to everyday life, getting
on with life

The doing of everyday and psychological wellbeing,

:

occupational balance, keeping occupied

Feeling drained, distres:

Describing normal routines

Note. White tags are codes, blueare prototype themes and green potential subthemes
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Figure 10

lllustrat ion of a mind map sectiorused during the development of themes

getting back to valued occupations
wanting to be independent, needing to get things done A ready source of motivation
doing things for enjoyment

builds confidence, self efﬂcacy

activity as a barometer of progress A stepwise approach toward mastery Occupation: a
ready-to-hand
a naturalistic progression of challenge mechanism for recovery

promotes movement by stealth, automaticity of movement

a good therapy, creates variability in rehab program
A ready source of movement
movement is more ‘real-life’

provides rich source of movement over the course of a day; variable movement

the inability to participate, struggling to manage life

struggling to manage everyday life

fears about the future

worry about ability to return to valued occupations
missing the doing of normal life, of being occupied Experiencing disruption

having to rely on others or use adaptive strategies

noticing previously hidden occupations

noticing the loss of being occupied

pain interrupts daily life
Occupation, the driving
force of recovery

perceiving activities as fundamental to everyday life
a way to restore control and normality
using activity as a coping strategy
occupational balance
importance of keeping occupied Reclaiming normality
influence on wellbeing, mood
getting on with life
using a problem-solving approach to enable engagement in daily life

engaging in activity despite limitations



111

6.6 Conclusions

Chapter six presentedthe purpose of study Ill, a discussion on the methodology
of Interpretive Description and the ways in which critical realism underpinned
the study. Study procedures that demonstratel the rigour of study Il were
presented in more detail than the ensuing published article allowed. Rigour was
demonstrated through a pre-suppositions interview that challenged my
preconceptions andprepared me for undertaking the interviews and analysis.
Explanations are given on decisions made regardingampling procedures and
data generation. The process otlata analysis is discussed in detailed with
illustrations of methods | used to support my thematic analysis such as reflective

journaling, mind-mapping, manual sorting, and categorization of the codes.

The following chapter presents study Il in the form of a published article.
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Chapter 7Published study Ilft ¢ KS Y2NX L R2X (K

Perspectives on how performing daily activities and
occupations irlfiences recovery after surgical repair of a distal
radius fracture

7.1 Chapter overview

This chapter presents thepublished article of a qualitative study (study 1) .

The manuscript was published inDisability and Rehabilitation (Collis et al.,

2021) The full citation for the article is:

Collis, J. M., Mayland, E. C., WrightSt Clair, V., & Signal, N. (2021). "The more |
do, the more | can do": perspectives on how performing daily activities and
occupations influences recovery after surgical repair of a distal radius fracture.

Disability and Rehabilitation, 210.https://doi.org/10.1080/09638288.2021.1936219

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

consistent with the thesis. A copyof the published article is found in Appendix Q.

7.2 Publishedarticle

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 and8
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 sttagy to promote recovery from

surgical treatment of a distal radius fracture.

Implications for rehabilitation

1 Rehabilitation after surgical repair of distal radius fractures has
traditionally focused on exercise routines

1 Dalily activities and occupations can also be used to promote wrist
movement and function during the early weeks of rehabilitation

1 Occupation is anaturally occurring source of wrist movement, motivation
and wellbeing that can be harnessed for therapeutic advantage after
surgical repair of distal radius fractures

1 Therapistscan 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 pesist after surgery (Chung & Haas, 2009; Egol et
al., 2014; Karagiannopoulos et al., 2018hd rehabilitative strategies that address
impairm ent 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., 2020Performance 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 ontextualised
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., 2020h)enhancing motivation, and facilitating
functional movement (Colaianni & Provident, 2010) It was considered that
performing daily activities may be an underutilised rehabilitative strategy. The
guestions 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 developmenmay
require primary research toidentify 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 inthe 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) / 8 " OEAT Wdeudeb®h a1 YN
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inform the design of the study. The study was approved by théAuckland
University of Technology Ethics Committee (AUTEC) on the 29th July 2019,
1 0 AAO YyrTaans )1 OEEO PAPAO OEA OAOI
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, 2018y he 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 11details the recruitment procedures. Potential
participants were selected based on predetermined inclusiorcriteria (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 2630 was estimated based on the corept 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 analysigMalterud et al., 2016)

(@]

O
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Figure 11

Study flowchart

Day 1 to week 4 postoperatively: recruitment
Study flyer and expression of interest form given by hand therapists independent to the
study, to potential participant at their first postoperative hand therapy appointment
Expression of interest form emailed to researcher (JC)

Researcher (JC) contacted potential participant by phone
Phone screen undertaken against inclusion and purposive sampling criteria

Inclusion and purposive criteria met:
Full participant information sheet sent
Time and place for visit one arranged

A4

Inclusion or purposive criteria not met or
potential participant did not wish to participate:
Person thanked, no further action

Weeks 2-4 postoperatively: Visit one
At participants home or other location e.g. clinic, café, if preferred
Written consent, demographics, clinical data gathered
Explanation on activity and exercise log

Y

Weeks 2-6 postoperatively: Activity and exercise log
Online log asked to be completed 2-3x/week, commencing the day
following visit one until the beginning of week 6 postoperatively
Regular text and/or email reminders sent by researcher (JC)

Weeks 6-8 postoperatively: Visit two
Semi-structured interview
At participants home (n=13)
Other location e.g. clinic, cafe (n=2)
Via phone, Zoom or Skype due to COVID-19 restrictions (n=6)
After the interview the study concluded
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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 primaryresearcher

7.2.5 Data generation

Data were generated via an activity and exercise log and a serstructured

interview. Participants were visited on two occasions (sed-igure 1] 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 (TSKL1 MacDermid, 1996; Woby et al., 2005yespectively. The
TSK-11 hasascorerangebeA AT YY AT A nn xEOE A OAT OA
kinesiophobia (Larsson et al., 2016)Wrist stiffness was scored as: >50%, 260%,

or <20% of the contralateral side(Javed et al., 2015Finger 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 devebped from research that
defined valued occupations andactivity limitations for people with hand injuries

i WAETI AT AOG Ai8R a&iYin oi &i OAT 0O (Al OATF
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.

(



118

Semistructuredinterview

The interview was conducted at between weks six and eight postoperatively.The
interviews were a semistructured exploratory style (Manzano, 2016) An
interview guide was developedaround 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 operended and provided a famework only for
the interviews. This approach allowed the interviewer to probe and to explore
responses at a deeper level in accordance withnterpretive Description research
(Thorne, 2016b)

7.2.6 Data processing and analysis

All intervie ws were audierecorded andtranscribed verbatim by aprofessional
transcriber and checked for accuracy by the first author §Q. The data were
analysed using reflexive thematic analysis, a siphase inductive style of analyses
that draws themes from the daa (Braun & Clarke, 2006; Terry et al., 2017)
Familiarisation was conducted by thefirst author through reviewing the audio
recordings and transcripts. Codes were then generated inductively from the data,
by (JO, 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, therdiscussed 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 academickhe first
author (JQ, 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 ofdata 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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AO Al 8h MmiyYynn 4AC

presuppositions interview was conducted by senior researchersMW and NS)

prior to data collection. During the interview the primary researcher was

guestioned about assumptions and challenged taemain reflexive andalert to

narratives that may reveal hidden meanings.

7.2.8 Results

During 2019 and 2020, 21 adults participated in #study. Participant

characteristics are summarised inTable 10and detailed in Table 11

Table 10

Summary of participant characteristics

Variable Number (percentage) or mean (range)

Gender: Female

Age

Ethnicity: - a1 OE

New ZealandEuropean

Other (Indian, Russian, Afghani)
Dominant hand injured

Finger stiffness at visit one (>1cm ADPC)
Wrist stiffness at visit one (moderate or severg'
Pain at visit one (PRWE pain subscale)
Kinesiophobia (TSK-11)

TSKYY "P¢ i

Fracture type: comminuted, intraarticular
Ulna styloid fracture

Volar locking plate

Fragment-specific fixation

Additional surgical procedure (2x carpal tunnel release)

Number of days from surgery to mobilisation
Number of days from surgery to interview

Number of activity log entries

14/21 (67%)
53 (2874)

3/21 (14%)
14/21(67%)
4121 (19%)

10/21(48%)
11/21(52%
16/21(76%)
25/50 (1641)

25/44 (1242)
2/21 (10%)

19/21 (90%)
8/21 (38%)
20/21 (95%)
1/21 (5%)
2/21 (10%)
13 (727)
53 (4464)
9 (3-23)

ADPC: active distal palmarcrease; PRWE: patient rated wrist and hand evaluation; TSK: Tampa

scale of kinesiophobia

i20¢50% (moderate),<20% (severeyange of movement of the contralateral side (Javed et al., 2015)

i A TSK score 0f535 is indicative of highkinesiophobia (Larsson et al., 2016)



120

Table 11

Characteristics of participants

Participant Gender Age Injured side Occupation Intra - Surgical procedures Finger
articular stiffness ?
fracture at visit 1

Pau Male 55 Non-dominant Handyperson, builder Y Fragment-specific fixation (radial, Y

dorsal, ulna plates); CTR

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

lan 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



Marie
Silky
Dina
Alexa
Trent
Nick

Female
Female
Female
Female
Male

Male

71
71
28
36
62
55

Dominant
Non-dominant
Non-dominant
Dominant
Dominant

Non-dominant

Retired

Retired

Parent

Parent; Manager
Handyperson

Designer

< < < < < <

Volar plate

Volar plate

Volar plate & ulna styloid screw
Volar plate & radial pin plate; CTR
Volar plate

Volar plate & dorsal pin plate

Z2 <X X <X zZ2 <

121

CTR: carpal tunnel release.

IFingertip to distal palmar creasemeasurement>1 cm
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The activity log was completed an average of ninéimes (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 13. 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 postoperativelymost 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 perfaning 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 atleast partial use of the affected wrist

Applying make-up, face or hand cream Opening cupboards, drawers containers
Baby caree.qg.,diapers Personal caree.g.,shaving, brushing teeth

Childcare: dressing, pushing a pushchair  Pet care: feeding, grooming

Carrying light items e.g.,a plate, lunch Playing a musical instrument
bag
Chopping, peeling vegetables Playing video games

Cooking e.g, making breakfast or a salad Sewing, using a sewing macime

Driving Showering z washing and drying self
Eating, drinking Swimming

Gardening e.g.,weeding 4EAUET ¢ Ob AEEI AOAI1
Getting dressed doing up shoelaces Turning controls on kitchen appliances
Handcrafts Unpacking and putting away shopping
Having a bath Using a keyboardand/or computer mouse
Housework e.g.,tidying, making beds, Using a remote control

Laundry: Hanging up, folding, putting Vacuuming

away

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 changein promoting recovery from surgical treatment of distal radius

fracture. Quotes that are highly illustrative of the themes are presented. They are

EAAT OEAZEAA AU DPAOOEAEDAT 006 DPOAOATT UI Oh |
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 andccupation influenced recovery from surgical

treatment of a distal radius fracture

Disruption to daily activities was
experienced negatively

Disruption motivated
reengagement

Daily activities were used to reclaim
normality and enhance wellbeing

As a driver of recovery

Daily activities were a ready source
of automatic movement

Daily activities had built -in

Through offering
ready-to-hand

challenges
g gradations and challenges
Intentional, AT T OAET 60 O
OCCUPATION By inviting intentional  needed
operated doing Mindful strategies were used to

enable performance of activities

Initial movement felt unnatural
Activity performance normalised
To habituate the wrist  wrist movement
to movement Seltefficacy and confidence were
enhanced byengaging in
occupation

Strength was gained from
psychosocial resources

Wellbeing practices were used to
facilitate reengagement with valued
occupations

Through drawing on
psychosocial resources

Theme One: Occupation is a driving forceeobvery

| 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. Engagig in daily activities

helped to reclaimed normality and wellbeing.
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Experiencingisruption
, EEA ) OAEAh EOGBO 11 0 O1OEI EO AEATG6C
you do use your hand. Awhina, 49, DHI
Most participants talked about how routine activities pre viously carried out with
little thought, such as getting dressed or making breakfast, were suddenly
noticed and became sources of frustrationdiscomfort, and challenge. Many
people expressed feelings of being lazy, or a burden. Others missed the
Ol OAEAQ@®E T £ AAEI U 1 EZA AT A AARAOAOEAAA OE/
them feel bored or lost.

9AAEh )Y)86A CAO AEAOOOOOAOAA8 6AOU AEOOOOC

OOCEI 18 )61 OOAA O1 CAOOEI Cc OP AT A CIE
There was a common experience thatE A ET OAOOODPOETT O AOAOL
negatively affected mood and wellbeing and some participants expressed fears
about the future.

| was worried about what am | gonna be able to do again. I did

ballroom dancing,and | was like always one day | thought tget i
AAAE ET O EO AcCAET AT A ) xAO 1 EEAh O!

ACAET edo O7TEAO Ai ) CciTTA AA AAT A O1T A
Al ) CiITTA EAOCAeo *000 OEI OA O1 000 I A
CiTTA AA 1 EEAed8 O7EAT AAT ) DPEAE Ob

Reclaiming normality
AEA AEEEFEAOI OEAO AoPAOEAT AAA 11 OEOGAOAA b,
affected hand. Initially this was often for simple functional activities, then later

for work and recreational pursuits.

When I firsttriedtodoit,t EO xAO 1 EEAR O/ E 1 U Ci AR )

A AODP T &£ Al £#AA86 'TA EO AEAOOOOOAOAA 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- & | .@iazing Race.
"00 ) AT OI AT 60 AOGAT AT OEA OOA
ui 66 A AAAT 1T OOAAOGOAA 8 AOO EO
wanna hurry up. Awhina, 49, DHI

M
—_—)

>\ m\
> =



126

The need to re-establish normal routines and independence was expressed

strongly. Some peope described inactivity as being so foreign that the natural

OEET ¢ O Aih xAO OAI 68 %OAT EZL£ EO I AAT O
methods, the very act of doing seemed to help combat the disorienting effect of

the injury.

| think being able todo those things such that you are functioning

ET O i A AACOAA T &£ ET1 AAPAT AAT AAh ) OEE
OEET E OEAO0G6 O walgtAvasUor rae aByivay.D Rated 8

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.

mood, or helping with household management negated feelings of laziness and

OOAT AOGOT AGOG8 &1 O Oi i Ah OOAOOEIT ¢ O DAOAEl
AAT 8068 O1 O) AAT 8 DPOI OEAET C A OATOA 1T & 11

Justtoseethe lightatE A AT A T £ OEA 061 1T AT A O EI
CiTTA AA AAT A O1 OOGA 1T U EATA8 '1TA Ol
AT T A AAAE O TTOI Al AT A 8 )Y&i CITTA ¢

stronger, and | will be able to function properly again. Well maybe
1T O £EO1 AOE éble ko ddtidzEhingsd waht toAld Nick, 55,
NDHI

Theme Two: Occupation offers readyhand challenges
)y OEI OCEO xAll 8 ) EOOO EAOA O xI OE
I 008 4EAOABO 11T AT AU Al OA EAOA O1 Al E
) £ UITQ AAT T880h xA1T1l Ui 6 AT1680 CAO AT U
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
4EA OEEIT ¢ EO OEAO EAZ£Z ) Al ABUOEET Ch E
OEAO ) Al EO8 4EAOGYOUNEcOO@itideBEE AT AAA E
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91 6 ATT1860 AOAT OEETE 1T EEA OEAOh EO
72, NDHI

Qu
O\

The embedded existence of occupation in daily life was perceived to create a

naturalistic opportunity for movement; in a sense, movement was a byproduct of

OAT ET cd8 / AAOPAOGEI T 1T £#EAOAA AEAIT T AT CA EI

Exercises were done at specified intervals during the day and performed with

focus. Activities and occupations, on the gher 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.
31T h xEAT ) c¢ci O AEAT CA AEOExAOEAOh )
will develgp my hand, | just set my mind that | need to come back
O T u OOOAT AOOEAO AT A ) OEETE E
OEAO EO xEI I AA AAT AEi ¢ AAOOAOS
Natalya, 59, NDHI

N—r O)
Ou

>: O\
)

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
OxET CAO EAOA AT A OEAOAh UT O O1 AT T U A
pay any attention to it. If you keep doingvhatever you enjoy and
EAAD OOET C UI 60O xOEOOh AAOAO A xEEI A
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 stepwiseprocess. 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.

EveniflhaddEA AOAAA 11 AT A ) xAO1T 860 Al 1 EE.
CITETC 11T ET 1T U xOEOOh )Y86A OOEI 1T OAOU
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.

| 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

AEEEAOAT 08 - AUAA ) AT O1 AT80 AT O1T1 AOE
the next day. Opening the shampo AT OO1 A8 ) AT OI AT80O A
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. lan, 55, DHI

Theme ThreeDccupation invites intentional doing

| want to get back to automatically using my right hand without
thinking. And | 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.

Butyeah,ET OAOI O T £ OAAT OAOUh 1 EEA )81 EC
ET x xAl 1T ) & 0OAyeah,l cerfainiyAdo belie@e thaf thiat

AEO A@OOA OEAO ) & OAchddingnappied,aed ¢ x EOE |
chopping things and a little bit of gardening and that, | definitely

OEETE EO60 EAI PAA O CAO I A xEAOA )di
May, 32, DHI

Many people spoke about how they looked for opportunities to use their affected

hand. There was a conscious seeking out of bilaterakhallenging, or unfamiliar

tasks in order to intentionally promote use.

But | made a real effort to try and do any fine stuff with my right

EAT A8 91 00 EAT A0 AAAT OEOOEIT ¢ AOI OT A
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while, it gets lazy, your left hand takes oveSo, OEAOAS8 O A 11 0 1 &
things that | 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 di¢s and

knobs on the coffee machine with my right hand. lan, 55, DHI

Most people noticed an immediate improvement in wrist movement and

function once regular activity performance was initiated.
91 06 OAEA OEA AOAAA | E£h Uite AT Ul 60 A
AOAAA AAAE 118 3718 UI O80A AAOOAITIT U 11
OEIi A8!'TA EO6O AAOOAIT T U AAOOAO O1T AA A
OEET Eh AAATI EI ¢ AAOEAO AAAAOOGA )di OC
than having it in the brace and only using it fotittle bits of the
time. Angela, 51, DHI

Developing strategies to determine level of activity

Bounded by a desire to gebetter 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.
Wwel,) OET OCEO )Y8A OOU8 ) Gmé OCEOR O/ EA
Al cos )& EO AT AOGT 80 x1 OE OEAU AAT AEC
OEAU EOOO OOAT A OE Ad»Acs Sothattwiad 6§ O EAOA C
alright and then when | went to pull the weeds out, well if it
x| O1T AT60 AT T A ATA EO EOOO #£A1 O EO xAC
AxAUs8 ) OOEAA OI Ai OEEI CO AT A EfLE EO
AEAT 608 3EIEUh i h . $()

If an adivity 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 | would just put the splint
AAAE 11 AGCAET &fonthat lorgADtipdltiablyl, yedh 1 A&
definitely more than what they had suggested. May, 32, DHI

For some patrticipants 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 therapD Oe x AT OAA T A O OOAO0O OOEIC
Oi1 O1 0OAs "AAAOOA AO OI1T1T AOIH Ui O i1 OA
had it [the splint] off for a few hours, but man it hurt. And so after
that | put it straight back on and kept it on. In my p@rticular @se
EO xAOT 80 OAAAU8B8 40AT Oh d0h $()
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 | came home, | kept thinking can | do this, or can | do that,
like for example, can | chop th@nion, or can I cook,or can | get a
OEi xAO POl PAOI U ATA OOA TU BAT Ae¢ 8
AT UxAUh OAAOQOOA 11 TTA OIT1T A T A O Al E
EAZ EO8O CITA A O I U xOEOO 0| AT EO |
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.

| would say so. They pretty much JUSt give you the hand exercises
AT A OEAO6O EO8 'TA ) OEETE EZ£ OEAU CA
OEAO EAT Ah xEAOA EOG6O0 1 EEA EAE UI O60A
your hand to makeyour bed or something. Something like that. |
OAAEIT OEAO x1 OIA EAIP A 11068 )O611 i
Dina, 28, NDHI

Theme Four: Occupation habituates the wrist to movement

The more | do, the more | can do. Alexa, 36, DHI

Theme four describeshow 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 progressthe 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 vere cautious and took a tentative

approach.

Well it was a bit scary at first. The pain and that, yeah like | said

EOh AEAT 860 £AAl NOEOA OECEO O Aih - A
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

AAAT O AO EA£ HIGEO® Ol CALE A T8I & 1 EEA O
T EAA OOOAOAEU OOAAAO AAT AOh O]lAITAéC

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 becomlazy, and the non-injured hand
x| Ol A OEIi 1 U OAEA 1 O0AO8 31Ti A xAOA xI OOEA,

use the wrist, they might never recover full use.

There was a resistance you know initially when | 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 paitipants 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.

I'TAA OEA AOAAA xAO | £&h 11 x EO080 EOOQC
to,mybranx AO I EEAh O/ EAU OEAO EO Al AOAE]
ACAET 86 !''1 AGAh adh $()

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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10 EEOOOh ) EOOO AT O1 AT6O Al EO8 ) xA
kept doing it and now | can. Karen, 57, NDHI

Participants often spoke about how initially they had to push themselves through
some discomfort. There was an expectation that some degeeof pain was

inevitable but that by slowly pushing through pain, progress would occur.

) TEOEAI 1 U xEAT )81 AiEITC A OAOER EOGC
EO OEAOAR OI 8) EAA Ol DPOOE 1 UOGAI £ A A
situation. Like, if | brushi U OAAO IO OAEA OEI xA0O81 O
i TEOOOOEOAOKh OEA OAOEOOATAA xAO OEAOA
Oil1 AOAOGET ¢ A AEO T &# PAET AT A POOEET C
x OEOO0 xAO OOAA Oi OEA OEOOAOEITT AT A 8
Not so hard, | would saya bit easier. Santosh, 30, DHI

Many participants expressed the idea that repeating everyday activities had a
positive effect on their confidence and selfefficacy. There was a noticing that

succeeding with a simple activity was empowering and built conficence 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
)y OEETE EO8O A EIT OOT AU Ox1 xAuOSs
AT A UT O80A ci O A 1T AT OAT 1T1TA8 '1TA
OEAT UT O38 GoAwarll éitker. Zok, B8, GDHI

m\_/

m
O

) T

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 fengagement wth
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 | think the recovery of my wrist is a lot to do with the
attitude of stubbornness and pigheadednessBill, 72, NDHI

Many participants expressed a strong sense of selfelief 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 widowedA

T 6i AAO 1T £# DPAOOEAEDAT OO OPIT EA AAT 6O OEAEO
I O A AE A

ET EAA O &£ ABO i1 O0A 11 OEA OAA

| used to be able to do this so | can jolly well do it now. June, 74,
NDHI

Recovery was not allbout 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.

1 O OEA AACETTEIC ) OEiI OCEI®e O7TEU ) AA
OEAO ) AAT A1l EOC68 .1 x ) OO b OEETEEIT
AEAT CAARh ) TAAAAA O OAOGAOG T U TETA8 |
AAAADPO xEAO ) AAT AT AT A xEAO ) AATTI
EAOA 11 AoPAAOAOGEI 108 )61 EAPPEAO 11 x

(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
£l O OEA OOEI OAO léngel kebagvé ideas ahoutip@E AOO AEAI
It was a little bit hard at first. The exercises were reallyore
becaused have to twist my hands everywhere. But | did it anyway
because | was thinking, the more sore, the more it was good for
me. After that | wasableto do stuff and everyone says to me your

recovery is so fast, because | 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 mindfulnesgpractices 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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I AOT 1 O0AT U8 )OO EAO OF AAn AT AOT 60 EOe
something and negative abouE Oh OEAT OEA EAAI ET C60 1
happen. And | kind of just intuitively know that with anything that

xA6OA OAATTU C¢ciI O O AEATCA 100 1 ETAOQA

meditations on healing and having a positive, sort of imagining it
healed. | thought was very helpl. 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 readyto-hand
challenge, inviting intentional use, habituatin g 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 ;m

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 a 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 occupationbased
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 éso 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 beefits 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 whatthey shoulAT 6 O AT OAOEAO OEAT AT AT AAI ET ¢
do. Recent literature has suggested that therapists may be more wary about daily
activities than necessary after volar plating of a distal radius fractur§Quadlbauer
et al., 2020) and the avoidance of activity early after surgery has been challenged
(Collis et al., 2020a; Quadlbauer et al., 2020)n our study, participants
performed a wide variety of activities, modifying the manner of performance
according to postoperative timeframes and perceived capability. Participants
made reasonel and agile decisions throughout the day about activity
engagement, sefmodulating their activity performance by using pain, fatigue
ATTTTT OA7T OAtR OIGA ABDPDORAE AO A COEAA8 %O
less cautious, tempered their level of ativity 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 selfefficacy and
kinesiophobia are predictors of worse outcomes after distal radius fracturgBjork
et al., 2020; Mehta et al., 2011Interventions that promote self-efficacious
behaviours are advocated as way of avoiding disuse and fearavoidance(Dewan
et al., 2013; Mehta et al., 201Bchieving mastery of small activities early after
surgery may help to mitigate guarding and kinesiophobia(Hamasaki et al., 2018)
promote early selfefficacy 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 partigiants 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 investigaed 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
progressiely 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 mechanismsof occupation may be through
diversion from pain (Colaianni & Provident, 2010; Nelson et al., 2002)r the
greater efficiency of functional task performance versus exercise routines in
promoting motor learning (Boudreau et al., 2010; Valdes et al., 2014; Westla&e
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 (2014discusses how engagement in occupation can have
simultaneous actions of experiencing pleasure, productivity and restoration, a
findin g 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 stwng 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., 2020We propose that occupation

and exercise be advocated as synergistically safe and beneficial during the early
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weeks of recovery. It is suggestethat 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 godlGray,
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. Patientscould
be educated on intentionally performing tasks and activities that will provide a
O E-OE Q(Gréy31998; Price & Miner, 2007)evel of challenge. Educationshould
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
OOOAOACEAO xAOA mI AOOOGET C 11 OEA OAAI
resilience gainedfrom 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 buildng of capabilities rather than a direct
alleviation of anxiety or negative cognitions is the focus of treatment(Carr et al.,
2020; Muller et al., 2016) Therapists could incorporate positive psychology
strategies by helping patients to identify and harness psychosocial resources that

enhance recovery.

A
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Strengths and Limitations

A key strength of this study is that participants were interviewed early after
surgery, while still imm ersed in therecovery journey. A unique perspective
situated in the social and health care context ofAotearoa, New Zealand. was
gained. The study brings a crosslisciplinary 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.

7.2.10Conclusions

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 7presented the published article of an ID study that explored patient
perspectivesand experienceson how engaging in daily activities and occupations
influenced recoveryduring the first eight weeks of rehabilitation. Although
previous studies reported onpatient experiences of early rehabilitation(Bamford
& Walker, 2010; Watson, Matrtin, et al., 2018)such studies did not seek toexplore
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 safelyThe study elucidatedthat an
important mechanism of activity wasthe 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
resourcessuch as optimism, motivation, and a sense of accomplishment were all

enhanced by performing activities.

Data from study 1l was used toinform aspects of the design of study IV. Prior to
study Ill, it was unclearwhat activities would be suitable to measure in the

guantitative study or whether participants would be able to selfselect purposeful
activities. The list of activities performed by participants (Table 19 was used as a

basis for the list of suggested activities in study IV.

Chapter 7concludes phase wo of the thesis. Having firmly established the value

of daily activities during early rehabilitation | was now interested in evaluating
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movement during purposeful activities. The following two chapters present a
motion analysis study ofwrist movement during daily activities and exercise

repetitions.
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Chapter 8Study IVMeasuremen of wrist movement during
daily activity

8.1 Chapter overview

The next phase of theresearchwasa motion analysis studydesigned 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 presentsan overview ofcontending
technologies and discussesvhy electrogoniometers were selected Chapter 9

presentsa manuscript for study IV.

The potential technologiesfor study IV were motion capture systems,
accelerometers, garment based wearablesensors, andelectrogoniometers. For
eachmethod, the technology will be described, validity discussed, ad

advantagesand limitations pertinent to study IV debated.

8.2 Motion capture systems markerbased

Three-dimensional (3D) motion capture systemsare generally considered the
gold standard of motion analysis Usually in 3D motion capture, reflective
markers are affixed to the body, and camerasre 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 dataanalysed computationally using systems
suchasVICON, Qualisysor OPTOTRAK. Placement of markersis generally
based onthe joint coordinate system recommended bythe International Society

of Biomechanics (ISB)(Wu et al., 2005).

8.2.1 Validation

3D motion capture has beenvalidated for measuring wrist motion during daily
activities and is widely used in research. Studietave used3D motion capture to
quantify wrist range of movement requirements during daily activities (Aizawa et
al., 2010; Gates et al., 2016; Taykt al., 2018; van Andel et al., 2008}o evaluate

compensatory wrist movement after injury (de los ReyesGuzmanet 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 goniometryHillstrom 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 electroc and manual goniometers.
Motion analyses wasmore 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 againststeroeradiography, showing high

correlation between the two systems.

8.2.2 Advantagesnd limitations

Moti on capture was consideredwhen deciding whether to conduct the study in
particibAT 06 0 ET 1T A0 T O ET A 1 AAT OAOT ous -1 OEI
quality measurement of wrist motion across abroad range of motor performance
metrics such as joint angles, duration of activity, velocity, trajectory, and
acceleration (Lee & Jung, 2015; Valevicius et al., 201Bjotocols have been
developed for the measurement ofwrist movement during functional activities
(Brigstocke et al., 2014; Li et al., 2005A major drawcard was thatthe university
through which this research was undertaken has a3D motion laboratory and
extensiveexpertise in the use of this technology, thus negating the need to invest
in expensive alternatives.Other advantageswere 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 | could undertake study 1V using motion capture due to the availability

of such high-quality technology.

A main drawback for motion capture systemswas the need for the study to be
laboratory-based.For study 1V, 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 lif§dsee2.3and

4.3for 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, | was planning ten minutes of continuous
recording, making 3D motion capture problematic to use. Additional limitations
may haveincluded soft tissue artefact where skin moves over rigid bay
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. Thesesystems can be used to capture motion in a range of reakorld
environments. They include optical tracking devices which use cameras and
infrared light detecting systems such as Leap MotionElliott et al., 2017)
Microsoft Kinect, Creative Senz3D(Pham et al., 2015)or the Camera Wrist
Tracker (CWT) (Shefer Eini et al., 201 7)o 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)nd an inertial measurement unit (Nguyen et al., 215) Smeragliuolo et
al. (2016)simultaneously tracked wrist movement using Leap Motion Capture
and a markerbased motion capture system. Theravas 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. (2015xompared Leap Motion against
accelerometryfinding correlation coefficients above 0.95 for wrist flexion,

extension, radial and ulnar deviation.
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8.3.2 Advantagesnd limitations

Markerless motion capture systems have the advantage of not needingensorsto
be attached to thelimb . Theyusean optical sensor, containing infrared emitters
and small cameras, above which the hand is placed, and move@Nizamis et al.,
2018) Data isprocessed and analysed computationallfPham 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 exgnsive and that

assessments can be performed quickl{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 assessedizamis et al. (2018found 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 interfee 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 andanalytic software were not available at the
time of study design, making field-based motion capturesystems complex touse

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., 20159)hey aresmall
electronic devices thatcan be worn like awristwatch to measure changes in
speed with respect to time (acceleration). Force sensors detect movemerand
give and output, known as an activity count (Yang & Hsu, 201Q)They are small
devices which attach to the arm and allow for uninhibited motion and activity.

They are therefore wellsuited to objective measurement of dynamic body motion
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in real-world environments (Bruder et al., 2018; Hayward et al., 2018nertial
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 orientationrelative to north. Many modern
accelerometers contain IMU sensors, as opposed to an accelerometer sensor
alone, and are capable of measuring positionyelocity, and complex joint motion

simultaneously (Nguyen et al., 2015; Wang et al., 2017)

Accelerometers canmeasurevarious paameters 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 wellestablished for upper limb activity monitoring, but fewer
studies have validated accelerometry forwrist range of movement (Vega
Gonzalez et al., 2007)IMU sensorshave beencompared againg robotic
simulations, 3D motion analysis, and goniometry (Alvarez et al., 2016; Fantozzi et
al., 2016; Kumar et al., 2015; Robédrachaine et al., 2017)A systematic review
showedthat wearable sensos could achieveerror rates of <5%for wrist

movement but only with high levels of customization to software (Walmsley et
al., 2018)

8.4.2 Advantagesnd 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 aresmall, can be wornlike a
wrist watch and do not interfere with joint motion (Lang et al., 2017)They are
relatively inexpensive andcan 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 algorithmto give joint angle
estimations (Alvarez 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).

Accelerometersmay not be able toaccurately differentiate types of activities or
movements for examplebetween 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 activties 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 | wanted to accurately measure joint angles the technical

challenges ofaccelerometes precluded their use.

8.5 Wearable stretch sensors

An alternative wearabletechnology is e-textiles where the electronic circuitry is
embedded within fabrics (McLaren et al., 2016) The fabricsare made into
garments such as glovesuch as thosein Figure 12 The sensorsn the fabrics are
reactive to mechanical deformation. When extended or contractedby joint
motion, resistance or capacitance of the sensors changeand data outputs can be
converted into joint range of motion measures (Han et al., 2018; Huang et al.,

2017; McLaren et al., 2016)



147
Figure 12

StretchSense smia 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, 2018yt less so for hie 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 masurement (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 Advantagesnd limitations

The technology of e-textiles holds promise as it has the advantage of ease of weatr,
and the ability to simultaneously measuremulti directional motion . The garments
could be worn during everyday activities in home and work eavironments, 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 oftechnical challenges Theseinclude slippage of the garment
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during motion and poor accuracyat high velocities (McLaren et al., 2016; Rashid
& Hasan, 2018)The need to have dight fittin g garment to avoid slippagewould
be problematic for a post-surgical population and a glove wouldinevitably inhibit

normal sensory input from the palm of the hand.

There was considerable appeal in using wearable gloves for my studiue to the
potential accuracy and lack of confinement of actvity types and study locations.
There is a company in Auckland that manufacturesuch garmentsand | met with
a sales repesentative to discuss the feasibility of using glovesThe main factor
that precluded me using this technology was that thegarments 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 devicesthat are attached to
the skin to track dynamic joint movement. They allow unrestricted joint
movement and are suitable for measuringmotion during a wide range of daily
activities (da Silva Camassulti et al., 2015; Rawes et al., 1998)e deviceshave two
endblocks with an intervening strain gauge the endsbeing placed proximally and
distally to a joint axis, asshown in Figure 13 The gaugeresponds tomechanical
deformation. The tensile or compressive forces ofoint motion changes electrical
resistance in thegauge measuring the relative angles between the two endblocks
(Singh et al., 2012)The devices are able to measure wide range of movement
parametersincluding joint angles, velocity, duration, repetitions , and

smoothness
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Figure 13

DataLITE wireless electrogoniometer

A

Note. The image shows sgtems for the elbowand wrist. Retrieved from

http://www.biometricsltd.com/wireless -sensors.htm

8.6.1 Validation

Electrogoniometers have beencompared for accuracy of wrist motion against
manual goniometry, fluoroscopy, 3D motion capture, cineradiography, and video
or photographic analysisand 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; Stmung & Jint
Yong, 2012)With respect to intra-rater reliability of Biometrics
electrogoniometers, ICC valueshave been reported as 0.94 (0.950.99) for wrist
flexion/extension and 0.96 (0.92-0.98) for radial/ulnar deviation (Singh et al.,
2012) ICC values for nter-rater reliability are slightly lower at 0.89 z 0.91for
flexion/extension and 0.87z 0.90 for radial/ulnar deviation (Singh et al., 2012)
Reliability of manual goniometry is reported as havinglCC values 0f0.80z7 0.84
for intra - and inter-rater reliability of wrist extension measurement(LaStayo &

Wheeler, 1994)suggestinghigher reliability of electrogoniometry. For study IV
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testing was done during a single session withlthe devices applied only onceso

test-retest and inter-rater reliability were less relevant for that study.

In an early study, Biometrics electrogoniometers wereconcluded 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°, 40°, and 26° (SD
3°) respectively(Rawes et al., 1996)angles consistent with those of healthy
people (Kim et al., 2014; Ryu et al., 19914 more recent small study showeda
mean square error of +3° for measurement of wrist flexion/extension and radial
and ulnar deviation (Shiratsu & Coury, 2003) When compared with 3D motion
analysiselectrogoniometers showed mean differences of:7° for wrist
flexion/extension (McHugh et al., 2020). Compared with fluoroscopy the mean
absolute difference was5°(SD 4°),across all wrist movementsbetween the two
systems(Hillstrom et al., 2014). Comparison between a manual goniometer and
an electrogoniometer (MIOTEC, Brazil), found ICC valuesof 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 elecbgoniometry
was lower in another small study byMcKinnon et al. (2020) who compared
Biometrics electrogoniometers with video analysis in a small studyAgreement
between the two systems wa$7%,(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. Accuracyvas higher for radial/ulnar
deviation (mean difference of-0.8° limits of agreement-4.T 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 anverestimation 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 captures 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 ratesabove 7°

having been reported (Latz et al., 2019; Shiratsu & Coury, 2003 the small
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study that compared electrogoniometry with video analysis lower accuracy for
the torsiometers was reportedin 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 bemitigated by a single
application of the devices and a crossover design that ensures caistency 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 whenthere is interference of signals between two planes of motion such
as occus when the wrist is flexed and extended in differing positionsof forearm
rotation (Foltran et al., 2013; McKinnon et al., 2020)Newer models appear to
have rectified this problem (Hughes & BabskiReeves, 2003and more recent
literature suggestscrosstalk errors as being relativelyinsignificant 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 Advantagesnd limitations

Electrogoniometers are similar to accelerometers, in that they carbe 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., 2014nd in rheumatoid arthritis
populations (Yayama et al., 2007)demonstrating acceptability of the device in

orthopaedic populations.

A distinct advantage of electrogoniometers for study IV wasthe commercial
availability of the devices along with analytic software. The devices and software

are costly, but this may be offset by theready availability of the technology and
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the lack of development work that would go with accelerometersor 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 postoperatve distal radius fracture population so acceptability

of applying and wearing the devices is unknown.

8.7 Comparison of three technologies

Table 14comparesthe properties, benefits, and limitations of three wearable
devices accelerometers electrogoniometers, and wearable glovesTechnical data
were obtained from manufacturer® websites(Biometrics Ltd, 2020; IMeasureU,

2018; StretchSense)
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Comparison of three wearable technologies for measuring wrist motion during daily activities
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IMeasureU Blue Thunder
accelerometer

Biometric DataLite Wireless
Electrogoniometer

StretchSense gloves

Validation for wrist

measurement

Previous ly used in rehabilitation
research

Advantages

Limitations

Technology/sensors used

Simultaneous m easurement of
wrist and forearm motion

Sampling rate

Partly

Yes

Small, low profile devices

Good for monitoring of overall
upper limb activity levels

Limited analysis software

Technically challenging for
measurement of joint angles

IMU containing an accelerometer,
gyroscope,and a magnetometer

Yes, if wo-three deviceswould be
required

9-axis data logging at 500Hz

3-axisaccelerometer data logging at

1000Hz

Yes

Yes

Commercially available with
associated analytic software

Validated, clinically tested product

Light, low profile, suitable for
home-based research

Expensive devices and software

Less accurate than 3D motion
capture

Strain gauge mounted between two
endblocks

Yes, withtwo devices an
electrogoniometer and torsiometer

Selectable sampling rates 01.000,
500, 200, 100 or 50 samples per
second on the digital inputs

No

No

Sensors can be placed wherever
desiredto measure any movement

Likely to be highly accurate
Light, low profile

May inhibit dexterity and sensation
May not be tolerated by
postoperative population

Capacitive elastomer sensors
embedded in gloves

In principle yes: would require
development of a custom glove
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

Environmental limitations

Battery life

Charging

Data storage

Analysis software

Technical support

Accurate, precise
No data ondrift or hysteresis

4-6 hours
Bluetooth or on-board SD sampling
time 2-6 hours

Fastcharge via micro USB in 1.5
hours

On-board storage 32 hours
Logged data download via micro
USB cable

Can be integrated with Vicon
Nexus software

iOS data acquisition app availablez
software free for uploading raw
data

No existing algorithms for wrist
motion analysis

For development of algorithms or
analysis software- none

+ 2° measured over a range of + 90°

Temperature zero drift - 0.15
degrees angle/°C

Reported issues with crosstalk

Operating temperature range -
+10°C to +40°C

>12 hours

Rechargeable Lilon Polymer
Battery

Data downloaded in reaktime to
PC

Biometrics Ltd DataLITE analysis
software with video
synchronization, configured to give
a wide range of joint motion
metrics

UK based company

Precise movement and position
data are captured down to fractions
of a mm

Operating range 10° to 30°

RechargeablelLipo battery

Reattime transfer of data to a
mobile device motion capture
application

Not available

NZ based company
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IMeasureU Blue Thunder
accelerometer

Biometric DataLite Wireless
Electrogoniometer

StretchSense gloves

Wearability

Interference with motion

Warranty
Cost

Attached to skin with double -sided

tape or worn via a strap

Minimal interference with motion

Would not fit under a wrist
orthosis

$2,000$3,000 per unit

Medical grade double sided
adhesive tape

Minimal interference, no volar
hand sensors

Can be worn under clothing
Very flexible

May not fit under a wrist orthosis

2-years

NZD $9,683.30for 1x wrist
goniometer, 1x tasiometer and
DataLITE Analysis Software

Wearable glove May be difficult to
put on due to firm -fit

Unknown

Unknown
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8.8 Summary

The technologies of motion capture, accelerometry, electrogoniometry and
wearable stretch sensors have been presented and compared otion capture
systems are considered to be the gold standard of dynamic joint motion
measurement butare limited to laboratory settings and short time-periods of
recording. For study IV my preference wasto conduct the study in participants
homes, and motion capture was not suitable for realworld applications. Field
basedmotion capture was not sufficiently developed at the time of study
development so was similarlyunsuitable for study IV. Wrist worn accelerometers
were investigated due totheir wide availability and ease of use in reaivorld
studies. Technical challengesin accuracy of joint angle measurementwere the
primary reason accelerometry was not investigated further Wearable stretch
sensors embedded in gloves are a developing technology patéally well -suited
to this this project. However, due to the extensive development workthat would

have beenrequired they were not deemed suitable for this project.

Electrogoniometers were selected for this study as they met the widest range of
requirements. They are weltvalidated for wrist movement, have been used
extensivelyin rehabilitation studies and there were commercially available
devices and anasis software.While there were some notablelimitations
including reported issues with crosstalkand the need for simultaneous
videography, these challenges were considered surmountableand the technology
was deemed the most suitedto measurement of wrist movement during daily

activities.
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Chapter 9StudylV: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 Therapyand 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 studyThe authors are, Collis, J.

M., Mayland, E. C., Wright-St Clair, V.,Rashid U., Kayes, N, & Signal, N.

Study IV addressas RQ4: Does performance of daily activities result in greater
guantity 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 participantsat

the completion of the study and is included in Appendix Z.

9.2 Manuscriptstudy 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
18@minutes interventions: pur poseful activity (PA) and active ROM exercises

(AE), separated by a 6@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 metricof movement range
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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 selectedwere 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 impaments, and functional loss, and
these sequelae can persist for months after surgerfKaragiannopoulos et al., 2013;
Kong et al., 2020; MacFarlane et al., 2015; Wollstein et al., 2018) restore
movement and functional use of the affectedwrist, 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 mavement (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 strategyKooner & Grewal, 2021;
Quadlbauer et al., 2020) specified use of daily activties 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 actiongistinct to ROM exercises
and may have greatertherapeutic potential than recognised. Our qualitative
researchelucidated that people with a surgically repaired distal radius fracture
highly value occupation for restoring movement and function, and for postively
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 bethat
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., 19919 often assumed that
activities are ineffective at restoring active end ROM after injury(Gracia- Ibafiez
et al., 2017)Studies that determined wrist ROM requirements for functional
activities were conducted in healthy people, using predetermined 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, painor muscle weakness.

Evaluating wrist movement during purposeful activities, and comparing with
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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 am 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 th€ONSORT
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 6@minutes, in a random order. Purposeful activity was
defined asan action or set of tasks that has meaning and perceived utility to the
individual. When grouped together, purposeful activities make up broad
categories ofoccupation 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 activemovement time. Data were collected in a single session on

OEA OAI A AAu ET OEA DPAOOITG6O i x1 EITIAS

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 18" 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 om related but different outcome measure
of movement repetitions (King, 1993) using a repeatmeasures 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
1 AOGAT T &£ 18iih #T EAT80 A AEEAAO OEUA

Table 15

Eligibility criteria

Inclusion

Aged over 18 years

Surgical repair of a distalradius 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.,
severearthritis, 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 selfselected purposeful activity (PA) and standardized
active ROM exerciss (AE)and are detailed in Table 16 Each intervention session
was 10minutes, estimated as the time it would take to complete a set of range of
motion exercises or perform gourposeful 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 suggestedactivities was supplied at visit one (supplementay

file ) (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) Selfselection was considered essentidio ensure the activities had

meaning and value to the participants (Collis et al., 2020b)

| A
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Table 16

Interventions
Purposeful activity (PA) Active exercise (AE)
Light, non-forceful, part of rehabilitation at Part of usual rehabilitation
the time of data collection Standard postoperative forearm wrist,
Encouraged and hallenged wrist movement  and hand active ROM exercises
Required repeated wrist and forearm 10 repetitions of each movement in the
movement same order
Important or enjoyed Repetitions held at comfortable active
Take at least 1@minutes to perform end-range for 3 seconds
Activities could be combined e.g., emptying | completed before 16minutes
the dishwasher, and preparing vegetables exercises were repeated

"Detailed in supplementary file 2 (Appendix V).

9.4.4 Study procedures

Potential participants were invited to participate by hand therapists independent
01 OEA OOOAUh AO OEA bA G&isiudy tyerthAgpehéA |
W). Interested people were contacted by the researcherJQ and a first visit
arranged to explain the studyand obtain informed consent (Appendix X). Data
collection was scheduled to occur at visit twg between weeks four and eight
following surgery. The randomisation schedule was pregenerated via a
computerised program (Labes, 2019)and was balanced across periods
(interventions one and two) and sequences (PA:AE and AE:PAData were
collected by the primary author (JQ, who was not blinded to the interventions.
Participants were blinded to the study hypotheses.On arrival at visit two, the
researcher JQ checked that the self-selectedpurposeful activities met the

criteria asdetailed 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 idoint 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)nstructions
were read, and the firstintervention was performed. Prior to both interventions
participants wereinstructed 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

EAT
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first 10minute intervention a wrist orthosis was applied to immobilise the wrist
and the washout began.The washout period was 60minutes, which was
considered long enough to avoid carryover effed. After 60-minutes the orthosis
was removed. Pain was rescored, the instructions re-read, and thesecond
intervention performed. The questions relating to meaning, enjoyment and
challenge were scored immediately aftereach 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 associatedvith the greatest functional limitations (Lucado et al.,
2008; Wilcke et al., 2007; Yang et al., 2018)he primary outcome was time-
accumulated position (TAP), a global metric of movement range and amount,
reflecting cumulative joint po sition 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 ahovement were number of
repetitions and active time. The outcomes are detailed inTable 17 Participants
were asked to rate theimportance, enjoyment, and challenge of the interventions

on a 5point 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 Radial/ulnar deviation TAP Dev °-s (degrees  Area under the curve. A measure of  Biometrics DataLITE V10.28,

of position Extension/flexion TAP EF seconds) accumulated joint position away from calculated as area under the
Pronation/supination TAP Rot zero over time curve

Maximum active Ulnar deviation MaxER UD Degrees The greatest degree of active joint

end ROM Wnst extension MaxER WE ROM aCh|eved dunng 1Gm|nutes Of
Supination MaxER Sup recording. A measure of amplitude.

Excursions>75% of Ulnar deviation E>75% UD Counts Number of times the joint moved Biometrics DataLITE V10.28,

active ROM Wrist extension E>75% WE beyond 75% ofthe availablearc of 75% of availableactive end
Supination E>75% Sup active movement ROM was calculated from the

baseline ROM measures

Movement Radial/ulnar deviation MR Dev Counts A change in direction twice in Biometrics DataLITE V10.28,

repetitions Extension/flexion MR EF succession of greater than 9° (5% of as a number count for
Pronation/supination MR Rot the 180° scale) repetitions

Active time Radial/ulnar deviation AT Dev Percentage The ratio of time between wrist Activity = velocity >5°/s;
Extension/flexion AT EF movement and inactivity inactivity = velocity remains
Pronation/supination AT Rot niTro A O EALA
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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 determinedHillstrom et al., 2014; Ojima et al.,
1991)and they are widely used in wrist postsurgical research(Singh et al., 2017,
Singh et al., 2014)Compared with 3D motion capture or fluoroscopy error rates
of 5-7° have been reportedHillstrom et al., 2014; McHugh etal., 2020) Error
rates above 7° have been reported for torsiometerf_atz 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; HeilskowHansen 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% 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 researchassistant screened the data for abnormal values,
cleaned, and processed the dataA 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. Cary-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 setat 0.05.The analysis was conducted in R version 4.1.1 using packages:
nime, Ime4, r2gilmm, emmeans. Pain and TSKFOIE scores were treated as

covariates in the analysis.

9.4.8 Results

Between November 2020 and June 2021, 35 people were randomised to sequence
PAAE or AE:PA Figure 19. Participant characteristics aredetailed in Table 18
Participants selected a broad range of purposeful activities to performTable 19.
Over half of the participants performed one activity 21(60%), while the remaining
14(40%) chose 2 or 3 activities. Supplementary filgd presents a video montage of

the types of activities performed by participants.

o

Supplementary file 3 Purposeful Activities montage.mp4
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Figure 16

Consort 201Gtudy flow diagram

Assessed for eligibility (n=56)
Completed expression of interest form at initial hand therapy or physiotherapy contact

A

Excluded (n=21)
Inclusion criteria not met (n=6)
Declined to participate (n=8)
Unable to be contacted (n=3)
Unable to schedule visit (n=4)

Randomised to sequence (n=35)

Allocated to sequence PA:AE (n=17)

Received intervention PA (n=17)
10 minute performance of self-selected
purposeful activities

A 4

60 minute washout
Wrist orthosis applied to rest the wrist

Y

Received intervention AE (n=17)
10 minute performance of standard active
range of movement exercises

A

Analysed (n=17)

Period 1

Period 2

Allocated to sequence AE:PA (n=18)

Received intervention AE (n=18)
10 minute performance of standard active
range of movement exercises

Y

60 minute washout
Wrist orthosis applied to rest the wrist

Received intervention PA (n=18)
10 minute performance of self-selected
purposeful activities

Analysed (n=18)
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Participant characteristics (n=35)

169

Variable N (%) Mean = SD Range
Age 51 (16) 1976
Pain at baseliné 1(2) 0-4
TSKz FOIE? 7 (3) 312
Days injury to surgery 10 (8) 2-38
Days surgery to mobilisation 15 (5) 8-27
Days surgery todata collection 36 (9) 1655
Sex Female 27 (77)

Male 8 (23)
Ethnicity NZ European 25(71)

NZ- ai OE 3(9)

Other 7 (20)
Side ofinjury 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)

Y 1point numeric rating scale. 0=no pain, 10=worst possible pain

2Tampa Scale oKinesiophobia z Fear of Injury Early. Score range is 3 (low kinesiophobia) to 12

(high kinesiophobia)
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Table 19

Selfselected activities performed by participants

Occupation * Activity * N=

Instrumental Activities of Daily Living (IADLS)

Household Folding laundry 13

management Hanging out clothing on washing line or clothes 3
airer
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 _ Making a salgd, preparing vegetables, making a 7

preparation salad sandwich
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, Putting on shoes & socks, putting on a shirt, doing

Personal hygiene up hair, putting in earrings, applying face cream 3

& grooming

Work

Job performance File management, computer use 1

Leisure

Recreation Playing the ukulele 1
Drawing 1
Hand sewing OADAEOET ¢ AEEI Ad O 1

10ccupationsand activities are categorised according to the OTPH.(American Occupational

Therapy Association, 2020)



171
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 inTable 20. Means and
confidence intervals for PA and AE are detailed inTable 21and illustrated in
Figure 17Figure 18 Figure 19 Figure 20, and Figure 21 Box and scatter graphs

visualising the raw data are provided in supplemetary file 4 (Appendix Y).

Timeaccumulation of position

For the primary outcome, active exercise produced significantly highertime
accumulated joint position than purposeful activity regardless of movement type.
For wrist flexion/extension the mean difference was-1878 degsec, 95% Cl, {1367,
-7.260]. To illustrate, in 10minutes a person who performed ROM exercises,
produced 43% more sustainedime -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 2J.

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 lowemaximum

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

Excursions75% ofactive ROM

Purposeful activities producedsignificantly 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{1§ -6], p<0.001.
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Movementrepetitions

Purposeful activities resulted in significantly more movement repetitions than
ROM exercisesfor forearm rotation and wrist extension-flexion. For extension
flexion there was a mean of 119.6, 95% CI [100.9, 138.4] rejeis 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 wrst

deviation.

Active time
For the percentage of time the wrist was moving, a significant diference 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] 6the time, compared with 43%, [40, 47], during active exercises.

Table 20

Model analysis of movement outcomes, PA versus AE

Outcome Mov Differ SE DF 95% Cl 95% Cl Tor P-value

eme ence Lower Upper Z-
nt 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 21 170 -9.8 -1.6 -2.756 0.006*
ub 0.3 0.8 170 -1.3 20 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*
ubD 42 12 19 65 3.566 <0.001**
WE 54 16 24 85 3.492 <0.001**
MR Rot 117t 119 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 36.11f <0.001**
EF 53 2 50 57 29.975 <0.001**

*Statistically significant in favour of active exercise
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** 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: ime accumulation of

position; UD: ulnar deviation; WE: wrist extension
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Table 21

Mean values for PA and AE with 95% Cls

Outcome Condition Movement Mean 95% CIlLower 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 ubD 18.1 15.6 20.7
AE ubD 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 ub 69 47 90
AE ub 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 1®
AE Rot 46 42 50
PA Dev 91 87 96
AE Dev 33 29 36
PA EF 97 92 1®
AE EF 43 40 47
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Figure 17

Time-accumulation of joint position for all movement types
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Figure 18

Maximum active end ROMfor all movement types
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Figure 19

Excursions beyond 75% of active ROM for all movement types
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Figure 20

Movement repetitions for all movement types
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Figure 21

Active time for all movement types
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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, RksusAE

Outcome Difference  SE D.F. 95% CI 95% CI T- P-
Lower Upper value value

Importance -0.2 01 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 rangéor purposeful activity and active ROMexercises
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Note. The data are a 5&econd excerptfrom 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 exercisesin the early weeks
following surgical repair of a distal radius fracture. We found that while
purposeful activity and ROM exercisesboth elicited large volumes of wrist and
forearm movement, the parametersof 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 ROMand a greaterproportion 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 ofTAP 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 loadingdNg 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 mechanobiologicaleffects
of purposeful activity and ROM exercises on healing tissue may inform the type,

timing, and intensity of rehabilitation.

Rangeof movement

An important and surprising finding of our study was theequivalencein wrist
ROM produced by both interventi ons. 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 livingdo not require
full ROM to perform (Gates et al., 2016; Gracitbafez 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 consistentwith 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 onROM exercises, and suggests that patients may be able
to perform either intervention to promote ROM. It is possible thatwhen 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 e xcursions >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 ofmovement

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 fewerexercises than advisedCollis et al., 2021,
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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
achieve68 more wrist extension-flexions, 118 more forearm rotations and more
than double the active time than during 10-minutes of ROM exeacises.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 surgicaltreatment 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., 2020ncrease grip strength, and reduce pain
(Mitsukane et al., 2015; Shimose et al., 201Greater 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 a nd sensation, and body
perception disturbances, which commonly occur after distal radius fracture (Hall

et al., 2016Jmai et al., 2018; Karagiannopoulos et al., 2013; Wollstein et al., 2018)

Purposeful activitas 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 percéved 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, Matrtin, et al., 2018Yherapists should be cognisant of the
perceived values and actions of purposful activities and ROM exercises when

designing postoperative rehabilitation with their patients.
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The movement characteristics of purposeful activity elucidated in this study may
contribute to our mechanistic understanding of the favourable results seenin
response to occupationbased interventions (Daud, Yau, Barnett, Judd, et al.,
2016; Guzelkucuk et al., 2007; Omar et al., 2012; Weinste&kotnick & Mehta,
2018) and early mobilisation regimes after wrist fracture (Collis et al., 2020a;
Ghaddaf et al., 2021; GutiérreEspinoza et al., 2021)rhe unigue characteristics of
purposeful activity such as bilaterality, object manipulation, and variable load,
speed, anddirection of movement (illustrated in Figure 24), may also contribute

to the beneficial effects of occupationbased interventions.

Figure 24

Purposeful activity has unigque 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 tissuegQuadlbauer 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., 2020afhat can cause
patients anxiety, uncertainty, and distress in the early postoperative weekgStern
et al., 2021; Watson, Martin, et al., 20187 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)highlighti ng 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., 2021Kooner & Grewal, 2021; Quadlbauer et al., 202@herapists

i AU OOEIT AA O1 AAOOGAET AAT OO OEAEO DPAOEA]
study, participants were asked to choose their own purposeful activities. While

some participants required reassurance, all selected activities that were light,



183
encouraged wrist movement, andvalued (Table 19. This indicates that when
provided with clear guidance, patients are able to competentlyselect 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 realworld data during the

proliferati ve 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. Limitationsinclude a power calculation based on an early,
low quality study, meaning that optimal sample size was unknow. The lower
accuracy of torsiometersmay have underestimatedsupination (Latz et al., 2019)
but was mitigated by a single application of the devices and a crossover design
that ensures consistency of measurements withipparticipants. 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 sumation or wrist extension.
Wearable devicescould be usedto 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 Conclusins

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 volumesof 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 challengetherapists 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 presened a motion analysis studythat evaluated the differences in
movement during purposeful activity and ROM exercises. The study produced
novel findings that have the potential to change howhand O E A O AdpprdachO 8
postoperative management of a surgically repired distal radius fracture. Ranges
and amounts of movementachieved during purposeful activity were revealed to
be greater thanpreviously thought. It may be that purposeful activities could be
usedas the predominant approach for restoring ROM after sugery rather than
ROM exercises. This represents an exciting new direction for postoperative

models of treatment.

The following chapter extendsthe findings from study IV by presenting
researcherobservations garnered during data collection.These observationsadd
another layer of understanding to the way that movement is produced during

purposeful activity.
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Chapter 10Researcher observations and reflections

10.1 Chapteroverview

This chapter presentsresearche observationsand secondarydata from study IV
that were not a formal part of the study manuscript. As study IV progressed, |
came to realise that my observationsand journal entries were rich data that
formed a source of knowledge in its own right | therefore presentan informal
synthesis ofdata derived from a visual inspection of thestudy IV
electrogoniometer data andvideos, and research journal entries.The purpose of
this chapter is to make visible thoseobservations and reflectionsto add depth to
understanding how activities and occupation influences recoveryfrom surgical

treatment of a distal radius fracture.

During study Il , | had learned to be attentive to the language of my participants
and carried that practice through to study IV. | was alert toremarks made by
participants in study IV and would frequently make analytic notes in my research
journal following data collection sessions.During study 1V, video recordings were
taken to verify and time-stamp purposeful activities with t he electrogoniometry
data. During the phase ofstudy IV data analysis and preparation of the study
manuscript, | spent time visually inspecting the electrogoniometer data and
crossreferencing that data with the videos. As | examined these data certain
patterns, and commonalities of performing purposeful activities became
apparent. | had not anticipated the added insights this visual inspection would
provide and how reviewing thosedata would inform my understanding of
purposeful activities and exercise.Consistent with critical realism (revealing
contexts, mechanisms, and deep meanings), anthixed 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 presentsan informal synthesis ofresearcherobservations
and researcher journaling.The discussionrepresents observedpatterns and
commonalities that can give insights aboutthe performance of purposeful
activities and their influence on wrist movement, not explored in other parts of

my thesis. The synthesisis presented in three sectiors as my observations about
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the parameters of selectedourposeful activities, the differencesbetween
purposeful activities and ROM exercises, anthe real-time experiences of
performing purposeful activities. Concepts arising fromthese observations and
reflections are sigralled for later discussionin my integrated discussionChapter

11

10.2 Parameterof selfselected prposeful activities

Study IV involved participants selecting their own purposeful activities. This was
a deliberate design featurebecause a major critique in ny first systematic review
(study 1) was that the purposeful activities inincluded studies were largely
selected by researchers. This negates one of the core tenets of occupationthat
the purpose and meaningattributed 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. | 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 insighs about the parameters ofactivities
selected by participants Detailing these observed parametersnay inform future

clinical guidelines on safe and therapeutic activity parameters.

The first thing | observed was somewhat surprising. The majority of participants
had decided on their activities prior to my arrival and had the necessary materials
ready. | was surprisedbecause purposeful activities are not routinely prescribed
by hand therapists. In my second systematic review the parameters ofdaily
activities in the early mobilisation regimes were poorlyspecified and only one of
the studies hadusedactivity as a form of therapy. | had therefore speculated that
selecting activitiesto challenge wrist movement may be an unfamiliar conceptfor
my participants. The fact that most participants had already selected purposeful
activities to perform suggestedto 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 werauncertain about

what wassafeor permitted. | discussthis uncertainty further in 10.3 but in this
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context, once | haddiscussed options and reassured participantgs 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 activitiesin study IV. | have groupedand described these
as non-weight bearing, involved light lifting, challenged wrist movement, did not

induce pain, were modifiable, and valued.

10.2.1Activitieswere nonweight bearing

When reviewing the videos, | observed thatthe activities selectedby participants
did not involve full weight-bearingi.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, asillustrated in Figure 25and 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., abrief
extension passivestretch to the point of mild discomfort but no pain (Glasgow et
al., 2010) Some participants made comments that they chose the activities
specifically because theyA E A1 &ldad tBréugh 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

10.2.2Activities involvedifting light loads

| observed that most of the activities involved some lifting. Purposeful activity
inherently involves some degree of lifting becauset involves the use ofobjects.
The weight of objects wasestimated to range from a few grams (plastic
containers, light clothing, an empty cup) to 2-3kgs atmost (vegetables,
gardening items, laundry basket, watering can) (Figure 27). Two participants who
were between six and eight weeks postoperativig performed garden tasks that
involved heavierloads or some pulling (Figure 28) but adaptedthe 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

10.2.3Activities challenged ROM

| observed that participants often appeared tochoose activities that they believed
would be good for their wrist. Participants sometimes spoke about howD E A U 6 A
chosen activities that had been challenging to perform over the preeding days

and therefore selected those activities for the studyWhen | reviewed the videos,

| could see that participants were oftenusing purposeful activities to attempt

wrist movement in the directions of greatest stiffness.Figure 29 and Figure 30
illustrate the way one participant appeared toselect 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

| observedon the other hand that for some participants, the activities they
selected appeared to deliver minimal challenge towrist 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.

10.2.4Activitiesdid not induce pain

Inspection of the videos suggested that prticipants experienced minimal pain

during performance of their selected activities. Although participants may not

have known for sure whether they would experience painduring the activity ,

they had been instructed to perform within comfort levels and to stop or take a

break if needed. During the recording ®ssions no participant needed to stop to

take a break andl noticed that participants often commented on the lack of pain

during performance of purposeful activities. There frequently seemed to be a

degree of surprisethatt O EAAT 80 EOOO O1 DPAOAI Oi OEA

10.2.5Activities were modifiable

The purposeful activities selected by participantswere those tha appeared tobe
modifiable. | observed that the activities wereadapted in various ways such as

folding only light clothes, taking the majority of the load of an objectthrough the

/
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non-affected limb, or applying less force than might normally be used forthat
task.As an example, me participant chose agardening activity which involved
lifting small rocks and a bag of potting mix. The activity was adaptedby 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,

| just tried pulling out the weeds and if they were too hard, |
O0i bPAA AT A AEAT 60 Ai EO 1T O OOAA iTuU 1

10.2.6Activities werevalued

Remarks made bysome participants during data collection highlighted that
activities were chosen becauseéhey were the things that people needed or
wanted to do. Theseactivity selections were not arbitrarytasksbut were
connectedto the routines of daily life. Participants had often left the washing
that needed folding, dishes that needed drying or vegetales that needed to be
prepared, for the study. Participants were eager to get on and do the normal
things of everyday life. Figure 31lillustrates one participant® choice of a valued
activity, cleaning windows. When this lady performed the activity, it seemed
evident that having sparkling clean windowswasvery important to her and had
AAAT TTA T £ 1EEA3O OACOIl Aisigiifl 0 BbOEOE A O A&l «
how she used an activity that wassimultaneously important and challenging for

her wrist recovery.
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Figure 31

Cleaning windowsactivity

In this section, | outlined parametersof activities selected by participants.These
parametersare important because they gave insights intohow participants
determined safe activities My observations suggest that participantswere able to
intuit parameters of activitiescongruent with safe loads to a healing fractura.e.,
those that challenged movement but did not overload the healing bone Safe
parameters of purposeful activities have not beenwell specifiedin the literature
and this was clearly demonstrated in study Il. The lack of specificationmay be a
reason whypurposeful activities are not utilized more in clinical practice as a
rehabilitative strategy. It may be that the activity parameters| described here
could be usedto inform t he development of a framework fordefining safe

activities. | propose such a framework in11.1.4

When | reflect on the choices made bymost participants, it suggestedthat
participants were unconsciously performing a rudimentary activity analysis. This
is discussed in more detail in11,lbut 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 f 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 agllustrated in Figure 32
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Figure 32

Adaptive cycle of activity selection and performance

Recalibrating Analysisng

Adapting the Is the activity
activity suitable?

Reflecting Testing

Does it hurt? Is it Tentative
too challenging or performance of
too easy? the activity

Doing

Performing the
activity

Note. This cycle illustrates the process of determining and performing purposeful activities.

My observations also prompted me to reflect thatmaximizing 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 challengeto wrist movement. When used
as a rehabilitative strategy | foresee thattherapists may need tocollaborate on
selecting activities that match therapeutic goals perhaps by overtly teaching
patients how to utilise the cycle described above Obsening activity performance
and offering feedbackon maximizing movement during activities may also be a
helpful strategy. Observation of activities may be facilitated byhaving
participants bring in objects from a chosen activity or having activity kits in

clinics that contain objects needed to performeveryday occupations

10.3 Differencedetweenpurposeful activities and ROM exercises
The analyssin study IV identified statistical differencesbetween purposeful
activities and exercises with respect tdROM and movement, and these are

documented in Chapter 9. During the process of reviewing thevideo recordings
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from study 1V, | observedother differencesin 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 manuscriptny
observations enabledunderstanding of the electrogoniometry data through a
different lens and | present thesehere. As with the parametersof purposeful
activity described above, such observations can be used teepen
understandings of the mechanismsof purposeful activity and inform clinical

recommendations.

10.3.1More focus orthe task than movemerduring purposeful activity

When watching participants perform purposeful activities and ROM exercises|

noticed there appeared to beless 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 exercisesn

Figure 33 it appears that thewoman is intent on making a sandwich whereasn

Figure 34, she appears mordocused on counting repetitions, trying to reach

available end range, and ensuringhe followed the exercise sequenceDuring the
exercises sessions in study IVitere was certainly less informal chat than during
purposeful activities. A participant in study Ill noticed a similar difference by
expressingx EAT UT 06 0OA Al BB AT1AgAGOB@AO Ad EA &
anything else. Sgyou can push as much or as little as you choosevhereas when

Ui 06 0OA PAOAEI Ol ET ¢ AT AAOEOEOU Uiddhid ECEO
suggeststhat people may be less likely tofocus on producing movementduring a

purposeful activity than exercises
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Figure 33

Focused orthe task of making a sandwich

Figure 34

Focussed on following the exercise instructions amdoving the wristand forearm

This observation presens an interesting dichotomy. On the one hand patients

might work harder to produce end range movement during exercises because

OEAO EO All OEAUBGOA &I AOGOAA 118 /1 OEA 1
end range during activity preciselybecausethey arAT 8 O & AOOAA 11 EO
movement occurs naturally and without effort. A participant in study Il

s ~ N s A

automaticity inherent in purposeful activity .

Importantly , the results of sudy IV showed that maximum active end ROM was
achieved equally as well during activity as exerciseThis suggests that thefocused
attention of exerciserequired to achieve end rangemay not be asimportant as

thought. | noticed during the exercise sessios that although people were focused
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on producing movement initially , they often lost focus or interest with repeated
repetitions. | believethat for some participants, if | had not been there recording
the exercise session might have been hurried alongor completed less
thoroughly . Further researchthat specifically examines the influence ofattention
on movement would give insights into whether focussed attention is needed to

produce end range movement.

10.3.20bjects and materials facilitated naturabn-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
becauseobjects with a specific purpose evoke actionl particularly noticed tha t
for those participants hesitant to move their wrist, picking up an everydayobject
acted as astimulus for wrist movement. Additionally, the movement seemed to
be natural and not forced. There is a familiarity to activity not evident in exercise
Figure 35illustrates 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 ensuedto enable her toassemble 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 usedas a therapeutic tool foreliciting ROM in the
wrist, as an alternative or adjunct to ROM exercises Such kits have been
proposed and detailedin other studies (Berlet & Kaskutas, 2020; Dy & Yancosek,
2017)
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Figure 35

Familiar objects facilitated movement

10.3.3Purposeful activities facilitated bilateral movement

Another key difference | observed wa that movement during activity was

predominantly bilateral whereasduring ROM exercisesmovement wasunilateral.

It made me think about study Il where participants often made comments such

as@®@1 O AAT 60 /Al | -Baddedd Figue 36 AiGuEe 37contkast the

bilateral nature of purposeful activities with unilateral ROM exercises. Bilateral

activities encourage theaffectedx OEOO O1T 11 OA AAAAOOA OEAU
without using th at 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 prrmed unilaterally

10.3.4Variabldoadandeffort duringpurposeful activities

In section 10.2l discussedthat 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 tak and included lifting items as
light as a few grams up to 2 Or 3 kgs. In contrast, ROM exercises involved the
generation of force to oppose gravity at most. As discussed ith0.2.5ome
activities also delivered loadsto the affected wrist at end of rangesuch as during
gardening, pressing down on folded clothes, or holding a bread board in place
(Figure 25and Figure 38), and again those forceswvere variable light, and

occurred as a natural sequela of theaask rather than a deliberately performed
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O 0 0 O Kréldctedback to study Il where people in early mobilised groups
regained movement and function sooner that thoseimmobilised for longer than
two weeks | speculatedin that study that performing daily activities must have
contributed to the superior results of early mobilised groups,but that it was not
possible todetermine the relative contribution of daily activities (5.2.9. The
variable load, force requirements,and ROM | observedduring purposeful
activities in study IV, may go someway to understanding the contribution of
daily activities to recovery of wrist movement. Therapists may think that
exercises areneeded todeliver sufficient ROM challenge,but observationsfrom
study IV caused me toconsider 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

10.3.5More frequent change in directigspeed and end ROMluring
purposeful activity

The final differences, discussedbriefly in Chapter 9, were that purposeful
activities appeared toproduce more frequent changes in directionand speed,
than ROM exercises Although | did not measure velocity, observation ofthe data
traces showed more short duration, sharp peaks during purposeful activities than
ROM exercises suggesting higher velocity movement.In addition , differences
were seenbetweenwhen maximum ROM wasachieved 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 exercisesgend rangeoccurred commensurate with the exercisetype



200

i.e., a supination exercise produced end range supination and a wriséxtension
exercise produced end range wrist extensionThese differences are illustrated in
Figure 39 and Figure 40. The differences | observedreminded 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, | considered that the variable movementduring purposeful activity may
play a more valuable role inin regaining normal wrist movement after injury than

recognised.

Figure 39
Electrogoniometrytrace of purposeful activity for flexion/extension and

supination/pronation

Purposeful activity

Flexion

Extension

Supination

Pronation

Note. The image is of a 1dminute recording for a single participant. End range movement is seen

to occur intermittently throughout the ten -minutes.
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Figure 40

Electrogoniometrytrace of ROM exercisedor flexion/extension andsupination/pronation

I Active ROM exercises
Flexion . T; ! W

Extension

Supination

Pronation

OCID 1 40 ooo 3:20.000 5:00.000 [ X 40 000 8: 20 000 10:00.000

Note. The image is of a 1dminute recording for the same participant asin Figure 39. End range

movement is seen to occurin a predictable pattern.

This section has highlighted the concept that movement differs between
purposeful activity and ROM exercisesPurposeful activity produced movement
that varied more with respect to resistance, force, direction and speedthan ROM
exercises Movement occurred asaresponse toand wasinfluenced by the objects

involved, and the need to use both hands.

10.4 Experiences of performing purposeful activities

During study 1V, | observed and listened to experiences ofpeople 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. | would often sit in my car immediately after a data collection visit
and record my observations and write analytic notes.In this section | present my
observations on the experiences of people performingpurposeful activities during
study IV. Such observationscan deepenunderstandings of the influence of
purposeful activities on wrist movement that may not have been explicitly

apparent to participants.
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10.4.1Surprised 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

AAAT 1 OAE AAOEAOh AT A OE Aldctad 4AEMEIEBAMD AGE TAOD G
that doing the activities would be difficult or painful and were surprised to find

that the activities felt natural, and doable Figure 41lillustrates a woman who

OET OCEO OEA x1 O1I AT80O AA AAT A OI AOU OEA |
OEA AT O A AT A TFigked2 shdvs Avioridn dviddwak e B

would take 18minutes to hang out a smallbasket 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!l noti ced that

participants often expressed an emotive dimensiorto performing purposeful

activities making comments about how amazing it felt to be doing normal

activities like folding the washingorthat EO  A£A1T O OCi 1 A8 O1T AA O

| also observed instancesocPAOOEAEDPAT OO0 EAAPETI ¢ OEAEO E.
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
OEETE OEAO PAI PI A xAOA 1 EOOEdvely pivtedi@ ADA OO
of their wrist. It caused me to reflect on the concepts of learnt norruse and fear

avoidance and that facilitating people to safely perform purposeful activities in

the early weeks after surgery, particularly in movementhesitant 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 behelpful 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

10.4.2Purposeful etivity feltlike goodtherapy

Another interesting observation from study 1V was participant & 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. | was interested to note that some participantsE AAT 8§ O OEI OCEO
purposeful activities such as folding the washing as part of their rehabilitation

routines but would now do so (illustrated in Figure 45).

It wasnot 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 movementor to rehabilitate after surgery. These
observations reinforced to me thatin clinical practice there is a need to
specifically alert peopleto how routine activities of daily living can beutilised as

a formalised component of rehabilitation.

AA
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Figure 45

Discoveringpurposeful activity astherapy

10.4.3Variable confidence in usiadfected wrist

| observedduring study IV that there were quite stark differencesin the degree of
confidence participants experienced withusing their affected limb. During the
recording sessions most participants carried out their chosen activities with

relative ease There were even some whaaid theyfelt a little sneaky because

they wereahead ofx EAO OEA U3 A A A fhis madd @&Eréildctbackio Al

a participant in study Il who felt the advice givendid not match her capacity.

| went there [to hand therapy]and she was giving me the little

dumbbells, likea half kg. She was telling me to start exercise with

that. And in my mind, | was thinking like,) 8 1 B®OI1 1 ET ¢ T U EEAO

each of them twelveor fifteen kgs. | was already lifting mykids

and doing my stuff at homebut) AEAT §thehéndi 1 EAO

therapist].
Although most participants had no difficulty deciding what they wanted to do,
there were a small number of people whohad not been using their affectedwrist
and were uncertain what they could do. Theseparticipants required supporting
strategies such as reassurancef the safety of activities andclarification on which
activities might be less demandingto enable confident selection and performance
of purposeful activities. Less confident participants often commented they felt
safer because a professional was there with thenkigure 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 al® 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 experiencedactivity as saferbecause a
professional was presentaused meto reflect on what strategiestherapists could
useto 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. Someparticipants seemedable to interpret discomfort as an
expected part of rehabilitation while others were uncertain whether to persevere
through discomfort. In study Il participants spoke about the variable and
sometimes conflicting advice they received about everyday activities from hand
surgeons and/or therapists.Advice ranged from @o whatyou cangto @1 1 8 O Al
anything except the exercises without the splind In the absence of more specific
or consistent advice, participantsin study Il 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 ofdemonstrating and practicing exercises, v are
communicating critical information about the safety andtherapeutic value of
exercise. On the other handwe AT 1 6 0 OOAAAES AAEI U AAOEOE
as therapists, we dten just give general advce 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 patientsif we were to teach the
stagesof activity selection and performance,described in Figure 32 patients may
be better equipped and more confident to engage in activities and occupation at

home.

PAT B1 Addimde expdridnices of performing purposeful activities have been
presented in this section. Concepts highlighted area 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 safé¢o

engage in activities and occupations away from the hand therapy clinic

10.5 Summary
In this chapter | presented observationsand 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, andeal-time experiences of performing purposeful activities These
are unique data not elucidated elsewhere in my tlesis.The observations and
reflections have highlighted concepts thatadd depth to my understandings about
the clinical utility of purposeful activities and occupation as therapy. | intend to
discuss andintegrate these concepts alongwith findings from studies I-1V in

Chapter 11 In particular | have signalledthe following concepts

1 There are specificparameters ofdaily activities people apply when self
determining safe activities that may inform the development of a
framework for safepostoperative activities.

1 Movement appears to differwhen it is produced by purposeful activity
compared with ROM exercises. Purposeful activity produces movement
that varies more with respect to resistancejoad, direction, and speed, than
ROM exercises

1 Movement occurs as a response to, and is influenced by, the objects
involved and the demands of the task

1 Activity -specific educationmay build confidence in selecing and
performing daily activities and minimise the mismatch between perceived
and actual capabilities

1 Most people appearcapable ofself-selecting activities commensurate with
bone healing phasesand that challenge wrist movement Education that is
specific to activity performance is likely to further enable people to feel
confident and safe

1 Patient/therapist collaboration may help to ensure that therapeutic

opportunities during daily activities are maximised.
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Chapter 11Integrateddiscussion

In this chapter | 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, | discuss the integrated findings from
across this thesis Becauselittle was known about my research question | chose
to use a mixed methodology approach that dlowed me to approach the research
guestion from divergent angles Part of the quote by &net Frame(1979) at the
beginning of this thesis illustrates the intention of this chapter, G\ sentence
whichh OOAOGAT T ET Cch 1TTTEO 100 1T £ pi OOEIT AO
(p.47). Each ofmy studieslooks out of a porthole bringing new knowledge. |
intend bringing that knowledge together to look towards the rehabilitation
horizon of an occupationally-basedrehabilitation approach that harnesses the
complexity and unique characteristics of occupationin bringing about

improvements after a wrist injury.

My research has added novel knowledge in two distinct arenas. First, | 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, | havehown occupation to be a
complex, multi-faceted rehabilitative strategy that may be used to facilitate
recovery.Based on my research findings, propose an occupationbased

postoperative rehabilitation approach.

I will first discuss thefeaturesand strengths of my thesis, provide a summary of
the studies, then presentfour points that integrate the key findings from my
research.The remainder of the chapter is adiscussion of these points The final

section presentslimitations of the research and suggestions for futuredirections.

A unique feature of this doctoral work is that | sought to understand the
underlying mechanismsby which activity and occupation brings about change
Much of the occupation-focussedresearchin hand therapy evaluatesthe effects

of occupation-basedinterventions but many of these studies fail to providea



210

robust theory for the intervention or describe the iterative processby which the
intervention was developed (Bleijenberg et al., 2018)Another strength of my
researchis that the data were collectedwhen participants were in the
proliferative (day 5 to weeks 34 postoperatively), and early remodelling (week 4
8 postoperatively) phases of bone healingTo my knowledge there are no other
studies that have evaluated wrist movementn an early postoperative population
and my research is therefore valuable for informing postoperative fracture
management.Another strengthisthat) OT T Ex TAOIOHORA AP b OT AA
conducting data collection in the homes of participants rather than in outpatient
clinics or researchlaboratories. The data are thereforeauthentic to how people
perform activities in everyday life after surgery and therefore have direct

applicability to rehabilitation.

The studies presentedin this thesis include two systematic reviews, &
Interpretive Description qualitative study, and a motion analysisstudy using a
randomised crossoverdesign. In addition, a synthesis ofsecondary datafrom
observations and critical reflections areincluded. The studiesand secondary data
are summarised inTable 23 providing an overview of the purpose, methodsand

main findings of eachstudy.
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Summary of thesisstudiesand secondaryobservationaldata
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Study Purpose Methods Main findings

I, (Chapter 4) Investigatedthe influence of A systematic review of21studies People performed more movementrepetitions and
purposeful activities on motor that compared motor performance performed for longer periods of time during
performance of the upper extremity during purposeful and purposeful activities. Movement was more likely to

nonpurposeful activities be smoother, more controlled, and quicker

Il, (Chapter 5 Investigated, early mobilisation A systematic review of 8 studies Daily activities were commonly recommended as part
recommendations with respect to that explored how daily activity is  of early mobilisation but poorly specified. Mobilising
daily activities, and the efficacy and recommended, and compared early before 2 weekswas safe anchad better short term
safety of early . delayed mobilisation and delayed mobilisation outcomes compared with P 2 weeks

[ll, (Chapter 6 Explored the perceptions and A qualitative study using Daily activities were perceived tofacilitate

Chapter 7 experiences of peopleabout how daily Interpretive Description postoperative recoveryby: (i) driving the

IV, (Chapter 8
Chapter 9

activities and occupations influenced
recovery after surgical treatmentof
distal radius fracture

Evaluated and compared movement
during purposeful activity and ROM
exercises

methodology. Semistructured
interviews of 21 adultsused
reflexive thematic analyss

An exploratory biomechanical
study utilising a randomised
crossover design 35 adults with a
surgically repaired distal radius
fracture

rehabilitative process, (ii) offering ready-to-hand
challenges (iii) promoting intentional use,(iv)
habituating to movement and (iv) building
psychosocial resources

ROM exercises produced higher volumes of sustainec
joint position . Activities produced higher volumes of
continuous, repetitious movementin 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

Observationsfrom inspection of electrogoniometer and video data, and reseach journal
entries. Parametersof self-selected purposeful activities and differences between
purposeful activities and exercises wereutlined . Observations of reattime experiences
revealed variable confidence and a mismatch betweeactual and perceived abilities.
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Four points integrate and summarisethe novel knowledge my thesis has
elucidated. Each of these four points represents a key cdribution to the existing
knowledge about the role of occupation in recovery froma surgically repaired
distal radius fracture. In the following sections | 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 andappropriately self-
determined. People are able toselectdaily activities that challenge ROM
and function, particularly when supported by education that advocates and
encourages performance of safe activitied propose aframework for
defining safe activity parameters

2. Purposeful activity produces large ranges and amounts ofvrist and
forearm movement. Range and amount of wristmovement during
purposeful activities is equivalent to or greater than during ROM exercises.
Movement is characterised by variability in range, speedand load. |
highlight k ey 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 astrategic role in building psychosocial
resources in the early weeks of rehabilitation.Occupation potentiates
motivation, engenders wellbeing, reclaims normality, and build s a sense of
accomplishment and optimism.

4. Occupation is apowerful rehabilitative strategy for restoration of
movement and function. A comprehensive occupationbasedrehabilitation
approach that utilises the complexinfluences of occupation on movement

and psychosocial capabilitiesis proposed.

11.1 Activity during early rehabilitation is saf®d appropriatey self
determined

My researchelucidates the safety of performing daily activities in the early
postoperative weeks. | showthat 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 activitiespropose

a framework for defining safe activity parameters.

11.1.1Active useluringthe proliferative and early remodelling phases

My research challengs clinicians to use acivity as a therapeutic strategy. Touse
activity in the early weeks after surgey, clinicians must be confident that
activities will not overload healing bone and that patients can safelynodulate
activity performance. In chapter 3.2.5I reviewed biomechanical studies that
evaluated the strength ofvolar locking plates used to surgically treat distal radius
fractures. This body of work consistently demonstrated that volar platesare
sufficiently strong to withstand the forces of early mobilisation and active use
(Alluri et al., 2015; Kamei et al., 2010; Quadlbauer et al., 20200 study Il |
showed that active use of the wrist within two weeks of volar plating of a distal
radius fracture is considered safe and widely reommended. The safety of
commencing daily activities within two weeks of surgery is further evidenced by
primary research (Ghaddaf et al., 2021; GutiérreEspinoza et al., 2021; Zeckey et
al., 2020)and expert opinion (Kooner & Grewal, 2021; Quadlbauer et al., 2020)

Researchhighlight s nonetheless that a warinessabout commencing early active
mobilisation and active usepersistsin clinical practice, revealing a gap between
evidence and practice(Salibian et al., 2019)Hand surgeons and therapistsmay be
overly protective in their approach to rehabilitati ng 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;

. z Z A N~ oz oA

Stephens etal., 2023 4 EAOAPEOOO I AU AEOOOOOO OEAEO

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 clinidans (Gupta et al.,
2017; Morris et al., 2011thus 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 ag rehabilitative strategy.
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From the perspective of patients, ny researchshows that people with a surgically
treated distal radius fracture similarly expresswariness towardsearly active use of
their affected wrist. In study Ill, participant narratives revealedfrequent concerns
that using their affected wrist might damage the metalware or bone My
observations of participants in study IV, also suggested ahesitancy and
uncertainty by sometowards performing purposeful activities. A recent
qualitative study found that around one third of participants reported wariness
about using their affected wrist after early cast removalffollowing a surgically
treated distal radius fracture (Watson, Martin, et al., 2018) It has been suggested
that patient anxiety about active use of an operated wrisis 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.

11.1.2Ability to determie safe activity

A key contribution of my research is describing the process by which people
determine safe activities. As notedabove, and from my own clinical observations
participants in my studies however, had atenacious, intuitive ability to decide on
what activities were safe This challenges theperspective that patients may
choose unsafe activities] modelled the process used byparticipants 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 a&tivity into its constituent parts and
adapting it to allow successful performance(Kramer & Hinojosa, 2014) In
everyday life, people continually adapt, adjust, and create activities toalign with
their physical and psychosocial capacitiegKramer & Hinojosa, 2014)It is not
surprising that patients use the same strategies when faced with thehallenge of
a broken wrist. | modelled the adaptive cycle of activity selection and
performance (Figure 32) as a potential tool for teaching patients about early

active useafter surgery, particularly for those demonstrating activity aversion.
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11.1.3Activity-specific education

In my studies, | found that participant performance of daily activities was enabled
by activity-specific education. After surgery, peoplerely 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., 2018ptudies have
consistently shown that reliable, trustworthy education helps reduce negative
cognitions and perceptions, improves engagement irrehabilitation , and

improves self-efficacy (Andreasson et al., 2020; Claydon et al., 2017; Mehta et al.,
2011; Stenner et al., 2018; Watson, Matrtin, et al., 2018)ropose strategies that
may facilitate activity -specific education. These strategies arose from my analysis
of narratives in study Ill including the use ofoccupationally positive language

patient collaboration, and the use of activity kits.

The manner in which ideas are communicatedis 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

languagethat frames activities and occupations as kneficial for recovery and an

expected component of postoperative rehabilitation, is likely to enhanceD AOE AT 08 C

engagement with activity.
Examples of occupationally negative language might be:

Be very careful abott what you do because it might make your
pain or swelling worse. The bone is still quite fragile and you
OE T Olliffdnydhidg heavier than a cup of tea.

Examples of occupationally positive language might be:

There are two ways you can work on regaimg movement in your
wrist, performing everyday activities and exercises, today | 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 researchshows 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 goalsand discuss
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how to appropriately grade activities. Researchhas shown that when a
collaborative approach is takenduring rehabilitation , patients take more control
of their own recovery, disability is minimised, and psychosocial outcomes
improved (Jayakumar et al., 2020; Stern et al., 2021300d examplesof
collaboration after distal radius fracture are the randomised studies byWatson,
Haines, et al. (201B8and Hansen et al. (2020)where activities were selected and

graded for challenge andperformance between patient and therapist.

Education might also be enhancedby practicing and receivMng feedbackusing
activity kitsor OE A B Aok dhjecnéterials. Some participants in study Il
remarked that they would have found it helpful to practice some activitiesunder
the guidance of a hand therapist particularly in the early weeks of rehabilitation
when they werelacking confidence to move their wrist durin g activities. Activity
kits such as thosedescribed in the literature could be used(Berlet & Kaskutas,
2020; Dy & Yancosek, 20179r clinics could assemble materials most suited to
their patient population . Practicing an activity with a therapist observing
communicates critical information that such activities are safeand important,
thereby building confidence and competence to carry out the same activites at
home. This may be particularly helpful for patients anxious about using their

affected wrist.

11.1.4Parameters ofafe activity

AEAOAPEOOOSE OAI OAOAT AA ihdrapedtid fool dyOeD 1 OA £OI|
becausethey are uncertain how to recommend or define safeactivity. | proposea
framework for defining safe activity that may be usedby therapists for educating
patients. The framework is based onrecommendations from study Il (Table 7 and
5.2.9 participant narratives in study Il (7.2.8), purposeful activity choicesin
study IIl (Table 13 and study IV (Table 19, research that advocates for early
active use(Brehmer & Husband, 2014; Ghaddaf et al., 2028nd 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 siXollowing surgerywhen early
bone healing is occurring During this phasethe 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 offracture 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 inthe proposed

framework is provided below:

Valued

First and foremost, activities should be selected by participantsPurposeful
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 movementin 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 tissies (Price &
Miner, 2007) Grading of the chdlenge provided by activities may involve
manipulation of amount (duration and repetitions), speed of movement, ROM,
parameters of objects (weight, size, pliability),or accuracy and ceordination
requirements. It may be useful to educate people on optimaldosage using
language suggested brody (2012 OOUT & EAOA rdaclhiyy OOAET
dollars each day to spend on all your work, leisure, home care antherapy
activities; therefore, if one of these areas increases, other areas will have to

A A A O AThe®allapivécycle of activity selection and performanceFigure 32can

also be used to educate patients on how to modify tasks.

Comfortable to perform

My framework suggests that activities should not cause immediate ofasting 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 bong(Quadlbauer et al.,

2020)

Nonweightbearing
Activities should be those that do not involve forceful leaning on the wrist.

Literature varies as towhen weight-bearing can be introduced from as early as
two weeks (Andrade-Silva et al., 2018; Clementsen et al., 201%) six to eight
weeksafter surgery (Naughton & Algar, 2021) My framework suggests that light
weight bearing during activity is introduced from two weeks as toleratedsuch as
may occur whenpressing down onfolded laundry, or when making a sandwich
The force applied should be no more thanwould be expected from awrist

extension stretch, which the therapist can demonstrate.

Nonforceful gip

To avoid failure of asurgical volar plate, grip forces during activity are often
recommended as not exceeding 17 kg during early rehabilitatiofBrehmer &
Husband, 2014; Naughton & Algar2021)ased 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 surgergBrehmer & Husband, 2014)limits on grip

may be unnecessary, however may be useful with people at risk of exceeding such
limits. Participants in studies Il and IV selected activities thatdid not involve
painful or forceful grip demonstrating an intuitive ability to self -regulate grip
forces. My framework suggests that gripping during activity is seltdetermined
according to tolerance but to a maximum of 17 kg. People can be educated as to

what 17 kg represents by gripping a dynamometer ithe 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 teainitially , but
this is not widely reported in the literature. Only two studies in my second
systematicreview (study Il) specified weightrestrictions during activity , from <1
kg to <2.5 kg(Quadlbauer et al., 2017; Valdes, 2009 olerated weights are likely
to vary between individuals so specifying weights may be unhelpfulMy

framework suggests thatpeople can lift light objects according to tolerance,
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within sensible limits. Therapists can give examples of everyday objects
illustrate th e principle such aslifting small clothing, plastic containers, one or

two plates, or a laptop or tablet.

11.2 Purposeful activity producdsighranges and amounts of movement

My research provides novel evidence that purposeful activity produces large
rangesand 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.

11.2.1Ranges andolume of movement

An important contribution of my researchto the body of knowledge on
occupation asatherapeutic tool, isthe quantification of movement during
purposeful activity. My researchrevealed that purposeful activities produce larger
ranges and amounts of movementhan previously understood. First, | showedin
study IV, that wrist range of movement was equivalent during purposeful activity
or ROM exercisesand that the amount of wrist movement undertaken close to
available end range was greater during purposeful activitiesThese are novel
findings, challenging traditional perceptions that exercises are more efficient at
eliciting end of range movement than daily activities (Gracia-Ibafez et al., 2017)
Second, my findings demonstratemuch higher amounts of movement during
purposeful activities than ROM exercises Therapists are challenged tatake note
of the considerable potential of purposeful activitiesto elicit high therapeutic
dosageof wrist and forearm movement, during waking hours. The findings
challenge traditionally held perspectivesabout activity and point to the potential
of purposeful activities as a therapy for restoringmovement after surgery of a

distal radius fracture.

The finding that purposeful activity produces movement with therapeutic
potential is corroborated by my other studies. Study | found that greater
movement volume waselicited during purposeful activities than during non -

purposeful tasks Study Il showed thatpeople who used their wrist during daily



220

activities by two weeks after surgery achieved an earlierecovery of movement
and function than people who were immobilised for longer than two weeks.In
study Il participants perceiveda positive relationship between activity and wrist
movement. Peopleobserved thatthe 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 predominantehabilitative approach. In this
chapter | suggest a new vay of approachingrehabilitation based on the findings

of my studies. The proposel approach is outlinedin 11.4.2

Exercises havdong been the primary approach for promoting wrist movement in
the early weeksafter a surgically repaired distal radius fracture (Smith et al.,
2004). While there is amove towards earl active use of the affected hand during
daily activities (Kooner & Grewal, 2021; Quadlbauer et al., 2020¢xercises remain
the mainstay of early postoperative rehabilitation (Naughton & Algar, 2021)and
studies rarely describehow to use occupation as a strategyor restoring wrist
movement. The influ ence of exercise interventions in restoring movementmay
not be as great as commonly perceiveghowever. Studies have suggested that
exercises may be no more effectivén improving movement following upper
extremity fracture than moving the limb during everyday living (Bruder et al.,
2017) Other authors have proposedthat encouraging active useis aseffective as
formalised therapy for most people after surgically treated distalradius fracture
(Chung et al., 2019Kooner & Grewal, 2021)

It has been suggested that exercise may be less effective than thougtitecause
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, exercissin isolation are unlikely to deliver sufficient movement dosage to
remodel shortened ortight 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 loadGlasgow et
al., 2010; Midgley & Pisano, 2021y research shows thatpurposeful activity has
the potential to deliver large doses of low load movementind may explan why
people achieve better outcomes when activity is encourageduring early

mobilisation.
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11.2.20ccupatiorhasdistinctcharacteristics that facilitate the production of
movement

My research hashighlighte d 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.

Sudy Il and IV showed thatan important mechanism of occupation in
producing movementisthatml OAT AT O 1T bPT OOGb-EAEWES AOA
it seemsobvious 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 sessionsif the
awareness of those opportunitieswere brought to the fore. In addition, b ecause
study IV showed that ROM produced during purposeful activities was equivalent
to ROM produced during exercises, therapistan be confident that substantial
dosage of end and near end,range of movementmay be achieved during

purposeful activities.

In 10.3.41 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 etion 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)he
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

O
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use objectsthat involve light lifting and low force grip , focus on performing

bilateral tasks and introduce variety into activity types.

11.2.30ccupation influences sensorimotor function

With respect to influencing movement, my researchalso suggesteda role for
purposeful activities in restoring sensorimotor function. Study Il revealed some
interesting observations abaut sensorimotor disruptions. Participants frequently
described their initial movement during activity as feelnhg weird, robotic, or
unnatural, and that movement and awareness of the hand had to be relearned.
Similar perceptions were reportedin a recent qualitative study in the same
population (Stern et al., 2021)Participants in study Il 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 plasticityand helps to restore normal
sensorimotor function after injury , the principleof 0O OA EO AT (Kleiki POT O
& Jones, 2008; Wollstein et al., 2018Repetitious performance ofmeaningful real-
world activities could be taken greater advantage of inrestoring sensorimotor
function, similar to how task-oriented therapy is used in neurorehabiltation
(Levin & Demers, 2021; Muratori et al., 2013It has been sugyested that
substantial repetitions of rehabilitation activities may be needed to sustain
improvements in movement and function (Kleim & Jones, 2008. An occupation-
basedrehabilitation approach could include selecting activities which emphasise
sensorimotor function, and utilise therapeutic strategies to promote recovey of
proprioception, kinaesthesia and body schemdgHagert 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 ob®rve and focus on what movement feels
like in the non -affected wrist and project that perception onto the affected wrist
as an imagery exerciseSuch 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 isalsosome 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 painj 3 00T z- AOOp. AO Al 8h alal Q

11.3Activityand occupation build psychosocial resources

Another important contribution of my thesis is showing that activity and
occupation builds psychosocial resources in the early weeks of rehabilitationl
have elucidated that performing purposeful activities potentiates motivation,
engenders wellbeing, reclaims normality, and build s a sense of accomplishment

and optimism.

11.3.10ccupatiomotentiates motivation

Occupation as a potentiator of motivation is evidenced in my researchln study
lll, people with a surgically treated distal radius fracturedescribed occupation as
a driving force of recovery, that the desire to return to valued occupations ated
as an impetus to actively engage in the recovery process (pade4. Participants
described in emotive language their desire to return to occupations such as
fishing, creative pursuits, motorbike riding , or dance, andequally their fear that
they may not be able todo so. Valued occupations such as theseprovided a
source ofpositive energyand motivation to keep going during the difficult early

weeks ofrehabilitation .

Daily activities were also shown toprovide a scaffold for motivation. Early after
surgery participants who performed simple tasks evenwhile in a cast, developed
an expectation that the hand was available for useWhen the castwas removed
participants were motivated to involve the wrist in activities because the pattern
of active usehad been established Fostering earlyactive use mayhelp to avoid
patterns of disuse commonly seen after distal radius fractur§Mehta et al., 2011)
Observations from study IV further confirmed the role of occupation in
potentiating motivation. D uring study IV, | noticed a frequent mismatch between
perceived andactual ability to perform purposeful activities. Once participants
discoveredtheir 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
researchthat 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.| have highlighted the powerful influence of valued
occupations asan 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.

11.3.20ccupatiorengendes wellbeing, reclaimnormality, and builda sense
of accomplishment and optimism.

A recurring theme in my research is the way that occupationpositively influences
wellbeing and builds capabilities. In study 11, when people began to perform
daily activities, they felt better, and experiencal more optimistic feelings about
the future. It appeared that the very act of doing alleviated feelings of loss,
uselessness, and anxiety about the futureDuring study 1V, | observed similar
responses to purposeful activities. Participants frequently remarkedon the
positive emotions that performing activities engendered Achieving simple
activities prompted people to try more complex challenges. Asexperiences of
success grew, @ did a sense of optimism and aperception that life was returning
to normal. My research highlights the need to enable sucessful activity
performance. This may beparticularly important for activity -averse patients.
Narratives from participants in study Ill revealed how theyusedtheir own
psychosocial resources such as physical exercise, mindfulness practicasd
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 durden on
family and friends (Bates & Mason, 2014; Claydon et al., 2017; SmHorbes et al.,
2016; Stern et al., 2021Qther studies havereported 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., 202lHesestudies, however,
did not always take the next step in suggesting ways that occupation could be

used & a therapeutic tool for building psychosocialresources

A postoperative rehabilitation approach informed by my research should directly
use purposeful activiti es to build psychosocialcompetencies Creating the
context for people to experience successfutompletion 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 11
suggested srategiesthat can build psychosocial competencies. These include
identifying those occupations that will serve as drivers of motivaion during
recovery,identifying A DAOEAT 060 1 x1 B OUhabdsdddgthelAl OA
to support recovery, performing graded down activities in the immediate
postoperative periodto 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 challengephysiologic capahlities to

ensure success and mastery.

11.4 Occupation is powerfulrehabilitative strategy

When | introduced myself as a researcher in chapte®.1l discussed that
occupation is immutable and that rehabilitation occurs in the messinessof life. |
wanted to explore how the ordinary activities of daily life could be better
harnessed to facilitate recovery from surgicakreatment of a distal radius fracture.
| have demonstrated that accupation is acomplex construct that acts in multip le

waysto influence recovery from a surgically repaired distal radius fracture.

I now draw together the key learningsfrom my doctoral work to inform an
occupation-based rehabilitative approachthat utilises the complex potentiating
effects of occupation onproducing movement and building psychosocial
capabilities. This approach moves away from traditionalmodels that focus on
protection, intermittent ROM through exercise routinesand strict limits on
activity performance. The main principles of the approachare that it harnesses

the uniqgue mechanismsof 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 usespatient/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. Therapiesfor resolving
oedema joint stiffness, or hypersensitivity such as exercise, splintingmanual

therapy, or desensitisation remain important, and are usedas needed.

I will first outline components of purposeful activity as atherapeutic tool, present
a table that describes the elements of a occupation-basedrehabilitation
approachand discussfuture steps to be taken in thefull development of such an

approach.

11.4.1The therapeutic use of activity

As described earlier in this thesis(3.3.) the term purposeful activity denotes that

aperson 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 o use purposeful activity as a therapeutic

tool it is necessary to ensure thatthe activities are valued and have meaning to

the person,tEAO OEAU 1T AAOO 1T AOOOAhbNdthattheéyOEET OEA
provide adequate challengefor producing change (Hinojosa & Blount, 2014b)

These three activitytenets are assumed in theapproach | 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, 2012yhere must be a sense of autonomychoice ard
intentional engagement (Crabtree, 2010; Law, 20025tudies 11l and IV
highlighted a broad range of activities that people perforned. Often the first
activities were those essential to daily life such agetting dressed showering,
eating, childcare,and household tasks.Participants alsospoke abouthow
important it was for their wellbeing to engage inenjoyed activities in the early

weeks of recovery such as playing a musical instrument,gardening, or physical
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exercises Therapistsshould use both essential andenjoyed activities as

therapeutic tools.

Naturalistic
Purposeful activities should be performed in the way they would normally occur

activities in context means that patients are not required to transfer a simulated
experience tothe challenge as it will occur at home or work (Pierce, 2001)As
previously discussed, activity kits have utility for practice andfor providing
feedbackto participants on performing activities in an appro priately challenging
manner. Activity kits should as much as possibleise familiar materials and
processegHinojosa & Blount, 2014b) My approach promotes the use of
authentic purposeful activities as the maincomponent, using activity kits as

supporting educative and teaching strategies.

Challenging

Purposeful activity needsto D O1 O E A A0 EAC EGHSO A fargdtsAT CA OEAO
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 anddefine appropriately challenging activities (Price

& Miner, 2007). For a purposeful activity to provide the right amount of challenge

an activity may need to be gradedup 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 thatpeople

intuitively grade activitiesfor complexity but may alsobenefit from specific

education to ensure that an activity neither under nor overloadshealing tissues.

11.4.2An occupationbased rehabilitation approach

Table 24 is the first iteration of a proposed occupation-based approach.The
approach isprimarily 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: activy-specific education, in-

clinic practice and collaboration, and home-based selection and performance of



228

purposeful activities. The three components are not necessarily sequentiallhe
table is for therapists to understand the components of the approach practice
examples,and to form the basis for developng training programmes and
resources.The table is not a resource for patients, separate patienfocused

materials would need to be developed to support the approach.
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Table 24

Elements of anoccupation-basedapproachfor rehabilitation of surgically repaireddistal radius fractures during the first six weeks

Component Principle Content Actions

Activity -specific | Daily activities Defining the performance of | The therapist will deliver education about the safety of performing daily
education are safe daily activities assafe activities in the early postoperative weeksto patients.

Defining the parameters of The parameters of safe activities are discussedith patients by the hand
safe activity therapist.

The activity parameters aredetailed in 11.1:4salued, non-weight-bearing, light,
non-forceful grip, non-pain inducing, modifiable, and challenging.

Purposeful Performing purposeful Discuss with patients how performing purposeful activities promotes multiple
activities activiti es will produce repetitions, facilitates movement to the end of available range, makes the wrist
promote wrist substantial wrist movement move more than during exerciseand that purposeful activities present multiple
and forearm occurring opportunities for movement .
movement Facilitate automatic Highlight that some movement will happen automatically when performing
movement activities that present themselves during the dayand that deliberate attention is
not always required
Facilitate intentional Highlight that patients will alsoneed to look for opportunities and make
performance deliberate choices to involve the affected hand. That they may need to

AT 1T OAET 001 U ntoeeAnkeidaffeatdddst ddring activity or chose
tasks that require bilateral use

First experiences of Advising patients that initial m ovement during activities might feel weird or
movement may be unpleasantand providing reassurancethat repetition and practice will help to
unpleasant normalise movement and lessen discomfort

Enabling early Benefit of activity on Draw attention to the positive influence activity performance will have on

performance of | wellbeing outcomes motivation, wellbeing, and sense ofaccomplishment.
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practice and
collaboration

collaboration
ensures a match
between
therapeutic
goals and
activities

and occupations that act as
drivers of rehabilitation

Component Principle Content Actions
purposeful Identify own psychosocial )y AAT OEAUET ¢ A PAOEAT 060 1 x1 AT i1 PAOAI
activities builds | resources
psychosocial — — : : : :
resources 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 andead to
mastery
Wellbeing, reclaiming Enabling those activities that are most likely to contribute to feelings of
normality, building optimism | wellbeing and a sense of normality Identifying practices which support
wellbeing such as exercise, sleemutrition, and mindfulness.
In-clinic Patient/therapist | Identify purposeful activities | Define the essential and enjoyedactivities and occupations that will motivate

people towards recovery

Selection of activities that
match therapeutic goals

Collaborate on selection ofactivities 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 kete'to build competence and reassurance on safety of activities

Optimising movement
opportunities

Use activity kete'to give feedbackon performanceto 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/
and those forthe upcoming week/s
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Component Principle Content Actions

Home-based Activities are Performing purposeful Patients to perform a range of gradable, progressible activies throughout the
selection and performed as activities at regular intervals | day that appropriately challenge movement, strength, and function
performance of | therapy during waking hours Activity selection is based on the educationand in-clinic collaborations as above
purposeful — — : —
activities At-home activity selection will also be based onthe adaptive cycle ofactivity

selection and performance(Figure 32). This provides a framework for
monitoring the response of the healing tissues toselected 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

IKete.The- a | \Wod for basketorkit. - a1 OE 1 AT C (oAefléekt the niqde@dnikxt of Aotearoa, New Zealand, where the approach is situated
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11.4.3Next stepgequired for developmendf an occupatiofbased
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 anew approach or intervention. The initial three steps include
identifying underpinning theor etical perspectives, anunderstanding of the
existing evidence,and research to explainthe causal mechanisms of an
intervention. The research in my doctoral work explicitly addressed thesteps of
understanding the theory and evidencein Chapter 3and in studies | and II.
Primary researchwas undertaken in studies Il and 1V, to explain the rationale
and mechanisms by which anoccupation-based rehabilitative approachoperates.
The subsequent three stepglescribed by (Bleijenberg et al., 2018Jocus on
transitioning the theoretical phase into clinical practice and testing. For the
approach | am proposing thenext step involves futher development. This will
require consultation with hand specialiststo 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 perspectiveson occupation-based interventions is needed particularly
to identify any barriers that may prevent the uptake of such an approachThe
next step involves trialling the approach in clin ical practice to obtain feedback
from patients and clinicians. Subsequatly, 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 approachthrough an appropropriately powered

randomised controlled study, should be undertaken.

11.5Limitations

Limitations of the individual studies are discussed within each manuscript: study

| on page60, study Il in 5.2.5 study Il on page 138 and study IV on page 183
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One limitation of this research is that | 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 iseededto ensure
that any perceived barriers are addressed and mitigated during intervention
development. Another limitation is that measurement of wrist movementwas
conducted during a single session of 1@minutes. This means that the ranges and
amounts of movement during waking hours are unknown. Alsqg the researchis
limited in its ability to determine how movement produced by purposeful activity
variesat 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 weeks)
was partly explored in study Il but wasnot objectively measured in study IV.
This was becausehe feasibility of conducting motion analysis on patients during

very early bonehealing was unknown when the study was designed.

11.6Conclusions

This thesis explored how activity and occupation influences recovery from a
surgically repaired distal radius fracture. Studies | and Il were undertaken to
investigate aspectsof the literature on how activity and occupation influences
recovery from surgical treatment of a distal radius fracture. Study | reviewed
research whichcompared movement during purposeful and non-purposeful
activity showing that in health y people, movement was generallymore efficient,
performed for longer durations and with more repetitions during purposeful
activity . Study Il 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 ientified 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, | conducted an
Interpretive Descriptio n qualitative investigation that explored patient

perspectivesand experiences of earlyecovery. The study shoved that purposeful
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activity is highly valued for its ability to induce change in wrist movement and
function and build psychosocial competenciesl then conducted a motion
analysisstudy that compared wrist and forearm movement during purposeful
activity and ROM exercisesusing a randomised crossover designin adults with a
surgically treated distal radius fracture. That study found evidencethat activity
produces movement that is more continuous, repetitious, and variable than
exercise routines. Tre 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 Ihighlight ed specific
characteristics of occupation in the production of movement and described the

process by which peopledetermine 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.l have reviewed studies that evidence
the safety ofpurposeful activities and have provided preliminary evidence that
people can makeappropriate decisionsabout activities that safelychallenge ROM
and function. | have provided clear evidence that purposeful activity promotes
substantial movement, and that occupation offers constantly recurring
therapeutic opportunities. | have elucidated important knowledge that
performing activities in the early postoperative period builds psychosocial
resources that contribute to a positive rehabilitative experience and recoveryl
proposed arehabilit ation approach that utilises the unique mechanismsand
characteristics of occupation, more embeddedin the everyday life demands of
people, than a structured exerciseregime. The approachoffers 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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