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Introduction
Spinal cord injury (SCI) involves damage to the central nervous 

system with severe bruising, laceration, or severing of the cord and/
or the associated effects of increased pressure, altered blood flow, 
hypoxia and cord perfusion following a sudden traumatic event 
or disease process, resulting in a variable loss of sensation, muscle 
paralysis and autonomic dysfunction below the level of injury [1]. 
The level and extent (severity) of neurological impairment determines 
the residual functional capacity and muscles under voluntary control, 
with complete tetraplegia having the greatest degree of severity [2], 
and therefore the most disabling [3,4]. Yet there is little reference to 
‘disablement’ in the field of arm/hand surgery research in the SCI 
[5,6]. Typically, comprehensive rehabilitation by an interdisciplinary 
specialist team focuses on physical retraining and exercise, developing 
new procedural skills along with compensatory strategies and use of 
adaptive equipment for independent living and self-management, 

as well as psychosocial support to assist adjustment and coping [7]. 
Research and innovation of new therapies, surgical approaches and 
advanced technologies have an important role to play in enablement, 
however, the various stakeholders involved in SCI research have 
valued functional outcomes differently with research often not being 
well aligned with the priorities of people with SCI [8]. For example, 
hope has been identified as a priority and an important facilitator of 
adjustment following SCI [9]. Recent findings suggest that contrary to 
the traditional perspective, high hope, even false hope, is associated 
with amongst other factors, greater acceptance of disability [10,11].

With advances in research and technology over the latter part of 
the 20th century more innovative interventions aimed at restoring upper 
extremity function for people with tetraplegia have evolved throughout 

Abstract
Background: Spinal cord injury (SCI) is a life altering event that causes sensorimotor and autonomic nervous system dysfunction, with wide ranging effects on health, 
functioning, participation and quality of life. Major damage to the cervical cord with complete tetraplegia produces the highest level and most severe impairment with 
the greatest disability. Restoration of arm/hand function in these circumstances involves multi-disciplinary rehabilitation to maximize ability as much as possible, in 
conjunction with use of adaptive technology and/or advanced reconstructive surgical interventions. Greater understanding of the process of decision-making at an 
early stage prior to full knowledge of life with tetraplegia, as well as the life impacts of surgical arm/hand reconstruction procedures is now more urgent given that the 
use of innovative nerve transfer surgeries is becoming more widespread, and by necessity are undertaken earlier (6-9 months post-injury) than conventional tendon 
transfers. 

Methods: A multistage mixed methods convergent design is utilized to allow for concurrent analysis of the data for the three main patient reported outcome measures 
(PROMs) collected in New Zealand since 2010, comprising the qualitative content of the COPM and scores of the quantitative PWI and CUE-Q outcome measures. 
Concurrently, a qualitative case series explores the lived experience of persons with tetraplegia at various time points between onset of SCI and either accepting or 
declining arm/hand reconstruction surgeries, including early NT procedures. The International Classification of Function Disability and Health (ICF) taxonomy is 
used as the analytical lens to guide data interpretation. Typology for the study is QUAL + QUAL → QUAN. 

Discussion: From a health services perspective, this study series challenges the conduit role of research and lived experience collaborations embracing both 
rehabilitation and disability philosophies, to generate and translate knowledge in the field. First, there is a need for development of valid, reliable and sensitive PROMs 
that have patient-centered rather than clinician-directed origins. Second, there is a stronger demand for the involvement of consumers in SCI research to ensure that 
the voice of lived experience informs clinical practice, contributes to the research agenda that informs measurement development.
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the world, with more options now being available for improving hand 
function and quality of life [12]. The hierarchy for surgical restoration 
of function begins with maximizing ability as much as possible based 
on the person’s voluntary function, and then augmenting that function 
by implementing technology or advanced reconstructive surgical 
interventions [2,13-15]. Clinician-researchers in New Zealand have 
shown longstanding commitment in this field, contributing to advances 
in knowledge and practice. The contributions have included examining 
the decision-making processes faced by this small and vulnerable 
group of individuals with tetraplegia [16-21], use of the International 
Classification of Function, Disability and Health (ICF) [22] to interpret 
outcomes data [23] and the development of an international upper limb 
surgery registry for future data sharing given the world-wide challenges 
of small sample size for empirical research [24].

There is little published on the lived-experience of people with SCI 
following arm/hand surgery interventions that is considerate of the 
broader disability perspective. The justifications are wide-ranging, but 
in the first instance include the ethics of offering early elective surgery 
to people with tetraplegia before they can fully comprehend the life 
impacts of their disability, the validity of informed consent under such 
circumstances, the influence of clinician confidence on this process 
of decision-making and the longstanding voice of experience of life 
with tetraplegia. A traumatic cervical SCI results in varying degrees 
of loss of arm and hand function, depending on the level and extent 
of neurological damage, which is associated often with an inability to 
perform even basic activities of daily living, dependence on caregivers, 
differing levels of disability and reduced quality of life [12,25-28]. 
Baseline clinical assessments are routinely performed to classify the level 
and extent of neurological damage using two accepted international 
systems; the International Standards for Neurological Classification of 
SCI published by the American Spinal Injury Association (ASIA) as the 
ASIA Impairment Scale (AIS) [29] and the International Classification 
of Hand Surgery for Tetraplegia (ICSHT) [30]. These systems, and the 
complexities of rehabilitation to restore basic hand function following 
arm/hand surgical reconstructions have been well described and are 
essential to address for achieving best outcomes [25]. Furthermore, 
the limitations and difficulties in measuring and reporting outcomes 
following surgery have been acknowledged [25-27,31], providing an 
ongoing challenge. Despite efforts to classify level, extent and severity of 
injury a shared concern is the wide variety of measures that are used to 
determine outcomes. This problem is not restricted to this participant 
group or specific intervention alone, yet it is of fundamental importance 
when evidence suggests that improvements in function after surgical 
arm/hand reconstructions may only be relatively modest [21]. Until 
recently, surgical reconstructions were limited to the availability of 
innervated muscles for tendon transfer and/or functional electrical 
stimulation, but the use of innovative nerve transfer (NT) surgeries 
has become more widespread [32,33]. The time-limited nature of these 
new innovations, with need for early surgery ideally within the first 
6-9 months post-injury, raises new challenges for clinicians in terms 
of accurate early prognostication, as well as for the potential surgery 
candidates, who may not yet have come to terms with the permanence of 
their disability [16-21]. In view of this requirement it is of interest that a 
recent review by Fox et al. [34] reports ‘both nerve and tendon transfer 
surgeries produce gains in function and are valuable techniques that 
may be used alone or in combination. Augmenting the armamentarium 
of available treatment options provides individuals with choices that 
can be tailored to their goals and preferences’.

As innovations like elective early NT surgeries arise as treatment 
options for SCI there is a concomitant increase in the difficulties in 

developing and validating the most suitable outcome measures, with 
competing interests of different research groups favoring certain tools 
and a predominance of expert clinician-driven consensus in both 
design of measures [31] and the development of data sets [35,36]. While 
the various measures being used are considered to be the best available 
at the time, limitations may exist due to relatively little use of some in 
practice, and where data available for comparison is restricted to results 
from psychometric evaluation only [2,25-27,31]. The clinical utility, 
feasibility and sensitivity to detect functional changes must be reported 
in studies from independent sites to allow future improvement and/or 
development of new outcome measures to progress. Regardless of the 
type of innovation, and there will certainly be more coming in the future 
in SCI, patient-reported outcome measures (referred to as PROMs) are 
now being used more in research, clinical practice and management to 
assess how health services and interventions have impacted over time 
on attributes, which only patients can know, such as symptom severity, 
daily functioning, quality of life and other dimensions of health and 
wellbeing. Crucially, it is essential that the development phase for PROMs 
is well described and the fundamental differences between clinician-
focused and patient-centered origins are declared. This is important in 
the field of SCI rehabilitation, since the ultimate goal of treatment is not 
simply for individuals to survive and be able to function, but to thrive 
and enable full active participation, promoting high quality of life and 
adjustment to disability. Determining ‘treatment benefit’ is essential 
given the ‘patient’ is at the center of healthcare interventions. Pertinent 
to this question, PROMs have been described as unique indicators of 
the impact of disease on the patient, being helpful in the empowerment 
of the patients, necessary for determination of efficacy of the treatment, 
by communication helpful in creating a rapport between patient and 
healthcare providers, useful in the interpretation of clinical outcomes, 
treatment decision-making and establishing health care priorities 
for individuals living with SCI [8,37-39]. Yet the correlation between 
changes over time for PROMs and the lived-experience of arm/hand 
surgery for tetraplegia have not previously been reported. Qualitative 
data from interviews with individuals with tetraplegia tells us about 
their subjective experiences, interpretations, effects and life impacts 
of their SCI [4]. Thus, it can augment quantitative data in hypothesis 
generation, defining the actual interventions, functional questionnaire 
or instrument design by informing content, whereby fidelity of arm/
hand surgical intervention can be tested. This fidelity testing process 
has been described as “illuminating explanations (from qualitative 
data) for associations found within quantitative analysis” [40]. In 
addition to fidelity, feasibility is a consideration that requires a mixed 
method approach. It is not just about whether PROMs can be collected 
with missing data avoided, but how those measures are completed – 
the validity of the data obtained. The qualitative data enables further 
refinement of the impact of the intervention, or not as the case may be, 
through feedback from mixed method findings. To this end, narrative 
data, identification of emerging themes and data fidelity will involve 
advice and input from the point of view of one of the current authors 
(RS), an academic with a health psychology background, who also has 
44 years lived experience of tetraplegia, as well as being a recipient of 
hand surgery.

The overall objective of this multi-phased study is to determine 
convergence between clinician-directed PROMs and the voice from 
the lived-experience on the topic of complex elective arm/hand 
surgery interventions for individuals with tetraplegia. In particular, 
we emphasize the requirement for a pragmatic focus on design and 
data collection issues and data analysis. We would like to extend 
the literature through addressing these challenges as we attempt to 
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explore the intersection between a specific intervention (arm/hand 
reconstructions), population (individuals with tetraplegia), and 
measurement integrity. The idea is for each study to complement and 
build upon one another to provide a deeper, enhanced appreciation of 
the life impacts of arm/hand reconstructions, more so than conducting 
a qualitative or quantitative investigation in isolation. It is believed that 
the flexibility provided by the mixed methods design allows us more 
scope to achieve these ends (Figure 1). 

Materials and methods
Overall design

In order to answer the research questions above this project will 
implement a multistage mixed methods convergent design. Data stored 
in the New Zealand International Upper Limb Surgery Registry [24] 
since 2010, provides baseline data of SCI characteristics (including the 
ICSHT and AIS referred to above), as well as demographics and hand 
function using the gold standard grasp and release test (GRT) [41]. All 

participants are over the age of 16 years at time of clinical assessment 
and provide consent by an opt out option for data inclusion in the 
registry [24]. All data is collected routinely in the Burwood Spinal Unit 
Hand Clinic setting. 

Objective 1: Identification of clinician-directed outcomes of 
interest: The focus of this phase is to ascertain the content and fidelity 
of the instruments used as per previously reported international 
consensus on measurement in this field [5]. Content analysis of 
the three arguably clinician-focused quantitative PROMs viewed 
through the lens of the ICF will be undertaken. The PROMs include 
the qualitative tasks/goals determined by participants using the 
Canadian Occupational Performance Measure [42], which provides 
access to the consumer voice and tasks/goals can be linked to the 
ICF taxonomy [43]. The remaining two PROMs are the Capabilities 
of Upper Extremity questionnaire [44] and the Personal Wellbeing 
Index [45]. The linking to the ICF taxonomy provides the analytical 
lens and underpins the coherence, enabling data from various sources 
to be merged. For example, linking the in-depth interview codes to ICF 
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categories, and linking the goal/task data to the ICF categories creates 
the possibility to look for conflicting data, with inconsistency or gaps. 
This process provides the opportunity for both content analysis and 
frequency of ICF linkages from both sets of data, while also comparing 
the ICF linkages to the content of the questions in terms of function 
and contextual factors. Concurrently, the quantitative scores can be 
analysed for strength of association with SCI characteristics, surgery 
details including bilateral/unilateral procedures, impairment scores, 
time since SCI and age. 

Objective 2: Identification of life impacts of arm/hand surgery 
from the ‘lived experience’ perspective: The focus of this phase is to 
hear the voice of individuals living with tetraplegia who are clinically 
assessed as suitable for and subsequently offered elective arm/hand 
reconstructive surgery. To ensure representation purposive recruitment 
will create three participant groups: (i) individuals offered early NT 
procedures as part of the arm/hand reconstruction surgeries; (ii) late 
tendon transfer (TT) reconstruction recipients; and (iii) individuals 
who have declined surgery (DS). Semi-structured interviews using a 
guide with questions and prompts will be conducted face-to-face or via 
telephone, audio-recorded and transcribed verbatim, along with any 
field notes. Transcripts will be returned to participants for verification. 
Thematic analysis of data will be performed identifying codes and 
themes using NVivo [46], and matrix development based on a five-stage 
process. Sample size will be determined by reaching data saturation.

Objective 3: Translation of research knowledge into health 
services recommendations: The third objective of this study series 
is to translate knowledge gained from the previous qualitative and 
quantitative stages. This is essential as there is little point measuring 
clinician-directed outcomes if/when the content of the PROMs 
questions have not been scrutinized from a lived experience 
perspective. Theoretically, this integration process brings the QUANT 
numbers dataset and QUAL word datasets together for comparison in 
terms of content. This will be done by creating a data mapping system 
to ascertain the presence or absence of correlations between data 
sources. It is anticipated that a scoring system will be used to represent 
the greatest presence, absence or neutral agreement/mapping between 
data sources using a degree of freedom analysis (DoFA) [47]. Refer to 
(Figure 2) for the time frame overview, as per SPIRIT 2013 checklist 
item 13. 

Discussion
The findings of this study will contribute to a deeper appreciation 

of the life impacts of elective arm/hand surgery processes and 
procedures for individuals with tetraplegia. This is necessary to better 
inform the process of referral, assessment, evaluation, the potential 
range of measurement of outcomes and to facilitate international 
replication with more standardization, greater consistency and 
fidelity of the interventions through improved knowledge of the active 
component(s) and potential barriers to implementation. A mixed 
methods approach helps to answer whether an intervention works, 
why it works, and also its fidelity. Mixed methods have good potential 
in SCI research, since the majority of interventions are complex, 
whether surgical or non-surgical, and the process of evaluation 
and identification of suitable outcomes is particularly challenging 
[4,26,48]. We have adopted a pragmatic approach [49] with the design 
being driven by the nature and context of our research questions. For 
example, our sampling decisions relate to both the quantitative and 
qualitative components. For the quantitative component, we will be 
utilizing existing agreed PROMs data, which were recommended 
based on an expert therapist consensus group discussion. The data is 
stored in the New Zealand based International Upper Limb Surgery 
registry, which has previously been reported [24]. However, our 
choice of method has been driven not only by the research question/s, 
but also by the respondents targeted. For example, we were interested 
not only in the impact for newly injured individuals offered earlier 
NT surgeries within a time limited therapeutic window, but also the 
perspectives of those who have declined surgical reconstructions over 
time and individuals who made the decision to accept the offer of 
surgeries at a much later stage after onset of tetraplegia. Their lived-
experience perspectives were also sought on the time limitations now 
imposed on decision-making to undergo NT procedures in newly 
injured individuals, given the obvious lack of experience of life with 
tetraplegia beyond the hospital doors. The challenge of data collection 
in this mixed methods design relates to the unique skills required for 
each method, and the need for flexibility within the mixed method 
framework. For example, there are certain sensitivities and empathy 
required by researchers working with vulnerable patients, often in 
their own homes. Yet at the same time, clinical challenges are apparent 
and resistance to the power of the lived-experience is evident in some 
clinical settings.
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Study status
This study is ongoing. This protocol has been amended over two 

years and has been peer reviewed for the purpose of New Zealand Ethics 
Committee processes and University enrolment purposes. This paper is 
based on protocol version 3. From a mixed methods perspective the 
clinical PROMs data cut off point is yet to be reached. This is due to 
the low numbers and requirement for complete data sets across all time 
points. In addition, the first author has yet to complete the in-depth 
interviews, which for the early nerve transfer surgery participants 
recruitment is prospective. More significantly, the transformative phase 
of the analysis is under development and will be advanced in part as a 
result of the peer review process.
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