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Abstract 

Background  Musculoskeletal pain and disability are leading causes of reduced health and significant economic 
costs worldwide. Individualised, and evidence-based treatment approaches for specific musculoskeletal condi-
tions aimed at improving patient outcomes and costs have not been successful. Recently authors have suggested 
that the ‘process’ of how care is implemented within a health system needs to be considered as an influencer 
on patient outcomes. With the rising prevalence of musculoskeletal conditions and the burgeoning costs associated 
with their treatment, it seems timely that new research focusing on process variables and their influence on patients 
with musculoskeletal conditions is explored. Before such studies can take place, a modern definition of a process vari-
able within a musculoskeletal care pathway is needed to anchor future research endeavours. Therefore, the aim of this 
study was to establish a consensus-based definition of a process variable within a musculoskeletal care pathway, 
based on a New Zealand setting.

Methods  This study used a virtual nominal group technique and took place in July 2023 using a Microsoft Teams 
platform. A nominal group technique employs a structured approach to generate information and solutions to prob-
lems that can then be prioritised through group discussion and consensus. It is unique because it allows expert par-
ticipants to explore using in-depth inquiry, areas previously unidentified or not yet investigated. There was an inclu-
sion criterion and the participants completed pre-work before the two-hour five stage virtual meeting. The Auckland 
University of Technology Ethics Committee (AUTEC) approved this study (AUTEC 23/94).

Results  The study included eight participants (five male, three female) who had extensive experience with the New 
Zealand ACC insurance scheme and the design, implementation, and administration of musculoskeletal care path-
ways. The consensus definition was ‘A health process variable is any modifiable factor in a health process or pathway that 
can be quantified and measured and that if varied may achieve a different operational or patient outcome’.

Conclusions  This study of New Zealand-based experts has formed a consensus-based agreement for a definition 
of a process variable in a musculoskeletal care pathway. This is an important first step in developing our understand-
ing of process variables, and further research is needed to establish the link between process variables and their influ-
ence on the outcomes of patients with musculoskeletal conditions.
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Background
Musculoskeletal (MSK) health is essential for human 
function and quality of life [1]. MSK-related pain and 
disability are leading causes of reduced health and sig-
nificant economic costs worldwide [2–6]. In 2019, MSK 
conditions comprised 17% of global years lived with dis-
ability (YLDs) [7]. The prevalence and impact of MSK 
conditions will continue to rise, as most painful MSK 
conditions are associated with an increase in age, other 
comorbidities (i.e., obesity, diabetes), and reduced activ-
ity levels [1, 4, 8].

To improve MSK patient outcomes, researchers and 
clinicians have historically focused on improving diag-
nosis and on the implementation of diagnosis-informed 
individual treatment approaches for MSK conditions 
[9–12]. Unfortunately, the focus on diagnostics has con-
tributed to the increasing resource utilization for MSK 
conditions and does not appear to have improved out-
comes [13]. Similarly, individualised, and evidence-based 
treatment approaches for specific MSK conditions aimed 
at improving patient outcomes and costs have not led to 
any dramatic improvement in disability levels or patient 
outcomes [4, 9, 14, 15]. These failed attempts to influence 
patient outcomes have led to some researchers suggest-
ing that elements other than diagnosis and clinical fac-
tors may have a greater effect on outcomes [16–18].

It has been suggested that the ‘process’ of how care is 
implemented within a health system needs to be con-
sidered as an influencer on patient outcomes [19, 20]. 
It is thought that health systems that have processes in 
place that facilitate the movement of patients through 
a care pathway in a timely and organised manner will 
more likely have better results [20–23]. There has been 
a recent focus on strengthening and improving the MSK 
care pathway and health systems worldwide to match the 
unmet need for the rehabilitation of musculoskeletal con-
ditions [24, 25].

A process variable within a health system or care path-
way was first described as a factor that precedes the 
assignment of a treatment and has the potential to influ-
ence or affect the patient outcome by interacting with 
the treatment variable [26, 27]. An example could be 
time taken for a patient to first receive an assessment or 
treatment. Brennan et al. (2015) performed a retrospec-
tive analysis (n = 328) of electronic health data to evaluate 
outpatient care following total knee arthroplasty (TKA) 
and reported that variables related to the process of 
providing outpatient care were significant predictors of 
clinical outcomes following TKA. It was found that fewer 
days between discharge as an inpatient to the initiation of 
outpatient clinic-based physical therapy was significantly 
correlated with lower pain and higher functional levels at 
the completion of outpatient rehabilitation [28]. Other 

than the work of Brennan and colleagues, there is limited 
research investigating process variables within MSK care 
pathways. Furthermore, there also does not appear to be 
agreement of what variables should be considered pro-
cess variables in a health care setting [29].

Currently, health care systems around the world use 
different approaches to manage the growing burden of 
musculoskeletal conditions and disorders [1, 30, 31]. In 
New Zealand, most MSK accidents and injuries are cov-
ered and managed by the ‘no fault’ Accident Compensa-
tion Corporation (ACC) scheme that allows claimants 
access to a range of compensation and rehabilitation enti-
tlements [32–34]. There has been a recent focus by ACC 
on redesigning and implementing new treatment path-
ways with enhanced processes in an attempt to improve 
patient outcomes [35, 36]. In 2022, the ACC rolled out 
the Escalated Care Pathway (ECP), in which patients fol-
low an integrated and coordinated system designed to 
provide the right treatment at the right time and to move 
them smoothly from injury through to recovery [35, 37].

With the rising prevalence of MSK conditions and 
the burgeoning costs associated with their treatment, it 
seems timely that new research focusing on process vari-
ables and their influence on patients with MSK condi-
tions is explored. Before such studies can take place, a 
modern definition of a process variable within an MSK 
care pathway is needed to anchor future research endeav-
ours. Knowing what a process variable is within a health 
care system will enable research that explores the influ-
ence of such variables on patient experiences, outcomes, 
and costs. Therefore, the aim of this study was to estab-
lish a consensus-based definition of a process variable 
within an MSK care pathway.

Methods
Study design
This study used a virtual nominal group technique 
(vNGT) and took place in July 2023 using a Micro-
soft Teams (Microsoft Corporation, 2017) platform. A 
nominal group technique (NGT) employs a structured 
approach to generate information and solutions to prob-
lems that can then be prioritised through group discus-
sion [38]. It obtains qualitative information from target 
groups that are closely associated with a problem area. 
An NGT is unique because it allows participants to 
explore using in-depth inquiry areas previously unidenti-
fied or not yet investigated [39]. It uses collaborative dis-
cussion of immediately formed individual viewpoints and 
allows minority perspectives to be equally heard before 
reaching a group consensus [38, 40]. An NGT can be car-
ried out face to face or online (virtual NGT) and is seen 
as a time efficient, cost effective and efficient decision-
making approach [38, 40, 41]. The Auckland University 
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of Technology Ethics Committee (AUTEC) approved this 
study (AUTEC 23/94) and it was conducted in accord-
ance with the Declaration of Helsinki [42].

Participant inclusion criteria and selection
For inclusion in this study, participants needed to have 
recognised expertise and considerable experience (> 10 
years) in the design, administration, management and/or 
clinical delivery of MSK care pathways in New Zealand 
and/or overseas.

Participants were purposively recruited from the data-
base of providers and administrators from Careway, 
an ACC ECP provider of MSK care based in the upper 
North Island of New Zealand. An independent admin-
istrator employed by Careway contacted potential par-
ticipants with information about the study to reduce 
researcher bias or coercion. Additionally, an advertise-
ment about the vNGT study inviting suitable participants 
was placed on the social media platforms LinkedIn and 
Facebook by the primary researcher.

The recommended size of an NGT group is five to nine 
participants [38]. Ten participants initially applied to be 
included, of which eight of the applicants met the inclu-
sion criteria and gave written informed consent to par-
ticipate in the vNGT.

Study procedure
Prework
Two weeks prior to the vNGT, participants were given 
information about the process and asked to consider the 
question “What is the operational definition of a pro-
cess variable within a musculoskeletal care pathway or 
health system?” Participants were encouraged to enter 
their definition and examples of process variables into a 
shared Google document prior to the vNGT to help them 
prepare to generate a range of thoughts and to facilitate 
the sharing of ideas in the group discussion stages of the 
vNGT.

vNGT
A two-hour vNGT was conducted via Microsoft Teams. 
The moderator was the primary author who has exten-
sive experience in the design and delivery of services in 
MSK care pathways. A vNGT followed the five-stage pro-
tocol of Potter et al. (2004) and was previously described 
by Cook et al. (2023). In summary, the stages included:

1.	 A welcome and introduction of the participants to 
each other and an explanation of the purpose and 
procedure of the vNGT workshop.

2.	 The question (as detailed above) was restated to the 
participants, and they were given time to add to the 
shared Google document that they had previously 

been given access to. During this stage, all partici-
pants were asked not to consult or discuss with each 
other.

3.	 Next, each participant introduced their initial defi-
nition and examples of factors they considered to 
be process variables that they had contributed to 
the Google document (Table 1). This document was 
shared on the screen so that all participants could see 
the list in real time. No debate or discussion occurred 
during this stage; however, participants were encour-
aged to modify their own contribution to the Google 
document as they listened to other participants if 
they so wished.

4.	 Once all participants had spoken, group discus-
sion was encouraged so that participants could seek 
explanations or further details about any ideas that 
were produced during the sharing ideas stage. The 
moderator ensured that all participants were able to 
contribute to the discussion and that too much time 
was not spent on any one idea. Participants were 
encouraged to suggest new items for discussion or 
thoughts on how to combine ideas to enhance indi-
vidual definitions. The use of the Microsoft Teams 
chat function was also encouraged for participants to 
discuss mutual ideas or conflicts directly with other 
participants. Each participant “owned” their individ-
ual definition and only edited their definition if they 
agreed to a change suggested by other participants. 
Following the method of Cook et al. (2023), partici-
pants were given two days following the completion 
of the vNGT online session to modify or delete their 
own contributions and to suggest edits to other defi-
nitions (Table 2). This additional time allowed partic-
ipants to collect their thoughts and refine their defi-
nitions individually.

5.	 The final stage of the vNGT was to allow the partici-
pants to ‘rank order’ the definitions generated in the 
previous stage (Table 2). Participants were emailed a 
link to a Qualtrics survey form that included a rank-
ing function. This form included all seven definitions, 
and participants could identify their order of prefer-
ence from their top choice (rank number 1) to bot-
tom choice (rank number 7).

Results
Participant characteristics
The vNGT included eight participants (five male, three 
female) with a mixture of non-clinical (two had system 
design and two had business development backgrounds) 
and clinical (four were physiotherapists) backgrounds. 
All participants had extensive experience with the New 
Zealand ACC insurance scheme and the design, imple-
mentation, and administration of MSK care pathways. 
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Two participants were employees of the ACC insurance 
scheme and worked in strategic and design roles. One 
participant had additional experience with MSK care 
pathways in the public health system of New Zealand, 
and one participant had additional experience with MSK 
care pathways in the public health system of a European 
country (Table 1).

Stage two findings
Each of the eight participants generated an initial defini-
tion of a process variable during stage two of the vNGT. 
Additionally, all participants provided examples of what 
they considered to be process variables (Table 1).

During the group discussion phase, the participants 
actively shared thoughts and opinions on process vari-
ables, and they were allowed to craft their final individual 
definitions. The final process variable definition for three 
participants was unchanged from their initial iteration. 
At the end of this stage of the vNGT, there were seven 
definitions (two participants agreed to combine ideas to 
form a single definition (Table 2).

Final definition
The rank ordering and voting process needed a clear win-
ner (at least one standard deviation mean score over the 
next best score) from the seven definitions. Definitions 
five and seven both ranked highly, being placed in the top 
three by all participants. Once all participants had voted, 
the final definition had two standard deviation mean 
scores over the second placed definition and was defined 
from participant number five.

“A health process variable is any modifiable factor in 
a health process or pathway that can be quantified 
and measured and that if varied may achieve a dif-
ferent operational or patient outcome”.

Discussion
The aim of the study was to form a consensus-based 
agreement on a definition of a process variable within an 
MSK care pathway. The NGT method was used instead 
of other methods because the NGT allowed for a col-
laborative environment between study participants with 
open and interactive debate and discussion [38]. The 
vNGT is not a time-demanding method, and it allows 
expert participants with opinions on process variables to 
come together virtually and discuss differing viewpoints 
before exploring mutual solutions in real time [43, 44]. 
The NGT method facilitated an exploratory inquiry into 
this previously undefined area of health care and led to 
a clear consensus being formed via the ranking process 
[39]. The final definition identifies that a process variable 
is any single modifiable factor in a health process or MSK 
care pathway that can influence patient or operational 
outcomes.

The participants provided examples of process vari-
ables in MSK care pathways during stage two of the 
vNGT. There was agreement between participants with 
common examples of process variables, including timeli-
ness and access to care, referral criteria and the meas-
urement of patient outcome measures. The examples of 
process variables provided by the participants appeared 
to reflect the participant’s background. The clinically 

Table 2  Final process variable definitions

Participant Final process variable definition

One A process variable is a specific measure which can be quantified and tracked that affects the outcome of healthcare service delivery. 
Process variables are often associated with the identification and management of bottlenecks or constraints within a system.

Two A health-related process variable is a process that has an impact on any part of the patient’s journey, it is interdependent with the patient 
and other processes, it is modifiable, measurable, and generally patient centric. One should always consider the effect of modification 
and change of a process variable on the overall outcomes for the patient.

Three An interdependent factor in a clinical care pathway that creates variability in a process measure, moderating one or more clinical 
and operational outcomes.

Four A health process variable are patient-centric interdependent and modifiable factors that impact current processes and pathways 
to enhance and improve patient, provider and community engagement and create a change in the system that will have a sustainable 
impact now and in the future. This includes removing access barriers, improving funding structures, operational efficiencies, technology/
systems integration (including real-time information sharing, data exchange, collection), and engagement initiatives.

Five A health process variable is any modifiable factor in a health process or pathway that can be quantified and measured and that if varied 
may achieve a different operational or patient outcome.

Six A range of processes and inputs that are used to engage, treat, and enable a patient along their pathway to recovery. These are clinical/
psychosocial and are modifiable by those engaged in that patients care and return to function including by the patient and their family 
and employer.

Seven/Eight Process variables are modifiable aspects of the end-to-end patient care pathway that can influence a patient outcome.
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orientated participants focused on the operational flow 
of patients through an MSK care pathway including 
the entry and exit criteria, clinical roles, and responsi-
bilities and the timing of assessment/treatment. It is 
believed that the patient’s flow and seamless navigation 
of a care pathway can influence downstream outcomes 
[20–22]. The non-clinical participants gave examples of 
process variables that were related more to the design 
and implementation of the MSK care pathway, including 
information technology integration, pricing models, co-
ordination of care, key performance indicators and the 
digital enablement of patients/clinicians. It is thought 
that the processes of care that rehabilitation patients 
experience can be enhanced with the integration of digi-
tal technologies and artificial intelligence applications by 
healthcare organisations [45, 46].

The group discussion stage of the vNGT gave the par-
ticipants the opportunity to hear alternate viewpoints, 
pursue areas of agreement and seek further explanation 
from each other [38]. At the start of the group discus-
sion, most participants agreed that process variables can 
be measured or quantified and that they influence patient 
outcomes. Collaborative discussion occurred, and it was 
agreed among the group that there are interdependent 
factors or components of an MSK care pathway, such 
as information technology processes, environmental/
funding contexts, and clinician training, that influence a 
patient’s recovery that are not process variables. This is 
consistent with the current literature, which suggests that 
process variables are different from the structural fac-
tors of a health care system, such as physical facilities and 
organisational management systems [47]. The partici-
pants agreed that process variables are also distinct from 
quality indicators that are used measure health care pro-
cesses, organisational structures, and outcome measures 
[48, 49]. The group was unanimous that process variables 
can influence patient outcomes regardless of where the 
patient is in the care pathway. This finding supports pre-
vious research in which others have stated that process 
variables can influence patient outcomes whether or not 
they precede or follow treatment input [26, 27].

An area of robust discussion focused on the ques-
tion of whether process variables are patient centric. 
Group opinion was divided in this regard, with some 
participants suggesting that process variables are always 
patient-centric, as they will continuously drive the care 
for a patient, be it positive or negative. The participants 
with this opinion considered that the effect of pro-
cess variables on individual patient choice and prefer-
ence needs to be considered, as this forms the basis for 
patient-centered care within MSK care pathways [47, 50]. 

Conversely, other participants stated that process vari-
ables are not patient-centric and that sometimes process 
variables are driven by the insurer or business model of 
the MSK care pathway that the patient is in. This sup-
ports the ideas of Donabedian, who believes that within 
health care systems, structure (including funding mod-
els) influences process, which in turn influences outcome 
[51–53].

There was general agreement between the participants 
that a process variable is a single modifiable factor within 
a care pathway, and it is not the collective processes of 
care of a given care pathway. This is compatible with the 
ideas of Lleras et al., who suggest that each process vari-
able regulates the path of care toward one’s recovery [54] 
and that paths are not linear [55]. There was a clear view 
among the non-clinical participants that individual pro-
cess variables could improve healthcare delivery, leading 
to efficiencies in health systems and enhancing a patient’s 
recovery.

The use of business or industrial processes to improve 
the quality and delivery of patient healthcare has received 
interest from researchers [23, 49, 56–58]. Healthcare 
organisations often use a ‘whole system’ quality improve-
ment (QI) approach to improve the processes of care, 
streamline flow and improve costs [48, 56]. Although 
a QI process can bring about opportunities for system-
wide efficiency and productivity, it can be a labour inten-
sive, time consuming and costly process for healthcare 
organisations [23]. The confidence that participants in 
the current study have in the importance of individual 
process variables on patient outcomes provides support 
for health researchers and clinicians to examine the effect 
of single modifiable factors on health outcomes, most 
likely a less daunting task than having to consider the 
‘whole system’. The consensus-based definition of a pro-
cess variable determined by this study will provide a bet-
ter ‘start-point’ for such research.

Despite the diverse backgrounds of the study partici-
pants, there was a synergistic and collaborative approach 
to addressing the research question during the vNGT. 
The work completed by participants prior to the vNGT 
helped give the participants context and to ‘sensitise’ 
them to the need for a definition [40, 59]. It also helped 
to prepare them to generate a range of ideas and to facil-
itate the sharing of those ideas in the group discussion 
stages of the v-NGT [38]. The participant’s feedback at 
the conclusion of the vNGT session highlighted that 
they had an overwhelming positive experience. The fea-
tures of the Microsoft Teams platform, such as screen 
sharing and chat functions, were appreciated by the par-
ticipants, as was the use of the Qualtrics voting system. 
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The moderator adopted a structured vNGT approach 
and facilitated an environment that promoted equal par-
ticipation and open communication, so all participants 
had their voices heard and their perspectives valued [40]. 
The participant’s quality of their NGT experiences and 
the knowledge they impart is considered more impor-
tant than quantity when ensuring data validity in an 
NGT [38, 44, 60].

The growing burden of MSK conditions and disor-
ders worldwide continues unabated and change needs 
to occur [3, 4, 7]. To the best of our knowledge, the cur-
rent study is the first attempt to define an expert, con-
sensus-based definition of a process variable within an 
MSK care pathway or indeed a health care system. The 
NGT participants unanimously agreed upon the defini-
tion of a health process variable that recognises that it 
must be modifiable, quantifiable and be able to influence 
a patient’s outcome. This is a robust consensus agree-
ment, and the authors believe that if future researchers 
or health system designers adopt this contemporary defi-
nition, it will help standardize the way in which process 
variables are identified and examined.

Future research should focus on gaining a better 
understanding of the association between process vari-
ables and their influence on patient and operational out-
comes of MSK care pathways. Specifically, researchers 
should examine whether a single process variable or any 
specific combination of process variables in an MSK 
care pathway or other healthcare system can influence 
outcomes [28].

Understanding patient experiences and determining 
what process variables matter to patients in their mus-
culoskeletal rehabilitation journey will provide valuable 
insights into the barriers and facilitators to a patient’s 
recovery [36, 61].

Increasing our comprehension of process variables may 
also inform future decisions about the design and imple-
mentation of health care pathways for patients with MSK 
conditions, including the integration of artificial intelli-
gence and digital technology [45, 46].

Having a definition of a process variable may also allow 
researchers to develop a conceptual framework for exam-
ining process variables, and this may assist in the global 
effort to reduce the burden of disability and cost cur-
rently associated with MSK conditions [1, 3, 25, 30].

Limitations
Although this study has provided a consensus-based 
definition of a process variable, there are some limita-
tions of the study. Although the recommended number 
of NGT participants was satisfied and there was a good 
balance of males to females and between clinician and 

non-clinicians, the participants with clinical backgrounds 
were solely MSK physiotherapists. Additionally, most 
participants only had experience in the New Zealand 
health system, perhaps limiting the generalisability of our 
definition of a process variable to other jurisdictions.

The use of the virtual platform instead of a traditional 
face-to-face NGT may have influenced the interaction 
between participants in the group discussion phase given 
that non-face-to-face communication such as body lan-
guage could not be readily observed and that some par-
ticipants may have felt less confident in speaking in this 
environment. We attempted to mitigate this by effective 
moderation to facilitate equal opportunity to participate 
and contribute. We could have used another method, 
such as Delphi, but we feel the vNGT was an effective 
method to deliberate and reach a timely consensus on a 
unique aspect of health care that had limited time or cost 
constraints on both the participants and the researchers. 
The vNGT adheres to the foundational principles estab-
lished for consensus methods, including structured inter-
action, iteration, controlled feedback, and anonymous 
voting [38, 44, 62].

Conclusion
Our study of experts has formed a consensus-based 
agreement for a definition of a process variable in a MSK 
care pathway within the New Zealand setting. This is 
an important first step in developing our understand-
ing of process variables, and further research is needed 
to establish the link between process variables and 
their influence on the outcomes of patients with MSK 
conditions.
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