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Abstract 

Cervical spine radiculopathy [CSR] is a complex condition that is challenging to diag-

nose. The assessment methods used by United Kingdom [UK] physiotherapists to 

diagnose CSR remain unclear. A mixed-methods explanatory sequential design was 

used to investigate the assessment strategies that UK Health and Care Professions 

Council HCPC physiotherapists use and the reasons behind this decision-making in 

clinical practice. Phase 1 of the mixed methods research [MMR] study was a national 

online survey. The 63 respondents reported that the most common assessment strat-

egies included muscle strength [94%], light touch sensation [78%] and reflex testing 

[89%]. Phase 2 of the MMR study included 11 qualitative interviews with Phase 

1 [survey] participants. Four themes were established: perception of role, service 

constraints, minimising risk, and understanding symptoms. Physiotherapists often 

explained decision making in practice is based upon individual and organisational 

barriers. The choices available to physiotherapists may be based on cost, depart-

mental knowledge and skill or convenience. However, the best available evidence 

suggests that physiotherapists should continue to use a biopsychosocial approach 

when establishing a CSR diagnosis. Physiotherapists should continue to embrace all 

assessment strategies available and strive to enhance or change practice.

Background

Radiculopathy is a type of peripheral neuropathy that occurs when a spinal nerve 
or its root is compressed or when the blood supply or nutrition to a nerve axon or its 
root is interrupted [1–3]. The incidence rate of cervical spine radiculopathy [CSR] is 
reported as 0.8 to 1.8 per 1000 person-years and prevalence ranges from 1.2 to 5.8 
per 1000 people [4]. People with CSR may describe sensations of burning, tingling, 
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sensitivity to mechanical pressure [light touch, blunt and/or sharp stimuli], shooting or 
electric shock-like pain, thermal [hot, warm and cold] sensitivity, numbness or a com-
bination of these [5–7]. The variation in clinical presentation also reflects the multiple 
etiologies and underlying mechanisms in peripheral neuropathies [8].

There is currently no agreed CSR diagnostic consensus. Physical tests used in the 
assessment of CSR may include tendon reflexes, manual muscle testing of key mus-
cles, sensory testing, range of motion and symptom provocative tests or any com-
bination of these [1,9–11]. However, the reliability of identifying CSR in this way is 
based on a small number of heterogeneous studies with mixed findings [10,12]. After 
examining five low-quality studies, a systematic review assessed the ability of phys-
ical examination tests to diagnose CSR [1]. Furthermore, there are inconsistencies 
in testing procedures and interpretation [12]. After examining five low-quality studies, 
a systematic review assessed the ability of physical examination tests to diagnose 
CSR (1). Among the three studies (n = 350) that evaluated the Spurling test (which 
typically involves cervical extension, lateral flexion toward the symptomatic side, and 
the application of downward axial compression), the movements performed prior to 
axial compression varied slightly, for example, some studies included cervical rotation 
in addition to extension and lateral flexion. In contrast, others differed in the order or 
extent of movement. The review reported moderate sensitivity and high specificity 
[Sensitivity [Se] 0.65, 95% CI: 0.49–0.79; Specificity [Sp] 1.00, 95% CI: 0.56–1.00] 
and [Se 0.38, 95% CI: 0.22–0.56; Sp 0.94, 95% CI: 0.83–0.99] respectively [1]. 
Screening tools such as Neuropathic Pain Questionnaire [NPQ] [13], Identification 
[ID] Pain [14], Leeds Assessment of Neuropathic Symptoms and Signs [LANSS] [15], 
Douleur Neuropathique 4 [DN-4] [13] or PainDETECT [16] can identify underlying 
pain mechanisms in radiculopathy presentations. Investigating the utilisation of these 
screening tools or questionnaires in physiotherapy practice has not been com-
pleted to date. The clinical expression of sensory and motor symptoms of CSR may 
not always conform to standard ‘textbook’ descriptions. To assess somatosensory 
integrity and function, both large and small sensory nerve fibres should be evaluated 
since both may be impaired in radiculopathy presentations [Schmid et al., 2020]. It 
is not only the causes that differ but also the clinical expression of CSR symptoms. 
This can be achieved through somatosensory bedside examination, patient-reported 
outcomes, and quantitative sensory testing. However, it remains unclear which 
somatosensory testing methods are commonly used in clinical practice, and by which 
clinicians, to support diagnostic formulation and identify underlying pain mechanisms. 
Furthermore, it remains unclear if CSR presentations always exhibit predominantly 
neuropathic pain [NeP] components, as they can be classified as mixed-pain syn-
dromes but can also be categorised as a NeP condition. Exploring the use of diag-
nostic methods in clinical practice and the reasons underpinning these decisions are 
therefore investigated in this mixed methods study.

The explanatory sequential design was selected for this MMR phase of research. 
An explanatory sequential design requires collecting and analysing quantitative 
data to identify areas that require further explanation through qualitative research. 
It usually involves a purposive sampling approach to select participants [17,18]. 
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Explanatory sequential design is appropriate for researchers who are more focused on quantitative methods and who 
have already identified a variable to measure [18]. Providing an explanation behind the reported decisions made in the 
quantitative survey was appropriate to explain through qualitative interviews. Owing to the consideration of the complexity 
that existed in the professional working environments, decisions on CSR assessment practices are sets of belief systems, 
attitudes and healthcare systems that have, in some way, impacted participants in this study. It enabled the comparison 
and communication of congruent and divergent interpretations and facilitated the drawing of conclusions. This mixed 
methods research promoted reflection on how quantitative and qualitative methods are integrated. Integration occurred 
at the interpretation and reporting level through joint display. At the interpretation and reporting level, integration refers to 
combining two data sets to provide a more comprehensive understanding than either data set alone [18]. This type of inte-
gration can take various forms, such as presenting both quantitative and qualitative data in a report, converting one type 
of data to another [for example, transforming qualitative data into quantifiable data] and integrating it with non-transformed 
data [for example, combining quantified qualitative data with existing quantitative data].

This mixed methods study aimed to examine the assessment approaches employed by UK physiotherapists in clini-
cal practice and explore the rationale behind their decision-making when establishing a CSR diagnosis. The first phase 
[online survey] aimed to answer: (i) What are the current physical assessment strategies (including questionnaires and 
screening tools) used in UK physiotherapy practice to inform the diagnosis of CSR and (ii) what are the barriers and facil-
itators in using clinical assessment strategies in practice? The second phase aimed to explain the survey findings through 
qualitative interviews.

Methods

Study design

This study followed a mixed methods research approach with an explanatory sequential design [17]. It was conducted in 
two phases, Phase 1: a quantitative cross-sectional survey and Phase 2: qualitative semi-structured interviews. Phase 2 
was conducted to help explain and elaborate the results from Phase 1, refining the results and exploring UK physiothera-
pists’ views and experiences in greater depth. Integration between the Phase 1 and 2 results occurred in two steps. The 
initial step involved utilising the survey findings to guide the qualitative interviews. The second step combined both sets of 
related results and derived cohesive conclusions. We adhered to the Good Reporting of A Mixed Methods [GRAMM] study 
checklist [18] for transparency related to data collection methods, sequencing, sampling, points of integration, and data 
analysis techniques.

Phase 1 – Survey study

Recruitment. A snowball sampling approach was adopted. From the research team’s professional accounts, the 
survey was advertised through X [formerly Twitter], Professional special interest group webpages [including the Interactive 
Chartered Society of Physiotherapy – iCSP, Association of Trauma and Orthopaedic Chartered Physiotherapists [ATOCP], 
Musculoskeletal Association of Chartered Physiotherapists [MACP], Physiotherapy Research Society [PRS] shared at 
least one advertisement to recruit prospective participants. The survey was open from 30/01/2022-01/03/2022.

Eligibility: Health and Care Professions Council [HCPC] [19] UK Physiotherapists working in musculoskeletal and/or 
orthopaedic clinical settings.

Sample size: The number of HCPC registered physiotherapists in 2021 was 61,760, though not all of these physio-
therapists will have experience or work in clinical settings assessing people with CSR. At the time of writing this study, 
there was no data available on what percentage of these physiotherapists assess and/or manage adults with CSR. The 
Musculoskeletal Association of Chartered Physiotherapists [MACP] is a clinical interest group [CIG] and professional 
network of physiotherapists who have worked or have worked in musculoskeletal physiotherapy practice-based settings. 
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Its membership is 1,200 physiotherapists. The majority are based in the UK. However, it is acknowledged that physiother-
apists may choose not to become members of this CIG but will have experience in the assessment and management of 
CSR. Therefore, an estimated population size of 2,000 respondents was set. The sample size calculation was made using 
the ‘Sample Size Calculator platform [https://www.qualtrics.com/blog/calculating-sample-size/], considering a 95% confi-
dence level and a margin of error of 5%. The response target was 323 respondents. The survey was open for four weeks 
[January 2022-February 2022].

Survey development and data collection

The survey was designed to determine the usage and possible barriers and facilitators of common assessment proce-
dures for CSR (S1 File). The survey was piloted with two physiotherapists. The piloting feedback facilitated appropriate 
amendments to question formatting and technical language with some somatosensory tests.

Data analysis

The data were imported into Microsoft Excel and data analysis was performed using SPSS statistical software [IBM Corp, 
Chicago, Illinois, USA]. Descriptive statistics were used to analyse the data, including mean, median and variances for the 
sample. Free-text comments or answers were further explored in qualitative interviews.

Phase 2 – Qualitative interview study

Recruitment. Eligible participants were registered HCPC UK Physiotherapists who completed the Phase 1 survey and 
responded ‘yes’ to being contacted to complete a qualitative interview. The lead researcher [MM] invited each prospective 
participant one-by-one to take part in an interview. The qualitative interviews were completed between 01/10/2022–
30/12/2022.

When conducting qualitative research, it is important to ensure that the sample’s composition and size are appropriate 
and adequate [20]. This is known as sample adequacy, and it plays a crucial role in assessing the reliability and credibil-
ity of the research [21,22]. However, determining the ideal sample size for qualitative research is a topic of debate [23]. 
Unlike quantitative research, which relies on statistics-based rules, the complexity of qualitative research stems from the 
various methodological, theoretical, epistemological, and ideological perspectives involved [23]. It is acknowledged that 
sample size alone is not the only factor when undertaking qualitative interviews [20]. The concept of ‘saturation’ is debated 
when determining sample size for qualitative interviews [24] and guidance on assessing saturation and the sample sizes 
needed to reach saturation have been vague. Vasileiou et al. [2018] [24] conducted a systematic review of qualitative 
studies using in-depth interviews in health-related journals over a 15-year period and found the vast majority of articles 
did not justify their sample size. Where justifications were given, saturation was cited in 55% of articles; however, claims 
of saturation were not substantiated in relation to study procedures [24]. Therefore, the lead author [MM] reflected and 
reviewed the data quality after each completed interview and employed a lower limit of eight participants and an upper 
limit of 16 participants [25]. This informed iterative refinement of the topic guide and supported the decision to employ a 
lower limit of eight participants and an upper limit of 16 participants [25], aiming to generate a rich, complex narrative for 
analysis [26].

Qualitative interview development and data collection

The lead researcher [MM] conducted all 11 individual semi-structured interviews, each interview lasted between 
45–60minutes. The topic guide was informed by the survey responses and relevant systematic reviews [4,10,11] (S2 file). 
The topic guide was piloted with a physiotherapist based in UK clinical practice who was not recruited in the qualitative 
study. The pilot interview provided feedback on the question order, answers, follow-up questions, syntax and flow of the 
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interview. Minor iterations of the topic guide occurred throughout subsequent interviews and research team meeting dis-
cussions [e.g., a focus on exploring survey findings and less focus on the interviewee’s personal clinical practices].

Lead researcher positioning

The lead researcher [MM] is a Health and Care Professions Council [20] registered physiotherapist with 17 years of clini-
cal academic experience, employed as an academic at the University of Birmingham and a PhD student at the University 
of East Anglia. Therefore, it is acknowledged that interview participants may perceive an implicit or explicit power balance. 
The lead researcher [MM] completed a reflective journal and decision-making audit trail monitoring possible impact with 
conscious or subconscious bias, belief systems and personal professional experience. These documents were dis-
cussed as part of an ongoing peer-review process with other research team members [TS, SJ]. The lead researcher [MM] 
received training from an experienced qualitative researcher [SJ] and the university’s post-graduate qualitative training 
programme.

Data analysis

A six-phase reflexive thematic analysis was used [22]. Interviews were audio and video recorded, transcribed verbatim 
and anonymised by the lead researcher [MM]. To ensure comprehensive familiarity with the data, the lead researcher 
[MM] read each transcript multiple times and listened to the audio files while reading. This allowed the lead researcher 
[MM] to make notes on any important information [such as any overlaps in speech, interfering noise and differing styles 
of speech, for example, distinguishing between “I don’t, no” and “I don’t know”]. An online reflective journal was used to 
record and reflect on any insights or new ideas that arose while becoming familiar with the material.

In the next phase, coding occurred in two stages – initial and focused. In the initial coding of transcripts, the lead 
researcher [MM] reviewed each transcribed line carefully and inductively coded topics such as rationale, reasoning, 
motivations or areas that addressed the study’s aim and objectives. Initially, the data were coded manually by highlighting, 
colour-coding and labelling certain sentences to help interpretation of the data. A list of these codes was compiled before 
writing a brief description of each code to ensure to remember its meaning.

In focused coding, the lead researcher [MM] pursued a selected set of central codes throughout the entire dataset and 
the study [27]. This required making decisions about which initial codes were most prevalent or important, and which con-
tributed most to research questions being answered [27]. A project coding list and codebook [group of coding themes] was 
developed to interpret any given text accurately.

Two researchers [MM, SJ] coded three interviews independently for investigator triangulation [28]. The researchers 
[MM, SJ] met to discuss the codes. This approach enhances consistency in coding, and clarifies interpretations, and 
inferences [29]. Detailed information on the analysis process was recorded in an audit document. The codes and overall 
themes were then discussed and negotiated among MM and SJ in a final discussion to reach a consensus. During the 
analysis, the lead researcher [MM] made fieldnotes of reflections and interpretations. To enhance the credibility of the 
methods used, this study was guided by a 15-point checklist of criteria for conducting good thematic analysis [29] detailed 
in S3 File.

Mixed methods research integration process. Survey and interviews

For this mixed methods research, integration occurred at the interpretation and reporting level through joint display. Joint dis-
play is a visual representation that a researcher can use to present both quantitative and qualitative data analyses or results 
in a single display [30,31]. Creating an effective joint display in the analysis stage involves selecting specific qualitative and 
quantitative data to use, choosing the appropriate format for each type of data, adjusting the organisation of the two types of 
data, and using creative formatting techniques to obtain a deeper understanding and meaning of the mixed data findings.
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Results

Sixty-three completed surveys were analysed. Table 1 details the healthcare sector, clinical specialty, highest education 
award and length of time working as a physiotherapist across the respondents. From the 63 survey respondents, 75% 
[47/63] self-reported working in the NHS. Twenty-eight [44%] worked in primary care and nineteen [30%] worked predom-
inantly in secondary care. Eleven of the 63 respondents [18%] worked in private practice and one respondent worked 
in a military healthcare setting. Fifty-six [89%] reported that their clinical speciality was musculoskeletal. Three [5%] and 
two [3%] of respondents specialised in musculoskeletal orthopaedic and pain management, respectively. Sixteen of the 
63 survey respondents agreed to be contacted about the qualitative interviews. A total of 16 physiotherapists expressed 
an interest in being contacted; all were individually contacted by email. A total of 11 physiotherapists were recruited over 
two months for the qualitative interview phase. The remaining five survey respondents did not respond to further interview 
requests. The participant characteristics are reported in Table 2. Figs 1,2 present which assessment strategies are used 
when establishing CSR diagnosis. The mixed methods synthesis identified four main qualitative themes [perception of 
physiotherapist role; service constraints; minimising risk to the patient, clinician and service; understanding symptoms], 
which demonstrate the connections between physiotherapists’ experiences, internal and external factors, and their diag-
nosis strategies when establishing CSR in clinical practice. The themes that contributed to each qualitative theme are 
listed in S4 File.

Table 1. Survey Participant Demographics.

Healthcare sector Number [n] Percentage [%]

National Health Service - Primary care 28/63 44.4

National Health Service – Secondary care 19/63 30.2

Private practice 11/63 17.5

Military 1/63 1.6

Other 4/63 6.3

Clinical specialty

Clinical – Musculoskeletal 56/63 88.9

Clinical – Orthopaedics 3/63 4.8

Clinical – Pain management 2/63 3.2

None of the above 2/63 3.2

Highest education award

BSc 16/63 25.4

MSc [Pre-registration] 10/63 15.9

MSc [Post-registration] 16/63 25.4

Post graduate certificate 8/63 12.7

Post graduate diploma 6/63 9.5

Graduate diploma in physiotherapy 4/63 6.3

MRes 1/63 1.6

PhD 1/63 1.6

Professional doctorate 1/63 1.6

Length of time working as a physiotherapist

Less than one year 2/63 3.2

1 to 5 years 6/63 9.5

6 to 10 years 7/63 11.1

11 to 15 years 19/63 30.2

16 to 20 years 11/63 17.5

More than 21 years 18/63 28.6

https://doi.org/10.1371/journal.pone.0325922.t001

https://doi.org/10.1371/journal.pone.0325922.t001
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Theme 1: Perception of physiotherapist role

Consistent from survey and interview data, participants made decisions based on four categories: CSR assessment 
informed by research, continuing professional development training needs and their clinical experiences. Manual muscle 
testing was identified as an important assessment method, reported as always or often used by all survey respondents. 
When explored further in the interview data, all interview participants justified their use of muscle strength testing, light 
touch sensation and reflexes in clinical practice as these techniques were considered easy to use and not time-consuming 
given their short appointments. This is illustrated by one participant:

“…we operate on 30-minute appointments, every minute counts when assessing a patient with CSR. I am not surprised 
that some of these somatosensory tests are not used, they are too long to complete in practice”

[Participant 003.Qualified for 1-5 years and working in primary care]

Table 2. Qualitative interview participant demographics.

Participant number Healthcare sector Highest education award Length of time working as a physiotherapist

001 National Health Service – Primary care MSc 6 to 10 years

002 Private practice MSc More than 21 years

003 National Health Service – Primary care BSc 1 to 5 years

004 National Health Service – Secondary care MSc 6 to 10 years

005 National Health Service– Secondary care PhD 16 to 20 years

006 National Health Service – Primary care MSc 6 to 10 years

007 National Health Service – Primary care MSc More than 21 years

008 Private practice BSc More than 21 years

009 National Health Service – Primary care MSc 16 to 20 years

010 National Health Service – Primary care MSc 16 to 20 years

011 National Health Service – Secondary care MSc 16 to 20 years

https://doi.org/10.1371/journal.pone.0325922.t002

Fig 1. A stacked bar chart to illustrate the frequency use across all somatosensory test parameters when establishing a cervical spine radicu-
lopathy diagnosis (n = 63).

https://doi.org/10.1371/journal.pone.0325922.g001

https://doi.org/10.1371/journal.pone.0325922.t002
https://doi.org/10.1371/journal.pone.0325922.g001
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Most interview participants reported that their service required robust data to change individual or departmental assess-
ment practices before adopting more logistically challenging tests such as small fibre testing. One interview participant, a 
physiotherapy service lead, explained that they were not surprised by the survey findings as they were unaware of pub-
lished literature that supported the use of small fibre somatosensory testing when compared to muscle strength testing, 
light touch sensation and reflex testing:

“I would be surprised if physiotherapists used any of these [somatosensory] tests in practice… I am not aware of any 
data that would mean we should change our assessment tests from what we are doing already…. ”

[Participant 007.Qualified for more than 21 years and working in primary care]

Of 63 respondents, 40 [64%] prioritised other assessment measures instead of pain questionnaires or tools when mak-
ing a CSR diagnosis. Sixteen respondents [26%] believed that the questionnaires or tools were more useful for research-
ers than for clinicians, while 30% lacked confidence in using and interpreting the collected data [17/63]. Fifty-one survey 
respondents [81%] reported that providing online access to free pain screening tools or questionnaires could increase 
their usage in clinical practice. Moreover, forty-two [67%] and thirty [48%] survey respondents stated that additional train-
ing on the appropriate use and timing of these tools or questionnaires might further enhance their utilisation.

All interview participants supported the survey results that if expectations of pain questionnaires or other somatosen-
sory testing are to be introduced into practice, formal and informal continuing professional development education would 
be necessary. This is exhibited by the following participant:

“Pain education is poor in physio education; I don’t remember any education being provided around different sensory 
tests or screening tools at university… I was aware of these when I qualified and had a mentor to show me”

[Participant 002.Qualified for more than 21 years and working in private practice]

All interview participants explained that the clinical assessment of patients is more valuable to physiotherapists than the 
outcomes of questionnaires or small-fibre somatosensory testing data. This was influenced how other multi-disciplinary 
team clinicians assess CSR and pattern recognition reasoning:

Fig 2. A stacked bar chart to illustrate the frequency of use across physical assessment testing methods when establishing a cervical spine 
radiculopathy diagnosis (n = 63).

https://doi.org/10.1371/journal.pone.0325922.g002

https://doi.org/10.1371/journal.pone.0325922.g002
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“I learnt about neuro assessment by observing an ortho surgeon, they don’t use any questionnaires or heat tests…. I’ve 
adopted this in my triage assessments because I make referrals to ortho [orthopaedics]”

[Participant 004.Qualified for 6-10 years and working in secondary care]

Another physiotherapist shared this sentiment.

“I think that as you get more mileage as a spinal physiotherapist, you see patterns of presentations… the subjective 
assessment tells you what you want to know, and the physical assessment is for the patient’s reassurance really”

[Participant 006.Qualified for 6-10 and working in primary care]

Most interview participants explained that physiotherapists may prioritise other assessment strategies because of the 
expectations of their line managers or the department they work in. This is exemplified with this participant:

“There is a difference across different departments, it depends on what the priorities of the manager are. Working in 
one department with a research focus meant we collected a lot of questionnaire data which helped researchers”

[Participant 008.Qualified for more than 21 years and working in private practice]

Whereas some interview participants explained how working as part of a multi-disciplinary team and the clinical lead’s 
expectations influenced decision-making when assessing CSR. Noteworthy, all five reported that orthopaedic surgeons 
were clinical service leads:

“My orthopaedic surgeon I work with would expect me to complete a basic neuro of myotomes, dermatomes and 
reflexes for every patient… this is foundation level triage assessment”

[Participant 003.Qualified for 1-5 years and working in primary care]

Theme 2: Service constraints. Healthcare system barriers to CSR clinical assessment

Survey respondents reported how time availability with patient appointments, the integration of testing and question-
naires into IT systems, the differences between public and private sector healthcare and the cost and availability of 
equipment, influence the decision-making and justification of assessment strategies for CSR. These factors were pre-
sented as response options within the survey, facilitating participants to indicate their relevance to their decision-making 
processes. Time availability in clinical practice to collect data from small fibre somatosensory testing [38/63; 60%] or pain 
questionnaires or tools [38/63; 60%] was reported as a reason why these are not considered when forming CSR diag-
noses. Thirty-nine [70%] survey respondents reported that having more time in clinical practice would enhance the use 
of screening tools or questionnaires. Whereas, 56% [35/63] indicated that increased assessment time in clinical settings 
could improve the use of small fibre somatosensory testing in practice. Interview participants suggested that these find-
ings explained the selection of assessment strategies:

“I am not surprised the survey reported this; muscle strength, dermatomes and reflexes are so quick to complete… we 
are under pressure with patient activity…The questionnaires would eat into assessment time…”

[Participant 010.Qualified for 16-20 years and working in primary care]

Most interview participants, who worked in primary or secondary care, reported challenging CSR patient presenta-
tions. The interview participants attributed the complexity to co-morbidities [for example, anxiety symptoms], which made 
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it challenging to prioritise assessment strategies and interpret findings, subsequently taking longer to reach a diagnosis. 
This is reflected by Participant 5:

“The longer a person has symptoms, the more complex, this takes time as all aspects of their wellbeing should be 
considered…”

[Participant 005.Qualified for 16-20 years and working in secondary care]

Despite this explanation, some interviewees explained that even if more time was allocated, they were unsure whether 
they would integrate further physical testing as they were focused on ensuring that patients received timely and accurate 
management pathways. Participant 9 explains this:

“Even with more time, would the questionnaires change onward referral?…probably not…Reaching the right manage-
ment pathway is most important when I see this patient…”

[Participant 009.Qualified for 16-20 years and working in primary care]

Fifty-one survey respondents reported that providing online access to screening tools or questionnaires could increase 
their usage in clinical practice. When explored further in the qualitative interview, nearly all participants explained that the 
integration of questionnaires in clinical practice is mixed, and not all departments or healthcare information technology 
systems can embed them into practice:

“The thing is, our IT systems are poor, the software to build questionnaires needs to be in place. We don’t need more 
pieces of paper, if it was IT-based I bet physiotherapists would use them more often”

[Participant 001.Qualified for 6-10 years and working in primary care]

Some interview participants expanded on this, reporting that the timing of when to introduce questionnaires to a patient 
is unclear. They perceived that this lack of clarity negatively impacts clinicians and patients:

“When would we ask the patient to complete these questionnaires…. Some patients don’t have IT access… and if 
[completed] in the waiting area, it would mean more time wasted”

[Participant 011.Qualified for 16-20 years and working in secondary care]

Most interview participants had worked in public and independent healthcare sectors in the UK, where there were per-
ceived differences in expectations of assessment and management strategies for CSR. The differences centered around 
access to specialised testing and the time it takes to order and complete assessments, such as imaging or nerve conduc-
tion studies:

“There is more immediate access to assessment, like MRI the next day, that is why they may be used in practice more 
often”

[Participant 008.Qualified for more than 21 years and working in private practice]

Some interview participants explained that some clinical departments have a research culture, which enhanced the 
uptake of screening tools and outcome measures. Participants reported that screening tools and outcome measures were 
selected due to existing service improvement projects or funded research studies that their department prioritised:
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“Yeah, I can imagine in some big departments there are multiple research studies that would collect the data, this can 
provide some ideas on the types of pain patients coming through the door…”

[Participant 001.Qualified for 6-10 years and working in primary care]

One interview participant further explained, detailing how data collection using pain screening tools or questionnaires 
can support service managers in building a business case to justify physiotherapy services to commissioning groups.

All interviewees agreed with the survey findings that the low uptake of some somatosensory assessments related to the 
cost of equipment. Interview participants detailed equipment shortages in their departments, and small budgets to replace 
equipment. Participants perceived that decisions were based on availability of assessment equipment rather than clinical 
reasoning:

“I currently carry my own reflex hammer, paid for by me with my name on it, that tells you why physios don’t decide to 
use anything else when assessing…”

[Participant 006.Qualified for 6-10 years and working in primary care]

Theme 3: CSR clinical assessment to minimise risk to the patient, clinician and service

Interview participants agreed with the survey results reporting that manual muscle testing, light touch sensation and reflex 
testing was always used in practice. When explored further, some interview participants explained that the reasons for this 
may be related to regulatory expectations and the influence of medico-legal claims:

“As a bare minimum physio’s should complete muscle testing, reflexes and light touch sensation… it is what we are 
trained to do and if something went wrong, we can fall back on this – you do it to cover your own back”

[Participant 010.Qualified for 16-20 years and working in primary care]

Participants explained that they would expect manual muscle testing, light touch sensation and reflex testing to be com-
pleted to meet clinical audit standards:

“Our assessments get audited... the manager would want clear explanations as to why these haven’t been completed 
[if they haven’t]… it is not worth not completing these”

[Participant 003.Qualified for 1-5 years and working in primary care]

Theme 4: Physiotherapist understanding of CSR symptoms

Survey respondents reported how frequently pain detection or pain threshold testing are used when formulating a CSR 
diagnosis. Interview participants explained that CSR assessment focuses on two categories, pain symptoms and nerve 
descriptors. Interview participants reported mixed explanations of pain symptoms and nerve descriptors. A few partici-
pants rationalised that although pain is a common symptom with CSR, the physical testing often undertaken does not 
always relate to these symptoms. This was further detailed by some participants who described their role in understanding 
whether symptoms related to CSR were a result of a serious spinal pathology:

“Pain is usually the main complaint with radiculopathy, but tests to assess pain are unreliable… I think it is more useful 
to understand whether its mechanical pain or non-mechanical pain… this helps to justify onward referral to surgeons or 
imaging for something nasty”

[Participant 010.Qualified for 16-20 years and working in primary care]
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Most interview participants stated that pain provocation tests are challenging to interpret because the symptoms may 
be persistent [lasting longer than three months], meaning that pain provocation tests have limited use when establishing a 
diagnosis, which was a finding from survey results:

“….most patients coming through the service will have pain lasting more than three months… this means chronicity….
that questions whether pain tests like Spurling’s is actually useful as they are already in pain before we start”

[Participant 004.Qualified for 6-10 years and working in secondary care]

Understanding underlying pain mechanisms with CSR clinical presentations was important for a few interview partici-
pants. Despite this, the same interview participants reported that a possible explanation for why assessment strategies did 
not focus on pain symptoms may be attributed to physiotherapists’ perceived lack of knowledge related to underlying pain 
mechanisms.

“These nerve tests should probably be used but I reckon most physio’s understanding of pain mechanisms is not good 
that why they are not used…”

[Participant 006.Qualified for 6-10 and working in primary care]

All interview participants recognised that sensory changes, such as paraesthesia or dysesthesia, were likely to be 
descriptors reported by patients who had CSR. This was often asked in the subjective questioning stage of an assess-
ment. There were, however, some differences in the explanation of how sensory symptoms related to nerve dysfunction 
should be assessed. Some interview participants explained that small fibre somatosensory testing would not change the 
treatment pathway for the patient with suspected CSR. Testing used by other healthcare professionals was explained as 
an important consideration when establishing CSR diagnosis. Several interview participants expanded on the reasons 
why some assessment practices, such as small fibre somatosensory testing and nerve-related pain assessment question-
naires, may depend on whether other clinicians in the management pathway utilise them:

“My consultant does not use these tests… so we wouldn’t speak the same language if they were used”

[Participant 011.Qualified for 16-20 years and working in secondary care]

Discussion

This is the first mixed methods research study that has reported the assessment practices of UK HCPC physiotherapists 
when establishing a CSR diagnosis. Phase 1 survey results from 63 respondents identified that the most frequent assess-
ment strategies used to diagnose CSR included manual muscle strength, light touch dermatomes sensation and reflex 
testing. The least frequent assessment strategies included thermal detection and pain thresholds, pressure detection and 
temporal summation somatosensory testing parameters. Survey participants reported that pain screening questionnaires 
or tools were rarely used in clinical practice to establish CSR diagnosis. Eleven qualitative interviews were completed in 
Phase 2 of the research program, and four qualitative themes contextualised the reasons assessment strategies were 
used to establish CSR diagnosis. The themes were perception of role, service constraints, minimising risk, and under-
standing symptoms.

Interview participants in this mixed methods research study explained that the reasons for selecting assessment 
strategies were related to pattern recognition reasoning strategies developed over years of clinical experience. Partici-
pants reported that large-fibre somatosensory testing was selected over small-fibre somatosensory testing because of 
previous CSR presentations assessed and managed throughout their clinical careers. Previous research found that those 
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with more clinical experience and expertise tend to use inductive reasoning, while students and novice professionals 
rely on deductive reasoning [32]. Deductive reasoning is subject to a range of cognitive biases, including confirmation 
and availability bias [32,33]. This approach is often used by experienced professionals where patient presentations are 
straightforward. For students or novice physiotherapists, this reasoning approach increases the risks of inaccuracies and 
biases [34]. However, with an atypical clinical presentation, the expert, like the novice, will rely more on deductive clinical 
reasoning patterns [34]. Therefore, the results of this mixed methods research study can be interpreted that the interview 
participants rely upon pattern recognition reasoning for CSR diagnosis formulation. Notwithstanding this, it is acknowl-
edged that clinical reasoning in assessing CSR cannot be separated from diagnostic decision-making and is thus a critical 
consideration for both recognising and managing CSR [35]. Despite the absence of robust evidence supporting its diag-
nostic validity, most HCPC-registered UK physiotherapists continue to primarily use neurological bedside testing to assess 
motor and/or sensory dysfunction when diagnosing CSR rather than relying on provocative testing. To date, only two 
studies Wainner et al. [2003] and Sleijser-Koehorst et al. [2020] have investigated this approach, both of which present 
methodological limitations. There is a clear indication for future research to investigate the understanding of novice and 
experienced physiotherapists’ clinical reasoning frameworks when assessing and managing people with CSR.

Survey respondents in this MMR study reported that small fibre somatosensory testing was not being used due to the 
time required for assessment, a lack of availability of equipment, and difficulties integrating IT systems for assessment 
results. During qualitative interviews, participants explained that they often faced time pressures due to the appointment 
time slots being 20–30 minutes long. Participants explained that they were likely to opt for assessment testing that was 
time efficient. This reasoning was also communicated in another study where physiotherapists were interviewed to deter-
mine the necessary skills, knowledge, and attributes for first-contact physiotherapists [FCP] in primary care [35]. Lan-
gridge [2019] [35] reported that physiotherapists who worked as FCPs had shorter appointment times than in their regular 
musculoskeletal physiotherapy roles. As a result, one of the key challenges these physiotherapists faced was making 
timely assessment decisions [35]. The time pressures for physiotherapists working in primary care can be attributed to 
the expectation that physiotherapists are required to evaluate multiple physiological systems, including musculoskeletal, 
neurological, cardiovascular and respiratory systems, to ensure safe care practices are followed [36]. All primary care and 
private physiotherapists that were interviewed were working as ‘first contact practitioners.’ As such, they have a responsi-
bility of diagnosing whether a patient had CSR or non-specific neck pain with somatic referred pain. In contrast, if physio-
therapists only saw patients referred by medical specialists who had already confirmed a CSR diagnosis, their diagnostic 
approach would differ accordingly. Despite this, it is important to note that somatosensory nervous system assessments 
should encompass both small and large fibre assessments to robustly assess nervous system integrity and function [37]. 
Pain perception is unique, yet neuropathic, nociceptive or mixed pain mechanisms can be features of CSR dependent on 
the pathophysiological mechanisms at play [37]. CSR can present as a painful or painless radiculopathy [37]. The pheno-
typic somatosensory sub-groups of people with CSR may account for some of the heterogeneity of presentation. People 
with CSR can have mixed, bi-directional sensory abnormalities, I.e., signs of a loss of function and a gain of function. 
People with CSR may experience sensory changes in the area where they feel the most pain [maximal pain area]. This 
includes a decrease in the ability to detect temperature, pressure, and vibrations, which explains why encompassing 
both small and large fibre assessments to robustly assess nervous system integrity and function. Selecting assessments 
based solely on time efficiency may mean that some CSR presentations are not assessed thoroughly and may result in an 
underdeveloped clinical diagnosis.

Within the current MMR study, survey respondents reported that assessment strategies selected to diagnose CSR were 
partly attributed to equipment availability and cost. This was further explained by interview participants, who explained 
that minimal equipment was required to complete large nerve fibre testing such as manual muscle strength, light touch 
dermatomes sensation and reflex testing [such as a reflex hammer and tissue paper]. Conversely, small fibre somatosen-
sory testing, such as thermal detection and threshold, required specialised equipment unavailable in clinical departments. 
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Quantitative sensory testing using the German Neuropathic Pain [DFNS] protocol requires specialised equipment, such as 
a Medoc machine [38]. However, these machines are expensive and require specialised training to operate and interpret 
[39]. Despite this, clinical bedside somatosensory testing using cotton wisp, tuning fork, metal, brush and von Frey fila-
ment is reported to be inexpensive [40]. Future research should consider validating bedside somatosensory assessment 
before implementing such an approach in clinical trials [40].

Interview participants in this study explained that medico-legal expectations related to CSR assessment decisions 
were, in part, related to guidelines or protocols from their local working environment, regionally or nationally. Some inter-
view participants explained that not completing large fibre somatosensory testing may mean their assessment practice is 
vulnerable to exposure to medico-legal complaints. A physiotherapist’s decision to complete assessment tests or proce-
dures based only on potential negative medico-legal implications risks stifling clinical reasoning [41]. Therefore, the justi-
fication to complete assessment testing for CSR diagnosis based on actual or potential medio-legal expectations requires 
careful reflection and well-reasoned justification. As such they have a responsibility to diagnose and identify patients with 
CSR.

The overuse of diagnostic tests by physiotherapists in primary care FCP roles has been attributed to the fear of miss-
ing serious pathology and concerns over litigation [42,43]. However, it is important to acknowledge that the potential for 
litigation resulting from missed diagnoses or delayed investigations is a valid concern. To avoid missing any serious spinal 
pathology, physiotherapists surveyed and interviewed in this study reported that using large fibre somatosensory testing or 
imaging to rule out any possibility of such pathology. This suggests that CSR may be considered a diagnosis of exclusion, 
which can create uncertainty among physiotherapists regarding the formulation of CSR diagnosis. Diagnostic uncertainty 
is common in primary care due to the varied clinical presentations and time pressures [44,45]. Moreover, missing serious 
pathology has been reported by FCPs in primary care [36]. This reaffirms the burden of responsibility on physiothera-
pists to ensure that sinister or serious pathology is not missed, despite the rarity of such pathology [42]. The burden of 
responsibility increases the potential for litigation claims among physiotherapists working in primary care FCP roles. The 
FCP role is unique from other physiotherapy roles, and it generates an additional layer of accountability, emphasising the 
importance of managing uncertainty and clinical risk [34]. Thus, it is imperative to develop national guidelines to support 
patients’ and clinicians’ CSR assessment and management decisions across clinical settings.

Study limitations

Two key study limitations should be raised. Firstly, despite using a robust recruitment strategy, only 63 respondents in 
the cross-sectional survey of UK physiotherapists participated in the survey. This very low response rate did not meet our 
sample size calculation and is likely under-representative of the number of UK HCPC physiotherapists assessing CSR 
in clinical practice. Secondly, no ethnicity data was collected from the survey or interviews, which may limit the represen-
tation of our results. Furthermore, it is possible that the interview participants may have unintentionally or intentionally 
introduced bias into the sample. Self-selection can lead to biased results, as participants with certain attitudes or charac-
teristics may be more likely to volunteer to participate. This bias can have a bidirectional impact, meaning that participants 
volunteered to participate based on their strong opinions [positive or negative] about the reasons behind CSR assessment 
decisions.

Conclusion

Physiotherapists in the UK use large fibre somatosensory testing to establish CSR diagnosis over small fibre somatosen-
sory testing and pain screening questionnaires or tools. The reasons underpinning this decision-making can be grouped 
into four qualitative themes, perception of role, service constraints, minimising risk, and understanding symptoms. It is 
important to recognise that large fibre testing is an essential element in establishing CSR diagnosis. However, acknowl-
edging the likely cervical spine nerve root pathomechanisms, physiotherapists should use robust clinical reasoning 
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strategies that incorporate large and small fibre somatosensory testing to establish CSR diagnosis. Furthermore, when 
diagnosing CSR, physiotherapists should work within their scope of practice and follow their local and regional best prac-
tice guidelines. Our mixed methods research study suggests that providing more time to physiotherapists can enhance 
their assessment practices. However, it may not always be possible to make such changes in healthcare settings like 
orthopaedic triage centres. Nevertheless, healthcare policies and employers should prioritise offering time-efficient clinical 
assessment frameworks to support the evidence informed delivery of effective healthcare.

Supporting information

S1 File.  Survey design and questions. 
(DOCX)

S2 File.  Interview questions and topic guide. 
(DOCX)

S3 File.  Fifteen Stages of Thematic Analysis (based on Braun and Clarke, 2014). 
(DOCX)

S4 File.  A table presenting the final categories that contributed to each qualitative theme. 
(DOCX)

S1 Table.  Good Reporting of A Mixed Methods Study (GRAMMS) checklist. 
(DOCX)

S2 Table.  Consolidated criteria for reporting qualitative studies (COREQ): 32-item checklist. 
(DOCX)

Author contributions

Conceptualization: Michael Mansfield, Stephanie T Jong, Toby Smith.

Data curation: Michael Mansfield, Stephanie T Jong.

Formal analysis: Michael Mansfield, Stephanie T Jong, Toby Smith.

Investigation: Michael Mansfield, Stephanie T Jong, Toby Smith.

Methodology: Michael Mansfield, Stephanie T Jong.

Project administration: Michael Mansfield.

Supervision: Stephanie T Jong, Toby Smith.

Validation: Michael Mansfield.

Writing – original draft: Michael Mansfield.

Writing – review & editing: Michael Mansfield, Stephanie T Jong, Toby Smith.

References
 1. Thoomes EJ, van Geest S, van der Windt DA, Falla D, Verhagen AP, Koes BW, et al. Value of physical tests in diagnosing cervical radiculopathy: a 

systematic review. Spine J. 2018;18(1):179–89. https://doi.org/10.1016/j.spinee.2017.08.241 PMID: 28838857

 2. Treede R-D, Jensen TS, Campbell JN, Cruccu G, Dostrovsky JO, Griffin JW, et al. Neuropathic pain: redefinition and a grading system for clinical 
and research purposes. Neurology. 2008;70(18):1630–5. https://doi.org/10.1212/01.wnl.0000282763.29778.59 PMID: 18003941

 3. Lam KN, Heneghan NR, Mistry J, Ojoawo AO, Peolsson A, Verhagen AP, et al. Classification criteria for cervical radiculopathy: An international 
e-Delphi study. Musculoskelet Sci Pract. 2022;61:102596. https://doi.org/10.1016/j.msksp.2022.102596 PMID: 35671539

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325922.s006
https://doi.org/10.1016/j.spinee.2017.08.241
http://www.ncbi.nlm.nih.gov/pubmed/28838857
https://doi.org/10.1212/01.wnl.0000282763.29778.59
http://www.ncbi.nlm.nih.gov/pubmed/18003941
https://doi.org/10.1016/j.msksp.2022.102596
http://www.ncbi.nlm.nih.gov/pubmed/35671539


PLOS One | https://doi.org/10.1371/journal.pone.0325922 July 2, 2025 16 / 17

 4. Mansfield M, Smith T, Spahr N, Thacker M. Cervical spine radiculopathy epidemiology: A systematic review. Musculoskeletal Care. 
2020;18(4):555–67. https://doi.org/10.1002/msc.1498 PMID: 32710604

 5. Colloca L, Ludman T, Bouhassira D, Baron R, Dickenson AH, Yarnitsky D, et al. Neuropathic pain. Nat Rev Dis Primers. 2017;3:17002. https://doi.
org/10.1038/nrdp.2017.2 PMID: 28205574

 6. Baron R, Maier C, Attal N, Binder A, Bouhassira D, Cruccu G. Peripheral neuropathic pain: a mechanism-related organizing principle based on 
sensory profiles. Pain. 2017;158(2):261–72.

 7. Mahn F, Hüllemann P, Gockel U, Brosz M, Freynhagen R, Tölle TR, et al. Sensory symptom profiles and co-morbidities in painful radiculopathy. 
PLoS One. 2011;6(5):e18018. https://doi.org/10.1371/journal.pone.0018018 PMID: 21573064

 8. Schmid AB, Fundaun J, Tampin B. Entrapment neuropathies: a contemporary approach to pathophysiology, clinical assessment, and management. 
Pain Rep. 2020;5(4):e829.

 9. Wainner RS, Fritz JM, Irrgang JJ, Boninger ML, Delitto A, Allison S. Reliability and diagnostic accuracy of the clinical examination and patient 
self-report measures for cervical radiculopathy. Spine. 2003;28(1):52–62.

 10. Thoomes EJ, van Geest S, van der Windt DA, Falla D, Verhagen AP, Koes BW, et al. Value of physical tests in diagnosing cervical radiculopathy: a 
systematic review. Spine J. 2018;18(1):179–89. https://doi.org/10.1016/j.spinee.2017.08.241 PMID: 28838857

 11. Mansfield M, Vollert J, Thacker M. Quantitative sensory testing and association with cervical spine radiculopathy disability: systematic review. Pain 
and Rehabilitation: the Journal of Physiotherapy Pain Association. 2021;50:33–46.

 12. Jinright H, Kassoff N, Williams C, Hazle C. Spurling’s test - inconsistencies in clinical practice. J Man Manip Ther. 2020;:1–10.

 13. Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, Bruxelle J, et al. Comparison of pain syndromes associated with nervous or somatic 
lesions and development of a new neuropathic pain diagnostic questionnaire (DN4). Pain. 2005;114(1–2):29–36. https://doi.org/10.1016/j.
pain.2004.12.010 PMID: 15733628

 14. Portenoy R. Development and testing of a neuropathic pain screening questionnaire: ID Pain. Curr Med Res Opin. 2006;22(8):1555–65. https://doi.
org/10.1185/030079906X115702 PMID: 16870080

 15. Bennett M. The LANSS Pain Scale: the Leeds assessment of neuropathic symptoms and signs. Pain. 2001;92(1–2):147–57. https://doi.
org/10.1016/s0304-3959(00)00482-6 PMID: 11323136

 16. Freynhagen R, Baron R, Tölle T, Stemmler E, Gockel U, Stevens M, et al. Screening of neuropathic pain components in patients with chronic back 
pain associated with nerve root compression: a prospective observational pilot study (MIPORT). Curr Med Res Opin. 2006;22(3):529–37. https://
doi.org/10.1185/030079906X89874 PMID: 16574036

 17. Creswell JD, Creswell JW. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. 6th ed. Thousand Oaks: SAGE Publica-
tions, Inc. 2022.

 18. O’Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J Health Serv Res Policy. 2008;13(2):92–8. 
https://doi.org/10.1258/jhsrp.2007.007074 PMID: 18416914

 19. H C P C. Health and Care Professions Council. https://www.hcpc-uk.org. 2022.

 20. Sandelowski M. Sample size in qualitative research. Res Nurs Health. 1995;18(2):179–83. https://doi.org/10.1002/nur.4770180211 PMID: 7899572

 21. Marshall B, Cardon P, Poddar A, Fontenot R. Does sample size matter in qualitative research?: A review of qualitative interviews in IS research. J 
Comp Inform Syst. 2013;54(1):11–22.

 22. Boddy CR. Sample size for qualitative research. Qualitative market research: An international journal. 2016;19(4):426–32.

 23. Sim J, Saunders B, Waterfield J, Kingstone T. Can sample size in qualitative research be determined a priori?. Int J Soc Research Methodol. 
2018;21(5):619–34.

 24. Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size sufficiency in interview-based studies: systematic analysis of 
qualitative health research over a 15-year period. BMC Medical Res Methodol. 2018;18:1–18.

 25. Braun V, Clarke V. To saturate or not to saturate? Questioning data saturation as a useful concept for thematic analysis and sample-size rationales. 
Qualitative Res Sport Exerc Health. 2021;13(2):201–16.

 26. Smith B, McGannon KR. Developing rigor in qualitative research: Problems and opportunities within sport and exercise psychology. Int Rev Sport 
Exerc Psychol. 2018;11(1):101–21.

 27. Belotto MJ. Data analysis methods for qualitative research: managing the challenges of coding, interrater reliability, and thematic analysis. The 
Qualitative Report. 2018;23(11):2622–33.

 28. Patton MQ. Enhancing the quality and credibility of qualitative analysis. Health Serv Res. 1999;34(5 Pt 2):1189–208. PMID: 10591279

 29. Braun V, Clarke V, Weate P. Using thematic analysis in sport and exercise research. Routledge handbook of qualitative research in sport and exer-
cise. 2016. p. 191–205.

 30. Clark VLP, Sanders K. The use of visual displays in mixed methods research. Use of visual displays in research and testing: Coding, interpreting, 
and reporting data. Information Age Publishing. 2015. p. 177–206.

 31. Tariq S, Woodman J. Using mixed methods in health research. JRSM Short Rep. 2013;4(6):2042533313479197. https://doi.
org/10.1177/2042533313479197 PMID: 23885291

https://doi.org/10.1002/msc.1498
http://www.ncbi.nlm.nih.gov/pubmed/32710604
https://doi.org/10.1038/nrdp.2017.2
https://doi.org/10.1038/nrdp.2017.2
http://www.ncbi.nlm.nih.gov/pubmed/28205574
https://doi.org/10.1371/journal.pone.0018018
http://www.ncbi.nlm.nih.gov/pubmed/21573064
https://doi.org/10.1016/j.spinee.2017.08.241
http://www.ncbi.nlm.nih.gov/pubmed/28838857
https://doi.org/10.1016/j.pain.2004.12.010
https://doi.org/10.1016/j.pain.2004.12.010
http://www.ncbi.nlm.nih.gov/pubmed/15733628
https://doi.org/10.1185/030079906X115702
https://doi.org/10.1185/030079906X115702
http://www.ncbi.nlm.nih.gov/pubmed/16870080
https://doi.org/10.1016/s0304-3959(00)00482-6
https://doi.org/10.1016/s0304-3959(00)00482-6
http://www.ncbi.nlm.nih.gov/pubmed/11323136
https://doi.org/10.1185/030079906X89874
https://doi.org/10.1185/030079906X89874
http://www.ncbi.nlm.nih.gov/pubmed/16574036
https://doi.org/10.1258/jhsrp.2007.007074
http://www.ncbi.nlm.nih.gov/pubmed/18416914
https://www.hcpc-uk.org
https://doi.org/10.1002/nur.4770180211
http://www.ncbi.nlm.nih.gov/pubmed/7899572
http://www.ncbi.nlm.nih.gov/pubmed/10591279
https://doi.org/10.1177/2042533313479197
https://doi.org/10.1177/2042533313479197
http://www.ncbi.nlm.nih.gov/pubmed/23885291


PLOS One | https://doi.org/10.1371/journal.pone.0325922 July 2, 2025 17 / 17

 32. Carr M, Morris J, Kersten P. Developing clinical expertise in musculoskeletal physiotherapy; Using observed practice to create a valued practice- 
based collaborative learning cycle. Musculoskelet Sci Pract. 2020;50:102278. https://doi.org/10.1016/j.msksp.2020.102278 PMID: 33160143

 33. Hayes BK, Heit E. Inductive reasoning 2.0. Wiley Interdisciplinary Reviews: Cognitive Science. 2018;9(3):e1459.

 34. Almond A, Zou Y, Forbes R. Navigating diagnostic uncertainty in musculoskeletal practice: The perspectives and experiences of new graduate 
physiotherapists. Musculoskelet Sci Pract. 2021;52:102354. https://doi.org/10.1016/j.msksp.2021.102354 PMID: 33640659

 35. Langridge N. The skills, knowledge and attributes needed as a first-contact physiotherapist in musculoskeletal healthcare. Musculoskeletal Care. 
2019;17(2):253–60. https://doi.org/10.1002/msc.1401 PMID: 30993860

 36. Goodwin RW, Hendrick PA. Physiotherapy as a first point of contact in general practice: a solution to a growing problem?. Prim Health Care Res 
Dev. 2016;17(5):489–502. https://doi.org/10.1017/S1463423616000189 PMID: 27263326

 37. Schmid AB, Fundaun J, Tampin B. Entrapment neuropathies: a contemporary approach to pathophysiology, clinical assessment, and management. 
Pain Rep. 2020;5(4):e829. https://doi.org/10.1097/PR9.0000000000000829 PMID: 32766466

 38. Gierthmühlen J, Schneider U, Seemann M, Freitag-Wolf S, Maihöfner C, Enax-Krumova EK, et al. Can self-reported pain characteristics and 
bedside test be used for the assessment of pain mechanisms? An analysis of results of neuropathic pain questionnaires and quantitative sensory 
testing. Pain. 2019;160(9):2093–104. https://doi.org/10.1097/j.pain.0000000000001601 PMID: 31162335

 39. Vollert J, Schmelz M. Reply to Bordeleau et al. Pain. 2021;162(11):2780.

 40. Reimer M, Forstenpointner J, Hartmann A, Otto JC, Vollert J, Gierthmühlen J, et al. Sensory bedside testing: a simple stratification approach for 
sensory phenotyping. Pain Rep. 2020;5(3):e820. https://doi.org/10.1097/PR9.0000000000000820 PMID: 32903958

 41. Suckley J. Core clinical competencies for extended-scope physiotherapists working in musculoskeletal [MSK] interface clinics based in primary 
care: a Delphi consensus study. United Kingdom: University of Salford. 2012.

 42. Finucane L, Greenhalgh S, Mercer C, Selfe J. Defensive medicine: A symptom of uncertainty?. Musculoskeletal Science and Practice. 
2022;60:102558.

 43. Paling C, Hebron C. Physiotherapists’ experiences of managing persons with suspected cauda equina syndrome: Overcoming the challenges. 
Musculoskeletal Care. 2021;19(1):28–37. https://doi.org/10.1002/msc.1504 PMID: 33022867

 44. Danczak A, Lea A. What do you do when you don’t know what to do? GP associates in training (AiT) and their experiences of uncertainty. Educ 
Prim Care. 2014;25(6):321–6. https://doi.org/10.1080/14739879.2014.11730762 PMID: 25693152

 45. Sleijser-Koehorst MLS, Coppieters MW, Epping R, Rooker S, Verhagen AP, Scholten-Peeters GGM. Diagnostic accuracy of patient interview items 
and clinical tests for cervical radiculopathy. Physiotherapy. 2021;111:74–82. https://doi.org/10.1016/j.physio.2020.07.007 PMID: 33309074

https://doi.org/10.1016/j.msksp.2020.102278
http://www.ncbi.nlm.nih.gov/pubmed/33160143
https://doi.org/10.1016/j.msksp.2021.102354
http://www.ncbi.nlm.nih.gov/pubmed/33640659
https://doi.org/10.1002/msc.1401
http://www.ncbi.nlm.nih.gov/pubmed/30993860
https://doi.org/10.1017/S1463423616000189
http://www.ncbi.nlm.nih.gov/pubmed/27263326
https://doi.org/10.1097/PR9.0000000000000829
http://www.ncbi.nlm.nih.gov/pubmed/32766466
https://doi.org/10.1097/j.pain.0000000000001601
http://www.ncbi.nlm.nih.gov/pubmed/31162335
https://doi.org/10.1097/PR9.0000000000000820
http://www.ncbi.nlm.nih.gov/pubmed/32903958
https://doi.org/10.1002/msc.1504
http://www.ncbi.nlm.nih.gov/pubmed/33022867
https://doi.org/10.1080/14739879.2014.11730762
http://www.ncbi.nlm.nih.gov/pubmed/25693152
https://doi.org/10.1016/j.physio.2020.07.007
http://www.ncbi.nlm.nih.gov/pubmed/33309074

