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Abstract

Contextual factors (CFs) can influence therapeutic encounters and clinical outcomes, yet their measurement
remains fragmented, lacking a unified framework to guide tool selection. To identify, appraise, and synthe-
size CF measurement instruments into an expert-informed clinical toolkit and identify current measurement
gaps. An international panel of 15 experts evaluated 227 instruments across five domains (patient/practitioner
characteristics, relational dynamics, environment, and treatment) using a hybrid COSMIN-informed appraisal
design. Instruments were screened for content validity and psychometric robustness. Twenty instruments were
selected for inclusion in the toolkit. Despite identifying high-quality instruments for stable traits, our analysis
revealed critical measurement gaps in dynamic, state-responsive processes. Specifically, there is an absence of
validated, clinically feasible tools for capturing real-time clinician affective states, non-verbal synchrony, thera-
peutic touch, and moment-to-moment environmental or procedural interactions. This study provides the first
expert-informed framework for assessing CFs. Future research should prioritize developing state-responsive
instruments capable of capturing these dynamic elements as they unfold in real-world settings to better under-
stand the contextual drivers of recovery.

Introduction

Contextual factors (CFs) shape how healthcare interventions are delivered, interpreted and experienced'. Clinical
outcomes do not arise from treatment in isolation, but from the interaction between its technical components and
the personal, relational, organizational and cultural context of care’. Although trials seek to isolate treatment-
specific effects, substantial variability in outcomes remains unexplained, with recent meta-analytic evidence
demonstrating up to 85% of the total treatment effect in musculoskeletal pain interventions is not attributable to
the specific mechanical intervention®. Importantly, this variability may reflect natural history, regression to the
mean, symptom fluctuations, co-interventions, measurement-related factors and contextual influences®. Yet CFs

This Article in Press is shared early to give you faster access to new research. It is citable and carries a permanent DOI.
The final edited version will replace it automatically.

®) Scientific Reports https://doi.org/10.1038/541598-026-72540-9

Published online: 15 October 2026 SCientific re po rtS



http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-026-72540-9&domain=pdf&date_stamp=2026-10-15
https://doi.org/10.1038/s41598-026-72540-9
https://orcid.org/0000-0001-5315-0983

Article in Press https://doi.org/10.1038/s41598-026-72540-9

are rarely measured and have often been treated as background noise. Recent systematic review evidence sug-
gests that contextual effects may contribute substantially to short-term treatment outcomes, accounting for up to
39% of observed effectiveness in some settings®. When left unmeasured, an important component of the clinical
ecosystem may therefore remain systematically unaccounted for.

The challenge with CFs is being able to accurately measure and account for these interactions during a tradi-
tional patient-clinician encounter'. While clinical care encompasses a variety of broader ecosystems, the focus
of this toolkit is on the physical, psychological, social, and environmental elements surrounding a therapeutic
encounter that can influence how a patient experiences care and how effective a treatment becomes'. Although
debate persists regarding the magnitude of contextual influences, their capacity to moderate clinical outcomes
represents a critical priority across musculoskeletal research®. Because CFs represent dynamic, multi-layered
phenomena, they remain notoriously complex and difficult to comprehensively measure™*.

In clinical practice and research, the inability to appropriately measure the constructs associated with CFs cre-
ates fundamental gaps in understanding their role in recovery, limit our ability to intentionally modify them as a
treatment enhancer, and obscures how their influence evolves over time. This underscores the need for measure-
ment tools that are dependable, valid, and responsive, capable of capturing CFs in a way that is both clinically
meaningful and translational across settings and therapeutic encounters. The objectives of this project were to:
1) populate a comprehensive catalogue of CF measurement tools used in research and clinical practice, 2) syn-
thesize these instruments into a CFs toolkit following targeted psychometric assessment, and 3) identify critical
measurement gaps across current CFs instrument domains. The study involved an international group of experts
in CFs and was performed under the guidance of a National Institutes of Health U24 initiative designed to better
understand CFs and their influence on clinical outcomes.

Methods
Study design

This study employed a hybrid expert-informed instrument identification and COSMIN-informed psychometric
evaluation design, integrating structured expert elicitation, targeted domain-specific searches, and a standardized
algorithm to identify, appraise, and synthesize measurement instruments for CFs®’.

Study rationale

This hybrid design was selected because it provides a rigorous, transparent, and efficient way to identify and
evaluate measurement instruments for CFs in areas where the evidence base is fragmented, terminology is incon-
sistent, and expert knowledge is essential to ensure conceptual validity®.

Conceptual framework

CFs were framed to a multilevel taxonomy (Fig. 1) that was derived from previous established work by Cook
and colleagues’ and Bishop et al.'’. The study framework also included the addition of a practitioner context
to mirror patient context. The final framework was organized into five primary measurement domains (patient
characteristics, practitioner characteristics, relational dynamics, environmental context and treatment context),
that collectively evaluated both stable (enduring, trait-level) and dynamic (momentary, state-level) influences of
CFs. Stable characteristics refer to fixed attributes such as personality traits or chronic beliefs, whereas dynamic
characteristics refer to fluctuating, encounter-specific states such as acute or real-time expectations.
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Fig. 1 The ecology of effectiveness: a multilevel taxonomy of the clinical encounter. A conceptual schematic mapping the
multidimensional contextual factors that mediate and dictate clinical outcomes. The vertical axis illustrates the interaction
between internal cognitive states, anchoring Patient Characteristics against Practitioner Characteristics. The horizontal axis
represents the Patient-Practitioner Dynamic, functioning as the relational and non-verbal bridge these interpersonal mecha-
nisms are inextricably nested within the external envelope of Environmental Characteristics and Treatment Characteristics.
This ecological model demonstrates that therapeutic efficacy emerges not from isolated biological mechanisms, but from the
systemic interaction of these five contextual domains.

Intended outputs

The study output will include a comprehensive catalogue of CF measurement tools (a toolkit) demonstrating
strong psychometric performance and practical applicability in clinical settings.

Ethical approval and consent to participate

This study was reviewed by the Duke University Health System Institutional Review Board and was determined
to be exempt from human subjects’ research (Protocol Pro00117707). In accordance with this determination, the
requirement for informed consent was waived. All methods were conducted in strict accordance with relevant
institutional policies, federal regulations and applicable guidelines for research involving human participants.
The study was conducted in alignment with ethical principles of beneficence, respect for persons, and justice as
outlined in the Belmont Report, ensuring that the expert-informed identification and appraisal process maintained
the highest standards of research integrity.

Expert panel composition

In addition to the study coordinating team (JB, GR, and CC), expert panelists were targeted based on publica-
tion record and expertise in CF research, diversity of professional discipline, and/or prior collaboration in CF
research. All members were invited to participate by email. The expert panel and study coordinators (Table 1),
hereby termed “panelists” comprised of 15 individuals from four countries with interdisciplinary expertise in
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Table 1 Participant Gender Professional background Scientific training & background Loca-  Publications
characteristics. tion related to
contextual factors
Male Chiropractor/Director of Anatomical Sciences/Neurobiology United 34
PhD in Rehabilitation Sci- States
ences Program
Male Musculoskeletal Clinical and Experimental Sciences United 16
Researcher King-
dom
Male Osteopath Cognitive Science Portugal 19
Female Physiotherapist Clinical Research/Physiotherapy United 5
Research States
Male Physiotherapist/Health Economics United 28
Services Researcher States
Female Distinguished Professor Medicine, Neuroscience and United 224
and Director Bioethics States
Female Professor in Nursing Nursing Science Italy 15
Science
Male Professor in Occupational ~ Occupational Science United 29
Therapy States
Male Professor of Physical Med- Pain Science and Neuroimaging United 25
icine and Rehabilitation States
Female Physiotherapist Physical Therapy United 5
States
Female Physiotherapist Physical Therapy Rehabilitation/ United 10
Public Health (Family’s Health) States
Female Professor of Physiology & Psychology Italy 50
Neuroscientist
Female Professor of Health Psychology United 43
Psychology King-
dom
Male Professor of Physical Rehabilitation Science United 34
Therapy States
Male Physiotherapist Rehabilitation Science Italy 41

CFs, placebo research, and social determinants of health, representing research focuses on rehabilitation science,
psychology, neurobiology, cognitive science, public health, clinical and experimental sciences, medicine, neu-
roscience and bioethics, pain science and neuroimaging, economics, nursing science, and occupational science.
Mean publications in CFs were 38 (SD=53); median=28.

Panelist training
Panelists completed a standardized training protocol and materials including a detailed reference guide outlining

the 11 psychometric and utility domains, a recorded instructional module, and a standardized slide deck based on
COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) Rubric®”’.

Fidelity checks

The study was conducted from August 2025 to February 2026. Upon assignment of domains, researchers received
monthly “check-ins” by the study coordinating team (JB, GR, and CC) and were reminded of the milestones and
study timelines.
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Reflexivity and panel composition

To address potential sources of interpretative bias, the research team used an iterative, reflexive process through-
out the study. This involved ongoing email exchanges, virtual meetings, and structured discussions to identify,
discuss, and select candidate instruments. Although the panel included professionals from multiple disciplines
and countries, many members had substantial expertise in CFs, MSK care, rehabilitation, pain, and related
research (Table 1). This concentration of expertise provided substantial domain-specific knowledge but may also
have influenced the constructs and instruments prioritized during the appraisal process. The study was primarily
designed around CFs operating within patient—clinician therapeutic encounters, and the composition of the panel
reflected this focus.

Instrument identification strategy

Initially, panelists were asked to identify their domains (e.g., patient characteristics, practitioner characteristics,
relational dynamics, environmental context and treatment context) and sub-domains (e.g., expectations and pref-
erences, values, beliefs, and mindsets, etc.) of interest for a focused of recommended CF measurement tools. A
comprehensive list of all domains and subdomains is provided as a supplementary file to enhance the transpar-
ency and replicability of the identification process.

Panelists were instructed to identify both “gold-standard” instruments and emerging instruments, without
restrictions on publication date or indexing status. We adopted an “expert-guided identification strategy”, which
is an iterative process in which domain experts help identify, nominate, and refine the pool of potential measure-
ment instruments'’!2. Experts contributed their disciplinary knowledge, familiarity with emerging or unpub-
lished tools, and awareness of instruments that may not be well indexed in traditional databases to complement
targeted literature searches and ensure that the resulting instrument list is comprehensive, conceptually aligned,
and relevant to real-world practice'*.

Inclusion and exclusion criteria

We used a backwards hierarchical strategy when identifying potential CF measurement tools (Fig. 2) that was
designed to remove CF measurement tools that failed to meet a priori criteria. Step one included an evaluation of
instrument content validity, using the COSMIN Content Validity Rating Form®’. The COSMIN Content Validity
Form is measured from 0 to 6 scale, with 0 reflecting not relevant / not clear / not comprehensive and 6 reflect-
ing highly relevant / very clear / fully comprehensive. Tools that scored a 4/6 or higher were moved to a second
step, which included a cumulative psychometric score rating. We selected this measure as a “pass through”
since it reflects the fundamental requirement of whether the tool adequately measures the construct it claims to
measure®’.

The cumulative psychometric score (step two) was evaluated using the Quality Criteria for Measurement
Properties'?. This method is a psychometric evaluation system that assigns ratings across multiple measurement
domains, such as content validity, reliability, and responsiveness, and sums these ratings to produce a total score
ranging from O to 42. Higher summative values reflect stronger psychometric utility. Each domain is scored on
a 0-3 scale, allowing reviewers to quantify the overall methodological and psychometric strength of a measure-
ment instrument®’. This scoring approach was widely used in early measurement-quality reviews and provides
a structured way to compare instruments, although it has since been largely complemented by more detailed
frameworks such as COSMIN’. Top scoring tools were moved to step three.

Step three involved looking at individualized areas such as clinical utility, relevance, precision, sensitivity and
cross-cultural validity. Judgement was made by a sub-group of panelists and study coordinators (JB, GR, and
CC) using a Multi-Criteria Decision Analysis (MCDA) framework to evaluate instruments across all individual
measurement domains for their comprehensive psychometric profile!*!°. If instruments remained tied after the
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Fig. 2 Instrument screening & selection process. An initial pool of 227 instruments was evaluated using a strict Content
Validity Gatekeeper (COSMIN score of>4). Instruments that passed were then processed through a Multi-Criteria Decision
Analysis (MCDA); this protocol prioritized clinical utility, relevance, and precision to finalize recommended instruments.
The final synthesis yielded 57 robust instruments, of which 20 were selected for primary toolkit, while all 57 are listed in
Appendix A.

review, a lexicographic decision rule'® was applied. (Step Four). If ties persisted, final selection was based on
practical heuristics such as open-access availability, lower levels of administrative burden, and prior panel famil-
iarity. The final recommended tools were populated in a toolkit.

Scoring and agreement procedures

Instruments were scored by panelists using the standardized psychometric framework. Formal inter-rater reli-
ability was not performed, as the primary aim was to enable broad domain coverage and efficient evaluation over
a large and heterogeneous set of instruments.

In a small, ad-hoc instances where a tool was incidentally evaluated by more than one panelist, scoring dis-
crepancies were managed by adopting COSMIN’s methodology’s “worst score counts” principle. Specifically,
the lower score was retained, representing a conservative estimate of instrument performance and preventing
overestimation of measurement quality®.

When multiple instruments met similar thresholds, final selection in the toolkit was determined by consensus
discussion, prioritizing psychometric strength, conceptual alignment and feasibility.

Final toolkit review
Following structured filtering, the preliminary set of instruments was reviewed by the full panel to ensure domain

coverage and completeness. This review resulted in the addition of one instrument based on consensus to address
a gap in the measurement between empathy and communication. All instrument data, scoring decisions and

scientific reports Scientific Reports



https://doi.org/10.1038/541598-026-72540-9 Article in Press

documentation were stored in a central repository and are publicly available via the study’s Open Science Frame-
work (OSF) registry: https://osf.io/jf2sg/files/osfstorage.

Instrument mapping

Each instrument was assigned to one of the five measurement domains based on its primary conceptual focus
and the specific CF constructs it was designed to assess. This classification ensured that instruments were evalu-
ated within conceptually coherent categories, allowing for clearer comparisons, reducing construct overlap, and
strengthening the interpretability of the overall measurement framework.

Gap analysis

We evaluated potential gaps in the literature by reviewing the synthesis and mapping and evaluating where
limited representation was present. To reduce the risk of oversight during our earlier searches, a targeted sup-
plementary search was conducted to address these gaps, with newly identified tools appraised using the same
COSMIN-based criteria®’.

Results
Instrument selection overview

Panelists identified 227 potential instruments. This initial pool was reduced using our hierarchical screening
stages, leaving 57 instruments comprehensive individual assessment. From this pool, twenty primary instruments
were selected for integration into the clinical toolkit to ensure optimal coverage across the five CF domains. The
recommended tools represent both a domain and sub-domain, include scoring metrics, and include recommenda-
tions for clinical application (Table 2). For transparency and replicability, full psychometric evaluations for the
initially selected 57 instruments, including highly evaluated trait measures such as the Life Orientation Test!” and
the Generalized Self Efficacy Scale'® are provided in Appendix A. Inclusion and exclusion criteria are details in
Appendix B.

Domain 1: Patient characteristics

This domain synthesizes the pre-existing attributes, internal baselines and cognitive mindsets that patients bring
to the clinical encounter. The appraisal identified five distinct instruments required to map this domain. The
Expectations for Treatment Scale' provides high-fidelity baseline assessments of patients’ embodied cognitions
prior to an intervention. To capture stable affective and psychological traits, the Hospital Anxiety and Depression
Scale (HADS)? was selected for its robust phenotypical triaging. Crucially, to evaluate the patient’s embodied
lived experience, the Central Sensitization Inventory (CSI)* was integrated to identify highly sensitized nervous
systems that may require a shift in mechanical loading. Finally, to evaluate the historic and systemic context that
brings a patient into the room, the HCAHPS survey'® and the Discrimination in Medical Settings (DMS) Scale*®
captures baseline comfort, medical mistrust and perceived systemic bias.

Domain 2: Practitioner characteristics
This domain accounts for the internal attributes, cognitive frameworks and momentary affective states of the

clinician. The appraisal identified four primary instruments within this domain that dictate how a clinician shapes
and delivers this interpersonal context.
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Table 2 The contextual factors toolkit: recommended instruments for the assessment of the clinical ecosystem.

Domain Instrument

Score?

Clinical application

1. Patient characteristics

This domain encompasses the lived experience, beliefs and pre-existing attributes the patient brings to the encounter

1A: Expectations & preferences Expectations for treatment 32/42
Pre-existing cognitive and embodied expecta- scale'

tions regarding treatment, outcomes, and

prognosis. Distinct from treatment-specific

encounter-elicited expectancy

1B: Values, beliefs & mindsets HADS (Hospital anxiety and 37/42
Spirituality, anxiety, catastrophizing, cultural ~depression scale)®

beliefs

1C: Lived experience & embodiment CSI (Central sensitization 36/42
A focus on the patient’s embodied experience  inventory)”'

influencing outcomes

1D: Past healthcare experiences HCAHPS (Hospital consumer 35/42
Positive or negative clinical history and com- assessment of healthcare provid-
fort/trust prior to current healthcare session  ers and systems)*?

1E: Sociodemographic factors & social Discrimination in medical set- 33/42

Factors tings (DMS) Scale?’
Social determinants of health, access bar-

riers, discrimination experiences, and com-

munity engagement

2. Practitioner characteristics

Deploy at baseline: Captures the cognitive and
embodied expectations a patient brings into the
encounter prior to intervention

Triage only: Highly stable phenotypic measure.
Excellent for identifying generalized distress, but
resistant to short-term change

Identify threat: Crucial for identifying patients
whose nervous systems are highly sensitized,
requiring a shift away from aggressive mechani-
cal loading

Systematic audit: Captures historical systemic
interactions and baseline comfort with healthcare
environments. Useful for triaging underlying
medical mistrust before treatment begins
Contextual triage: 1dentifies stable social deter-
minants and perceived systemic bias. Highly
resistant to short-term intervention but critical for
establishing baseline cultural safety

Accounting for the clinician’s embodied cognition, competence and momentary affective state

2A: Interoceptive Awareness MAIA-2 (Interoceptive aware- 38/42
The clinician’s own lived experience, burnout, ness — self regulation)'®

and embodied cognition

2B: Values, beliefs & biases HC-PAIRS (Providers’ pain & 39/42
Clinical preferences, implicit bias, stigma and impairment)**

workplace challenges

2C: Competence & clinical presence Fresno test? 25/42
Integration of professional experience, deci-

sion-making process, and use of evidence-

based practices (EBP) that fosters epistemic

trust, distinct from technical proficiency

2D: Momentary Affective State PANAS-SF (Positive and nega- ~ 39/42

Situational awareness and emotional state tive affect)?®

during the encounter
3. Relational dynamics

Self-audit: Measures the clinician’s own embod-
ied cognition and ability to self-regulate during
complex or stressful clinical encounters

Identify bias [Highest scoring]: Exposes rigid
clinical preferences and phenotypic biases that
may subconsciously alter treatment delivery
Knowledge audit: Evaluates stable EBP compe-
tence. Trade-off: The lower overall score (25/42)
highlights a persistent measurement void in
capturing real-time, dynamic clinical reasoning
during an encounter that fosters patient trust
Encounter tracking: A rare, highly responsive tool
capable of capturing a clinician’s acute emotional
state immediately surrounding a specific session

Capturing the relational “space between” including alliance, trust, communication (verbal/non-verbal)

3A: Epistemic trust & alliance 39/42
Fostering robust therapeutic alliances,
cultural humility and interpersonal trust,
relational safety

3B: Autonomy & relatedness support
Autonomy, competence, relatedness, situ-

ational awareness for interpersonal dynamics

Wake forest scale (Competence
subscale)?’

Group environment questionnaire 37/42
(GEQ)™

3C: Non-Verbal Communication 32/42
Touch, posture, and other non-verbal cues

that shape rapport and relational meaning

NIS-S (Nonverbal immediacy
scale)?’

scientific reports

The defensive playbook: The foundational metric
for establishing baseline interpersonal trust and
cultural humility

Dynamic tracking: Captures situational awareness
and the sense of relatedness/autonomy within

the therapeutic environment. Highly sensitive to
encounter-specific relational shifts in the dyad
Relational tracking: Quantifies the often-ignored
relational impact of physical touch, eye contact,
and physical proximity in the clinical dyad
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Table 2 (continued)

Domain Instrument Score*  Clinical application
3D: Empathy & compassion Compassionate care assessment ~ 35/42  Compassion enactment (CCAT): Quantifies
The bidirectional exchange and perception of tool (CCAT)*° 30/42  the situational, patient-perceived enactment of

Consultational and relational
empathy (CARE) measure’!

emotional understanding and care

3E: Shared decision making Decisional conflict scale (DCS)*>  34/42
Building connections through collaborative

approaches

3F: Verbal Communication
Clarity, tone, and content of spoken
communication

Health care communication ques- 21/42
tionnaire (HCCQ-Comm)*3

4. Environmental context

The structural and sensory environment of the healthcare system
4A: Therapeutic setting & institutional
structure

Includes reimbursement, decision-making
hierarchies, trainee involvement, telehealth,
and organizational culture

Perceived organizational support  36/42
(POS)- 8 Item™

4B: Sensory and physical aspects 37/42
Lighting, sounds, temperature, and posture/

furniture in the therapeutic environment

CBE indoor environmental qual-
ity (IEQ) occupant Survey>’

5. Treatment context

compassionate behaviors rather than the clini-
cian’s internal disposition. Critically surmounts
the restricted score variability of legacy trait
measures (e.g., Jefferson Scale) by capturing the
actionable, moment-to-moment therapeutic bridge
Empathy perception (CARE): Evaluates the vital
patient-reported experience of clinical empathy.
Serving as a primary partner to the CCAT, this
tool captures the subjective relational safety felt
by the patient, which is essential for identifying
mechanisms of contextual modulation

Actionable tracking: Responsive tool that quanti-
fies acute decisional uncertainty, signaling the
clinician to pause physical intervention and pivot
to relational or educational strategies

Critical measurement void. Evaluates patient
perception of communication. Trade-off: The very
low methodological score reveals a critical lack of
rigorous, highly validated instruments to measure
the actual nuance of clinical dialogue

Systematic audit: Evaluates the overarching
institutional climate and clinician support rather
than the immediate clinical room. Highly stable;
best suited for administrative utility and predict-
ing burnout

Baseline audit: Robust structural evaluation

of spatial layout, privacy, and clinical lighting.
Highly stable; use for structural clinic design
rather than session-by-session tracking

The symbolic and ritualistic elements of the intervention itself, distinct from its specific bio-physiological mechanism

5A: Ritual & symbolism TCS (Treatment credibility 33/42
Rituality of treatment actions, sensory inten-  scale)>®

sity, invasive vs. non-invasive symbolism

5B: Defining and assessing treatment Revised illness perception ques-  31/42

tionnaire (IPQ-R) — Treatment
37

FElements such as touch, rituality, and mecha-
nistic understanding when supported by prior Control/coherence
evidence

Assess cognitive buy-in: effectively separates the
perceived logical coherence and symbolism of an
intervention from its actual biological mechanism
Cognitive tracking: Measures the shift in how
much control and coherence a patient feels
regarding their specific treatment plan as the
educational intervention progresses

@ Total Score reflects the combined methodological quality across all COSMIN 2.0 parameters.

Superscript numbers indicate the primary validation or anchor studies corresponding to the manuscript’s master reference list.

The Fresno Test remains the most validated measure of evidence-based practice (EBP) competence across

healthcare professions>’. However, because it evaluates stable knowledge rather than real-time, dynamic clinical
reasoning during an encounter, a measurement void persists in capturing how competence is actively signaled
to the patient mid-encounter to foster trust. Similarly, the Health Care Provider’s Pain and Impairment Relation-
ship Scale (HC-PAIRS)* remains the primary instrument for identifying rigid clinical preferences and historical
biases regarding pain and disability that may subconsciously alter treatment delivery. To address the clinician’s
own embodied cognition and self-regulation, the MAIA-2 (Self-Regulation Subscale)** was identified as a supe-
rior tool for monitoring interoceptive awareness during complex encounters.

This gap is consequential when a clinician experiences real acute, situational burnout, and/or emotional deple-
tion can immediately neutralize a clinician’s stable empathy or communication traits. An acutely depleted clini-
cian fundamentally alters the immediate interpersonal input of the session, changing how a patient perceives
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relational safety. The PANAS-SF?® was therefore integrated into the toolkit as a rare, responsive proxy for captur-
ing a clinician’s acute emotional state immediately surrounding a specific session. While tools like the PANAS-
SF capture broad affect, the field still lacks validated instruments capable of measuring a clinician’s real-time
cognitive load or situational awareness mid-encounter. Even with the best available tools, the absence of a com-
prehensive measure that answers the practical question “What is the clinician’s state right now?”, represents a
critical measurement deficit.

Domain 3: The patient—practitioner dynamic

This domain captures the relational space between the horizontal axis of our taxonomy encompassing the mutual
trust, alignment, and verbal/non-verbal communication generated within the clinical dyad. The appraisal identi-
fied seven instruments required to map this domain.

Because this domain is transactional, it introduces a methodological tension, whether interpersonal dynamics
are best captured by practitioner self-report, patient perception or objective coding.

The Wake Forest Physician Trust Scale®”, and the Group Environment Questionnaire (GEQ)*® was identi-
fied as the highest performing instruments for establishing relational safety and situational alignment within the
encounter. To evaluate clinical empathy, legacy self-report measures like Jefferson Scale of Empathy (JSE-HP)?’
often fail to capture the patient’s actual lived experience. To resolve this, the patient reported CARE measure”!
was integrated into the toolkit to evaluate the dynamic, patient perceived enactment of empathy, while the Com-
passionate Care Assessment Tool (CCAT)*° remains a critical adjunct to capture encounter-specific compassion.

To capture the nonverbal dimension, the Nonverbal Immediacy Scale-Self Report (NIS-S)*, provides a vali-
dated method for quantifying warmth cues such as gaze, posture and facial expression. The Decisional Conflict
Scale (DCS)*?, demonstrates strong psychometric performance for shared decision making for when a clini-
cian must pivot away from clinical procedures and towards relational or educational support. Finally, for verbal
communication, the Health Care Communication Questionnaire (HCCQ-Comm)** was mapped to the toolkit,
however it’s low methodological score reveals a lack of rigorous instruments designed to measure the nuance of
actual clinical dialogue.

Domain 4: Characteristics of the setting

This domain highlights the clinical significance of both macro-level institutional and micro-level sensory cues
within the healthcare environment, which represents the external structure of our taxonomy. To capture the
broader institutional climate, the Perceived Organizational Support (POS) 8-Item Scale>* emerged as the stron-
gest tool for evaluating organizational culture, decision-making hierarchies, and clinician support. This metric is
critical for identifying structural environments predisposed to clinician burnout. By contrast, tools evaluating the
immediate physical room such as the CBE-IEQ?, provides a structurally robust measurement of clinical design,
spatial layout, and patient privacy.

While these structural tools form the baseline toolkit, the appraisal also highlighted critical, previously under-
described sensory considerations within the clinical ecosystem. Although often treated as isolated engineering
considerations, acoustics function as active sensory signals that modulate autonomic stress physiology and pla-
cebo responses. The Soundscape Quality (SQ) Scale® offers a validated method for quantifying the pleasantness
eventfulness and of auditory environments, correlating with physiological stress markers.

Furthermore, the consensus panel also distinguished between measuring pure olfactory function and clinical
olfactory context. Although olfaction relies on a biological mechanism, it is uniquely positioned as a contextual
driver. The trigeminal nerve relays to the spinal trigeminal nucleus and higher cortical networks. Because stan-
dard diagnostic smell tests such as UPSIT*! and Sniffin’ Sticks* evaluate anatomical function, they lack content
validity for evaluating therapeutic environments. The Olfactory Dysfunction Outcome Rating Scale (ODOR)*
provides an appropriate proxy by capturing the emotional and contextual impact of environmental scents on the
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patient. While these sensory tools demonstrate strong psychometric potential and are listed in our supplementary
index, they currently prioritize baseline structural design than interactive, encounter level tracking.

Domain 5: Treatment characteristics

This domain encompasses the symbolic, cognitive and ceremonial elements of the intervention itself, forming
the final external layer of our taxonomy. In alignment of our framework, this domain separates the psychological
meaning of an intervention from its underlying bio-physiological or mechanical pathway. The appraisal identified
two instruments required to map this domain.

For evaluating cognitive “buy-in,” perceived credibility, and the symbolic logic of an intervention (the “why”),
the Treatment Credibility Scale (TCS)*® provides high-quality data. The TCS tracks how a patient’s perception
of an intervention’s logical clarity shapes their baseline treatment expectations. Similarly, the Revised Illness
Perception Questionnaire (IPQ-R) Treatment Subscale)'” effectively assesses the patient’s explicit mechanistic
understanding and their perceived sense of personal control over the intervention.

Gap analysis

A number of important measurement gaps emerged across the five domains, revealing substantial relational,
environmental, and procedural voids. In the relational domain, a clear disparity exists between tools that assess
decision-making processes (“‘choice”) and those that capture the nuance of moment-to-moment clinical dialogue
(“chat™); although shared decision-making measures are psychometrically strong, instruments such as the Health
Care Communication Questionnaire (HCCQ-Comm)®* and the Communication Assessment Tool (CAT)* lack
the rigor needed for routine clinical use, underscoring the need for more sensitive, state-responsive communica-
tion measures.

Parallel gaps were evident in non-verbal synchrony and therapeutic touch, where existing approaches rely on
labor-intensive video-coding systems like the Roter Interaction Analysis System (RIAS)*, limiting feasibility
in real-time clinical workflows, and where tools such as the Social Touch Questionnaire (STQ)*, retained only
in Appendix A due to lower robustness, capture trait-level touch avoidance but fail to provide a viable state-
responsive measure of physical interaction. Environmental measurement gaps were similarly pronounced: while
legacy instruments such as HCAHPS?? demonstrate strong psychometric performance for administrative audit-
ing, their environmental subscales overlook granular sensory variables (e.g., lighting spectrum, temperature,
olfactory context) that meaningfully influence patient physiology, and even robust tools like CBE-IEQ* and
ASPECT* remain limited by their static nature, leaving dynamic posture, proximity, and movement unmeasured.

Finally, procedural gaps were evident in the limited ability to assess the physical enactment and ritualistic
qualities of treatment delivery; although instruments like the Touch & Health Scale (THS)*® attempt to quantify
interpersonal physical contact, they exhibit poor psychometric robustness, and multiple touch-related or clinical-
integrity scales were excluded due to inadequate content validity. Collectively, these gaps highlight the absence
of psychometrically sound, state-responsive tools capable of capturing the relational, sensory, and ritual dimen-
sions of care that shape the therapeutic encounter.

Discussion

Objectives

The goals of this project were to: 1) populate a list of CF measurement tools used in research and clinical prac-
tice, 2) after targeted psychometric assessment, synthesize these instruments into a CFs toolkit, and 3) identify
notable gaps in current CFs instrument domains. We were able to identify 227 initial instruments (objective one),
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which we ultimately reduced to a core group of twenty measurement tools that represent five domains (and their
subdomains) of CFs (objective two). We also identified notable gaps in instrument representation, particularly for
dynamic relational, environmental, and treatment-related processes (objective three). These findings have impli-
cations for how CFs are conceptualized, measured, and incorporated into research and clinical practice.

The importance of accurate measurement and representation

Appropriately measuring CFs is essential because these elements, such as a patient’s beliefs, expectations, social
environment, access to resources, and therapeutic alliance, can meaningfully shape both clinical outcomes and
the trajectory of recovery*”* When these influences are only partially captured or measured with overly narrow
tools, clinicians and researchers may overlook relevant contributors to improvement or stagnation’. Compre-
hensive instruments must therefore represent the full spectrum of constructs associated with CFs, ensuring that
psychological, social, cultural, environmental, and interpersonal dimensions are all accounted for’. Without this
breadth, important contributors to recovery remain invisible, limiting the accuracy of clinical reasoning and the
effectiveness of interventions. Robust measurement of CFs ultimately supports more precise interpretation of
patient progress, a clearer understanding of how treatment effects interact with the lived realities of the individu-
als we serve.

At the same time, an important consideration is that the present framework necessarily decomposes CFs into
measurable constructs, whereas these factors are unlikely to operate independently within clinical encounters”*.
Patient expectations, practitioner characteristics, relational processes, environmental cues, and treatment-related
meanings may interact dynamically and reciprocally, with their relative influence changing across time and clini-
cal situations. Accordingly, the toolkit should not be interpreted as representing isolated or simply additive deter-
minants of outcomes, but rather as providing measurable components within a broader adaptive clinical system.
A complexity science and systems-thinking perspective may therefore provide a complementary framework for
examining how CFs interact across patient, practitioner, relational, treatment, and environmental levels. Future
research should investigate not only individual CFs, but also their interactions and evolving configurations across
episodes of care.

Recommended use of the toolkit

We designed this toolkit as a resource for clinicians and researchers seeking to identify measurement instruments
aligned with specific CF domains and subdomains. Although our initial intention was to identify a small number
of instruments per domain to maximize administrative simplicity, the final framework prioritized representation
across subdomains rather than imposing an arbitrary numerical limit.

The toolkit should be considered a menu of measurement options rather than a standardized battery to be rou-
tinely administered in its entirety. Instrument selection should be guided by the clinical or research question, the
contextual domain of interest, the temporal characteristics of the construct being assessed, and the feasibility of
measurement within the intended setting. Thus, some instruments may be more appropriate for research, organi-
zational evaluation, or baseline characterization, whereas others may lend themselves more readily to use during
ongoing clinical care.

Researchers may use these tools to quantify CFs, examine their associations with outcomes, investigate poten-
tial mechanisms, or evaluate how contextual processes change over time. Clinicians, however, may use the toolkit
more selectively to support context-informed clinical assessment. For example, treatment expectations or cen-
tral sensitization inventory may be assessed at baseline when they appear particularly relevant to how a patient
approaches care'”!; the Decisional Conflict Scale may be considered when uncertainty regarding treatment
choices emerges®? ; and measures of perceived empathy, compassion, communication, or treatment credibility
may be useful when relational difficulties, disengagement, or doubts regarding the proposed intervention become
apparent®**1:333631 In this way, measurement can complement clinical reasoning and patient dialogue by making
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otherwise implicit contextual influences more visible and potentially actionable. The purpose is not to quantify
every CF at every encounter, but to select measurement when it addresses a specific clinical question.

This selective approach is also consistent with the systemic integration of whole-person health and self-man-
agement support in musculoskeletal care®>*. For example, quantifying a patient’s expectations, treatment prefer-
ences, perceived barriers, or previous healthcare experiences may help different members of a care team develop
a more shared understanding of how the patient is experiencing care. Similarly, tracking measures of trust, com-
munication, or treatment credibility does not just generate passive quantitative data, it can help identify areas that
warrant further dialogue and investigation. Rather than questioning if this approach improves outcomes, the next
step necessary is to evaluate how using these tools in routine workflows actively drives coordination and supports
the systematic delivery of whole-person health and self-management support>>>>,

Methodological gaps

Contextual factors have long been treated as background “noise” rather than meaningful clinical signals, and
our analysis highlights a persistent imbalance in how they are measured: stable patient traits are well captured
by existing tools, while dynamic clinician behaviors, affective states, and moment-to-moment sensory features
remain largely unmeasured'. This emphasis on retrospective, easily standardized constructs overlooks evidence
that many contextual influences operate within rapid, situational timeframes, meaning that instruments unable to
detect these shifts may limit understanding of how contextual processes operate over time and reduce clinicians’
ability to intentionally use contextual modulation in care. The sensory gap illustrates this challenge. Although
static environmental features are relatively well documented, the patient’s lived sensory experience remains less
well captured, even though clinical environments function as active signals that can either support or undermine
otherwise evidence-based interventions, helping explain variability in outcomes>**. Similarly, while symbolic
meaning and expectancy are well studied, the ritual enactment of treatment (the “how” of delivery) remains
poorly operationalized; existing measures capture belief and credibility but rarely isolate ritual from underlying
biological mechanisms, and several tools assessing touch or procedural integrity lack adequate content validity™®.
Without robust instruments that measure context as it is lived and ritual as it is enacted, the field will continue
to struggle to disentangle specific treatment effects from contextual processes that may contribute to recovery.

Clinical and research implications

Transitioning CFs from abstract concepts to meaningful clinical measures requires instruments that are respon-
sive, brief and conducive for real-time workflows. Based on the measurement gaps identified in our appraisal,
research is needed for patient-reported assessments of non-verbal immediacy and therapeutic touch, sensory
environmental cues, and ritualistic dimensions of treatment enactment. In addition, although the present toolkit
provides a structured framework for CFs assessment, its feasibility, acceptability, implementation burden, and
influence on clinical decision-making have not yet been prospectively evaluated. Future studies should there-
fore examine the practical integration of the toolkit in both clinical and research settings, including its usability,
uptake by clinicians, and ability to inform person-centered care. Addressing these gaps is essential to understand-
ing the true role of CFs on outcomes and recovery.

Study limitations

This study has several methodological limitations. Because expert reviewers were divided into domain-specific
subgroups, not all instruments underwent dual independent appraisal, preventing calculation of formal inter-rater
reliability and introducing the possibility of subgroup bias. To reduce subjective rating error, the study incorpo-
rated three safeguards: overlapping instruments that showed minimal score variation across reviewers, a conser-
vative rule that defaulted to the lower score when discrepancies occurred, and a secondary quality-assurance step
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to align qualitative notes with final scores. In addition, instrument identification was guided by expert knowledge
and targeted searches rather than a comprehensive systematic review, creating the possibility that relevant instru-
ments were overlooked.

Additionally, the framework lacked a formal consensus-driven definition for patient and clinician posture at
the time of instrument screening. This definitional gap was identified after instrument screening was underway
and could not be incorporated prospectively into the appraisal process. Consequently, instruments specifically
measuring posture as a CF are underrepresented in the current toolkit, representing an area that requires formal
categorization in future iterations.

Although the panel represented multiple disciplines and countries, its composition was concentrated in CFs,
MSK care, rehabilitation, pain, and related research, which may have influenced the constructs and instruments
prioritized during the appraisal process. Some perspectives, including those of patients and public representa-
tives, generalist clinicians, nurses, and professionals working in other healthcare settings, were less represented
or absent. Different healthcare ecosystems may involve additional contextual influences or operationalize rela-
tional, environmental, and organizational factors differently. Accordingly, the present findings are likely to be
most directly applicable to patient—clinician interactions in MSK and rehabilitation settings. Future iterations of
the toolkit should incorporate broader clinical representation and lived-experience perspectives to evaluate its
relevance across other healthcare contexts. Finally, when instruments demonstrate similar scores, selection pri-
oritized responsiveness and clinical utility over maximal precision, which supports real-world applicability but
may underrepresent instruments better suited to specific research applications.

Conclusions

This study delivers a structured toolkit for identifying and selecting contextual factors (CF) measures across
patient, practitioner, relational, environmental and treatment-related domains. While many of these instruments
possess established psychometric properties, a critical measurement gap remains. Specifically, the field lacks
tools capable of capturing dynamic clinician behaviors, moment-to-moment patient experiences, and other rap-
idly shifting elements of the clinical encounter.

To address this, the necessary next step is implementation validation to establish a continuous translational
loop. Moving this framework from the psychometric bench to the clinical bedside will allow us to evaluate the
operational feasibility across diverse practice environments. By capturing how these contextual factors dynami-
cally interact, we can more accurately quantify their contributions to patient and clinical outcomes. This bench-
to-bedside and back again approach is an essential mechanism to enforce systemic delivery and research of whole
person care.
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Appendix A: Full CF toolbox with 57 tools with COSMIN scoring matrix
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Instruments are ranked within each sub-domain by Total Score (T1). COSMIN domains: CV=Content Vmya-
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surement Error (0-3); CCV=Cross-Cultural Validity (0-3); CrV=Criterion Validity (0-6); HT=Hypothesis

Scientific Reports

scientific reports



Article in Press https://doi.org/10.1038/541598-026-72540-9

Testing (0-3); Resp=Responsiveness (0—6); App=Application (0-3); Acc=Acceptability (0-3); Total=Sum of
all domains. Note. Instruments are ranked 1-N within each sub-domain by descending Total Score. Unranked
entries (marked —) are additional instruments identified but not formally ranked. COSMIN scoring: Content Valid-
ity 0—6; Responsiveness 0—6; Criterion Validity 0—6; all other domains 0-3. Maximum possible Total Score=42.
Score color coding: green=score>35; red=score=0; yellow=intermediate scores. Abbreviations: CV, content
validity; SV, structural validity; IC, internal consistency; Rel, reliability; ME, measurement error; CCV, cross-
cultural validity; CrV, criterion validity; HT, hypothesis testing; Resp, responsiveness; App, application; Acc,
acceptability.

Appendix B: Inclusion and exclusion criteria

Criterion Requirement Rationale

1. Construct ~ Instruments must directly measure a construct defined within the theoretical tax-  Ensures conceptual consistency and

alignment onomys; tools assessing only biological targets were excluded prevents inclusion of measures unrelated
to contextual meaning

2. Psychomet- Only instruments with peer-reviewed validation evidence (e.g., factor analysis, Maintains psychometric rigor and sup-

ric validation  internal consistency) were included; unvalidated checklists were excluded ports reliability and validity of included
measures

3. Originality ~ Original, validated instruments were prioritized; modified, translated, or abbrevi-  Reduces variance introduced by derivative

ated versions were excluded unless the adapted version is the accepted clinical tools and preserves measurement fidelity
standard
4. Focus on Measures of stable patient traits or phenotypes unrelated to the clinical encounter  Retains focus on contextual factors that
contextual (e.g., Locus of Control, Patient Activation Measure, Functional Independence directly influence or frame immediate
throughputs Measure, Jefferson Empathy patient inventories) were excluded. Baseline psy- healthcare delivery rather than isolated
chological traits known to moderate placebo/nocebo mechanisms per Bishop’s patient predispositions

taxonomy were retained
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