Additional file 1: Extended methods
This file provides the methodological detail that could not be accommodated in the main text. It documents the structure of the survey instrument, the response formats and scales, the mapping of survey items to the theoretical frameworks, the CFIR constructs selected and the reasoning behind that selection, the reclassification of professional roles, and the technical detail of the scale transformation, subgroup construction and aggregation procedures. It is intended to allow the analysis to be appraised and reproduced. Nothing in this file supersedes the main text; where the two overlap, this file adds detail rather than altering a decision. The rationale, consequence and trade-off of each analytical decision are recorded separately in the analytical audit trail (Additional file 3), and the survey instrument itself is reproduced in Additional file 2.
1. Recruitment and distribution
To the authors’ knowledge, no national registry identifies clinically active radiologists in Sweden together with their professional roles and subspecialties. Recruitment therefore used purposive criterion sampling through the professional network of the Swedish Society of Medical Radiology (SFMR).
The survey was distributed nationally in three sequential mailings to the society’s network of radiology department heads, on 3 August, 19 August and 24 October 2025, with instructions to forward the survey to radiologists within their respective departments. The study was additionally presented at the national radiology conference Röntgenveckan in September 2025.
Because the total number of radiologists reached through this cascaded distribution cannot be ascertained, the size of the target population is unknown and no formal response rate can be calculated. This is stated as a limitation in the main text.
2. Structure of the survey instrument
The survey consisted of 29 questions. Several questions used a matrix format in which one response scale was applied across multiple statement items, so the number of individual items is considerably greater than the number of questions. Throughout the manuscript, "item" refers to a single rated statement and "question" to the survey question containing it.
The instrument was organised around one principal branching question that separated respondents according to the implementation status of structured reporting templates at their department. Regardless of branch, all respondents first completed a shared set of five demographic and screening questions covering professional role and work setting, followed by the principal branching question. At the end of the survey, all respondents answered two shared closing questions.
Beyond this shared core, the branching logic routed respondents into two analytical branches, each subdivided into two subgroups. The same separation is mirrored in the presentation of the Results.
Branch 1, active users, whose department uses structured reporting templates. This branch received a branch-specific battery of 17 questions addressing perceived effects on clinical work (Service Outcomes), perceived barriers and facilitators (determinants), and Implementation Outcomes. Subgroup 1a comprises users whose templates include colorectal cancer reporting and subgroup 1b users whose templates do not.
Branch 2, non-users, whose department does not use structured reporting templates. This branch received a branch-specific battery of four questions addressing perceived barriers to future adoption and self-reported readiness to implement. Subgroup 2a comprises departments planning to implement and subgroup 2b departments with no current plans.

A small number of conditional follow-up questions were triggered for individual respondents depending on earlier answers. The most substantial of these was a conditional barrier battery. One filter item asked all active users whether barriers or resistance to the use of the templates had been experienced at their department, with the response options yes, no and do not know. The twelve active users who answered yes received a follow-up battery on the nature of those barriers, which covered some constructs that were not presented to the branch as a whole.
This conditional battery is not reported in the main text. The group is small, and when it is stratified by professional role the cells fall to between two and seven respondents, below the level at which this study reports comparative figures. The main text therefore draws its determinant estimates only from items answered by the full active-user population (n=33), so that every determinant proportion rests on a single denominator and the branch is described without conditioning on a prior answer. The battery is nevertheless reported in full in Additional file 4 (Tables S4 and S5), so that it can be inspected and its omission from the main text verified rather than assumed. The decision and its trade-off are recorded in the analytical audit trail (Additional file 3, decision A6).
The participant flow through the branches, including the exclusion of one respondent from the determinant and outcome analyses, is shown in Fig. 2 of the main text.
The two branch-specific batteries were tailored to the situation of each group and therefore did not cover identical sets of constructs. Barrier and facilitator items common to both branches permit direct comparison between users and non-users; items present in only one branch do not. The resulting asymmetry, and its consequences for cross-branch comparison, are set out in section 9 and in the limitations of the main text.
3. Question formats and response scales
Four question formats were used, each chosen to match the analytical purpose of the question.
Five-point unipolar Likert scales for determinant strength and for Implementation Outcomes. For determinants, the anchor wording followed the block: facilitators were rated as contributions, from 'Not contributing at all' to 'Very strongly contributing', in both branches; barriers were rated as challenges by active users, from 'No challenge at all' to 'Very large challenge', as barriers in the conditional battery described in section 2, from 'No barrier at all' to 'Very large barrier', and as reasons for non-implementation by non-users, from 'No reason at all' to 'Very large reason'. Each table reports the wording of the block it draws on. Implementation Outcomes ran from 'Very low' to 'Very high'.
Five-point bipolar items for Service Outcomes, running from 'Strongly worsened' through 'Unchanged' to 'Strongly improved'.
Single-choice and multiple-choice categorical items, for example the item capturing how the rollout was carried out (Table 3 of the main text).
Open-ended free-text fields placed after certain questions, or after batteries of questions, to capture context, examples and reasoning.
4. Mapping of survey items to theoretical frameworks
All survey questions and items were developed from a clinical and operational perspective and phrased so that respondents working in a radiology setting could understand and answer them without prior knowledge of implementation science or its frameworks. Following data collection, each response value targeting a determinant or an outcome was mapped to the corresponding construct or outcome in an established theory, model or framework.
The CFIR domains and constructs were used for determinants, that is barriers and facilitators, and the Proctor taxonomy for the outcome categories, that is Service Outcomes and Implementation Outcomes. Free-text fields were not mapped; they were used to triangulate and contextualise the quantitative findings. The item-to-construct mapping is documented in the analytical audit trail (Additional file 3).
5. CFIR constructs selected
The updated CFIR comprises 48 constructs and 19 subconstructs across five domains. Covering all of them in a single survey is neither practical nor methodologically desirable. A subset of constructs judged most relevant to the implementation of structured reporting templates in a radiology context was therefore used, drawn from four of the five domains.
5.1 Constructs applied
Outer Setting: Policies and Laws; Partnerships and Connections.
Innovation: Innovation Relative Advantage; Innovation Design; Innovation Adaptability; Innovation Evidence Base; Innovation Cost.
Inner Setting: Compatibility; Access to Knowledge & Information; IT Infrastructure (a subconstruct of Structural Characteristics); Relative Priority; Incentive Systems.
Individuals: High-/Mid-level Leaders; Implementation Leads; Other Implementation Support; and the Motivation and Need subconstructs of the Characteristics subdomain.
Two further constructs were presented only within the conditional barrier battery described in section 2, and therefore appear only in Additional file 4 (Tables S4 and S5) and not in the determinant analysis of the main text: Culture: Recipient-Centeredness, and the Opportunity subconstruct of the Characteristics subdomain. They are listed here so that the construct set of the instrument is stated in full.
Not every construct was presented to both branches. The construct sets presented to active users and to non-users, and the overlap between them, are set out in section 9.
5.2 The Implementation Process domain
The fifth domain, Implementation Process, was not operationalised. Its constructs are designed to capture the extent to which specific process activities, such as Teaming, Tailoring Strategies, or Reflecting and Evaluating, take place during a defined implementation effort within a defined Inner Setting. This study is a national cross-sectional survey of radiologists working at heterogeneous departments, in which different templates have been introduced at different times by different stakeholders. These conditions do not permit the meaningful assessment that the Implementation Process constructs require.
Instead, a single categorical item captured how the rollout at each department was carried out, for example champion-driven, stepwise rollout, or pilot followed by scale-up. This item describes what departments did; it is not framed as an implementation strategy, a term reserved throughout the manuscript for the ERIC-based recommendations.
6. Proctor outcomes: operationalisation
Two of the three layers of Proctor’s Implementation Outcomes Framework were applied. The CFIR Outcomes Addendum was used as a complement when cross-referencing determinants to outcomes, but the Proctor classification is used throughout for clarity and for direct comparability with the body of implementation research that has applied the original taxonomy.
6.1 Service Outcomes and their constituent items
Service Outcomes were grouped into four categories, reported in the following order throughout the tables and the Results.
Service Effectiveness: standardisation of reports; completeness of reports; clarity of reports; adherence to national guidelines.
Service Efficiency: communication with referring physicians; report length; report review time; perceived workload.
Service Safety: perceived effect on radiological misinterpretations.
Organisational Effectiveness: educational use and supervision; service follow-up and research.

The first three categories correspond to Proctor’s Service Outcomes layer. The fourth, Organisational Effectiveness, is a study-specific extension that is not part of the original taxonomy. It was introduced because two items had no interpretable place within the first three categories and correspond instead to the Institute of Medicine’s Learning Healthcare System concept. It is labelled as a study-specific category wherever it appears and is presented last.
6.2 Implementation Outcomes
Seven outcomes common to Proctor’s framework and the CFIR Outcomes Addendum were assessed: Acceptability, Adoption, Appropriateness, Feasibility, Fidelity, Penetration and Sustainability. Each was measured by a single survey item. Implementation cost was not measured, although Innovation Cost is covered on the determinant side.
6.3 Client Outcomes not applied
The third Proctor layer, Client Outcomes, captures consequences as perceived by those who ultimately receive or rely on the clinical service, in this context patients undergoing rectal cancer staging and the referring physicians and multidisciplinary teams who base clinical decisions on the template-based report. The survey addressed the radiology domain only and contains no item on these downstream outcomes, so this layer was not applied. Two of the three Proctor layers are therefore reported.
7. Reclassification of professional role
Professional role was self-reported. Four respondents selected "Other" and supplied clarifying free text. Each was reclassified to an existing category on the basis of stated professional identity and organisational perspective.
Two respondents who explicitly described themselves as general radiologists with additional duties were reclassified to General radiologist.
One nuclear medicine physician was reclassified to Other subspecialty.
One medical director was reclassified to Department head, since both share the leadership and governance perspective that is central to the CFIR Individuals domain.
The four role categories used throughout the analysis are General radiologist (n=23), Abdominal radiologist (n=11), Other subspecialty (n=6) and Department head (n=10), counted across the full sample of 50 respondents.
The Department head category was defined by organisational function rather than by clinical subspecialty. Some respondents in this category also reported assessing colorectal cancer examinations, indicating that part of the group combines departmental leadership with clinical reporting rather than representing a purely managerial level. This is stated as a limitation in the main text.
8. Scale transformation and top-box scoring
All five-point Likert scales were collapsed to three ordinal categories, for example "No or small challenge", "Moderate challenge" and "Large or very large challenge". The rationale was twofold.
Statistically, with a total sample of 50 respondents and subgroups as small as four to eight, five-level distributions produce sparse cells, frequently with two or fewer observations, in which a single respondent can shift a category by 12 to 25 percentage points. Percentages derived from such cells are unstable and potentially misleading. Collapsing adjacent sparse categories is an established means of mitigating data sparsity and stabilising cell counts.
Methodologically, a valence-based collapse is consistent with established CFIR operational practice, which commonly uses valence and strength ratings, conventionally from -2 to +2 including a neutral 0, to determine whether a construct acts as a barrier or a facilitator, rather than estimating a precise mid-scale value.
Top-box scoring, that is the proportion of respondents endorsing the strongest valence category of the collapsed scale, was used as the primary summary statistic for the CFIR determinants, for facilitators and barriers alike. This yields one comparable valence figure per construct and per subgroup. Its trade-off is that moderate responses fall outside the top box, so cumulative support or resistance may be understated.
For Service Outcomes the five-point scale was collapsed into the same three categories (Improved, Unchanged, Worsened), but top-box scoring was deliberately not applied. Both extremes of the bipolar scale were retained instead, because a central analytical question in this study is whether the innovation simultaneously improves one outcome dimension and worsens another. A top-box presentation would conceal the negative tail and mask that pattern.
9. Construct asymmetry between the two branches
The two branch-specific batteries did not present identical construct sets, and the asymmetry differs between the facilitator side and the barrier side.
On the facilitator side, the ten constructs presented to active users form a true subset of the thirteen presented to non-users. Every facilitator rated by active users can therefore be compared across branches.
On the barrier side the overlap is partial. Innovation Design was presented to active users only, whereas Partnerships and Connections, Compatibility and Incentive Systems were presented to non-users only. Barrier comparisons between branches are therefore restricted to the constructs measured in both branches, and are described as partial wherever they are made.
Domain-level aggregates are not comparable between the two branches at all, since the number and composition of items within each domain differ between the batteries. This constraint is stated in the main text and applies to every domain aggregate reported for non-users.
10. Subgroup construction and selection of the independent variable
Cross-tabulation of professional role against hospital type revealed strong collinearity between the two variables. All 23 general radiologists worked at county or district hospitals and none at university hospitals; conversely, all active users at university hospitals fell into the subspecialist categories, that is abdominal radiologist or other subspecialty. Presenting both variables would have produced near-identical distributions under different headings without adding an analytical dimension. Professional role was therefore selected as the primary independent variable and moderator, since the mechanism of interest is the cognitive demand of the reporting task rather than the hospital classification. The consequence is that organisational effects, such as differences in IT infrastructure between hospital types, cannot be separated from role effects; this is stated as a limitation in the main text.
Within the role variable, two further decisions were taken for the segmented subgroup analyses.
First, the "Other subspecialty" group (n=3 among active users) was excluded as a comparative role column on two grounds. Statistically, at n=3 each respondent represents 33 percentage points. Clinically, the group is heterogeneous, including for example nuclear medicine, which violates the within-group homogeneity assumption that a role comparison depends on. Their responses were retained in the total column, so no data was discarded.
Second, the Department head group (n=4) was retained as a separate comparative role despite its size. Departmental leadership is a central construct within the CFIR Individuals domain; unlike "Other subspecialty" the group is homogeneous in organisational vantage point; and the national population of radiology department heads is small relative to the radiologist workforce, so four respondents cover proportionally more of the target population. Because each respondent represents 25 percentage points, all department-head figures are reported as directional patterns and never as differences.
A sensitivity analysis merging "Other subspecialty" with abdominal radiologists into a combined subspecialist group (n=11) was considered but not performed, since the merged group would reintroduce the clinical heterogeneity that motivated the exclusion above, making a divergent result uninterpretable. The robustness of the role-related observations therefore rests on n=8 for the abdominal group.
11. Aggregation
Category-level aggregation was applied to two of the three analytic blocks, namely the CFIR domains and the Proctor Service Outcomes. Aggregated proportions were calculated by summing the responses across all items within the category and dividing by the total number of item-by-respondent observations. For Service Effectiveness, for example, four items across 33 respondents give 132 possible observations. Where a category is measured by a single item, such as Service Safety, the denominator equals the number of respondents, that is 33.
Normalisation by the number of possible observations is necessary because domains and categories contain different numbers of items. Without it, a domain with more items would appear more influential purely as an artefact of item count. The trade-off is that a high individual construct can be concealed within a low aggregate, as with Innovation Design at 24% inside an Innovation aggregate of 10%. Construct-level figures are therefore always reported alongside the aggregates.
Implementation Outcomes were not aggregated. Each Proctor outcome was measured by a single item, so the reported proportion is the outcome itself rather than a composite, and a mean across conceptually distinct outcomes would have no interpretation. This asymmetry follows the structure of the survey instrument rather than an analytical inconsistency, and is the reason no overall implementation outcome score appears anywhere in the manuscript.
12. Estimation, rounding and reporting conventions
Wilson score 95% confidence intervals were calculated for every proportion reported as an estimate, including subgroup, domain-aggregated and zero-count proportions. The Wilson interval retains reliable coverage at small sample sizes and at proportions near 0% and 100%, where the Wald interval performs poorly and can produce impossible bounds. Intervals are given in square brackets after the corresponding proportion.
Confidence intervals are not reported for the proportions describing the composition of the achieved sample, since these are descriptive characteristics of the respondents rather than estimates of a population parameter. Because the sample is small, most intervals are wide and overlap; proportions are consequently described as observed values rather than as ranked differences, and no ordering between constructs or subgroups should be inferred from the point estimates alone.
All proportions are reported as integer percentages, rounded using round-half-to-even, which avoids the systematic upward bias of round-half-up across a table of many proportions. Some columns therefore do not sum to exactly 100%, and a reader recomputing a figure from the counts may see a one-point difference where a value falls exactly on the half.
Analyses were exclusively descriptive. No inferential hypothesis tests were performed and no corrections for multiplicity were applied, in keeping with the exploratory, hypothesis-generating purpose of the study, which was not powered to detect predefined inferential effects and for which no a priori effect-size or significance thresholds were specified. All result tables, including those not reproduced in the main text, are provided in Additional file 4 so that the full analysis can be inspected and selective reporting can be checked.
13. Retrospective adaptation of causal pathway diagrams
Causal pathway diagrams were used to visualise the relationships between identified determinants, observed outcomes and recommended implementation strategies. As originally specified, a causal pathway diagram is prospective and strategy-centred: it begins with a defined implementation strategy and traces forward to the determinant the strategy is intended to address and to the outcomes that should follow if it operates as intended.
This study describes implementations that had already taken place across Swedish radiology departments, largely without a formal strategy. A prospective, strategy-first diagram could therefore not be constructed from the data. The method was instead applied retrospectively and determinant-centred. Each diagram begins with empirically observed CFIR determinants, traces through hypothesised mechanisms that may be moderated by professional role, reaches documented Proctor outcomes, and terminates in ERIC strategies that are proposed rather than evaluated.
This inversion preserves the core logic of the method, which is to make the underlying assumptions visually explicit, while adapting the direction of inference to a cross-sectional, hypothesis-generating design. Because the application is retrospective and determinant-centred, we refer to the resulting figures as determinant-to-strategy pathways rather than causal maps, reserving the word "causal" for the name of the source method and avoiding any implication that the depicted relationships were tested. They are best understood as hypothesis-generating maps for future strategy testing. The ERIC strategies are actionable outputs of the analysis that a subsequent prospective implementation effort could evaluate; they are not pathway nodes that this study has tested. Where a pathway has no clearly supported moderator or precondition, the corresponding node is omitted rather than assigned.

Abbreviations: CFIR, Consolidated Framework for Implementation Research; CPD, causal pathway diagram; ERIC, Expert Recommendations for Implementing Change; IOF, Implementation Outcomes Framework; MDT, multidisciplinary team; SFMR, Swedish Society of Medical Radiology.
