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Background and rationale

Shoulder pain is the third most prevalent musculoskeletal diagnosis, affecting up to 55% of
the population yearly.! Annually, it is estimated that around 2-3% of adults visit their
general practitioner due to shoulder pain,?3 making it a frequent cause for referral to the
secondary healthcare services.#¢ Conservative treatment strategy is considered the first line
treatment for most shoulder disorders, and several studies have shown that conservative
treatments lead to moderate to large effects sizes.” However, other studies have suggested
that both conservative and surgical interventions produce little benefit over placebo or wait
and see strategies® %or found no difference in effect between exercise therapy and surgery.1%-
14

These findings from randomised trials, suggest that surgery should not
routinely be performed in patients with shoulder pain and disability. However, in daily clinic,
surgeons argue that they are making a pragmatic decision whether to recommend non-
surgical interventions or surgery based on patient history, clinical tests, image findings and
recommendations from clinical guidelines.!> They also argue that application of current
randomised trials into clinical practice are questionable as external validity are hampered
due to recruitment bias or selective inclusion.1617 [deally, to determine whether surgery is
superior, an well designed and properly conducted randomised trial, including all eligible
participants, should be performed. However, performing an efficacy trial, randomly
assigning patients to surgery or non-surgical intervention would always require the patient’s
willingness and therefore be affected by recruitment bias. In a well-designed randomised
trial, confounding is minimised through random allocation, ensuring that both known and
unknown confounders are equally distributed between groups.18 This process establishes
exchangeability, meaning that any differences in outcomes can be attributed to the
intervention rather than external factors. By preventing selection bias and confounding by
indication, randomisation ensures temporal precedence and balances both measured and
unmeasured variables. This strengthens causal inference by allowing valid statistical testing
without the need for extensive adjustments. However, small sample sizes, non-adherence, or
differential loss to follow-up can introduce bias if not properly addressed.

Assessing comparative effectiveness from observational data is necessary for
several reasons, particularly when randomised trials are limited in their applicability or
availability.1? First, RCTs may lack external validity, meaning their findings may not be
directly transferable to real-world settings due to differences in populations, interventions,
or healthcare contexts. Observational studies help address this by providing contextual or
supplementary evidence that enhances the applicability of research findings. Second, long-
term outcomes and rare harms may not be adequately captured in RCTs due to short follow-
up periods or ethical constraints, making non-randomised studies (NRS) valuable for
assessing these effects. Third, observational data can help resolve inconsistencies in trial
results, inform subgroup analyses, and provide baseline risk estimates, which are crucial for
determining absolute benefits and harms. Finally, when RCT evidence is insufficient or
indirect, well-conducted observational studies may serve as sequential evidence or, in some
cases, even replace RCTs if they provide equal or higher confidence in the estimated effects.1?
Therefore, integrating observational data into comparative effectiveness research enhances
the completeness and relevance of evidence used for clinical and policy decision-making. In
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order to circumvent recruitment bias and secure pragmatic sampling, so called “real-world
data” from observational cohorts could potentially be used to complement the lacking
evidence from randomised trials.1° The purpose of target trial emulation is to enable causal
inference from observational data by explicitly modelling a hypothetical randomised trial,
enhancing validity and reliability.20 This structured approach aligns analyses with
randomised trial principles, mitigates methodological biases, and strengthens comparative
effectiveness research using big data.2! It requires data on prognostic factors that are
associated with treatment decisions. However theoretical, if all such confounders are
precisely gathered and adjusted for, there would be no difference between the emulated trial
and corresponding randomised (target) trial recruiting all eligible patients into a pragmatic
RCT.22 Propensity score methods, including matching, stratification, and inverse probability
weighting, help balance covariates between treatment groups, mimicking randomisation.23

Here, we therefore outline the planned structure and statistical causal methods
applied for an emulated target trial, allowing us to draw causal inferences about the impact
of the shared decision between patient and the surgeon’s initial clinical decision to perform
surgery, relative to the initial clinical decision not to perform surgery to assess efficacy. The
main outcome is the Patient Acceptable Symptom State (PASS), which dichotomously
captures what matters most to patients—the acceptability of their current symptom state
one year after allocation of treatment.

Objectives

Primary efficacy objective:

To evaluate the effectiveness of outpatient shoulder surgery, compared with non-surgical
care in increasing the proportion of patients who achieve the Patient Acceptable Symptom
State (PASS) one year after allocation, among individuals presenting with shoulder
discomfort and imaging-confirmed pathology at a secondary healthcare facility.

Co-primary efficacy objective:

To evaluate the effectiveness of outpatient shoulder surgery, compared to non-surgical care,
in reducing disability at one-year follow up, as measured by the proportion of patients
achieving a clinically meaningful improvement (greater than 41% change) in the Quick
Disabilities of the Arm, Shoulder and Hand (Quick-DASH) score, among individuals
presenting with shoulder discomfort and imaging-confirmed pathology at a secondary
healthcare facility.

The null hypothesis for this trial is that there is no difference between patients
allocated to surgery based on a surgeon’s initial clinical evaluation and tacit knowledge and
patients allocated to non-surgical interventions.

Secondary objectives are:

1) To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on the proportion of patients achieving “Better” or “Much
better” in overall function and discomfort, measured with Global Perceived Effect
(GPE) score at one year from allocation of intervention, in patients diagnosed with
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shoulder discomfort and medical imagine verified pathology at a secondary
healthcare facility.

To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on change in shoulder pain and discomfort, measured using
the short form of Disability of the Arm, Shoulder and Hand (Quick-DASH)
questionnaire, from allocation of intervention to one year follow-up, in patients
diagnosed with shoulder discomfort and medical imaging verified pathology at a
secondary healthcare facility.

To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on change in maximum shoulder pain, measured using a 0-100
Visual Analog Scale (VAS), from allocation of intervention to one year follow-up, in
patients diagnosed with shoulder discomfort and medical imagine verified pathology
at a secondary healthcare facility.

To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on change in shoulder pain during activity, measured using a
0-100 Visual Analog Scale (VAS), from allocation of intervention to one year follow-
up, in patients diagnosed with shoulder discomfort and medical imagine verified
pathology at a secondary healthcare facility.

To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on change in shoulder pain during rest, measured using a 0-
100 Visual Analog Scale (VAS), from allocation of intervention to one year follow-up,
in patients diagnosed with shoulder discomfort and medical imagine verified
pathology at a secondary healthcare facility.

To determine the effectiveness of outpatient shoulder surgery, relative to non-
surgical interventions, on change in shoulder related sleep disturbance, measured
using a 0-100 Visual Analog Scale (VAS), from allocation of intervention to one year
follow-up, in patients diagnosed with shoulder discomfort and medical imaging
verified pathology at a secondary healthcare facility.
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STUDY METHODS

Trial design

In this pragmatic emulation of a stratified, randomised, open-label, superiority trial, adults
referred to secondary care with various shoulder diagnoses and medical imagine verified
pathology were initially allocated into either Surgery group, or the Non-Surgical Treatment
group with an expected allocation ratio of 1:15. The primary endpoint in the intention-to-
treat population was PASS assessed one year from allocation of treatment. Secondary
endpoints was assessed also at 3 and 6 months after allocation of treatment. We will analyse
observational data from the prognostic Vejle Hospital Shoulder Cohort (VHS Cohort),
initiated to evaluate prognostic factors for consistent pain 1 year after diagnosis, using a
“causal inference framework”, in an attempt to emulate a randomised target trial, stratified
per diagnostic group defined as 1) Degenerative; 2) Traumatic injury; 3) Non-traumatic
instability /luxation; 4) Non-specific pain, based upon ICD-10 diagnosis and traumatic/non-
traumatic anamnesis (Illustration 1), that would answer the question whether more patients
referred for surgery based on a surgeon’s clinical evaluation will reach a satisfactory
outcome, when compared to patients not referred for surgery. Thus, causal inference from
these observational data needs to be evaluated with respect to how well they emulate a
particular target trial that is not feasible/ethical to perform.
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Illustration 1: Diagnostic grouping based on ICD-10 diagnoses.
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The statistical analysis plan (SAP) is reported in accordance with the “Guidelines for the
Content of Statistical Analysis Plans in Clinical Trials”.24 Reporting of the trial will follow the
“Consolidated Standards of Reporting Trials” (CONSORT).25 26

The trial was registered at Clinicaltrials.gov (NCT04686435) in 12/2020. First
patient was enrolled in January 2021. Last patient last follow-up was January 2025. The trial
has been evaluated and approved by The Regional Committees on Health Research Ethics for
Southern Denmark (Project.ID: S-20202000-16) and the Danish Data Protection Agency
(journal no: 20/12316).

Group allocation

Allocation to surgery or non-surgical treatment is based on the clinician’s initial overall
judgment, taking into account patient history, clinical examination, imaging findings, patient
expectations, relevant clinical guidelines and shared decision making. This real-world
allocation process was analytically emulated to reflect a trial-like comparison.

Sample size and power considerations

The sample size calculation applies jointly to both primary efficacy objectives. A power
analysis for comparing two proportions using Pearson’s chi-square test indicated that, with a
1:15 allocation ratio between groups, a total sample size of 992 would provide 92% power to
detect a 20 percentage point absolute difference (0.80 vs. 0.60) at a two-sided significance
level of 5% (o = 0.05). The calculation employed a normal approximation to the binomial
distribution under the null hypothesis of no difference in proportions. For practical and
operational considerations, the sample size was rounded up to 1000 participants to ensure
sufficient power and account for potential deviations.

Framework
Both primary and secondary outcomes are analysed within a superiority framework;
surgical interventions are favourable compared to non-surgical interventions.

Statistical interim analysis and stopping guidance
No statistical interim analysis is planned on the primary endpoint.

Timing of final analysis

Data extraction and analysis for the between-group comparison (Surgical vs. Non-Surgical)
for the primary endpoint (1 year follow-up) is planned to be performed after making this
SAP public available. The main publication of the trial will be prepared when these data have
been received and cleaned (anticipated by September 2025).

Timing of outcome assessments

The overview of trial procedures and time-point of each outcome assessment is presented in
the Illustration 2 “Timeline for recruitment and follow-up” and Box 1 “Outcomes and
Covariates - Timepoint of assessment”. The Treatment allocation date (Surgical or Non-
surgical) is used to calculate 3 months, 6 months and 1 year follow-up time points.
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Illustration 2: Timeline for recruitment and follow-up. -t2: 2-4 days prior to medical
examination; -ti=Day of medical examination; to=Allocation; t1= 3 months; t2= 6 months; t3=
1 year.

STATISTICAL PRINCIPLES

Confidence intervals and p-values

All statistical tests and 95% confidence intervals (95%Cls) will be two-sided and p-value < 0.05
will be considered statistically significant for the primary and co-primary endpoint. Groups will be
considered comparable if the two-sided 95% confidence interval for the odds ratio comparing
Shoulder Surgery with Nonoperative Treatment, for both the primary and co-primary endpoint,
lies entirely within the range of 0.80 to 1.25. In the secondary outcomes Quick-DASH and VAS,
a 95% confidence interval excluding a difference greater than 10 Quick-DASH points or 10
points on VAS between the two groups will be interpreted as indicating absence of a minimal
clinically important difference (i.e. possible equivalence).

To address multiplicity, a gatekeeping procedure will be applied to both the
primary objectives and the key secondary objectives to determine which will be used in the
interpretation of the study results. While all outcomes will be analysed and presented, only
those passing the gatekeeping procedure will be considered for inferential conclusions. The
gatekeeping procedure follows a hierarchical approach in the prioritised order listed below.
Statistical testing will proceed sequentially until an analysis fails to show a statistically
significant difference (p < 0.05), or until all analyses have been completed.

If a test does not meet the specified statistical significance threshold, no further
claims will be made for subsequent outcomes in the hierarchy:

1) PASS

2) Quick-DASH MIC
3) GPE
4) Quick-DASH
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5) Maximum Pain
6) Pain in activity
7) Pain atrest

8) Shoulder related sleep disturbance

Adherence and protocol deviations

Adherence to the surgical intervention is assessed by the percentage of patients being
referred to surgery at the initial clinical evaluation, and the actual number of these patients
having a record of the surgery was performed in the REDCap database, including date and
type of surgery performed: adherence% = (Number of patients with a surgical record in
REDCap database/ number of patients referred for surgery at first medical examination) x
100.

Adherence to the non-surgical intervention is assessed by the percentage of
patients being referred for non-surgical treatment, and the actual number of patients with a
minimum of 1 record, in the REDCap database, of receiving non-surgical intervention after
the initial clinical examination: Adherence% = (Number of patients with a record of receiving
non-surgical intervention/number of patients referred for non-surgical intervention) x 100.
Treatment adherence will be presented with descriptive statistics (N, %) by randomisation
group.

Patient’s crossing over to receive surgery from the non-surgical intervention
group within one year from allocation and patients from the surgical group without a record
in the REDCap database of surgery performed will be considered a major protocol deviation.
Furthermore, patients in both groups withdrawing from the trial between baseline and one
year follow-up will be considered as a major protocol deviation. Minor deviations are not
completing all follow-up measurement. The number (percentage) of patients with
respectively major and minor protocol deviations will be summarised by treatment group.
No formal statistical testing will be conducted.

Analysis populations

The primary analysis will be performed on the Intention-to-treat (ITT) population, including
all eligible patients according to the treatment they were initially allocated (initial clinical
decision at first medical examination) to receive. A sensitivity analysis will be considered
based on the per-protocol population, if >5% of the total number of patients in one
treatment group are major protocol violators. The per-protocol analysis set will include: 1)
patients who in the surgical group were allocated (initial clinical decision at first medical
examination) to receive surgery, and have a record of the surgery was performed in the
REDCap database, including date and type of surgery performed, 2) patient who in the non-
surgical group were allocated (initial clinical decision at first medical examination) to
receive non-surgical treatment and a minimum of 1 record within 4 months, in the REDCap
database, of receiving non-surgical intervention after the initial clinical examination as well
as no record of surgery performed.
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Trial population

Screening data

The total number of patients referred for examination due to suspicion of shoulder disorder,
scheduled for an examination more than one week ahead and sent an electronic invitation, 2-
4 days prior to their examination, in their personal electronic mailbox (E-boks) will be
presented in the CONSORT flowchart (Figure 1) to describe the percentage of participation.

Eligibility

All patients, not in need of an interpreter at their medical examination, between 18 and 75
years, referred from private practice to the orthopaedic shoulder sector at Lillebaelt Hospital
(Vejle) was invited.

Eligible patients: 1) diagnosed with shoulder disorder at initial medical
examination; 2) had shoulder specific pathology on medical imagine; and 3) gave written
consent to participate.

Patients were excluded if: 1) patients had significant cognitive impairment; 2)
were unable to read and understand Danish; or 3) was diagnosed with diagnostic codes
related to fracture of shoulder or upper arm; neurological conditions, disorders of the
scapulae or frozen shoulder.

Recruitment

The CONSORT flowchart?> will comprise number of patients invited, excluded (with
reasons), eligible for inclusion in the trial, allocated (initial clinical decision at first medical
examination), receiving their allocated treatment, withdrawals (with reasons), and lost to
follow-up (with reasons), included in ITT analysis. The CONSORT flowchart is depicted in
Figure 1.

Withdrawal/Follow-up

The level of consent withdrawal will be tabulated, classified as: 1) withdraw from follow-up
but allow data collected to date to be used; 2) withdraw from follow-up and withdraw
consent for data collected to date to be used; 3) lost to contact/follow-up. Timing of
withdrawal will be presented with number and reasons in the CONSORT flowchart at the 3
months, 6 months and 1 year outcome assessment by treatment group.

Baseline patient characteristics

Data presented in table 1 will be used to describe patient characteristics by randomisation
group at baseline. Categorical variables will be presented with numbers and percentages.
Means and standard deviations will be reported for normally distributed continuous
variables; medians, interquartile ranges, and ranges will be reported for skewed data. Tests
of statistical significance will not be performed for baseline characteristics. Because the
groups arise from a non-randomised study design, standardised differences will be used to
assess between-group imbalances, with attention to differences of potential clinical
importance.

10
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ANALYSIS
Outcome and endpoint definitions

Primary:

Outcome:

The primary outcome of this trial is the patient's perceived symptom acceptability in relation
to their upper extremity condition, measured using the concept of the Patient Acceptable
Symptom State (PASS). PASS was original designed for rheumatic disorders,28 but has shown
to be a useful outcome for other musculoskeletal and orthopaedic conditions.?%-32 The PASS
defines the highest level of symptom at which patients find their condition acceptable.33

Endpoint:

The primary endpoint is the proportion of participants responding "Yes" to the PASS anchor
question:

"Taking into account all your daily activities, pain and functional impairment, do you consider
your current state satisfactory?"

This binary endpoint (Yes/No) will be assessed at 1 year post allocation. A higher proportion
of “Yes” responses indicates a more favourable outcome in symptom acceptability.

Co-Primary:

Outcome:

The co-primary outcome of this trial is the change in upper extremity disability, assessed using the
Quick Disabilities of the Arm, Shoulder and Hand (Quick-DASH) questionnaire.** The Quick-
DASH is a validated, patient-reported measure designed to evaluate physical function and
symptoms in people with musculoskeletal disorders of the upper limb.>* % A relative change
exceeding 41% has been proposed as a clinically meaningful threshold for improvement in upper
extremity conditions.*

Endpoint:

The co-primary endpoint is the proportion of participants achieving a reduction greater than 41%,
corresponding to a minimal important change,* in their Quick-DASH score from baseline to 1
year post allocation (Quick-DASH MIC). This binary endpoint (achieved/not achieved) reflects
whether an individual’s improvement surpasses the defined clinically important change. A higher
proportion of patients reaching this threshold indicates a more favourable treatment effect on
physical function and symptoms.

Key Secondary:

The following key secondary outcomes will be analysed to assess the between-group
differences in treatment effects over time. Unless otherwise stated, the primary analysis time
point for all key secondary outcomes is 1 year after treatment allocation. Additional
measurements will be taken at 3 and 6 months for descriptive and exploratory analyses of
trajectories over time.

1. Global Perceived Effect (GPE)

Outcome:

Patient-reported global impression of change in “Overall shoulder problems”, measured
using a 15-point Likert scale ranging from “A great deal worse” (score = 1) to “A great deal
better” (score = 15).

11
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Endpoint:

The participants answer on the GPE question “All in all, how do you experience your
shoulder problems now compared to before you started your treatment in the study?” will
be dichotomised into “Improved” (score > 9) and “Not improved” (score < 9). The key
secondary endpoint is the proportion of participants classified as “Improved” at 1 year after
treatment allocation. The GPE has been shown to be a valid and reliable outcome measure in
shoulder trials and is recommended by OARSI.36 37

2. QuickDASH Score

Outcome:

Self-reported upper extremity disability and symptom severity, measured using the 11-item
Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) questionnaire.34. Each item is
rated on a 5-point Likert scale and transformed into a total score ranging from 0 (no
disability /symptoms) to 100 (most severe disability/symptoms). The optional work and
sports/music modules are excluded from the analysis. The QuickDASH has demonstrated
high reliability, validity, and responsiveness in patients with shoulder conditions.34 35

Endpoint:

The key secondary endpoint is the between-group difference in change in total QuickDASH
score from allocation to 1 year follow-up. The outcome will also be measured at 3 and 6
months for secondary analyses.

3. Shoulder Pain Intensity variables

Outcome:

Pain intensity in the affected shoulder over the past 7 days, assessed separately in three
specific contexts:

e Maximum pain experienced
e Pain during physical activity
e Pain atrest

Endpoint:

Each pain domain is measured on a 100 mm visual analogue scale (VAS) anchored with 0 =
“No pain” and 100 = “Worst pain imaginable,” as recommended by the OARSI.3¢ The key
secondary endpoint is the between-group difference in change from allocation to 1 year
follow-up. Additional measurements will be collected at 3 and 6 months.

4. Shoulder-Related Sleep Disturbance
Outcome:
Degree of sleep disturbance attributed to shoulder symptoms in the past 7 days.

Endpoint:

Measured using a 100 mm VAS, anchored with 0 = “Not disturbed” and 100 = “Extremely
disturbed.” The key secondary endpoint is the between-group difference in change from
allocation to 1 year follow-up, with additional measurements at 3 and 6 months.

Covariates for development of propensity score

To account for potential confounding and to improve comparability between the surgical and
non-surgical treatment cohorts, propensity score adjustment will be applied. The propensity

12
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score will be estimated as the conditional probability of receiving surgical treatment, given a
set of baseline covariates measured prior to treatment allocation.

Covariates are selected based on clinical relevance and their potential
association with both treatment assignment and outcomes. These include patient-reported
measures of general health, health-related quality of life, fear-avoidance beliefs, treatment
expectations, and physical activity levels, as well as sociodemographic characteristics (e.g.,
age, sex, education), lifestyle factors (e.g., smoking, BMI), and clinical assessments including
imaging and physical examination findings.

All covariates used in the propensity score model were collected prior to
referral to either surgical or non-surgical treatment pathways. The full list of covariates and
the timing of their assessment, along with the timing of primary and secondary outcome
measurements, is detailed in Box 1.

Box 1: Outcome and Covariates - Timepoint of assessment.

Timepoint of
assessment
jos] w [e)} =
il 2| 2] %
5 g 2 =
® a a
Outcome measures
Primary outcome
PASS, no. (%) X
Quick-DASH MIC, no. (%) X
Key Secondary Outcomes
GPE - Overall shoulder problems - no. (%) X
Quick-DASH - 0-100 X X X X
VAS shoulder pain ‘Maximum’ - 0-100 X X X X
VAS shoulder pain ‘Activity’ - 0-100 X X X X
VAS shoulder pain ‘Rest’ - 0-100 X X X X
VAS shoulder related sleep disturbance - 0-100 X X X X
Covariates (de-confounding variables)
Demographic variables
Age (years) X
Female sex, no. (%) X
Body Weight (kg) X
Height (cm) X
BMI (kg/m?) X
Central adiposity (Waist-To-Height ratio > 0.50), no. (%) X

13
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Marital status

- Married or cohabitating, no. (%)

X

Educational level

- Education above high school level, no. (%)

Work status

- Employed for wages or Self-employed, no. (%)
- Unemployed, no. (%)

- Sick-leave, no. (%)

- Retired, no. (%)

- Other, no. (%)

Smoking status

- Current smoker, no. (%)
- Previous smoker, no. (%)
- Non-smoker, no. (%)

Alcohol consumption

- >7 units/week, no. (%)

Multiple Pain sites

- 0 pain sites (besides current shoulder pain), no. (%)
- 1-2 pain sites (besides current shoulder pain), no. (%)
- >2 pain sites (besides current shoulder pain), no. (%)

Comorbidity, no. (%)

- No comorbidities, no. (%)
- 1-2 comorbidities, no. (%)
- >2 comorbidities, no. (%)

Preference regarding treatment

- Surgery, no. (%)

- Corticoid injection, no. (%)
- Physiotherapy, no. (%)

- Other, no. (%)

Expectation of treatment effect - 0 (No effect) - 100 (Complete recovery)

Treatment received prior to referral due to current shoulder pain

- None, no. (%)
- Physiotherapy or Chiropractor treatment, no. (%)
- Corticoid injection, no. (%)

Current workers compensation claim, no. (%)

Current insurance compensation claim, no. (%)

Sick leave due to shoulder within the last 3 months - days

Clinical assessment variables

Duration of current shoulder pain

- <3 months, no. (%)

- 3-6 months, no. (%)

- >6-12 months, no. (%)
- >12 months, no. (%)

Presence of constant pain, no. (%)

Injury history

- Traumatic, no. (%)

14
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- Acute overuse (Short duration of hard work, without history of trauma), no. (%)
- Prolonged overuse (Prolonged stress on shoulder), no. (%)
- Unknown, no. (%)

Use of analgesics due to shoulder-related pain X
Use of analgesics not due to shoulder-related pain X
Taking medication due to Hypertension, no. (%) X
Taking medication due to Elevated serum triglycerides or Low serum high-density lipoprotein X

(HDL), no. (%)

Insulin resistance, no. (%) X
Metabolic syndrome*, no. (%) X
Range of motion - Active Elevation - degrees X
Range of motion - Active External rotation - degrees X
Range of motion - Active internal rotation - degrees X
Range of motion - Passive Elevation - degrees X
Range of motion - Passive External rotation - degrees X
Abnormal Isometric strength in elevation, no. (%) X
Abnormal Isometric strength in internal rotation, no. (%) X
Abnormal Isometric strength in external rotation, no. (%) X
Major symptoms X

- None, no. (%)

- Pain, no. (%)

- Stiffness, no. (%)

- Instability, no. (%)

- Decreased strength, no. (%)

Atrophy of one or more of shoulder muscles, no. (%) X
Abnormal Scapula placement, no. (%) X
Palpation tenderness of shoulder girdle X

- Acromion Clavicular joint, no. (%)
- Biceps tendon, no. (%)

- Other, no. (%)

- Missing, no. (%)

Ultrasound measures (Acromion Clavicular joint) X

- Normal, no. (%)

- Osteoartrose (Narrowed joint space OR osteophyte), no. (%)
- Hypertrophy of capsule, no. (%)

- Luxation, no. (%)

- Missing, no. (%)

Ultrasound measures - Structural changes in Rotator cuff, no. (%) X

Ultrasound measures (Rotator cuff ruptures) X

- Normal, no. (%)

- Partial, no. (%)

- Complete, no. (%)
- Missing, no. (%)

Ultrasound measures - structural changes in m. Biceps tendon, no. (%) X

Ultrasound measures - Inflammation of Bursae, no. (%) X
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Ultrasound measures - Clinically relevant Calcification, no. (%)

Radiographic X

- Acromion Clavicular joint arthrosis, no. (%)
- Gleno-Humeral-joint arthrosis, no. (%)

- Acromion deformations, no. (%)

- Other, no. (%)

- Missing, no. (%)

3 out of 5 positive Clinical test (Hawkins; Neer’s; Full can; Empty Can; Resisted ext. rotation), no. X
(%)

Patient reported outcome measure (PROM)

WHO-5 - 0-100 X
EQ VAS - 0-100 X
PSEQ(4) - DK - 0-24 X
TSK-13 - 0-52 X
UCLA-as - 1-10 X

Results will be reported as means and standard deviations unless otherwise indicated. PASS: Patient acceptable Symptom
State; Quick DASH MIC: Short version of the Disability of the Arm, Shoulder and Hand Questionnaire (Quick-DASH) criteria
for Minimal Important Change (41% change); GPE: Global Perveived Effect; Quick-DASH: The short version of the Disability
of the Arm, Shoulder and Hand Questionnaire (Quick-DASH); VAS: Visual Analog Scale; WHO-5: The World Health
Organization-Five Well-Being Index38; EQ-VAS: European Quality of life - Visual Analog Scale39; PSEQ(4): Pain Self-Efficacy
Questionnaire - 4 item*%; TSK-13: Tampa Scale of Kinesiophobia 13 item#!; UCLA-as: University of California Los Angeles
Activity Scale*?; *Metabolic syndrome defined as 2 or more positive factors out of: 1)Medication due to hypertension; 2)
Medication due to Triglycerides/HDL; 3) Insulin resistance; 4) Waist-To-Height ratio >0.5.

Analysis methods

All descriptive statistics and statistical analysis will be reported in accordance with the
recommendations of the “Enhancing the QUAlity and Transparency Of health Research”
(EQUATOR) network#3 and the CONSORT statement.#4 Visual inspection (QQ-plot,
histograms, and scatterplots) of the standardised residuals from the statistical model will be
used to assess the assumption of normality and homogeneity of variances. Following the
flow diagram (Figure 1), which outlines the population included in the intention-to-infer
analysis, baseline characteristics will be summarised by study group (Table 1).4°> This table
will include demographic variables, relevant medical history, and other baseline factors
potentially associated with exposure and the outcomes of interest.2?

To analyse observational data for causal treatment effects, the most important
methodological challenge is to control bias due to lack of randomisation. With the rising
challenge of analysing more complex observational data, the propensity score has been the
foundation for many of these approaches. Bias control methods based on propensity scores
have become widely accepted. To define the propensity score, we introduce the following
notation: let X = (X4,..., Xni) represent n confounders that are measured prior to intervention
initiation (referred as “baseline confounders” below), then Xi = (X1i,..., Xni) is a vector of the
value of the n confounders for the ith subject. Let T represent the available interventions,
with T = 1 indicating the subject is in the group initially allocated to surgery and T = 0
meaning the subject in the control group (ie, referral to non-surgical intervention). For the ith
subject, the propensity score is the conditional probability of being in the treated group
given their measured baseline confounders,

16



The VHS Shoulder Cohort emulation trial: Statistical Analysis Plan, Version: 1.0
Prob (X)) =(Ti=1| X))

Intuitively, the propensity score provides a way to simulate randomisation when actual
randomisation is not feasible. By conditioning on the propensity score, we aim to ensure that
each subject has an equal chance of receiving treatment, thereby balancing the distributions
of measured baseline confounders between treatment and control groups. The stabilized
inverse probability treatment weighting (sSIPTW) approach will be used as the analysis. A
multivariable binomial logistic regression model will be utilised to generate the propensity
scores.

The primary analyses will be based on the Intention to Treat (ITT) population.
Categorical endpoints (e.g., the proportion achieving PASS/Quick-DASH MIC after 1 year)
will be analysed using logistic regression, with treatment group and stratification factors as
covariates, based on the [PW data provided initially. The primary estimand will be the odds
ratio (OR) with 95% confidence intervals (CIs) derived from the fully adjusted logistic
regression model. The main analysis will use inverse probability weighting, with further
adjustment for stratification variables. The OR will represent the treatment effect, with Cls
providing the range within which the true treatment effect is expected to lie with 95%
certainty. A p-value will be reported to assess the statistical significance of the treatment
effect, testing the null hypothesis of no difference between groups. An OR >1 indicates higher
odds of achieving the PASS/Quick-DASH MIC outcome with surgical treatment, while an OR
<1 indicates lower odds. For secondary objectives, categorical outcomes will be analysed
using the same approach as the primary endpoints, while continuous outcomes will be
analysed as change from baseline using repeated-measures mixed-effects linear models.
Patient identification number will be included as a random effect. Fixed effect factors will
include baseline score, treatment group (Shoulder Surgery vs Nonoperative Treatment),
time point (baseline, 3, 6, and 12 months), stabilised inverse probability of treatment
weighting (sIPTW), and treatment-by-time interactions.

Sensitivity analysis will be performed with the purpose to test the robustness of
the primary analyses, based on the per-protocol population, if >5% of the total number of
patients in one treatment group are major protocol violators. The per-protocol analysis set
will include: 1) patients who in the surgical group were ‘allocated (initial clinical decision at
first medical examination) to receive surgery, and have a record of the surgery was
performed in the REDCap database, including date and type of surgery performed, 2) patient
who in the non-surgical group were allocated (initial clinical decision at first medical
examination) to receive non-surgical treatment and a minimum of 1 record, in the REDCap
database, of receiving non-surgical intervention after the initial clinical examination as well
as no record of surgery performed.

Subgroup analyses will be performed if imbalance is seen in the applied
stratification sequence, only including diagnostic subgroups with balanced patient
distributions between surgical treated patients and non-surgical treated patients.

Missing data

Missing data are ignorable only when they are missing completely at random (MCAR),
meaning no systematic differences exist between missing and observed values. More
commonly, data are assumed to be missing at random (MAR), where any systematic
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differences can be explained by observed variables.2” Under the MAR assumption, repeated
measures mixed-effects models or multiple imputation is recommended as it yields valid
standard errors, P values, and confidence intervals.#¢ For categorical efficacy endpoints,
missing data at 1 year from baseline will be addressed through non-responder imputation,
which is supposedly representing a conservative approach. For continuous efficacy
endpoints repeated measures mixed effects models will handle missing data; missing data
will be handled indirectly with the use of the mixed-effects linear-models approach with an
assumption that data were missing at random, in accordance with the working assumption
underlying these models.*”

Additional analyses
No additional analyses are planned.

Harms
No data on harm was collected.

Statistical software

All statistical analyses will be conducted using SAS (SAS Institute Inc) and R (R Foundation
for Statistical Computing). SAS will be used primarily for data management and modeling,
while R will be applied for supplementary analyses, data visualisation, and reproducibility
checks.
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Tables:

Table 1. Baseline Characteristics of the Patients in the ITT population. *

Non-
Surgical Surgical
group group Between-Group
Differences (95% Standardised
(N=77) (N=77) (§))] Differences

Female sex — no. (%)

Age —yr
Height — m
Weight — kg

Body-mass index — kg/m?2

Education level beyond high school —
no. (%)

Employment
Employed for wages — no. (%)
Self-employed — no. (%)
Unemployed — no. (%)
Sick leave — no. (%)
Retired — no. (%)
Other — no. (%)
Substance use
Current smoker — no. (%)

Alcohol consumption above
recommendationst — no. (%)

Index shoulder right — no. (%)

Duration of shoulder symptoms —
months

Previous treatment for current
shoulder disorder

Physiotherapist/Chiropractor — no.
(%)

Corticosteroid injection — no. (%)

Used pain medication in the past week
due to shoulder-related pain

Paracetamol — no. (%)
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Ibuprofen — no. (%)
Morphine or opioids — no. (%)

Other — no. (%)

Diagnostic group
Degenerative — no. (%)
Non-Specific shoulder pain — no. (%)

Non-traumatic instability/luxation —
no. (%)

Traumatic injury — no. (%)

Quick-DASH scoret — 0 to 100

VAS Shoulder pain Maximum§ — 0 to
100

VAS Shoulder pain Activity§ — 0 to
100

VAS Shoulder pain Rest§ — 0 to 100

VAS Shoulder related sleep
Disturbance§ — 0 to 100

* Plus-minus values are mean +SD unless otherwise indicated.

+ The Danish Health Authority guideline recommends alcohol consumption lower than 7 units per week for females and 14
units per week for males to have a low risk of developing diseases.*8

¥ The short version of the Disability of the Arm, Shoulder and Hand Questionnaire (Quick-DASH) ranges from 0 to 100, with

higher scores indicating worse disease status.

§ Visual Analog Scale (VAS) ranges from 0 to 100, with higher scores indicating worse status.

Table 2. Primary and Key Secondary Outcomes at 1 year in the Intention-to-Treat Population.*

NON-SURGICAL

VARIABLE SURGICAL GROUP GROUP BETWEEN GROUP
PRIMARY OUTCOME
OR (95%CI)
Crude Adj. p-value

PASS - no. (%)

QUICK-DASH MIC -
no. (%)

KEY SECONDARY OUTCOME

GPE - OVERALL
SHOULDER
PROBLEMS - no. (%)
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Quick-DASH - 0 to
100

VAS SHOULDER
PAIN MAXIMUM - 0
to 100

VAS SHOULDER
PAIN ACTIVITY - 0
to 100

VAS SHOULDER
PAIN REST - 0 to
100

VAS SLEEP
DISTURBANCE - 0 to
100

Mean change
from baseline

SE

The VHS Shoulder Cohort emulation trial: Statistical Analysis Plan, Version: 1.0

Mean change
from baseline

SE

LSMean difference (95% CI)

Adj.

p-value

PASS: Patient Acceptable Symptom State; GPE: Global Perceived Effect; Quick-DASH: Short form of Disability of the Arm, Shoulder and Hand
questionnaire; VAS: Visual Analog Scale. * All analyses will be based on the ITT population: For dichotomous outcomes, logistic regression
will be applied, with treatment group and stratification factors as covariates, based on the IPW data (missing data at 1 year from allocation
will be addressed through non-responder imputation); The primary estimate will be the odds ratio (OR) with 95% confidence intervals
(CIs) derived from the logistic regression model. For continuous outcomes, repeated measures linear mixed effects models (with no
imputation for missing data) will be applied; Estimates are mean change from baseline and standard deviations with difference between

groups reported with 95% confidence intervals.
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Patients referred to the orthopedic department at University Hospital of Southern Denmark, Vejle Hospital.
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Figure 1: CONSORT flow-chart. Surgical group (Intervention), Non-Surgical group

(Comparator)
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