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Abstract (291 words/max. 300)
BACKGROUND: The Musculoskeletal Health Questionnaire (MSK-HQ) was developed to measure the health status of patients with various musculoskeletal conditions across multiple settings including rehabilitation.
AIM: Formal translation and cross-cultural adaptation of the MSK-HQ into German (MSK-HQG), to determine test-retest-reliability, standard error of measurement (SEM), smallest detectable change (SDC), construct validity, responsiveness, minimal important change (MIC), and to test for floor or ceiling effects.
DESIGN: Cohort study with six weeks follow-up.
SETTING: Seven physiotherapy clinics/rehabilitation centres. 
POPULATION: Patients with a referral for physiotherapy indicating musculoskeletal complaints of the spine or extremities.
METHODS: Translation and cross-cultural adaptation were carried out in accordance with guidelines provided by the developers. As reference standards we used pain intensity (0-10 numeric rating scale), quality of life (EQ5D-5L) and disability measures (RMDQ, NDI, WOMAC and SPADI) that were combined using z-scores. 
RESULTS: On 100 patients (age 44.8±13.4 years, 66% female) the test-retest-reliability intraclass correlation coefficient was 0.87 (95% CI 0.72; 0.93) and for construct validity correlation with the combined disability measure was rs = -0.81 (95% CI -0.88, -0.72)r = -0.80 (95% CI -0.87, -0.70), the SEM was 3.4, the SDC (individual) 9.4, and the MIC 8.5.
CONCLUSIONS: Overall, the study provides evidence for good reliability and validity for the MSK-HQG. Further studies in different settings and diagnostic subgroups should follow to better understand the psychometric properties of this measure in primary care, rehabilitation and specialist care settings.
CLINICAL REHABILITATION IMPACT: The results demonstrate that the MSK-HQG has sufficient psychometric properties for use in musculoskeletal research and practice. However, the SDC should be kept in mind when using the tool for individual patients. The MSK-HQG has the advantage of being a single instrument that can measure musculoskeletal health status across different pain sites, reducing the burden from the use of multiple tools.  
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[bookmark: _Toc3671210]Introduction
Musculoskeletal (MSK) diseases, such as back pain, neck pain or osteoarthritis are among the leading causes of disability-adjusted life years and often have a chronic course.1-3 The prevalence of and disability caused by some MSK conditions has risen substantially over the past decades and it is assumed that this development continues due to aging populations.4 Therefore, prevention and rehabilitation for these conditions is a research priority.4, 5 
[bookmark: _Hlk19992937]Patient-reported outcomes (PRO) are used to gather information about the state of health from the patients themselves, most often using questionnaires. Over the recent years PROs have increasingly been adopted in research and clinical practice.6, 7 Domains addressed for patients with musculoskeletal complaints often include pain, disability and quality of life.8 Different factors influence the course of musculoskeletal conditions and are important to consider.9 PROs can largely be divided into two categories: disease-specific measures and generic measures which can be used across different diagnoses.10 Established examples are the back pain specific Roland Morris Disability Questionnaire (RMDQ) or the generic EuroQol five-dimension, five-level version (EQ-5D-5L).11 An instrument used in rehabilitation and specifically developed for patients with musculoskeletal conditions, covering the spine and the extremities is the Short Musculoskeletal Function Assessment (SMFA). Such cross cutting instruments are advantageous for clinical practice meaning a reduced administrative burden especially as often patients present with MSK pain from several sites simultaneously.8 Nevertheless, the SMFA has some substantial limitations as it is lengthy with 46 items and its development and psychometric properties were primarily undertaken on patients with trauma of an extremity rather than common musculoskeletal complaints.12 
Recently the Musculoskeletal Health Questionnaire (MSK-HQ) was developed and validated.13 With 14 items it is a short and therefore practical instrument and is intended to be used throughout the musculoskeletal care pathway and for different pain sites (e.g. back or knee). Initial validation of the MSK-HQ was promising as it has demonstrated high completion rates, good test-retest reliability and strong convergent validity, when compared to relevant condition specific instruments.13 Patients and clinicians were involved in the development process to facilitate relevant content validity and ensure its usefulness for routine clinical practice, e.g. for patient communication and clinical decision making. With items on emotion, sleep and self-confidence to manage the condition, alongside traditional items on pain and disability, it provides a holistic view of the impact of the condition fitting to the rehabilitation perspective.13, 14 
The aim of this study was, to translate and cross-culturally adapt the MSK-HQ into German and evaluate its measurement properties in terms of 1) test-retest-reliability, 2) standard error of measurement (SEM) and smallest detectable change (SDC), 3) construct validity, 4) responsiveness and 5) minimal important change (MIC).

[bookmark: _Toc3671211]Materials and methods
[bookmark: _Toc3671212]Translation and cross-cultural adaptation
The translation and cross-cultural adaptation were performed in collaboration with a representative of the research group developing the questionnaire (JCH). It was carried out in accordance with  guidelines provided by the licence owner that are closely aligned to internationally accepted standards.15 Two native German speaking translators, one of whom was a professional translator with experience in the medical field and one a lay person without medical knowledge. To consider language variations across different German-speaking countries, two additional translators from Switzerland and Luxembourg (native speakers) participated. The translators were asked to note any remarks and questions arising during the process. The four forward translations were synthesized by a German member of the steering committee into a final forward version and adjusted in correspondence with the translators. A concept elaboration document was provided by the developers to support the process. Within the document word meanings were clarified and specific constructs were explained. The backward translations were done by two English native speakers, one with medical knowledge. The translations were sent for discussion to the developers of the original English version, who confirmed they were appropriate. During the process difficult formulations were noted and different suggestions documented to test alternatives during pre-tests. 
To check for acceptability and comprehensibility a pre-test was carried out with 14 German patients from a physiotherapy clinic. Eligibility criteria for participation were age ≥18 and a physiotherapy referral due to musculoskeletal complaints. Participants were selected using a purposeful sampling strategy considering the criteria age, gender, region of complaints, duration of symptoms, and number of treatment sessions. Utilized methods were the Think-Aloud and Response Latency method and a semi-standardized interview guide considering experiences from the translation process.16, 17 The discussions were audiotaped, transcribed and coded using a content analytic approach.18 Pauses for thoughts were noted as remarkable, if they lasted longer than five seconds. Moreover, it was documented if the patients did not answer questions of the German version of the MSK-HQ (MSK-HQG) if they were not reminded. 

[bookmark: _Toc3671213]Study design for psychometric properties
This was a prospective cohort study. Patients were recruited in seven facilities (1 hospital outpatient physiotherapy clinic, 2 outpatient rehabilitation centres and 4 physiotherapeutic clinics) spread across three federal states. It took place between November 2017 and December 2018.   
To be included the patients had to be 18 to 70 years and visiting the clinic with a referral for physiotherapy indicating musculoskeletal complaints of the spine or extremities. The nature of the complaints could be degenerative or traumatic and concern the shoulder, the knee or hip, the cervical or the lumbar spine. Patients who had undergone surgery in one of these regions were also included. Patients with a private health insurance (approximately 10% of the potential sample19) were not invited for participation since their referral forms did not give sufficient information to check inclusion criteria. Excluded were patients not able to read and understand German questionnaires and those who had undergone physiotherapy treatment within the previous 12 weeks. 
Patients were asked to complete questionnaires at three time points:  initial assessmentbaseline (T0, preferably before treatmentcontact with the therapist), retest (T1, before second treatment session) and follow-up (T2, questionnaire sent five weeks after T0). If it was necessary due to organizational structures in the physiotherapy clinics, instead of filling in the questionnaires before the first contact with the therapisttreatment session, it was possible to answer them immediately afterwards. The concrete time point (before or after first treatment session) was documented for the individual patient on a pre-defined form. 
All participants gave written informed consent prior to participation. Ethical approval for the trial was granted by the Ethics Committee of the Faculty of Medicine of the University of Tübingen (No 699/2016BO2, Nov 17 2016). For non-consenters age and gender were documented.


[bookmark: _Toc3671214]Instruments
[bookmark: _Hlk38830239][bookmark: _Hlk38828035]All patients were given the MSK-HQG. The instrument consists of 14 items. With two exceptions the responses of each item are operationalized on a five-point verbal rating scale ranging from 4 = ‘not at all’ to 0 = ‘extremely’. Similar to the original English version, Tthe responses of items 12 and 13 (‘understanding of your condition’, item 12; ‘confidence […] to manage your symptoms’, item 13) are given in reverse order, since in their case, in contrast to the other items, the answer ‘not at all’ indicates a deficit with 0 points being allocated. The points were combined into a sum score ranging from 0 to 56 points, with a higher score suggesting a better musculoskeletal health status.13 To measure quality of life and to enable comparability with the original version the EQ-5D-5L was used.13, 20 Three eleven-point box-scales for least, average (over the previous two weeks), and current pain were used to measure pain intensity.21 Current health status was captured using a five-point verbal rating scale ranging from overall poor to excellent health (a presentation of instruments per time point is given in Table I). 
[bookmark: _Hlk38828853]To assess disability available and validated German questionnaires were chosen. Depending on the patients’ complaints one of the following instruments were added: German version of the Neck Disability Index (NDI)22, Shoulder Pain and Disability Index (SPADI)23, Roland Morris Disability Questionnaire (RMDQ)24 or Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)25.  
In addition to the MSK-HQG at T1, the patients had to answer a question concerning global perceived change in comparison to the time point of the initial assessment using a five-point verbal rating scale with the following response options (‘complaints much worse’, to‘complaints slightly worse’, ‘complaints not changed’, ‘complaints much better’ or ‘complaints much better’.26, 27 At T2 in addition to the MSK-HQG the patients again received the EQ-5D-5L11, the questions on pain intensity and the scale on global perceived change. Again, at T2 all participants completed the complaint specific reference standard measure.

[bookmark: _Toc3671215]Statistical analyses 
Recommendations for sample-size estimates for quantitative studies on health status questionnaires range between 50 and 100 participants (28, 31). To secure a sufficient size and in case of an advantageous distribution of subgroups, to enable preliminary subgroup analyses, a sample of 130 patients was aimed for. 
To examine test-retest reliability the intraclass correlation coefficient (ICC (2,1), based on two-way random effect, absolute agreement model) was used to test overall MSK-HQG score agreement between T0 and T1.28, 29 An ICC above 0.70 is considered adequate.29 Additionally, Cohen’s quadratic weighted Kappa coefficient (κW) was calculated to examine individual item agreement.30
The standard error of measurement (SEM=SDDiff/√2) and smallest detectable change (SDC=1.96×√2×SEM) were calculated to determine the extent to which changes can be considered relevant to patients or differences can be assumed being no result of measurement error.28, 29, 31
[bookmark: _Hlk38567999]To test for internal consistency Cronbach’s Alpha was determined. A coefficient above 0.7 is considered to be acceptable, above 0.8 to be good and above 0.9 to be excellent.27 
To assess construct validity, Spearmans RhoPearson correlation coefficients were calculated. Spearmans Rho was chosen since it does not require linearity or interval scaling.32 The following combinations were analysed: MSK-HQG/pain, MSK-HQG/quality of life (EQ-5D-5L) and MSK-HQG/disability (combined reference standard). for the MSK-HQG versus pain and quality of life using the EQ-5D-5L and compared to the coefficients calculated for comparisons with the disability reference standard measures (RMDQ, NDI, WOMAC disability-scale, SPADI disability-scale). Since the sample size clearly fell short of the recommended threshold (≥ 50 participants29) for each pain site within the timeframe set for recruitment, the scores of the reference standard measures for the patients with back, neck, shoulder and lower extremity complaints (RMDQ, NDI, WOMAC disability-scale and SPADI disability-scale) were combined in one variable after standardization (z-scores).33 Since combination of scores is not a standard procedure, a sensitivity analysis for MSK-HQG/disability was done by calculation of four correlations, each time excluding one of the subgroups (back, neck, shoulder and lower extremity) from the combined score. 
A priori, it was hypothesised that the MSK-HQG would correlate more strongly (higher values) with the reference standard measure scores than with the EQ-5D-5L scores 28. In addition, the MSK-HQG change scores were compared for the named combinations. to the change scores of the EQ-5D-5L, pain intensity and the combined disability score.
The effect size (ES = mean change/SDbaselineinitial) for the change at Tt2 was calculated for the MSK-HQG and to enable comparison the same coefficient was calculated for the EQ-5D-5L27. Moreover, to support interpretation Spearmans Rho coefficients were calculated comparing the MSK-HQG and EQ-5D-5L change scores (with values for global perceived change). 
For interpretability the minimal important change (MIC) values were estimated based on Receiver Operating Characteristic (ROC) curves using the closest to the top-left method.34 Patients were divided into two groups based on their global perceived change response with the categories ‘unchanged’ and ‘slightly better’ (group 1) dichotomised against ‘much improved’ (group 2). Responsiveness to worsening was not analysed, as only few patients rated their complaints to be ‘worse’ or ‘much worse’. As MIC values can be affected by baseline scores from initial assessment, the analysis was repeated for relative change scores (i.e., change scores expressed as percentages of the initialbaseline scores).35 Alternative methods to derive MIC estimates do exist.36, 37 However, we chose to use the ROC curve method to preserve comparability with other studies in the field38 and communicability with readers unfamiliar with alternative methods.
Floor and ceiling effects were defined as present if > 15 % of the responders achieved the lowest or highest possible MSK-HQ score.29
In case of missing values/loss to follow-up the cases were excluded from the respective analysis. All statistical tests were two-sided and a significance level of alpha = 5% was used.


[bookmark: _Toc3671216]Results
[bookmark: _Toc3671217]Translation and cross-cultural adaptation
Several changes were made during the forward-backward translation process. The adaptation of the term ‘symptom’ concerned several items. In agreement with the developers the term ‘complaint’ was used as reference as its translation is easier to understand by German patients. Moreover, in line with the MSK-HQ’s concept elaboration document the terms ‘condition’ (item 12) and ‘work’ (item 6) were complemented by the terms ‘medical’ and ‘occupational’ to clarify the constructs. Alternative formulations were documented during forward-/backward-translation for items 1, 2, 5, 8 and 12 (for the phrases ‘usual’ (item 1 and 2), ‘How much has it been a problem’ (item 5), ‘Needing help’ (Item 8) and ‘Understanding’ and ‘Thinking about your joint or muscle symptoms, […]?’ (Item 12) from the original version). Subsequently, they were tested during pre-tests with the 14 patients. The analysis showed that the MSK-HQG fits to the original MSK-HQ. For items 3, 6, 7, 12 and 13 pauses for thoughts of more than five seconds were noted, but only one patient skipped one item without answering it (item 12). The response options for item 12 were adapted, since in the first version the grading was perceived as inadequate. Pilot testing results were sent to and confirmed by the original developers.

[bookmark: _Toc3671218]Psychometric properties
Demographic data

Of the 178 people who were invited 100 (56%) agreed to participate. The mean age of the participants was 44.8 (SD 13.4) years. Consenters were more often female than non-consenters (66% versus 45%) and of younger age (mean age: 46.6 versus 53.4). Seventy-nine patients (79%) answered the questionnaires before the first treatment session, and 15 (15%) answered it afterwards (for 6 patients the time point before/after first treatment was not documented). There were 43 lower back, 28 neck, 14 shoulder and 15 hip/knee patients. Eight patients (8%) received the treatment due to previous surgery. More details on the characteristics of the study population are given in Table II. 
Descriptive analysis of initialbaseline and follow-up scores

The follow up questionnaires sent to the patients at T1 and T2 were returned by 83% and 80% of the participants, respectively. Non-responders at T1 and T2 did not differ noticeably from responders considering gender and age. The median time interval between T0 and T1 was 4 (IQR 5) days and between T0 and T2 57 (IQR 15) days. With 0% of patients having an MSK-HQ total score of 0 points and 1% with the maximal score of 56 points no floor or ceiling effects were observed. The mean MSK-HQ score for the total sample and per pain site are presented in Table II and Table III. 
Reliability
For the test-retest reliability (T0 versus to T1) of the overall MSK-HQG score the ICC was 0.87 (95% CI 0.72; 0.93. The SEM was 3.4 and the SDCind was 9.4. For individual items the median κW was  0.75 (range 0.41 (item 1) to 0.84 (item 9)) (Table IV).39 Cronbach’s Alpha was α = 0.92.
Construct validity
Correlations for MSK-HQG against quality of life (EQ-5D-5L) and pain intensity measures at baseline t0 were rs = 0.753 (95% CI 0.651, 0.831) and rs = -0.658 (95% CI -0.758, -0.513), respectively. Correlation for MSK-HQG with the standardized/combined disability score was also large at rs = -0.810 (95% CI -0.887, -0.720) and was higher than the MSK-HQG’s correlation with quality of life measured by the EQ-5D-5L. Table V displays the sensitivity analysis with single subgroups excluded.
Responsiveness
The correlation between the MSK-HQ change scores and change scores for EQ-5D-5L, pain intensity and combined disability change score were significant with rs = 0.641 (95% CI 0.496, 0.765), rs = -0.543. (95% CI -0.689, -0.365), rs = -0.620 (95% CI -0.754, -0.442), respectively. 
According to the question on global perceived change 22 patients (27.8 %) reported to be ‘improved’, 38 (48.1 %) to be ‘much improved’, 13 patients (16.5 %) were ‘unchanged’ and 6 patients (7.6 %) were ‘worse’ at T2. The overall mean change score for the MSK-HQG T0 to T2 was 8.5 (SD 11.3). A moderate effect size of ES = 0.75 resulted. The mean change score and the effect size for EQ-5D-5L were 0.09 (SD 0.21) and ES = 0.48. The correlations between global perceived change at T2 and MSK-HQG change scores were rs = -0.53 (95% CI 0.33, 0.71), for EQ-5D-5L rs = 0.49 (95% CI 0.27, 0.67).
The ROC curves calculated for clinical interpretability are illustrated in Figure 1a and b. Compared are ROC curves for absolute and relative change scores of the MSK-HQG and the EQ-5D-5L index at T2. For both cohorts the MSK-HQG demonstrated greater responsiveness (higher AUCs), than the EQ-5D-5L. 
Minimally important change

The minimal important change is MICROC = 8.5 for the MSK-HQG with an area under the curve of AUC = 0.78 (95% CI 0.67, 0.89). The area for the EQ-5D-5L was AUC = 0.68 (95% CI 0.55, 0.80). The percentage of patients reaching the MIC-threshold calculated for the MSK-HQG was 48.1%. For the relative change score the MICROC = 22% with an AUC = 0.73 (95% CI 0.61, 0.85) versus in contrast to an area of AUC = 0.67 (95% CI 0.54, 0.79) for the EQ-5D-5L. The percentage of patients reaching the MIC-threshold for relative change scores calculated for the MSK-HQG was 45.5%.
[bookmark: _Toc3671219]
Discussion
The results of this study demonstrate that the MSK-HQG has good test-retest-reliability and excellent internal consistency. Construct validity was confirmed and performance compared against existing site-specific disability measures, pain intensity, and a commonly used health related quality of life measure was good. Moreover, the instrument showed to have no floor or ceiling effects.
The MSK-HQ enriches the library of self-reported tools available for assessment in physiotherapy and rehabilitation settings. With a growing number of different language versions of the MSK-HQ, internationally coordinated studies to compare patients’ health outcomes in rehabilitation and across settings will be possible. It has been called for such instruments which are practical and moreover applicable for multiple musculoskeletal pain sites.8 The findings of this study are important as they add knowledge about the psychometric properties of instruments fitting these needs. 
To determine construct validity, the MSK-HQG score was administered together with scores of reference instruments. Used were standard measures for disability and health related quality of life. Overall good correlation coefficients resulted. This fits to the idea that the construct ‘Musculoskeletal quality of health’ of the MSK-HQ is related to both constructs, but still is unique. The original version of the MSK-HQ showed coefficients around 0.8 for health related quality of life of patients with inflammatory arthritis and of patients from a physiotherapy cohort, which is a slightly stronger correlation than demonstrated in this study for the MSK-HQG.13, 40 
[bookmark: _Hlk38832195]Clinicians need to be aware, that the SDC (9.4) for the MSK-HQG was roughly one point higher than the determined MIC (8.5). This is important as we suggest that clinicians should only consider an individual’s MSK-HQG score, which changes by at least 10 points, to be considered clinically meaningful. The MIC for the original version of the MSK-HQ of 5.5 points, calculated by Price et al., was distinctly lower.41 , but next to differences between the original and the translation this might be related to differences between the samples with many patients who received surgery in the UK-cohort or a different anchoring. However, other coefficients were comparable. For example, the correlation of the MSK-HQG change scores with those of the EQ-5D-5L was moderate, which was the same for the original UK physiotherapy cohort reported by Price et al.41 Also in alignment with previous work the effect size for the MSK-HQG was higher when compared to the EQ-5D-5L, although the CIs were overlapping.41 It will be interesting to keep under review if future studies will underpin these larger effect sizes for the German version. They are a relevant factor when comparing the MSK-HQ against the EQ-5D-5L, as for the latter the limited sensitivity to change is documented.42 
With pain, fatigue, physical function, symptom interference, sleep, self-efficacy and psychological well-being the MSK-HQ comprises seven domains. The items ‘understanding of your condition’ (item 12) and ‘confidence […] to manage your symptoms’ (item 13) were shown to be least stable in two previous studies on the original version.13, 40 Norton et al.40 have highlighted that ‘understanding’ or in terms of the self-regulation model of illness ‘illness coherence’43 and ‘confidence’ in the sense of ‘self-efficacy’44 are not well related to the severity of MSK-conditions. They even calculated a reduced score excluding these two items. Nevertheless, we would recommend these items are still used as they address important goals to achieve with the patient45 and emerged as important to patients when the MSK-HQ items were selected. The possibility of measuring the progress of a patient’s understanding of their condition, as well as how their self-efficacy changes with treatment, has been shown to have strong clinical and patient face validity.40 For the MSK-HQG the properties determined for the addressed items were not remarkable. 
[bookmark: _Hlk38562959]The key strengths of this study were the rigorous use of pre-defined guidelines including intensive pre-tests and a low loss to follow-up. Limitations are that study consenters were more often female and younger of age then the non-consenters and that subgroup analyses were not possible. Moreover, it has to be noted that in some cases the MSK-HQG was answered after first contact with the therapist and not before. This might have influenced the coefficients, but with only 15% of cases we consider its potential impact to have been small and for determining responsiveness it is more likely to have led to an underestimation rather than overestimation of our estimates.    
The sample size reached the requirement of 50 to 100 participants recommended in the literature,28, 29 but even after an extended recruitment period the size was not sufficient to carry out preliminary subgroup analyses for each pain site (back, neck, shoulder or hip/knee). Studies with larger samples enabling such analyses or focusing on one pain site should be conducted in future. Moreover, future studies might include a head-to-head comparison with the MSK-HQG against the SMFA, which is an alternative instrument in German that is designed for musculoskeletal patients across a range of diagnoses.12 Whilst, the findings from this study suggest the reliability and responsiveness of the two instruments maybe similar, we would recommend that a future study performs a direct comparison. 
[bookmark: _Hlk38570416]The Cochrane Back and Neck Group considers that a minimum loss to follow-up of 70% for long-term and 80% for short-term time periods is unlikely to lead any retention bias. With 79% our follow-up result rose above the first threshold and gets even close to the second one for long-term time periods.46 The return for test-retest-reliability was lower and therefore the possibility for bias in this case is higher. Still, the CI for the calculated ICC seem robust.
[bookmark: _Hlk38917091]Almost half of the participants were seeking care due to back pain. This meant that they had a strong influence on the established coefficients, likely indicated by the sensitivity analysis conducted for construct validity. Nevertheless, all combinations of the sensitivity analysis showed at least a good correlation.  

[bookmark: _Toc3671221]Conclusions
With good test-retest-reliability, and good face and construct validity the MSK-HQG fulfills the demand for instruments that are applicable across multiple musculoskeletal conditions and across different rehabilitation settings, although the relatively high MIC should be kept in mind. With the growing number of different language versions available internationally coordinated studies will be enabled. 
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Table I	Time points and instruments administered
	Time point
	Instruments

	T0 (initial assessmentbaseline)
	MSK-HQG, EQ-5D-5L, pain intensity
Depending on diagnosis: RMDQ, NDI, SPADI, WOMAC

	T1 (retest)
	MSK-HQG, global perceived change

	T2 (responsiveness)
	MSK-HQG, EQ-5D-5L, pain intensity, global perceived change
Depending on diagnosis: RMDQ, NDI, SPADI, WOMAC


EQ-5D-5L: EuroQol five-dimension scale, MSK-HQG: Musculoskeletal Health Questionnaire, German Version, NDI: Neck Disability Index, RMDQ: Roland Morris Disability Questionnaire, SPADI: Shoulder Pain and Disability Index, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

Table II	Characteristics of the study population
	[bookmark: _Hlk6859258]Mean age in years (SD) n
	44.8 (13.4)
	N = 100

	Gender %, n
	
	

	Female
	66
	66

	Male
	34
	34

	 Total
	
	100

	Mean Body-Mass-Index in kg/m2 (SD) n
	25.9 (4.79)
	96

	Education %, n
	
	

	No graduation
	2.1
	2

	O-level
	34.4
	33

	A-level
	63.5
	61

	Total
	
	96

	Work status %, n
	
	

	Working ≥ 35 hours
	49.5
	48

	Working < 35 hours
	26.8
	26

	Trainee/retrainee/prentice
	23.7
	23

	Total
	
	97

	Sickness certificate previous 12 weeks %, n
	
	

	No
	65.3
	62

	Yes
	34.7
	33

	Total
	
	95

	Symptom duration %, n
	
	

	< 12 weeks
	41.8
	41

	≥ 12 weeks
	58.2
	57

	Total
	
	98

	Mean (SD) pain intensity (0-10) n
	3.6 (1.91)
	98

	Mean (SD) MSK-HQG, n
	31.9 (11.2)
	97

	Mean (SD) EQ-5D-5L, n
	0.76 (0.186)
	98


Abbreviations: EQ-5D-5L: EuroQol five-dimension scale, MSK-HQG: Musculoskeletal Health Questionnaire, German Version, SD: standard deviation


Table III	MSK-HQ-G scores per diagnostic group
	Time point
	T0
	
	
	T1
	
	
	T2
	
	

	Group
	Mean
	SD
	n
	Mean
	SD
	n
	Mean
	SD
	n

	Back
	30.83
	(12.90)
	42
	30.27
	(11.62)
	30
	39.72
	(9.30)
	32

	Neck
	34.86
	(8.91)
	28
	35.65
	(8.63)
	20
	44.29
	(8.70)
	21

	Hip/knee
	31.14
	(11.61)
	14
	34.17
	(10.03)
	12
	38.00
	(14.19)
	12

	Shoulder
	30.08
	(9.04)
	13
	32.67
	(3.84)
	09
	37.29
	(9.68)
	14

	Total
	31.9
	(11.20)
	97
	32.7
	(9.95)
	71
	40.2
	(10.23)
	79


Abbreviations: MSK-HQG: Musculoskeletal Health Questionnaire, German Version, SD: standard deviation, T0: baselineinitial assessment, T1: retest, T2: responsiveness. N = 100




Table IV	Quadratic weighted Kappa coefficients of single item test-retest of the MSK-HQG per item  
	Item
	Kappa
	Lower CI, upper CI (95%)

	1
	0.41
	0.17, 0.62

	2
	0.76
	0.59, 0.88

	3
	0.71
	0.55, 0.82

	4
	0.78
	0.68, 0.85

	5
	0.59
	0.41, 0.75

	6
	0.76
	0.63, 0.85

	7
	0.77
	0.65, 0.86

	8
	0.79
	0.64, 0.91

	9
	0.84
	0.73, 0.92

	10
	0.84
	0.74, 0.90

	11
	0.64
	0.43, 0.79

	12
	0.66
	0.42, 0.80

	13
	0.75
	0.62, 0.83

	14
	0.66
	0.46, 0.80


Abbreviations: MSK-HQG: Musculoskeletal Health Questionnaire, CI: Confidence interval 





Table V	Sensitivity analysis subgroups
	Subgroups
	rs
	Lower CI, upper CI (95%)

	Back, neck and hip/knee (1)
	-0.82
	-0.888, -0.730

	Back, neck and shoulder (2)
	-0.82
	-0.888, -0.728

	Back, hip/knee and shoulder (3)
	-0.84
	-0.900, -0.736

	Neck, hip/knee and shoulder (4)
	-0.75
	-0.854, -0.597


rs: Spearmans correlation coefficient, CI: Confidence interval, (1) patients with shoulder complaints excluded, (2) hip/knee excluded, (3) neck excluded, (4) back excluded 










Figure 1a and b	Receiver-operating-characteristic curves representing (a) absolute and (b) relative T2 change scores of the MSK-HQ-G and EQ-5D-5L
a) Blue line: MSK-HQ-G AUC = 0.78; red line: EQ-5D-5L AUC = 0.68
b) Blue line: MSK-HQ-G AUC = 0.73; red line: EQ-5D-5L AUC = 0.67
