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English summary 
Introduction 
Shoulder disorders are the third most common musculoskeletal condition. Besides 
having a major impact on individuals' daily life, shoulder disorders are often associated 
with considerable consumption of resources. Because of a high incidence and 
prevalence, the economic consequences of shoulder disorders are considerable, but little 
is known about the economic burden on society.  
When conducting research and monitoring patients in clinical practice, assessing 
outcomes is essential to evaluate disease status, disease development and treatment 
efficacy. For this purpose, measurement instruments with satisfactory measurement 
properties are required. Thus, the aims of this thesis were:  
 
1) to estimate the direct and indirect costs associated with shoulder disorders in 
patients compared with matched controls from the general population, and to 
investigate if costs were higher for specific subgroups of patients (Study I) 
 
2) to evaluate the responsiveness and minimal important change (MIC) of patient-
reported outcome measures (PROMs) commonly used in shoulder disorders; Oxford 
Shoulder Score (OSS), EuroQol – 5 Dimensions (EQ-5D) and Fear-Avoidance Belief 
Questionnaire for physical activity (FABQ-PA) in patients with subacromial 
impingement syndrome undergoing arthroscopic subacromial decompression (Study II) 
 
3) to summarize evidence of the measurement properties of isokinetic dynamometers 
(ID) and handheld dynamometers (HHD) for assessment of shoulder muscle strength 
(Study III and IV) 
 
Methods 
Study I was a register-based cost-of-illness study including patients diagnosed with 
shoulder disorders between 2005 and 2017 and matched controls without shoulder 
disorders. Health care costs from the primary and secondary healthcare sector and costs 
of sick leave were included for a 6-year period, i.e. from one year before to up to five 
years after the time of diagnosis. Study II was a cohort study with 6-month follow-up 
including patients with subacromial impingement syndrome treated with 
decompression surgery. The responsiveness of the OSS, EQ-5D (EQ-5Dindex and EQ-5Dvas) 
and FABQ-PA was evaluated using the Global Rating of Change Scale as primary anchor 
and change in shoulder pain and the subjective shoulder value as secondary anchors. 
Study III and IV were systematic reviews of the literature including studies evaluating 
the reliability, measurement error or construct validity of ID and HHD. The reviews 
were performed in accordance with the COnsensus-based Standards for the selection of 
health Measurement INstruments (COSMIN) methodology.  
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Results 
In Study I, 617,334 unique individuals diagnosed with shoulder disorders and an equal 
number of matched controls were identified. The incidence rate increased by 26% from 
966 per 100,000 person years in 2005 to 1,215 per 100,000 person years in 2017. 
Individuals aged ≥65 years had health care costs 83% higher than individuals <65 years. 
Costs of sick leave accounted for about 70% of the total costs for individuals <65 years. 
The mean additional total costs (health care costs and costs of sick leave) of patients 
with shoulder disorders compared with matched controls for the 6-year period were 
€25,771 (95% CI 25,531; 26,012) for individuals aged <65 years and €11,334 (95% CI 
11,014; 11,654) for individuals aged ≥65 years. Furthermore, 20% of the cases 
accounted for 66% of the total costs. Estimated annual additional costs of patients with 
shoulder disorders compared with individuals without shoulder disorders were €1.21 
billion. 

In Study II, the area under the receiver-operating characteristic curve (ROC AUC) was 
0.96 (95% CI 0.91;1.00) for OSS, 0.82 (95% CI 0.66;0.99) for EQ-5Dindex, 0.73 (95% CI 
0.58;0.87) for EQ-5Dvas and 0.74 (95% CI 0.58;0.90) for FABQ-PA. The MIC results were 
6.0 points for the OSS, 0.024 for EQ-5Dindex, 10.0 for the EQ-5Dvas and -5.0 for FABQ-PA. 

In Study III and IV, the reliability of ID and HHD was overall sufficient with the majority 
of intraclass correlation coefficients ≥0.70. The quality of evidence was generally 
moderate or low for ID and high for HHD. The measurement error was rated not 
sufficient for either ID or HHD as none of the strata examined showed a sufficient 
proportion (≥75%) of minimal detectable change values ≤15%. The quality of evidence 
was generally moderate to very low for ID and high to moderate for HHD. The construct 
validity of HHD showed inconsistent results based on low quality of evidence.  

Conclusion 
Around 1.2% of the Danish population are seen in the secondary healthcare sector each 
year with a first-time diagnosis of shoulder disorder. The mean additional total costs for 
the 6-year period were €25,771 for individuals aged <65 years and €11,334 for 
individuals aged ≥65 years. Costs of sick leave accounted for 70% of the total costs for 
people in the working age, and a minor proportion of patients accounted for a 
substantial part of the total societal costs. In Denmark, expected annual costs associated 
with shoulder disorders were estimated at €1.21 billion. The OSS, EQ-5D and FABQ-PA 
revealed adequate responsiveness after arthroscopic decompression surgery and MIC 
estimates were established. The reliability of ID and HHD was sufficient for all positions 
and test modes. The measurement error was not sufficient and the ability of ID and HHD 
to measure changes less than 15% is questionable. In general, the quality of evidence 
was moderate to very low for ID and high to moderate for HHD.
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Dansk resumé 
Introduktion 
Skulderlidelser er den tredjehyppigste muskuloskeletale lidelse. Udover at have stor 
betydning for patienternes dagligdag er skulderlidelser ofte forbundet med et stort 
ressourceforbrug, og de økonomiske konsekvenser er betydelige ikke mindst på grund 
af den høje incidens og prævalens. Den samfundsøkonomiske byrde ved skulderlidelser 
er imidlertid kun sparsomt belyst.  

Det er essentielt at måle på udfald ved vurdering af sygdomsstatus, sygdomsudvikling 
samt effekt af behandling, både i forbindelse med forskning og monitorering af patienter 
i klinisk praksis. Til dette formål er det nødvendigt med måleinstrumenter med 
tilfredsstillende måleegenskaber. Formålet med denne afhandling var således: 

1) at estimere de direkte og indirekte omkostninger forbundet med skulderlidelser hos 
patienter sammenlignet med matchede kontroller fra den generelle befolkning, samt at 
undersøge om omkostningerne var højere for specifikke patientgrupper (Studie I) 

2) at evaluere følsomhed for ændring samt mindste relevante forskel (MIC) ved 
spørgeskemaerne Oxford Shoulder Score (OSS), EuroQol – 5 Dimensions (EQ-5D) og 
Fear-Avoidance Belief Questionnaire for fysisk aktivitet (FABQ-PA) hos patienter med 
afklemningssyndrom i skulderen, som gennemgår dekompressionskirurgi (Studie II) 

3) at opsummere evidensen for måleegenskaber ved isokinetiske dynamometre (ID) og 
håndholdte dynamometre (HHD) til vurdering af skuldermuskelstyrke (Studie III og IV). 

Metode 
Studie I var et registerbaseret "cost-of-illness" studie, som inkluderede patienter 
diagnosticeret med skulderlidelser i perioden 2005 til 2017 samt køn- og 
aldersmatchede kontroller uden skulderlidelser. Sundhedsomkostninger fra den 
primære og sekundære sundhedssektor og omkostninger til sygefravær blev inkluderet 
for en 6-årig periode fra et år før til op til fem år efter diagnosetidspunktet. Studie II var 
et kohortestudie med 6-måneders follow-up, som inkluderede patienter med 
afklemningssyndrom i skulderen behandlet med dekompressionskirurgi. Følsomhed for 
ændring for OSS, EQ-5D (EQ-5Dindex og EQ-5Dvas) og FABQ-PA blev evalueret ved hjælp af 
Global Rating of Change Scale som primært anker og ændring i skuldersmerte og 
Subjective Shoulder Value som sekundære ankre. Studie III og IV var systematisk 
litteraturgennemgange, som inkluderede studier, der evaluerede reliabilitet, 
måleusikkerhed og konstruktionsvaliditet ved ID og HHD. Litteraturgennemgangene 
blev udført i overensstemmelse med metoden beskrevet af COnsensus-based Standards 
for the selection of health Measurement INstruments (COSMIN).  
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Resultater 
I studie I blev der identificeret 617,334 unikke individer diagnosticeret med 
skulderlidelser. Incidensen af skulderlidelser steg med 26% fra 966 per 100,000 person 
år i 2005 til 1.215 per 100.000 person år i 2017. For individer ≥65 år var 
sundhedsomkostninger 83% højere end for individer <65 år. Omkostningerne til 
sygefravær bidrog med omkring 70% af de totale omkostninger for individer <65 år. De 
gennemsnitlige totale meromkostninger (sundhedsomkostninger og omkostninger til 
sygefravær) for patienter med skulderlidelser sammenlignet med kontroller var for den 
6-årige periode 25,771 € (95% CI 25,531; 26,012) for individer <65 år og 11,334 € 
(95% CI 11,014; 11,654) for individer ≥65 år. I alt tegnede 20% af patienterne med 
skulderlidelser sig for 66% af de totale omkostninger. De estimerede årlige 
meromkostninger for patienter med skulderlidelser sammenlignet med kontroller var 
1.21 milliarder € inklusive sundhedsomkostninger og omkostninger til sygefravær.  

I studie II var arealet under "receiver operating characteristic" kurven (ROC AUC) 0.96 
(95% CI 0.91;1.00) for OSS, 0.82 (95% CI 0.66;0.99) for EQ-5Dindex, 0.73 (95% CI 
0.58;0.87) for EQ-5Dvas og 0.74 (95% CI 0.58;0.90) for FABQ-PA. MIC-resultaterne var 
6.0 points for OSS, 0.024 for EQ-5Dindex, 10.0 for EQ-5Dvas og -5.0 for FABQ-PA. 

I studie III og IV var reliabiliteten af ID og HHD sufficient med størstedelen af "intraclass 
correlation coefficients" ≥0.70. Kvaliteten af evidensen var generelt moderat eller lav for 
ID og høj for HHD. Måleusikkerheden var insufficient eller ubestemmelig for både ID og 
HHD, idet ingen af de undersøgte strata havde en tilstrækkelig andel af resultater 
(≥75%), hvor den mindste målbare forskel var ≤15%. Kvaliteten af evidensen var 
generelt moderat til meget lav for ID og høj eller moderat for HHD. 
Konstruktionsvaliditeten af HHD viste inkonsistente resultater baseret på lav 
evidenskvalitet.  

Konklusion 
Omtrent 1.2% af den danske befolkning blev diagnosticeres med en skulderlidelse for 
første gang i den sekundære sundhedssektor. Omkostningerne til sygefravær udgjorde 
cirka 70% af de totale omkostninger for personer i den arbejdsdygtige alder, og en 
mindre andel af patienterne tegnede sig for en betydelig andel af de totale 
samfundsomkostninger. I Danmark blev de forventede årlige omkostninger forbundet 
med skulderlidelser anslået til 1.21 milliarder €. OSS, EQ-5D og FABQ-PA viste 
tilstrækkelig følsomhed for ændring efter artroskopisk dekompressionskirurgi og MIC-
værdierne for de tre spørgeskemaer blev etableret. Reliabiliteten ved ID og HHD var 
tilstrækkelig. Målesikkerheden var ikke tilstrækkelig, og ID og HHDs evne til at måle 
ændringer på mindre end 15% er tvivlsom. Generelt var evidenskvaliteten moderat til 
meget lav for ID og høj eller moderat for HHD.
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Introduction  
The overall theme of this thesis is shoulder disorders. The included studies focus on 
different gaps in our knowledge about shoulder disorders. The first study adopts a 
societal perspective on shoulder disorders by mapping the resource utilization, health 
care costs and costs of sick leave associated with shoulder disorders. This is the first 
study worldwide estimating the costs of shoulder disorders based on nationwide 
databases. The other three studies evaluate the measurement properties of commonly 
used instruments for assessing patients with shoulder disorders in clinical practice and 
research. The second study focuses on a specific category of shoulder disorders, namely 
subacromial impingement syndrome, and the quality of some questionnaires, while the 
last two studies focus on the quality of instruments for measurement of shoulder muscle 
strength.  

Musculoskeletal conditions and shoulder disorders 
Musculoskeletal conditions are common among the adult population and up to one in 
seven of all consultations with the general practitioner is related to musculoskeletal 
complaints. (1, 2) In the UK, musculoskeletal conditions were the second-most common 
cause of sick leave in 2017, accounting for 18% of the total sickness absences. Hence, 
besides having consequences for the individual patient’s health, musculoskeletal 
conditions often result in substantial utilisation of health care resources.  

Shoulder complaints are the third most common musculoskeletal cause for seeking 
medical care (3, 4) with a prevalence between 7% and 26%. (4-6) Because the shoulder 
is involved in many upper-extremity activities, shoulder pain is associated with 
significant impairments in function and health-related quality of life (HR-QoL) and often 
limits the ability to work. (7, 8) Patients describe symptoms such as intense, unexpected 
pain and disturbed sleep leading to daytime tiredness. Furthermore, some patients 
suffer from restricted movement and reduced muscle strength leading to functional 
limitations. (3, 9)  

In many western countries, the number of patients diagnosed with shoulder disorders 
and the number of shoulder surgeries have increased during the past decades. (8, 10-12) 
In Denmark, the incidence of rotator cuff-related lesions increased rapidly from 149 per 
100,000 person years in 1996 to 715 per 100,000 person years in 2013. The increase 
was most prominent among people in the working age. (13) In the Netherlands, the 
incidence of upper extremity injuries increased by 13% from 970 to 1,098 per 100,000 
persons in the period from 1986 to 2008. For shoulder injuries, the incidence differed 
depending on age and gender; in females, the highest incidence was seen from the age of 
70 years onwards; in males, from age 10-35 years and from age 90 years onwards. 
Fractures were the most common injuries. (14)  
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Up to 70% of patients with shoulder pain are diagnosed as having shoulder 
impingement syndrome or rotator cuff-related lesions. (15, 16) First-line treatment of 
these disorders is conservative with exercise therapy, analgesia such as paracetamol, 
non-steroidal anti-inflammatory drugs or glucocorticoid injections. (17, 18) For patients 
with prolonged symptoms not responding to conservative treatment, surgical treatment 
with arthroscopic subacromial decompression may be an option. However, in recent 
years, evidence shows that subacromial decompression surgery is not more effective 
than conservative treatment including exercise therapy.  (10, 15, 16, 18-21) 

Economic burden 
Management of shoulder disorders creates a large economic burden on society because 
of the high incidence and prevalence of these disorders. Few studies have investigated 
the use of health care services and productivity loss associated with shoulder disorders. 
An Australian cost-of-illness study focused on patients with shoulder pain on the waiting 
list at an orthopaedic department in a public hospital. The authors found that the mean 
annual per-patient costs of health care and domestic support were AU$7,563 (€4,826). 
When both absenteeism (absence from work) and presenteeism (loss of productivity 
while at work with a health condition) were included, the costs were AU$13,885 and 
AU$22,378 (€8,859 and €14,278, respectively). Of the included patients, 22% had 
surgical treatment and 51% of the hospital care costs were related to outpatient care. 
(22) 

A Swedish cost-of-illness study investigating costs of primary health care in patients 
with shoulder pain revealed that the mean annual total costs were €4,139 per patient. 
Furthermore, the study showed that costs of sick leave contributed to more than 80% of 
the total costs, and a small proportion of the patients incurred very high costs. (23) 

As with other musculoskeletal conditions, (24, 25) these two studies exposed that 
absence from work contributes to a substantial part to the costs associated with 
shoulder disorders. Work absence can be both temporary and permanent. A Danish 
register-based cohort study examined the risk of permanent work disability after 
surgery for rotator cuff-related disorders, frozen shoulder and osteoarthritis of the 
acromioclavicular joint. Results from this study showed that 10% became permanently 
work disabled within two years after surgery. (8) 

Cost-of-illness studies  
To assess the economic burden of health problems, e.g., shoulder disorders, cost-of-
illness studies can be used as a descriptive analysis of the costs associated with the 
condition of interest. The traditional approach considers direct costs (health care costs) 
and indirect costs in terms of losses in productivity related to morbidity and mortality. 
All these costs are assessed in monetary values. (26) Other losses due to illness are 
related to the quality and length of life (intangible costs). However intangible costs are 
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rarely monetized, and these impacts may be best expressed in non-monetary values 
such as disability-adjusted life-years or quality-adjusted life-years. (26) 

Cost-of-illness studies can aid our understanding of a health problem by assessing its 
impact on health care resource utilisation and labour market productivity. (26) 
However, cost-of-illness estimates quantify the economic burden associated with a 
disease and not how much of that burden could be saved if the disease was prevented. 
(26, 27) 

The perspective of the study determines the type of costs included in the analysis. 
Perspectives range from the societal perspective, which is the broadest, to more narrow 
perspectives such as the hospital perspective. (26) Typically, cost-of-illness studies 
using a hospital perspective include as a minimum health care costs such as medical care 
expenditures for diagnosis, treatment and rehabilitation and sometimes also non-health 
care costs like transportation, household expenditures and informal care. Studies using a 
societal perspective usually include indirect costs from productivity losses in addition to 
health care costs. (28)  

Furthermore, the approach used in a cost-of-illness study is relevant for the 
interpretation of the results. Studies using an incidence-based approach measure the 
costs of new (incident) cases and can show how costs vary with disease duration. 
Studies using a prevalence-based approach measure the costs of existing (prevalent) 
cases within a given time period. (26) For both approaches, the choice of time period in 
which the resource use is included needs to be considered, e.g., a long period is needed 
for long-lasting or chronic conditions.  

Valuation of productivity loss is essential when calculating the costs associated with 
absence from work in a cost-of-illness study. Two of the most commonly used 
approaches are 1) the human capital approach which estimates the value of productivity 
loss as the value of an average individual's future earning, and 2) the friction cost 
approach which values the estimated actual production lost until the sick worker is 
replaced (friction period). (26, 27, 29)  

When assessing the economic burden of shoulder disorders in a cost-of-illness study, it 
is important to take into account the most relevant approach, perspective, valuation of 
health care resources and productivity loss, and time frame for including costs for this 
specific disorder.  

Outcome measures in patients with shoulder disorders 
Measuring outcomes is a cornerstone in clinical practice and research to quantify the 
degree of impairment, guide treatment and evaluate treatment efficacy. In the literature, 
much variation in outcome measures is seen in studies examining benefits and harms of 
different interventions for shoulder disorders. The Outcome Measures in Rheumatology 
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(OMERACT) Shoulder Working Group was established in 2015. The group has developed 
and reached consensus on a core domain set to be included, as a minimum, in clinical 
trials of shoulder disorders in an attempt to harmonise outcome measures within this 
field of research. (30) Such harmonisation will enhance the ability to compare results 
across studies and pool data in meta-analyses.  

The work of the OMERACT group was conducted in contained several steps. First, a 
systematic review exploring the outcome domains used in randomized trials of any 
interventions for shoulder disorders identified 409 studies, 32 outcome domains and 
319 different measurement instruments. (31) Second, a two-round Delphi process 
including 91 (first round) and 96 (second round) clinicians, researchers and patients 
formed the basis for a preliminary core domain set. (32) Third, to determine if any 
potentially relevant outcomes were missing, a systematic review on qualitative studies 
investigating the patient's perspective of living with a shoulder disorder was performed. 
(33) Finally, at the OMERACT conference in 2018, the preliminary core domain set was 
presented, discussed and endorsed. (30) The final result from this process was a core 
domain set that includes four mandatory domains: pain, function, patient global 
shoulder, and adverse events including death; and four important but optional domains: 
participation (recreation/work), sleep, emotional well-being, and condition-specific 
domains such as pathophysiological manifestations (e.g., range of motion, muscle 
strength and radiographic outcome). (30)  

These important outcomes can be measured using different instruments. The OMERACT 
Shoulder Working Group is currently working on defining a core outcome measurement 
set, which is a recommended collection of instruments to be used when measuring each 
of the core domains pointed out above. (30) Patient Reported Outcome Measures 
(PROMs) are simple and inexpensive methods to evaluate several of these domains. 
Furthermore, PROMs reflect the patient’s subjective assessment of the outcome of 
interest. The focus on the outcomes seen from a patient perspective when assessing the 
severity of diseases and limitations in daily life has increased in recent decades. (34) 
However, regardless of which instrument is used to measure these outcomes, it is crucial 
that the measurement properties of the instruments are adequate for the purpose for 
which they are used. 

Measurement properties  
When using outcome measurement instruments, both PROMs and performance-based 
ones, they must be valid, reliable and responsive.  

The domain “validity” refers to “the degree to which an instrument truly measures the 
construct it purports to measure”. (35) This domain contains several different 
measurement properties reflecting different aspects of validity; content validity 
(including face validity), construct validity (including structural validity, hypotheses 
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testing and cross-cultural validity) and criterion validity. (35, 36) When assessing the 
construct validity of an instrument, the scores are compared with the scores of other 
similar instruments (convergent validity) or the scores are compared between 
subgroups of subjects (discriminative or known-groups validity). Criterion validity 
refers to a comparison with an instrument that is considered an accepted gold standard 
of the construct to be measured. (35, 36) 

Scores of outcome measurement instruments are influenced by different sources of 
variation such as type of device, setting, instructions given to the participants and the 
tester’s role. Standardisation of the procedure described in a test protocol can minimize 
the influence of these sources of variation. (37) However, variation may still exist. The 
domain "reliability" refers to the consistency of a measurement by considering "the 
degree to which the measurement is free from measurement error". (36) The overall 
reliability term includes the measurement properties; reliability, measurement error 
and internal consistency. (35, 36) Reliability is defined as "the proportion of the total 
variance in the measurements which is due to true differences between patients". (35) 
Reliability considers the instrument's ability to distinguish subjects from each other 
despite measurement error. (38-40) Measurement error is defined as "the systematic 
and random error of a patient's score that is not attributed to true change in the 
construct to be measured". (35) Measurement error assesses how close to each other 
the scores of repeated measurements are. (39-41) Internal consistency is defined as “the 
degree of the interrelatedness among items”. (35) High-quality studies on reliability and 
measurement error are needed to understand the influence of different sources of 
variation on the measured scores. (37) Reliability and measurement error are examined 
in test-retest studies where no change is expected between the two test sessions. (36)  

Assessing whether a disease status has changed over time is an important aspect of 
clinical practice and research. Therefore, measurement instruments must be responsive. 
(36) Responsiveness is defined as “the ability of an instrument to detect change over 
time in the construct to be measured”. (35, 36) This means that if an instrument is 
responsive, the change measured by the instrument will reflect the change experienced 
by the patients in the construct of interest. (36) Responsiveness is an aspect of validity; 
the validity of a change score. It can be assessed using two different approaches: a 
criterion or construct approach. The criterion approach is appropriate when a gold 
standard exists for the construct to be measured; the construct approach, when no such 
gold standard exists. (36) 

When evaluating interventions, it is relevant to know both whether results are 
statistically significant and clinically relevant. Therefore, another important aspect of 
change in a condition is the minimal important change (MIC). The MIC is defined as “the 
smallest change in score in the construct to be measured which patients perceive as 
important”. (36, 42) Knowledge of the MIC is relevant when considering whether a 
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change is clinically relevant or not. For a given outcome measure, responsiveness and 
MIC may vary across patient groups and settings. Therefore, these measurement 
properties should be assessed in different populations and contexts. (42)  

Measurement instruments used in patients with shoulder disorders 
As described above, the OMERACT Shoulder Working Group recommends four 
mandatory and four important but optional domains to be included as a minimum in 
clinical trials of shoulder disorders. Besides these domains, studies focusing on other 
aspects related to shoulder disorders or comparing shoulder disorders with other 
conditions may choose to include domains not directly mentioned in the core domain set 
such as HR-QoL and fear-avoidance belief. These domains could either be considered 
domains that overlap with other domains, e.g., participation (recreation/work) or 
emotional well-being, or they could be considered independent domains. HR-QoL and 
fear-avoidance belief, along with pain, function and muscle strength, are often used in 
the literature reporting on shoulder disorders. Different instruments can be used to 
assess these outcome domains; pain, function, HR-QoL, fear-avoidance belief and muscle 
strength. Recommendations from the OMERACT Working Group regarding the choice of 
instruments for measuring each domain do not yet exist. (30) However, the following 
PROMs are frequently used in studies evaluating shoulder disorders: The Oxford 
Shoulder Score (OSS), EuroQol – 5 Dimensions (EQ-5D) and the Fear-Avoidance Belief 
Questionnaire (FABQ). Furthermore, dynamometers are commonly used as 
performance-based instruments to assess shoulder muscle strength.  

The OSS is a commonly used PROM to assess pain and function in patients with shoulder 
disorders after both surgical and nonsurgical treatments. (43-48) The OSS has proven to 
be valid and reliable in patients with shoulder disorders. (43, 46) Additionally, the OSS 
has shown to be responsive in patients with rotator cuff disease receiving corticosteroid 
injection (49) and in patients with difficulty returning to usual activities after 
decompression surgery receiving occupational medical assistance or physical therapy. 
(45) 

HR-QoL intends to capture an individual’s perception of how an illness and its treatment 
affect the physical, mental and social aspect of his or her life. (36) Both disease-specific 
and generic instruments are commonly used to assess HR-QoL; however, the advantage 
of the generic instruments is that they allow comparisons across a variety of diseases. 
(50) Probably the most widely used generic instrument to assess HR-QoL is the EQ-5D, 
which is available in 170 languages. (51) Furthermore, the EQ-5D is frequently used to 
measure quality-adjusted life years in cost-effectiveness analyses. (51) Several studies 
examining the measurement properties of the EQ-5D in patients with upper-extremity 
orthopaedic disorders have found good validity and reliability and at least moderate 
responsiveness. (52-55) 
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In patients with musculoskeletal pain, fear-driven behaviours can potentially affect 
outcome negatively. (56, 57) The fear-avoidance model uses a biopsychosocial approach 
to provide an explanation of why acute pain can develop into chronic pain in a minority 
of patients. When acute pain is perceived as non-threatening, patients are likely to 
maintain engagement in daily activities, through which functional recovery is promoted. 
In contrast, if pain is misinterpreted in a catastrophizing manner, these catastrophizing 
thoughts can lead on to pain-related fear and associated safety-seeking behaviours such 
as avoidance. However, this behaviour could worsen the pain, have long-term 
consequences, such as disability and disuse, and may lower the threshold at which the 
person will experience pain. (57, 58) To assess this facet of behaviour, the FABQ was 
originally developed for patients with low-back pain. (59) Later, this questionnaire was 
adapted to patients with shoulder disorders. (56, 60-63) The FABQ consist of two 
subscales; physical activity (FABQ-PA) and work (FABQ-W). (59) The FABQ-PA has 
shown limited responsiveness in patients with subacromial impingement syndrome 
receiving physiotherapy treatment, but has not been evaluated in other shoulder patient 
groups. (63)  

Management of shoulder pain and dysfunction often includes active exercise therapy 
with a focus on rotator cuff and scapular stabilisers. (10, 18, 64, 65) Muscle strength 
assessment can help quantify the degree of impairment and evaluate the effectiveness of 
a given treatment. Dynamometers are a useful objective method for clinicians to assess 
shoulder muscle strength. (66-68) Isokinetic dynamometers (ID) can measure muscle 
strength in different test modes; isometric, concentric or eccentric. (67) Furthermore, ID 
is capable of measuring muscle strength across a wide range of speeds with 
accommodating resistance at a constant angular velocity and assess the maximal torque 
production throughout a prescribed range of motion. (66, 67, 69) However, ID has the 
disadvantage of being expensive, time-consuming and stationary, and it occupies much 
space. In comparison, handheld dynamometers (HHD) are easier to use and therefore 
potentially more attractive for routine practice in a clinical setting and more attractive 
for research. (70, 71) Nevertheless, both types of dynamometers must present adequate 
reliability, measurement error and construct validity to be satisfactory for the intended 
use. 

Rationale for the thesis 
Shoulder disorders are common, are associated with pain and disability and health care 
utilisation, and often lead to sick leave from work. So, the consequences are 
considerable, but little is known about the economic burden of shoulder disorders. A 
nationwide register-based cost-of-illness study can provide evidence of the use of health 
care services, sick leave absence and accompanying societal costs associated with 
shoulder disorders. Results from such a study are valuable to decision makers in 
allocation of resources to different patient groups and can help identify areas for further 
research regarding preventive and health-promoting initiatives.  
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As stated in the Introduction, when conducting research and monitoring patients in 
clinical practice, evaluation of disease status, disease development and treatment 
efficacy by assessing outcomes is essential. For this purpose, measurement instruments 
with satisfactory measurement properties are required. The responsiveness and MIC of 
the OSS, EQ-5D and FABQ-PA are not well-established in patients with subacromial 
impingement syndrome undergoing arthroscopic subacromial decompression, even 
though adequate responsiveness and knowledge of the MIC is important for these 
PROMs to be valuable. Furthermore, shoulder muscle strength is commonly assessed 
with dynamometers, but systematic overviews of the reliability, measurement error and 
construct validity of ID and HHD have not been updated recently. Such an overview 
offers relevant evidence to clinicians who can use this information to plan research and 
routine monitoring, and interpret measured results. 
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Aims  
The overall theme of the thesis was to fill two important gaps in the knowledge about 
patients with shoulder disorders. This will be done by estimating the economic burden 
associated with shoulder disorders and provide information on measurement 
properties of often used instruments to assess relevant outcomes in patients with 
shoulder disorders.  

The thesis includes the following specific aims: 

I. Estimate the direct and indirect costs associated with shoulder disorders in 
patients compared with matched controls from the general population, and to 
investigate if costs were higher for specific subgroups of patients (Study I). 
 

II. Evaluate the responsiveness and MIC of PROMs commonly used in shoulder 
disorders; OSS, EQ-5D and FABQ-PA in patients with subacromial impingement 
syndrome undergoing arthroscopic subacromial decompression (Study II). 
 

III. Summarize the evidence of the measurement properties of isokinetic and 
handheld dynamometry for assessment of shoulder muscle strength (Study III 
and IV).
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Methods 
In this section, the methods of the of the studies included in the thesis will be described.  

In Table 1, an overview of the study designs, populations and data analyses is presented. 
This is followed by a more detailed description of the studies; Study I and II are 
described separately and Study III and IV are described together as they are based on 
the same methods.  

Table 1 Overview of study design, population, data source and analysis in the four studies in 
the thesis 

  Study I Study II Study III and IV 

Topic 

 

Societal costs 
associated with 
shoulder disorders 

The responsiveness 
and minimal 
important change of 
three questionnaires 
in patients treated 
with subacromial 
decompression 

Measurement 
properties of 
handheld and 
isokinetic 
dynamometry 

Design 
 Cost-of-illness 

study 

Longitudinal cohort 
study with six month 
follow-up 

Systematic review 

Population  N = 617,334 N = 52 47 articles 

Data source  Registers Clinical data/PROMs Electronic literature 
databases 

Data 
analysis 

 Analysis of 
incidence, mean 
resource use and 
additional costs 
compared with 
matched controls 

Receiver-operating 
curve statistics and 
correlation 
coefficients 

Results from the 
included were 
summarised in an 
evidence synthesis 

 

Study I 

Design 
The design was a retrospective register-based cost-off-illness study with a societal 
perspective on patients diagnosed with shoulder disorders.  

Setting  
For most patients with shoulder complaints, the general practitioner represents the first 
contact to the healthcare system, and acts as a gatekeeper for referral to further 
examination and treatment. If deemed necessary, the general practitioner can refer the 
patients to, e.g., physiotherapists, medical specialists and outpatient hospital care. (72) 
However, patients with traumatic shoulder injuries such as fractures or dislocation often 
have their first contact to the healthcare system at the emergency department. The 
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majority of the Danish health care expenditure is financed by the public healthcare 
system. Nevertheless, minor co-payments exist for some of the typical costs related to 
shoulder disorders, e.g., physiotherapy, chiropractor care and medication. Data on all 
contacts to both primary and secondary health care as well as weekly social security 
benefits are routinely collected and recorded in national registers. (72)  

Study population 
The International Classification of Diseases, 10th edition (ICD-10) diagnostic and 
treatment codes have been used since 1994. These codes are given by a medical doctor 
in the secondary healthcare sector. (73) Using data from the Danish National Patient 
Registry, we identified individuals aged 18 years or older and diagnosed with shoulder 
disorder in Denmark between 2005 and 2017.  

The following primary diagnostic ICD-10 codes were included:  

• Subacromial pain (DM751-9, DM709, DM791, DM795, DM799, DM255, DM629, 
DM796)  

• Stiffness (DM190, DM191, DM198, DM750)  
• Fracture (DS420, DS422)  
• Dislocation (DS430, DS431, DS434, DS435, DS460)   

The included diagnostic codes represent the majority of codes given to patients with 
shoulder disorders in clinical practice. 

A comparison cohort of age- and gender-matched controls without shoulder disorders 
was randomly selected using a 1:1 ratio. Among the controls, no registration of shoulder 
disorders between 1996 and 2018 was allowed.  

Both cases and controls were assigned a specific inclusion date in the study. For the 
cases, the inclusion date was the date when they received their first shoulder diagnosis 
within the inclusion period. For the controls, the inclusion date was the date equal to the 
inclusion date for the case to whom each control was matched. 

The annual incidence rates per 100,000 person years was used to describe the number 
of new cases per year and to examine whether the incidence differed throughout the 
inclusion period. The incidence rates were reported for the total group of patients with 
shoulder disorders and for each of the four subcategories; subacromial pain, stiffness, 
fracture or dislocation. 

All included cases and controls were alive and resident in Denmark on 31 December 
2017. 
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Registers  
The use of health care services and social security benefits was investigated using 
Danish longitudinal registers. Information from several national registers was linked at 
individual level with a unique personal identification number (CPR number). (72) Data 
were retrieved through Statistics Denmark. 

To calculate the resource use, data from the following registers were included: 

The Danish National Patient Registry (DNPR) began registrations in 1995. The 
register includes administrative information, primary and secondary diagnoses, 
treatment procedures and valuation of services from both public and private hospitals. 
The DNPR was used to extract information on primary diagnoses, visits to outpatient 
hospital care, hospital admissions, diagnostic tests and medical procedures. Valuation of 
these services was determined by the Diagnosis-Related-Grouping (DRG) 
reimbursement rate and the Danish Outpatient Grouping System (DAGS). (73) DNPR 
data were included from 2005 to 2018. 

The Danish National Health Service Registry (NHSR) started in 1990. The register 
includes information of the activities of health professionals in the primary healthcare 
sector. In this study, data on visits to general practitioners, physiotherapists and 
chiropractors were extracted from the NHSR database, and valuation of these visits was 
calculated using the activity-based rates that are used for provider reimbursement. (74) 
NHSR data were included from 2005 to 2018. 

The Danish Register for Evaluation of Marginalization (DREAM) database includes 
week-by-week registration on public transfer payments since 1991. The DREAM 
database was used to extract information on long-term sick leave. The number of sick 
leave days required to be defined as long-term sick leave has changed during the study 
period; >13 days up to 2007, >14 days in 2007-2008, >21 days in 2009-2011 and >30 
days since 2012.  (2, 75) The human capital approach was used to valuate costs of sick 
leave. (29) In this approach, the total number of weeks of sick leave were multiplied by 
age and gender-matched average gross salaries for each individual. Information on these 
average gross salaries was extracted from Statistics Denmark. Calculations were 
performed based on the assumption of full employment until the age of 65, which was 
the official retirement age in the period between 2005 and 2018. Therefore, only 
individuals under the age of 65 were included in the sick leave analyses. DREAM data 
were included from 2004 to November 2020. 

At the time when data were retrieved from Statistics Denmark, 2005 was the first year 
when data from the NHSR were available, and 2018 was the last year when data from 
the DNPR were available. To have at least one year of follow-up, patients diagnosed 
between 2005 and 2017 were included. 
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Direct and indirect costs 
Direct costs included costs of health care services from both the primary and secondary 
healthcare sector. Primary health care consists of visits to general practitioners, 
physiotherapists and chiropractors. Secondary health care consists of visits to medical 
specialist, outpatient hospital care, hospital admissions and diagnostic tests. 

Indirect costs included in the present study were costs of sick leave.  

All costs were calculated on a yearly basis and adjusted to 2020 prices using the general 
price index from Statistics Denmark. Costs were measured in Danish kroner and 
converted into euros at an exchange rate of 1€ = 7.44 Danish kroner (September 2020). 

Follow-up period 
The use of the registers provided a possibility to include data backwards and forwards 
in time from the date of the initial shoulder diagnosis. Symptoms of shoulder disorder 
can be both long-lasting and present some time before the first contact to the secondary 
healthcare sector where the diagnosis code is given. Therefore, we decided to include 
direct and indirect costs one year before and up to five years after the time of inclusion 
depending on data availability from each registry. This allowed for the possibility to 
follow the development in costs over time since diagnosis. 

The decision to include data was based on availability of data from the registers. For 
individuals included in 2005, data on health care utilization the year before inclusion 
could not be added as data were not available for 2004. Data on sick leave were added 
for 2004. Data on the second to fifth year after inclusion are based on a declining 
number of individuals because individuals included in 2014 or later did not provide data 
for the full five-year follow-up period. Furthermore, the included number of individuals 
in the follow-up period was affected by censuring because of death.  

Characteristics of study population 
The characteristics of the study population were assessed at the inclusion date. Based on 
the first primary diagnosis, shoulder disorders were categorized into the four 
subcategories mentioned earlier (subacromial pain, stiffness, fracture and dislocation). 
The following characteristics are presented both for these subcategories and for the 
total group.  
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Table 2 Overview of outcomes, methods used for assessment and data availability  
Outcome Method Registry 
Health care use, 
primary healthcare 
sector 

Valuation of visits using the activity-
based rates used for provider 
reimbursement 

The Danish National Health 
Service Registry (NHSR) 

Health care use, 
secondary 
healthcare sector 

Valuation of visits using the Diagnosis-
Related-Grouping (DRG) 
reimbursement rates and the Danish 
Outpatient Grouping System (DAGS) 

The Danish National Patient 
Register (DNPR) 

Sick leave 

Valuation by the number of weeks of 
sick leave multiplied by age- and 
gender-matched average gross 
salaries 

The DREAM database, Statistics 
Denmark 

Age and gender 

All cases had a registration in the 
DNPR at the inclusion date. 
The majority of controls had a 
registration in the DREAM database 
(613,011 controls). A minority of 
controls (4,323, 0.7%) had no 
registration in the DREAM database, 
and data were imputed from the cases 
to whom they were matched 

Cases: The Danish National 
Patient Register (DNPR) 
Controls: The DREAM database 
and imputation 

Comorbidity 

Measured using the Charlson 
Comorbidity Index based on primary 
ICD-10 codes from the 5-year period 
prior to inclusion. Categorized as 0, 1, 
2-3, ≥4 

The Danish National Patient 
Register (DNPR) 

Marital status Categorized as married, divorced, 
widowed, unmarried The civil registry 

Educational level 

Highest level of education, categorized 
as low (primary, lower secondary, 
upper secondary), medium (vocational 
training, short-cycle higher education), 
high (bachelor, master, PhD) and not 
classified (no registration in the 
education register) 

The education registry 

Work status 

Categorized as sick leave, subsidised 
employment, disability pension, 
employed, other (e.g., unemployed, 
education, maternity leave, 
retirement) 

The DREAM database 

 

Statistical analysis  
Annual incidence rates of the Danish population are presented as the incidence rates per 
100,000 person years for the four subgroups of patients with subacromial pain, stiffness, 
fracture or dislocation and for the total group. Statistics Denmark provided the 
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information on the size of the population aged ≥18 years for each year in the study 
period.  

The mean (and 95% confidence interval (95% CI)) resource use and the related mean 
costs per person were estimated. These estimates were reported separately for general 
practice, physiotherapist, chiropractor, medical specialist care, hospital admission, 
outpatient visit and sick leave. The means are based on different numbers of individuals 
each year, as the availability of data for each individual covered by the registers differs 
through the follow-up period. The mean values account for these differences.  

The different resource categories were summed into mean health care costs and 
reported separately for individuals aged <65 years and ≥65 years. Costs of sick leave and 
total costs (health care costs + costs of sick leave) were calculated for individuals aged 
<65 years. All costs were presented for each year (the year before and up to five years 
after inclusion) and for the total 6-year period.  

Additional costs were estimated by subtracting the mean costs for controls from the 
mean costs for cases. Additional health care costs for individuals aged <65 years and ≥65 
years, and additional costs of sick leave for individuals aged <65 years are illustrated 
separately for each of the four diagnosis categories. For patients diagnosed in 2017, the 
expected total costs were estimated by multiplying the mean additional costs by the 
number of patients in the age group <65 years and ≥65 years.  

The impact of the change in the number of days required for sick leave to be defined as 
long-term sick leave and to be registered in the DREAM database was examined. This 
was done by calculating the proportion of individuals on sick leave, the mean number of 
weeks on sick leave and the costs of sick leave the first year after the diagnosis for each 
of the three subgroups; >13 or >14 days, >21 days, and >30 days.  

The impact of comorbidity status on the total costs for the 6-year period was examined 
by calculating the additional costs of cases compared with controls for each Charlson 
Comorbidity Index score category; 0, 1, 2-3 and ≥4.  

STATA 16.1 (StataCorp LLC, College Station, TX) was used for analyses. 

 

Study II 

Design  
Study II was a longitudinal cohort study with a six-month follow-up.  
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Study population 
Inclusion criteria were: 

• patients diagnosed with subacromial impingement syndrome and treated with 
arthroscopic subacromial decompression 

• age ≥18 years 

Exclusion criteria were:  

• frozen shoulder, full-thickness tear, osteoarthritis, trauma, cancer or neurological 
disorders 

• previous surgical treatment in the affected shoulder  
• inability to communicate in Danish. 

The included patients were treated with decompression surgery between December 
2018 and July 2020 at the Department of Orthopaedic Surgery, Aarhus University 
Hospital or Private Hospital Molholm, Vejle or Aarhus. Recruitment was first begun at 
Aarhus University Hospital; but due to organizational challenges, inclusion of patients 
went slower than planned and additional action was needed. Therefore, recruitment 
from Private Hospital Molholm commenced in September 2019 to increase the number 
of included patients. 

We aimed at including a minimum of 50 subjects, as this number is recommended as 
being adequate for responsiveness studies. (76, 77) 

Recruitment and data collection 
Patients were recruited at the consultation with the orthopaedic surgeon when 
arthroscopic subacromial decompression was scheduled. Patients from Aarhus 
University Hospital completed the baseline assessment immediately after the 
consultation. The questionnaires were completed on a tablet with the possibility to use a 
paper form for those who had difficulties using the tablet. Patients recruited from 
Private Hospital Molholm received an email one or two days after the consultation with 
a link to the questionnaires. Two reminders were sent out to those who did not respond.  

Six months after surgery, an email (and two reminders, if necessary) with a link to the 
follow-up questionnaires was sent out. Patients from Aarhus University Hospital were 
scheduled to an outpatient visit with a physical examination, and patients who did not 
complete the questionnaires in advance had the opportunity to complete them at the 
outpatient visit. The data were collected and managed using REDCap electronic data 
capture tool hosted at Aarhus University. 
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Measurement instruments 
Baseline characteristics comprised age, sex, body mass index (BMI), comorbidity, 
duration of symptoms, working status, educational level and smoking status. This 
information was collected through electronic medical records and anamnesis.  

Table 3 shows the measurement instruments used at baseline and the 6-month follow-
up. 

Table 3 Measurement instruments 

Measurement instruments Baseline 
6-month follow-
up 

The Oxford Shoulder Score (OSS) x x 
EuroQol – 5 Dimensions (EQ-5D) x x 
Fear-Avoidance Belief Questionnaire Physical Activity 
subscale (FABQ-PA) 

x x 

Pain at activity (pain visual analogue scale (VAS)) x x 
Subjective Shoulder Value (SSV) x x 
Global Rating of Change Scale  x 

 

Oxford Shoulder Score (OSS)  
The OSS includes 12 items, four for pain and eight items for function. Items are scored 
from 0 (worst) to 4 (best) using a 5-point Likert scale. (44) A total score is calculated by 
summing up the scores of the 12 items, resulting in a range from 0 to 48. The total score 
is calculated if at least ten items have to be completed. (44) 

EuroQoL – 5 Dimensions (EQ-5D) 
In this study, the EQ-5D 5 level version was used. The EQ-5D questionnaire contains two 
parts, a descriptive part and a part assessing self-rated health. The descriptive part 
assesses five different aspects of health: mobility, self-care, usual activities, 
pain/discomfort, and depression/anxiety using a 5-point Likert scale. (53, 78) A key 
feature of the EQ-5D is the availability of "value sets" used to weigh the health states 
reported by patients into utility indexes (EQ-5Dindex). In this study, we used the UK value 
set. These utility indexes range from -0.285 to 1.0. Full health corresponds to a value of 
1.0, death corresponds to a value of 0, and negative values correspond to a health status 
considered to be worse than death. (79) The part assessing self-rated health used a 
visual analogue scale (VAS) (EQvas) ranging from 0 to 100. (78, 80)  

Fear-Avoidance Belief Questionnaire Physical Activity subscale (FABQ-PA) 
The FABQ-PA includes five items which are scored from 0 (strongly disagree) to 6 
(completely agree) on a 7-point scale. A total score is calculated by summing up the 
scores of four of the five items, resulting in a range from 0 to 24. The higher the total 
score, the worse the outcome (more fear avoidance beliefs). (59)  
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Global Rating of Change Scale  
The overall change of shoulder symptoms was rated using a 5-point Likert scale with the 
response options; much better, better, unchanged, worse or much worse. (81) Patients 
were asked “How would you describe your shoulder symptoms at present compared 
with before surgery?” 

Pain measured with visual analogue scale (pain VAS) 
Pain during activity in the affected shoulder was assessed using a VAS (pain VAS). The 
scale ranged from 0 to 100 with 0 corresponding to no pain and 100 corresponding to 
the worst possible pain. (82)   

Subjective Shoulder Value (SSV) 
The SSV rates the patients’ subjective overall shoulder assessment expressed as a 
percentage of an entirely normal shoulder. (83) Patients were asked “What is the overall 
percent value of your shoulder if a completely normal shoulder represents 100%?” 

To evaluate responsiveness, the Global Rating of Change Scale was treated as primary 
anchor and change in pain VAS and SSV as secondary anchors. The OSS measures 
shoulder-specific pain and function, which were considered to be constructs similar to 
the secondary anchors. The EQ-5D and FABQ-PA measure quality of life and fear 
avoidance behaviour, which were considered to be more complex constructs less similar 
to the secondary anchors.  

Statistical analysis 
The baseline demographic variables were presented as mean ± standard deviation (SD) 
or number and percentage. Change scores for all outcomes (OSS, EQ-5Dindex, EQvas, FABQ-
PA, pain VAS and SSV) were calculated by subtracting the baseline scores from the 
follow-up scores. These change scores are presented as mean with 95% CI. Patients 
were still included in the analyses if they had missing values in one outcome. Floor and 
ceiling effects (defined as more than 15% achieving the highest or lowest possible score) 
were assessed at baseline and follow-up. (36) 

The responsiveness was evaluated using two approaches. Firstly, a receiver-operating 
characteristics (ROC) curve was made to assess the ability of the OSS, EQ-5D and FABQ-
PA to correctly classify patients as improved (much better or better) or unimproved 
(unchanged, worse or much worse) according to the Global Rating of Change Scale. (76, 
84) The ROC curve is a plot of the sensitivity against 1-specificity for different cut-off 
values. (85)  An area under the curve (AUC) estimate of ≥0.70 was considered 
acceptable. (76, 77) Analysis of responsiveness of deterioration was not performed due 
to the low number of patients reporting worse or much worse outcomes.  

Secondly, predefined hypotheses regarding expected correlations between the change 
scores of the OSS, EQ-5Dindex, EQvas and FABQ-PA and the secondary anchors (change 
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scores of pain VAS and SSV) were tested. Because they were considered to measure 
similar constructs, higher correlations were expected between OSS vs. pain VAS and SSV. 
Lower correlations were expected between EQ-5Dindex, EQvas and FABQ-PA vs. pain VAS 
and SSV since they were considered to measure overlapping but not similar constructs.   

The following hypotheses were tested using Spearman rank correlation coefficients: 

• the change score of the OSS has a positive correlation ≥0.5 when compared with 
SSV, and a negative correlation ≥0.5 when compared with pain VAS 

• the change scores of the EQ-5Dindex and EQvas have a positive correlation ≥0.3 and 
<0.5 when compared with SSV, and a negative correlation ≥0.3 and <0.5 when 
compared with pain VAS 

• the change score of the FABQ-PA has a negative correlation ≥0.3 and <0.5 when 
compared with SSV, and a positive correlation ≥0.3 and <0.5 when compared 
with pain VAS. 

The MIC was defined as the change score in the OSS, EQ-5Dindex, EQvas and FABQ-PA that 
best discriminated between the improved and not improved group of patients. The MIC 
was evaluated using the optimal cut-off point on the ROC curve, which is the value for 
which the sum of proportions of false positive and false negative classifications ((1-
sensitivity) + (1-specificity)) is lowest. (84) 

STATA 16.1 (StataCorp LLC, College Station, TX) was used for analyses. The statistical 
significance level was determined as p<0.05. 

 

Study III and IV 

Design 
Study III and IV were both systematic reviews based on the same literature search. The 
following measurement properties were considered relevant for performance-based 
instruments like ID and HHD; reliability, measurement error and hypotheses testing for 
construct validity. We aimed to evaluate the measurement properties of both ID and 
HHD and report the results in a single review but separately for each type of 
dynamometer. A protocol was published describing this approach. (86) However, during 
the process, the data were considered too comprehensive for a single paper, and we 
decided to report the findings in two separate papers; one review focusing on ID and 
another on HHD. 

The systematic reviews were performed in accordance with the COnsensus-based 
Standards for the selection of health Measurement INstruments (COSMIN) methodology 
for systematic reviews of PROMs. (77) This methodology is based on existing guidelines 
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for reviews, such as the Preferred Reporting Items for Systematic Reviews and meta-
Analysis statement (PRISMA), (87) the Cochrane Handbook for systematic reviews of 
interventions, (88) and the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) principles. (89) 

Search strategy and study selection 
The electronic databases Cochrane Central Register of Controlled Trials (CENTRAL), 
PubMed/MEDLINE, EMBASE and Physiotherapy Evidence Database (PEDro) were 
search up to February 2020. A validated sensitive search filter to identify studies on 
measurement properties was used in combination with MeSH/Thesaurus and key 
words. No publication period or language restrictions were applied. In Paper IV, 
Appendix 1, (90) the search strategy for PubMed is presented. 

Inclusion criteria were studies:  

• evaluating ID or HHD used on the glenohumeral joint  
• evaluating measurement properties 
• including subjects aged ≥18 years with or without shoulder symptoms. 

Exclusion criteria were studies: 

• including patients with neurological, neuromuscular, systemic diseases or critical 
illness 

• who did not separately report the results for each movement. 

Data extraction  
Characteristics of the instrument, study population (age, gender, healthy/symptomatic 
individuals), test procedure and results of the measurement properties were extracted 
from the included studies using a pre-tested form. 

Quality assessment 
First, the methodological quality of each study was assessed using the COSMIN Risk of 
Bias checklist. (77, 91) Second, the results of each study were rated as either sufficient 
(+), insufficient (-) or indeterminate (?) according to the described criteria for good 
measurement properties. (76, 77, 91)  

Table 4 shows the described criteria and specifications for rating of the results in the 
two reviews for each assessed measurement properties.  
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Table 4 Described criteria for the included measurement properties 

Measurement property Described criteria Specifications for rating of 
results 

Reliability 
ICC ≥0.70 (+) 
ICC not reported (?) 
ICC <0.70 (-) 

As the described criteria. 

Measurement error 
MDC or LoA < MIC (+) 
MIC not defined (?) 
MDC or LoA > MIC (-) 

No consensus exists on MIC in 
muscle strength testing.  
Based on available literature, 
we defined MIC as 15%.  
Sensitivity analyses were 
performed by setting the MIC 
to 10% and 20%, respectively. 

Hypotheses testing for 
construct validity 

The result in accordance with 
the hypothesis (+) 
No hypothesis defined (by the 
review team (?) 
The result is not in accordance 
with the hypothesis (-) 

Hypothesis defined by the 
review team: 
Correlations between 
compared instruments 
(convergent validity) was ≥ 
0.70. 
Comparison between groups 
expected to be different 
(discriminative validity) was 
significantly different.  

ICC: intraclass correlation coefficient; MDC: minimal detectable change; LoA: limits of agreement; MIC: minimal 
important change 

The study selection, data extraction, quality assessment and results rating were 
performed independently by two review authors. In case of disagreement that could not 
be resolved through discussion, a third review author was consulted.  

Evidence synthesis 
The results were summarized to determine the overall evidence of the measurement 
properties when test conditions were considered to be similar across studies. The 
results were summarized within the following strata; movement, (ID, HHD), test mode 
(ID), velocity (ID), position (ID) and intra- and inter-rater reliability (HHD). 

To summarize, the reliability had to be measured using ICC; measurement error, using 
%MDC. If %MDC was not provided, calculation of %MDC was made if studies provided 
the required data.  

For each stratum, the results were reported both as a range of minimum and maximum 
values and as the proportion of the results consistent with the described criteria. To 
determine the overall rating of results, the summarized results for each stratum were 
rated against the criteria for good measurement properties (Table 4). The rating was 
sufficient (+) if ≥75% of the results met the criteria, insufficient (-) if ≤25% met the 
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criteria, inconsistent (±) if 25-75% met the criteria and indeterminate (?) if the results of 
the individual studies were indeterminate. (92) 

The GRADE approach, modified for reviews of measurement properties, was used to 
classify the quality of evidence as "high", "moderate", "low" or "very low". (77, 93) Risk 
of bias, inconsistency, imprecision and indirectness was used to downgrade the 
evidence. (77) Risk of bias refers to the methodological quality of the studies; 
inconsistency of the results of the studies within the pooled stratifications; imprecision 
to the total sample size of the included studies (downgraded with one level if the sample 
size was below 100, downgraded with two levels if the sample size was below 50); 
indirectness to the circumstance where included studies were partly performed in 
another population or context. (77)  

Ethical approval and trial registration 
The register-based study (Study I) was approved by the Danish Data Protection Agency 
(1-16-02-235-20). According to Danish legislation, register-based studies do not require 
individual consent or approval by Committees on Health Research Ethics. 

The clinical cohort study (Study II) was approved by the Danish Data Protection Agency 
(1-16-02-534-18). Furthermore, the Regional Committee on Biomedical Research Ethics 
was invited to issue notification of the study, but further approval was not necessary 
(185/2018). Informed consent was given by all participants.  

Before starting the reviews (Study III and IV), a protocol was registered in the 
International Prospective Register of Systematic Reviews (PROSPERO) (registration 
number CRD42017054027) and published. (86) 
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Results 
In this section, the results of the individual studies are presented. Parts of Study III and 
IV are reported together.  

Study I 
Study I aimed to evaluate the costs associated with shoulder disorders. A total of 
617,334 unique individuals with shoulder disorder (subacromial pain, stiffness, fracture 
or dislocation) were identified during the study period from 2005 to 2017. At the time of 
inclusion, the mean age was 50 years and 51% were females. Table 5 shows that 
patients with stiffness or fracture were older than patients with subacromial pain and 
dislocation and more patients with dislocation were males (70.5%). Compared with the 
controls, more cases had a low educational attainment (36.7% vs. 33.5%) and a Charlson 
Comorbidity Index score >0 (12.5% vs. 8.8%). Cases were more often on long-term sick 
leave (10.3% vs. 1.7%) and less often in jobs (45.7% vs. 55.1%) than the controls (Table 
5).  
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The number of new cases each year with a first-time primary diagnosis of shoulder 
disorder was 40,621 in 2005 rising to 55,669 in 2017. Thus, the annual incidence rate 
rose by 26% from 966 per 100,000 person years in 2005 to 1,215 per 100,000 person 
years in 2017. Subacromial pain was by far the most common condition, contributing 
with more than twice as high an incidence as the sum of stiffness, fracture and 
dislocation (Figure 1). 

 
Figure 1 Annual incidence rates of shoulder disorders per 100,000 person  
years in individuals aged ≥18 years (94) 

Table 6 shows the mean health care costs each year from the year before to five years 
after inclusion. The first year after the diagnosis, the health care costs increased by more 
than 50% compared with the year before. Secondary health care costs were much higher 
than primary health care costs with outpatient visits and hospital admission being the 
most expensive resource category. Compared with controls, cases continued having 
higher health care costs even five years after the diagnosis.  

Table 7 details the mean costs per person for individuals aged <65 years and ≥65 years. 
Although individuals aged <65 years had much lower health care costs, the total costs 
for this age group were approximately 50% higher than for individuals aged ≥65 years 
because of the high costs of sick leave.   
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For both cases and controls, the majority of individuals had a low resource use, but few 
individuals had a very high resource use. As illustrated in Figure 2, the 20% of cases 
with the highest costs accounted for 66% of the total costs, and the 50% of cases with 
the highest costs accounted for 90% of the total costs. When examining sick leave, 52% 
of the cases and 73% of the controls had no registration of sick leave during the 6-year 
period. In total, 9.5% of the cases and 2.5% of the controls had costs of sick leave 
exceeding €100,000. 

 
Figure 2 The added proportion of cases with the highest costs accounting for a given 
proportion of the total costs 

When cases were compared with controls, the mean additional health care costs for the 
6-year period were €7,760 (95% CI 7,654; 7,866) for individuals aged <65 years and 
€11,334 (95% CI 11,014; 11,654) for individuals aged ≥65 years (Figure 3). For 
individuals in the working age, the mean additional costs of sick leave were €18,011 
(95% CI 17,813; 18,209) and the mean additional total costs were €25,771 (95% CI 
25,531; 26,012). This means that for individuals aged <65 years, 70% of the additional 
total costs were costs of sick leave. 
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Figure 3 Mean additional costs per person for the 6-year period from the year before to five 
years after inclusion. Costs are in euros in 2020 prices. (94) 

In 2017, which is the most recent year, 55,669 patients with shoulder disorders were 
identified. For these patients, the expected additional costs for the 6-year period were 
estimated to €1.21 billion; €0.49 billion to health care costs and €0.72 billion to costs of 
sick leave.  

As shown in Table 8, the proportion of individuals on sick leave, the number of weeks on 
sick leave and the costs of sick leave decreased as the number of days required for long-
term sick increased. About half of the individuals had been included since 2012 when 
>30 days were required to be defined as long-term sick leave. 
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Table 8 The proportion of individuals aged <65 years on sick leave, the mean number of 
weeks on sick leave and the mean costs of sick leave the first year after the diagnosis in 
groups depending on definition of long-term sick leave (>13 or 14 days, >21 days, >30 days) 

Definition of long-
term sick leave 

Proportion of 
individuals on sick 

leave, % 

Weeks on sick leave, 
weeks (95% CI) 

Mean costs of sick 
leave, 

€ (95% CI) 
>13 or 14 days 
 Cases, n=136,537 
 Controls, n=136,312 

 
33.9 
10.5 

 
6.6 (6.5;6.7) 

1.14 (1.11;1.16) 

 
9508 (9406;9611) 
1637 (1596;1679) 

>21 days 
 Cases, n=113,007 
 Controls, n=112,742 

 
29.0 
9.4 

 
5.6 (5.5;5.7) 

1.14 (1.11;1.18) 

 
8635 (8523;8747) 
1752 (1703;1802) 

>30 days 
 Cases, n=245,499 
 Controls, 245,002 

 
23.7 
8.5 

 
4.4 (4.3;4.4) 

1.06 (1.04;1.08) 

 
6843 (6776;6911) 
1662 (1630;1695) 

In total 
 Cases, n=495,043 
 Controls, n=494,056 

 
27.7 
9.2 

 
5.3 (5.2;5.3) 

1.10 (1.09;1.12) 

 
7988 (7937;8038) 
1676 (1653;1699) 

 
Table 9 shows the mean additional costs for the 6-year period for each of the four 
comorbidity categories, Charlson Comorbidity Index score 0, 1, 2-3 and ≥4. The 
additional costs of cases compared with controls were almost similar up to index score 3 
and somewhat higher for index score 4 or higher. 
 
 
Table 9 The mean total costs and additional costs for the 6-year period from the year before 
up to five years after inclusion in groups depending on Charlson Comorbidity Index score (0, 
1, 2-3, ≥4). Total costs include health care costs and costs of sick leave for individuals aged 
<65 years and health care costs for individuals aged ≥65 years  

Charlson Comorbidity 
Index score 

Mean total costs,  
€ (95% CI) 

Additional costs of cases compared with 
controls, € (95% CI) 

0 
 Cases, n=349,012 
 Controls, n=363,576 

 
37,760 (37,580;37,942) 
15,180 (15,074;15,286) 

 
22,580 (22,556;22,604) 

1 
Cases, n=29,392  
Controls, n=19,423 

 
54,057 (53,331;54,781) 
32,325 (31,648;33,001) 

 
21,732 (21,680;21,784) 

2-3 
Cases, n=14,379  
Controls, n=10,273 

 
64,726 (63,424;66,028) 
42,350 (41,207;43,493) 

 
22,376 (22,307;22,445) 

≥4 
Cases, n=1,473 
Controls, n=984 

 
98,796 (93,006;104,587) 
70,316 (64,595;76,038) 

 
28,480 (28,330;28,630) 

In total 
Cases, n=394,256 
Controls, n=394,256 

 
40,187 (40,009;40,365) 
16,870 (16,760;16,980) 

 
23,317 (23,293;23,341)  
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Study II 
In Study II, the responsiveness and MIC of the OSS, EQ-5D and FABQ-PA were evaluated. 
A total of 58 patients were included in the study; 45 from Aarhus University Hospital 
and 13 from Private Hospital Molholm. Three patients withdrew from the study and 
three patients did not respond at follow-up, leaving 52 patients (90%) for analysis. The 
SSV and pain VAS were left unanswered for one patient, the OSS for two patients and the 
FABQ-PA for three patients. Table 10 shows the baseline characteristic of the study 
population.  

 

Table 10 Baseline characteristic of the study population (n=52) (95) 
Sex, n (%) 
Male 

 
26 (50.0) 

Age, y, mean (SD) 57.4 (10.1) 
BMI, kg/m2, mean (SD) 26.7 (4.3) 
Number of comorbidities, n (%) a 

0 
1 
2 
>2 

 
21 (40.4) 
17 (32.7) 
7 (13.5) 
6 (11.5) 

Time with symptoms, n (%) a 

0-6 months 
6-12 months 
12-24 months 
>24 months 

 
5 (9.6) 

11 (21.2) 
12 (23.1) 
24 (46.2) 

Working status, n (%) 
No  
Yes 

 
13 (25.0) 
39 (75.0) 

Educational level, n (%) a 

Compulsory school 
Skilled worker 
Bachelor 
Master’s degree 

 
8 (15.7) 

23 (45.1) 
14 (27.5) 
6 (11.8) 

Smoking status, n (%) 
No 
Yes 

 
38 (73.1) 
14 (26.9) 

OSS, mean (SD) a 29.4 (6.6) 
EQ-5Dindex, mean (SD) 0.71 (0.17) 
EQVAS, mean (SD) 68.7 (19.5) 
FABQ-PA, mean (SD) a 15.5 (5.9) 
Pain VAS, mean (SD) 61.8 (23.3) 
SSV, mean (SD) a 55.5 (18.4) 

BMI, Body Mass Index; OSS, Oxford Shoulder Score; EQ-5Dindex, EQ-5D utility index;  
EQvas, EQ visual analogue scale; FABQ-PA, Fear-Avoidance Belief Questionnaire for physical activity; VAS, visual 
analogue scale; SSV, Subjective Shoulder Value,a data missing for one patient 
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Answering the Global Rating of Change Scale, 25 patients reported much better, 15 
patients better, 5 patients unchanged, 7 patients worse and no patients reported much 
worse. Altogether, 40 patients were categorized as improved (77%) and 12 patients 
(23%) as unimproved. Furthermore, no floor or ceiling effect was observed in the three 
questionnaires.  

The mean change scores from baseline to 6-month follow-up of all outcomes are shown 
in Table 11. The differences between the improved and unimproved group of patients 
were statistically significant for all outcomes.  

Table 11 Mean change scores of the Oxford Shoulder Score, EQ-5D utility index, EQ visual 
analogue scale, Fear-Avoidance Belief Questionnaire for physical activity, Subjective 
Shoulder Value and shoulder pain on VAS scale for the total group, the improved and 
unimproved group, and the difference between groups (95) 

 
Total group 

(n=52) 
mean (95% CI) 

Improved group 
(n=40) 

mean (95% CI) 

Unimproved group 
(n=12) 

mean (95% CI) 

Difference 
between groups 
mean (95% CI) 

OSS  
(0-48) 

9.5 (6.9;12.1)b 12.7 (10.3;15.0)a -1.7 (-4.8;1.4)a 14.4 (9.7;19.1)* 

EQ-5Dindex  
(-0.205-1.0) 

0.10 (0.06;0.14) 0.13 (0.10;0.17) -0.03 (-0.13;0.07) 0.16 (0.08;0.25)* 

EQ-5Dvas  
(0-100) 

1.3 (-3.4;5.9) 3.9 (-1.6;9.3) -7.3 (-15.5;1.0) 11.1 (0.4;21.8)* 

FABQ-PA  
(0-24) 

-4.1 (-6.0;-2.2)c -5.3 (-7.5;-3.1)c -0.3 (-3.9;3.2) -4.9 (-9.2;-0.7)* 

SSV  
(0-100) 

19.1 (12.6,25.7)a 25.5 (18.8;32.3)a -1.7 (-13.1;9.8) 27.2 (13.7;40.7)* 

Pain VAS  
(0-100) 

-38.0 (-46.5;-29.5)a -43.2 (-52.6;-33.7)a -21.3 (-39.2;-3.3) -21.9 (-41.0;-2.8)* 

OSS, Oxford Shoulder Score; EQ-5Dindex, EQ-5D utility index; EQvas, EQ visual analogue scale; FABQ-PA, Fear-
Avoidance Belief Questionnaire for physical activity; SSV, Subjective Shoulder Value; VAS, visual analogue scale 
a data missing for one patient, b data missing for two patients, c data missing for three patients 
* significant at P<0.05 

 

Table 12 presents the correlations between the change scores of the investigated 
PROMS and the secondary anchors that were used to test the predefined hypotheses. 
The results showed that: 

• The change scores of the OSS revealed correlations as hypothesized when 
compared with the change scores of the SSV and pain VAS 
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• The change scores of the EQ-5Dindex revealed correlations as hypothesized when 
compared with the change scores of the SSV and pain VAS; the EQ-5Dvas revealed 
correlations lower than expected 

• The change scores of the FABQ-PA revealed correlations as hypothesized when 
compared with the change scores of pain VAS; when compared with the SSV, the 
correlation was lower than expected. 
 

Table 12 Spearman correlation coefficients for the Oxford Shoulder Score, EQ-5D utility 
index, EQ visual analogue scale and Fear-Avoidance Belief Questionnaire for physical activity 
compared with the change scores of the Subjective Shoulder Value and shoulder pain on VAS 
scale 

 OSS (0-48)b EQ-5Dindex (-0.205-1.0) EQ-5Dvas (0-100) FABQ-PA (0-24)c 

SSV a 0.67 0.50 0.28 -0.28 
Pain VAS a  -0.58 -0.47 -0.23 0.39 

OSS, Oxford Shoulder Score; EQ-5Dindex, EQ-5D utility index; EQvas, EQ visual analogue scale; FABQ-PA, 
Fear-Avoidance Belief Questionnaire for physical activity; SSV, Subjective Shoulder Value; VAS, visual 
analogue scale a data missing for one patient, b data missing for two patients, c data missing for three 
patients 
 

Figure 4 illustrates the ROC curve analysis. The ROC AUC results were 0.96 (95% CI 
0.91;1.00) for OSS, 0.82 (95% CI 0.66;0.99) for EQ-5Dindex, 0.73 (95% CI 0.58;0.87) for 
EQ-5Dvas and 0.74 (95% CI 0.58;0.90) for FABQ-PA. 

  
Figure 4 Receiver-operating characteristic (ROC) curve  

The MIC ROC cut off points were 6.0 points for the OSS, 0.024 for the EQ-5Dindex, 10.0 for 
the EQ-5Dvas and -5.0 for the FABQ-PA.  
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Study III and IV 
Study III and IV aimed to summarize the evidence of the measurement properties of ID 
and HHD for the assessment of shoulder muscle strength in two systematic reviews of 
the literature. As seen from Figure 5, the electronic search strategy identified 8,054 
records. In total, 47 studies were included in the two reviews. Of these, 21 studies with 
963 participants evaluated ID, 28 studies with of 597 participants evaluated HHD and 
two studies evaluated both types of dynamometers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 Flowchart of studies through the selection process. (90, 96) 
CENTRAL: Cochrane Central Register of Controlled Trials; PEDro: Physiotherapy Evidence Database; HHD: 
handheld dynamometers; ID: isokinetic dynamometers 
 

Duplicate records removed 1686 

Records excluded based on  
title/abstract  6267 

Records screened  6368 

Full-text reports assessed for  
eligibility   101
  

Additional studies identified  
through citation searching        4 

Records identified through  
database searching 8054 
PubMed  4689 
EMBASE  2965 
CENTRAL    360 
Pedro       40 

Studies included  47 
Reliability, ID  21 
Measurement error, ID 13 
 
Reliability, HHD 28 
Measurement error, HHD 14 
Convergent validity, HHD  6 
Discriminative validity, HHD  1 

Records excluded based on  
full text      54 
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Characteristics of the studies included in the two papers are shown in Paper III, Table 1 
(95) and Appendix B (supplementary material Paper IV). The results of the 
measurement properties extracted from each study are shown in Appendix A 
(supplementary material Paper III) and Paper IV, Appendix 2 and 3. (90) 

Isokinetic dynamometry (Study III) 
The population included 563 healthy subjects in 19 studies and 34 subjects with 
shoulder disorders in two studies. Results are summarized and presented separately for 
the isometric, concentric and eccentric test mode; for the velocities 30-60°/s, 90°/s, 
120°/s, and 240°/s; for the seated, supine and standing position; and for the movements 
internal rotation (IR), external rotation (ER) and the ER/IR ratio (ER divided by IR). 
Other movements were evaluated, but in few studies, and these results are not 
summarized but presented in Appendix D.  

Table 13 shows the rating of results and risk of bias assessment for the reliability and 
measurement error. 

Table 13 Rating of results and risk of bias assessment for reliability and measurement error 
of isokinetic dynamometry (96) 
Author/year Reliability Measurement error 

 Rating of 
results 

Risk of bias 
assessment Rating of results Risk of bias 

assessment 
Anderson, 2006 (97) + D - A 
Dauty, 2003 (98) + A ? A 
Cavuoto, 2019 (99) + A + A 
Edouard, 2013 (100) + A - A 
Forthomme, 2011 (101) ? I - A 
Frisiello, 1994 (102) + D   
Grabowski, 2017 (103) + V - V 
Habets, 2018 (69) + A - A 
Hill, 2005 (104) ? D   
Kramer, 1996 (105) ? D - D 
Leggin, 1996 (106) + D   
Lindström, 2003 (107) ? D - V 
Magnusson, 1990 (108) + D   
Malerba, 1993 (109) ? D   
Mandalidis, 2001 (110) + D - A 
Mayer, 1994 (111) ? I   
Meeteren, 2002 (112) + I - I 
Papotto, 2016 (113) + D - A 
Plotnikoff, 2002 (114) + D - D 
Smith, 2001 (115) + D   
Sullivan, 1988 (116) ? D   

+, sufficient; -, insufficient; ?, indeterminate; V, very good; A, adequate; D, doubtful; I, inadequate 
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Reliability  
Reliability was evaluated in all 21 studies. The summarized results, the rating of results 
and the quality of evidence are shown in the summary of findings table (Table 14). Of 
the 30 strata examined, 28 had their results rated as sufficient and two as indeterminate. 
The quality of evidence varied depending on the strata examined; "high" in 7% of strata, 
"moderate" in 33%, "low" in 33% and "very low" in 27%.  
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Table 14 Summary of findings for the reliability of isokinetic dynamometry (96) 

 
Number of 
studies, number 
of participants 

Summary of 
results 
ICC, range 

Summary of 
results 
Proportion of 
ICC≥0.70 

Overall 
rating of 
results 

Quality of 
evidence 

IR isometric      
Seated 
 2 studies, n=27 0.82-0.99 100% sufficient low 

Supine 1 study, n=17 0.87-0.89 100% sufficient very low 
Standing 1 study, n=17 0.96-0.97 100% sufficient very low 
IR concentric      
Seated, 30-60°/s 8 studies, n=176 0.39-0.97 94% sufficient moderate 

Seated, 90°/s 2 studies, n=27 0.32-0.98 66% indeterminat
e low 

Seated, 120°/s 5 studies, n=132 0.11-0.98 90% sufficient moderate 
Supine, 60°/s 2 studies, n=66 0.86-0.94 100% sufficient moderate 
Supine, 90°/s 1 study, n=17 0.87-0.93 100% sufficient very low 
Supine, 120°/s 2 studies, n=66 0.88-0.94 100% sufficient moderate 
IR eccentric      
Seated, 30-60°/s 4 studies, n=115 0.70-0.96 100% sufficient high 
Seated, 120°/s 1 study, n=31 0.77-0.86 100% sufficient very low 
Standing, 90°/s 1 study, n=18 0.75-0.78 100% sufficient low 
Standing, 120°/s 1 study, n=18  0.83 100% sufficient low 
ER isometric      
Seated 3 studies, n=37 0.85-0.99 100% sufficient low 
Supine 1 study, n=17 0.73-0.88 100% sufficient very low 
Standing 2 studies, n=61 0.96-0.97 100% sufficient moderate 
ER concentric      
Seated, 30-60°/s 8 studies, n=176 0.70-0.95 100% sufficient high 
Seated, 90°/s 2 studies, n=27 0.74-0.99 100% sufficient low 
Seated, 120°/s 5 studies, n=132 0.62-0.92 80% sufficient moderate 
Supine, 60°/s 2 studies, n=66 0.84-0.93 100% sufficient moderate 
Supine, 90°/s 1 study, n=17 0.75-0.82 100% sufficient very low 
Supine, 120°/s 2 studies, n=66 0.74-0.94 100% sufficient low 
ER eccentric      
Seated, 30-60°/s 6 studies, n=139 0.44-0.98 83% sufficient moderate 
Seated, 120°/s 2 studies, n=45 0.86-0.96 100% sufficient low 
Supine, 60°/s 1 study, n=49 0.78-0.91 100% sufficient very low 
Supine, 120°/s 1 study, n=49 0.72-0.80 100% sufficient very low 
Standing, 90°/s 1 study, n=18 0.78-0.86 100% sufficient low 
Standing, 120°/s 1 study, n=18 0.83 100% sufficient low 
ER/IR concentric      
Seated, 60°/s 2 studies, n=60 0.50-0.79 75% sufficient moderate 

Seated, 120°/s 2 studies, n=60 0.53-0.81 50% indeterminat
e moderate 

n, number of participants 
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Measurement error 
Measurement error was evaluated in 13 studies. The summarized results, the rating of 
results and the quality of evidence are shown in the summary of findings table (Table 
15). All strata were rated as insufficient and the %MDC values ranged from 12% to 77%. 
Of the 22 strata examined, the quality of evidence was "high" in 9% of strata, "moderate" 
in 27%, "low" in 23% and "very low" in 41%.  

Table 15 Summary of findings for measurement error of isokinetic dynamometry (96) 

 
Number of 
studies, number 
of participants 

Summary of 
results  
%MDC, range   

Summary of 
results 
Proportion of 
%MDC≤15% 

Overall 
rating of 
results 

Quality of 
evidence 

IR isometric      
Seated 1 study, n=40 38.8 0% insufficient very low 
IR concentric      
Seated, 30-60°/s 7 studies, n=173 11.0-77.1 0% insufficient high 
Seated, 120°/s 3 studies, n=117 23.3-73.7 0% insufficient moderate 
Seated, 240°/s 1 study, n=12 26.1 0% insufficient very low 
Supine, 60°/s 2 studies, n=61 19.7-29.7 0% insufficient moderate 
Supine, 120°/s 1 study, n=49 27.2-40.2 0% insufficient very low 
Supine, 240°/s 1 study, n=12 22.2-34.1 0% insufficient very low 
IR eccentric      
Seated, 30-60°/s 4 studies, n=131 25.5-69.0 0% insufficient moderate 
Seated, 120°/s 2 studies, n=71 46.3-69.0 0% insufficient low 
ER isometric      
Seated 2 studies, n=50 12.2-40.2 13% insufficient low 
ER concentric      
Seated, 30-60°/s 7 studies, n=173 27.2-72.1 0% insufficient high 
Seated, 120°/s 3 studies, n=117 23.0-50.2 0% insufficient moderate 
Seated, 240°/s 1 study, n=12 49.3 0% insufficient very low 
Supine, 60°/s 2 studies, n=61 19.1-25.5 0% insufficient moderate 
Supine, 120°/s 1 study, n=49 20.2-33,5 0% insufficient very low 
Supine, 240°/s 1 study, n=12 21.3-22.5 0% insufficient very low 
ER eccentric      
Seated, 30-60°/s 5 studies, n=141 14.4-58.2 11% insufficient moderate 
Seated, 120°/s 2 studies, n=71 34.6-49.6 0% insufficient low 
Supine, 60°/s 1 study, n=49 23.8-32.7 0% insufficient very low 
Supine, 120°/s 1 study, n=49 33.8-36.0 0% insufficient very low 
ER/IR concentric      
Seated, 60°/s 2 studies, n=86 33.5-69.3 0% insufficient low 
Seated, 120°/s 2 studies, n=86 33.8-74.8 0% insufficient low 

n, number of participants 

 

When MIC was set to 15%, all results were rated as "insufficient". Therefore, the 
sensitivity analysis was made only by increasing MIC to 20% and not by decreasing it to 
10%. When increasing MIC, all results were still rated as "insufficient".  
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The quality of evidence was highest for the seated position, the velocities 30°/s-60°/s or 
120°/s and the concentric test mode because these conditions were the most frequently 
evaluated conditions in the included studies.  

Handheld dynamometry (Study IV) 
The population consisted of 806 healthy subjects in 25 studies; 145 subjects with 
shoulder symptoms in five studies and 12 subjects with chronic obstructive pulmonary 
disease in one study. (117) Two studies included both healthy subjects and subjects 
with shoulder symptoms. (118, 119) Results were summarized and presented 
separately for intra- and inter-rater assessment and for each movement of the shoulder 
joint.  

Table 16 shows the rating of results and risk of bias assessment for reliability, 
measurement error and construct validity.  
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Table 16 Rating of results and risk of bias assessment for reliability, measurement error and 
construct validity of handheld dynamometry (90) 
Author/year Reliability Measurement error Construct validity 

 Rating of 
results 

Risk of 
bias 

assessmen
t 

Rating of 
results 

Risk of 
bias 

assessmen
t 

Rating of 
results 

Risk of 
bias 

assessmen
t 

Awatania, 2016 (120) + A - A   
Awatanib, 2016 (121) + A ? A   
Balogun, 1998 (122) + D - D   
Beshay, 2011 (118) + D     
Bohannon, 1997 (123) + V ? I   
Burnham, 1995 (124) ? D   - A 
Byl, 1988 (125) ? I     
Cadogan, 2010 (126) + A ? A   
Cools, 2014 (127) + A ? A   
Dollings, 2012 (128) + A - A   
Donatelli, 2000 (129) + D     
Fieseler, 2015 (130) + A + A   
Fieseler, 2017 (119) + D - D   
Hayes, 2002 (131) + D   + D 
Holt, 2016 (132) + V - V ? I 
Johansson, 2005 (133) + A   + I 
Johansson, 2015 (134) + I - I   
Leggin, 1996 (106) + D     
Magnusson, 1990 
(108) + D     

McLaine, 2016 (135) + A ? A   
McMahon, 1992 (136) + A     
O´Shea, 2007 (117) + A     
Ottenbacher, 2002 
(137) + D     

Phillips, 2000 (138) + A     
Riemann, 2010 (139) ? A     
Sciascia, 2015 (140) + D - D - D 
Sullivan, 1988 (116) ? A   ? A 
Vermeulen, 2005 (141) + A ? A ? D 

+, sufficient; -, insufficient; ?, indeterminate; V, very good; A, adequate; D, doubtful; I, inadequate 

Reliability 
Reliability was evaluated in all 28 studies. The summarized results, the rating of results 
and the quality of evidence are shown in the summary of findings table (Table 17). Of all 
reported ICC values, 98% were ≥0.70. Consequently, for all movements and types of 
reliability examined, the overall rating of the results was sufficient. The quality of 
evidence varied depending on the movement examined; "high" for IR, ER, abduction and 
flexion; and "high" to "very low" for adduction and extension.  
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Table 17 Summary of findings for reliability of handheld dynamometry (90) 

Movement 
and type of 
reliability 

Number of studies, 
number of 
participants 

Summary 
of results:  
ICC, range 

Summary of 
results:  
Proportion of 
ICC ≥0.70, % 

Overall rating 
of results 

Quality of 
evidence 

IR      
Intra-rater 12 studies, n=237 0.57-1.00 97 sufficient  high 
Inter-rater 9 studies, n=243 0.72-0.99 100 sufficient  high 
ER      
Intra-rater 16 studies, n=561 0.70-1.00 100 sufficient  high 
Inter-rater 11 studies, n=316 0.64-0.98 91 sufficient high 
Abd      
Intra-rater 12 studies n=472 0.55-0.98 95 sufficient high  
Inter-rater 10 studies n=340 0.77-0.98 100 sufficient high 
Add      
Intra-rater 2 study n=41 0.87-0.98 100 sufficient very low 
Inter-rater 2 study n=117 0.86-0.98 100 sufficient moderate 
Flex      
Intra-rater 7 studies n=124 0.86-0.97 100 sufficient high  
Inter-rater 6 studies n=208 0.86-0.97 100 sufficient high 
Ex      
Intra-rater  5 studies, n=296 0.77-0.99 100 sufficient high 
Inter-rater 2 studies, n=113 0.87-0.97 100 sufficient moderate 

ER, external rotation; IR, internal rotation; Flex, flexion; Ex, extension; Abd, abduction; Add, adduction; ICC, 
intraclass correlation coefficient 

 

Measurement error 
Measurement error was evaluated in 14 studies. The summarized results, the rating of 
results and the quality of evidence are shown in the summary of findings table (Table 
18). The %MDC values ranged from 0% to 51%, and all movements and types of 
reliability examined were rated as either "insufficient" (7 strata) or "indeterminate" (5 
strata). Except for adduction, the quality of evidence was graded as "high" and 
"moderate".  
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Table 18 Summary of findings for measurement error of handheld dynamometry (90) 

Movement 
and type of 
reliability 

Number of studies, 
number of 
participants 

Summary 
of results:  
%MDC, 
range 

Summary of 
results: 
Proportion of 
%MDC≤15% 

Overall rating 
of results 

Quality of 
evidence 

IR      
Intra-rater 7 studies, n=172 0-29.0 40 indeterminate high 
Inter-rater 5 studies, n=186 12.0-42.7 19 insufficient high 
ER      
Intra-rater 7 studies, n=185 0-48.5 40 indeterminate high 
Inter-rater 5 studies, n=199 15.0-33.3 6 insufficient high 
Abd      
Intra-rater 3 studies, n=68 15.0-35.2 11 insufficient moderate 
Inter-rater 3 studies, n=144 16.1-32.4 0 insufficient high 
Abd      
Intra-rater 1 study, n=25 51.0 0 insufficient very low 
Inter-rater 1 study, n=101 19.1-24.7 0 insufficient low 
Flex      
Intra-rater 4 studies, n=83 11.6-35.8 27 indeterminate moderate 
Inter-rater 4 studies, n=180 16.1-39.9 0 insufficient high 
Ex      
Intra-rater 4 studies, n=65 2.8-30.5 39 indeterminate moderate 
Inter-rater 2 studies, n=113 8.6-25.2 50 indeterminate moderate 

ER, external rotation; IR, internal rotation; Flex, flexion; Ex, extension; Abd, abduction; Add, adduction 

 

The sensitivity analysis revealed that if MIC was set to 10%, the results of all strata were 
rated as "insufficient". If MIC was set to 20%, two strata were rated as "sufficient" and 
the rest as "insufficient" or "indeterminate". 

Construct validity 
The quality of evidence for the comparisons of HHD with other types of dynamometers 
were all low or very low. The results were rated as both "sufficient", "insufficient" and 
"indeterminate" depending on comparison examined. In one study examining 
discriminative validity, no difference between individuals with and without shoulder 
symptoms was found (Table 19). 
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Table 19 Summary of findings for construct validity of handheld dynamometry (90) 

 
Number of studies, 
number of 
participants 

Summary of results  Overall rating 
of results 

Quality of 
evidence 

HHD/ID 3 studies, n=54 r, range  
0.28-0.85 insufficient very low 

HHD/EFD 1 study, n=20 Mean diff., range (N) 
-6.5 to 29.9 indeterminate low 

HHD/Spring scale 2 studies, n=18 r, range  
0.77-0.99 sufficient very low 

With/Without 
symptoms 1 studies, n=36 P-value, range 

0.89-0.99 insufficient very low 

HHD, handheld dynamometer; ID, isokinetic dynamometer; EFD, externally fixed dynamometer; r, Pearson 
correlation coefficient; diff., difference; N, Newton 
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Discussion 
This chapter will discuss the main findings of the four individual studies; study I and II 
separately and study III and IV together. First, the main findings will be presented and 
compared with findings from the literature. Second, some methodological 
considerations will be addressed, and the strengths and limitations will be discussed. 
Finally, the external validity of the findings will be discussed.  

Summary of the main findings and comparison with the literature 
In the register-based cost-of-illness study (Study I), the total costs associated with 
shoulder disorders was evaluated. This study showed that shoulder disorders are not 
only a burden to patients but also a large economic burden to society. During the 13-
year inclusion period, 617,334 unique individuals with a primary diagnosis of shoulder 
disorders were identified. We found that the incidence of shoulder disorders rose from 
966 per 100,000 person years in 2005 to 1,215 per 100,000 person years in 2017, an 
increase of 26%. The mean total costs for the 6-year period were €25,771 higher for 
individuals aged <65 years and €11,334 higher for individuals aged ≥65 years with 
shoulder disorders than for matched controls without shoulder disorders. The health 
care costs were roughly twice as high for individuals aged ≥65 years as for individuals 
aged <65 years. Both health care costs and costs of sick leave were highest the first year 
after the diagnosis. Costs of sick leave accounted for about 70% of the total costs for 
individuals <65 years. Furthermore, 20% of the cases accounted for 66% of the total 
costs. Expected annual costs associated with shoulder disorders were estimated at 
€1.21 billion.  

Another Danish register-based study, including 244,519 patients with rotator cuff-
related lesions, found that the incidence increased by more than 400% from 1996 to 
2013. (13) This is much higher than the 26% increase reported in our study. 
Furthermore, in our study it appears that the incidence rate has stabilised since 2014. 
Several possible explanations may account for the increase in the incidence of shoulder 
disorders; earlier underreporting of diagnoses, a growing pain awareness in society, and 
easier accessibility to magnetic resonance imaging and ultrasound may have led to an 
increasing number of patients receiving a diagnosis of shoulder disorders. (13) 

With regard to estimating the costs associated with shoulder disorders, a Swedish cost-
of-illness study based on 204 patients with shoulder pain found mean primary health 
care costs of €326 for the first six months after the diagnosis. (23) This was higher than 
the €262 found in our study covering the first 12 months after the diagnosis. However, 
the study population in the Swedish study was much smaller and consisted of patients 
with shoulder pain seen by either a general practitioner or physiotherapist in two 
municipalities, which could explain the differences. Costs of sick leave were also 
included in the Swedish study, but comparing these costs with our costs can be 
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misleading as different registration methods were used. (23) Several studies on both 
shoulder pain and back pain support our findings, viz. that costs of sick leave were 
markedly higher than health care costs and that a small proportion of patients 
accounted for the majority of the total costs. (23, 142, 143) This indicates that 
interventions focusing on return to work could be key elements in minimizing societal 
costs of shoulder disorders. 

In Studies II, III and IV, we evaluated measurement properties of instruments that are 
commonly used in the evaluation of shoulder disorders; questionnaires in Study II and 
dynamometers in Study III and IV. This is important, because satisfactory measurement 
properties are essential for instruments that are being used in clinical practice and 
research.  

The responsiveness and the MIC of the OSS, EQ-5Dindex, EQ-5Dvas and FABQ-PA were 
evaluated in 52 patients undergoing arthroscopic subacromial decompression in the 
clinical cohort study (Study II). Patients categorised as improved according to the 
Global Rating of Change Scale had a statistically significantly better change score in all 
outcomes than patients categorised as unimproved. The ROC AUC values ranged from 
0.73 to 0.96, highest for the OSS. The change scores of the OSS, EQ-5Dindex and partly the 
FABQ-PA showed correlations as hypothesized when compared with the change scores 
of the SSV and pain VAS. However, the change scores of EQ-5Dvas and partly the FABQ-
PA showed correlations slightly lower than hypothesized. The primary anchor was 
considered most important, and the secondary anchors were used to support expected 
associations with other instruments measuring overlapping but not similar constructs. 
Based on all ROC AUC values being ≥0.70, the responsiveness was concluded to be 
adequate for all three PROMs. The determined MIC values were 6.0 points for the OSS, 
0.024 for the ED-5Dindex, 10.0 for the EQ-5Dvas and -5.0 for the FABQ-PA.  

In the present study, the Global Rating of Change Scale showed that 77% of the included 
patients had improved six months after decompression surgery. This result is in line 
with results reported in other studies. Ketola et al. found that 65% of surgery-treated 
patients were pain free after 24 months (144); and Davis et al. performed a systematic 
review and found that ≥68% of the patients were satisfied after open or arthroscopic 
decompression. (145)  The adequate responsiveness of the OSS, EQ-5D and FABQ-PA 
found in our study is largely supported by others. Similar ROC AUC estimates for the OSS 
were seen in patients with rotator cuff disease treated with glucocorticoid injections and 
patients having difficulty returning to normal activity levels after decompression 
surgery who received occupational medical assistance or physiotherapy. (45, 49) In 
addition, ROC AUC estimates for the EQ-5D were similar to ours in patients with 
shoulder disorders treated with surgery or physiotherapy. (52, 55) Opposite our 
findings, the responsiveness of the FABQ-PA was concluded to be inadequate in 
physiotherapy-treated patients with subacromial impingement syndrome.  However, a 
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different methodological approach used in this study could explain the different result. 
(63) Our finding for the MIC ROC cut-off point for the OSS was identical to what was 
found in a previous study assessing the MIC in a population of patients receiving 
occupational medical assistance or physical therapy due to difficulty returning to usual 
activities after decompression surgery. (45) No studies were found that estimated the 
MIC of the FABQ-PA or the EQ-5D 5-level version in patients with shoulder disorders. 
The validity and reliability of the OSS, EQ-5D and FABQ-PA were investigated and found 
adequate by others. (43, 46, 52, 53, 56, 60-63) Now the responsiveness and MIC  have 
been established and the PROMs are now considered useful for measuring changes in 
the outcomes; pain and function, HR-QoL and fear-avoidance belief in patients with 
subacromial impingement syndrome.  

The measurement properties of ID and HHD were investigated based on systematic 
reviews of the literature (Study III and IV). Overall, the reliability of ID and HHD was 
sufficient and these instruments are useful to distinguish between individuals at group 
level. (36) The quality of evidence was generally moderate or low for ID and high for 
HHD, especially for internal and external rotation. The measurement error was rated as 
insufficient or indeterminate for both ID and HHD, and the quality of evidence was 
generally moderate to very low for ID and high or moderate for HHD.  Less than 75% of 
the included studies found MDC values ≤15%, which was the threshold to be rated as 
sufficient. The sensitivity analysis revealed that even MDC values ≤20% were sparse. 
Therefore, to be sure that change in muscle strength exceeds the measurement error of 
the dynamometer, it must be larger than 15% and probably even above 20%. Whether a 
change of this size is clinically meaningful depends of the expected magnitude of change 
in the context, intervention and population under study, e.g., individuals with severe 
limitations may expect large improvements after an effective intervention. The construct 
validity of HHD showed inconsistent results based on low quality of evidence when 
compared with other dynamometer types or when different populations were 
compared.  

Although exercise therapy is widely used as treatment strategy in patients with shoulder 
disorders, few systematic reviews have focused on the measurement properties of 
dynamometers for assessment of shoulder muscle strength. To evaluate the reliability of 
ID, a review of patients with post-stroke hemiparesis found ICC values ranging from 
0.87 to 0.92 and standard error of measurement from 15% to 24% (equal to %MDC 
from 46% to 67%), which was comparable to our findings. (66) Another review focused 
on the effect of position on the reliability of HHD and found the seated position to be 
more reliable than the standing and supine position. (67) For HHD evaluations, one 
review evaluating the reliability found ICC values similar to those found in our study. 
(70) 
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Methodological considerations 

Study I 
Perspective 
We used a societal perspective when estimating the costs of shoulder disorders 
including health care costs from the primary and secondary sector and the costs of sick 
leave. Which costs to include when using a societal perspective depends on the disorder 
or disease investigated and the availability of data. For some more life-threatening 
diseases, for example cancer, neurological diseases or heart failure, costs of medication, 
costs of home care, out-of-pocket costs and costs of the time spent on treatment for both 
the patient and relatives may be substantial and therefore relevant to include in a cost-
of-illness study. (26, 28)  

In the present study, we included health care costs and costs of sick leave. Costs of 
subsidised employment and disability pension could have been included as data on 
these benefits are available in the DREAM register. However, these benefits are granted 
only if all treatment and rehabilitation efforts have been exhausted and there is a 
permanent loss of function. This process can take up to five years. (146) Because the 
follow-up period in the present study was up to five years after the diagnosis, we 
believed that relatively few patients would be granted subsidised employment or 
disability pension because of their shoulder disorder within this timeframe. Therefore, 
we decided to focus only on costs of sick leave. Furthermore, costs of lost life years and 
home care were not included as shoulder disorders were considered to be a disease 
with low mortality and low risk of need for home care. Data on prescription medication 
are available from a separate medication register. We chose not to apply for data from 
this register because we expected the costs of medication for shoulder disorders to be 
very low. A cost-of-illness study on back pain found that costs of prescription medication 
accounted for only 0.6% of the total costs (143), and we expected the medication costs 
for shoulder disorders to be at a similarly low level. Furthermore, over-the-counter 
drugs are commonly used for pain management in patients with shoulder disorders, and 
data on these costs are not available in any register. In addition, data on costs of time 
spent on treatment, for patient and relatives, and out-of-pocket costs were not available 
in the registers and could not be included. Overall, some costs were not included as they 
were considered not to be essential for patients with shoulder disorders. Other costs, 
some of which were relevant (e.g., over-the-counter drugs, time spent on treatment and 
out-of-pocket costs) could not be included because data were not available, which may 
have led to an underestimation of the total costs associated with shoulder disorders. 
However, we consider this underestimation to be of minor magnitude for shoulder 
disorders. A major advantage of using register-based data is the high number of 
included individuals and the high data quality and coverage. A disadvantage is the lack 
of information on a more detailed personal level, like time and out-of-pocket costs. 
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Matching 
The controls were matched on age and gender. Other matching variables could 
potentially also have been relevant. However, given the high number of included cases 
and the relatively small Danish population (approximately 4,300,000 persons ≥18 years 
on average during the study period), it was challenging to match on more than two 
variables, and age and gender were considered the most important ones. Nevertheless, 
there were minor differences between cases and controls regarding comorbidity status, 
educational level and work status at the time of inclusion.    

Compared with the controls, more cases had a Charlson Comorbidity Index score above 
zero; 12.5% of the cases compared with 8.8% of the controls. The Charlson Comorbidity 
Index score was calculated based on the primary diagnosis codes from the DNPR after 
receiving the data from Statistic Denmark, (147); therefore, matching on comorbidity 
was not possible. Some of the differences in both health care costs and costs of sick leave 
between cases and controls may be explained by the minor difference in comorbidity. 
Therefore, a subgroup analysis was made to compare the costs of cases and controls in 
each Charlson Comorbidity Index score category: 0, 1, 2-3 or ≥4. This subgroup analysis 
provides an estimate of the costs associated with shoulder disorders when taking the 
costs of comorbidity into account (Table 9). Findings from this subgroup analysis 
showed that the mean additional costs of patients with shoulder disorders compared 
with controls were similar within each comorbidity category except for the group with 
an index score of 4 or higher which had increased mean additional costs. However, the 
Charlson Comorbidity Index includes chronic, potentially life-threatening comorbidities 
such as cancer, AIDS, cardiac diseases, diabetes, liver and kidney diseases and cerebral 
diseases. (147) The index does not include other musculoskeletal disorders (e.g., low 
back and neck pain), which may be more common among patients with shoulder 
disorder than among the controls, and may contribute to the additional costs.  

Compared with the controls, more cases had a low or medium educational level. Some of 
the jobs associated with these educational levels could be more physically demanding, 
and work-related factors could expose to shoulder complaints. (75) Besides, for patients 
with shoulder complaints, it can be more difficult to return to a physically demanding 
job than to an office job. Likewise, the risk of postoperative permanent work disability 
has been found to be associated with low educational level. (8) This may have led to 
higher costs in the cases. However, if controls were matched on educational level, they 
would have been more similar to the cases but less similar to the general population 
without shoulder disorders. Hence, some of the costs associated with factors that 
characterises patients with shoulder disorders could have been eliminated, leading to 
underestimating of the costs associated with shoulder disorders.  

Cases were more often on sick leave and less often in jobs at the time of inclusion. Cases 
may have had symptoms for some time before they are referred to a physician in the 
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secondary healthcare sector where the diagnosis code was given. These symptoms could 
explain the greater proportion of cases on sick leave at baseline. Like with educational 
attainment, having a control group matching the cases too well on factors associated 
with shoulder disorders may lead to an underestimation of the additional costs. 

Study II 
The responsiveness of the OSS, EQ-5D and FABQ-PA was assessed using anchor-based 
methods in accordance with recommendations. (36) The use of a Global Rating of 
Change Scale as an external anchor has been questioned as doubt has been expressed 
about the reliability and validity of such retrospective measures of change. (81) 
However, Global Rating of Change Scales are commonly used in the assessment of 
responsiveness and MIC, and no better alternative seems to exist that reliably measures 
change in the patients' health condition. (36, 42) Furthermore, as recommended, several 
anchors were used to cover different aspects of the constructs of interest. (42) The MIC 
was assessed using a method integrating both anchor- and distribution-based 
approaches, which is in accordance with recommendations. (84) We expected higher 
correlations between the OSS compared with SSV and pain VAS than between the EQ-5D 
and FABQ-PA compared with SSV and pain VAS because they were considered to be 
more overlapping constructs. Our findings supported these expectations. 

Study III and IV 
Based on the GRADE approach, the quality of evidence was downgraded if necessary. 
(77, 93) The most common causes for downgrading the quality of evidence were risk of 
bias (few studies or the methodological quality doubtful or inadequate) and imprecision 
(one level if sample size <100 and two levels if sample size <50). We rarely downgraded 
for inconsistency of the results and not at all for indirectness (studies performed in 
another population or context). The grading "very low" quality of evidence only 
occurred if the stratum examined was evaluated in few studies of doubtful quality with a 
total sample size <50. 

In 2021, the COSMIN initiative published a new risk of bias tool to assess the quality of 
studies on reliability and measurement error of all types of outcome measurement 
instruments. This extended version was developed for clinician‐reported outcome 
measures, performance‐based outcome measurement instruments and laboratory 
values. (37) In the new version, two questions were added to the risk of bias tool for 
both reliability and measurement error: 1) Did the professional(s) administer the 
measurement without knowledge of scores or values of other repeated measurement(s) 
in the same patients? and 2) Did the professional(s) assign scores or determine values 
without knowledge of the scores or values of other repeated measurement(s) in the 
same patients? This new risk of bias checklist was published after we had performed the 
quality assessment in the present studies, and assessment of these two questions was 
not included. However, using the new version would have had no impact on the results 
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because other strength measurements than dynamometers were not performed in any 
of the included studies.  

For assessment of clinically relevant changes with a given instrument, the measurement 
error needs to be smaller than the MIC. (36, 77) However, no widely accepted definition 
of the MIC for muscle strength was identified. Some studies indicated a change in muscle 
strength of 10% to 15% as being clinically relevant (68, 132), and other studies found 
changes ranging from 7% to 23% in patients with shoulder disorder after a strength 
exercise intervention. (21, 148) Based on these findings, a criterion with a MIC of 15% 
was deemed adequate criterion against which to rate the measurement error results. To 
examine the robustness of the results, a sensitivity analysis was made by setting the MIC 
to 10% and 20%, respectively; and rate the results against these criteria. However, the 
sensitivity analysis did not change the results substantially.  

Strengths 

Study I 
One important strength of this register-based study is that the incidence and costs 
associated with shoulder disorders are based on the entire Danish population and not 
just a subsample that needs to be extrapolated. In addition, Denmark is considered an 
optimal country for making cost-of-illness studies because the healthcare system is tax-
funded, because government-maintained nationwide registers cover routinely collected 
administrative and health care data and because a unique personal identification 
number permits linkages between registers on an individual level. (72) The coverage of 
data registration in the registers is assumed to be high since registrations are linked to 
reimbursements. Additionally, the quality of data, e.g., the ICD-10 codes, is generally 
very high. (72, 149, 150)  

Another strength is that a comparison cohort of age-and gender-matched controls was 
included. This allowed for calculation of the additional costs of patients with shoulder 
disorders compared with individuals without shoulder disorders. If controls were not 
included, the total costs would not necessarily reflect only the costs of shoulder 
disorders but also costs of other health problems, because all health care and sick leave 
utilisations are registered. By comparing cases to matched controls, we could identify 
costs attributed to shoulder disorders.  

Furthermore, the included individuals were followed for a period of up to five years 
after inclusion (first day of receiving a diagnosis in the secondary healthcare system), 
allowing for investigating the development in costs over time. Because of this relatively 
long follow-up period, we were able to show that cases continued to have higher costs 
than controls for both health care (59%) and sick leave (81%). The included patients 
represent the whole continuum of patients ranging from those with a short duration and 
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only one single contact to the healthcare system (low-cost patients) to those with a long 
duration and many visits to different providers and a long period of sick leave (high-cost 
patients). The study period with costs included up to five years after the first diagnosis 
allowed us to estimate costs related to both short-term symptoms, long-term symptoms, 
and repeated shoulder conditions. 

Study II 
A strength of this clinical cohort study is that data were collected prospectively.  
Baseline data were collected prior to the surgical treatment without knowledge of the 
outcome. Furthermore, during the study period, few patients dropped out or were lost 
to follow-up and few items were left unanswered, leading to low risk of bias because of 
missing data. Additionally, no floor or ceiling effects were seen at either baseline or 
follow-up in any of the outcome measures. If floor or ceiling effects were present at 
baseline, patients would be limited in assessing change at follow-up as they could not 
use the full scale. If floor or ceiling effects were present at follow-up, this could have 
indicated limited ability to assess change correctly as the limit of the scale was already 
reached. Both scenarios could have affected the evaluation of responsiveness and MIC. 

Study III and IV 
The two reviews were based on a protocol registered in PROSPERO and published prior 
to the study start. (86) The benefits of registering a protocol are transparency of 
literature search, data collection and evidence synthesis. Furthermore, the studies were 
performed according to COSMIN methodology. This guideline ensured a systematic and 
transparent approach throughout the different steps of the review process of assessing 
the measurement properties of ID and HHD. Two review authors performed the study 
selection, data extraction and quality assessment to minimize the risk of missing 
relevant information. Furthermore, we used a validated and sensitive published search 
filter developed by Terwee et al. (151) to identify studies on measurement properties to 
ensure that relevant studies were included. Thus, the methodological quality of the two 
reviews is considered to be high. Furthermore, the high number of included studies 
provided valid estimates and generally high or moderate quality of evidence, especially 
for some strata. The high quality of the evidence presented suggests that we are 
confident in the estimates and conclusions; and no further research is recommended.  

Limitations 

Before drawing conclusions of this thesis, some important limitations must be kept in 
mind as they may distort the results. 

Study I 
The classification of cases and controls is based on the ICD-10 codes given by physicians 
at the hospital. Individuals with shoulder disorders seen only by a general practitioner 
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are not included as cases, and the estimates presented in this study do not reflect all 
individuals suffering from shoulder pain. In contrast, individuals visiting a general 
practitioner with shoulder complaints could potentially be included as controls. 
However, we expect these biases to be limited as patients with long-lasting symptoms 
and needing several visits are typically referred to a physician in the secondary 
healthcare sector. Besides, even though the quality of data is considered to be high, some 
incorrect coding may have occurred. However, we assume that the risk of 
misclassification between cases and controls and between diagnosis categories is low 
and that information bias is of minor concern.  

In Denmark, for individuals who are working, the first period of sick leave is paid by the 
employer. When this period exceeds a given number of days, the employer can apply for 
reimbursement in the form of sickness benefits, in which case the sick leave period is 
registered in the DREAM database. (2) Short-term sick leave is not a part of this 
registration and health conditions typically resulting in short-term sick leave will 
therefore be underestimated. During the 13-year inclusion period, the number of days 
required for the employer to apply for sickness benefits was extended several times; it 
started with >13 days up to 2007, but increased from >14 days in 2007-2008, >21 days 
in 2009-2011 to >30 days since 2012. (2, 75) Consequently, a decrease over time was 
seen in the proportion of individuals on sick leave, the mean number of weeks on sick 
leave and the costs of sick leave in the first year after inclusion. This decrease was seen 
both among cases and controls, but the largest decrease was seen among cases. 
Productivity loss due to sick leave is likely to be underestimated, and this 
underestimation became more pronounced in more recent years.  

A comparison cohort of controls was included to make an estimate of the additional 
costs of patients with shoulder disorders compared with similar individuals without a 
history of shoulder disorders. Preferably, the controls should be free from the included 
diagnosis codes. However, the data extraction and matching process was performed by 
Statistics Denmark, a third party not directly involved in the study. They checked the 
controls for the relevant shoulder diagnosis codes above age 18, just like the inclusion 
criteria for the cases. During the analysis, we found that some controls (2,428 persons 
equal to 0.4%) had a shoulder diagnosis in their childhood, but on average 9 years 
before they were included as controls. It was not possible to replace these controls. We 
considered the period since the diagnosis to be long enough to assume that the former 
childhood shoulder diagnosis did not incur costs anymore.  

Age 65 was the official retirement age in Denmark throughout the whole study period. 
From this age, people receive public pension payment from the government. Retirement 
before age 65 requires self-financing; in Denmark, only a small minority can afford this. 
However, some individuals in both groups will properly choose to retire earlier or later 
than at the age of 65. One scenario is that sick leave is underestimated as some patients 
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could choose to retire earlier than planned because of shoulder problems. Another 
scenario is that people close to the retirement age reduced their working hours. In this 
case, using full employment until age 65 will overestimate the costs of sick leave. The 
proportion of Danes who continue to work beyond age 65 is approximately 10%, but 
about half of those work less than 20 hours per week. (152) However, using sick leave 
after age 65 when people can retire was considered challenging as several factors can 
affect people’s choice for leaving the labour market when their working ability is limited. 
In our data, only 0.02% of cases and 0.01% of controls aged ≥65 had a sick leave 
registration the year after inclusion. This supports that sick leave in older workers is a 
minor factor. 

Study II 
The clinical cohort study has three main limitations. About 25% of the included patients 
were on retirement or out of job, and completing the FABQ work subscale was not 
relevant for these patients. The remaining sample size (39 patients) was considered too 
small to assess the responsiveness and MIC of the FABQ work subscale with adequate 
quality as a sample of at least 50 individuals is recommended. Therefore, we were only 
able to assess these measurement properties of the FABQ physical activity subscale.  

Furthermore, the plan was to assess the MIC using both the ROC cut-off point and 95% 
limit cut-off point, but we were able to assess only the first. The 95% limit cut-off point 
uses the distribution of unchanged patients according to the anchor. (84) Only five 
patients responded unchanged, which was considered too few to assess the MIC using 
this method.   

Finally, we had to change recruitment strategy during the study period and included 
patients from both private and public hospitals. However, we believe this strategy has 
had only minor impact on the results.  

Study III and IV 
Although we have used an exhaustive literature search and the study selection was 
performed by two authors independently, some relevant studies may have been missed, 
causing potential selection bias. Especially if studies of high quality have been missed, 
this could have affected the evidence of the measurement properties provided in these 
two studies. Other limitations are that some of the strata were examined only in very 
few studies and some of the included studies had high risk of bias. These limitations 
reduce the quality of evidence but do not affect the estimates. Only few studies of low 
risk of bias examined the isometric and eccentric test mode, the supine and standing 
position and the velocity 90°/s for ID, and the movements abduction and adduction for 
HHD, leading to lower the quality of evidence for these strata. 
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External validity 
External validity refers to the extent to which the results of the studies included in the 
present thesis are applicable to other settings and populations. The cost-of-illness study 
(Study I) includes the majority of shoulder diagnoses seen in clinical practice, and the 
costs are presented for both the total group of all shoulder disorders and for four 
specific diagnosis categories; i.e. subacromial pain, stiffness, fracture and dislocation. 
The register-based approach is independent of active participation; all patients visiting 
the secondary healthcare sector for shoulder disorders are included in the registries. 
Patients cannot refuse being included in the Danish national databases. Consequently, 
the results are representative for patients with shoulder disorders using services 
offered by the Danish healthcare system. Whether the costs are similar in other 
countries will depend on differences in healthcare and social security systems. 

The clinical cohort study (Study II) specifically included patients with subacromial 
impingement syndrome undergoing decompressing surgery. Whether the 
responsiveness and MIC results are similar in other patient groups is uncertain. 
However, to some extent the results found in this thesis may be transferable to similar 
shoulder populations receiving treatments with similar effects. 

The two systematic reviews (Study III and IV) assessing the measurement properties of 
ID and HHD are mainly based on studies including healthy subject. The few studies 
including patients with shoulder disorders did not indicate that the reliability or 
measurement error should be different in patients with shoulder disorders, but this is 
based on very limited evidence. 
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Conclusion 
The overall findings of this thesis have filled in some knowledge gaps by mapping the 
resource usage, health care costs and costs of sick leave associated with shoulder 
disorders and by providing evidence of the measurement properties of commonly used 
shoulder outcome measurement instruments.  

Using national registers, we found that the mean additional total costs (health care costs 
and costs of sick leave) of patients with shoulder disorders compared with matched 
controls for the 6-year period were €25,771 for individuals aged <65 years and €11,334 
for individuals aged ≥65 years. Furthermore, 1.2% of the Danish population are seen in 
the secondary health care sector each year with a first-time diagnosis of shoulder 
disorder. Individuals aged 65 years or older had health care costs 83% above those of 
individuals younger than 65 years. Costs of sick leave accounted for 70% of the total 
costs for people in the working age. In addition, the 20% of patients with shoulder 
disorders with the highest costs accounted for 66% of total societal costs. Estimated 
additional annual costs of patients with shoulder disorders compared with individuals 
without shoulder disorders were €1.21 billion. 

In patients with subacromial impingement syndrome, the responsiveness of the OSS, EQ-
5D and FABQ-PA was adequate, and these PROMs are considered suitable for assessing 
changes over time after arthroscopic decompression surgery. The MIC ROC cut-off 
points of the three PROMs were established, which may assist clinicians and researchers 
when interpreting the results of these outcome measures.  

The reliability of ID and HHD was sufficient according on systematic reviews. The 
measurement error was not sufficient, and the ability of ID and HHD to measure changes 
below 15% and even 20% is questionable. It depends on the context, intervention and 
population whether a change of this size is expected and the instruments thereby 
suitable. In general, the quality of evidence was moderate to very low for ID and high to 
moderate for HHD. 
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Perspectives and future research 
National population-based registers, like the Danish health registers and the DREAM 
database, provide an exclusive data source with which to map the economic burden 
associated with shoulder disorders. (72) Findings from this thesis may be used to 
demonstrate to the political level of the Danish healthcare and social security system the 
high number of individuals affected by shoulder disorders each year and the large 
economic burden in terms of costs of health care and sick leave accompanying these 
disorders. Furthermore, the findings provide a detailed overview of the distribution of 
costs in different resource categories. Such findings are important to decisions makers 
deciding on the allocation of resources. Furthermore, this mapping of resource usage 
may be used to identify specific target areas for future research. In particular, we are 
planning to conduct a research project in 2022 aiming to investigate the subgroup of 
patients with the highest costs. A detailed overview of the use of health care services and 
social security benefits among this subgroup has never been established. Knowledge of 
the characteristics of these patients, their pathway through the healthcare system and 
their use of social security benefits could serve as a tool to aid early identification. 
Furthermore, development of tailored interventions with a focus on return to work, e.g., 
earlier and stronger collaboration between the patient, the employer, the healthcare 
system and the occupational medical assistant, may be a focus for future research in 
order to improve treatment and minimize costs. 

The PROMs evaluated in this thesis (the OSS, EQ-5D and FABQ-PA) demonstrated 
adequate responsiveness in patients with subacromial impingement syndrome after 
decompression surgery. We also established the MIC values in the same population. 
When measuring changes in clinical practice and research, it is essential to consider 
whether the measured changes are important to the patients whether they are 
statistically significant or not. Therefore, the adequate responsiveness and the MIC 
values are valuable for interpretation of individual change after surgery, and it is 
recommended to use the OSS, EQ-5D and FABQ-PA. Which outcomes to measure 
depends on the context. In routine clinical practice, it may be relevant to measure pain 
and function with the OSS as these outcomes are often essential for patients with 
subacromial impingement syndrome, whereas EQ-5D and FABQ-PA may be relevant to 
use when there is a particular interest in HR-QoL and fear-avoidance belief. However, 
further research evaluating the responsiveness and MIC of the OSS, EQ-5D and FABQ-PA 
are recommended if the population or treatment is considered to have a considerably 
different change response in the constructs assessed with these PROMs. (36, 91) 

The findings of the measurement properties of ID and HHD revealed sufficient reliability 
and insufficient or indeterminate measurement error of the ID and HHD. The sufficient 
reliability of the ID and HHD indicates that the dynamometers can be used to distinguish 
between individuals at group level for comparing the muscle strength in two or more 
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groups of subjects. (36) However, the measurement error was not sufficient when 
evaluated against a described criterion for MIC of either 15% or 20%. Therefore, 
evaluation at the individual level should be interpreted with caution. (36) 
Dynamometers may be useful in clinical practice only if the change in muscle strength is 
expected to exceed the measurement error of the instruments. Whether a 20% change is 
realistic depends of the clinical context, e.g. type of shoulder disorder and intervention 
provided. The results from the two systematic reviews are based mainly on healthy 
subjects as only few studies evaluated the reliability and measurement error in subjects 
with shoulder disorders. As we have discussed above, we have limited indications of 
whether the findings are representative of other populations. To confirm the findings in 
patients with shoulder disorders, high-quality research is needed. Furthermore, 
currently no consensus exists on the MIC of muscle strength. Studies assessing which 
change in muscle strength is perceived as important from a patient perspective could 
add valuable information to this field, e.g., studies using a Global Rating of Change Scale 
together with muscle strength assessment before and after an intervention that results 
in a change in muscle strength. 
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